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FOREWORD 

Dr. G. S. Cheema and his colleagues have asked me,' as 
Director of the Imperial Bureau of Horticulture and Planta­
tion Crops, to write a Foreword to their work on 
"O)mmcrcial Fruits of India", with special reference to 
Western India. 1 have accepted, not because I felt that 
my brief contacts with these problems in any way quali­
fied me for so doing, but because I knew the authors were 
convinced that many of the fundamental principles of fruit 
production were shared in common throughout the hor­
ticultural world. I also knew they valued that rapid inter­
change of knowledge between horticultural scientists of all 
nations which such an information bureau as aut's makes not 
only a possihility but a reality. I have read with real interest 
and profit the major portions of these 10 monographs on the 
most important fruits grown in Western India, and, while 
there are other valuable text books on tropical fruit culture 
dealing very briefly with far more species, 1 know of no book 
which gives such detailed treatment to many of the individual 
fruits dealt with in the present work. As a result, many a vague 
impression has taken concrete shape in my mind, and halfformed 
queries have received a straight answer. 

The authors have managed so successfully to inter-weave 
history and local tradition, established practice and scientific 
investigation, domestic consumption and the wider trade aspects 
of their subject that then~ is much information to sustain the 
iuterest of diverse types of enquirer. 

The long experience of the writers is combined with their 
keen interest in the application of modern research results for the 
development of the fruit industry of Western India. Mr. R. G. 
Allan, whom long experien.ce in the Central Provinces, United 
Provinces, and Baroda has amply qualified to speak, expresses 
the view that this book will prove a very considerable addition to 
fruit literature in India as a whole and win indeed become a 
standard horticultural work in so far as that country is con­
cerned. I venture to predict that it will find many grateful 
readers even further afield amongst that ever-widening circle of 
people interested in the extended growth and popularization 
of Tropical Fruits throughout the world. Containing as it 
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FOREWORD 

does a mass of detailed iuli)flllation upon successful local prac­
tices with an up-to-date review of the results of the latest re­
search·_··backed by an impressive bibliography of some 
800 references -I l(~el I can confidently recommend it to the 
practical grown, t he student and the investigator, and, on 
their behalf, as wl'll as my own, I wish to congratulate Dr. 
G. S. Che(>nla, Mr. S. S. Hllat and Dr. K. CJ. Naik on the 
sucressliz! altainmerlt of a truly fimnidahle task, ami to express 
our tltanb to t lWIll fi)r undertaking it. 

HII,I/ JlIlltlillf;. kl'fll, r:n,t:(III1'! 

RO:\iALD (;. fL\TTON 
/)iIIY/OT. FII.I'/ Afa(lili~ /(I',\umh X/a/irnl 
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PREFACE 

I have read in considerable detail the manuscript of the 
handhook on iJ'uit culture, "Commercial Fruits of India," 
written by Dr. Checm3 and Mr. Bhal. I consider that it is 
interesting, up to date in its information and likely to prove a 
vel y considerahle contrihution to fruit literature of India, and 
ill particular Western India. It is fully worth publication. 
The additional step of co-opting ~fr. K. C. Naik, Horticulturist 
of Madras, who has had several years of experience in the 
J>U1~jab and Bihar, has undoubtedly increased the All-India value 
and lIscfiilncss of the publication. In bet. it will become a stan­
dard horticultural book in liO Jil1' as India is concerned. 

R. G. ALLAN, M.A., C.LE. (Kt.), 
Commisli(Jnu (!f Agriculture (retired), 

Baroda State, Baroda. 
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AUTHORS' PREFACE 

This book on the major fruit crops of India describes chiefly 
the existing practices of fruit growing in its important aspects as 
they prevail in this country and more particularly in Western 
India. The fruit crops dealt with in it are banana, mango, 
citrus, guava, pomegranate, papaya, grape, sapota, fig and 
jujllbe. The information given in these pages is collected 
over three decades of work in the field of improving and de­
veloping the fruit industry in different parts of the country. 
mainly in Wtstern India. Wherever possible, effort has been 
made to include an account of comparative practices prevailing 
in other tropical countries of the world. 

Historically, fruits are found to have figured very prominently 
in the life or Indians from times immemorial. Jawaharlal 
Nehru ("Discovery of India", The Signet Press, Calcutta, 
i 946) states that as far back as the fourth century B.C. and 
even earlier in the pre-Buddhist period, horticulture was a 
prominent avocation in India. Ht quotes Ratilal Mehta to 
show that mango, fig, grape, banana and date were the favour­
ite fruits of those days and that horticulture was practised 
on an extensive scale. 

In A.D. 64, a Chinese embassy came to India and some wel­
come gifts brought to India then, according to Nehl'll, were the 
peach and pear trees. Later in A.D. 671, I-tsing (or Yi-tsing) 
visited the country as a pilgrim and "he tells us that fruits were 
abundant in India in those days". The same view was re­
corded by Paes, a Portuguese who, states Nehru, came in 1922 
after visiting the Italian cities of the Renaissance, and remarked 
of the city ofVijayanagar-"it is full of fruit". Poetsoffrontrank 
like Amir Khusrau, a Turk who settled in the U.P. and lived in 
the fourteenth century and a scholar in Persian, Hindi and San­
skrit, wrote poems on many subjects in which India excelled, 
including the mango fruit. All these together with the large­
sized lakk-bags (orchards planted to 1,00,000 trees) established 
by Mughals and other lesser known Nawabs and Rajahs, all 
speak of the love for fruits that had permeated the Indians. 
from the remotest periods of history. This is further borne out 
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AUTHORS' PREFACE 

[rom tlw JiiCt that Ji'uit is sanctified by religion and forms the 
principal fi)od adnJl:aied by sagt's and saints an~ for liSe. as 
()m~ring-s in tClllpk~ and to. men .of light and le,~n~mg. _It 1:5 a 
paradox that notwithstanding thiS hoary past, fnllt cultivatIOn 
should still be an uncertain and risky avocation to those who 
resort to it and that fruit produ\tioll should rcmllin yet a hobby 
rather than be among th(' leading industries uf the country, for 
fostering which ltatw'c seems to have contributed all that is 
congenial. Of all the limiting factors in the progressive pros­
perity of huit culture, absence of a fund of tested and recorded 
infiwmation appears to he the most important. Fnlit research 
bring yet in its infancy, the fruit grow{'r was larg-c1y allowed 
to plough his lonely filrrow. Making the accumulated know­
ledge ji'OIn observation alld research available to growers, is 
a task of no small importance ill any country, but is 011t' of 
unexcelled value in India. 

The subject of fruit growing in India did not receive until 
lately the attention of the State and the public which it deserved. 
In spite of the existence of a variety of conditions of soil and 
climate suited to the production of various fruits, T ndia imports 
-every year nearly three crorcs of rupees worth of fruits and fruit 
products both by sea and land. During the last quarter of a 
century, however, what with the influence of the agricultural 
and industrial depression which has swept over the world 
during the 'twenties and 'thirties, and what with the stimulus 
given by the Indian (formerly Imperial) Council of Agricultural 
Research, and some of the Provincial Governments and Indian 
States, a _ considerable awakening has resulted in this country 
towards the possibilities of fruit growing as an economic pro­
position. The valuable place that fruit occupies in a well­
balanced diet because of its rich mineral and vitamin contents is 
being increasingly realised on all hands, and "Eat more fruits" 
and "Grow more li'uits" are gradually assuming an importance 
as popular natiollal slogalls in this country. 

Fruit research stations arc now established in a few Pro­
vin~es and ~tates.. 1 ntensive work is being undertaken on 
frUlt~ 011 wluch thiS country still maintains a monopoly pro­
ductIOn and also on other indigenous and exotic fruits of well­
known va~ieties with a view to place the fruit industry on sound 
modern lmes. Introduction of new varieties, isolation and 
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AUTHORS' PREFACE 

selection of the choicest indigenous fruits, improvement in the 
various cultural practices, control of diseases and pests, mar· 
keting, storage and preservation, as well as export are being 
tackled by wor'kers at these research stations. Some of the 
U niver~ities have also given this subject of fruit culture and pre­
servation the prominence and status of a major subject in their 
agricultural teaching courses, As a result, the erstwhile hap­
hazard system of fruit farming is rapidly giving place to 
improved, systematised and scientific methods of culture. 

The present age is characterised by a steady drift of the 
educated among the rural population towards the urban areas 
as a direct result of various sociological factors, most impor­
tant of which are the low values offered for farm products and the 
lack (If recreation facilities. The high prices ruling after 
World \'\Tar II have, however, altered these conditions con­
siderably. Fruit growing, if carried out on right lines, offers 
the much needed diversification in agricultural farming, and has 
a special appeal to the best among the educated young men and 
retired officers and businessmen, both from the point of view of 
income and hobby. 

The absence of literature on fruit culture has been felt as 
a serious void in this country. This is considered, therefore, 
an opportune moment to place before the fruit-minded public 
an account of the existing situation of fruit cultivation in this 
country. It is with a view to meet a long felt need that this 
book has been attempted. 

In presenting this volume to the public the aim of the 
authors has been to put together matters of direct practical 
value to the fruit growers both present and prospective, in order 
to help them to make the profession an economic success. In 
its present growing stage, past conventions typified by the "rule 
of the thumb" methods are being subjected to critical tests and 
new theories and recommendations are accepted with consider­
able circumspection. The grower who is enthusiastic in his 
profession and eager to apply the latest available knowledge of 
the subject will, it is hoped, find in this volume a handy guide­
book for day-to-day use. The book is also meant to acquaint 
the research worker with the existing methods and practices, so 
that he may plan the most fruitful lines of approach to the prob­
lems facing the industry in its present state. The student who 
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AUTHORS' PREFACE 

has to study the subject for his examination in the agricultural 
colleges and other insti tu tions, and the general reader, who 
takes interest in the economic development of the countryside 
and the improvement of the national dietary, will also, it is 
hoped, find the inf()rmation presented herein of some help and 
guidance. The authors have endeavoured to make each chapter 
self-contained a~ j~lr as possible. With most of the fruits dealt 
with ill this book, several aspects of culture, propagation, ctc., 
necessarily possess a high degree of similarity. This fact en­
tailed some repetition while treating subjects of, more or less, 
common cOllcern to more than onc fruit. In the interests of 
the reader, who may find it more convenient to have all avail­
able information on a particular fruit presented at one place, it 
has been decided to retain the order of presentation as it stands 
at prescnt, even though it has meant at certain places a degree of 
repetition. If this volume proves of some service to these various 
classes of people, amI helps to attract more educated people 
to the rural parts of this vast country, the authors will consider 
their labours amply rewarded. 

Since the compilation of this book was undertaken, two· 
books dealing mainly with the rcgional fruit production 
practices of the U. P. and J\1adras have been brought out. 
One is by W. B. Hayes of Allahabad and is entitled "Fruit 
Growing in India" (Kitabistan, Allahabad, 1945), and the 
other is on "South Indian Fruits" (Varadachary & Co, Madras, 
1949) by K. C. Naik who is also one of the authors of the 
present book. These publications are a happy indication of 
the endea>lour to meet the growing demand for information on 
this subject. 

The authors are grateful to Dr. Ronald G. Hatton of the 
East 1I.lalling Research Station and Sir R. G. Allan for 

" - , 
rt'vwwmg the manuscript. The authors are thankful to Mr. 
D. Akt'nhead fiw helpful advice and in collaboration with 
Mr. C. St. C. Fielden of the East Malling Research Station 
101' reading it through. .. 
. I n :~d~iti()l1 to various periodicals and publications listed 
111 the _hlblwgraphy, the authors have drawn freely from anum­
bt'r of books such as "Manual of Tropical and Sub.tropical 
Fruits" by W. Popeno(', "The Book of the Mango" by W. 
Burns and S. H. Prayag, "The Cultivation of Citru!'J 

(xii) 



AUTHORS' PREFACE 

}"rnits" by H. H. Hume, etc. Many of the tables of analysis 
of ti'uits are taken from "The Structure and Composition of 
Foods" by A. L. 'Winton and K. B. Winton. The authors 
al.:knowledge their indebtedness tu all the authors of these books 
and their publishers. 

The authors are thankful to Dr. H. S. Pruthi, O.B.E., D.Sc., 
Pl'lnt Protection Adviser to the Government of India, Dr. B. B. 
Mundkur, M.A., Ph.D., Deputy Director, Plant Diseases and 
Dr. K. N. Trehan, M.Sc., Ph.D., Assistant Director, Direc~ 
torate of Plant Protection, Quarantine and Storage, Govern­
ment of India, for kindly going through portions dealing with 
pests and diseases in which they have made valuable additions,. 
The authors gratefully acknowledge the assistance given by 
Dr. T. G. Shirname, Ph.D., F.S.5., F.R.Econ. 5. (Lond.), 
Agl'iculturill Marketing Adviser to the Government of India, 
in going through the portions relating to marketing and pack­
ing; to Dr. Patwardhan, Director and Dr. S. Ranganathan, 
Assistant Director, Nutrition Laboratories, Coonoor, for their 
assistance in writing the portions relating to food value; to 
Dr. Sham Singh, B.Sc. (Agri.), Ph.D., Deputy Fruit Develop~ 
ment Adviser to the Government of India, for going through the 
nursery and propagation portion. 

The authors' sincere thanks are due to Professor T. N. Zaveri, 
late Professor of Entomology, College of Agriculture, Poona and 
Dr. B. N. Uppal, Plant Pathologist to the Government of 
Bombay, for their help in collating information on pests and 
diseases of fruit trees; to Messrs. S. K. Patwardhan, B.Ag., 
B. Nazareth, B.Ag., R. S. Dubashi, B.Ag., and 1. A. Sayed, 
B.Ag., all of the Horticultural Section of the Bombay Agricultural 
Department for their help in compiling certain chapters of this 
volume. Messrs. S. S. Bhotla, B.Ag. and D. A. Patel, B.Ag., 
of the Baroda Agricultural Department, M. Jeevan Rao, B.Sc. 
(Ag.) of the Madras Agricultural Department and Messrs. S. R. 
Gangolly and R. C. Bhutiani of the Office of the Fruit Develop­
ment Adviser to the Government of India also deserve men­
tion for their assistance in checking the manuscript. Mr. 
S. L. Katyal, B.Sc. (Ag.), M.Sc. (Calif.) has rendered valuable 
help in abstracting literature for incorporation in this volume. 
To Dr. R. L. Nagpal, Mr. P. K. Gupta, Mr. N. A. Phadnis, 
Mr. S. B. Brahme of the Horticultural Department, Poona, 
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CHAPTER I 

BANANA (Musa species) 

The banana is considered to be one of the most auspi­
cious plants in India. It has accordingly enjoyed universal 

popularity in this country from time im­
memorial. In recent years, banana has also 
been found to be among the most valuable 

One of the most 
popular fruits 

crops for implementing the drive for increased food production, 
claiming in well:kept plantations an annual yield even up to 
60,000 lb. per acre. It can well rank, therefore, with any 
agricultural or horticultural crop as the most efficient 
means of enhancing food production. In a densely populated 
country like India where suitable land for cultivation is by 
no means available in unlimited extent, extension of banana 
plantations will provide perhaps one of the easiest methods of 
exploitation of land for making the country advanced on the 
road towards self-sufficiency in food production. It is not only 
the ripe frl,lit of banana that is prized as a food: the central core 
of the pseudo-stem, the inflorescence and the immature or un­
ripe banana fruits are also no less prized as sources of food in 
Indian households. In parts of South India, banana leaf forms 
an invaluable substitute for dining plates. In the floral 
trade and even in small scale textile industries, banana fibre 
has been used fairly extensively. On all these considerations, 
banana can be regarded as a fruit of value, both for the rich 
and the poor. 

The original home of this tropical fruit is considered 
to be the Malayan Peninsula or its neighbourhood. It has also 

Origin been suggested that the banana might have 
originated in some parts of the tropical forests 

of Asia. The cultivation of banana has now extended to many 
parts of the world, although it. is limited to the tropics. The 
fruit has become so popular and is so widely used that it is now 
available in all countries of the world, wherever transport faci­
lities exist. 

I 
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One of the botanical names of the banana appears to 
have Iwen based on the legend that th.e serp~nt,. which tempted 
Eve ill the garden of Eden ( Paradise), hid In a hunch of 
bananas. "Apple of Paradise", "Ad.am'~ ~ig" and ~he specific 
name paradiJiaca, all appear to have a ~IS!lJlct. reiatlOl1 to all­

cient mythology. The word "b~nana IS saId to have been 
adopted ii'om all African Congo tnl~e. ., . 

The commercial importance winch tillS fnut has gamed can 
be judged from the fact that !ts consumption in the LJ~lit('d 

Commercial 
importancl' 

States of America and the European contlllent 
is enormous. The Islands of Honduras and 
Jamaica arc among the chicfbanana exporti.l!-( 

countries of the world. Brazil has also entered the competition 
and htT exports have increased rapidly in recent years. The 
world trade in banana has been more than doubled during the 
last thirty years or so. nefore World War I, it averaged slightly 
()vt'"r a mi1Jion tons of fi'uits or about 6U,OOO,OOO l>unclH~s 
annually. The total export trade of banana in the year 193() 
amoullted to about 2,000,000 tons of fi"uilS 01' about 
115,000,000 bUllches. nut there was a slight decline in 1931. 

''''orld production of bananas for overseas export during 
1937 was more than 2'5 million tons. This was concentrated 
mainly in Central and South America and in the West Indies 
with Jamaica as the largest single producer, Mexico being the 
second largest. 

Sierr (84) gives an account of the plantation of the United 
Fruit Company at Tiquisata, Guatemala, with an acreage 
of 125,000 hectares and said to be the most modern and largest 
banana estate in the world. 

The leadin.g countries importing banana are the following: 

United States of America I 210 000 tons 
United Kingdom '272:000 
France III 000 " 
Japan 92.,'000 " 

" Germany 87 000 
Canada 69' 000 " , " 
High class varieties like the Gros Michel or Claret, which 

slightly differ from the Indian commercial varieties, hold the 
monopoly of world trade of bananas. 

:-~~j 
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BANANA 3 

As stated above, the banana which originated somewhere 
in the tropical forests of Asia--in the Malayan Peninsula or 

Distribution 
the neighbouring countries-is now extensively 
cultivated under a variety of soils and climates 

in Jamaica, Costa Rica, Cuba, Honduras, northern shores 
of Columbia, Central America, Canary Islands and the 
West Indies, besides the Indian Union. These countries, 
excepting India, export banana to the European countries 
throughout the year. Most of the other tropical countries 
too grow banana to a limited extent to supply their own local 
demand for the fruits as in India. 

The chief regions in India which grow banana extensively 
are Madras, Travancore-Cochin, West Bengal and Bombay 
Chief growing States. The total area under banana in India 
regions in India is 306,0 II acres according to latest available 
data. It is mainly distributed as follows: . 

J • Madras J 28, 163 acres 
2. Tra vancore-Cochin 47,504 " 
3. West Bengal 43,880 " 
4. Bombay 39,060 " 
5. Mysore 18,609 " 
6. Bihar 12,700 " 
7. Orissa 6,000 " 
8. Central Provinces 3,069 " 
9. Assam 2,500 " 

10. Hyderabad 2,000 " 
, 11. U. P. 1,490 " 

,~ 12. Coorg 1,036 " 

tGenerally speaking, there are three distinct regions in India 
in respect of production and consumption of bananas. The 
Northern and the North-Western parts constitute essentiaIly 
consuming centres, while South India, North-Eastern India 
and the Bombay Presidency comprise the main producing 
areas. The rest of India produces limited quantities of banana 
which are either sufficient for home consumption or have to be 
partially supplemented by imports. 

The prevalence of frost and severe winter conditions pre­
clude extensive cultivation of bananas in parts of the North and 
North-West India, particularly near the foot of the Himalayas. 
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A number of choice table .varieties . is, ho~ever, cultivate 
) tl e Gang'cs in the Umted ProvJ11ces, BIhar and Bcnga 

;} (J1lg 1 ',' • h B'ha d Ch d the tracts around Hajipur JIl Nort 1 r an an r~nagO! 
. Bengal being particularly noted for heavy productIon. I ;;1 bdie~'ed that parts of Orissa, Beng~J, lower parts of Assan 

Bihar and the United Provinces and Sou~h In,dla possess abu! 
dant scope for cxten,sion or ~rc?s under thJ,~ frUJ~. . , 

In South India, 1 nchlilopoly (11TuchlrapalJl) WhlCI 

exports the largest quantity of banana,s, i~ some years rxcerd 
ing 550,000 maunds, and M.alabar which 1S reported to posses 
about 52,000 acres, are elltltled to be ranked as the prcIllic 
banana producing centres. The C:auyery delta or ,banks ir 
Coimuatore, Tanjore and Salem dlstrtcts also. CO!lstllute Veri 

important producing centres. The Lower Paln~ J~l1Js a,re !lotee 
[r,r the cultivation of some excellent bardy vanetles of banam 
kllowlI as Sirumalai and Virupakrlli, entirely under rain/cd condi· 
tiollS. 

In the State of Bombay; the chief banana gl'(Jwing dis· 
tricts are East Khandcsh (13,679 acres): North Kanara (:J,(i)fl 
acres), Thana (2,614 acres), Ponna (1,457 acres) and Satara (99.i 
acres). In the North Kananl district, the banana is grown as an 
illtel'-cmp ill spice and coconut gardens. In the Thalia di,· 
trict, Bassein is noted fi)r its cultivation of a large number oj 
banana varieties, In the Poona district; the Junnal' and Walha 
regions grow banana on a large scale. Jalgaon in the East Khan­
desh district is known to export a large quantity of the BaJTOI 

banana to other parts of India, chieHy the northern States, 
This variety is grown in the surrounding villages like Asoda, 
Being a highly-profitable variety, the Basmi banana is bf late 
extensively grown in the Gujerat regions which lie north c 
Bombay and have considerable advantage of nearness to th 
northern and north-western parts of India which are the can 
suming areas (16). 

In a paper on classification of the bananas, Cheesman (33 
recently has attempted to finalise the classification of this impor 
Cla~sification tant fruit. He has made poi!1ted refereno 

to the distinction between the classificatiOl 
of the cultivated varieties and the general taxonomy 0 

the genus Musa L, and has stated that either of thes( 
requires a different technique for its solution. Overlookin~ 
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.s important and obvious fact, several workers have en­
avoured to classify according to their own standards, 
!!§ing a greaLfieat.QLconfygon. Cheesman has adopted the 
torogical basis for the classification of species, and states that 
rornosome number in Musa is not only a safe criterion of rela­
n, but the best. Dodds and Simmonds (42) report that all the 
Itivated bananas occur within the group with a basic chromo..; 
ne number of eleven, the majority of edible varieties being 
e!?ids (3x=33), but experimental hybridization has given 
o tetraploids (4x=44), a few higher polyploids, and some 
euploids. -- ------------ ----
-Banana belongs' to the Natural Order ScitaminllB, genus 
~sa. According to Cheesman, Linnaeus usea-on;~lnallY two 
~cific names for the edIble bananaS, Vii:;., para isUiCaaruJ. 
'ientum, but later three species were generally accepted as 
low:-

1. M. paradisiaca for those which yield fruits of a starchy 
consistency, not usually consumed except after 
cooking, and popularly known as plantains. 

2. M. sapientum for all dessert bananas except of dwarf 
habit. 

3. M. Cavendishii (Lamb) for dwarf bananas, known as 
Canary or Chinese bananas. 

Cheesman dismisses the last as invalid, since Cavendish has 
·tain tall mutant forms resembling Gros Michel, which fact 
ends botanical justification for according a specific rank to 
:se horticultural forms. He also states that it is unsound 
distinguish the dessert bananas from the so-called plantains, 
the quality based on starch and sugars is largely a varietal 
!ler than a specific character in Musa. To associate per­
ent male flowers with paradisiaca and deciduous male flowers 
h sapientum, as Linnaeus had once done, is also not 
epted by Cheesman as this is no better standard than 
·chiness. M. paradisiaca is the oldest name in the genus 
I has every claim to be regarded as the most suitable name, 
the existing taxonomic confusion is unravelled. Cheesman 

gests that in view of parthenocarpy, polyploidy, sterility and 
umulated mutations in the cultivated varieties, M. paradisiaca 
uld be applied to cultivated forms. The combination, 
h as M. paradisiaca sub-species sapientum as has been 
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employed by some, has been dubbed as "taxonomically unsound" 
by Cheesman. Dodds and Simmonds (42), have proved that the 
name M. sapienturn of Linnaeus was applied originally to an 
interspecific hybrid. This lends force to the argument 
that M. paradisiaca should stand as the correct name for 
edible bananas. 

All over the world, however, the term banana is now widely 
accepted as the trade name for all edible varieties of the fruit. 
In South India, on the other hand, all varieties are designated 
under the group name of plantain. Originally, the word banana 
was commonly applied to the varieties which are eaten raw 
and plantain to those which are eaten after cooking. Pope 
(76) also does not consider that any such clear differentiation 
exists at present. In accordance with the almost universal 
usage it seems appropriate that banana should be used for all 
edible varieties, whether they are used for table or cooking 
purposes. 

The most important commercial varieties of the Bombay 
Presidency are briefly described below: 

(1) Mindoli (Mhaskel) :-Tall plant, bearing bunches with 
about fifty thick-skinned yellowish fruits, having 
three clearly marked edges on them. Fruit not suit­
able for export. 

(2) Rajeli (King banana) :-Robust tree, with yellowish green 
stem and long narrow leaves. Fruit usually eight to 
ten' inches long and one to one and a half inches in 
diameter, yellow in colour, and plano-convex, gra­
dually converging to the stalk. Tip of fruit ~on­
tracted with a distinct hard brown beak. Exten­
sively grown in Bassein and well suited for drying 
purposes. The commercial product Sukeli (sun­
dried banana) is prepared from this variety. 

(3) Soni or Sonkel:-Tall plant, with sparse leaves and red­
dish tinge on both sides of peduncle; fruit sweet, 
and not easily separated from the stalk; has good 
keeping quality. 

(4) Velchi:-Tall plant, with fruit tapering towards 
the stalk, and slightly sour in taste. Fruit small in 
size and yellow when ripe. Skin very thin and 
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pllru.'.Y : K. C. Jacob, Assistant Systemau(: Botanist , Coimbatore. ) Facing /Hlgt 6. 
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papery, pulp whitish and highly agreeable; very 
delicious and high quality fruits. This is called 
SaJet or white Velchi while a type approaching the 
Sonkel in quality is named Lal Velchi "(red Velchi). 
The variety called Mitka in Karnatak is akin to Safet 
Velchi. The Rasbali which is a fair keeper and is a 
much superior variety is closely related to Velchi in 
morphological characters. 

Lal Kel (Bassein Red) :-Tall plant, leaves very long 
and green with stalks of a dull purple tinge; fruit 
usually about eight inches long and 1'5 inches in 
diameter, oblong, cylindrical, slightly falcate, tapering 
slightly towards either end, beak hard, skin red 
and flesh yellow. One of the most popular types in 
the Bombay Presidency. 

Basrai :-Dwarf stem; leaves broad; skin yellowish 
green even when fruit is ripe; delicate, fruit long and 
uniformly thick; poor keeper. 

Walha (Rajapuri) :-Dwarf stem; fruit short and thick 
near the stalk, tapering towards the beak; drops 
from the stalk easily when ripe; ridges distinct on the 
fruit; medium keeper and medium quality; pulp is 
stringy in the centre. 

Mutheli (Butter Banana) :---Dwarf stem, with broad 
and short leaves; fruit medium, thick and round, 
bow-shaped, sweet taste; bunches thickly packed, 
fruit yellow when ripe; base of leaves very oblique. 

In Bassein, nine varieties of banana are chiefly cultivated, 
and of these Lal Kel and Lal Velchi are the most popular. Of 
late, however, Safct Veichi is gradually gaining more demand. 
Commercially, Sankei, Velchi, Basrai, Lal Kei and Rajcli are con­
sidered to be the choicest dessert varieties in Western India. 

Of the numerous varieties grown in the Madras State, Paovan 
(syr~. Karpura Chakrakeli) is easily the most important from the 
<:ommercial point of view, accounting for about 70 pCI' cent of 
the total production in southern districts. On the Malabar 
coast Nelldran is the most popular variety, while the Sirumalai, 

. the f;uits of which have 'fine flavour and taste and good keeping 
C. F.-3 



8 COMMERCIAL FRUITS 

quality, is largely grown or: high elevations. Monthan, Mauri 
tius, Rasadali (syn. Rasthalt) , p_acfta Nado.n,. an~ Bontha com 
prise the other important cultIVated vaneties In the central 
and southern parts. Of these, Mon_,tllan a~d Bo~tha are 
grown for culin.ar">: pUfJ~oses. I~ the (,odavan, Ganjal!'- and 
Vizagapatam dIstrIcts, Ghakrakelz and Karpura Chakrakelt (syn. 
Poovan) are the most popular table varieties, while MonthaT 
and Bathisa are grown for cooking purposes. . 

The NeTldran and hill bananas are noted for long commercw 
storage life, keeping well for about 15 days after harvest. The 
former varietv can be dried, and is also used largely for 
making chips: several kinds of sweets, as well as for preparing­
jelly, jam and preserves. It bears the largest sized fruits, ant 
because of this character it is considered locally to be 
poor man's meal. Poovan and Mauritius keep well for about 
week, as also the Rasthali, which is, however, unfit for export 
tnide purposes as fruits shed easily from the bunches, while 
Mauritius fruits get slightly discoloured in transit. Rasthali i~ 
considered to be one of the popular table varieties in some parts 
of South India for its fine flavour and taste, but it has a meatv 
pulp with a tendency to form hard lumps in flesh. The white 
Chakrakeli is a greater favourite among the consumers in the 
northern parts of South India. Because of its hardiness, high 
yield and fair keeping quality, Poovan commands popularity 
both among growers and tradesmen and, therefore, claims thfl" 
largest area in the South. Monthan is also a good keeper, buh. 
being of poor quality and fit only lor cooking, it does not 
command as much market value, except close to urban areas. 
Chakrakeli, though very highly esteemed for fruit quality, is 
not very adaptable and is d'tHicu\t to grow under adverse con­
ditions of culture, climate and soil. 

Kaio, a Hawaiian variety of banana, has heen introduccc. 
into South ~ndia and is being grown in the Banana Experimental 
pl~Jt at COlmbatore. The li'uit is 6'5 inches long, oblong to 
spmdle shaped and resembles Nendran the Malabar Banana 
in respect of taste and flavour. 

Champa, Decca, Murtaban and Pankela are the main commer 
cial table varieties in Northern India. 

A wild banana, Musa superha, is also seen growing in man' 
forest areas. In Bihar, Eastern Himalayas, Assam Hills, Man; 
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'. ~ and Burma, this type is seen growing wild. Its fruit is full 
~seed and is not edible. It is chiefly used for its leaves by the 
;(al wild tribes. 
I The Musa Fehi Bert variety is reported from the Tahiti 
slands (17). This species is easily distinguished by its erect 
,unches, which never droop as in the other species, a feature said 
~ be met with also in the banana Kusaie of the Hawaii Island. 
\ Some types of bananas like Musa textilis L. Nee, are 
JI known for their fibre, popularly known as the Manila hemp. 

i. For its successful cultivation, banana requires a rich loose 
Ill. The sandy soils of Bassein and the coastal tract of the 

North Kanara district are very well suited for nil . 
, its cultivation. In the Konkan, most of the 
dleys in the ghats (mountain ranges), where water supply is 
.enty, atmosphere is damp, and humus in the soil is sufficient, 
~ found to be very favourable for the banana to thrive. In 

eavy, ill-drained and shallow soils, the hanana is often a prey 
) the Panama disease, caused by the fungus Fusarium oxysporum 
~r. cubense. 

At Walha in the Bombay Presidency, banana is grown in 
hlck cotton soil, about four to five feet deep. This soil is weli 
rained being situated on the banks of streams and nallas. 
'he banana crop in such a soil is, however, not as productive 
, in the sandy soils of Bassein. The medium black and lighter 
)ils of Khandesh are also used for planting banana, provided 
-igation facilities exist. 

I n the Presidency of Madras, banana is grown under a 
ariety of soil conditions from the heavy clay but well drained 
)ils of some of the deltaic tracts of Godavari and Kistna to the 
lightly open or loamy slopes of the Lower Palni hills. The 
rirgin lateritic lands on the hin slopes of the Malabar coast 
~'e alluvial or heavy loam of the wet paddy lands i.n mOl'.t of th~ 
:, astricts, and the alluvial soils along the Cauvery banks as well 
lhthe garden soils of various composition in Coimbatore all 
tpPt:ar ~o suit the crop, provided good drainage and h~avy 
.pphcatlOn of manure are provided for, especially in soils defi. 
~~nt in fertility. B.a~ana plantatio~s of nearly a hundred years 
' .. age are found thrIvmg along the nch banks of Cauvery river 
~the Tanjol'e district and near Aduthurai . 
. ~.Dunlop (8) opines that bananas do not grow on saline 

(. 
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soils, which prove dangerous if the salinity exceeds 0'05 _per cent. 
Damage caused to banana plants depe~lds upon. the soIl te~ture 
and the salt concentration. The optimum sOli texture 15 re­
ported to be as j(.Jllows:-

Sandy loam 
Clay loam 
Medium day 
Heavy clay 

0'03 per cent. 
0'045 
0'050 
0'070 

" 
" 
" 

Soils which arc best suited [(,r banana have a fair quantity 
of lime and humus. Alkaline lands are said to improve by 
growing banana on them. Richly manured fields as in the 
cases where betel vine pla!ltations existed previously produce 
good crops of banana, even without additional manuring for 
about two years. If the soil is stiff clay, it is loosened by the 
addition of village earth and sand. Rich scrub soils and soils 
with plenty of humus and free from excess of salts are very 
good for this crop. In general, banana is rather exacting in its 
soil requirements, and one has to go into the details of the soil 
selected before planting. A soil which is about two fect deep 
with a porous subsoil constitutes the minimum requirements 
for successful banana cuiti,,·atioll. 

Banana is essentially a tropical plant and grows in warm 
humid climates better than in cold dry climates. Tracts where 

Climate there is a chance of ii'ost occurring during the 
winter, are not safe for its cultivation. Low 

temperature damages or kills the plant tissues and hinders 
the development of the fi'uit, affecting its quality. The district 
of North Kanara is perhaps the most ideal region for the culti­
vation of banana in the Bombay Presidency. But due to lack 
of irrigation facilities and means of transport and marketing, the 
cultivation of banana in this district is not as extensive as it de­
serves to be. 

Taller varieties as a rule seem to flourish in warmer and 
moist climates than in cooler and drier climates. The 
loss due to high winds can be minimised in the case of 
tall varieties of bananas by planting thick wind-breaks. Euphor­
bia tirucalli, Linn and Sesbania aegyptiaca Pel's, make useful 
wind-breaks in the Deccan. Dalbergia sissoo, Roxb. can be 
used as an effective wind-break in Sind. In the Khandesh dis-
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triets temporary wind-breaks of dry tur stalks (Cajanus indicus 
Spceng) or other similar material are erected on the western 
and southern sides of the plantation to cut off the hot wind from 
scorching the banana plants during summer, especially where 
irrigation water is scanty. Lal Kel does not seem to display its 
original attractive characteristics when grown in the dry dis­
tricts above the ghats, and perhaps on this account, it is also 
observed to be a very poor yielder in the Gujerat tract. 

During the years 1925, 1929 and 1934 most of the banana 
crop ill the central Deccan districts was destroyed by the severe 
frost, thou~h the cold wave lasted only for a short period, each 
time. The temperature went down to below 35°F in shade at 
many places and in some cases it reached the freezing point. 
I t is observed that some types of banana are slightly more resis­
tant to frost than others, but when temperature falls below freez­
ing point, all types suffer equally badly. Walah or Rajapuri 
seems to resist ordinary cold better than Basrai. Leaves and 
tender stems of the Bas'raj got scorched and the growth of the 
plants was checked for about three months as a result of 
frost in the Khandesh district. 

Like low temperature, strong wind is detrimental to the 
well-being of the banana plant. Very heavy winds may damage 
~ven the dwarf types of banana like the Basrai and Walha. In 
sheltered situations, however, the plantation may thrive 
well. It is chiefly on accoun t of low temperatures during winter 
and high winds during the summer that bananas of good quality 
cannot be successfully grown in the Eastern Punjab and 
parts of the U. P. 

Banana stands as heavy a rainfall as 150 inches or more 
per annum. About 70 to 80 inches of rainfall, if well distri­
buted, is good for its cultivation. Heavy rain is not so 
lnjurious a factor to banana as low temperature, continuous 
,rong wind or heavy clay soils. But if copious irrigation 
: available, the shortage of rains will ,not in any way discourage 
anana cultivation. Trenching of the planting area is found 
ssential in heavy rainfall tracts, in order to drain away excess of 
rater in the soil. Ordinarily, too much of stagnant water in 
~e soil is injurious to the plantations. Stagnation of water 
pcourages Panama and other fungus diseases. 

Before planting suckers of banana, the land should neces-
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sarily be well tilled. It is very beneficial to. hhav~ the lan~ 
deeply ploughed and heavily ma.flured Wlt l~rm yar 

manure. In Bassem, the land IS flooded 
Preparatory tillage to soften the soil and a weak later it is 
ploughed crosswise. This is follo~ed by harrowing and level­
liJ\(Y. In Bombay State the land IS allowed to get heated f()r a 
fe: months. In May, rabbing (burning brushwood, etc., on the 
area for heating the soil) is done. With the fall of the first mon­
soon showers, the land is again ploughed, har~owcd, levelled 
and planted. I n the vicinity of ]algaOl.1, the land IS well ploughed 
and harrowed before suckers of Basrat banana are planted. 

The spacing for planting varies with the variety as 
follows :--

SPACING OF PLANTING 

Lal Kef 9-10 feet apart 
Lat Velchi 8-9 

" " Mutheli 8-9 
" " Safe! Velchi 8-9 
" " Rajeli 7-8 
" " Basrai 5-6 
" " Mhaskei 5-6 
" " Lokhandi .. 5-6 
" " 

It is found by experience that a spacing of eight feet is suitable 
for the purposes ()f interculture. 

The size of pits taken for planting suckers also varies accord­
ing to the nature of the soil. In heavy black soils, pits are gene­
rally larger and deeper, being sometimes as big as I k ft. by l·~ ft. 
each. In lighter soils, it is not necessary to have such big pits. 
Fawcett (46) opines that larger pits give a better growth in the 
start to the suckers than smaller ones do. In Queensland it is 
reported that bananas are planted 12 to 15 feet apart in the 
cas: of dwarf varieties, and 20 to 25 feet apart in the case of tall 
vanetles. . 

Planting is done in the Bombay Presidency in furrows taken 
crosswise at a distance of 4~ ft. to 10ft. each way. Small suckers 
are selected and planted at the crossing of the furrows in the pits 
alre~dy prepared. Irrigation follows, if it does not rain. Plant­
ng lS generally done after the break of the rains. When the 
uckers shoot up, the furrows are broken by hoeing the land 
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crosswise frequently during the monsoon as the conditions of the 
soil may permit. Ten to fifteen cartloads of farm yard manure 
are added to an acre of land. After the rainy season, ~ and 
water channels are again prepared and irrigation is resumed in 
beds between rows of trees, which are earthed up and thus sup­
ported by raising the soil .. at their foot. 

In the Madras Presidency, 800 to 1,250 suckers are planted 
to an acre depending upon the variety. Along the Malabar 
coast (west coast of India) banana is often planted as an inter­
crop amidst areca-nut and cocoanut plantations. It is also 
planted as a shade crop for coffee and mandarin orange plants 
in South India. 

In the drier tracts of Eastern Punjab, it is customary to 
plant bananas along with mango trees as shade or nurse crops. 
This practice is also prevalent in the Gujerat districts, in the 
early stages of mango plantations. 

Banana is usually propagated by suckers, a large number of 
which spring up from the base of the mother plants. Suckers 
may be planted in the beginning of the monsoon, that is, in the 
months of June-July. The selection of good suckers for plant­
ing is an important item requiring careful attention of the 

. , growers as this operation largely in-
Sdecl10n ,of suckers fluences the future plantation and the 
for plantmg 'ld I . d'ffi 1 d fi 1 yle. t IS I CU t to e ne accurate y 
the type and bulk of suckers, which may be considered good for 
planting. Suckers of the following type are observed by ex­
perience to be useful and to yield satisfactory results:-

( I) Sword sucker which has a vigorous shoot, thick 
at the base and sharply converging towards the 
end with few linear leaves from which the name, 
sword sucker has arisen. Such suckers are pre­
ferred to ordinary suckers. 

(2) Suckers less than three feet in height and selected 
from healthy and mature plants. These too are 
found superior as planting material. 

Large suckers might bear fruit earlier than smaller ones but 
their blVlches are generally small. It is, therefore, necessary to 
select small sward suckers, wbich are in 4 vigorous growing 
condition unlike ordinary or "water" suckers. Bowman (18) 
found that sword suckers produce the largest fruits. . 
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Chona (36) has shown that to propagate healthy suckers 
it is necessary to separate from affected suckers the underground 
stem or corm which is usually free from infection, and plant 
the same after dipping in 2% copper sulphate solution. The 
secondary suckers coming out of such corms will be disease-free. 

In some parts of the Madras Presidency, the suckers are 
hardened after they are separated from the mother plants by 
keeping tbem in the sun until they wither. In the Bombay 
Presidency, the selected suckers are headed back to about 
two-thirds their original length, their roots and buds are 
cut cleanly and they are then dipped in a thick slush of cowdung 
and water. Finely powdered old, wood-ash may be dusted 
on them. The dipping of suckers in cowdung and dusting 
them with ash is reported to protect them from rapid drying 
in the open field until they sprout up and begin to grow. 

In the case of Basrai banana, however, very small suckers are 
chosen for planting, since it has been found to prolong 
th growing period and also increase the yield. 

In Queensland, corms carrying two or three eyes only 
are used for planting (88). Bits, or rath r sections, of old banana 
corms with one good bud are also used for planting. . 

In Brazil, banana soils after fifteen years of continuous 
cropping, are renovated by intensive cultivation, and the new 
plantings are made with bits of corm having two eyes planted 
on ridges (90). 

In New South Wales it is recommended that suckers with the 
largest bulbs farthest from the parent, and with the most pointed 
and narrow leaves should be selected for planting. Those 

. that are in the centre of stools, or have broad fiat leaves knpwn 
as umbrella or water suckers or those that are small and weak, 
and are found on stumps of the corm, are recommended to be 
discarded. 

As ~as already been stated, planting is done in Bombay Presi­
dency mJuly-August in pits, which are filled with soil mixed with 
Planting a small quantity of farm yard manure about 

5-10 lb. per pit. The soil is well pressed 
round the suckers and irrigation is given copiously. Suc.kers are 
planted straight. On planting the whole area may be flooded or 
water ~a~ be given in basins as required. After planting, 
water IS gIven on the fourth and eighth days, jf there is any 
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break in rains. Regularity' in watering is essential for this crop. 
In Bassein no irrigation is given during the rainy season, but if 
the rains fail or the period between two successive rains is pro­
longed, the root zone is covered with banana leaves which form 
a mulch. The plants are hand-watered at the rate of two 
buckets (4 galls.) per plant at an interval of six to eight days. 

Except during the rainy months, Poovan is planted in the Mad­
ras Presidency all through the year, some growers planting it in 
two or three seasons to take crop during the greater part of the 
year. The most popular planting season on the Cauvery delta 
is, however, February-March, but July to October plantings are 
also not unknown. 

At Samalkota agricultural research station in the Madras 
Presidency, it has been found that planting of about six-week 
old suckers in May at a uniform distance of ten links overcomes 
the irrigation difficulties, met with in the cas of the commonly 
prevalent method of planting in November (4). The latter 
plants are hand-watered for two or three weeks untt! the break 
of the south-west monsoon, and they mature their crop in ten 
or eleven months. 

Banana is a heavy surface feeder. Not only does it require a 
copious supply of water but also heavy manuring. At Bassein 

M . . (4 I ) top dtessings of the following mixtures are 
anurmg II' Ii l' l' I usua y given a ter p antmg at regu ar mterva s 

of one month for a period of three or four months: 
• 

Castor cake 
'ulphate of ammonia 

Sulphate of potash 
Superphosphate 

4-5 lb. per 
I! lb. " 
10-11 oz " 
lI-120z " 

stool 

" 
" 
" 

Other oil cake may also be given in addition to the above at the 
rate of 6-8 lb. per stool twice or thrice a year. 

Different varieties of banana receive different doses of 
anure at Bassein. For instance, Lat Velchi is manured 

hrice at an interval of a month with 4- lb. of castor cake each 
ime. At times, the third application is of fish meal and 
astor cake at the rate of 5 lb. and 2 lb. respectively. Lat 
ela (Bassein Red) plants receive four doses at intervals of 
ree weeks each as follows:-
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1. 4 lb. of castor cake 
2. 6 lb. of castor cake 
3. 5-6 lb. of fresh fish and 2 lb. of castor cake 
4. 4 lb. of castor cake if the bunch is well developed, 

or else 6 lb. of fish instead. 

Near Jalgaon where banana plants receive sewage water, no 
other manures are usually applied. 

In the northern parts of the Bombay State, a heavy dose 
of some quick acting manure is applied after the monsoon breaks, 
and after the plots are weeded and the dry leaves of the 
plants are cut off. Groundnut cake at the rate of 2-3 lb. 
is recommended by some in Madras as the nitrogen in this 
cake is said to be more readily available than in other oil cakes 
(96). Other oil cakes and .fish guano are recommended in places 
where they are cheap. A popular manurial practice in the 
Cauvery deltas is to apply sulphate of ammonia at 224 lb. per 
acre in April-May, about two months after planting. This is 
followed by an application of 1,000 lb. of groundnut cake and 
224 lb. of ammonium sulphate or ammophos in the fifth 
or sixth month. The third or last application is done in 
the ninth month, and this is similar to the first. Trenches 
151/ wide and 9_121/ deep are opened between every two 
rows, and the earth thus dug out is spread over the beds along 
the rows of trees. According to another system prevalent in 
these parts, a light dose of 1/2 lb. groundnut cake is applied 
around each plant soon after the plants begin to grow; and 
5-6 weeks later, another application of 1 t-2 lb. of the same cake 
is made. Good crops have been obtained in some parts of the 
Bombay State by the application of 20 cartloads of farm yard 
manure and 1,000 lb. of sulphate of ammonia per acre. 

In the case of the Walha variety, the usual practice 
is to apply farm yard manure and sheep dung. After the 
first ploughing, about ten cartloads each of cattle manure 
and of sheep dung are applied and harrowed in. Later on, 
~bout 40 Ib: of cattle manure are applied per stool at an 
mterval of SIX months. Sheep dung is applied only once in 
the beginning of the plantations. 

At . the ~aneshkhind Fruit Experimental Station, Kirkee, 
manunal tnals have been conducted on the Basrai variety of 
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bananas on a large scale, with a view to ascertain its require­
ments under the Deccan conditions of soil and climate. The 
method of layout adopted for these trials was the Latin Square, 
and the manures excepting in the case of potash were 
apportioned on their nitrogen basis. These trials included 
the use offarm yard manure as the base; and sulphate of ammo­
nia, castor cake, bone meal, potash and double dose of farm 
yard manure were used. Different manurial combinations were 
tried and it was found that the application of 5 lb. of castor 
cake per stool in conjunction with 40 lb. of farm yard manure 
was the most suitable for the crop. 

In parts of South India where rice is grown in rotation with 
banana, some growel'8 also apply a basket of rich organic manure 
to each stool of banana at the end of the third month after plant­
ing. About 40 cartIoads of farm yard manure per acre is 
considered to be a suitable quantity by some, and it is 
applied about a month after planting. In the absence of 
farm yard manure, about 1,500 lb. of groundnut or other 
oil cake per acre have also been applied in some places. Tannery 
refuse mixed with farm yard manure is considered by still others 
to be of value for bananas. 

If circumstances permit it is advisable to green manure the 
land before digging pits. Green manuring is good both in heavy 
and light soils. The banana being a surface feeder, addition 
of humus to the soil helps to encourage the growth of the plants 
and increase the yield subsequently. 

For thriftless banana plantations in Trinidad an applica­
tion per tree of 200 lb. of synthetic pen manure with or without 
one pound of muriate of potash was found to be beneficial (95). 

Fawcett (46) recommends the mixture of the following manure 
for banana:-

1.. Sulphate of potash 
2. Wagner's double phosphate 

or 
Mineral superphosphate 

344 lb. per acre 
211 lb. " " 

530 lb. 
" " 

This mixture is applied at the rate of 400 to 600 grammes (1 lb. 
to I i lb.) per plant, varying with the kind of phosphatic 
manure used in the combination. Care should be taken 
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to place the manure in a trench made around the stem, avoiding 
direct contact with the stem. . . . 

Bartlett (14) states that banana is a. voraciOUS feed.er and It IS 

essential to keep up the fertility of the soli by every ~osslble means. 
Supply of humus to the soil is indisp~nsable. as dlls m~nure not 
only provides plant food hut also relams mOisture ~r~d ImpI'OV~S 
the aeration of the soil. ] t creates favourable conditIOns for SOIl 

bacteria to act upon mineral matters, thus re~dering plant f()()d 
easilv available. He further states that expenmental tests have 
dem;lI1strated the usefulness of the mixtures given below;-

1. 

2. 

2 lh. of dl'~ed I~lo(~d,. } per stool every 
I ± lb. supeJ phosphdtt, ··x Tl '11tl S 

11 J I . 1 SJ I () 1 •• 
1 J. su plate 01 potas l. 

J I Jb. sulphate of ammonia, 
J ! J b. Sll perphospha te, 
I lb. sulphate of potash. } 

per stool every 
six months. 

Hither of these mixtures can be 
October to eveI'\' stool. 

applied in March and ill 

1 n Gr'enada' heavy soils are J(JUnd to need liming- as they 
rctain moisture and become acidic in reaction. Soih with pH 
value of (j'5 require one to two tons of hydrated lime per acre. 

''{'he banana plants require very heavy irrigation. A local 
proverb is current that "the banana plant asked for water to 

Irrigation drink, when it was being carried away by the 
river flood." Apart from this exaggeration. it 

has been observed that on an average the plants require about 
3 acre inches of water at each turn of irrigation in the ht"lt 
months from February to May (2). Irrigation is given in 
~()st. ~Iaces once in eight to ten days. Stagnation of water 
HI soli IS not. very congenial to the proper growth of the banana 
plant. Drall1age of the soil is, therefore, essential for its success­
Jill. cultivation. It is seen that in heavy soils, banana 'plants 
~hnve Iwtter Oil raised ridges alternating with trenches, than 
In Hat heds. Near Jaigaon, irrigation is given to banana plants 
ev:ry !h~ec .01' four days during the hot weather. After the 
raJns~ I~ng~tlOn. beds arc' prepared between the rows of plants 
and lrngatlOn mtel'vais are reduced with the approach of cold 
weather. 
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In the Godavari delta area, irrigation is applied in tre.nches 
after the x:ainy months, usually once in seven to ten days depend­
ing on weather conditions. In parts subject to cyclonic weather, 
propping is essential and this should be provided before the 
monsoon sets in or irrigation is given. In perennial banana 
plantations or on rainfed hilly areas, no irrigation is given 
to the crop, hut in the former case water may be let into 
drainage trenches to reach the brim, so that the feeding zone of 
roots !{ets moistened through radial spread of moisture. 

The bananas in some countries are irrigated at intervals of 
fifteen days from Fcbruary to May and receive approximately 
5 acre inches PCI' turn. This procedure is adopted in plains 
where the annual rairifall is about 60 inches only. 

In the opinion of Fawcett (46) "irrigation after flower form­
ing will not affect the number of fruits in the bunches." Water 
channels close to the suckers are beneficial in the earlier stages 
of growth, but it is advisable to shift them a little away as the 
plants advance in growth, as proximity of water channels only 
encourages the production and growth of suckers which may 
not be desirable in cases where (lilly the mother sucker or a few 
more are allowed to flower. 

An experiment to determine the water requirement as well 
as to see thc effect of ridge planting of banana was carried out 

at the Modibag gardens at Poona. Banana 
Ridge vs. level I tIt d 'd 'th h planting of banana p an s were p ~n ~ on n g~ W1 trenc es 

opened by their Side at a distance of three 
feet. The trenches were two feet deep. The following table 
shows the details of the performance of plants on the ridges as 
compared with that of plants in level beds hy their side:-

I 
Average II Averag'~ W' ht f I Number ! n:::b~: of 
girth of height of f e~~ 0 of I bunches 
plants in ) plants in ~UI ~er fruits harvested 

I 
inches at I ft. anti Ibun~ I. I. per I during the 

base. I inches. . O~. bunch. i same 

Rid:;&h<:~'-'h-' ·-~I--:~ ~;::-~ : --rP!d-
System. 

I 
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I t will be seen from this table ,that the superio~ity of the 
trench and ridge system is established, althoug~ l~ requires 
a larger quantity of water. ~he actual, q~antlty of water 
riven in flat beds was 3'23 acre mches, while It was 3'30 acre 
g . .., Th t . I 
inches in the trenches per lI'~'JgatlC~n turn. ese . l'1a s ,~ere 
conducted with the Walha vancty of hananas grown m medIUm 
black soil. On the light soils which are USUaU}f wt'll 
drained, the hed system also works well but the f~("quency 
/If irrigation has nec~ss~ril>: to be greater. It IS noted 
that the interval of IrngatlOll depends upon the nature 
of soil and weather conditions, and it can be adjusted to 
five to six days during summer and eight to ten days during 
the other seasolls. ]n very light soils this interval may he of four 
days onlv. . 

The . advantages of irrigating banana stools in trenches 
may hriefly be summarised as follows ;_._. 

Aclvanlag('s of 
trench irrigation 

I. The average weight of fruits per bund: 
increases by ahout 55(,~,;). 

2. The !Iumher of fruits per bunch increase.1 
by ahout 16();,. 

3. The plants grow and mature quicker, 
and a larger number of bUllch('s 
can be harvested during the same 
period f!'Om an equal area thall in 
flat beds. 

4. Labour and wakr charges are low. 
5. Damage due to fungus diseases is mini­

mized. 
The banana plants arc planted very close compared 

with most other ii'uit trees and whichever system of irriga­
:ion is adopted, it would practically amount to Hooding 

f1 ... the area. On m·drained soils, heavy 
. cavy Irrigation ....., h h 
,ncourages rlisea.'1'S 1I ngatlOH encourages t e occurrence of t e 

dreaded Panama disease caused by the 
Ullgus Fusarium oxysporum var. tubense, and the crown rot 
aused by Fusarium moniliforme val', subglutinerzs. However 
he system of irrigating banana in tre;"ches as explained 
bo.ve ~eeps the hanana stools fairly above the level of water, 
!nhke In fiat beds, thus lessening damage due to these diseases. 
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The Basrai· and the Walha are the chief commercial 
arieties of banana grown in the Deccan. Fruits of Basrai are 

3anana variety 
rials 

sent to several parts of India including 
the Punjab and the North-West Frontier 
Provinces from the Khandesh districts and 

~assein. The Walha is chiefly used for the local markets of the 
loona district. From the market point of view, the Basrai is the. 
~etter and superior type as its fruit is bigger and sweeter, though 
: is a poor keeper. A trial was conducted at the Ganeshkind 
'ruit Experiment Station, Kirkee, to find out the comparative 
conomic value of these two varieties to the grower. It was 
,mnd that the first bunch of Basrai gives higher yield than 
he Walha variety, other conditions being equal. As to whether 
n the long run the Basrai or the Walha will prove more economic 
() grow, is a subject yet under investigation. 

The fruiting period in the banana varies in different 
arieties and seems to be considerably influenced by the quality 
, .. f b and size of the suckers selected for planting 
'rUltlng 0 ananas as well as the climate. Basrai generally fruits 
1 fourteen months. Walha requires about ten months, while 
'elchi and Son Kel take twelve months. The fruiting age from 
Ilanting apparently is also closely related to the size and age of 
ftc suckers while planting. It is believed that the larger the 
IIckers, the shorter is the fruiting age from planting. But in 
ltch cases the yield of fruits is generally less. 

It has been reported that in the Godavari district of the Mad­
as Presidency, bananas generally make the maximum growth 
luring the rainy months of July to November and it takes nine 
o thirteen months to throw out bunches from the date of plant-
19. Flat sided fruit varieties in general, seem to take a 
lUch longer time to bear fruits than the round fruited ones. 
'he number of days taken from flowering to harvest of fruits 
wies widely, apparently depending Up~JI1 the variety and 
180n of flowering. Maximum production of dIe Poovan variety 
noticed from December to March, of Rasthali from April to 
ilY, of Mauritius from October to November, and of hill 
nanas almost throughout the year. In Madras and Bombay 
nanas are generally available in local markets throughout 
: year, but June to October and December to March seem 
be the two periods when trade is the busiest. 
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The number of hands per bunch and the num~er of fruits 
er hand are both varietal characters, !)Ut the c:arly lorme~ hands 

have been invariably found to record hlghel: weight per frUIt (74). 
It may be observed that ripening and rottmg a~c processes that 
are hastened markedly when bunches are cut mto hands tha.1 
otherwise. . . 

In the case of Basrai and Lal AeI, only the sucker which 
is planted is allowed to flower in Bombay State. All ~ide 

sllckers arc pruned off as soon as posslbJ!~ 
after they appear, j rt order to give better 
facilities of growth to the mother plant. 

Suckrrs I(>[t to 
ilow"r in a stool 

In /Va/ha, La/ Vflrlli and Son Kef, more side suckers arc 
allowed to grow and fl()wa. At 13assein and near Jalgaofl, 
however, there is a tendency to have only the mother plant to 
Hower in all varieties. Where only (JIle sllcker is allowed to 
flower and fruit as in the case ofBasrai, the life of the plantation 
is limited to about eighteen months. In other cases, the planta­
tion may he prolonged f()J' several years, without being re­
planted, as Slicker after sucker will be allowed to fruit in the same 
stool. In Basrai the later suckers are extremely poor 
yidders and hence the practice of allowing only thc mother 
plant to fi'uit. The local practice in some parts of the Madras 
,tate is not to remove the suckers at all ii'om the plantation 
,yhcn once it is raised and the crop is treated as a perennial one. 
l'jantation of about a hundred years of age or over are not un­
mown evcll today. In perennial banana plantations in South 
:ndia, the mother plant is cut after the harvest of its bunch, and 
uckers arc allowed to bear the subsequent crop. This process 
s repeated ycar aftcr year in the rich alluvial banks of Cauve'ry 
n Tanjore district. Planting banana after banana in the same 
and elsewhere undoubtedly leads to a progressive decrease 
n the yield of succeeding crops. Banana is, therefore, generally 
:otated with a cereal or other crop like cotton alternately in 
Bombay State. 
. In North India the usual practice is to remove all suckers 
till about 9 months after planting, when one good sucker is 
lllowed to grow for producing the second harvest. Where 
leaves are marketed, more than one sucker may be left in 
:atoons, to follow on. 

Fawcett (46) mentions that an attempt has been made 
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to develop new types of bananas by raising seedlings at 
Improvement of Hope Gardens, Jamaica. But very little 
banana by success seems to have been achieved in 
hybridization this work. J t was further reported that 
an effort was made from 1922 to obtain a new variety of 
banana with commercial advantages of Gros Michel but 
immune to the Panama disease. This work involving a good 
deal of investigational effort relating to hybridization and seedling 
raising lasted for several years. Cheesman reports that he has 
obtained a hybrid seedling of Gros Michel and a seeded banana, 
which is highly resistant to the Panama disease. 

All edible varieties of banana are said to have been derived 
from the sub-genus Eumusa, which contains about twenty species. 
Cheesman (26) suggests that the species of Eumusa are likely 
to play an important part in the breeding of new varieties of 
bananas. Hybridization of banana has not been attempted so 
far in India. At the Ganeshkind :Fruit Experiment Station, 
Kirkee, Poona, seedlings of Sankel Chanda and Nendra Bali 
varieties have, however, been raised on a large scale, with a view 
to get new types of this fruit. The crop of seedlings has been 
tested for several years. Iuteresting variations have been re· 
corded but no seedling gave a fruit superior to the existing com­
mercial types, though some of them were better than the parent 
fruit. Hybridization of bananas may prove to be a valuable 
line of work in many parts of India, to secure a recombination 
of desirable characters from amongst the varieties already exist­
ing in the country and also to evolve varieties according to 
the regional needs. The standardization of existing varieties 
with a view to eliminate the inferior types, and restrict produc­
tion to tracts where the cost of cultivation is the minimum and 
transport facilities are easily available, seems, however, 1:0 
present equally important problems needing urgent attention in 
these parts (73). 

It is difficult to generalize any statement relating to the cost of 
cultivation of bananas as it would evidently differ from tract to 
tract owing to labour, irrigation conditions, etc. The following 

Cost f It' t' statement, however, gives an idea of the 
o cu Iva Ion fl" d 1 . cost 0 cu tlvatlOn an tota receipts 

realised from a plantation at the Modibag gardens during the 
years 1921-26. These figures are not intended to serve as a 

C. F.-4 
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is for any economic calculation, as the receipts were realised 
retailing on the spot for the Watha variety near a large 

" and not by wholesale disposal as is usual with the 
wers in the villages. The changed economic conditions 
ing World War II and subsequently, make it difficult to take 
se figures as anything except of comparative interest. (See 
:e 24.) 
Banana is accepted in all respects as a fairly nutritious fruit. 
s one of the cheapest fruits and in India, the rich and poor 

d value of 
lana 

alike are fond of it and would take it daily 
when,ever possible. There are some varieties 
which are more popular in the market as 

sert fruit than others. Unripe banana is a very popular 
'ctahle in many Indian homes. It is always consumed in the 
,ked state but if taken uncooked, it may cause digestive 
:urbances. The cooked vegetable is a good source of energy 
ng fairly rich in starch; in this respect, it resembles root 
etablcs like potato and sweet potato. The chemical com­
ition of some of the local varieties is given on pages 26 
127. 
According to Brooks (20), when bananas contain 5-10% 
ar content and are heated to 50" or 60°C they retain this 
aI', vitamin A, HI> B2 cumplex and C and protein 
tents. The loss in weight is 66%, which represents a 
siderable saving in transport. Four drying plants are 
I to be in operation in the Cameroons. 
fhe Hawaiian bananas are stated to be a poor source of 
ium hut a good source of phosphorus. The cooking types 
!lnanas are reported to be a better source of vitamins than 
able varieties. All bananas, however, are found to be a good 
:e of vitamin A and C, and a fair source of vitamins Bl and 
~2) in their ripe stage (68). Combined with milk, ripe 
.nas are also recommended in Hawaii for infant feeding, 
as a reducing diet for the obese (68). Sugiura (86) states 
banana contains fair amounts of vitamin A, C, and 

Dmplex. In the Philippines, some varieties are given 
hildren as they are more easily digestible than other 
s. Chevalier (35) states that an excellent cider may be 
e from bananas as good as, if not better than good 
ch cider, and this can be sold at a cheap rate. 

UAS LIBRARY GKVK 

I ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
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The ripe banana contains 18% to 20% of total sugars, partly 
as reducing sugar, and partly as saccharose. .Bremond. (I?) 
describes successful experiments undertaken In . Algena In 

] 940 to determine satisfactory methods of making alcohol 
from bananas. Further experiments in 1941 in French 
Guinea were equally successful and factories ~ere estab­
lished, the potential output of ea~h one of them bemg l~ hec­
tolitres of motor spirit a day obtamed from 120 to 150 qumtals 
of raw material (1 quintal = lOO kg.).. . 

The fi'ui t is used in a variety of ways. Besides the fresh frUlt, 
banana can he dried and eaten as dried ((figs." It is also used 

in fruit salads. Green ra w banana is powdered after drying 
and used as flour. 

An excellent preserve known as Panchamrutam is prepared 
out of bananas in the Palni temple of the Madras Presidency, 
and because of its reputation for quality there has sprung up a 
small trade at the place in this product. Panchamrutam under 
different local names is also a popular household dish in several 
banana growing areas in India. 

At Agashi and some oth,er places on the Western coast 
of the Bombay Presidency, banana is dried for sale. It is 

Sun-drying estimated that about Rs. 5,000/- worth of 
dried banana finds sale in the market of 

the Bombay city annually. The only variety which gives an' 
attractive dry product is the Bassein Rajeli as stated already. 
When dried, this variety assumes a beautiful yeUow colour. 
The flesh is soft and sweet, with very little acidity. For drying 
well-developed fruits are plucked and stored in a heap till they 
are ripe and soft. The skin of Rajeli fruits assumes a perfectly 
black colour when fully ripe. At this stage, the skin of the fruit 
is peeled off, and the pulp is exposed to the sun. When properly 
dried, it assumes a golden yellow colour. The fruit takes about a 
week to ten days for complete drying. Low wooden platforms 
are prepared on which the fruit is dried. Sometimes when the 
drying is nearing its end, a little clarified butter (ghee) is smeared 
thinly on the fruit surface in order to brighten the colour. Other 
varieties of banana can also be dried in this manner but the 
quality of the r~su1ting product depends upon the perc~ntage of 
sugar and mOisture contents as well as upon the character 
of the variety chosen. Bananas are found to shrink to nearly 
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one-third of their original weight when dried. Insects and flies 
are drawn to drying [I'uits in large numbers and it is always 
desirable to cover the fruit while drying, with cheap mesh 
cloth fixed like mosquito curtains about a foot over the fruits. 

(lJass boxes <'Ire it/SO employed in this wOIk, where insects abound 
and where the hot weather is of short duration. A simple 
case with glass sides and glass top can be used for this purpose. 
The box may be provided with several ventilator holes bored 
into its sides. The fruit is placed inside in a single layer, and 
the glass case develops inside a higher degree of heat than. the 
olltside atmosphere, and the fruit is dried quicker and much 
better than under the curtain. Thc fruit is also protected in 
this case from dust, insects and wind. The product thus pre­
pared is sanitary. Glass cases as described above have been 
tried under Indian conditions but had to be given up as un­
economical for commercial use. Dried banana has a dull colour 
unless subjected to sulphur fumes after peeling and before 
drying in the sun. Sulphur fumes also check the damage by pest~ 
on the fruits. RaJapuri variety can also be utilised for drying, 
adopti14g more or less the same methods as those for Rajeli. 

Drying of bananas in the sun becomes impossible in this 
country for the rainy season harvest. There is no sunshine in 
this season often for several days due to continuous rains and 
cloudy weather. During summer months, the frequent dust 
storms make sun-drying insanitary and hence undesirable. The 
fruit which is kept for drying falls a prey to several insects 
which thrive under the peculiarly congenial climatic conditions 
prevailing during the monsoon season. Owing to these difficul­
ties, artificial drying of bananas has been attempted in wooden 
chambers. The apparatus ·consisted of two main parts de­
tachable from one another, namely, the wooden drying chamber 
and the fire place or the hot air generator. The wooden cham­
bers are double fold, and rest on one side of the generator. 
The generator consists of a cast iron body surrounded by a galvanis­
cd iron sheet jacket, which leaves an angular space of about six: 
inches. This jacket has an opening at the bottom through 
which it draws fresh cooler air of the outside atmosphere to 
replace the original air which gets heated and escapes through 
the other opening of the jacket into the drying chamber. The 
l:urrent of hot air is thus kept continuous and the moisture in the . 
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fruits is evaporated as they come into contact with the hot .air 
current. The evaporator is kept slanting and the tray~ can slide 
in it. This position helps the utilis~tion of all the hot ,aIr and the 
speed of the rising- hot air current. IS slowed down. The. sI?oke 
of the fire does not enter the drymg chambers and thel e IS no 
risk of the fruit being discoloured and spoiled by it. Although, 
the temperature of the chamber .dep~nds lIp~H1 the nature of 

the Iud used, it is not difficult to mamtiltn a lIm/orm temperature 
iIJ the cJli.imber thmugbollt the dl:l'ing period by regui--lting the 

feeding of the file/. 
A smaller type of banana dehydrator has been devised at 

Kodur (M:adras) with a special device for maintaining a 
uni{c)rm temperature without having to disturb the drying 
chamber. A metal case is provided over the oven and this is 
connected to the drying chamber. The case has two 
small apertures on the sides which can be conveniently 
kept open or closed by a movable shutter for regulating 
the intensity of heat. Good quality "figs" have been pro­
duced from some Madras banana varieties in this dehydrator 
within a period of eight hours as against four to five days taken 
by sun-drying. 

The drying chamber previously mentioned has a length 
of 9 fect 7 inches, a breadth of 2 feet 4 inches, inside 
height of I foot f) inches and is kept at a gradient of 2~ ft. 
while working. The trays used measure 2 feet in length 
internally and 2 feet 2 inches externally. Their breadth 
is I foot 5 inches and I foot G inches, respectively. The 
trays are about 2 inches deep. In all about 22 trays • 
can be used at a time and they can be placed in two 
layers. The temperature of the evaporator is best main­
tained at about 115cF for pl"Oper drying. A higher tem­
perature than this causes scorching of the lTuits. A tempera­
ture of 120°F for nine hours is recommended in New South 
Wales for preparing banana figs in dehydrators (82). If 
banana "cofl(~e" is to be prepared, the temperature is 
raised to. l30~F after the figs are prepared. After eighteen 
hours of drymg, the figs are roasted in a coffee roaster 
and ground in an ordinary coffee mill. The powder thus 
obt~ined is used in proportion of two teaspoonfuls in half 
a pmt of water to which half a pint of milk and sugar to taste 
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are added later. Dehydration of bananas is likely to pay in the 
districts of North Kanara where proper transport facilities do not 
exist. Mr. P. G. Joshi, former Superintendent of the Ganesh­
khind Botanical Gardens, Kirkec, reports that a London broker 
had tried his sun-dried banana sample and remarked that he 
had found them better than the Philippine and Canary Island 
products. 

In countries where the cJimate is dry, ripe bananas 
are exposed to the slln till the skin hegins to wrinkle, when 
they are peeled. The peeled fj-uit is thell again further dried 

in the sun until crysta/.~ of sugar are formed OIl their surface. 
111e dried product is chen packed. This process is practi­
cable in dry climates only. Another process is to ripen the 
huit and then to cut it into four lengthwise pieces, and dry 
them in the sun on bamboo platforms. The product develops 
sug-ar crystals on the surface and keeps for several years. 
A third method is to boil the fruit in water to which a little 
gypsum (calcium sulphate) is added, and then to dry in the sun 
on bamboo platforms. 

Gaton (48) discusses the value of banana flour as a food and 
compares it with other materials. He mentions "banana 
pommo", "Su" and "Sung Traw" as varieties of Indo-China 
which yield a good quality flour. Banana flour is prepared 
from fully mature but unripe fruits which are peeled after 
loosening the skin by blanching and sliced into Y'1r inch thick 
slices which are fed on wooden trays and then exposed to 
sulphur fumes in a sulphur box for halfan hour. They are then 
either dried in the sun under dust-proof conditions as far as 
possible or dehydrated in the home-drier at a temperature of 
J60o-165°F. The dried chips are then powdered in a ball 
mill to form a good powder. This is used as food when 
mixed with cereal flour. 

Several important diseases and pests of this crop have 
been noticed in India. The important among them 
Diseases and pests are the following: 
of banana 

1. The Panama disease caused by Fusarium oxysporum, var. 
cubense. 

2. The banana scab. Gloeosporium musarum. 
3. The banana weevil (Cosmopolites sordidus). 
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The Panama disease occurs under a variety of condi­
tions and is of great complexity. It is a wilt disease caused 

. by the soil pathogen named above. The 
Panama disease organism attacks the suckers and roots of 
the plants. The name Panama ~isease com~s from the fact 
that the disease was first recorded m Panama In the year 1903 
and a few years later it was found to play havoc in plantations of 
Panama and Costa Rica. 

Considerable work has been done to check the Panama 
disease by breeding resistant varieties in the West Indies .. The 
Gros Michel type of banana which is the chief table frUit pro­
duced in those islands for export to North European markets 
was found to be very susceptible. Finding that the fungi­
('ides were not effective in controlling this disease, breeding of 
resistant types was taken up at the Imperial College of Tropical 
Agriculture, Trinidad, ill the year J 9L2. Since then a 
good deal of work has been done on this problem, and a banana 
str~lill llamed T. C. I. (Imperial Col/ege No.1), which closely 

n~,'eJllbJrs tile r;,m' /~IidlC'J though pO~:5es.~il/g .1 Jew vel}' mill or 
deli'cts, hilS been evolved The worK is belilg" ('olltJiuled 

with a view to improving the I. C. I. strain further. 
TIle follo will g" varieties in the Philippincs are rcported to be 

resistant to this disease;.-

Salle (M . .rapientum, var. compressa). 
Tennate or Gloria (M. sapientum, val'. Ternatensi.r). 
RunguJan (M. sapientum val'. suaueolens). 
Lacatan (M. sapientum val'. lacatan). 

Wardlaw reports that the Panama disease has been suecess­
~ully controlled in Honduras by flooding and that infected 
f~elds flood~d for six months have produced fruit for nearly 
SIX yea~s WIth only sporadic outbreak of the disease. 

Dunng the last few years the Panama disease has 
also been noticed in parts of the Bombay State, e.g., 
Occurrence and at the Aley village and round about 
symptoms Df Junnar in the Poona district. The trouble 
p(ldn~m( a dis(~asc is now spreading to other areas also. 
an 1 s cau\('s 'rc 'bl" lie most susceptl· e vanetv IS found 
to be the best table variety locally called the Sonlee!. The chief 
symptoms of Panama noticed in this tract are that, when the 
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plant comes to fruit the leaves begin to wither and the fruits 
do not develop. Leaves and suckers dry up. The fruit becomes 
useless if it matures at all. The disease affects the vascular tis­
sues which become discoloured. The disease is attributed to the 
formation of a high subsoil water table or water-logging 
conditions of the soil and consequent lack of soil aeration 
and development of acidity in it. It also occurs in soils 
lacking humus. Very shallow soils appear to favour 
the disease. Prevention and remedial measures against 

this disease have not yet been worked 
Preventive and b . . fi d 
remedial measures out. The anana vanetles are oun 

to be resistant in varying degrees to this 
disease. A change of variety for planting, therefore, seems 
to be a possible step in preventing this trouble. 

This is a disease of the fruit and is caused by the fungus 
Gloeo.lporium musarwn which develops on the fruit stalk. 

• TI h b A reddish brown clour develops on the fruit 
i, Ie anana sea and when cl03eJy observed, minute transverse 
! marking.5 are flo/iced. They develup into numerous longitudinal 
shallow cr;tcks and turn bJack jn coloUl~ l1le skjfJ bCgJilS to 

.flY <111d turns greYish brown. The cracks grow farg'cr and 
deeper. The pulp is also gradually affected, becomes dry 
and discoloured. Pustules on the affected skin contain spores. 
The remedy is to spray the bunches with Burgundy mixture 
(4 lb. copper sulphate,S lb. washing soda, 50 gallons wf\ter) 
before the disease is likely to appear. 

Banana leaf spot is not common in India but the Bunchv 
Top is reported to have occurred in a few places. Remova'l 
of the affected plants and burning them is the only possible. 
remedy. 

A weevil named Cosmopolites sordidus is seen to attack 
the banana rhizome in the Dharwar district and the Bas­
lIanana weevil sein area. The weevil spends its life in the 

banana rhizome but sometimes its damage 
may extend to the base of the stem. It is, therefore, difficult to 
deal with. Eggs are laid in the rhizome and dirty white grubs 
hatch out. The effective remedy is to remove and destroy 
the affected plants, and plant healthy suckers. 

Very frequently the banana crop is damaged by low tempera­
ture. Being a succulent plant, the banana probably suffers from 
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frost more than several other plants. In the Northern an,d 
Central Divisions of the Bombay State, frost, damage IS 

considerable when it occurs. J t IS, therefore, 
Damage due to frost necessary to devise economic methods to 
prevcnt thc loss caused, hy frost. ModerI_l orchard heaters such 
as those used in the Uilited States of Amenca and other Western 
countries are being examined here for their adapta~ility 
to this country. Raising of orchard temperature on mgh~s 
when frost may be expected by burning h~aps of fuel wood IS 

fOllnd to be fairly satislactory in our plantatIOns. Locally made 
heaters are used with advantage. It requires 125 such heaters 
per acre to raise the temperature by 5°F over the surrounding 
atmospheric temperature. 

In Queensland, it has been found that a bunch of 
hanana completely enveloped in a bag afIi)rds not only more 

, f b h protection from frost and cold winds, but has 
Baggmg 0 unc (·s . h h f: " . . ' other advantages, m t at t c ruH IS slIpenor 
in length and circumference and unii(}rm in development 
and flavour. Bagging also prevents loss ii'om sun scorching, 
splitting of [r'llit and ravages of caterpillars as well as spoiling by 

b'!rd,; 
The £'ost 0/' the ba,£{.f in the lir:rt .inst;JJJce is" nuher Rzi:;h, 

bl~t most. of" tllt:rn will iii sf fiJI' a second use, .7nd the h'.i:;her 
pnce oiJcamcd for thc bUIlches will morc than cover the iil­
vestment. 

Grading and packing of bananas in accordance with 
k;JOwn ?T accepted standards is unknown in the country. 
Nt) speCial method of packing is pl·actised. Whole bunches 
are carted to the market loose in bullock carts where the dis­

Packing and 
grading of bananas 
j<.'T the market 

tance is not far. Hands are cut and 
packed in gunny hags or bamboo bas­
kets for transport to long distances. Wagon 
loads of banana bunches are thus sent to 

the Punjab and other northern parts of India from Deccan. 
Whole bunches are wrapped in banana leaves and stowed on 
boar? t~e ste~mer for export to Basra and other places. Stan­
dardlzatlOn of the. met~1Ods of grading and packing this fruit is 
!lOW largely practised m other countries growing banana, such 
?s New South. Wal~s and Cuba. Absence of standards of grad­
mg and packmg gIVes rise to a number of malpractices and 
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adoption of standard methods of grading and packing would 
therefore be of great advantage. 

It is essentiat to harvest the bunches at the proper stage 
of ripeness. The bunches should not be exposed to the sun as 
far as possible. The hands are separated from the main stem 
about twelve hours before packing. As much of the stem as 
possible is retained with the fingers lest the stem-ends blacken 
and the fruit loses flavour. For long shipments, boxes are 
found to be marc suitable than bamboo baskets. Hangers 
will be bettcr if they can be providcd. In packing the fruit, 
the bunches are cut into three or four pieces and their inter­
spaces are filled with single fruits. In grading, a high standard 
should be maintained and difierent sizes of fruits should be 
strictly packed and sold under different grades. Bananas 
exported from the Madras Presidency are hooked in railway 
wagons without any packing, or with only a lining of banana 
leaves between every two layers of fruits. 

Farringer (45) concluding his note on the outlook for the 
banana industry in the American tropics suggests that air 
transport may be instrumental in introducing some of the 
more delicate and perishable exotic varieties to north American 
7onsulners. 

(}leall bundles of baJJ,1f}il ill'l': c<7rr,ied liz ,~peCJ~11 holds Ii'om 
~ West Indies to the British Isles. 112 the Canary Islands the 
it is packed in crates made of the following pieces: 

16 side pieces, each r thick, 2 r broad, and 26, 28, 30, 32, 
34 or 36w long. 

6 end pieces, each i" thick, 2 k W broad and 14 W long. 
4 head pieces, each § " thick, 22-27 W long and 2! W broad. 
4 head pieces, each i" thick, 12-17 • long and 2 V broad. 

30 pieces in all per crate. 

~he Cavendish variety of banana which is the chief type 
In in the Canary Islands has soft skin and, therefore, requires 
:5 of the above description for packing for safe transport. 
,bunches are generally laid in with the stalk, while packing 
1e crates. High quality bunches are wrapped in cotton 
sheets before packing. 
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Maize husk is also often used for packing fruits for shipment. 
The insulating and absorbing .qualities of this packing mate­
rial together with efficient ventilation of the fruit during 
shipment assure safer conditions of transport than those of cold 
storage. Eastwood (44) advocates packing in hands or clusters 
instead of the prevailing method of packing in singles in New 
South Wales. In the Gold Coast tract the Canary type of 
banana is packed with paper bags round the bunches (22). 
This system is found very convenient and economical. 
Bunches are harvested within twenty-four hours before shipment. 
Cut stalks are smeared with vaseline on trimming hefore ship­
ment. Gregory (50) of Queensland recommends that the fol­
lowing instructions may he carefully f(,!lowed while handling 
fl'uits jiJl" packing :--

1. Select only mature fruits. 
2. Avoid bending of the shanks of bananas when remov­

ing tbe hunrh limn the plant and transporting it 
to tlie p:Jcking llOllse. 

3. Keep buncbes 1;1 a vertical position. 
4. Pack ill good cast' of timher with thirk sides to get 

maximum protection in transit. 

5. Kee!~ fruit ?oJd dUl'in~ summer when harvesting and 
tJ <~nsp(lrtll1g. In. wlfI.te," keep the 1~"ujt irmIl being 
dlllled by protectlIlg It from cold wmds. 

6. Clean fruit of all foreign and decayed matter. 

The banana packing case should be made of good timber 
ee from knots. The end should be l H thick and where cleats 
'e used these should be 2" wide and ,~" thick. . 

In Queensland. the bananas are graded into sixes, sevens, 
ghts~ etc., accordIng to the length and thickness of the fruits. 
~~atl~g befo~e packing is also practised in some coun­
Ie;S. fhe frUlts are stored for 24-30 hours before packing. 
hl~.helps t~em to keep long and stand transport better. While 
~~, l.ng, [I"Ults ~re,p?-cked in layers and different methods such 
'. smgle pack, smgle alternate pack", "vertical two pack", 
.c""are adopted. C!,c these methods, the "full hand pack" and 
ie part hand pack are considered the best. 



BANANA 37 

In transporting the fruit to longer distances, it is advisable 
select only well developed green bunches, because ripe 

fruits decay and a great loss might 
.ificial ripening occur subsequently. For long distances, 
Janana f rui ls 

fruit is packed raw and ripened artificially. 
Banana is ripened in some countries by the aid of 

: heaters, the bunches being staked in specially con­
lcted rooms. As some accelerating agent is necessary to 
en the fruit successfully, it is thought that this is provided, 
the ethylene gas. I t is recommended that coal gas be used 

tead, a concentration of one part per thousand having been 
md sufficient in reasonably air tight rooms in the summer . 
. e optimum conditions for ripening bunches are 68°F tem­
'ature, and 85% humidity to the "spring stage" followed by 
y.., and in winter 85% to the "colour show" stage followed 
70%. Temperature of 75°F to BO°F for ripening the banana 
air tight chambers is good. The period taken for ripening 
I·ies from six to forty-eight hours. In the Canary Islands 
~ green fruit is exported just when it requires about 20 days to 
~11. Tile bUllches /(Jr e}(port comprise ei,ght bands in tbe 
;llum. Smaller bunches ,7fe s,ud to be useless for export. 
t some places in the IJeCC.111 (Bombay S(lite), banal1il band~ 
aped one ow~r the other, covered with straw and mud and 
rlOke is blowIl into the heap. The green fi'uits change their 
due to high temperature thus generated. Ordinarily, 
heric temperature in Western India is fairly high through­
year, and therefore, it is not considered necessary to adopt 
II ripening processes for this fruit in this region. The 
vourable temperature for successful ripening was found 
ona (36) to be 15°e to 20 oe. The temperature in the 
pit during the summer months in the Punjab ranged 
loe to 40°C. The pits provide no check on the growth of 
disease organisms. By practical experience it has been 

that banana and oranges cannot profitably be sent in 
Ie hold. Emanations given out from oranges effect pre­
ripening of bananas and, therefore, it is necessary to have 
! storage for citrus fruits and bananas. 
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CHAPTER II 

MANGO 

(Mangifera indica 1..) 

"It will be hard to think of a fruit which has appealed to the 
people of this country to a greater measure than the mango. 
From the point of view of acreage and production, mango is 
easily the most outstanding of all Indian fruits. The adap­
tability of this fruit to It very wide range of climatic and soil con­
ditions, the relatively hardy nature of the tree, the low cost of 
its culture and maintenance, and above all, its healthful dietetic 
{IUalities and its universal popularity as one of the choicest of 
the table fruits have contributed to accord the premier place 
to the mango practically in every nook and corner of this coun­
try" (98). 

The United Provinces is the leading mango producing region 
{Jf India, and produces about 3,300,000 tons of mangoes annually 
from an area of about 1,322,656 acres. The rapid extension of 
acreage under mango in the Bombay Presidency from 10,455 
acres in the year 1920 to 27,701 acres in 1947 is a strong evi­
dence in support of the fact that this fruit is increasingly catching 
the imagination of the progressive cultivator. The efforts to 
explore European markets for the Alphonso fruits made in the 
early thirties stimulated interest in this fruit and have encour­
aged growers and traders to invest capital in it. New area is 
being planted and new methods of packing and marketing the 
fruits are being tried. 

Mango is at present one of the most important fruit crops in 
the Bombay Presidency. The total acreage under this crop is 
the highest, save banana. This area is spread in two chief 
tracts, namely, all along the western coast touching the Arabian 
Sea from the North Kanara district in the South to the Gujerat 
districts in the North, and in the Malnad and transition tracts 
extending from Dharwar to the Nasik district. The area under 
mango in other districts is comparatively small and scattered. 
From these facts it will be seen that mango production is a fairly 
large sized industry in this Presidency. The coastal tract com-
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manly known as Konkan is renowned for. mangoes of a qu 
e ual if not superior to any produced III a~y other COl 
. q L Id Tile sOI·1 and climate of dus tract an m tIle war . 1-.1 
tremely well suited to the cultivation of ~ango. ang(~es 
this area have naturally established their own reputatIOn 
command a distinct premium in the marke~s of some paJ 
India and abroad. Other parts of ~h~ Presidency do pro 
considerable mango crop, but the fruit IS mostly meant for 
markets. . 

The mango is now grown in almost .all th~ tropical and 
tropical dirrlates. Its original home IS. believed to be S( 

. where in Eastern IndJa and Malayan Ai 
HIstory pelago. I ts .num~r()us varieties hav( 
earlv- illdeed prehistorically ··-dlssemlnated to. (~ther. par 

Indi;J, that it is /bulld difficult to trace th.c ongm oJ m:1 
to a more restricted region. From tbe enderu:.e so Jar avo 

'lble it would appear tbat the JIJO!1oenlbryonlc Illango li. 
probably originated in some parts of India, but the polyemblYr. 
ni,' types or races have their origin somewhere in Alalara. 

Regarding tlie age-long appreciation of mango, it is enough 
to record here, the innumerable references to the diaries of tra­
vellers from the Chinese Hiowan-Thsang (632 A.D.) to Pirard 
who travelled in India in the early parts of the seventeenth cen­
tury. A good deaJ of prominence is given to this fruit and 
cons~quently t() the tree and its leaves in Indian religious cere­
rnorues. Further, several hundred horticultural varieties of 
varied. descriptions and local importance existing in all parts 
of India go to prove the remote antiquity of this fruit in this 
country. Huge seedling mango trees, a hundred to two hundred 
years old 'lre not uncommon in almost all parts of India. 

In India the chief mango provinces are 

MANGO ACREAGE 

U. P. 1,322,656 acres· E. Punjab 30,130 acres 
Madras 250,900" I Bombay 27,701" 
Bihar 217,517" Mysore 26,720 " 
W .. Bengal 187,073" Hyderabad (Dn.) 25,010 " 
Onssa 48,000" Assam 25,000 " 
Madhya Pradesh 31,526 " Total '-'---~--2,192,233 acres 
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~
he total area under mango in this country is 21,9. 2,308 acres 
947-48). The area at present planted to mango has been 
, .' the result of spontaneous effort of the appre-
.~ ciating grower and has by no means reached 
its limits. It wou.1d appear, therefore, that there exists a velY 
wide scope Jor the expansion of mango cultivation and subse­
]llcllt development of' (he mango indust/)' in tbis vast country, 

provided tbe educated public realise its commercial possibilities 
Ind tbe acti-vities of'the various Agl1cultural Departments are 
ropcrly directed. The existence ora large number of seedling 
t'es of varied description and quality and grafted varieties of 
H1go witll numerous highly appreciated t)' pes " ... ill only assist 
~'h expansion. 
"The present confusion in classification as to groups and 

rieties of manKo is so great that although considerable in­
est is being showll ill the work, a long period will be required 
1Jre a satisfactory adjustment is reached," So said Kinmen 
l) of the Porto Rico Agricultural EX'p~riment Station in 1918 . 
. ese remarks are perhaps as true today as they were over 
·ee decades ago. Several sporadic and abortive attempts 
,e been made to group together available varieties of 
ngo in all mango growing parts of the world, but nothing 
19ible seems to have been yet evolved. The large number 
varied seedling types, the multiplicity of soil and climatic 
Iditions under which they grow, the innumerable regional 
'nes and synonyms prevailing for the varieties; the wide 
'iations in their frq..iting seasons and the long distances that 
ide the mango growing regions of the world make it 
lost impossible to collect together at one place and time all or 
'n a large majority of the so called mango varieties for 
"poses of accurate description, proper comparison and 
rect classification. The few attempts made towards this end 
neither exhaustive nor comprehensive enough to be linked 

ether. As one of the best fruits on the surface of the globe, 
mango ought to have received long ago a much . more 

ious attention and strenuous effort of the systematic pomo­
ist than it has hitherto done. It is hoped that it will not 
long before this fruit is classified on natural lines and standard 
'ieties are established. 
In dus connection it is gratifying to observe that the Indian 
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Council of Agricultural Research is devoting attention to evolving 
a system to classify the large number of J ndian mango varietie! 
by proper description supported by charts and true to coloUI 
drawings. A monograph on "Classification and Nomencla· 
ture of South Indian Mangoes" has been published recently by 
the Madras Department of Agriculture (Supdt., Govt. Press, 
Madras, 1950). Valuahle material has also been collected on 
this subject at Baroda and clsewht:re, and nation-wide endeavour 
to collate and codify these is necessary. 

The erstwhile method of designating varieties solely on 
the basis of fruit description collected mostly from one locality 
has been replaced by a more rational description of all essential 
parts or the tree under diverse' conditions of growth. The'ic 
investigations havc brought to light, that the fruit forms but one 
of the vast Ilumber of indices for identification of varieties; and 
this leads to the hope that cvolution of a practical key for natur.tl 
classification of our horticultural varieties of mangoes based on 
a number of important vegetative and fruit characteristics 
durillg the various stages of the growth of the plant is 
within the realm of possibility. One such key has been 
suggested by Naik and GangolJy li)[ south Indian mang()es in 
the mDnograph referred to above. 

Varieties of mango which are well known and valued in 
various parts of India arc many. They are named after great 
men, seasons in which they ripen, colour, flavour, and various 
other factors. The5e names are often synonyms. Some of the 
varieties have local importallce while others are known to the 
trade. Some of the important varieties of India are given 
below;-

Purdah 
Western United 

Provinces 
Central United 

Provinces 
Eastern United 

Pro1Jinces and 6 

Bihar 
Bengal 

Langra, and seedling types. 
Bombay (green and yellow), Fadi and 

Langra. 
Safeda, Daslieri, Khasulkhas, Samarhehist and 

Langra. 
Langra, Zardalu, Faz/i, Gulab Khas, Bombay 

(green and yellow). 

MaIda, Shadivala, Pulihora and seedling 
types. 



Bombay and Goa 

Northern Circars 

West Coast 

Central Madras 

Southern .\1.adras 
including Salem 

Mysore 
Baroda 
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Alphonso, Mankurad, Fernandin, Maldez, 
Bishop, Musherad and Mulgoa. 

Jehangir, Himayuddin, Banganapalli, Chinna 
Suvarnarekha and juicy varieties. 

Olour, Mundappa, Ndum, Alphonso and 
Pairi. 

Neelum, Bangalora, Baneshan, Rumani, Mulgoa 
and Alampur Banesilan. 

Neelurn, Alphonso, Pairi and seedling off­
season bearing types. 

Badami, RaJPuri and Totapuri. 
-AlpllOn.w, RaJapuri, Jamadar, Salehhoy, 

Arndi and Van raJ. 

In the Presidency of Bombay, the Alphonso and Pairi 
are the most popular varieties of commercial importance. 
Due to its superior tastf~, colour, medium size and' keeping 
quality, the A.lphons() which is considered to be the best Indian 
mango, has spread under cultivation in various parts of India 
like Madras and the Hyderabad regions also. Other varieties 
such as the Batli, Shendrya and Kala bhad are also well­
known. The C'owa.lji Patel, KhuJ, Amin and others are fruits of 
large size with pulp of good texture, mostly used fm pickles and 
preserves. 

Mango trees are seen to grow well in a variety of soils 
ii'om the well drained laterite soils of Ratnagiri, Goa and 
-;:;~. Belgaum and the medium black soils of 
~ Thana, Surat, Poona and Satara to the 
heavy deep black soils of the Sholapur and Bijapur districts. 
That the mango is among the least fastidious of fruit trees 
regarding soil conditions is further evinced from the fact 
that luxuriant plantations are to. be found in the fertile Indo­
Gangetic alluvial loams of the United Provinces, Bihar and 
Bengal, the Deltaic paddy lands of the north-eastern part of 
India, and the poor, rocky, light loamy soils of the hilly and 
lower mountainous region. There are huge old mango trees 
near Nasik and Khed Shivapur in the ,Fo(ma district grow­
ing in medium black soils: Trees growing in the heavier 
soils of the eastern districts are not so large, nor do they 
stand comparison with the sky-scraping wide spread trees 
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of the Western Ghats. While moisture in the soil 
humidity in" the atmosp!lere promote the he~lth.y veg;-ta 

-tl as well as fruitmg of mango trees many kmd 
gro\\ 1 " , '1 ' 11 0 d 
soil, a well drained fairly deep' loamy SOl IS genera y c n. u: 

tl ' best per/(Jrmance. 1 he frUIt borne by trees standIIl , 
to lelT , ' 'd dl f' j" lIualitv wa' sand' soil is reported to he "deo c y () III erwr , " . 

d ~ . 'd" (gO) Sfll'ls with a hard substratum or marl an HlSI pI "'.' . d d . 
also not good as they hinder the proper penetratJOll an eve, 
mellt of roots. 

Beillg essentially tropical, the mango tre~ c~nnot st 
severe c~)Jd and frost conditions. A hot perlOd. J~ ncces! 

fill" the dt'FeJ(}pm~nt of the in1Jt. ll'fi:ll 
Temper<llure bJOSSfJIlIS l{('nrral};' appt'ar dlllillg IJeccJ 

bel' (u "'[arch, dnd any li';Jst e:J(:C/jning duriJ1g this PC!1·UC. 

as it often dOl's, in sllb-tropical and temperate regions, 
proves disas I I'CJ liS to (he mango crop. '111e y()ung plants 
and tender slwo(s and infloresceIlces of larger trees al'(~ 
killed by' frost. In such tracts, llOwever, "imp(~'rted plants of 
mango seem to suffer most fj"(Jlll cold tban those raised from 
seeds ill the country" (2!i). Althoug-h certain varieties 
seem to Iw lll()re resistant to frost than others, stronger and 
healthier plants, in general, resist frost more than tlte weaker 
ones. 

Rainfall during the bl()s~()rning season is highly detrimental 
to the crop. Rains injure the stigma, wash the pollen away 
Rainfall and cause it to remain damp. Rains also develop 

conditions which encourage the powdery mildew and 
other diseases. The mechanical injury to the unprotected pistil 
is great. Much harm is caused to the mango crop even by pro­
longed cloudy weather during the flowering and fruit-setting 
period, as it encourages the flower-destroying fungus and 
the jassid hoppers. In tracts where late anti-monsoon rains 
damage the mango blossom, as in the Eastern districts of the 
Bombay Presidency, low yields and crop failure are perhaps 
much more common than in the Konkan and the transition 
tracts, where a dry period prevails at the time. Not only rains, 
but even excessive dew is apt to wash away the pollen grains 
depriving the pistils of their chance to be fertilized. Gunarat­
uum (61) observes that in Ceylon mango can grow in the dry 
zone with little or no irrigation with a rainfall of 25 to 75 inches 
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er annum and on lands from 300 feet below sea level to 1000 
eet above sea level. 

In tracts subject to heavy precipitation as the West coast of 
ndia, some damage is also caused by early rains to mature fruits, 
nd as a result it is found that the growing of the late varieties 
s a very precarious venture. Even in other areas, un­
xpected heavy showers may cause enormous fruit drops 
nd serious loss to the growers. 

A fairly high percentage of moisture in the soil is essential 
or the well-being of the mango tree, because in general 
practice it is not irrigated, but depends upon natural precipita­
~on after it comes to bearing. Economically, therefore, the 

ango thrives best in regions where the annual rainfall is above 
hirty inches and even up to one hundred and fIfty inches or 
ore, . provided there is no rainfall during the flowering and 

ruiting season. These conditions prevail in the Western parts 

~
f the Bombay Presidency, where mango thrives to its best. In 
riel' tracts, however, the mango tree does well with irrigation. 
n the Madras Presidency, although the rains occur for a much 
onger period than in Bombay, they do not cause any damage 
o the mango trees, as the rains do not occur during the 

70wcring and fruiting periods. 
Although the mango tree can grolV .from the sea coast 

to a height of about 4,000 feet, it crops well only up to 
tude a height of about 2,000 feet if other conditions 

are favourable. Fernandez (46) states that any 
!ate in Brazil in which the temperature does not fall below 

w!ll suit mangoes. It is at its best in well drained, 
ial soils and in cool, sandy clay soils rich in humus and this 

cially refers to fruit quality. 
n raising a mango plantation, the rootstock may play 
important part. Under natural conditions, the mango 

multiplies itself by seeds. In some parts of 
India, certain well-known varieties of mango 
are propagated by seed even now. It is not 

ation! in 
lings 

,rally realised that seedlings of monoembryonic mangoes do 
orne true to type. Popenoe (122) writing about the mangoes 
uba and obviously referring to polyembryonic mangoes ob­
s: "It has long been recognised in certain parts of the Tro­
that many seedling mangoes come more or less true 
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to type, when propagated from seeds and because of this 
fact the natives have learnt to recognise certain of the best 
defined types and have distinguished them with varietal 
names." He adds further that "We must admit the possi­
bility for the time being that occasionally it may depart 
from the type perhaps because of cross pollination, perhaps 
because of some other cause." On the phenomenon of polyem­
bryony, Popenoe quotes Belling of the Florida Experiment 
Station (1908), "the embryos arose as minute vegetative buds 
in the nuclear tissue surrounding the egg shell." Webber 
(186) from an examination of the Peach mango in the Trans­
vaal considers that the degree of apogamy is about 100 per 
cent. and that the testing of the degree of apogamy in valuable 
mango varieties would be worthwhile before resorting to 
vegetative propagation, as seedling propagation is cheaper. 
Wester (189) remarks that the types of mangoes grown in 
the Philippines are all polyembryonic and therefore reproduce 
their special characteristics to a remarkable degree. He also 
states that the progeny of the monoembryonic types of India 
is variable. Horn (71) mentions that polyembryony in mangoes 
was studied in Porto Rico also. 

Till recently all the Indian varieties of mango were con­
sidered as monoembryonic and hence, as a rule, they were thought 
not to come true to type. Recently about a dozen polyem­
bryonic varieties of mango have been isolated in the region 
on the West coast of India by one of the authors, and as 
many as five seedlings per seed have been obtained and success­
fully planted. Over 30,000 acres under mangoes in Malabar 
and parts of South Kanara districts are planted to seedling 
mangoes. Since the trees are known to reproduce the 
parental characters to a high degree in these parts, it is inferred 
that this character is due to polyembl·yony. Some of the isolated 
varieties are reputed to bear fruits three to four years after 
sowing and have been found to reproduce the parental charac­
ters completely like all of other propagated trees. 

Hartless (64) affirms that the mango is predominantly 
an~mophilous. Burns and Prayag (25) record their obser­
,,:atlOns that the mango flower is entomophilous and de­
Signed for short tongued insect visitors. Popenoe (123) 
also considers it as "truly entomophilous" and in discussing the 
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haracters of the mango flowers, he remarks that it is entitled to 
e placed in Muller's biological class A, or flowers with freely 
(posed honey. 

While self-pollination in mangoes is recorded as possible, 
Ie transfer of pollen to the stigma does not seem to be accom­
.i~hed easily without the intervention of an external agency in 
lite of the close proximity of the organs. "Both the stamen 
ld the pistil retain an erect position throughout and the pollen, 
it is shed, usually falls upon the base of the ovary or the disc 

ther than upon the stigma" (25). 
Wide variations in the nature of the fruits produced as well 

in the vegetative characters of the seedling trees are recorded 
a result of an experiment carried out at the Ganeshkhind 

uit Experiment Station, Kirkee and the Modibag gar­
n, Poona during the course of over a decade for the 
,rpose of collecting data as to whether mango seedlings come 
le to type or not. In this experiment, seedlings were 
.sed from stones collected from the same indivi<;lual parent 
les and were allowed to bear fruit under uniform condi­
ns. It was noticed that the vegetative habits of these seed­
g trees varied to some degree, but the fruit characters dis­
lyed wide differences in the size, shape, flavour and con­
lency of pulp, stringiness, etc. It is thus established beyond 
~bt that mango seedlings of the monoembryonic group vary 
rn the par.ent tree both in vegetative as well as in reproduc­
~ characters. 
Despite the variation in seedlings, it must be admitted that 
dem mango growing industry owes a great deal to seed pro­
ration for the production of the choicest of our present day 
tection of grafted mango varieties. The origin of all the 
ent commercial varieties of mango has been invariably due 
~hance occurrence of seedling trees in nature. When the 
~ quality of the fruits of these seedling trees became known, 
go enthusiasts took grafts from such trees, and thus the ori-

11 individual was multiplied vegetatively until it attained a 
Ignised status of a commercial variety. This is how tbe 
us Alphonso, Langra, Pairi, and other varieties have 
d under cultivation for more than a century. The Samar­

t Chaunsa of the United Provinces, the Chinna SUVDr1UJ­

) Jeltangit and Himayuddin of the Northern Cirears and 
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to type, when propagated from seeds and because of this 
htct the natives have learnt to recognise certain of the best 
ddined types and have distinguished them with varietal 
)lames." He adds further that "\Ve rrlUst admit the possi­
bility for the time being that occasionally it may depart 
hom the type perhaps because of cross pollination, perhaps 
because of some other cause." 011 t.he phenomenon of polyem­
bryollY, Popenoe quotes Belling of the Florida Experiment 
St~tl ion (190m, "the embryos arose as minute vegetative buds 
in the lluclear tissue surrounding the ('gg shell." Webber 
(I B6) hom an examination of the Prach mango in the Trans­
\·aa( considers that the degree of apogamy is- about 100 per 
cent. and that the testing of the degree or apogarny in valuable 
mango varieties would he worthwhile before resorting to 
vegetative propagation, as seedling propagation is cheaper. 
'Wester (lH9) remarks that the types of mangoes grown in 
the Philippines are all polyembryonic and therei()re reproduce 
their special characteristics to a remarkable degree. He also 
states that the progeny of the monoembryonic types of India 
is variable. Horn (71) mentions that polyembryony in mangoes 
was studied in Porto Rico also. 

Till recently all the Indian varieties of mango were con­
sidered as rnonocmbryonic and hence, as a rule, they were thought 
not tu come true to type. Recently about a dozen polyem­
bryonic varieties of mango have been isolated in the region 
on the West coast of India by one of the authors, and as 
many as five seedlings per secd have been obtained and success­
fully planted. Over 30,000 acres under mangoes in Malabar 
and parts of South Kanara districts are planted to seedling 
mangoes. Since the trees are known to reproduce the 
parental characters to a high degree in these parts, it is inferred 
that this character is due to polyembryony. Some of the isolated 
varieties are reputed to bear fruits three to four years after 
sowing and have been found to reproduce the parental charac­
ters completely like all of other propagated trees. 

Hartless (64) affirms that the mango is predominantly 
anemophilous. Burns and Prayag (25) record their obser­
,,:ations that the mango flower is entomophilous and de­
sIgned for short tongued insect visitors. Popenoe (123) 
also considers it as "truly entomophilous" and in discussing the 
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characters of the mango flowers, he remarks that it is entitled to 
be placed in Muller's biological class A, or flowers with freely 
::xposed honey. 

While self .. pollination in mangoes is recorded as possible, 
,he transfer of pollen to the stigma does not seem to be ace om­
iJldwu easily without the intervention of an external agcncy in 
'pitc of the close proximity of the org'ans. "Both the stamen 
tIld the pistil retain aJl crect position throughout and the pollen, 
lS it is shed, usually falls upon the base of the ovary or the disc 
ather than upon the sti~ma"(25). 

Wide variations in the nature of the fruits produced as well 
IS if) the vegetative characters of the seedling trees are recorded 
IS a result of an experiment carried out at the Ganeshkhind 
,'ruit Experiment Station, Kirkee and the Modibag gar­
len, Poona during the course of over a decade for the 
Iurpose of collecting data as to whether mango seedlings come 
rue to type or not. I n this experiment, seedlings were 
'lised from stones collected from the same individual parent 
TCS and were allowed to bear fruit under uniform condi­
OilS. It was noticed that the vegetative habits of these seed­
llg trl'es varied to some degree, but the fi-uit characters dis­
layed wide differences in the size, shape, flavour and con­
stenry of pulp, stringiness, etc. It is thus established beyond 
~)llbt that mango seedlings of the monoembryonic group vary 
om the parent tree both in vegetative as well as in reproduc­
VI" characters. 

Despite the variation in seedlings, it must be admitted that 
odem mango growing industry owes a great deal to seed pro­
tgation for the production of the choicest of our present day 
Illection of grafted mango varieties. The origin of all the 
'('sent commercial varieties of mango has been invariably due 
chance occurrence of seedling trees in nature. When the 
~h quality of the fruits of these seedling trees became known, 
augo enthusiasts took grafts from such trees, and thus the ori_-
1a1 individual was multiplied vegetatively until it attained a 
:ognised status of a commercial variety. This is how the 
nous Alphonso, Langra, Pain, and other varieties have 
'~ad under cultivation for more than a century. The Samar-
1St Chaunsa of the United Provinces, the Chinna Sllvarna­
(ta, Jehangit and Himayuddin of the Northern Circars and 
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Mundappa of the Malabar coast as well as the Rajapuri ( 
GLljerat and the Jamadar and Sa/ebhqy Amdi of SaUl'astra, ar 
some of the varieties which have become most popular in thei 
respective tracts during the last two or thn:e decades, havinl 
been originally propagated from single individual seedling trees 
The original seedling trees of Chinna SUlIarnarekha and Mundapp, 
are alive to this day and serve as a source of great interest t, 
thousands of growers who cultivate these varieties. Similar i; 
the case of the Banha mango of Khalldesh in the Bqmbay Pre, 
sidency, the original Borsha tree which is over three hundred 
years of age, being ali,'c in huge dimensions to this date. 

AsexLlal methods of propagation are, however', necessan 
in the case of commercial culture of most mangoes. Although 
several workers report to have found it possible to propagate 
mangoes from cuttings, layering and goot)' (marcotte), the 

\
' method adopted in gencral practice ill 

'egptallve methods I d' f, h . f ' 
of propagation n ,la, or

f 
t e pr?pagatlfo.n 0 sUPde,r.lOr 

vanetles 0 mango IS gra tmg on sec 1I1~ 

rootstocks by the simple approach method and is known as 
(~narchillg. Recently a number of workers have pointed out 
that cuttings of woody plants, if treated with growth-promoting 
substances strike roots readily. Girdling the shoots is als'l 
known to promote root growth and a few mango plants ha,'e 
been successfully raised from girdled shoots at the Kodur fru;' 
research station, Madras. Cooper (33) has pointed 01 

that some root forming suhstance in the plant is transporte 
downward in Lhe phloem and impeded by the girdling operJ 
tion. If the girdled shoots are treated with heteroauxin soh: 
tion, the number of roots per shoot is increased. H 
suggests that the heteroauxin accelerates the downward move 
ment of a substance called Rhizocaline, which is necessar 
to root formation. The use of seedling rootstock, however 
is found to be more economic and profitable than the us 
of cuttings on account of the long time taken by cuttin~ 
to strike roots, the low percentage of success and the weak roo 
system formed hy this asexual method. 

Rolf's (146) remarks in this connection are worth noting 
He obs~rves that "if one has thoroughly ripened healthy mang( 
wood, It is possible to strike cuttings with the help of ordinal') 
green house appliances. The cuttings are made in the usua 
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way and struck in the ordinary bench, with bottom heat. If 
sharp sand is employed in the bench, the cuttings should be 
removed to pots when they have struck roots." Discussing 
the advantages of making rings on mature branches prior to 
prr>paring the cllttings, he adds "many of the cuttings made in 
this way struck readily enough, but the root system was weak. 
DB this account, this method is less desirable If)r propagation 
lhan the use of seedling stock." Burns and Prayag (25) state 
that they could not make cuttings strike roots. They were 
;uccessful in having some plants by layering and marcotte, but 
·hey do not recommend these methods to bt' preferred to graft­
.ng, owing to the diHiculties mentioned above. Budding is done 
.vhen the rootstock is - in active growth, exhibited by the 
'mergence of new flush of leaves. In Florida the operation is 
lone normally in Mayor June while the months June, July and 
".ugust have proved successful in most parts of India. 

The method of grafting most commonly adopted here is 
~narching (or inarching), because of the simplicity of the opera­
iOll, the ease with which it can be carried out, and the 
ligh percentage of success attained. Side grafting is practised 
n humid climates with considerable success. Other methods 
;uch as tongue-grafting are less frequently adopted under 
livergent circumstances with some success in different tracts. 
~;jeft-grafting is now being employed on some scale in Ceylon 
HI young and about three month old rootstocks. Budding 
,f mango has been done with success at Poona, Madras and in 
.he Punjab adopting the modified Forkert method, but it is not 
ret adopted by nurserymen as a commercial practice as in Cey-
011. For enarching, seedling rootstocks are first raised in pots 
Jf suitable size. The pots employed in the Bombay Presidency 
ire generally conical, 8-10 inches or more high and about 6 inches 
n diameter at the top. The base is narrow. These pots are 
ipccially prepared for nursery use only. They have the advan­
:age of permitting the removal of the plant raised in them with­
Jut breaking the ball of earth and without disturbing the roots 
Nhile transplanting later on. The pots are not generally used 
nore than once. - Round pots called madkis, are also used. 
rhe conical pots are called kundis. Madkis are cheaper in price, 
lelp the soil to retain moisture and remain cool for a longer time 
han the kundis. Both are types of rough earthen pots. These 

c. F.-6 
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puts should be well baked in the potter's furnace before use whi( 
is identified by the metallic suund produced when tl!ey al 

tilppcd. J F the pots ,(lr~ not bilked we]!, they br_ea~ easlly. . 
.,,1 fCw 1111l:scn'/TlCll )Jl the South Kanar:'l dlStl1Ct prepare 

containers made' (if hill grass twists, knit together into the 
u)rm of a pot. Such grass containers, besides being cheap and 
Jig'hl, aiford no room for root injury at the time of potting. In 
Ceyloll and the West coast of India. bamboo pots cut into 
a suitable size with drainage holes as in earthen pots, are also 
used at times. Bamboo baskets, that are so popular with 
cofree planters in South Illdia are used occaS':ionally fiJI' raising 
mango seedlings. 

When the pot is selected, a small hole about one inch 
in diameter is boretl at its bottom. This hole permits free 

Compost for 
filling puts 

drainage. It is protected from being choked 
with soil by placing a few pieces of pot­
sherds with their concave sides facing it 

(48). Oil them are put a few dry leave.~, coir or rags as a 
further measure of drainage protection. These dry leaves, coil' 
or rags are not meant to scrve the purpose of manure or to 
supply nutrients to the pot plants. When the pot is thus ready, 
it is tilled with a mixtur'e of the following composition: 

Two parts of alluvium or ordinary surface soil, one 
part of sand or brick powder and two parts of leaf 
mould 

or 
Eight parts of leaf mould, eight parts of red earth and 

one part of sand. 

Variolls other formula: arc also being adopted for preparing 
a good pot mixture. Whichever mixture is Ilsed, the underlying 
principle seems to be to have a medium of loose composition, so 
that there is as little risk as possible of breaking the tender roots 
of the seedlings in the process of what is called pricking out. 
This compost should also be rich enough to provide adequate 
nutrients to the young plants in the limited space. 

Generally, when: a large number of pots is prepared every 
year for sowing mango stones, a free supply of alluvial soil, leaf 
mould and sand is stocked in advance of the sowing season. The 
sand and leaf mould are properly sieved to remove the larger 
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~ces which do not give a uniform consistency to the mixture. 
cy are mh(cd as required [Dr use during the season. Filling 

~thc pUIS with mixture is done upto about an inciz Hom the lim. 
II:, ,~pacc jn the pots is essential in order to bold water. It is not 
'cssary to provide holes fill' drainage ""hen baskets are used . 
.'iu\\'illg of mango stones (mallgo seeds are popularly called 
es Oil account of their liard s('cd-coat) then follows. It is 
d highly desirable to select good stones for this purpose. Stones 

rlF; of 
~o stones 

should be fresh for satisfactory germination. 
They retain their viability under ordinary 
conditions for a few weeks only. In India 

:5 of country or seedliflg' types, which are prolific bearers, 
)referred to those of supcrior table varieties lor raising root-
s. They should be plump, well developed and healthy. For 
)urpose, fruits are left to remaill on the trees f()r a long time 
they are fully ripe. They are then harvested and allowed 

t. The stones are then extracted. They are further graded 
the heavier ones are generally used for sowing. Heavier 
s are commonly beiieved to produce more vigorous and 
r.;er seedlings than lighter ones. Two or three selected 
s are sown in each pot, not more than an inch deep. Sowing 
Ie nearer the side of the pot than in the centre. The soil 
II pressed and copiously irrigated after sowing is done. In 
:II parts of India, particularly in the South, mango stones 
:JWll in well prepared nursery beds. If care is taken to 
Ie seedlings when they are not over about eight months of 
lith a ball of earth found the roots, and to pot them in a 
1 when atmospheric humidity is high, the casualties are 
;ihle. In Gujerat mango seedlings raised in nursery beds 
:>tted when they are a year old. Their long tap roots are 
lck suitably while potting, whieh is done in the rainy season. 
neapness of the method of growing seedlings in beds as well 
more vigorous growth made in the beds than in the pots, 

sponsible for the wide popularity which this practice enjoys 
s nurserymen. In some parts of Bihar, the stones are 
cd together in a heap with a thin layer of soil thrown over 

During the monsoon, the stones germinate and as a result 
rcrowding, though the seedlings grow to a considerable 
ley get very weak and appear unhealthy. These seedlings 
tted carefully, one or two months after germination. 
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The successful transplantation of seedlings depends upon' 
kind of tap root produced by the plant in the seed-bed. If 
growing root meets with impediments, it changes its COUl 

producing ultimately a very crooked root. To encourag( 
straight tap root, it is essential that the seed bed is prcpaJ 
with great care and is rendered free from any hard clod of soil 
other extraneous matter. It has also been f(}Und experimentil 
that sowing of stones with plumule up leads to the deve)! 
ment of a straighter stem and tap root than the comn! 
practic~ of sowing the stones fiat. Sowing of shelled stOll 
a practice recommended in Malaya, Philippines, Ceyll 
Hawaii and North America has not proved satisfactory 
this country. It may have a value only where due to wi! 
spread weevil infestation, careful sorting out of sound seed af 
shelling, becomes necessary. 

Self·sown seedlings of mango are also often collected and tra 
planted in pots for rootstock purposes. As the mango seedli 
is sensitive to root disturbances, many of them may die un( 
careless handling. In Hawaii, seed selection is done fl'< 
fruits obtained in the mid-fruiting season. 

Mango stone may germinate in about a month from sowi! 
As most of the Indian varieties are monoembryonic, each stc 
gives rise to a singlc- seedling. If more than one shoot is seell 
come up from the same stone from such types,. it may be infer! 
that they are all branches springing from below the soil surfa 
They all have a single root system. In about two mont 
when the foliage of the tender seedlings turns green, all t 
weaker shoots should be dipped off and weaker seedlings rogu 
out, and only one strong seedling left to grow in the pot. 

The pots with seedlings are all kept in rows in particulal 
shady places to enable them to grow well. If kept in full expos\: 
Manuring and to the sun, the seedlings become stunted a 
5ti~ri!lg of take a long time to gain height. Once 
SOlI m pots fortnight or so, the soil in the pots is usua 
stirred and a small quantity of liquid manure is added to 
The liquid manure may be prepared as follows :-

1. Dissolve a handful of sulphate of ammonia in a bud 
(about 21 gallons) of water 

or 
2. Mix one part of cattle urine with three parts ofwate 
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or 
3. Mix one part of cow-dung (fresh) with four to eight 

parts of water, and remove all fibrous matter by 
straining the mixture through a piece of doth or 
otherwise. 

)OUl halI~a-pound of any of the above solutions will be enough 
. each pot per application, which may be done a day after the 
I is stirred. The addition of liquid manure coupled with 
'ring of the soil frequently will enable the seedlings to shoot 

into active growth very quickly. These treatments also 
Ip tu maintain vigour throughout the life of the seedlings 
pOlS. 

The pots are kept in long shallow trenches with dry leaves 
'ead below as well as in between the pots. The trenches are 
t more than about eight inches deep. In order to economise 
: cost of watering, ample water is let into these trenches once 
eight days. The pots and the soil inside them absorb water 

freely to keep them supplied until the next 
watering turn. The dry leaves put below and 

mnd the pots help them to keep moist with this arrangement, 
: stock plants are seen to grow very satisfactorily. Thousands 
stock plants can be thus raised with ease and economy. 
nd watering of pot plants is laborious and costly. Pouring 
tel' from above splashes out some of the soil contained in the 
, at each turn of watering. Plants have also to be watered 
Iy as they do not get a copious supply on any day. If 
1d watering has to be resorted to for any reason, the pots 
luire to be filled with fresh soil or compost every month if 
: more frequently, lest the roots get exposed and the soil in 
. pots gets removed gradually. The plants in such condition 
not grow fast and vigorously, and make poor stock plants. 
Stock seedlings have to be occasionally pruned to remove all 
~ ~hoots, which may sprout from terminal and lateral buds 
each flush. If left to grow, these sprouts rob the plant food 
he main shoot, which consequently becomes weak and dwarf. 
e pots in which stocks are being raised have also to be lifted 
other care up and placed in different spots once in 

about two months or so. Otherwise, the 
g tap roots which have a tendency to go deep into the soil, 
crge from the pots through the drainage holes at their 

llering 
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bottom and enter the other soiL If left undisturbed, they go 
deep into it and when it is time to lift the pots for grafting the 
stocks, it is difficult to take them out without tearing the roots 
roughly. In consequence, the stocks raised with so much care 
and trouble may be lost. It is, therefore, advisable to prevent 
the roots from entering the ground by lifting and replacing the 
pots occasionally. This operation can be easily done by having 
an alternate plot close by, where they can be shifted to. 

With proper care and treatment, the stock plants get ready 
for grafting in twelve to fifteen months, when they attain a 

G 
~. thickness of a lead pencil or about one centi· 

ra.tmg . d' h h ' b f' metre lU lameter at t e elg t 0 SIX to 
eight inches from the soiL Commercial nurserymen use much 
older and thicker rootstocks for grafting. They use larger 
scions and produce big grafted plants for sale, which is profitable 
to them. I t has, however, been shown in Bihar and Kodur 
(Madras) that grafting is very successful even on s edlings of 
three to twelve months of age. Grafts on very young root· 
stocks have to be kept for a long time in the nursery to enable 
them to attain a proper size to be planted out on the orchard 
site. Observations made at Kodur (Mad~as) on seedlings 
raised from different parent trees have indicated that the 
progeny of different parents differ markedly in vigour and in 
their rate of growth in nursery beds. This shows the possibil ity 
of cutting down appreciably the period from the seed to the 
grafting stage by selection of suitable seed parents especially in 
polyembryonic mangoes. The young mango seedling rootstoc 
!require to be handled with care. 

Seedlings which are healthy and vigorous are taken to the 
scion tree for grafting by the enarch method. Enarching or graft· 
ing by simple approach consists of joining together a seedling 
rootstock and scion of equal thickness and age, by exposing their 
cambium layers and tying them together for a fairly long time, 
and then heading off the rootstock after detaching the graft from 
its parent tree. The actual operation commences with the 
ele.ction of a scion shoot of equal age and thickness from a 

deSIrable parent for every seedling rootstock in pot. The scion 
s~o~t and the seedling stem are then tied together by giving them 
ties m two places so as to produce a proper bend near the place 
where grafting is intended to be performed. The seedling and 
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the scion shoot are left in that position for about ten days. It 
helps the rootstock stem and the sdon shoot to remain in position 
till grafting is done. After this period of ahout ten days, a thin 
31ice is taken off both from the roctsto(:k and the scion shoot 
with a sharp knife. The slice removed is roughly of about one 
third of the thickness oi" the stem or shoot. The exposure should 
necessarily be of equal breadth and length in the seedling stem 
and scion shoot, and should be slanting and gently tapering 
towards the ends so as to give a perfect fit when the two are joined 
together. The exposed portions of both the rootstock stem and the 

<;CiOl1 shoot are then brought together face to f.~ce and tied fiI:~t 
with graftinl{ tape or a strip oj' hanarw fibre aJ1d over it again 

with twinc, TpiJg with halli1llil fibre (soptll as it is locally called) is 
ncant to prew:llt all)" constricti()n deveiopingon thr tender bark of 
lie grafted plant as a result of tying with twine directly over 
Ie bark. Tying with twine has to be as close and as firm as 
:Jssiblc in order that the cut sudllCCS may come into a very close 
lHtact with each other and leave no gap ill between. Over 
It' twine, a mixture of mud and cow dung in equal proportion 
smeared to prcvent the evaporation of moisture from the sides 
-ends ofthejnint. In Gandevi taluka (Baroda State), a mixture 
lade of camphor (one part), erio (Aloe) (two parts) and fine 
lith (four parts) is applied possibly as a disinfectant. At times, 
mixture of camphor and assafoetida is also smeared over 

le joint, while some growers and nurserymen arc also said to 
lve resorted to the use of grafting waxes made of paraffin, rosin, 
~eswax and tallow in different proportions. In South India, 
lany use parafilned cloth instead of banana fibre for the first 
ing and Aloe or ficus fibre for the second tying. Nurserymen, 
lwever, are not generally particular about this. In Gujcrat, 
ng cuts (4.5 inches long) are made on both the stock and 
ion shoots, which are tied together with the cut edges facing 
leh other by running thin coir string round the united 
)rtion. Neither sopat nor any wax nor mud is applied on the 
:d portion. The grafts made in this way develop defective 
111 ts with deep constrictions (15). 

The rootstocks and the scion thus joined are left undisturbed 
f. about a month and half. The seedling rootstock is watered 
l.lly, but care is taken not to pour water on the graft-joints lest 
ley rot. The joint takes about 45 days to unite properly under 
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favourable weather conditions. The nurserymen allow 
months before separating out the grafts. TIIC scion shot 
detached from the parent tree gradually. To begin with, a 
is given to the scion shoot just below the graft-joint, about, 
third deep. If after about ten days of this initial cut, the s 
branch is not fi)und withering, the cut is deepened to about 1 

thirds the thickness of the scion, If it is found witherin 
longer period is allowed to pass. In ahout three month 
grafting if the scion does not wilt, t}lf~ union is finally t, 
as successful and the rootstock is headed off just ahove 
graft-join t. N urserynwn often allow the rootstock also to i1 
until the graft is estahlished ill the field, in order that it j 

IJurse the scion Ihr a longer (iI11t'. it has, 17oll'e\'er, h('en fbr 
ift the Fruil R('search !3tdtiolJ, Gil!lden' that heading back 

the rootstuck hdbrc planting the grafi in the opell field hell 
the scion to gain \'igour mllch faster thall when the ]"ootstoc 
remains wHopped. The cut ends of the rootstock and the sciol 
are both pruperly trimmed and the grafts are left to establisb 
themselves lor about three months hdi)re they are plallted out 
In the field or sold awa\', The banana fibre and string 
around the joint should be r~moved at the time of planting- th~' 
grafts in the field. Grafting is done in l\farch and the grafts 
are detached and sold in July by commercial nurserymen in tbe 
Gandevi taluka. 

When the rootstock seedlings in pots are taken near the scion 
trees, a suitable arrangemcnt has to be madc to bring the scion 
branches and the rootstocks together. If the former are close 
to the ground there is no difficulty. Otherwise they are bent 
down to reaeh the ground by means of ropes and pegs fixed in 
the ground. If this measure is not feasible, a wooden platform 
has to be erected and the rootstock seedlings have to be placed 
on it close to the scion shoots for grafting purpose. In some 
regions, the potted rootstock seedling is tied to a strong limb of 
the scion parent close to the selected scion shoot. In some 
commercial nurseries as explained hereafter, the scion trees are 
specially trained to dwarf size to facilitate grafting close to the 
ground level. Recently a metal grafting-pot-stand has been 
devised at Kodur (Madras) to enable the enarching of scion 
shoots with seedling rootstocks without adopting any of the above­
men tioned methods, The stand is clamped to a limb of the scion 
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arent after which, an adjustable arm of the stand having the 
otted seedling is brought to the desired position. This device 
nables the scion shoots from all parts of the tree to be selected 
nd utilised for enarching, and renders it unnecessary to incur 
ny recurring expenditure on scaffold or plat~orms, etc. 

In the Bombay State, \'\'here there IS a regular and 
lirly punctual rainy seaSOIl, and consc~uently a definite plant~ng 

. season when the rams break, the followmg 
;raftmg programrrw t II II d . h . , programme can lJe 0 owe WIt success In 
lango propagation 

I. Sowing mango stones for raising rootstock seedlings 
-Junc, first rear, 

2. Grafting 011 rootstock sccdliJ)gs-ScptembeJ~ second 
vcal~ I:t'., after fifteen months, 

3. Detaching grafis from parent trccs--November to 
Dccember, second rear, 

4. Grafts ready /()I' planting' in tile fie1d-June, third 
year. 

,uld thus take t,,,,o years for the graft to be ready for planting 
\ the field from the time the stones are sown for raising root­
s. Very often, grafts are left Ullsold in pots for a long time 
his results in stunted growth. Such grafts are distinguished 
e greater thickness of the stock stem and the sickly appearance 
~ plant. These grafts are not desirable for planting out in 
eld, although the nurserymen may try to dispose them off 
:heap price. 

very handy method of getting a sufficient number 
,on shoots for grafting on rootstocks grown in pots, is to 

ring 
trees 

plant the scion trees considerably close to 
one another. When they grow for about five 
years, as many twigs are utilised for grafting 

)sible, and then the main branches are headed offat a height 
out five feet from the ground. The stumps thus left give 
) "brooms" of new sprouts just below the cut ends. These 
ts can be grafted by enarching to rootstocks grown in pots, as 
as they are sufficiently mature. When all these new sprouts. 
-rafted and the grafts are severed, a new crop of shoots 
nes available and can be used in the following season for 
ng. Instead of cutting away all the new branches of a 
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tree at one and the same time, they may be headed back in 
batches and allowed to grow alternately, so that a continuous 
supply of scion material is assured. A low platform is erected to 
carry the rootstock seedlings in pots ncar the scion branches 
for the purpose of grafting. A large numher of sc:ions can thus 
be taken from the same mother tree over and over again ten 
several years. Such trees, of course, cannot be expected to yield 
any fruits. 

In order to economise the raising of grafts, some of the commer­
cial nurseries in South India raise the scion trees by a special and 
almost similar method. Trees are planted close to each other 
with a spacing often to twelve feet between every two trees. These 
are periodically topped and thcir limhs pruned severely so as to 
develop a very low headed hushy tree with a large number (_If 
small shoots spread all rrHmd the top. In such a case, the potted 
seedlings can be placed right on the ground and grafted to the 
low-lying scion shoots. The pots are sometimes buried in the 
ground so that water may be applied to them at long intervals 
along with the irrigation turns of the scion trees. These various 
nlcaSllres enahle the South Indian nurserymen to raise mango 
grafts at a very rrnu:h cheaper cost than in the Bombay Presidency. 
The relatively longer time taken to separate the grafts from the 
scion trees also renders it possible for the nurserymen to sell the 
grafts to the pUl>lic very soon (one or two months) after the 
separation. 

A scrious possible defcct of the abovementioned procedure 
needs to be stressed. The scion trees trained by these metho<h 
do not bear any fruit and as such the grafts are raised ftom scion 
parents whose productive capacity remains unknown. Whether 
these artificial methods of continued suppression of the bearing 
tendencies of the scion parent, and grafting to scion shoots of 
rather succulent nature and of very mueh acceif:rated growth 
habit will affect the future bearing capacity and growth tenden­
cies of the grafts as compared to the grafts raised from old and 
bearing scion trees, is a point which has been raised by many. 
Even if the productivity be a genetic factor, subject to the influence 
of environment and culture only to a limited extent, the fact 
that the above. practice provides scope for the unscrupulous 
salesmen to sell their plants under wrong names is sufficient to 
discourage it. 
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In Ceylon the cleft or wedge methods of grafting and 
Forkert (modified) method of budding are commonly employed, 

Orher methods 
of grafting 

and they have superseded the previously 
adopted method of grafting by approach. 
In parts of South India also, the method of 

ll:rafting varies in some respects i'rom that adopted in the 
Bombay Prr~sidellcy. The majority of nurserymen in Salem 
and Chittoor districts raisc the mango seedlings in nursery 
heds, and transfl~r them to the pots a CO\lple of months prior to 
tile time of grafting. In order to cater to the regional demand 
It)!" very large sized plants, some Jlurserymen llse seedlings of 
three or fflUr years of age, but a }aIXe number of the llurserymen 
however, prefer one to two-year-old seedlings, The potted 
seedlings art~ taken near the scio)l parent and lopped at a Iwight 
of nine to twentv-four inches fmm the In'el of tlw soil inside 
the pol. A slip (",f hark with some attached wood is removed 
li"orB the seedling, by placing tlw knik 2 to 2 ~ inches below the 
lopped portion and tlWTl drawing j ( sharply upw;_irds, thus 
causing gradual deepellillg cut inwards to the wood, so as to 
leave ollly a very thin slice uf wood of !" 10 ~ inl,h thickness at 
tht' lopped cnd on the side opp(,<,itc to that where the cut Ilcgan." A 
corresponding cut is made on the scion shoot, which is then 
attached alld tied securely to the rootstock, the exposed port.ion 
of the scion resting facc to JiiCC to and resting on the exposed 
part of the rootstock. The advantage claimed for this method 
of grafting which is similar to whip grafting is that the rain watcr 
does not find a chance to elllcr imide the exposed wood, but 
merely flows down the wrapped parts of the graft union, whereas 
in the method (enan:hing) as practised in the Bombay Presidency 
and described abov{', a portion of the rain water may settle 
duwn in the crotch formed between the seedling rootstock and 
the scion shoot over the bandage parts and ultimately may find 
an t'ntry to the exposed wood. The grafts are not separated from 
the scion parent for about three months after the actual operation. 
Because of the heavy rainfall and humid conditions prevailing 
during the monsoon weather, it is not f()Und necessary to water 
the pots of the rootstock daily in the West Coast of the Madras 
Presidency except during very dry periods. Some nurserymen in 
these parts do not separate the grafts for even a year, in which 
case the rootstock seedlings are not watered after about three 
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months of the grafting operation, and, therefore, are allowed to 
draw their nourishment from the scion tree. 

Recently, it has been showll at Kodur (Madras) that 
grafting direct to the root piece of the seedling is possible in 
mangoes. This method is similar to the method of bench grafting 
practised in Europe and America 011 apples, pears and grape 
vines except that, in this case only a piecc of the root about two 
inches in length is exposed and this piece is grafted to the scion 
shol)t. This method of grafting is believed to produce grafts 
of more unij()rmity in growth and bearing habit, and of greater 
resemblance to the parent trees than the en arched plants, in 
which case a portion of the stcHl-piece of the rootstock is retained. 
If these assumptions arc proved in the case of mango, it will 
offer a suitable means of raising Ullifi)rm planting material on 
rniscdlalleous lIIonocmbryollic rootstocks of varying constitution 
fi)r field experiments. For commercial plantations, such grafts 
may not be popular because of the relatively greater difficulty in 
raising them and also of the difficulty in planting them without 
pOSSIble damage to the graft-union submerged underground and 
frequently wctted by irrigation water. The latter difficulty 
may perhaps be ov(~rc()me by delaying the planting of' grafts for 
some years till the graft-union is hardened by age and growth. 

Side, crown, and cleft graftings have also been practised in 
mangoes in India with varying degrees of Success. These 
various methods of grafting ha\-e been tried particularly for 
top-working old trees of inferior varieties. 

Various cornbinatioJls of vigorous or dwarfing scions and 
stocks were made and girth measurements of these studied at 
Sabour. Results are reported to show that (a) considerable 
difference existed in the size and vigour of un worked seedlings, 
(b) the dwarfing stock had reduced the vigour of scion and (c) 
when the scion was of a dwarf variety both the vigorous and 
dwarfing root8tocks produced dwarf trees. Dwarf scion on dwarf 
stock produced considerably smaller sized trees than the combina­
tion of dwarf scion on vigorous stock. 

Mango budding has also been attempted in several places 
with some promise of success. This method of propagation 
has attracted the attention of several workers aU over the world 

on account of certain advantages over the 
Budding of mango methods of grafting. 1 t is reported to be 
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mccessfully practised in Queensland, Florida, Philippines, Java, 
Ceylon and Egypt with some success. Shield budding is said 
to he more succcssful than bark grafting or patch budding 
ill some places, while modified I;orkert method has appealed 
most ill other places. However, it is said that square patch 
bllcldinf{ known as 'Spring' bllddit]~ has been reported to be 
,uccessflil in Florida. In Jamaica it has been sU!:l'gested that 
icelis or very young seedlings should be put in their permanent 
pusition and budded nine to eighteen months later. The patch 
Ilicthod of budding has been shown to be wasteful, and the ordi­
Ilary T-llUd method i:; recommended in Jamaica. Shield, Forkert 
:u!d a modified Forkert method have heen tried at Kodur 
(Madras) with a great deal of success, but the commercial possibili­
lies remain still to be investigated. Budding of man,go seems to 
h.avc also been attempted at tlw Saharnpnr Botanical Gardens, 
Uttar Pradesh (151) and in the Madhya Pradesh as early as the 
y'l'ar )HY9 with verv little or no Sliccess. In the State of 
Hombay, Burns and 'Prayag (25) report to have obtained only 
~ight pel' cent success ill the total number of buds inserted. At 
~abour the best budding season was found to be June and July, 
when 75% success 'Nas achieved in experimellts conducted there. 
Buds fi·om current year's growth which have reached a certain 
,tage ofrnaturity have given higher percentage of success than 
lhose from olle year old wood. Later attempts, however, have 
;howl1 that with a trained hand and proper selection of 
:ootstocks and bud-wood, a larger percentage of success is 
possible. For success in the budding of mango, a great hindrance 
.5 caused by the following facts :--

(I) The bark of the mango seedling is not easily separable 
from the wood inside until the stem has sufficiently 
matured. 

(2) The latex which exudes from the wound caused in the 
mango stem coagulates rapidly, and unless the bud 
is inserted immediately after it is cut, a layer of the 
coagulated latex intervenes between the surfaces of 
contact, and prevents union. 

(3) The mango bud is very sensitive to the effects of the 
changing season. 

~Il order to overcome these difficulties, the maflgo rootstock has 
.0 be allowed to mature sufficiently before budding is attempted 



68 COMMERCIAL FRUITS 

on it. A seedling rootstock of about three years of age with 
diameter of an inch or more about eight inches from the bas 
was found to make a good stock for budding upon at Poona. Vigo 
rous plants in flush are to be selected for budding. Buds shoull 
also be taken fmm mature wood. The bud may be made tl 
get plump, but not to open, on the selected tree by pruning th 
terminal growth of the shoot having the bud, at least a fort nigh 
prior to usc. Weslrr (190) suggests that leaf hlades of the selecte( 
bud-\\!()od must also be cut off at the same time and the lea 
stalk may be allowed to dry and drop ofT in time. By doing so 
the buds on ,the selected portion swell up, in which conditim 
they are suitable fiJr insertion and ar(' in a very active state 
congenial [or quick unioll. The selection of the bud-wood all( 
tIl(' lI('ce~S;-lly treatment 10 make tIl(' blld swrllllpoll it arc bcsi 

done when the scion tree' is orjust ilbollt to be in :i new flush 
The dTrxts uf' thc latex IlleI1tiollcd abuve can be prevellted, 

minimizcd or ovcrcome by il dextrous hand sufficiently trained 
for the operation by long practice, and by imcrting the bud 
soon after its removal hom the scion parent. 

The seasonal effects on the success of budding of mango are 
marked in this country, where the conditions of weather vary 
widely. 111 Poona, the percentage of success uf budding was 
found experimentally on mango by inserting buds every fortnight 
of the year. It was revealed from these trials that budding in 
the months of August and September meets with the best results. 
During these months, the temperature of the atmosphere ranges 
between 60° F to 80" F. The heavy showers of the rainy season 
begin to subside having saturated the atmosphere with enough 
humidity, and the lighter showers at frequent intervals help to 
maintain the atmosphere cool and moist. Rains are, however, 
not desirable immediately after budding is done, because any 
water which enters the joints may cause the newly inserted bud 
to rot and thus kill it. In the case of plants in the ground, a 
short break of rains after the buds are inserted is therefore very 
essential. Paul and Gunaratnam (115) report that an improved 
method of budding mangoes in the nursery has been devised at 
the Farm School, Jaffna, Ceylon. Six months to one year old 
seedlings are budded at a height of about 10 inches from the 
ground. Bud is inserted in the flap between two parallel vertical 
cuts and secured with waxed tape. Budding of mango will 
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:oubt be a paying nursery practice. Besides, the operations 
g much less complicated than grafting, budded plants 
he available for sale cheap. Recent investigations in different 
s of India, particularly ill Kodur (Madras) as also in Ceylon, 
t out to the possibility of the practice becoming an irn­
ant jeature or the mango nursery practice in this country. 
large percentage of Sllccess in mango budding was 
.ined ill Ceylon when done on some rootstocks than on 
rs (109). buring thc rainy season (August-September) of 
), 175 buds were inserted 011 new but mature shoots springing 
I old country seedling trees at the Modibag gardens in Paona. 
hese, 35 buds took and sprouted by December, 1935. The 
; were more than about twelve years or age. Their main 
whes were headed hack to induce new sprouts to come up 
below the bebeaded region. Such sprouts werc allowcd 

",aturc when budding was done. It tJlJ:~ practice proves an 
101l1ic success, as it certainly prolllJ:5es to be, top-working of 
mango trees of wild and ilJferior varieties will also be an 
matter. Lal Singh and Naik (lW) report that great success. 
c!Jieved in budding mango seedlings in Jitu in the Punjab, 
considerable work has been done in raising budded mango 
ill pots and ground in Poona during recent years. 

lying selected the site for a mango plantation, the land is 
i of all wild growth. It is ploughed twice cross-wise, 
i(ory tillage thoroughly harrowed and kept clean till the 

rains. As mango trees are also grown on hill 
Ir on the border lines of fields and other plantations, 
is considerable difficulty in levelling such areas. At 
siri the practice is to dig pits at required distances on 
Ited and sloping areas, without bringing them to level. 
ing pits on slopes, the contour lines may be followed so 
'strict soil erosion and facilitate irrigation wherever possible. 
e growth near the pits is cleared ofr to provide an open 
r the new mango plants to prosper. 
ill-drained level lands, it may be necessary to provide 
11 drainage either through surface or sub-soil drains • 
• th '1 Shallow channels may be opened out across 
, C SOl h h . bl d' sue pate es or areas at sUlta' e Istances 
.~h other, with a suitable number of catchment pits for 
:mg the washing of soil and finer soil fractions. Deeper 
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trenches or lines of buried porus earthen pipes, or underg 
channels filled with brick stone, boulders, and brush· 
and providing enough inter-spaces, to permit. the ~erco 
and passage of water, may form the ~UbSOlI ~rallls. 
covered underground drains may be laid (Jut m a In 

.so as to allow C a fi-ee flow of all the water passing th 
them to an open drain of the same or slightly g 
depth, which in its turn may be made to I 

its water into a stream or tank outside the orchard limits. 
trenches in which pipes or other materials are buried m 
filled up with surface soil at the upper 10 or 12 inches 
in order to render the plot unbrokell and ('rJl]venient Ii)!' ti 
By opening up of a number of 0PCll alld covCfed subsoil d 
it lias be.ell pos:;ihle at the Fruit Research Station, Kodlll'(Al~ 
to reclaIm it plot of ahout thrcc acrcs, which was prc\'j 

considered unfit [<JI' any crop-growing, and make it suitabl 
the raising of a thriving mango and citrus plantation. It 

also fbund at this place t}Jat, subsoil drains IjIled with bOlli, 
were as efIlcicnt as those with earthen pipes, and cheaper in ( 

"Surface drains prevent the sweeping- awar (If the soil 1i" 
the surface, but care must be taken that they themselves d(J i 

uecome carriers of soil. Gne or morc silt pits in the course 
the drains will arrest the flow of ~()il and silt.. Opcn drains Jl 

be made parallel to the slope, while covered sub-soil dra 
should be connected to these in a slanting manner across 
slope, but not at right angles to them. The depth of the cow 
subsoil drains will depend on the nature of the soil. It is imF 
tant to see that open drains are left clean and free from wc( 
Drains are particularly necessary in areas subjected to he; 
rainfall and where the soil is stiff" (25). 

Spacing of trees while planting depends upon the non 
growth which they make when they are of the full bearing, 
At no stage of the plantation should branches of neighboUl 
trees be allowed to intermingle, if possible. Mango trees aSSl 
large size and branching is generally well balanced on all ~il 
A distance of 35 to 40 feet is essential for mango trees Ull 

S 
. f ordinary conditions. In fertile alluvial ~ 

pacmgotrees . 11 1 hi' partlcu ar y a ong t e coasta region, ev( 
distance of sixty feet between trees is not uncommon. 0 
plantations are seen so over-crowded as not to permit sun's 
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reach the ground as a result of close planting. Actual cultural 
~rations are hindered in closely planted groves. Proper or­
lrd hygiene is also not maintained. Consequently bearing 
rers. The trees give shelter to stem borers and other pests 
1 diseases. Close planting therefore necessitates heavy pruning 
:he lower branches, if not the complete removal of intermediate 
es at a later stage, in case the plantation is to be kept in good 
11th. It is therefore most important to give a proper spacing 
the very outset. In the coastal areas, 40 to GO feet distance is 
Isidered suitable, while in the heavier soils of the Deccan and 
Lrnatak a distance of thirty feet may he enough for planting 
mgo grafts. In Gujerat, cultivators are adopting a distance of 
·60 fcet between trees in mango plantations. 
When tlIe land is prepared and the spacing decided upon, 

; of:l feet by 3 feet by 3 [cet arc usually dug at the required 
distances dwing thc hot wcatllCl: The soil of 

the upper half of the pits mar be kept on OIle 
~nd that of the lower half on the other while d~f;gjng. The 
rar the surface has beeIl naturally suNectcd to weather­
mditions and its illgredients are, therefore, in a more 
~)Je J(Jrln for the plant than the soil below. These two 
arc usually inverted while filling up the pits so that the 
: soil is placed first into the pit and then the subsoil. It 
:rally advised to keep the pits open to the sun and wind 
ouple of months at least before planting. This exposure is 
It to help the interior of the pits to get properly "heated 
nd weathered. If this is not possible, some kind of 
h. or brushwood is burnt in each pit. Burning in this way 
nprove the texture of the soil, and add ash (potash) to it. 
the pits arc filled up, the two (soil and subsoil) heaps 
are each thoroughly and separately mixed with about 25 
, well rotten cattle manure, one and a half pounds of 
neal· and two and a half pounds of wood ash. Wood 
ay not be necessary if the pits are already burnt with 
vood, etc., as stated above. 

~~ meal of high quality can well be prepared by collecting stray 
dead animals on the village side and storing them until required for 

~c8e bones may be heaped with dry leaves and brushwood pieces in 
ive layers, and partially burnt to make them brittle. When they are 
nt, they can be easily broken and powdered in an ordinary mortar 
F.-7 
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Filling up of pits should be done before the break of r, 
so that the rain water does not accumulate and spoil the impl'< 
structure of the soil. The original bulk of the soil may be fc 
to have increased by the addition of the manure. Hence if 
soil remains in excess after the pits are filled, it may be kep 
reserve near the pits for usc if necessary after planting is d, 
In order to facilitate accurate spacing and planting in stra 
lin("s, it is advisable to drive a peg in the centre of the pit; 
guiding mark. 

1 t is the practice in other parts of J ndia and also in s( 
other Gountries, not to lise any manure while filling pits. Man 
is usually added a year after planting Of' 6 to 12 months p 
to planting. This practice seems to be suitable where w 
ant trouble is severe. The placing of manure near the n 
at the planting time is also considered at these places to 

adverse to the llew rootlets. Fresh lll.7nUre t(i,'es out jl( 
dllnilK tbe process oIdecomposition whi(,fl may IJe injurious t 

tiu: roots. It is, therelbre, considered ;ldl'l:mble to ml:Y: tIll' 
manure in the: soil some time ill advance of the planting date . 

. MaIJgo trees may be raised either z"n situ or by planting read},­
made nursery grafts. The former practice is theoretically to h(; 

preferred to the latter, whenever, and wher­
ever possible. In situ plantations require 

mango stones to be sown in the pits about two years ahead 
of grafting. When the seedlings thus raised, attain a height 
of about two or three feet, they can be grafted upon with 
scions of the desired varieties. Plantations of the second 
type are raised by purchasing grafts prepared in pots in 
nurseries and planting them out in the field direct. Planting 
of grafts thus saves considerable amount of time, labour and 
care. But in situ plants are believed to produce trees of a 
much superior stand and root system. 

Planting 

Pits are prepared and filled up in the same way as described 
above {i)l' both methods of planting. Soon after the break of 
rains or even a few days earlier, four or five well developed 

mill. It may be noted that by huming. th.., bones do not lose to any consider­
able ext~nt their phosphoric acid for which they are meant. This practice, if 
followed, will be much cheaper than buying ready-made commercial bone meal. 
Besides, it will provide some employment in the villages, help village indus­
tries and thus promote rural uplift. 
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les of country mangoes ripened on the trees are sown in the 
itu plantations centre of the pits at a distance of a few 
nangoes inches from one another. Sowing may be 
Le about two inches deep. The surface soil should be well 
ssed after sowing. Watering by hand is essential till the stones 
minate and plants establish, unless sowing is done after the 
IS have set in, and rainfall is sulTirient to kerp the soil moist. 
germination, the seedlings are allowed to grow for two or 

~e months; and when they are about a foot high, only the 
Ingest seedling is retained, and the rest clipped off close to 
g;·ound or carefully grubbed out ii·om each pit. 
The soil round the base of the plant in each pit may be stirred 
east once a month. Some kind of liquid manure is given to 
plants after each stirring. This treatment is said to invigo­
the JDllIlg secdlings, and ifcontinued with adequate ilT~lfation 
the rains, tht' seedlil1gs IlWy becomc rcady to receive tht: 
ill a year whcn they attailJ ;l stem thickllC'SS of haJf all inch 
at the basco It is. JJOwcw>,~ umsidered Ul1J1CCessalY to 
my liquid manure, if the .mil in the pits has becn mixed 
me sort of manurc a few months be1bre actual planting. 
usually difficult to reg-ularly bestow sufficient care on 

Its scattered about in the field at long distances, it is 
)Ie to allow the seedlings to grow undisturbed for another 
fhey can then be grafted or budded upon. 
ling on such seedlings can be done either by the side-
method or by enarching. Except in the coastal tract 

fle atmospheric humidity is high for a long time, the side­
method is not generally very successful. In other tracts, 

lade nursery grafts are purchased and their scions are 
to the rootstock plant raised in situ by the simple 

h (enarch) method. For this purpose, it is desirable to 
fts with more than one branch on the scion, so that a 
raft in pot can be utilised to graft more than one rootstock 
eld. 
r the union is effected and the graft is separated from 
n parent plant in the pot, the rootstock plant in the 
is headed back to the graft-joint in due course of time. 
three or four months after separation the wrappings 
the graft joint are removed carefully. As the scion in 
~ has the advantage of growing on a free and extensive 
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root system of a vigorous seedling, the result is a far rapid growth 
superior to that observed in the case of plantations where ready­
made grafts are planted. 

Although, as discussed above, plan ting mango in situ is desirable, 
it is not much in vogue in actual practice. Ordinarily, growers 
decide on raising their mango plan lations without much preli­
minary preparation or thought and follow the easiest and quickest 
method of doing it. The land is prepared, pits art: taken and 
ready-made nursery grafts of the desired varieties are purchased 
at considerable cost and are planted. The owner has the 
satisf~lction of possessing the varieties he wished [or right ii'01n 

the \'C1Y beginning o[ the plantations without a great de.'ll 
of e/f(>rt all his part ill raising the grafts in llurser}'. Tllis practice 

naturally creates a demand 101' Ilurserr 8Tafts and has comequently 
given rise to a regular and growing nursery trade. 

The method of planting nursery-made grafts in the fields 
direct is obviously simpler. '-Vhile planting, the pots arc broken 

or removed carefullv so as not to break the ball 

rPluanting offt of earth inside, lest the roots of the plants get 
I rsery gra 5 I d p' f' I d h' I II (amage. leees 0 pots ler S W IC 1 usua y 

get entangled in the coiled roots of the pot plants, are also carefully 
removed before planting. The grafts are then planted in the 
centre of the pits, burying them to as much depth as was originally 
in the pot, that is up to the collar. Planting deeper is not at 
all desirable, as any stem portion which enters the soil is liable to 
the attack of white-ants and other insects and may also get its 
bark rotted in the wet soil. It is definitely harmful to bury 
the graft joint of the plants in the soil as this is the most sensitive 
part of the stem. Not only that, the graft-joint should also be 
kept above the zone which usually becomes wet by irrigation 
water. It is a wrong impression that by burying the graft­
joint, the risk of the graft being broken by strong wind is overcome. 
In order to protect newly planted grafts from high wind, which 
shakes the plant violently it is suggested that a strong bamboo or 
any other stick, which has previously been smeared with coal tar 
may be planted near each graft, and the graft tied to it rather 
loose in two or three places. It is also suggested that wherever 
possible, hedges or windbreaks may be raised around the planta­
tion. At the time of planting or a few weeks later, the sopat and 
string which were used in tying the graft.joint should be removed. 
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• The root system of the plants raised in pots is necessarily 
poorly developed, twisted and coiled in its search for food from the 
limited quantity of soil available to it. It is not infrequently 
cut and u immed, if not torn, by nurserymen to prevent the tap 
root [rom entering the soil through the drainage hole. The 
plant consequently suffers and becomes stunted in growth, 
especially when allowed to remain in pots for too long a time. 
For this reason, it is always desirable to buy grafts which have 
remained in the pots for not more than about six months after 
the scion is detached from the parent tree, or that have been 
rt",f.("l,!arly repotted into larger sized pots at an interval of every 

six m01lths up to alJoll t eightcen months after grafting. 
~VhCll nursery grafts are purchased for direct planting in 

he field, they should be properly sdected. Such grafts, it may be 

;llOi,e uf "rafts 
If planting 

repeated here, should not have remained in 
the pots for too long a time after the scion is 
detached from the pal'ent tree, lest their 

'owth is stunted and they look sickly, Grafts which have both the 
Jotstocks and scion of uniform thickness and erect and straight 
r'Owth should always be preferred to those, the component 
:lrts of Wllich, do not bear any proportion to each other. The 
:aft joint must be fairly long (about two to three inches) and 
lOuld exhibit evidence of a perfect union. ''''hen the grafts 
lYe not been long in the containers after the scion has been 
etached from the parent tree, the graft-joint is generally 
wered with the grafting tape or string. While buying the 
'afts, one or two of them may be untied and the joints 
Lspected carefully. When union is perfect, the rootstock and 
le scion will be seen clinging tightly together on all sides of 
Ie joint. New callus or healing tissue will also be seen 
~veloping on the border of the joint. If union is defective, 
Ie attachment of the scion and the rootstock as well as the 
lUUS formation will lack uniformity. Sometimes along the 
Clrder as well as at the ends of the joints there may be a 
:ndency for the separation of the rootstock from the scion, 
here normally there should be close attachment. After making 
lcself sure of proper union of the rootstock and scion, the joint 
!ay be again tied if necessary, in order to protect it further for 
.me time until the graft establishes itself in the field. This step 
unnecessary where the union is perfect and the graft has been 
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separated from the scion parent at least six months before the 
planting date. Grafts with a single, strong, mature, healthy 
and vigorous scion branch should always be preferred to those 
with weaker scions having many branches. The scion should 
never be' thicker than or otherwise disproportionate to the 
rootstock in a graft. The whole plant should be such as if it 
were a well-knit combination of not dissimilar entities, forming 
a naturally growing plant oj' nonnal health and \rigour. 

In parts of the Ratnagjrj district and the proJ"ince of (JO.1, 
there prel'ailp a practice of:r.rraflJilg a single large .,ciol] branch on 

two 01' three small tender seedlirU!;$ rai.~ed in olle cOIltainer. Tlw 
idca llllcinilrirlf{ this ptiKtiee SCCiC1S to Ix: that a large mango 
graft can lie easily obtained ill a shorter time ill this war than br 
allowing a single rootstock to attain the required size, and that 
two or three small seedlings can serve the purpose of one suit­
able and proper-sized rootstock flit" the scion. 1 t is, however, 
found by experience that this is a wrong practice, ill that it 
adversely affects the future tree, although it may give the nursc­
rymen good profits for the time being. The scion in these cases 
becomes top heavy and the rootstock seedlings can rarely provide 
a strong and uniform support for it. This practice appears to 
he slowly dying out. 

A large number of grafts of mango varieties is annually im­
ported to the Bombay Presidency for sale from the State of 
Madras. These grafts are usually very large in size, being from 
three to iI)ur feet in height and are sold comparatively cheap. 
They are usually despatched immediately after they are separated 
from the scioll parent tree. Growers are tempted to buy 
them; hut the result is that many such grafts die soon after they 
are planted out in the field. Though these grafts arc prepared on 
single rootstock seedlings, unlike in some nurseries at Ratnagiri, 
they are groW!! in small earthen pots Ii)!' easy and economic 
transport. The pots are too small for the proper development 
of the roots. The soil contained in such pots is also too little 
to ensure an adequate supply of nourishment to the comparatively 
large plant. The plant, therefore, has a poorly developed root 
system. Ie however, these plants are transierred to larger pots 
and kept in shade for two to three months before planting out, 
they are likely to attain their normal growth. Otherwise 
the grafts are generally unable to adapt themselves to the new 
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nvironments. They, therefore, succumb at an early stage to 
he great disappointment of the planter. Instances can be 
ited where hundreds of such grafts were purchased and planted 

11 the fieH, and in spite of the very Lest care bestowed on them, 
lilly a few remained at the end of a year after planting. 

Considerahle difficulty is experienced in despatching mango 
rafts to distant places for planting. Apart from the hi.r;h tl'ans­

o 0 [0/1 portatiol1 charges, long-distance shipmcllts 
r an .. port 0 gra ts r J 0 I . d 1 r 0 k o parec S ITJHJ VC .1 great ea 0 ns to 

IJJant }jf('. The {oJ/owing method or despatching Jiving plants 
If post has, t/wrciiJre, lieen worked out to reduce loss 
[1(1 economise trallSportation expenses. Strong healthy grafts 
I' {Inc to two feet in height arc selected for this purpose. They 
re kept in the open for full exposure to the sun and wind and 
rT watered sparillgly for about a fi)rtnight. After they are 
hardelled" in this way all the leaves are clipped off, leaving 
llly small leaf stalks. They are then taken out of the containers 
lith the halls of earth intact and are made to stand in water 
Jr a few hours so that all the adhering earth can be carefully 
lid gradually shaken off th~ roots. A suitable box is got 
repared for packing in which a lining of oil paper followed 
y another of blottillg paper, and over it a wet piece of gunny 
loth are laid. Inside these a fairly thick layer of well moist­
ned moss, cocoanut fibre or grain husk is spread and the plants 
re then placed over these in position horizontally. A layer of 
lOSS is spread over the grafts, which are then covered at the 
)p with wet gunny cloth, blotting paper, and oil paper as 
n the bottom and sides, and the box is closed finally. It is 
len ready to be labelled and despatched to destination by post. 
arcels of maximum weights of twenty pounds each can be 
:nt by post in this country. About forty mango grafts of moder­
He size can be packed in each parcel. On receipt of the parcel, 
le addressee who can be intimated of the despatch sufficiently 
I advance, should open it with the least possihle delay. The plants 
lOuld be taken out by him and submerged in water for about 
n hour. They may then be planted in suitable pots one by one. 
'he soil used in these pots should be pure sand mixed with 
Irface soil in equal quantities. The pots are then copiously 
'atered and kept in a very cool and shady place, preferably 
I a shallow pit in the ground of a size sufficient to hold all the 
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pots standing together side by side. The sides of the pit arc 
sprinkled with water before the plants are introduced in it. P 
wet canvas or gunny cloth is spread over the plants after keepini 
them in the pit. The pots are watered lightly as and when requi: 
red. Hut sides of the pit as well as the gunny cloth canop) 
are kept moist by spraying or sprinkling water at frequfll' 
intervab during day time in order to provide a damp atmosphcn 
to the plants. Gradually, and in the course of about ten I( 
fifteen days the buds on the plants swell and sprout. Th( 
plants are then gradually exposed to the atmosphere, the gunn) 
covering being removed at the beginning if)r shurt periods late 
in the evenings and early in the mornings only. V\'hen the 
plants have funned some kaves, they are taken out of the pi 
and kept in a shady place without any covering for some time. 
till rllcy are considered fit t.o he planted out in the open. Both 

lhe procf'sses ofhardenillg ilt the place of or~gill ;wd or revh·ing 
iit destinLltion arc lather dejic;ue operatiollS that require sonw 

care and adjustmcnt fClr succcss. TVith some experience, how­
ever, the operations will be found simple enotlg:h to be followed 
by la ymen of average intelligence. The postal system of despatch­
ing fi'uit plants of an evergreen type as mango has ),ct to become 
popular in this country. There is, however, nu doubt that it 
offers several advantages over the prevalent methods, particularly 
in regard to the despatch of the plants to foreign countries. 

Mango seedlings raised and grafted in situ, as described 
hefore, have to be watered through()ut the dry periods until they 

Irrigati()n 
come to bearing, as in the case of nursery 
grafts planted in the field. After bearing 

commences, the trees arc generally left to depend upon natural 
precipitation only. On the hill slopes of the Konkan tract, water 
is generally given to these trees by carrying it in earthen pots 
from the wells at the foot of the hills. This method of hand 
watering is very laborious and costly. Special earthen or stone 
structures are sometimes raised at the base of the trees on the 
hill slopes of Konkan in order to protect the trees from being 
dislodged by strong and frequent winds. Such mounds of earth 
also hold moisture for the trees during a large part of the dry 
period of the year . Water is generally given by hand on the 
top of these mounds, which are two to three feet high with a 
diameter of five to ten feet. 
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to have no effect on the time of flowering. They dissent from 
the opinion of Gonehalli (57) who explains that the use of salt 
is "to keep off white ants, to retain soil moisture and to arrest 
vegetative growth". Some land owners at Ratnagiri observe 
the following rotation in manuring their coconut and mango 
trees: 

1st year Cattk manurt" 
2nd year Fish manure 
:1rd year (Salt 10 pounds per tree) 

Some manurial experiments on mangoes carried out at 
the Fruit Research Station, Sabour, Billar, reveal that nitrogen 
in the i()rm of' ammonium sulphate is the most effective in 
increasing the flowering of mango trees, and that the ocst 
time of application of nitrogen OilS manure in any form is the 
month ofJunc. 

In Florida, two applications of a pound each of a fertilizer 
containing about 6 pCI' cent nitrogen, 6 per cent phosphoric 
acid and 4 per cent potash during the first year after planting 
'He recommended (144). The first application is made in 
;pring and the second in summer. The amount is doubled 
n the second year and gradually increased until the trees reach 
'ull bearing age. Mature bearing trees are given annually from 
:wenty to forty pounds of this fertilizer divided into three or four 
lpplications. No fertilizer is, however, applied during the 
)looming and early fruit-setting period:" Macmillan (84) 
"ecommends a mixture containing one part blood meal, one 
Jart superphosphate, half part bone meal, and one part sulphate 
)f potash to be applied at the rate of six ounces per tree which 
.s one year old, twelve ounces each to those which are two years 
)ld, ~nd four pound each to trees six years old. Experiments 
~_:"",~_,!:,~_jt _ ... .fIo ___ ~ __________ ""- C'_k_ .. _ ... 'L ............. l.._ .... I. ..... .... _ ..... 1: ........ .,.~1"'I.,.. 
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with other trees of different age and condition of growth. 
Above all, the cost of manures and fertilisers may render their 
application not always feasible in mango groves. 

The young mango trees are planted in most parts of the 
Bombay Presidency with a spacing of over thirty feet, which 
means that there i~ considerable open space left between them. 
In order to utilize this space and to cam some income to pay 
for labour, manure, etc., some kinds of seasonal vegetables or 
short lived fruit trees may be grown between mango trees. 
The usual practice is to grow bhendi (Hibiscus esculentus), Guvar 
(Cyamopsis psoralioides), · Kulthi (Dolichos biflorus), groundnut 

Jnter-crops (Arachis hypogaea), peas, etc., during the 
monsoon every year until the mango trees 

cover the interspace fairly well by their own spread. Perennials 
which shade the young trees are not desirabJe as inter-crops. 
In the Moclibag Gardens, in Poona and a:t the Sabour Fruit 
Research Station, Bihar, papaya trees have been grown as an 
inter-crop between mango trees with n harmful results. A 
very intensive system of cropping was also practised at Poona 
wherein seasonal vagetables such as Knolkohl, cabbage, radish, 
etc., or fruit plants such as cape gooseberry were grown 
together with papayas in mango plantations. When the mango 
trees grew up, a dwarf variety of banana was planted between 
the mango rows. In Gujerat, near about Amalsad crops of 
pineapple and black pepper (Piper Longum) are grown in mango 
groves. In the Baroda State, inter-crops of sugar cane, suran 
(Amorphophalus campanulatus), ginger (Zingiber officinale), turnip 
and later on pepper, and pineapples are usually growJl. 

In the warmer regions of the Presidency of Bombay where 
the atmospheric temperature exceeds 110°F for several ,days 
during the summer, small mango grafts are sometimes planted 
at the usual distance in banana plantations. Banana plants 
shade and protect the young mango plants until they are establi­
shed; after the mango trees are two years old, the banana 
plantation is removed. This practice is fairly widespread in 
Bijapur an.d Khandesh districts. Collins (32) has also recommen­
ded a similar practice for Porto Rico. In the Punjab and Gujerat, 
bananas are planted by the side of newly planted mango grafts and 
sometimes of mango seedlings also as a nurse crop. In the Surat 
district, sugarcane is taken as an inter-crop in well drained 
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soils. Growing of mango together with crops of entirely varying 
requirements for moisture, culture, etc., as sugarcane and banana 
is a practice difficult to be justified as sound; but with an adap­
table and l-)ardy fruit like the mango no marked ill-effects have 
been ohserved due to slIch inter-cropping methods. The ques­
tion of inter-cropping dot's not, however, arise when mango 
grafts arc planted in a line on the border of fields or other planta­
tiOIlS, as i~ very often done. 

)'Jallgo trees, when young, require that their basins should 
hr Frequent].'· stirred after irrigation. H'7lcn they are cstablisilcd, 
h(lwerer, the inter-space is ploughed once or twice ill the year 

and left exposed to aiJsorb rain water, as and 
when it may be receivt:d. In actual practice, 

manure is rarely applied I'<,gularlr to grown up tree:;, and what­
ncr dry leaves drop off annually beneath them, are ploughed 
into the soil. Even this is not possible on rough hill slopes 
as ill the coastal tract (Konkan), where adult mango trees are 
simply left to themselves except for gathering of the fruit crop. 
Proper tillage is only given on level ground where inter-crop­
ping is also possible. Clean cultivation all through the year 
is never practised in mango groves nor is it advisable, as it 
results in a too rapid depletion of the soil humus. Clean 
cultivation during the dry seasons combined with the growing 
of cover crops during the rainy seasons is recommended fi)r both 
citrus and mango groves in Florida (144). Cover crops, 
however, can be grown with difliculty in bearing mango 
plantations, and at any rate are not profitable except when 
they are grown for green manuring purposes. 

Mango trees are not ordinarily pruned. Ifleft to themselves, 
most of the seedling trees of mango are seen to develop a very 
graceful dome shape with a clean straight trunk. Grafted trees 

of some varieties, however, branch low and 
spread out without any regular shape. Often 

grafted trees send out large branches close to the ground and 
it is difficult to do any cultivation below them. Such branches 
may well be utilised to take scions for grafting purposes. 
Later, the thicker branches also may be pruned close to the 
main trunk so as to clear up the base of the trees for 
cultivation. Several varieties in the Uttar Pradesh, Bihar 
and the Madras States are erect growers with a fairly high 

III tef-tillage 

Pruning 
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head and, therefore, the above measures are unnecessary in 
their casco Burns and Prayag (25) state-"vVe have studied 
several hundreds offiushes from their inception to the time they 
Hower, and are convinced that there is no possibility of pruning 
for flowers, as any kind of pruning may lop off a potentiai 
flower bearing branch". l\1ango stems, however, have to be 
prwJt:d to varying extents when they arc severely affected by 
joranthus and stem borers, as described elsewhere. 

Thick hranches of seedling mallgo trees have also to be 
pruned hack llCilvily in order to stimulate the growth of a large 
number of vegetative shoots j()r graft i Ilg upon. \Vhen these 
~hoots are mature, they arc grafted to scions of superior table 
varicties. Budding is also l~lirly sllcct"sslul OJ! sllch shoots if it 
is done iIJ the proper seaSOIJ. This practice i.'; kl10WIl as top­
working' alld is described elsewhere. It is mainly resorted to 

wilen large seedling mango trees have to he converted into 
:;nod types [or econ()mic ,·easons. 

Occasionally, large mango trees are used to fill IIp gaps in 
egular plantations. It is difficult to shift large trees to long 

['ransplanting 
,f mango tret'S 

distances, and hence transplanting has to be 
dOlle within close limits. Trees selected 11.)1' this 
purpose have to be severely pmned of all the 

:aves and smaller branches before they are lifted. The remain-
19 portion is then wrapped with straw and moistened to pre­
~l\t it ii-urn drying up. A cirular trench is dug round the 
·lUlk of the trce about two or three feet away according to the 
ze of the trec. This trench is deepened and cut inwards. All 
)()ts corning in the way are cut off. The conical ball of earth 
mnd the roots of the tree thus prepared is then carefully wrap­
cd in gunny cloth and coil' to prevent it from breaking. The 
'p root of the tree is then cut, and the base of the earthen ball 
Iso included in the gunny cloth wrapped and tied well. The 
hole tree with the ball of earth is then lifted carefully by means 
I a crane or levers and shifted to the place reserved for its plant­
,!4 where a suitable pit is kept ready to receive it. Planting 

done in the new pit, and all soil filled into it is well 
ressed and the trunk of the tree is supported from all 
des with bamboo or other kinds of support, to keep it 
cady against wind or other physical disturbances. Copious 
ilter is given to the tree and the covered stem is also sprayed 





HEALING OF WOUNDS ON A MANGO TREE, AS A RESULT 
OF PRUNING THE BRANCHES CLEAN TO THE BASE 

WITHOUT LEAVING ANY TUBS. Facing poge 85. 
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with water to keep the ' straw moist. This will hasten 
the buds to sprout. Excessive spraying with wat r may cause 
the bark to rot and the tree may die in course of time. 
When the buds sprout and new foliage is formed in about two 
months from transplanting, the straw covering is removed and 
the tree is allowed to grow freely in its natural condition. 
Transplanting large mango trees is best-done when the atmosphere 
is cloudy or when it is drizzling during the monsoon. Tree& 
about five years old or under may be transplanted very easi ly 
without using straw and taking other precautions described 
above. Seedling mango trees growing in the jungle can be 
shifted to cultivated areas according to the method described 
above and used as rootstocks for grafting upon with superior : 
varieties, so. as to secure large trees in a relatively short time. 
But this is unlikely to be economic in most places. 

It is a well-known fact that mango trees live for a hundred 
years or more and grow to huge dimensions. Popenoe (124) 

Rejuvenation of 
old mango tree$ 

referring to the records of Charles Maries 
states that mango trees were found in North 
India in thrifty condition even 300 years after 

planting. Old trees have a tendency to develop hollows in their 
trunks and maln branches starting from the crotch or the point 
of bifurcation. Rain water is deposited here and this causes the 
bark and the wood inside it to rot; and as the process continues 
year after year, large cavities are formed. Similarly, when a 
branch is broken by wind or by other means, the untrimmed 
stub left behind usually rots and dies. Gradually, a cavity may 
be formed at this point too,. which may later run deep into the 
main branch. A historic Borsha mango tree of huge dimensions, 
reputed to be over three hundred years old at Kalamsar in 
the East Khandesh district, had one of its three main branches 
broken by wind. In course of time, the main trunk developed 
a hollow in which three to five persons could enter at a time. 
The whole tree was in danger, but it has now been saved by the 
following method: All the dead wood was cut and scraped 
off until the living tissue was reached. The exposed portion 
was smeared with coal tar as a disinfectant, and the cavity was 
filled with lime mortar together with several well baked 
bricks to make up the bulk. When the cavity was properly filled 
without leaving any interspace between the bricks, the opening 
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was neatly plastered with cement. This operation gave stren! 
to the remaining portion of the trunk as callus formed all rou 
the cement lacing. This process has been adopted in filling 
.several tree cavities with great success at the Ganeshkhind Fr 
Experiment Station, Kirkee. N~at tri~ming ?f all s!urnps 
broken or cut branches and applyll1g tar unmedlatelyafterwal 
on the cut surface in order to enable the trees to form heali 
tissue (callus), are, therefore, desirable measu;es recommend 
to prevent the fonnation of cavitit's. Hot tar IS dangerous a1 

should not be used over Jiving tree parts. 
Old trees and sometimes even young groves of mangoes a 

seen in many parts of r ndia in a neglected condition with ~crag! 
and unhealthy branches [ull of}oranthus and stem borers. Sue 

groves cannot he expected to he remunerative, eH~n jf the tre, 
are of the superior tahle Farieties. Rqjl1l·t'llation of thcs 
trees call be accomplished by properly ploughing and cu/til':Hine, 
the land, removing all borers and Ioranthu8 hy the methods 
explained elsewhere and by applying the fill/owing dose of 
manure per tree of 15 to 20 years of age at about the 
commencement of the rains:-

20 pounds of bone meal, 
200 pounds of well rotten farm yard manure, anc 

5 pounds of oil cake of any kind. 
The above dose may vary according to the age and size of tht 
trees. 

Top-working by various methods is reported to have 
given uniformly successful results at Sabour. Top-workin~ 
old mango trees by cleft-grafting, budding or bark grafting i! 
also recommended by some persons. It has to be rernembered. 
however, that top-working an old tree in a declining state will 
serve no purpose whatever, unless steps are taken to invigorate 
the tree by better feeding and grove culture. Old mango trees 
in weak health can also be invigorated by infusing fresh sap oj 
younger seedlings into them. The method adopted to achieve 
this object is as follows: Several young mango seedlings or stones 
are planted close to the trunk of the tree. When the seedlings 
have grown for two or three years, they are headed off at a 
height of two to three feet from the ground level. The cut ends 
are then shaped to a wedge form to a length of two inches in the 
fashion of the ends of a fountain pen facing the tree, and inserted 
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into the bark of the latter and tied up. The insertion of the 
se dling stem pieces should be done in a manner that the exposed 
sides of the seedling stem are fairly embedded between the inner 
wood and the bark of the tree. In course of time, the seedlings 
get grafted to the old trees,. and serve as its feeder trunks. 

In the Baroda State and the Gujerat districts of the Bombay 
Presidency, a common practice of strengthening nursery made 
grafts planted directly in the field is to plant one or more seed­
lings near the graft, and when both the seedlings and the graft 
have grown for sometime, the seedlings are grafted to the branches 
of the graft hy the en arch method. The seedlings are headed 
off when the union is complete. "The branches of the original 
graft are thus able to draw plant food through the new seedling 
root-stocks, and consequently grow with increased vigour. 
The debility of the original graft, if caused by its twisted ,and poor 
root system, is thus remedied. 

Marloth (88) observes that the structure of mango flower 
provides for pollination by insects. Self-pollination has been 

. observed . to some degree in a few varieties. 
Floll":'nent!1g and Research has so far not been able to explain the 
po I a IOn f: 'I f . .. fl 11 d al ure 0 certam vanetles to ower norma y an 
regularly in S. Mrica. Under normal conditions, inflorescences 
in the mango develop from terminal buds and if the terminal 
buds are removed during the flowering period, inflorescences are 
produced by axillary buds which would normally remain dor­
mant. Experiments on girdled and decapitated branches in­
dicate that, when leaves are present above the girdle, floral 
induction takes place in the axillary buds in a period between 
one and four days after the treatment (136). According 
to the observations made at Sabour (Bihar), fruit bud differen­
tiation was first detected at the end of September and pro­
gressively increased upto the middle of November. This 

. does not explain how some of the new growths emerging 
towards the close of the calendar year also produce blossoms 
within a couple of months of their emergence. 

Mango trees are notorious for not bearing a good crop 
annually. Some trees in the same plantation may bear heavily 
Periodicity of in one year, while others may not. Even on 
bearing in the same tree, a few branches only may bear 
mango trees fruits in a year and the remaining branches 

C. F.-8 



88 COMMERCIAL FRUITS 

may bear in the next year or a few years later. The cycle of 
periodicity of bearing is aJleged to be completed in three 
years in the Bombay Presidency, except in the case of the 
Totapuri variety where it is said to be completed in two 
years. This, however, does not hold true in other parts ofIndia. 
Local conditions of soil, climate, cultivation and other factors 
may wield varying influence in different mango regioTls. This 
problem has yet to be studied experimentally before any defi­
llite idea can be p;ivell. 

According to some authors biennial hearing is n()t the ill­
J1(:re11 t lea ture of mallY varieties ofmillll;,oes and that all optimum 
crop can be secured every rear, provided the tree has made 
normal vegetative gmwth under natural conditions in the pre­
ceding season. The work carried on at Lyallpur and Kodur lend 
force to the belief that the effects of so called alternate or irregu­
lar bearing in mang'Ocs can be minimized by a suitable cultural 
operations programme. It was noticed at Sabour that in the 
case of old trees with "alternate bearing" habit, trcated trees 
gave more f1owet'ing than control in the following year, but in 
the case of young trees just coming into bearing, no beneficial 
effect was observed. It was also observed that flowering could 
be induced in the "off" years by ringing in the "on" years. 
Half inch ringing of branches in the "on" year in August 
followed immediately by manuring with farm yard manure 
plus ammonium sulphate produced better results than "ring­
ing alone" and "manuring alone". From an experiment 
in progress at Bihar (Sabour) the results indicate that ammo­
nium sulphate plus farm yard manure applied after harvest 
(June) gave significant increase in flowering. The treatment 
given annually during five consecutive years increased the 
level of flowering both in the "on" and "off" years, but 
showed little effect on the so called biennial rhythm. Applica­
tions are now being made in the "on" years only (143) 

Hartless (64) has shown that at Saharanpur, mango trees 
bore during the period from 1886 to 1912, an average crop in 
three years, heavy crops in nine years, and poor crops in 
fifteen years. Insect pests, drought in the spring, frost and cold, 
untimely rains and excessive growth favoured by climate are 
the causes that were responsible for crop failures. It is also 
revealed in the records collected by Hartless that on two 
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cas ions, two abundant years occurred in succession, and on 
,th the occasions three bad years had preceded the phenomenon. 
lese f:ict~ show' that in some parts of India, alternate 
aring 01 periodicity of bearing, strictly speaking, does not 
her exist, or if it does exist, it is subject to the modifying 
fluencc of a number of external agencies like pests, diseases, 
rl weather conditions. 
I t has <llso been shown in Bihar (I fi) that a heavy year in 

ulango crop is obtained in that Province once in six years. 
Sxpcricnc:e in otller parts of India also seems to reveal that 
1)(' periodicity of bearing is not a regular phenomenon in all 
tango \'arielics, and unde)' all cOlldi lions. Tht'J'c are, 110 doubt, 
,H'" alld "on" years occurring at irregular intervals, but to 
lat extent these arc caused by the various factors mentioned 
nvc is a point on which light has yet to be thrown. Wagle 
J3) records his observations in the Bombay Presidency in this 
~ard as follows: 
"]\1ango trees usually bear in alternate years, but as a result 

manuring trees, particularly, of ten to twelve years of age, they 
~an to bear in successive years." He gives a three-year record 
the yield of several trees to substantiate tllis statement, and 
ls that the vigour of the trees is very well maintained by 
.mlring in spite of their annual bearing. He attributes the 
provcment in bearing to production of more complete 
Ners developing into mature fruits later on as a result of 
nuring. He experimented with sulphate of ammonia 
pounds), superphosphate (2 pounds), farm yard manure 
baskets of 40 pounds), and Niciphos II grade. 
Popenoe (124) has also drawn the conclusion that· the 

.ure of crop in mango is due to physiological causes 
mnected with nutritional conditions as influenced by changes 
;oil moisture and food supply, principally the former." After 
leavy bearing probably the tree becomes weak and cannot 
,duce blossom during the succeeding year until it can recoup 
lost vigour. As shown above, a proper supply of the chief 
nt food ingredients in the form of manures, coupled with 
~quate irrigation may improve the situation and cause the 
:s to bear mOre frequently if not annually. Hartless (64) 
recorded that at Saharanpur, the finest year for mango was 
one that followed an early closing of the monsoon. The 
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relation between the growth of the previous season or the CI 

tion of the growth activities in that season and the product 
in the succeeding season is indicated fi'om the above 01 
\'ation. 

The practice of smudging is reported limn the Philippi) 
Dry 1e.1\'eo5, straw, brushwood or weeds are used as file! to p 

5 d · duce a thick pall of smoke. Sometimes, sm. 
mu gmg .. r I 1 . 1 fi h q uall tItICS 0 SU P lUI' are put 1Il t Ie 1re t 

caused. Thc tree is smoked heavilr and cOlltinuollsly dar an 
night for a week. Thereafter, ligl1t.1i~~s are made morn in 
and evening for about a month or lmtil t~es come to bloon 
If the trees fail to set crop, a second smoking is gi\·en. Borj 
and Butista (18) obtained best yields by smudging the trees i 
Decemher and January. November smudging was not succes 
ful. Trees not producing flowers within aJ)()ut j()urteen da) 
of continuous smudging will not, it is stated, do so at all in the 
season. Gonazalez (55) reports from the Philippines that mang 
trees can be made to flower at any time of the year by smudgin! 
It was commonlv believed that it is the smoke that induces th 
blooming, hut w~)rk done in the Philippines indicates that it w:, 
the heat and not the smoke that induced flowering, the riumbf 
of flowers produced being proportional to the rise in the ten 
perature subject to the limits of safety. The best period fe 
smudging was detnmined to be between October and Decembel 
when the leaves would be well developed and the terminal bue 
dormant but well formed. The smoke produced at th 
smudging period drives away the injurious insects which, ho", 
ever, return at a later stage. Smudging was tried at KodUi 
but the results were conflicting, from which it is inferred th2 
this treatment cannot always be depended upon to stimulat 
production. 

One of the chief reasons of the poor bearing of the mang 
tree in some years is perhaps the shedding of flowers caused b 

f . the hoppers and mildew, so often notice 
Crop allure du(' to on mango trees during the blossomin 
dISeases and pests. . . 

time and speCially encouraged by cloud 
weather. The hoppers cause physical damage to the Bowel 
when they jump about in large numbers causing them t 
drop. "The frequent occurrence of the mildew on inflorescence 
when shedding is going on has been noticed, though the con 
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cction of this fungus with shedding itself has not been hitherto 
emonstrated" (J 79). This fungus is supposed to develop 
n the sugary secretion deposited on the leaves and flowers by 

, i.>sitl hoppers, and further iound to be responsible partially 
")]' wholly f;,·r dmn:1ging the crop. 

\ fm*ing OIl the cf1ect of the hoppers and the mildew found 
fJ mango inflorescence's, H'agle (182) st<:t(es "It ma,l' therefore, 
> taken as prm'ed that the insect can be the cause of tbe com-
de loss of tile mango crop." He further states " ...... even 
eluding other influences causing loss of fruits, the mildew was 
pabl(,' of completely destroying the crop as occurred in the first 
lei third flushes of 1925-27, or in the other cases of reducing by 
I('-third (second flush of 1926-27), or by more than one half 
925-26) in two separate cases." Dealing with the remedial 
easurcs tried and found sllccessful in checking these hoppers 
d mildew, Wagle (182) reports that dusting with sulphur is 
"ective both against the hopper as well as the mildew. 
It has been recorded (23, 182) that the mango inflorescence 

aI's flowers of three tvpes---the complete, the staminate and 

'x distribution 
the pistillate. Pure pistillate flowers have, 
howcvt'r, been found to he practically absent 

sixteen mango yarietics studied at Kodur (Madras). It is 
Ily a very small percentage of the complete flowers that set 
Id develop into mature fi·uits. The proportion of complete 
'wers in the most important commercial variety of mangoes 

the Konkan (coastal) tract of the State of Bombay, 
:mdy, Alphonso, is worked out to be highly variable, from 
I to fifty-five per cent. produced even in the same flush. 
1C average proportion of these complete flowers was found to 
: not more than about five per cent. of the total number of 
,wers. Of the small percentage of complete flowers, nearly 
elf are shed before fertilisation, and almost as much soon after 
-tilisation. Ultimately, the percentage of flowers which form 
ature fruits is less than one. 

Similar study was undertaken by Popenoe (123) at Florida, 
aheshwari (86) in Northern India and also at the Fruit 
~search Station, Kodur (Madras). At the last centre, a 
ldy of 93,305 flowers of 16 different varieties during 1939 
ason has shown that, the percentage of perfect flowers was 
e largest in Nulum being 16'41 and the least in Allampur 
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Beneshan, being 3'47. Goa, Arnlel and Khader come very ne 
to the Nee/urn standard, while Baneshan, Mul.goa and E7 
Mulgoa are more or less on a par with Allampur Baneshan . 
this respect. These results considered together with the knO\\ 
performar~ce of varieties seem to indicate that a high percenta~ 
of perfect flowers is closely associated with high productivit; 
Maheshwari has pointed out that the number of flowers i 
mango panicle ranges from 1,500 to 4,000. Despite such 
large number offtowers, it is rare to come across a panicle oear 
ing more than a maximum of about 10 fruits at the matul'. 
stage. A very large number of commercial mango varieties 
however, rarely produces more than one ripe fruit per panicle 
while a bulk of the inflorescence normally withers away withoUi 
maturing even a single fruit. Increased set of fruit and bettel 
capacity to hold fruits to maturity are, therefore, thc two most 
important objectives that merit the attention of mango in­
vestigators. A solution to these problems will considerably 
assist the evolving ora solution (lfthe allied problem of periodicity 
of bearing in mangoes, as in several years it has been ol>servcd 
that a heavy crop or blossoms is f(JItowed by a very poor yield of 
fruits, even though the hopper incidence is not severe and 
heavy rains are absent during the seaSOIl. 

The relation between the fruit bud f(mnation iwd vegetatil ' 
growth in mangoe.s was studied in the Philippines at AI,will" 

h' I' (52). The materials used for this study were 
~r~;:~p~~t' atwll seedling and vegetatively gl'OWll Caraba() mango 

trees, this variety being the best known there. 
Both heavy bearing and light bearing trees under similar 
climatic conditions were studied. I Since flowering or the mango 
trees depends upon the previous year's growth, observations 
were confined to this portion of the branches only. From the 
results ofbiometrical observations, it was found that, 

1. "There is a relation between the length and the 
diameter of the twigs and fruiting. In the case of 
non-bearing robust trees, there was an abundance or 
vegetative growth-length and diameter, compared 
with the bearing trees." 

2. "There is a relation between the leaf area and the 
number of leaves, and fruiting. As the number of 
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leaves increases each with a less leaf area, the 
less fruitful the tree becomes, as in the case of the 
non-bearing robust trees." 

3. "In the case of bearing trees, the average length and 
diameter were greater than those of the non-bearing, 
bu t less leaf area." 

Th<it a definite relation exists between flower bearing capa­
ity of the shoots and their previous growth characters, sllch as the 
verage length and the number of the new growths produced, 
;as also indicated in a study carried out in the Punjab. It was 
Iso known that the average extension growth as well as the 
umber of the new growths are markedly greater in shoots that 
.id not flower in the previous year. Biometrical studies were 
,ursued Oil these lines at Sabour (Bihar) and Kodur (Madras) 
nder the ~tegis of the Indian Council of Agricultural Research, 
nd these too have corroborated the preceding inferences 
cnerally. 

Observations made at the Modibag, P()ona, show that the 
'tango shoots should be sufhciently mature lor bearing flowers 
nd that they take about nine months from the time of sprout­
Ig to attain the required maturity. The mango trees in­
riably hlossom in the cold season, beginning from the 
IIlth of December. III order, therefore, that the shoots may 
sufficiently mature by December, they must have sprouted in 
preceding March at the latest. It follows that, no shoots 

ich are put forth in the flushes of the preceding June-July or 
Itember-October season, can be reasonably expected to 
,som in the following December. An attempt was 
refore made to arrest all new growth which may sprout out 
ing these two flushing seasons by suppressing growth from 
ls. The result was that a large number of the older pruned 
ots produced blossom and bore fruits. These observations 
not yet conclusive, and have to be further confirmed by 

~e scale experiments. Observations at Kodur have, however, 
~led that in such varieties as Nee/urn and Suvarnarekha even 
shoots arising in October can produce blossom in the follow­
February. 
Vegetative growth of trees may also be checked to some extent 
artificial methods like ringing, girdling and pruning of the 
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Growth regulation roots. Girdling was tried in the Punjab and it 
was found that it produced a large number of 

new shoots with a good extension growth, and reduced the 
extension growth of the first flush shoots. The practice, how­
ever, was not found to be feasible for increasing flower produc­
tion due to the difficulty in rapid healing of wounds. Rough. 
methods of girdling mango trees by making wounds on the bark 
of the trees with an axe are commonly practised in many parts 
of India, with the object of making shy bearers productive. No 
experimental evidence is available for justifying this practice, 
but from a survey of a few orchards where this system is regularly 
practised, it appears that the claims made for this method are 
exaggerated. In any case, the method cannot be relied upon 
to give good results invariably. The efficacy of root pruning is 
also doubtful on the mango tree, which does not seem to relish 
such treatment. 

Double-grafting is another process that may perhaps be 
advocated to force the mango tre s bear annually. It consists 
of grafting a scion of prolific variety on rootstock, and then 
again grafting the ultimate scion on the graft. Such a process 
is believed to arrest excessive vegetative growth of the tree making 
it dwarf, and hastening and regulating bearing. No experimen­
tal data on the aspect of double-grafting in regard to mango are 
available to support this view at pres<:nt. Double worked 
plants of four varieties at Kodur have generally produced dwarfi 
trees so far. 

As in most other Indian fruits, hybridization work has not 
been attempted in India towards the improvement of man­

Hybridization goes except at Kodur and Sabour on a small 
scale. This is to be regretted, especially as 

there is no dearth of valuable germ plasm amidst the wealth 0 

variations among the cultivated and wild mango varieties and 
types in this country. Apart from the usually long time factor 
required for the successful conduct of this kind of work, there 
is also 'the handicap before the mango breeder, of a low 
percentage of fruit set. Out of about 8,000 controlled crosses 
made with various varieties in Kodur (Madras), hardly 
100 developed and reached the final maturity stage. 
Further work is called for to increase the set. There is no doubt 
that such lines of work are urgently needed to be undertaken 
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on a nationwide basis in India, where there are excellent 
opportunltJes for effecting a rich variety of recombined 
characters. At Kodur, three Fl hybrids have already been 
selected as of sufficient merit deserving multiplication, and also 
some chane..- seedlings have been adjudged as noteworthy (143). 

Top-working means the renovation of the whole of the top 
of a tree by inserting scions on the existing branches, so that 
the e scions may grow in place of the old branches of the tr§;J 

T k
· f This method is practised on various fruit trees 

op-wor mg o· 1 ~ . . . 1 d' FI'd mango trees In severa lorelgn countnes mc ~g on a 
and the Philippines (22,109,125). To -working 

by adoption of crown grafting methods necessitates e cutting 
off of the tree top wholly at one time, and the scions when 
inserted on the rown are left exposed to the hard conditions 
of the field. Where the branches are cut one by one and the 
new sprouts that spring up just below the cut ends, are 
top-worked to the scions of desirable varieties, by placing 
the potted grafts over an improvised platfolm or held in 
position by some other suitable means, a larger part of the 
tree is saved and the subsequent growth of scions is afforded 
greater facilities. When the union takes place, the scions are 
separated out from the 'potted graft and allowed to grow on 
the top of the worked tree. I t is necessary to graft several 
scions in order to top-work a single tree by this method. 
The purchase and preparation of a large number of grafts, and 
their care when placed at a considerable height from the ground, 
until, the scions have united with the stock branches, all consti­
tute tedious and expensive items. When the scions establish 
themselves, they however, need little care. Top-working is a use­
ful method of converting large inferior seedling mango trees into 
superior types, of hastening their bearing age, and of shortening 
the period of testing seedling progeny secured by breeding 
projects, etc. As the rootstock tree is usually well established with 
an extensive root system, the scions worked on them, grow quickly 
into vigorous' trees and bear fruit early. In Goa and other parts 
of the coastal tract, side-grafting is practised on fairly old seed­
ling trees raised in situ. This tract receives very heavy rainfall 
during about four months in the year. The annual precipitation 
concentrated during the months from June to September ranges 
from 100 to 150 inches. Conaequently the atmospheric humidity 
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is very high. The temperature ranges between 70°F and lOO°F. 
These factors are all favourable for vegetative growth. Side 
grafting under such condil!ions meets with fair success. Crown 
and whip grafting methods may perhaps also succeed in this 
tract, hut these are rarely practised. Side grafting has a de­
cided advantage over these two methods, in that the rootstock 
remains quite intact in case the scion fails to "take" and easily 
lends itself to regrafting, whereas in crown and whip graftings 
the rootstock has necessarilv to be headed off before the scions an~ 
inserted. The best time for grafting mango in the Konkan (coas­
tal) tract is the mont1J.~ of April, May and June, when all trees 

start new growth, just bd;/1'l~ the brt'ak of the monsoon. 
Growth at this time al.~o fiive.~ the scions which "take", the 

benefit o[ the [allowing mUllSoon mont.hs to develop themselves. 
In Kaira district seventy per cent. success is said to have been 
obtained in side-grafting mango trees. 

An interesting method of side or stem grafting of scion to the 
stem of old tree is successfully practised in South Kanara district 
of the Madras Prrsidency and is known by the popular name of 
·insertion.' Trees having smooth trunks of less than two and 
half feet in diameter are selected and a triangular patch of hark 
two inches by two inches is removed on the part intended to be 
operated upon. Immediately below the lower corners of 
the triangular patch, two slits-two to three inches long---are 
made on the bark downwards. Well matured terminal shoots 
of six inches to eight inches ill length and of the previous season's 
growth are selected from the scion parent, defoliated, and in­
serted carefully within the slip of ha"k lifted fi'om bet­
ween the longitudinal slits of bark already made, after paring 
off the lower one and a half to two inches of the scion shoot 
into the form of a wedge. The triangular piece of bark originally 
removed mayor may not be replaced in its former position. 
The scion is held in position by firmly tying it to the trunk and a 
grafting wax made by melting together three parts of rosin, two 
parts of bees wax and one part of cocoanut oil (by weight) is 
applied over the bandaged parts after cooling. Four to six 
scions are thus inserted all round the tree, and when a large 
number of these show signs of active growth, a few main limbs of 
the tree are removed and within about six months, all the toppor­
tions of the rootstock tree are cut off and the wounds besmeared 
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with coal tar, and the tree earthed up close to the lowest scion. 
The operation of grafting is done during the monsoon from June 
to December, but many growers are of the opinion that August 
to Deceml);:r is the best season. Since this method is success~ 
['ully practised only in places subject to heavy precipitation and 
high atmospheric humidity, it is doubtful, if it will lend itself for 
adoption in all the mango growing tracts. I t is, of course, a 
useful method in the coastal regions of Western India from the 
Malabar coast to the Gujerat districts, where conditions of rain~ 
fall and humidi ty are identical. 

Spring budding is also practised in the United States of 
America Oil youug rootstocks. I n t()p~wor'king old mango trees 
hv this method hillf or more of the main IjIIJh~ iJrc cut back 
«; short ,~tllbs during tilt: autumn. In t]Je following spring or 
~mmmcr, the sprouts that start ii'om these stubs are budded 
hy first cutting off the shoot squarely a few inches above the 
imse. The hark is then slit downward from the top of the shoots 
I"r inserting a shield bud tapered to a thin edge on the side 
(lIlly. The scion is carefully wrapped with a wax cloth and 
a light coat of melted but cooled paraffin applied over the scion. 
A paraffin paper bag is then tied over the entire end of the stock 
so budded. 

Top-working can be done by ordinary budding also. The 
economic advantages of top~working may be gauged from the 
fact that a tree about thirty years of age worked upon in 1913 
began to bear in 1916 and yielded fruits as follows (22);-

1916~17 
1917~18 
1918~19 
1919~20 
1920~21 
1921~22 
1922~23 
1923~24 

Fruits 
No. 
38 

372 
450 
nil 
200 
350 
500 
450 

Mango grafts commence bearing in their fifth or sixth year. 
~_;rafts of some varieties hay'! been known in South India to 
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bear fruit in their third year and a few even in the second year. 
Seedlings take a much longer time, although sometimes even 
they are known to commence bearing in their fourth or fifth 
year. A normal crop may be expected from grafts when they 
are about fifteen years of age. Bearing increases with the 
advance of age until the trees grow fairly old. 

Mango fruits of grafted varieties are usually harvested before 
they are ripe on the tree. The exact time of harvesting is judged 
H . f by personal experience, although generally 
m~~~~tf~~jt~ the fr~its are supposed to be ready for 

harvesting when a few of them fall from the 
tree being naturally ripe. There appear to be two reasons for 
the harvesting of mango fruits while still green. Firstly, the 
fruits improve in sweetness and general quality by stpring for a 
few days after harvesting, and secondly considerable damage is 
done by insects and birds to them if left on the tree until they are 
fully ripe. When fruits are ready for harvesting, they are gene­
rally fully developed with their shoulders well formed and the sur­
face more or less plump. The stage of picking varies con­
siderably in different varieties depending upon factors like slight 
yellowing of the rind as in the case of the Alphonso variet)" 
development of a warty surface as in the case of Cawasji Patel 
and Pairi, the appearance of a deep flush as in the case of Shen­
duria, etc. Whenever possible, it is better to pick fruits with 
about half to one inch of the stalk left on them. 

The actual operation of picking is done with a hand tool, 
termed as a mango picker, which consists of a long thin bamboo 
~o the slender end of which is tied a small net bag with a thin 
Iron or bamboo ring at its open end. The picker is locally 
c~llcd vedi. Two flat iron or bamboo splits are so tied over this 
nng that they can easily catch the fruit stalk and break it. The 
fruit falls in the net bag by a slight pull. If the tree is tall, 
the man who picks has to climb on it to harvest fruits with the 
pic~er and a large co,lection bag.. When three or: four 
frUlts are collected in the net, they are taken out and put JD the 
bag. When the bag is tlJUS Filled, it is let down by means of a. 

rope and emptied on the growld. The empty bag is then drawn 
up by the man [or colJecting a fresh lot of fruits. In the ca_se 
of dwarf trees, climbing on the tree is not necess,ary and the frUlts 
are picked by hand from the ground. 
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An American type of "fruit harvester", which has a clipper 
attached to the thin end of the bamboo at its base by a 
spring arrangement, is found very handy. It enables the harvest 
of fruits with a piece of stalk attached. 

When mangoes are picked, they are all taken to the store, 
where they are spread out on a thick bedding of green mango 

Ripening of 
mango fruit:. 

leaves and kept there for about two days. 
The store is usually a well ventilated place. 
If the fruits are to be despatched to distant 

markets for sale, they may be packed soon after harvesting, 
so that they have time to reach the market before they ripen. 
For local markets, however, fruit is sent after ripening in the 
store, that is, when it is almost ready for the table. 

For ripening, fruits are spread on rice straw in layers one 
upon the other, each layer of fruits being separated by a thick 
padding of straw. Generally, two or more layers are heaped 
in a single pile and su h a pile is locally called an "Adki". It 
is perhaps preferable to have a single layer of fruit covered com­
pletely with a thick layer of straw. The rice straw is soft and 
does not injure the fruits aiM, therefore, permits them to retain 
a good appearance for the market. Other kinds of straw, for 
example, Iseilema Wightii, called "Sona" in Marathi, are also 
used, but only for inferior mango fruits. The straw bed gives 
enough warmth for the fruit to ripen, which process in the case 
of most varieties takes about a week. If the fruits are spread 
uncovered, the ripening can be delayed considerably to suit 
me. ket conditions. Ripening in straw beds is considered also 
necessary to develop attractive colour for the market. The fruits 
are ordinarily hand graded before they are displayed for sale. 

Rega.rding the keeping qua.lity of man goes, Burns and Prayag 
(25) report that in an experiment which they carried out under 
room temperature, the Pairi fruits kept well for about a fort­
night, and the Alphonso fruit for about twenty-five days, the 
fruits losing about twelve to eighteen percent of their original 
weight during the process of ripening. It is the common 
experience that the Alphonso keeps well in Bombay for about 
twenty days and the Pairi for eight to ten days. They also men­
tion a trial wherein waxing of the stalk end of the fruit 
had no effect on the ripening. 

Patwardhan (114) who carried out a study of the chemical 
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changes taking place in the mango fruit during the ripening 
process, states "from the temperature recon;l, it can be seen that 
as the days proceed, the temperature slowly rises (in the Adhi) 
and goes as much as 8°G to 100G higher than the room tempera­
ture. I t has been seen that when the temperature goes above 
36°C, mangoes become over-ripe and b gin to rot very rapidly. 
When it goes to about 33°G or so, that is, on the fourth day of 
the Adhi, they are removed from the pile and made to ripen 
slowly, by keeping them uncovered on hay in single layers." 

He further states that in the beginning, the change in the 
colour, smell and taste is slow, but after the fourth day it is very 
rapid, and may be complete within the next two days or so. 
It is observed that the amount of acid contained in the different 
varieties of mango is different. It may, however, decrease to 
about twelve percent of the original raw sample when fruit is 
ripe, but ordinarily it remains at about twenty-five to thirty-five 
percent of the original sample. The sugars increase rapidly in 
the beginning of the ripening process, the increase being gradual 
later on. Non-reducing sugars increase from 50 to 65 percent, 
while reducing sugars from I to 5 p~rcent only. It is clear that 
when the juice is preserved in cans there is very large increase of 
the reducing sugars, owing to the likely inversion taking place. 

There are four distinct stages of the maturity of mangoes, 
that is the juvenile stage, the adolescent stage, the climacteric 

Ontogenetic stages 
of maturity of 
mangoes 

stage and senescent stage. The juvenile stage is 
the period from fertilisation for about twenty­
one days. It is marked by a rapid cellular 
growth, high respiratory activity and high 

water content. The GIN (carbohydrate: nitrogen) ratio is low. 
The adolescent stage is the period between twenty-one and 
forty-nine days. It is marked by the maximum growth, deve­
lopment of aroma, and medium respiration. The GIN ratio 
increases. The climacteric stage is the period between forty­
nine and seventy-seven days and is a critical stage. Respiratory 
activity is slow, and sucrose is medium. The GIN ratio is high. 
The senescent stage is the period from seventy-seven days 
onwards. The rate of respiration increases with an abrupt 
decline in sucrose and increase in glucose. The GIN ratio 
goes very high. 

The system of marketing these fruits in the Bombay Presi-



MANGO 101 

dency, and in fact, all over India, has been very unsatisfactory. 
k' f The result is that considerable loss occurs 

~aa~g~llf~~jt~ by spoilage due to bad handling and defective 
grading and packing. Enquiries made by 

the Mango Marketing Committee appointed by the Govern­
ment ofB mbay, in 1925, led to investigations and devising of 
certain practical measures towards improving the situation, and 
valuable results are now noticed in this regard (138). The 
course taken by mangoes from the grower's field to the con­
sumer's table as it happens at present is intere ting. A study of 
this curse shows the following stages of preparation and pro-
gress:- ' 

1. Picking and packing. 
2. Journey by. road to the railway station or to the port 

wharf (bunder). 
3. Journey by railway or steamer. 
4. Journey from railhead or. wharf to the market at the 

market end. 
5. Display and grading at the market. 
6. Disposal- wholesale and retail. 

Not infrequently, the grower sells his crop standing on the trees 
to local contractors called Bagwans, who are then responsible 
for th picking, packing and despatch of the produce. When­
ever the sale of standing crop does not take place, the grower 
sends his fruit to the market himself. In both cases, however> 
the picking operation does not r ceive much attention. Ma­
ture and immature fruits are often picked together and physical 
injury to them is not unC0mmon. While packing, hardly any 
grading or sizing is done; what little sorting is done, is design­
ed to place the best few fruits on the top of the package. Small 
fruits are placed at the bottom, medium at the centre and large 
at the top. All these sizes get usually mingled up when 
the packages are opened and emptied in the market. The 
most common containers are bamboo baskets which are flexible 
and fragile and liable to serious damage in transit besides being 
very inconvenient for handling and storage. In some progressive 
tracts, as in the case of the Ratnagiri mangoes these baskets are 
gradually giving place to wooden crates. The majority of man­
goes are, however, still being packed in bamboo baskets of varying 
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~e were confined to the system of marketing mango in the 
kan districts of Kanara, Ratnagiri, Kolaba and Thana 
where this fruit is chiefly shipped to Bombay. The Com­

~e made a number of recommendations but the progress 
nplementing these recommendat.iuns was extremely slow. 
r on, the Bombay Governmt'nt appointed the Bombay 
!. and Vegetable Market Committee in 1933 to go into the 
l' details of the problem. The Committee's report con­
ng a very large number of practical suggestiolls for im-

()vement, was published in 1934. An enquiry on the 
i1.rketing of fruits, particularly mangoes, was also carried out 
Bihar in the year J 935. Later on, in co-operation with 

e Provincial and State !vlarketing Officers, the Agricultural 
arkding Adviser to the Government of India conducted a 
tailed all-India survey on the marketing of mangoes but the 
ults of the survey have not ret heen published. 
Thew: l'ar;0118 enquiries and the publislwd reports dt"pict the 
i(Jrabie and wasteful conditioIls of the systeTP of marketillg 

\\'f'fS' 

lnisation~ 

the mango fruits. I t is, however, to be nott"d 
with satisfaction that on the strength of the 
recommendations of the Bombay Fruit and 

·etable Ma.rket Committee, the Government of Bombay 
l~ now appointed a Provincial Fruit and Vegetable l\larket 
runittee, practically on a permanent basis, to watch and 
Ie the trade in the Province. Side by side with thest" sporadic 
lies, gradually circumscribing the conditions prevalent in 
t of the Indian Provinces, attempts to organise the growers 
also being made. One of the chief factors which adversely 
ets the prosperity of the growers at present is the lack of 
)peration and organisation among themselves. Primarily due 
he ignorance of the growers and to the lack of a definite 
.onal policy in developing the fi'uit industry, the growers are 
'ying on their enterprise in a disconnected and individualistic 
mer. They have not yet been able to realise the benefits of 
certed action. The Imperial Economic Committee 
'ointed by His Majesty's Government in England ohserve in 
r report on the marketing and preparing {OJ' the market of 
t, "Weare convinced that the whole tendency to closer orga­
,tion of fruit growers is desirable and indeed inevitable, and we 
lId give general emphatic support to the principle of their 
c. F.-9 
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with fruits, weighing 28 tolas and above, 
with fruits weighing 24-28 tolas and 
with fruits weighing 18-24 tobs. 

105 

, average proportion of fruits of these three grades in an 
nary mixed lot works out at 150,450 and 400 respectively, 
each grade by itself brings a much higher price than 
immediate lower one. This fact has been appreciated 

he growers and consignors who are now taking up the grading 
ruit rapidly in their cornm<.>rcial practice with evident 
artage. An act to provide for the grading and market-

Ig of mangoes known as Agricultural Produce (Grading and 
[arketing) Act, No. I, 1937 was passed by the Government. 

Until lately, the fragile bamboo baskets have been shown 
be a source of frequent loss on long journeys due to 

eking of 
ngt) fruits 

unsatis[;lctory bandling. I t is also insecure. 
To find out the eflic~cy of bamboo baskets 
as compared with suitable wooden crates 

boxes, an attempt was made to send actual consignments in 
h types of containers from Ratnagiri to Bombay. These 
wed that:--

I. The average loss due to damage and pilfering came to 
3·9 percent of fruits packed in boxes, while in bas­
kets it came to 16·1 percent. Thus the loss in the 
case of baskets was five times greater than it was 
in the boxes. 

2. The average gain in price per 100 fruits in wooden 
containers over the same number in bamboo bas­
kets varied from Rs. 2-10-0 to Rs. 6-4-0 according 

, to the price fluctuations in the market. 
3. A wooden case can be used at least four times in the 

season, while the basket is used only once. 

COlit to get back the empty cases from Bombay to Rat­
;iri, a distance of about 120 miles by sea, is of course fairly 
at. But even th( ;1, packing in boxes would pay under items I 
I 2. Experience shows that the proper thickness of the 
~es used for boxes is half an inch and their dimensions cxter­
ly 20 inches and 15 inches. The capacity of such a box 
lId be to hold 100 to 115 Alphonso fruits. The holes for 
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The storage of mangoes attracted the attention of wod 
in this country, more than a decade ago. Small lots of the 

phonso variety were stored for trial at var, <tId storage temperatures in a cold chamber in Bornl 
o mangoes and the result was found to be encoura 
(28). The fruit kept well for over a month at a temperatl 
of about 40°F in the preliminary trials, where the con~ 
of a proper temperature was difficult as the chambers co 
not be exclusively reserved for this work. However, in the 
terest of the trade, it was found necessary to work out the ex< 
keeping quality and the optimum temperature required l 
each of the more important commercial varieties of mangoes 
India, including the Alphonso. With the help of the finan 
made available by the Indian Council of Agricultural Researd 
it was possible to work on this problem and several varieties we 
tested at the cold storage station, Ganeshkhind, Poona. 0 
of the several varieties tested for their commercial storage qual 
ties the Alphonso was found to keep for fifty to sixty days I 
48°F, when picked at the 'B' stage of maturity. The varietil 
tested among others were the Suvamarekha, Alphonso and Poi, 
The results already obtained with the Alphonso mango weI 
confirmed and the influence of local conditions of soil, climatl 
cultivation, etc., on the storage quality of the fruit produced wa 
also determined. The successful development of the expo~ 
trade of India in mangoes should be fostered as a result of th 
experiments. 

The techniql.!e of gas storage, using chiefly carbon dioxidl 
has been developed to a great e,"(tent in England and elsewhere, 

GIlS storage of 
mangoes 

In India, trials on the gas storage of mangoes 
was undertaken along with the cold storage 
trials at the Ganeshkhind Fruit Experiment 

'tation, Poona. The results were not very encouraging. 
Six important varieties of mangoes were analysed in Java 

~O). The average weight of fruit and the percentage of pulp 
lh . 1 l' are compared with those of the foreign maIl-

emlca ana )'S15 goes, which possess a weight of 350 grammcs, 
Id 70 percent or more of which is pulp. Along with finding 
e chemical analysis of the fruit, the skin of the mango was 
10 analy~ed. _ _1a~anese mangoes contain as much crlld~ 6hr", 
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in regard to total sugar (13'1 to 16'8%) and sucrose (9'7 
12-8 ~) . 

. 0 • Determinations by Chace in the pulp 
Mmeral constltuents French and Filipino mangoes and a Ih 
variety not specified show 0'53, 0'41 and 0'78 percent 
ash. Analysis of the ash appears below:-

K20 CaO MgO P!05 80 3 SiOs CI 

% % % % % 0' 
10 

0 ' 
i. 

French 47'37 6'38 )'62 6'49 3'67 3'88 

Fi\ipino 51'79 1'74, 3-25 9'04 4'88 1'75 I-56 

Var. unknown 49'37 2-38 5'57 ?d~4 2-14 4-20 

. Mangoes have a high sugar content, They are rich in 1 
mms,. The a~ounts of vitamin A and C apparently vary ag 

deal In the different strains. The deep yellow colour of 
flesh of the Manila fruit suggests a rich A content. Cral1 
and Perry (34) found one variety as high as good ?utler ~ 0 
'l'O.'\'\e\.\ec;. c;.hawed about half thi value. They e~amme~ Vl~ 

\:.. ~~ x\1:." 'O.:~.\~ \\)~1.\(\ 'la.\\l! c;. \.l\ di.ff. .rent s\.)ecles varying I 

't\1)\nmg \l'\) t o \'W\ fue l\\en,\ n l'(\\)'t\. \1 II 
.Mitra and hJS co-workers (94) found mahgo (~~ )OJ 

CQ contain 6.0 mg. Carotene and 10.5 mg; USCO/,!)/C 3Cl 

/OtJ,g-rn. 
£)3D./e-/ BLla' A/unse// .mu,oa' ascorb.ic BC/t:T contcnt oj' ma~ 

0. :pt:!'r mb//!' g-/vt:'o on pagc / / / :_ 

Ascoroic (lcid cOIl/ent 
(Table on page 111 ) 

(Values expressed as milligrams per 100 grammes) 
Be~ides being a very d licious fruit, rightly called the kin 

f frUIts, mango has a high nutritional value. It is rich in 
Food value Vitamins A and C. The pulp of the Alphonso 

. variety is one oftbe most potent sources 0 
Vitamin C. It IS reported by Perry and Zilva (116) to be 
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,uch richer in vitamins A and C than many fruits normally 
msidered good sources of these vitamins. The Cawas}te PattI 
lriety although slightly less active, is as potent as the previously 
lown natural antiscorbutic source. The Shend1ya variety 
mtains comparatively smaller amounts of vitamin C. The 
IIp of all three varieties contains vitamin A in quantities 
nilar to those possessed by butter. The Alphonso variety 

somewhat better than the other two varieties in this 
"pect. Further trials did not indicate any significant results 

to whether the maturity factor had any bearing on the 
tamin content of the mango. Ouha and Chakravarty (59) 
lve also found that Indian mangoes are a fair source of Vitamins 

and C, and a good source of G (B2). Mangoes possess 
1igh sugar content, but they are poor in calcium, phosphorous 
Id iron. This fruit, therefore, deserves to be very highly 
Ilued and should have a great future in the world market. 

The composition of the edible fruit flesh of mango grown in 
est Indies is well illustrated by 4 analyses made by Cousins and 
malyses made by Chace, Tolman and Munson. Pratt and Del 
)sario made 3 analyses, of fruit grown in Philippines, and 
lompson, 8 analyses of fruit grown in Hawaii. Results are 
~en on page 114. 
The mango crop is in season for about two months only in thc 

,mbay Presidency, during which period the fruits glut the mar­
mning of mango ket considerably. The growers do not realise 

a proper price for their crop and a good deal 
waste occurs. Considering that this is practically a mono­
Iy produce of this country, there is no reason why it cannot be 
cked in cans for marketing even to distant countries. The 
ssibilities of developing the mango canning industry have been 
l}ored by some. Private organised effort is, however, neces­
, to place this line of work on a sound footing. 
[t is chiefly the superior table varieties of mango, which 
used at present for canning. Factories in the North Kanara 
rict use the Kala [shad mango for this purpose. This variety 
very poor keeper, though of very high quality and is there­
most suited for the 'canning of mango pulp. In Ratna­
and Bombay the Alphonso fruit is used for canning. The 
. fruit has a pulp of soft consistency and may also lend itself 
;tnning. But the most appreciated canning variety in the 
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mbay Presidency is the Al\)b.O\\\() 'I(\\~b. a1\ 
nned in syrup. 

Canning of mangoes is not d\fficu\t even ()\\ a bome 
he proce s consists of extracting the pulp of the variety tdr:c\1t.6. 
moving the skin and stone. As yet no efficient mechanism hal 
len devised for extraction of pulp and stone. The l-\ulp m \hen 
led into sterilised and preferably lacquered cans, upto about 
Ilf an inch from the brim. The lid is then placed on the 
led can and is partially seamed with a hand or power machine. 
lns so closed are then made to stand in a water bath, taking 
re to see that no water enters them or splashes inside. It is 
fO possible to drive out the air from unseamed cans. The water 
kept boiling for about seven to ten minutes, and when the free 
well as dissolved air inside the cans is driven out by the heat 
oduced in them, the cans are taken out of the bath and finally 
~mcd air-tight when still hot. They are then placed in the 
tter bath once again, this time immersing the cans completely 
water, which is boiled for about thirty minutes depending 

on the size of the can. The first heating is called the process of 
hausting", because at that time all the air inside the cans is 

yen out, and the cans are exhausted. The second heating is 
lied the process of "sterilising" or "processing" because the 
Iltents of the cans are sterilised by killing all the harmful 
~anisms in them, which if retained would bring about the 
ilage of the cans. After sterilisation the cans are immediately 
iUed" by throwing them in cold water, so as to prevent over­
king of the contents. The cans on cooling are stored in a 
I place until they are required for sale or despatch to another 
e. 

At Kodur in the Madras Presidency, it has been found 
exhausting need not be done tor more than ten minutes, 
in this case the lid is not placed o;vcr filled cans. The 
are seamed soon after ten minutes exhaustion, and 

cessed for twenty minutes, and subsequently chilled in water. 
ned mango pulp and slices, subjected to these treatments, 
e preserved their natural aroma and flavour of the fresh 
t5 to a very great extent, and on bacteriological analysis 
,r six months storage showed no trace of any harmful orga­

.s. Since the quality including the value varies markedly 
lfi"erent varieties of mangoes, a uniform procedure to be 
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ral10n of water) is added to fill the inter-space and then exhau.sted 
'water for 12 minutes, followed by immediate cooling in run­
~g cold water, after which the cans may be stored in a dry 
Ice. 
Various other preserves of mango can be prepared with 

vantage using fruits at all stages of maturity. Pickle, chutney~ 
I' f jam, sweets of different kinds, drinks and dried 
Img 0 mango mango pulp or mango leather are common 
this country. Mango sauce and mango butter are some others 
long the vast variety of products that can be usefully made out 
the raw and ripe fruits. Mango chutney, pickle and dried 
lp are being prepared in several parts of this country as a 
ltage industry by various methods to suit individual taste. 
Iting of mangoes is chiefly done at Rajapur in the Ratnagiri 
triet. Raw fruits of seedling trees are used for this purpose. 
l1it8 are peeled, cut into small slices salted and packed into 
oden barrels. The stones are thrown away. The peeling­
j slicing are done by women and children on contract 
lOur. The barrels are sent to Bombay by small boats called 
Ichawas. Each barrel contains five hundred-weight of slices. 
e. slices are used for preparing chutney or achars (pickles). 
nllarly, large trade in brined mango slices exists in West 
gal and U. P. also. 
Whole fruits of mango are also preserved in brine for use out 

~eason. This is generally done in small quantities in earthen 
.or wooden casks-either fresh or after being half boiled, the 

dlum of preservation being about 15 percent strong brine. 
ch fruits last for some months. 
Dried mango pulp, sometimes known as "mango sheets" is 
lVourite product prepared in many parts of the country. One 
the methods of preparing this product is as explained below. 
The clean and thoroughly washed fruit of the juicy variety­
.y ripe with thick scarlet yellow pulp- is squeezed either with 
ved hands or through a pulping machine followed by screen-
through a stainless steel sieve: The screened pulp is then 

,ad in many thin layers on trays 21' X 2' covered with sheets 
>uttered glazed paper. The trays are then put in the sun 
dryinlg or for large scale production they are put in the 
l1e-dtier at 140°-150°F. The first layer of the juice having 
It dried, it is lubricated and another layer made thereon for 
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drying in the same mam!er .• The proces~ is repe~ted un 
sufficiently thick layer (! -!: ) of the ~n~d pulp IS obtait 
By exposing th product to sulphur d~ox,de fume . for 11 
hours the product can be made to retam the attracttve gol 
colou~ and appearance for a considerable period without dete 
ration in quality. 

The mango tree suffers from several diseases and. pes~ 
Western India. Two among them seem to be more SerIOus t 

others as they considerably reduce the yi 
Disease and O · h d th f ne IS a pest, a mango opper an e 01 
pests 0 mango is a disease, known as powdery mildew. Clal 
weather encourages their incidence of attaCk as well as 
damage by them. The mango tree usually flo~ers ~n the Bom 
Presidency in three flushes- the first appeanng in Noveml 
December, the second in January and the third in FebrUi 
"The fIrSt flush is generally a\most free from both the hoppers1 
the. mi~dew. The second flush which. appears in January 
whIch .15 the heavie t of all is affected badly by the hoppers 
to a slIght extent by the mildew, whereas in the third flush 

hopper attack diminishes but the mildew gets worse. 
The hopper is a small wedge-shaped insect, beloo! 

to the class of bugs (182). As soon as ~he bl~ss~ms app 
these tiny insects lay then eggs inSide the I 

"Mat\~o nO\)\len The egg hatch in '\, to 6 da)'s. The ~ 
wjngless nympb, which emerge from the eggs. suck~ 

sap /i'Om the /lowers and tcnder fruits and develops Into 1J1~ 
adults in ten to twelve days after casting four moults. 

condnuous drain of the sap b}' the nymphs and the ad~Jls le 
~o the pr=a_rllTc dropping of the Rowers and )'oung Ihuts. 1 

rO:es, these B]Sects secrete large quant/des of "hone}' dell 
hlch cover the flowers and tilUS interfere with their develop 
ent. The characteristic blackness of the flower huds and 
iLves in the affected gardens is due to the development of ~ 
ack sooty m?uld on the sugary secretion. The winged adultJ 
e found restmg on the shoots and leaves, and when disturbed, 
ey jump and fly to neighbouring leaves causing a peculiar 
attering noise, particularly when the attack is severe. The 
Ippers may destroy the entire crop, but usually the Joss varies ,m 25% to 60%. 

There are three species of hoppers, namely, Idiocerus clyptalis, 



DUSTING MANGO TREES WITH SULPHUR AGAIN T HOPPERS 
AND MILDEW ON INFLORESCENCES. Facing page 
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tkinsoni and I. niveosparsus. Of these, the first is the most harm­
and smallest in size. Uppal and Wagle (175) have described 
life history and distribution of aU the three species in the 

Imbay Province. Their nymphs suck sap from flower buds and 
Iwers and cause severe damage. Dusting the inflorescence 
th sulphur of 300-mesh and then repeating the application 
ten days' intervals gives satisfactory control. In Konkan 

d Karnatak where the sulphur- susceptible I. clypealis is pre­
lent, 3 to 4 applications will give effective. control w?iJe 8 to 
dustings may be required to control 1. mveosparsus In South 

~jerat and Bombay suburban area. Recently Trehan. (172) 
~nd that dusting with 10% D.D.T. plus sulphur m the 
tio of 1: 1 yielded very .satisfactory contro\ of this pest in the 
~bay Province. Deshpande and Karandikar (41) state that 
aying of a contact insecticide like the fish oil rosin soap (I lb. 
fish oil rosin soap to 4 gis. of water) controls the pest in the 
mphal stage, but has very little effect on the adult. Trehan 
r2), however, noted that spraying with 0'2% D.D.T. proved 
ry effective a.nd economical. 
Powdery mildew due to Oidium mangiferae is easily 

Itinguished by a whitish coating on the affected blossoms, 
iwdery mildew which appear as if dusted with white fine 

powder. The mildew makes its first appear­
ee on the scales, fruits, buds of tender flower-head, axils 
d stalks. The minute spores of the fungus are carried away by 
pd from the affected, flower-heads to the hairy unopened 
we,-s, which thus become diseased. A fresh crop of spores 
produced within five days from the time of infection. The 
>cess of spore formation and secondary spread continues as 
)g as conditions are favourable. It can thus be seen how a 
II affected flowers and leaves can cause widespread epidemics 

er favourable conditions. The white appearance of the 
ased blossoms is due to the fungus. The fungus feeds on the 

ler cell of flowers and very young fruits, which subsequently 
V and drop down. Powdery mildew, though not as destruc­

as the hoppers, may cause a loss ranging from five to 
nty percent, mostly during the months of February and 
rch. 
Sulphur dusting is the cheapest and most effective remedy 
inst both the hoppers and mildew, as a deterrent against 

1::. F.- IO 
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the former and a preventive and curative against the latter 
its residual effect is not much. In a bad case of hopper infectiq 
however, it is more advisable to either spray with D.D.T. or d~ 
with D.D.T. +sulphur or gammexene+sulphur which h 
a good residual effect as well as very high percentage of imrn 
diate knockdown. These treatments keep the insects away ~ 
a considerable period and only a few dustings are needed. 
should, however, be noted that sulphur dust should invaria~ 
be 250-300 mesh fine as coarse sulphur has little fungicidal val~ 
Dusting is best applied by the Peerless Dust Gun, which worl 
well for trees 12-15 ft. in height. For taller trees, however, tl 
use of a step ladder or extension tubes is found convenient. 

The number of times it is necessary to dust sulphur wi 
depend upon the season and the source of infection. HO\l 

ever, in the coas.tal tracts, the following schedule of dusting h~ 
given the best results:-

1. The first application should be made soon aftl) 
flowering. It is by far the most important as it i 
preventive against both the pest and the diseas 
and should, therefore, be done very thoroughly. 

2. The second application should be made about 15 da 
after the first and may be followed by a thir 
application. Care should be taken that a thoroug] 
application of the dust is made in each case. 

By mixing D. D. T. or gammexene to sulphur, the intervali 
may be increased and the number of dustings reduced. Th 
application may be repeated soon after the treatment if rain fa) 
and washes the dust. 

Dusting should be preferably done in the mornings when 
he wind is not strong because high winds result in waste of 
naterial, while a gentle breeze helps the operation. Still days 
Lre the best. 

On an average 1-3 lb. of material may be enough for each 
usting per tree. The cost of dusting sulphur including Jabour, 
pmes to about one rupee but its mixture with D. D .T. 
r gammexene proves more effective though slightly more expen­
ve. 

While dusting sulphur or any mixture, the. oper.a~or should 
IOrk with his back to the wind because these msectlcldes cause 
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tation to the eyes which should preferably be protected by 
ggles. If the eyes become inflamed, immediate relief may be 
tained by washing them in a solution prepared by mixing a . 
tspoonful of soda bicarbonate (baking soda) in a large glass of 
,tet. 
The tem borer (Batocera rubus) is a very common and 

ious pest of mango trees. The borer is a stout beetle grub 
which bores into the stem or a branch of 

lID borer the tree. Eggs are laid in chinks of the older 
rks and the grubs hatching bore into the stem and their presence 
I be noted by the frass coming out of the hole. The grub 
1 be extracted by means of a thin hooked wire passed in­
e the gallery. If this is not ?ossible, a small cotton plug 
Iped in carbon bisulphide, petrol or chloroform or a crystal of 

ssium cyanide can b~ inserted into the gallery and the mouth 
led immediately with mud. Preferably, all the openings on 
ree should be closed so that the grub feeding inside is suffo­
cd to death by the vapours of the chemical used. All the 
:s in the garden should be treated together, and all the holes 
the same tree should be inspected and treated as above. 
he gallery is shallow, it can be opened and the grub scooped 
without much difficulty. The injury caused to the trees in 

Ie operations, should be treated by painting it with coaltar. 
Another borer-Chlumetia transversa is a major pest feeding 
de the young growing shoots. In the rainy season young 
ft('d seedlings are severely damaged and may even be netted. 
: tunnelled tender shoots drop off and dry at the end. Cut­
: the twigs below the tunnel and burning them reduces the 
ck in the next flush. Spraying with 0'5 percent lead 
nate at 3-4 days intervals on new shoots checks the attack 
liderably. 
Several types of caterpillars and other insects eat the tender 
es and shoots of young nursery plants. The greatest setback 

t" is received by the seedlings when their leaves 
ea 109 m!ects . d are eaten away or cut by msects and rop 
after new sprouting. Occasional spraying with lead arse­
checks the ravages of these insects, and the young 

ngs, are found to thrive better when thus treated. In 
m the young trees in the orchards are also subject to 
ge by weevils which attack young leaves. To control this 
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pest spraying with lead arsenate at the rate of one oune 
three gallons of water is recommended. 

Another common pest is the fruit weevil, Cryptorh 
mangiferae. The weevil is about ." long, dark grey in col 
M '1 with darkish bands on ttytra. The 

ango stone weevi 1 'd . dId are al 10 the un eve ope ovary of a ~ 
and the grubs bore into the stone where they mature. " 
the fruit is ripe, the weevil usually comes out of the stone I 
spoils the pulp. Some varieties of mangoes are particull 

favoured. By way of remedial measures the affected fruits 
stones should be burnt and the soil around the affected 
should be dug out to expose the weevils. 

Some mango fruits which appear quite sound from out 
are found infested with maggots. The fruit-fly lays eggs 
Fruit Ii well-developed fruits, and the maggots s 

Y all the pulp. When full grown, they c~ 
out of the fruit and pupate in the soil. Four different spe 
namely, DatusJmugineus, D. Zonatus, D. Comctus and D.Jtrrugin 
dorsalis infest these fruits, the first two being very serious. 

By way of control, all fruits attacked by maggots should 
destroyed at night and some of the fallen fruits may be used 
traps to induce the flies to lay eggs in them which may be e3 
destroyed. Clensel traps as suggested by Trehan and Pinj 
(174) may yield some good results in reducing the attack. 

In Ceylon (108), the ripening mango fruits are pierced b~ 
common fruit fly (Chaetodacus Jerrugjneus) which can be CQ 
trolled by the following poisoned bait, prepared frop]:-

Lead arsenate t ounce 
jaggery (raw sugar) 12 ounces 
Water 10 pints 

This mixture should be placed in cigarette tins hung up on 
branches. The flies are attracted to tbis bait and die. "Lur 
cages are found useful for trapping Bies. 

Several types of scale insects are often found to attack man 
leaves and fruits, and the insects can be destroyed by spra1 

Scale insects 
ing the trees with fish oil rosin soap in 
proportion of 1: 40 parts of water. 

The chief mango disease is the powdery mildew which h~ 
been dealt with along with the hoppers, as it is associated wil 
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them. The other diseases such as black 
mgoid diseases stem and blight are controlled by spraying 
th Bordeaux mixture. 

Anthracnose of mango caused by the fungus Colletotrichum 
,eosporioides, is the major factor directly limiting the mango 
tlp in Punjab and other parts of India. The disease attacks 
e more tender portions of the mango trees including flowers 
Id fruits. It appears in the form of small black or dark 
ots on the stems, leaves and flower stalks. It spreads rapidly, 
Iwers and Rower stalks wither and the fruiting of the trees 
ly be entirely prevented. With lighter infections on the 
~er clusters, some fruits may set, but later, the disease may 
read to the peduncles and the fruits drop. Ripe fruits are 
10 attacked and destroyed. To control the disease, about 
~ht applications of Bordeaux Mixture (3: 3: 50) with a 
lcium caseinate spreader are needed. The first three appli­
tions are made to protect the flower clusters and the last five 
preserve the newly set fruits. 
The "anthracnose" which causes leaf.spots, blossom blight 

Id fruit rot, can be controlled effectively by spraying the trees 
Ith one per cent Burgundy mixture, prepared in the field from 
ncentrated solutions of bluestone and washing soda, diluted 
correct strength properly mixed and promptly used. Weekly 
rayings with Burgundy mixture have been markedly benefi­
tl to control this disease. 
J n some orchards, young mango trees are found to wither 

fm the ends of shoots which slowly darken and die downwards. 
the Kathiawar area, such plants are also seen to ooze a thick 

mmy substance of deep brown or reddish colour, just below 
e dead portion particularly at the nodes and joints of old and 
w growths. This disease seems to be associated with heavy or 
~r.irrigatjon combined with planting under sh.ade. The trouble 
) not been investigated yet, and the remedy, as a nrst aid, 
~ears to be to spray the affected trees with Bordeaux mixture, 
~r the affected portion is clipped off and burnt. Frequent 
livation and clearing of shady intercrops and improved 
lin.age may assist recovery of plants. 
Loranthus is a parasitic flowering plant found growing on 
r.go trees very commonly in this country. It is botanically 

ed Loranthus longiftorus. There are several varieties of this 
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parasite, locally known as Bandgul, Badan~ 
lAranthlls Bandalka, or Vandha. Its branches are droopi 
and the leaves are thick, succulent and light green. The plantse 
its roots (haustoria) into the tissues of mango (andmanyotherh 
plants) and sucks the sap taken in by those plants from thes~ 
The sap is thus prevented from going above the point of attad 
In course of time, the branch of mango above the point ofatta~ 
by LoranthuJ dries up and if the attack is severe, the whole ~ 
becomes weak and may succumb. The Loranthus itself, ho\~ 
ever, thrives and grows well at the cost of the host plant. Th 
spread and infection by this plant takes place through bird 
eating its fruit and depositing the seeds on the branches wlle~ 
they perch. The seeds so dropped get firm hold on the branches 
and germinate in course of time, when the parasite grows. Tht 
only effective remedy against this is to cut all infested brancho 
well below the place of attack and apply tar to the cut end. 11 
the attacked branches are large, the Loranthus can be craped 
from the host stem and not allowed to grow again, by periodio 
inspection and removals. Large old mango trees are particularly 
seen to be badly attacked by Loranthus and require to be pro· 
tected against this serious parasite. 

Several cases are noticed where stems of fairly grown up 
mango trees are badly covered with whitish superficial growth 
Lichens of lichens, especially in the heavier rainfall 

tracts. The infestation is all the more severe 
where the orchard is neglected and the trees are weak in 
health. The lichens perhaps do no damage to the trees directly. 

Occasionally, great abnormality is seen in the inflorescence 
f mango. They do not se~ fruits, but appear like longish vege· 

tative brooms. The axes are shortened and 
'eratol~gy of thickened. The flowers are crowded, take long 
lango mflorescence .. I' d I 

In openmg, have often en arged dISCS an se· 
~m set fruits. The abnormal inflorescence may persist long after 
f! normal one has fallen off the tree, and may finally become 
getative. So far, no cause for this malformation has been traced. 
is, however, not due to either insects or fungus. The occur­

\lee of malformation is more frequent in the Gujerat area than 
other parts of the Province of Bombay. 
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CHAPTER III 

ORANGES AND ALLIED CITRUS FRUITS 

Oranges and allied citrus fruits are perhaps among the most 
popular and extensively grown fruits of the world. The 
I d . high medicinal and nutritive value attached 
ntro ucuon to them have made these fruits almost 

indispensable in several parts of the world. Although these fruitS 
are sub-tropical, they are also grown in most countries in the 
tropics and in some favourable parts of the temperate region. 
The commercial importance of these fruits is very great to 
every country which produces them. The world production 
of citrus is reported to be 230,000,000 boxes per annum, 
of which about 25 percent finds its way into export channels. 
In the States of Florida and California, where citrus cultivation 
can be said to have reached the climax of commercial fruit 
farming, the annual crops are said to have been over 134-
million dollars in value in 1935. 

De Condolle (65) opines that citrus fruits must have 
originated somewhere in the north-eastern parts of India, 
o .. d Siam or Southern China. There is evidence 
di~~~iliuti~n to show that these fruits existed in these parts 

of the Asian continent in pre-historic times. 
It appears that the varieties of citrus slowly spread to European 
countries and the American continent comparatively recently. 
They are now grown in Italy, Spain, PaleHine, California, 
Florida, Central and South America, South Mrica, PhjJjppines, 
Australia,Japan and China, where they have attained an indis­
putable commercial magnitude. Citrus growing is carried on 
in these countries as a very profitable industry, both for home 
consumption as well as for export of fruits and their products. 

In India, the chief citrus growing provinces are Madras, 
the C. P., PunjabJ Coorg, Mysore, the southern slopes of the 
Cherrapunji hills of Assam, northern Orissa and the Bombay 
,Presidency. Practically, no part ofIndia is left where one or the 
other variety of citrus has not entered into local importance. 
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Area under citrus in India is 1,65,570 acres as per table given. 
below'-

1. Madhya Pradesh 38,738 acres 
2, Madras 30,130 

" 3. Bombay 25,786 
" 4. Coorg 16,855 
" 5. Assam 15,000 
" 6. Bihar 12,766 
" 7. Mysore 5,170 
" 8. East Punjab 3,536 
" 9, Hyderabad 2,700 
" 10. W. Bengal 1,742 
" 11. Uttar Pradesh 1,147 
" 

There 'are a large number of species of citrus found growing 
in the Presidency of Bombay. Their cultivation is mainly 
Cu]' " restricted to particular zones which are suit­
J3o~~:t1~~~~Jhe able from the point of view of soil, climate 

Y I ency and other conditions such as facilities for 
irrigation. The important varieties of this Presidency are the 
oranges, a name by which both the Santra and Mosambi are 
popularly designated, the lime (kagdi limbu), the pummelo and 
the citron group. These varieties are not all found occupying 
the same zones. They are more or less severally distributed 
according to suitable conditions. In fact, the orange and the 
lime are alone cultivated on plantation scale. The other types 
are mostly seen scattered as individual trees in the regular 
plantations of oranges and limes. 

The total area under citrus cultivation in the Bombay Presi­
dency is nearly 35,701 acres (1947 -48), The two types of oranges 
(Santra and Mosambi) alone occupy nearly 25,646 acres of 
this area. Then comes the lime (kagdi limbu) which occupies 
2,656 acres on the whole. Its cultivation is more extensively 
distributed than that of the oranges. 

The soil of this Presidency is so varying in nature that it is 
practically impossible to classify it correctly under definite heads, 
S 'J and accordingly to describe their nature in a 

01 general way. Besides a large number of distinct 
types of soils, there exists a great variety of shades in what may be 
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called the same kind of soil. The soil varies in character almost 
from field to field, and many times from plot to plot. The citru$ 
trees are grown in almost all kinds of soils of this Presidency, 
from a heavy black soil to an extremely shallow open soil with 
little fertility in it. Some of the varieties of citrus seem to adapt 
themselves to soil conditions better than others. In the Poona and 
the Ahmednagar districts, there are places with a very deep sticky 
soil, wherein are cultivated Santras and Mosambis with consider­
able success. In certain other parts of the Ahmednagar district 
and the Dharwar district are places with shallow stony soil, where 
also the citrus plants are grown. The pummelo is grown in the 
Konkan tract where the soil is shallow and sandy. What is 
generally named as the shadu soil (a whitish limy soil, which 
does not .allow a free drainage of water) is common in a num­
ber of districts and is found as a subsoil from one to two feet 
below the surface. In certain tracts it is also found forming the 
surface layer and runs to a greater depth. This soil is sticky in 
nature and has a larger percentage of lime going up to 15 per. 
cent. At Kohlar in the Ahmednagar district, an attempt was 
made by a cultivator to grow some trees of the Santra, the Mosambi 
and the Kagdi limbu varieties in a field where this shadu soil was 
found on the surface. The plants never thrived and ultimately 
all of them died in less than three years from the time of plant. 
ing. However, when the subsoil layers are alone of the shadu 
type, the plants grow very well for a period of four or five years. 
But when their feeding roots tap the lower shadu layer, the 
trouble (chiefly in the form of die-back) begins. Similar 
is the case in other parts of the Presidency where citrus trees 
are grown in shallow soils with an underlying layer of rock or 
stone, which the roots of citrus plants cannot penetrate. While 
planting in such soils, pits of the size of about 3' X 3' X 3' are 
taken and filled with loose soil mixed with manure. Plants in 
such pits grow normally for some time and then suffer from die· 
back when their roots come into contact with the surrounding 
hard layer. This condition was actually noticed on the Kumta 
Farm in the Kanara district where Santra and Mosambi trees 
suffered even at the very early age of about six years. Indian 
soils in general are deficient in organic contents, and wherever 
this deficiency is not made up by an adequate supply of bulky 
manures, the citrus trees suffer for want of nutrition. 
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In short, citrus trees are seen to thrive well in well-drained 
soils such as the alluvial, medium black or loamy soils such as 
are found on the banks of rivers or naUas. A hard substratum or 
sticky subsoil is deleterious to the health of these trees. In the 
Bombay Presidency, the medium black soil ofPoona, Saswad and 
other places, the reddish, whitish or brown alluvial soils on the 
banks of rivers and streamlets and the loamy or goradu soils of 
Gujerat are considered well suited for growing oranges and allied 
fruits. In the Deccan, black or medium black soils about two or 
three feet in depth with murum or sand below can be selected 
for planting citrus trees. A high lying site in such soils may be 
preferred, because, however suitable the soil itself may be, there 
should be no chance for it to be submerged by floods in the rainy 
season lest the trees suffer. A high lying site has also the advant­
age of natural drainage. 

Soils characterised by a high percentage of sand and a negli­
gib[e quantity of clay are almost always regarded as unsuited for 
dtrus cultivation in California. Water percolates easily in 
coarse soils carrying with it the finer particles, and leaching a 
large part of the more easily soluble fertilisers. A survey of 
Valencia orange groves in the United States of America revealed 
that orchards located in good medium loamy soils give best 
production and income (335) . In Palestine the best soil for 
citrus cultivation is considered to be the one containing a medium 
amountofloam (193). 

The presence of a high water table renders the site unsuit­
able for citrus trees. Although the optimum depth of the water 
will vary in different soils and loc~tions, it is safe to state that any 
~oiJ which has a "vater table nearer than six feet from the ground 
revel is unsuited fo!· citrus cultivation. Not only the permanent 
Nater table, but it is the fluctuating table also that causes con­
~derable damage to the roots. 

Citrus trees are quite sen~jtive to alkalj and especially to 
odium chloride (140). Irrigation waters containing sodium 
nlotide should, therfore, ~tly avoided. Flood or some 
Drm of basin irrigation may be adopted where saline water is the 
Inly irrigation supply in order to effectively leach the salts down 
nto the subsoil. Reed and Haas (207) have shown that while 
be presence of calcium salts was necessary for the successful 
rowth of young orange trees, and serious injury occurs to trees 
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ties is the foot of the great Himalayan Mountains, from which 
it is evident that they can naturally grow up to a consider-

able height from the sea level. The average 
Al(itude anti altitude of the Deccan plateau, at least of that 
temperature part of it which falls in the Bombay Presi-
dency, is not more than about 2,000 feet. These places are, 
therefore, very favourable for citrus trees. In this Presidency 
no damage is caused to them by low temperature, as frost ' 
generally does not form a feature of its eastern parts. The 
higher temperature of the eastern parts of the Desk (Deccan) 
tract is considered very helpful in producing quality fruits. 

In Ceylon, lemons are grown in semi-dry areas at 3,000 to-
4,500 feet. Some South Mrican lemons showed good ptogress 
in that country. 

As stated above, the Presidency of Bombay grows only the 
Santra, the Mosambi (the Mozambique ' or sweet orange) 
and the lime on plantation scales. Besides these chief 

Varieties and their 
clas ification: 
Orangell 

commercial varieties, there are in this Presi­
dency, about twenty other varieties found 
scatter d in different places as individual 
trees. The oranges of Bombay fall into two 

distinct groups, namely, the close-skinned or tight-jacket oranges, 
and the loose-skinned or loose-jacket oranges. Both were con­
sidered till latdy by some people to belong to a single species. 
Their common botanical name was accepted to be Citrus auran­
tium. Bonavia (39) differentiated these two groups into Citru, 
aur ntium sinense, Gallesio- close-skinned oranges, and Citru, 
Qurarztiu"l sinense, Rumpjius-Ioose-skinned oranges. But the 
two groups differ widely in many points, and they rightly 
fall into two separate species. According to the scheme of 
Swingle, the close-skinned Mosambi group of oranges goes under 
Citrus sinensir Osbeck, and the loose-skinned Santra group or 
mandarin group goes under Citrus nobilis lour, which Swingle has 
now altered to Citrus reticulata, Blanco. There are further what 
may be called horticultural varieties in these species. Citrus 
sinensis Osbeck, includes the Mosambi orange, ttJe Navel orange, 
Valencia and a large number of other varieties. The Mosambi 
is a distinct variety, and is at present of great economic impor­
tance in this Presidency. 

The mandarin orange (C. rtticulata) represents a group that 
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has no less than tour different varieties grown in this Presidency 
They are the Santra, the Kavla, the Ladoo and the Reshmi Narangi. 
The Santra is perhaps the best of the loose-skinned types of oranges 
Tanaka (284) appreciates it as unequalled in quality and nam 
it as Citrus poonensis, Hort. ex. Tanaka. Hodgson (122) thinks 
that the Santra is identical to the famous Ponkan of Southern 
China, which opinion is also shared by Milsum (176) who, there­
fore, designated it as Citrus chrysocarpa Lush. The other types are 
inferior to the Santra orange. They are also different from one 
another and may be considered as separate horticultural varieties. 

The citron, the lemons and the limes were all considered 
as only varieties of Citrus medica according to Linnaeus. Swingl 

isolated them into three separate species, Citrus 
Citron and lemon ( 
types medica Linn, citron), C. limonia Os beck 

(Lemon) but most recently-C. limon, Linn 
Osbeck, and C. aurantifolia, Swingle (limes). The lemons of 
.Bombay present at least two and possibly three horticultural 
varieties of Citrus limon. They are Jamburi, Id limbu and perhaps 
also Sakltar limbu. The first two are sour (or rough) lemons, while 
the last named is sweet. The Sakhar limbu is also widely known 
as sweet lime and designated by a number of authorities as 
Citrus aurantifolia. Hodgson (122) considers that this fruit 
is of Indian origin and resembles the Persian lime from which it 
differs in its large size and different form. On these considera­
tions, he believes that it comprises a good botanical species. 
Tanaka (296) has also formed the same opinion and has desig­
nated it as Citrus timet/iodies, Tanaka. It seems safe to treat 
this as a hybrid, till taxonomic opinion entitles a definit, opinion. 

The limes fall into a distinct species, and are named Citrus 
~urantifolia, Swingle. These include such varieties of Bombay 

Limes 
as the kagdi limbu, and also the godhadi limbu, 
and the pat Limbu whose exact specific status is 

yet to be determined. The godhadi Limbu has ' thicker skin than 
the kagdi (papcry) limbu. The pat limbu is longish in shape, while 
the others are globose. 

Much confusion in the classification of Citrus appears to be 
due to the lack of a standard horticultural system of classification 
as distinct from the systematist's idea of classification. The 
maze of species, varieties, strains and mixtures of cultivated 
<:itrus is ever on the increase, and unless a united effort is made 
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by the workers on citrus to adopt a universal system based upon a 
study of the genetics, bio-chemistry, physiology and karyology of 
the citrus race, the existing confusion is bound to continue. 
Kozhin (144) states that "A species should be, as is Linnean, 
genetically an aggregate unit, and the result of a whole system of 
elementary forms, which, continually crossing with one another 
keep within the limits of definite specific characters." If this is 
accepted, Tanaka's (273) attempt to give specific ranks to seedless 
varieties, which cannot even reproduce themselves true to type 
without man's interference is unsound. 

The important citrus fruits grown commercially in the rest of 
India and Pakistan are the following:-
Other citrus The Punjab, North West India, Sind and Western 
fruits in India U. P.:-

Malta and blood red oranges, (Citrus sinensis 
Os beck) ; Santra (C. nobitis, Lour or C. chryso­
carpa Lush or C. reticula/a, Blanco) ; Mitha or 
sweet lime (C. limelioides, Tanaka or a hybrid), 
and a number of strains originated from 
chance seedlings not yet identified. 

Lower foot of Himalayas :-Limes (C. aurantifolia) and a num­
ber of strains of lemons (C. limonia 01" 

C.limon). 
Assam :- Strains of C. nobilis or C. reticulata. 
Central Provinces, Western part of Orissa and Agency tract :- Santra 

mainly. Two strains, one with smooth 
skinned round fruit, and another with a 
slightly warty skinned fruit, drawn out to­
wards the stylar end. 

South India:-The mandarin is of considerable importance 
in Coorg agency tracts, lower Palni Hills, 
Yercaud and the Orange vaHey of the Nilgiris. 
Two varieties of sweet oranges (C. sinensis, 
Osbeck), namely, Batavian oranges and Sath­
gudi (Syn. Satkudi or Chinee) are grown in 
the northern or north-eastern parts of 
the Madras Presidency. Mosambi oranges 
are also grown on a small scale in the 
Kurnool district. Add limes (C. tmronli­
folia) are grown on a very large scale in a 
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large number of districts particularly in 
Northern Circars, Ceded districts and parts of 
Madura and Tinnevelly. Pummelos are 
prominent on small orchard scale in th 
West Coast and Northern Circars. A variety 
of sour oranges known as Vadlapudi or Gun­
tur sour oranges is of considerable commel'­
cial importance in Northern Circars, parti­
cularly in Guntur and Kistna. The Madras 
Presidency is also rich in a number of citrus 
varieties ostensibly having their origin as 
chance seedlings, one of which has been 
recently identified as Citrus maderaspatana, 
Tanaka, and is receiving attention now as a 
possible rootstock variety of value for culti­
vated forms of oranges and limes. 

In India, citrus has produced a host of new types, as the 
various cultivated species have access to other conjugally com­
patible species. Chance seedlings have appeared and have 
produced a notable increase in varieties of all kinds of citrus 
species. In the regions of South India, where seedling planta­
tions are still the rule, several citrus have originally appeared as 
chance seedlings just as the Satsuma orange had done in Japan. 
Hodgson (122) has stated that the very large number of peculiar 
and some very distinctive citrus fruits which occur in India 
form one of the ' interesting features of Indian citriculture. The 
multiplicity of these forms renders the task of classifying them 
botanically or horticulturally great and difficult. 

The chief commercial varieties of citrus, namely, the 
oranges, are propagated in Bombay Presidency by buddin"1S 

P t
" them on rough lemon (J"amburi as it IS ropaga Jon " . 

locally called) rootstock. Other vanetles 
like Kagdi limbu, pummelo and citron are grown a5 seedlings 
and no budding is yet being done commercially in their ca.se. 
The method of budding adopted is the shield method, With 
nO wood attached to the budshield, and it is the pride of 
several gardeners that the success they attain with this method 
is cent percent. Kagdi limbu is lately being budded on 
jamb uri on a small scale and so are the new introductions, 
namely, the Navel Orange and the grapefruit. 
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Jamburi, or the rough lemon, is acknowledged as the best com­
mercial rootstock variety for raising citrus types in Bombay Presi­

dency. It is a very inferior and hardy variety 
of citrus and belongs to the leinon group. Rootstock 

It has come into prominence in commerce in the Bombay Presi­
dency and in fact all over India, only as a rootstock variety, 
which combines in itself aU the desirable qualities of a good 
rootstock. It is never cultivated independently on a plantation 
scale. One or two or a few trees of this variety are generally 
seen in plantations of Santra or Mosambi. Their fruits are not 
used except for pickling purposes. Their seeds are the only 
products of economic significance at present. 

Jamburi as a rootstock is referred to by Paranjapye (193) 
in the following words: "The essential conditions required in a 
stock are that it must remain in sap flowing condition 

M
· f' h' for a considerable time to facilitate the 

ents 0 Jam un b dd' . . bl . as a roo15tock U 109 operation at any sUlta e hme; 
that it must grow fast; that the bark 

when being loosened from the wood below must separate readily; 
that it should not tear irregularly; and that it must feel very 
watery to the finger inside. Such a stock is to be found in 
jamb uri, which may be safely used for budding on." The posi­
tion of jamhuri as a rootstock in comparison with other kinds 
of rootstocks tried here is made clear by the same author 
(193) in the following words: "The bark of the Mahalung 
(Citrrm) stock is somewhat brittle and less mucilaginous and the 
sap flowing condition lasts only for a short time. The Reshmi 
orange is not at all suited as a stock, for the bark closely adheres 
to the wood below and it is not moist enough inside. This and the 
Nagpur orange stocks when cut off above, the wood often tW'DS 

black near the cut end causing ultimate decay. With 
!he pummelo (shaddock) as the stock, the great difficulty 
JS tllat it does not stand well the trimming of its tap root and 
hence it is not well suited as stock plant, which must stand re­
peated transplantings. The Mosambi stock is very sensitive to 
cold, as in case of low temperatures the part of the bark of the 
stem that remains under water decays in a very short time. 
The jamburi stock is free from all these faults." 

An experiment laid down in 1932 to find out if certain root­
stocks could resist the die-back disease prevalent in Bombay 
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Province, showed the growth of Mosambi on jamburi to be better 
than the remaining rootstocks (217). 

Jamburi is a popular rootstock in all parts of India and has 
also been found experimentally to be the best for Malta oranges 
in North West India by Brown (46). 

The most important rootstock varieties in use in other parts of 
India and the world are listed below. They are discussed in 
detail by Hatton (114). 

1. SOUR OR SEVILLE ORANGE (C. auranlium Linn) :- According 
to McAlpin (168) among the four chief rootstocks used in Vic· 

Otl,cr rootstocks 
torian citriculture, vi~., citronella or rough 
lemon, sweet orange, sour orange and tri­

foliate orange (Poncirus trifoliota), a disease affected 30% of the 
trees on sour orange rootstock, and appears to be similar to the 
"quick decline disease", of the U. S. A. or the "tristeza" disease 
of South America. Further plantings of citrus varieties on sour 
orange have been discontinued until a remedy for this disease is 
found. Similar reports have been published from other areas 
too, so that the sour orange is now in disfavour almost all over 
the globe. 

Sour orange was once considered to be the most suitable 
stock for Southern Nigeria (211 ) . Hume (129) sta ted that 
a large part of the world's commercial output of citrus was 
grown on this rootstock. It is said to possess an abundant and 
deep root system and is considered to be the best on heavy and 
wet soils. It is also said to be immune to foot-rot and all the 
gum diseases, but very susceptible to citrus scale and to quick 
decline disease. Trees on this rootstock are reported to be not 
very free bearing in the early stages, but the fruit quality is said 
to be better than on rough lemon. 

2. SWEET ORANGE (C. s£nensis Osbeck) :-This is very suscep­
tible to Mal de Coma foot-root, and is unsafe to use except on 
light and dry soils. It has a shallow root system but produces 
shapely trees (189). Recently in California sweet orange root­
stock is reported to be gaining popularity (232). 

3. TRIFOLIATE ORANGE: (Poncirus trifoliato, Raf) :-This is 
used as a rootstock in China and Japan. It does not do well 
under tropical conditions. Its value lies in its being the hardiest 
of all rootstocks and is therefore used in frosty localities. It 
has a dwarfing effect on the scion. 
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According to Benton (21), P. trifoliata is to be regarded as a 
valuable rootstock under a variety of conditions in New South 
Wales. Apart from its immunity to Phytophthora root-rot, it 
has ability to thrive in soils too moist for other rootstocks, has 
beneficial influence on flavour and fruit quality in generaJ. 
induces early bearing and possesses a tendency to increase 
production. 

4. SHADDOCK (Citrus maxima Merril or C. grandis Osbeck):­
In Egypt it is supposed to be valuable as a rootstock on dry land. 
It is immune to foot root. In the Philippines it has been found 
that plants budded on Shaddock are liable to be badly affected 
by mottle leaf (152). 

5. GRAPEFRUIT (C. paradisi Macf) :-The root systems of 
pummelo and grapefruit are reported to be more fibrous than 
that of either sour or sweet orange, but these have a small and 
crooked tap root. The lateral spread of roots is enormous. 
It is somewhat susceptible to foot-rot, and certain kinds of 
gummosis. On the whole, accounts vary about its success in 
other parts of the world. 

6. ACIl) LIME (C. aurantiJolia, Swingle) :- The plants of this 
species are rather difficult to work upon. According to Brown 
(47), it is a suitable rootstock for scions of its own variety. It 
is not used on any large scale for other scion varieties. Very 
recently it has shown encouraging performance when used as a 
rootstock for sweet orange and lime at Kodur. 

7. SWEET LIME (C. aurantifolia, var Swingle, syn. C. limmet­
tjoides, Tanaka or a hybrid) :-In North-West India, this is used 
fairly extensively as a rootstock for Malta oranges and Santra. 
In the rootstock trials in North-West India (47) it was found 
that the sweet lime is not a suitable rootstock for Malta oranges 
but perhaps the best for SantTa. It is easily raised from cuttings, 
and is being used as such in the rootstock trials in some research 
stations in India. With rough lemon, this forms one of the two 
most important rootstocks for Santras in the Central Provinces 
(136). 
. 8. CITR.ON (C. Medica. L.) :-A variety known as Mokri, 
18 largely used in some nurseries in the United Provinces and the 
Punjab. It is also in use on a small scale in Egypt. It is very 
easy to work upon and produces very quick growth in the initial 
stages. But because of its reported susceptibility to diseases and 
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its short orchard life, this rootstock is held very much in dis­
count. 

9. MANDARIN ORANGE (C. nobilis, var. deliciosa, Swingle or 
C. reticulala, Blanco) :-This is used in China and a variety of 
this (Cleopatra) is also found suitable in well drained sandy 
soils of Florida. It is said to be immune to scale and resistant 
to gummosis. Tangerine is used as a rootstock for its own scion 
in South Africa. 

Some experimental work is being done on the indigenous 
citrus rootstocks of Assam at the Government Citrus Fruit 
Research Station, Bernihat. The relative merits of Rabab Tenga 
(C. grandis), Soh Myndong (C. jamburi), Pani Jamir (C. limon), 
Karun Jamir (C. aurantium) , Sat Kara (C. macroptera) stocks 
are under investigation. The scion used is Khasi orange (C. 
reticulata). Soh Myndong is important for imparting maximum 
growth to the scion. Rabab Tanga has recorded the maximum 
stock girth. Pani Jamir rootstock, which is somewhat sweet and 
insipid has produced very sour fruit with Khasi orange scion. 

There are a number of other varieties in limited use in 
various countries. Citrus sunki, Hort. is of some importance as a 
rootstock in Japan. In the Madras Presidency, a number of 
varieties that have originated as chance seedlings and appear to 
have potentialities as rootstocks have been recently propa­
gated and are being tested for their suitability to sweet orange and 
acid lime scion varieties. In the Punjab and Central Pro­
vinces also, rootstocks of different varieties are being examined 
for their value to Malta orange and Santra respectively. The 
work of discovering the right type of rootstock for the cultivated 
citrus varieties grown under diverse climatic and soil conditions 
in India is hight}' important, and in this work the possibilities of 
indigenous citrus varieties require to be tested along with the well­
known varieties in use in other countries. 

The citrus rootstock experiment carried out at Montgomery 
(Punjab) showed that Kharna Khaua was useful for all citrus 
varieties there except in the case of Blood Malta, for which 
rough lemon was found to be the best stock. Jullundri Khatti was 
a mediocre rootstock for the local Malta and was not associated 
with vigorous growing trees with heaviest yields of excellent 
quality fruit (217). What these rootstock varieties are exactly, 
is yet to be determined by proper taxonomic studies. 
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Halma (106) reports that Eureka lemons on their own roots, 
,er 16 years proved to be less vigorous, less hardy and Less 
oductive than vegetative progeny of the same parents budded 
grapefruit and sweet orange rootstocks. 
Hodgson and Cameron (123) report that in citrus trees it 

IS been established that the scion determines the rate of 
owth and ultimate size of the tree when its vigour is less 
an that of the rootstock. 

There is evidence to show that certain strains of a species 
)parently produced better results than other strains of the 
me species. If this is true, it represents a more extended 
·oblem of rootstock influence, and, therefore, has to be taken 
to account in our future rootstock trials. 

In a rootstock trial in Bombay, it was found that seedlings of 
ffercnt strains of famburi varied considerably in their general 
:rformancc and vigQur of growth under strictly uniform condi­
ms (56). 

In Queensland, seedlings of sweet orange and rough lemon 
ere popular as rootstocks, while sour orange is less common 
)ssibly because of its slow growth (202). 

In California, the tendency in 1936 was towards the suppression 
. the sour by the sweet oranges as the principal rootstock variety 
r the oranges. Rough lemon was rarely used (165). 

Different soils react upon the rootstock to produce in some 
lSeS very vigorous trees and in others short-lived and weak 
dividuals. The grower has also to understand that the prob­
m of orchard culture does not merely rest in terms of the 
~ality of water or manure applied, but also in the optimum use 
ade of the moisture and soil nutrients by the roots. The 
~portance f root system lies not only in its anchoring the tree, 
.It also in its power of absorption of moisture and soil nutrients. 
deep and extensive root system is helpful in giving the desired 

lechanical support, and in retarding the desiccating effect in 
.c soi/' This fact becomes progressively jmportant as the 
oisture content and fertility of the soil diminish. An exten­
Ie root system is inhibited under constant wet soil conditions, 
t is encouraged under conditions of good aeration and 
derate water cbntents. The root system of some varieties is 

I1ch more extensive than that of others. Soil texture and 
·ucture also affect the depth and spread of roots to a con-

C. F.- 12 
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siderable extent. It is, therefore, most necessary to select a 
rootstock variety that will produce the best of root systems on a 
given site and can promote the best of growth and productioQ 
within the available soil and water facilities. 

Kharna Khatta irrespective of scion varieties is associated 
with most vigorous trees. Joui Khatti gives vigour to its scion td 
a lesser extent. Mitha or sweet lime (C. aurantifolia) is a 
dwarfing stock (150). 

The foundation of the citrus nursery industry in the Bombay 
Presidency is built on jamburi seedlings, which form the stoc~ 
for all the superior varieties of citrus. Jamhuri seedlings are 
raised from fruits which are ripe on the tree. The Sakhar limbu 
rootstock is also raised in some places for budding purpose. 

There are a large number of types of citrus which go under 
the name of jam!Juri or jambiri or jamberi in different localities of 

India. These types differ considerably in 
shape, size and appearance of the fruit. What 

is generally known as jamburi in the Bombay Presidency does 
not also seem to be a uniform type all over the tract. 
The collection of citrus varieties at the Modibag, College of 
Agriculture, Poona, consisted of several types which were all 
named as types of jamb uri. Each tree bore fruits that were in 
some way or other different from those of its neighbours. The 
characters of fruit alone give, therefore, no indication to the 
type of jamb uri. The type of jamburi commonly used for stock 
in this Presidency has deep yellow colour, has a mammillate 
shape and the fruit is nearly round with a diameter of about 
three inches. The rind is wrinkled and somewhat loose. The 
pulp is exceedingly acid. 

Types of jamburi 

Jamburi trees bear almost all the year round in penin­
sular India. The three important seasons, namely, the Decem-

F .. ber-January flowering, the June-July flower-
rUltmg seasons . d th 0 . d 

of jamburi 109 an e etober flowermg all pro uc~ 
some blossoms at least on the trees. Jambu1'l 

fruits are therefore, available almost at any time of the year, 
although the chief season is July-August. In north and south 
India, jamburi fruits are chiefly available from October to 
January. . 

For the purpose of extraction of seeds, sound, healthy and 
tree-ripe fruits should be selected. Such fruits are allowed to 
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Extraction of seed~ rot, or arc cut fresh and their seeds extracted. 
The seeds that float on water are useless lOr 

raising seedlings, and they should be rejected. Only the heavier 
;eeds, which sink in water should be collected and used. 

Seeds are then spread on ordinary blotting paper or on 
tbe floor under shade for drying for a day or two. Then 

they can be stored in a tin or glass jar till re­
quired for sowing. Mixing with ordinary wood 

Ish before storing is desirable. Jamburi seeds have to be pro­
tec ted from rats and insects, while drying as well as while in store. 
rhe jamburi fruits contain about 25 seeds each. These seeds 
;an well be graded into heavy and light seeds, and the former 
ilre experimentally proved to give more vigorous seedlings 
which become ready to receive the buds much earlier than the 
peed lings raised from lighter seeds. 

Seeds of jamb uri are polyemblyonic as those of most 
~ther citrus. From one tQ. _!:ig!lt embryos- (or perhaps more) 
Pl' are seen packed together in a single seed. 
s!J:mbryon

y 
In Each emblYo has. generally. tW~ledons 

which are very Irregular m sha e except 
IIhen the eed contains only one embryo.lfn po yembryonic 
eeds, one of the cotyledons is the largest~ll, while one or 
wo more may approach it in size. The rest are very thin 
Ind smail, and may be reduced to almost translucent scales 
I pecially when they are placed in the interior of the 
eed. . When the seeds are sown, some. of the more vigorous 
moryos are seen to develop into seed~ It is for this reason 
hat more than one seedling are seen to spring up at a place 
ihere only one seed is sown. The number of seedlings 
.rising from a single seed may be four or more in number. More 
han half the number of seeds, give rise to two or more seedlings. 
~he vigour of all seedlings arising from a single seed is not the 
me. In fact, it varies remarkably. One of the seedlings is 
~e most vigorous of all. Others follow in regular gradation. 
'he difference between the best and the second best seedlings is 
?nsiderable, going as high as about 50 percent. Seedlings 
lat come next in order are reallv too weak to be considered. 
eviewing the literature (114) o~ polyembryony it is stated 
lat the presence of more than one embryo within the seed may 
) ascribed to a stimulus received by the cells of the nucellus 

Storing of seeds 
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both above and below the embryo-sac, even though separated 
from it by several cells. As neither spore nor egg-cell is involved 
in this reproduction process "the formation of these additional 
embryos may in effect be regarded as a case of adventitious 
budding, analogous in its results to true vegetative reproduction". 
Only one seedling is a true cross, while others which may number 
as many as ten, will in no way differ from the mother plant. 
Toxopeus (305) shows that the generative offsprings, as distinct 
from the vegetative seedlings, of Japanese citron and rough 
lemon, amount to only a small percent in the latter and may be 
fifty to sixty percent in the former, and show very poor growth 
and are, therefore, easily distinguishable. If the weakest seed­
lings are removed, it will result in the retention of the seedlings 
that would show les genetic variation. Webber (323, 331) has 
confirmed the value of this type of selection in citrus nursery 
practices, but proceeds to point out the necessity for selection of 
large sized seedlings in the nursery even among the apogamic or 
nucellar seedlings. 

In the nursery it will be, therefore, profitable to remove in 
the very early stages all the multiple seedlings, leaving only the 
best and the second best. This will do away with a good deal 
of congestion for the seedlings, and will save the remainder from 
unnecessary competition in regard to space and plant food. 
It will also eliminate very considerably variations in the seedling 
which are further on to lIerve as rootstock plants, by getting ri 
of aU the generative seedlings which are the weaker ones as 
noted above. 

A number of jamhuri seeds are found to have their seed coa 
split even while they are inside the fruit. The split seeds do no 

seem to differ from sound ones in their genera 
characters. They look healthy and normal i 
all other respects. They are, moreover, most! 

Seeds with split 
coats 

of the larger seeds and amount to about twelve percent 0 

the total number of seeds in the fruits. The splitting or openinS 
of the seed coat is one of the various changes a germinatio 
seed undergoes. It seems that these split seeds have alread 
started on their course of germination. This shows that th 
seeds have a natural tendency to prepare themselves for ge 
mination immediately after their development is complete. 
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left long enough, the split seeds germinate inside the fruit itself 
as it often happens in overripe fruits. 

Heavy seeds of jamb uri are graded out and sown in raised seed 
beds. Such seed beds have the advantage of permitting better 
S . f d drainage of the soil. The land is first of all 
owmg 0 sec S dug well to a depth of about six inches. All 

the clods are broken and manure is added to the land at the rate 
of about twenty pounds per running yard of the bed. Seed 
beds are ordinarily three feet broad and ten to twelve feet long. 
If the soil is clayey, a basket (30 pounds) of fine sand may be 
added to every running yard of the bed. The whole lot is then 
well mixed and worked into the ground soil and levelled. This 
usually raises the bed area about six inches above the general 
ground level. In the raised bed, seeds are sown in straight lines 
across the bed at. a distance of about six inches apart, and covered 
with about an inch of the soil and pressed well. Copious water­
ing is done immediately after sowing. Water is then given 
daily once to sufficiently wet the bed. 

Reichart and Perlberger (216) working on the diseases of 
citrus in the nursery beds, recommend that the best nu~ry soils 
for citrus beds should have a sufficient supply of plant food and a 
high water percolating capacity. A soil containing four parts of 
sandy clay with one part of old crumble manure of more than 
two years old is the best. If fresh manure or organic matter as 
dry leaves or straw is added, it favours the spread of disease. 
The soil surface of the seed bed should be at least ten centimeters 
higher than the surface outside, and the beds should be covered 
with at least two centimeters layer of sand or gravel, and the 
~eeds should be sown four to five centimeters apart. Excessive 
humidity is caused by closer sowing. Watering should be frugal 
but frequent, and only the upper layer should be kept moist till 
germination occurs. Three to four weeks after sowing, the upper 
layer should be kept as dryas possible and the lower layer moist. 
Collar of the plant should in no circumstances be kept moist. 

Observations made on germination of jamburi seeds have 
hown that they are very active in germinating when quite fresh. 
G~rmi . f et"d Their activity declines rapidly after extrac-

nation 0 S S tion from the fruits. I t comes down to a 
er~ain degree in about nine days and this degree of activity is 

malOtained for a long time. The length of germination period 
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varies vastly. It may extend from 22 days to about 80 days. 
In general, this period appears to be comparatively long in the 
case of fresh seeds, that is, when the seeds have been in store for 
not more than about a fortnight. Seeds sown after keeping for 
long periods in store have a much shorter period of germina­
tion. Jamburi seeds can be preserved without materially losing 
their viability for about four months. If sowing is delayed for 
about a week or more, the seeds start germinating a little later 
than when they are sown fresh. This delay which may be 
about a fortnight need not lead nurserymen to think that the 
seeds have lost their viability and will not germinate. Hume 
(129) also records that citrus seeds do keep for "several months" 
without losing their viability. 

Germination is seen first about thrce weeks after sowing is 
done. Until then, no disturbance should be caused to the sur· 
N bed fa.ce of the bed or else some germinating 

urs ry S seeds may be damaged. Germination may 
last for over two months and until then care should be 
exercised in removing the weeds from the beds. When seedlings 
have grown for about a month, all weeds may be removed 
and the interspace between the row of sowing may be lightly 
stirred with a weeding hook (khurpi). When the seedlings 
are about two months old, it is time to thin out some of the 
weaker ones, and to clip off the multiple seedlings arising from 
the same point so as to relieve congestion, and to afford space 
for the proper growth of the remaining seedlings. At the same 
time, the seedlings should be daily examined for caterpillars 
of lemon butterfly which look like dirty droppings of birds in the 
initial stage and which eat the young leaves and shoots of the seed· 
lings. These tiny insects should be hand-picked and killed. If 
this care is not taken, the seedlings will all be seriously damaged. 
When the seedlings grow up, this trouble is not so seriously felt. 
The caterpillars are mar common in the rainy season. When 
the seedlings are about three to four months old in the seed-bed, 
they are removed carefully and transplanted in flat beds or on 
the side of ridges and furrow specially prepared for thrJIl. The 
ridges are about two feet apart and seedlings are transplanted 
on one side of the ridge about a foot or less apart. In flat beds, 
transplanting is done in double rows about a foot apart, and 
separated by two feet distance from the adjoining double row~. 
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Each bed has four rows of seedlings in all and the seedlings are 
tran planted singly. These beds are called nursery beds ~nd 
close planting in them is favoured, as by close plantmg ~eedhngs 
generally grow erec~ and form f~w lateral shoots. A straight and 
erect stem is essentlal for buddtng upon.. . 

Nursery beds are watered immediately aft~r transplan~ng, 
and a?,a.\\\ a\\e\: tout Oa'is, and then regularly at ~~ervaIs of ~lght 
Ca f bed to ten days. Weeding and sttrnng tne soa 'dl~ 

re 0 nursery 5 f' h . th f th o Importance as t e vigorou grow 0 e 
seedling depends on these operations, as much as upon occa­
sional manuring, consisting oflight doses of sulphate of ammonia 
or cattle urine. Manur are usually given just before or after 
irrigation turns. Th soil is also stiH d at least once in a month. 

In order to develop good rootstocks, the side shoots produced 
by the seedlings are nipped off every now and then; the earlier 
they are so treated the better, as they leave no mark on the main 
stem. If they are clipped when branches have formed wood, 
the main stem becomes knotty, and unsuited for budding. With 
this treatment, seedlings become ready to receive bud in about 
a year from transp1anting in nursery beds. If large seeds are 
selected for owing and then if vigorous seedlings alone are' 
~orted out for transplanting, they may become ready for budding 
In about a year from sowing the seeds. 

Roguing out the variants or undersiz d plants from citrus 
seedlings in the nursery beds is shown by Webber (331) to be very 
::;radini or eOOl' important for obtaining only vigorous and 

. s mgs unitotm\y growing 'ltwl\in.g roou,\.ocks of 
apogamlc or nucellar origin. Observations collected at Poona 
m the graded seedlings have shown that:-

1. The first class seedlings show better growth than the 
the second class seedlings even when they are young. 
They make a more rapid growth when they once 
get a start, and establish remarkably their superiority 
over second class seedlings. 

2. The poorer second class seedlings develop side 
t>:anches at a much earlier stage than the more 
vigorous first class seedlings. 

3. At the age of four months, the first and the second 
cla.~ seedlings attained a girth of 1'44 em. and 
1'29 em. and at eleven months thest" girths were 
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2'90 cm. and 2'0 cm. respectively. At this age 
the first class seedlings were fit to receive the bud 
while the second class ones were not. 

It is convenient to bud the root"tocks at a height of about 
six to eight inches (15.to 20 em.) [rom the ground. The root­
stock plants should, therefore, be straight and without branches 
upto a height of about 25 cm. at least to facilitate the budding 
operation. Branching below this height greatly diminishes the 
thickness and vigour of the main shoot of the rootstock plant. 
Nurserymen accomplish these by two methods:-

I. Small seedlings are transplanted in beds as close to 
one another as possible, only leaving enough space, 
just to do the budding operation conveniently. 
Close planting in this way naturally discourages 
the branching on the sides of the seedlings. 

2. As an additional precaution, they remove by hand 
all the side branches that might arise on the lower 
25 cm. of the rootstock by nipping them in the bud. 
A clear rootstock stem is thus obtained. 

It is evident from this that first class seedlings have a natural 
endeney to grow without branching in their earlier stage, and 

provide the best rootstock from the nurserymen's point of view. 
hey may not require any special attention to secure a clear 

stem of about 25 cm. in height. Another point the first class 
.eedlings have in their favour is that they grow very vigorously 
when they once get a start. This is important from the point 
of view of the planter. Rootstock plants must also be healthy, 
Itrong and vigorously growing. Buds inserted on vigorous 
rootstocks grow very fast and give the best plants. As the root­
,tock forms the foundation of the future tree, it is essential that 
nly the best rootstock plants are always selected for use. 

For the actual budding operation, it is necessary that the 
;ootstock plants should be in sap flowing condition in order that 
the bark may split easily and that the buds may "take" quickly. 
~ut it is also necessary that the rootstocks attain a minimum stage 
f maturity, when they can be budded upon. This minim~rn 

itage of maturity is reached by the first class seedling much earher 
~an by the second class seedlin~s. High budding has been 
"eeommended by some as a preventive measure against the attack 
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of gummosis. This disease is generally seen to start from the bud 
joint and spread upwards. It is encouraged by wet condition 
of soil. If'the stem and particularly the bud-joint is kept fre 
from contact with the soil or irrigation water, it is suggested that 
the incidence of attack will be minimised. The bud-joint ca 
be kept away from the oil or water by budding the rootstock 
plants sufficiently high. Budding at a height of at least 18 inche 
is rccommended. If this has to b achieved, it is necessary tha 
only very vigorous seedlings should be selected as rootstocks 
because in some cases weaker on s do not take buds sufficientl 
high. First class seedlings are, therefore, to be favoured fro 
this point of view also. 

When stock seedlings are about a year old after transplant­
ing from the seedbed, they are budded upon with buds of Santra, 
B dd' Mosambi or other superior types of citrus. Tho 

1,1 mg method of budding commonly adopted in th 
Bombay Presidency is the shield method. It consists of giving a 
'T' or an inverted 'T' cut in the bark of the rootstock plant in aj 
suitable place about eight to nine inches from the ground or wher 
the bud is to be inserted. The bud from the scion stick is care 
fully removed by cutting it off the buds tick along with a slice 0 

bark. This is then inserted carefully inside the bark of the 
rootstock with the growing point of the bud upwards, and tieq 
with a strip of fine banana fibre. While thus bandaging, th~ 
gr wing point is kept open in order to allow it to sprout and 
grow. The bud should be preferably inserted on the northern 
~ide of the rootstock to prevent direct rays of the sun falling on 
It and drying it up after insertion. As an additional precaution; 
a leaf of the rootstock may be removed and tied over the ban, 
daged portion to shade the bud for some time after budding. 
When the cut on the rootstock is straight, it is usually necessary 
to bend the rootstock stem slightly towards the operator, so as t 
make the bark open out naturally and permit the insertion of the 
bud. In this case the bark of the rootstock holds the inserted, 
bud tightly when it is reJeased back to its natural erect position. 
and contact of the uniting surfaces is facilitated. 

Contrary to the prevailing practice in some parts of India, it 
is found that in many parts of the world the practice is to use 
bud-shield with a piece of wood attached to it. This practice has 
also been found at Kodur (Madras) to produce a greater success 
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in budding and to promote a better growth of bud sprouts. 
The budders are also able to turn out more work per day. Thi 
sY,5tem, however, has not gained popularity as yet in commercial 
nurseries in some parts of this country. In South India, paraffin 
cloth is used in preference to banana fibre as a tying material 
al'ound the budded region. 

Just as it is c sential that the rootstock should be in 
sap flowing condition for success, it is also necessary that 

the buds in proper condition are selected for 
the purpose. Young shoots of citrus are 

generally tender and angular. Growth which are one or two 
seasons old are more matur and rounded. Small discontinuous 
streaks of greyish colour also appear on them. Such branches 
should be selected as sources of buds for propagation. The 
trees from which bud-sticks or bud-woods arc taken should be 
in a growing state, so that the buds are in a sap flowing condi­
tion and the}' can be easjJy removed from them. This condi­
tion is noticed by pinching a thin piece of the bark and drawing 
it off the wood. If the bark peels off easily and if the exposed 
wood is mucilaginous one may be sure of the proper cOQdition 
bf the branch selected. This test holds good for rootstock plants 
also, for finding their suitability to receive the buds. 

Budsticks are generaUy about six inches long and have three 
or more unsprouted but well developed buds on them. Sprouted 
buds and buds with thorns are unsuitable as they cannot pro­
duce any success, because while separating they almost always 
damage the germ or the growing point. If, however, a piece of 
wood is retained in the bud-shield, it is possible to use the buds 
containing thorns also. 

As pointed elsewhere, bud-wood should be cut only from the 
Pest and heavy bearing trees of the most valuable strain that are 
~nown to bear fruits of the right quality. That a large number 
f trees even in the best of citrus groves are unprofitable, and 

planting of cent percent inherently heavy-yielding or profitable 
trees furnishes the best means of increasing the orchard income 
!Lre facts that have long been realised by citrus growers in other 
wuntries. Hodgson (120) has shown that even in the most pro­
' table orchards in California, approximately one tree in three is 
~ither only self-supporting or is actually grown at a loss. In the 
~veragc orchard, the non-profitable trees amount to about fifty 

Selection of buds 
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percent. Webber (326) has pointed out that in South Africa, 
some groves are planted to trees almost quite worthless as com­
mercial sorts, and many trees are inherently low-yielders year 
after year.' In an experimental plantation raised with great care 
and after repeated selection of individuals, Batchelor and others 
(14) have shown that inherent qualities of the tree is one of the 
most important causes for variation in tree yields. Further 
evidence of the variations in trees caused among others by the 
variations inherent in the buds due to heritage has been ad­
vanced by Webber in 1920 (337). These facts make it essential 
to carefully select the parent trees as sources of bud-wood. 

It is best to use bud-sti ks as soon as possible after they are 
cut. If it is necessary to retain them for some time; they should 
be wrapped in moist sphagnum moss and stored in a metal case 
with closed lid in a cool place. 

As a result of seed variation and hanges appearing in the so-
matic tissues of the plant, mutations or SpOIts occur in citrus 

Bud variation 
and mutation 

plants. Forms due to change of somatic tissue 
are known as "bud variation." In plants, 
improvements can be accelerated by careful 

observation and isolation of desirable bud mutations. Con­
versely, the elimination of inferior bud mutations are of con­
siderable importance in propagation of trees from a fruit like some 
varieties of citrus which are especially subject to mutations. By 
such careful selection of mutations and scion parents qualitative 
inheritance is assured, undesirable kinds are eliminated, the 
product is standardized and new strains are easily picked up. 

The Washington Navel is a variety which is liable to bud 
variation. Shamel and Pomeroy (237) in the United States 
Department of Agriculture, who made careful investigations, 
have shown by yield records that each variety in addition to its 
being stable and constant in yield, is composed of several strains 
which are capable of perpetuation through vegetative propa­
gation. From individual records, they found that high-yielders 
\vere always maintaining their hereditary nature of productivity 
and that qualitative characters such as shape, taste and seedless­
ness are transmissible. 

Some workers may not admit Shamel's accepted theory that 
the ribbed, corrugated, seamed or otherwise abnorma 1 charac­
ers noted on certain lemons and reproduced in progeny by 
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asexual propagation are bud-sports. According to some 
authors the tumor in Washington Navel considered by Shamel 
as bud mutation is nothing but a disease of some sort of virus. 
This can be transmitted by vegetative propagation . . 

In citrus fruits, Shamel and Pomeroy have listed 187 bud 
mutations in Washington Navel orange alone and 51 in Valencia 
orange (237) . Webber (320) points out that Shamel's method 
and principles of bud selection have been criticis d by some -in­
vestigators under the erroneous assumption that those principles 
and methods were based on the supposed continuous improvem('.nt 
made by selecting generation after generati n from high yielding 
u·ees. The main factor achieved by bud selection, which is now 
being done almost in every country is the greater certainty 
that the trees produced from good selected mother type! 
will be more uniformly of the standard good type and mon 
productive. An instance of successful commercial introductior 
of a strain in Japan through the propagation of bud mutatior 
has been pointed out by Tanaka (277). Caryl (52) has pointec 
out that by means of bud selection, thorns have beer 
eliminated, late and early type have been separatecj, mino: 
varieties removed and quality improved. 

Shamel's work has now received very wide recognition anI 
numerous new strains propagated from a single bud taken eithe 
from a limb or an entire tree variation are being extensive!' 
popularised in most of the citrus growing countries. SinQ 
1916, very few orchards have been planted, which have n 
been propagated from selected buds from inherently produ tiv 
parent trees in California. Probably ten million buds have bee 
sold to California growers alone as a result of Shamel 
work. Two special strains produced recently- the Robertso 
Navel Orange and the Don grapefruit-are now being widel 
distributed, and seem to have great promise. In addition I 
these benefits to the industry, Shamel's work has been of grel 
value in teaching growers to keep a close watch for branch 
mutating towards poor types so that they can be eliminatedfr 
the orchard. Shamel's work has emphasised the importan 
of propagating only superior individual trees of outstanding mei 
based on the yield records and other observations of at least fo 
or five years. Freedom from and resistance to disease should 
made a primary consideration in such work. Great care sho 
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also be taken to avoid propagation of limbs producing inferior 
bud-sports. Vnint ntional propagation of undesirable strains is 
bound to bring about a progressiv deterioration in citrus or­
chards and it is, therefore, the duty of growers and nurserymen to 
not only preserve the be,st trees and look for more valuable ones, 
but also to prevent the multiplication of progeny from inferior 
bud mutations. Frost (9 1) believes that bud variation forms of 
citrus presumably originate in single cells, either by gene mutation 
or by differential mitosis. Variations also occur even among the 
apogamic seedlings, and this is considered to be due to 
<:himclical conditions in the par£nt trees. 

In the Presidency of Bombay, bud mutations have not been 
extensively isolated. But several clonal strains which seem to 
have originated by this process do exist in the cultivated local 
types of citrus. Examples of such clones are provided by the 
thick-skinn d and thin-skinned Mosambi oranges. The round 
and oval types of limes, the jamburi and id Limbu strains of lemons, 
etc.,are bel'eved to have originated as chance seedlings, as in the 
case of these fruits, vegetative propagation is rarely resorted to. 
A type of variegated lime has been isolated some time ago from 
a mutant branch of an . ordinary lime tree. This branch had 
its leaves and even part of its stem variegated with yellowish and 
grecn patches all over. It was propagated by marcotte, and the 
progeny have retai!led .the variegation. The new clone, how­
ever, is not of much economic value, as it is a shy bearer. Tn 
Madras one pinkfleshed Vadlapudi orange mutant has been 
detected and perpetuated recently. 

Budding can be done with success at any time of the 
year in Bombay Presidency, when the plant is in growth. This 
1" , b dd' generally happens when the cold season passes 

Iffie .or u mg. . d h th h h r: 1 mto sprmg an w en e ot mont s are 10 -

lowed by rains. Buds inserted at other times take a very long 
time to sprout. Budding dU\'ing rains is not advisable because 
the rain water might get into the wound caused in the rootstock 
during the budding operation and ultimately cause the tissues to 
rot. In that case no union of the bud is possible. It is con­
sidered desjrable to have at least a week of clear weather after 
budding is done. In North India, the optimum period of bud­
ding for citrus trees is either February to March or August­
September. At Kodur (Madras) it has been found that July to 
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end of December provides the best budding season. Buds in 
serted after January immediately precedin~ the hot weathrn 
failed to pr duce good growth. The seedlIng rootstocks may 
be brought into condition to receive buds in ab~ut a fortnight, 
if so desired. The soil in the beds may be dug h htly and mao 
nured with farm yard manure and further given a light sprink. 
ling of sulphate of ammonia. Irrigation should follow imme. 
diately. Thes treatments stimulate the plants to grow and 
orne into flush within about a fortnight or three weeks. They 

can then be budded. 
From the time of budding, the buds swell and sprout into 

shoots in about a month. If the buds remain green for a fort· 

Lopping the 
rootstock 

night it may be taken that they are uniting. 
After a month the stock is headed off abou1 
2 H above the joint so as to con.centrate the 

sap on the scion bud. Sprouts coming up from below the scio! 
bud are all nipped in the bud or rubbed off lest they make th( 
scion bud starve. It is common among some Indian nursell 
men to lop the rootstocks at the time of the budding opera 
tion itself. This, however, has been experimentally shown a 
Kodur (Madras) to result in a poor 'take' of buds and pOOi 
growth of bud-sprouts. In certain cases, it is seen that it is ad 
visable to jeave some nurse branches on the rootstock above thJ 
bud-joint until the bud sprouts and the sprout becomes stronl 
enough to maintain itself, after which the nurse branch is loppe~ 
off. When the scion bud sprouts into a branch and grows tl 
about a foot in length, the portion of the stock above th 
bud-joint is trimmed. and cut close to the scion. The nel 
sprout is then helped to grow erect by carefully tying it loose! 
to a stick or other support planted near the plant. 

Nurserymen transplant budded plants when they grow we 
in the nursery beds. At Shikrapur, near Poona, where citl1l 

Transplan ting 
plants are being raised commercially ona ve~ 
large scale, transplanting of budded plan 

is invariably done in order to keep the growth of the tap (0 

under control. If this is not done, the plants send their roo 
deep into the soil, and considerable difficulty is experienced J 
lifting them up for sale. The plants are transplanted in bel 
in specially selected shallow soils with murum below. In pan 
of the United Provinces and in the Punjab, transplanti 
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of budded plants is done several times to harden the root 
system, and to restrict the size of the roots to the narrowest 
limits possible. This naturally results in a considerable reduction 
in the weight of the plants and consequent reduction in the 
amount paid as railway freight and haulage charges. Often 
the tap root is twisted and tied into a knot to meet the same 
end. The knot gets fused together in course of time and remains 
unnoticed when the plants are sold, as the roots always remain 
coverecl with a ball of earth. When the plants are planted in 
their permanent place in the plantation without disturbing the 
ball of earth, the knots continue to remain intact. In course of 
time, the knot hinders the proper and normal growth of the 
root of the tree, and this may consequently accentuate die-back 
or other physiological troubles. The practice of knotting the 
root, is, therefore, considered harmful and should be given up. 
Leading nurserymen are now realising the evil effects of this 
practice, and adopting more efficacious metllOds to serve the same 
nd. According to these new methods, the tap roots are cleanly 

and sharply cut at the r quired depth while transplanting. This 
helps them to develop lateral roots which do not go deep but 
mostly spread ut in the upper soil layers of the bed. The roots 
develop callus and the wound heals up well if the cut is neat. It 
is noticed that this practice is not as injurious as that of knotting 
of the roots, although definite experiments on the comparative 
merits of knotting the root as against pruning it arc not yet 
carried out. 

In the nursery as well as in the plantations, attempt should be 
made for obtaining a strong clean-stemmed plant of citrus, whe­
N f ther of Santra or Mosambi or any other type, by 
th~l~;~w~~dS and clipping off in the very beginning all the mul-

tiple branches, which might come up from 
the hud-joint or close to it. The buds of the Santra and Mosambi 
plants are almost invariably l1lultiple, and as such, they give 
flse to more than one sprout. If the unsprouted buds of healthy 
ranches of these trees are examined, it is seen that in almost 

aU, cases, two or more rudimentary buds are present in each 
tI of the leaf. They are not all of the same size. A trans­

\'erse cut through any of them shows under a hand lens as 
ny concentric circles as there are buds. Usually one of these 

bUds is bigger than the others. Normally, the biggest and most 
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vigorous bud alone seems to give rise to a sprout. Occasionally 
two or more sprouts may be seen to come forth from a single leaJ 
axil. 

In the case of a single bud-insertion on a vigorous rootstock 
the inserted bud-shield naturally gets more plant food than il 
would on the original mother tree. Not infrequently, therefore 
such a bud-shield sends forth more than one sprout. To begil 
with, only one sprout may appear but latcr on when the rool 
stock is headed off, more sprouts are seen to arise from the ba~ 
of the first sprout. This may be due to the extra food and sti 
mulus the other buds get. A count was taken of the sproul 
that came out of the original bud-shield in the case of fifty budde 
San Ira plants, about one year after budding. It was seen [rol 
this count, that in many cases, the numerous sprouts that 5hl 
out gave a crowded and bushy appearance, with even eigl 
sprouts springing from a single bud-shield in some instance 
One or two of these sprouts are usually strong and vigorou 
the rest being weak and angular. These sprouts may appel 
one after another, and ' their appearance may be expect d 
any time in a young plant. The buyer of budded plants 
led to believe that th larger number of sprouts indIcates t' 
superior quality of the budded plant. The nurserymen, thel 
fore, make no attempt to aUow only one sprout to grow from ~ 
bud. A clean stemmed tree is obtained only from a plant whl 
has a single sprout growing from the bud. A clean stem is ( 
sirable for the following reasons;-

1. A clean stem at the bud-joint makes the joint str 
and the tree becomes strai.ght and shapely. 

2. The bud-joint is most susceptible to gummosis a 
the clean stem facilitates treatment against 1 
disease by avoiding many inconvenient angle~ 

3. The stem borer is seen to attack grown up trees at 
angles of the main branches, when they arise fi 
the bud-joint. A single clean stem gives tli 
least opportunity and facilitates treatment Wi 

there is an attack. 
4. By allowing more than one sprout to grow from 

bud-joint, the growth of the main stem is che 
and the plant becomes bushy, with many a", 

branch. 
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5. A straight clean stem up to about three feet high 
makes cultural operations easy, and increases condi­
tions of hygiene in the plantation. This is parti­
cularly so in the case of Mosambi and grapefruit 
trees, which have a tendency to give out low­
spreading branches. The shock which the trees 
receive by cutting off a large number of their 
branches at one and the same time would be avoid­
ed by proper care in training the plants as 
required from the beginning. 

At the time of lifting the plants from the nursery, care should 
e taken to injure the roots as little as possible. It is usual to 

dig out the plants with a ball of earth around 
the roots. The size of ball varies at different 

laces, but usually has a maximum diameter of one foot. If the 
lants had been transplanted a number of times, or if the period 
flifting synchronises with the dormant period, the ball of earth 
, reduced to the minimum size. It is observed that plants im­
orted from South Africa, Australia and America during the 
'inter month arrive with little or no soil around the roots, but 
1 a greater part of this country subject to mild winter conditions, 
will be risky to resort to this practice. It is only in Coorg and 

Vynad that mandarin plants are sometimes lifted and sold with 
aked roots. Practical defoliation sometimes accompanied by 
runing ofa few of the shoots, is done at the time oflifting in order 
) reduce the transpiration of water through the leaves. Com­
lete defoliation is done by South African and American nur­
:rymen when sending plants to this country. 

Training of the trees in order to have a strong frame-work 
, a point that requires attention at the time of tree-lifting. A 

modified leader system is considered to be 
the best for all citrus trees. According to this, 

nly one leader or main shoot is allowed to grow, and all other 
~oots emerging from other leafaxils are considered subor­
mate to the leader. The secondary shoots should, be placed 
I, a spiral way around the leader shoot at suitable intervals. 
rlolent pruning produces a large number of weak shoots or 
)me tall and fast growing "sucker" shoots of not much value 
Ir the tree. Severe pruning of healthy and vigorous growing 
rees during the early years also tends to prolong the period 

,ifling of plants 

:raining 

c. F.-13 
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of vegetative growth and delays the bearing period and should, 
therefore, be avoided. In order to secure symmetry and 
promote a strong frame-work, three or four secondary Shoob, 
may be selected, which should be distrihuted as evenly a, 
possible arouud the stem. I r a shoot emerges immediately aho\'(' 
or opposite anot.her, one of the two may be removed. Simil:u­
ly, crossill[.\' shoots are to be il\'()idn,1, As pointed (Jut alJ(ll'c, 
two or Hlort' stro!lL\' shoot,,; should not Iw permitted t(J t;j'()\', 

Ii-om OIW piau, \elY clost: to 1',I('h other, as this wi]l resldt ill 11J(' 
ji)nn:!I io'l ()f \\',-,,,k c)'()ldw<;, LOIJI.! alld \'i~~or()us ";;lJckl'I''' 
shoots shollld ;lh, 1)1' ITlllo\Td, Pl'1'iodic inspection of tlte pili! 
will be t1('(TSS,lI'\' to SeT (liat fresh growth does not occur ti'Olli 
ullwanted placn cOllsequent to (ht' pruning dOIle at th .. !imr 
of liftillg. 

Some allthors r("comnwlld heading thl' young tn~e., back ill 
thl' nursery to !wt>n(r-f'ight illdlrs to thirty illches above tIlt' 
bud-uni()n. ThlTe to fin' hranches are sll,~grsted (n 1)1' 
JTtailled spirally aroUl,d tIll' tnmk. If these are allowcd (I> 

grow upright and the main limh allowed (0 grow tlllilltl"ITU)l­

tedly, it would produce a strong Ji'amc-work. The llll· 

pruned trees, however, made hetter gr<Jwrh alJd became 1)('1«'1 

trees from all ~taJl(_J-p(>ill(s. The SUhSCqlWllt Ilt"l'formallcc of tht' 
forme,· set of trc,·s showed that earlr ij-uitillg of the UllprulIuj 
trees ha» had lIO apparent detrimelltal illfluence Oil the growth 
or behaviour of the trees. 

Propagation of all citrus to be used as rootstock by seed is illl 

almost uuivt'rsally accepted method. It is easy and rendt'n 
the raising of a much greater number 1,1 

V('~('"lativ" propa- vegetative- IJ1'og,"eIlY through the selectiolJ 0 
galion of ruuhtuck . ~ 

apogamic seedlillgs than would be possible In 
any other means, without spoiling the mother trec. Furtlll'l 
lIew varieties can b~ imported through seed, thus minillli 
sing- the risk of importillg- diseases. Roo(.ing of cuttin~ 
of mallY varieties of citrus is also di1Ticult. Halma (104) aftc 
an extensive trial admits that sweet orange and grapciiui 
cllttings root less readily than the lemon, but points out thaI iJ 
a suitable nwtJiod they can be made to produce a satis[.'letor 
percentage of rooted plants. On another occasion, Hall11 
( 104) has stated that success in rooting citrus cuttings is aehie\'c, 
by taking cllttings [mill Illatw'C or semi-mature wood, ani 
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rplying bottom heat ~nd maintainillg a high atmo~pher.ic 
umHIIl\'. In \Vest IndIes, some succe~s has been obtallled In 

,ising 1:(Joled citrus cuttings in it solar frame, wherein the sun's 
II; ;J1e utilised to furnish heat to the beds (130). A few 
,II i('tit:s of' citrus have been propagated by cuttings at LyaUpur, 
hile sonl(' nurserymen in:-' tadrds usually raise orallge plants 
I' ~(I" I' and some lemons by cuttillgs. Since the root system 
, eu ttillgs is shallow at least durillg the early years (114), and 
f(' IlIlJpa,gatioll hy this and g(Jot~· methods illvoh'Cs the rCllloval 

!!lon' mate'rial [J'OUl the parent, and also because of the 
" . .' Ii)i ii t \' or certain diseases i>ei ng transfnreci to the progeny 

1)111 til(' parent trees, these methods, if Llsed to raist' root­
(wk,;, art' !lot ollly uneconumic but may in Jact 1)1' inadvisable. 

(It}It'J vegetative nit,thuds of propagati(lll haye also heen tried 
illt \'Myir.g degrers of success in dint-rent parts of the world. 
:('j,her : :)3:,) reports that layered trees were as produniw' and 
~"I',,"s as compared to bucl(!t-d (II' seedlillg tree~. Enarching 
IS <lIs" jWl'1l practised to pro\'ide a Ilt'W root system to old 
IIiIS tl"C('S that han' damaged ro()[.s by plallting one or more 
('dli1Jgs IWill" the collar aJlel i1Jserting tilt: wedged t'nds of 
n" st(lt ks to tlte lJ;1s(' of the SCiOll tret's, Rill,l.!:ill!,!; d hard­
\Jod "!loill,!.;s of SOIIle citrus trccs /i-Jl' th(~ prodllction of roots 
,i.' ;lis() S!Jt)WII tu be possihle /)\, HUII((-r (1:\1). Ill' has also 
()\\'ll that the relative spread (11' root /(lJ'Illalioll in stelll propaga­
)11 is a specific atlrihul(', Semi-hard w(lod ClIltings of citrus 
" propagated with much mort: (Ont.ainl.)' than those' of hard­
lod. 
Ailer selecting the site fill' raising all orange plantation, 

,illg due consideration to tflt' soil, climate and irrigation faci­
lities, j;)l' which J)uI'J)ose tIl!' advice and helJ) 

k~{'1 ion of site 
d cpa{'inf( oj' an expert may profitably be sought ill the 

, b'~gilllling alolle to avoid loss and disappoint-
:nt later on, the land is first ploughed at least twice crosswise. 
\'(T<l1 thorough harro",ings are thell givell alld if time permits, 
: area may he left fallow ji)r a season, and th(,11 sown to 
ill hemp ((.'rotll'aria jUlleta) which nop should be buried in 
~ ground as a green manure. If the land is required in the 
It! season, it can be brought into form in the j()lIowing summer 
d green manured during·' the ensuin~ monsoon. The next 
t weather may be utilised for taking pits at the required dis-
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tances, and planting may be undertaken in June at the break (If 
rains. If this is not po:>sible the land may be ploughed alld har. 
rowed, and pits may be taken and left exposed durillg tht'lin: 
weather for about two months. Planting may be taken up in 
the foHowin):,; .Junc, in which case a full year is sa\-cd. 

All appropriate spacing wiH depend upon the individual 
c}Jaractc:ri::;tic::; oj' th~ varieties selected and rootstock empi(Jyrd 

and theIl' responses Jll respclt to root growth. The pC!lr·tra.!Ji. 
litv of the soil has of course a marked influence on the ratr d 
gr~J\\'ih of the roots, IJut despite this filet varieties differ markedh 
in their spread and depth of root system. Until recently, the 
belief was common that the spread of roots corresponds near), 
to the spread of the branches. A year old lJllcIded orange tree IlI\ 

a certain rootstock variety at Kndur (1\.1adras) has been /,wIId 
to forage over a length of six feet radius from the trunk, whilst Ihr 
spread -of its branches hardly reached a radial length of oue fil(l!. 

In bearing plantatiolls also, roots have been known to extt'nd 
several feet beyond the branch spread. Till t1le mot systrm 
of citrus trees on different rootstocks are studied under variec 
soil conditions, it is not possible to recommend definitely (lil 

optimum spaeings fin' all the fruits. 
The first principle underlying the spacing of fruit trees w(Juil 

be that the trees are to get enough growing space so that thei 
branches just corne into contact when tlH~r are of middle ag l 

The habit of gr()wth of trees, thereic)re, plays an important roi 
in deciding upon the space to be given while planting. Mosamb 
pummelo, grapefruit and Navel orange trees which have a spn:il( 
ing habit, are generally planted 20-25 feet apart. Trees plante 
fifteen or even eighteen feet apart are seen to overcrowd thr:n 
selves in the Ahmednagar and Khandesh districts. Similarly, t) 
practice of planting them at a distance of twelve feet each w: 
necessitates the removal of the plantations very early, that 
when they al'e just about ten or fifteen years of age, as is notie· 
in the Saswad (Poona district) tract. It is, therefore, better III 
more profitable in the long run to allow at least twenty feet ea 
way for these fruit trees. Santra trees which have an erect ha 
of growth are ordinarily planted at a distaru;e of fifteen feet eJ 

way in Bombay Presidency. Such trees are seen to overcro' 
themselves when they are advanced in ag·e. If the soil be "' 
drained and loamy, even Santra trees may be planted twenty f 
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1';11'1. In fertile soils under favourable conditions of climate 
tI(\ cult\llt", even 25 feet spacing has been noticed to he scarcely 
dequate to ci,rus fruit,. The kagdi lilllbu (lime) trees arc also 
iI.lllled at eil!;hteen to twenty feet apart in Bombay Presidency. 
r (1)(" soil is well drained and fertile, the trees may he prolitably 
'i\,(,11 ;trI additional spacing of two to tin: ft'et each way. If on 
he other hand, the soil happens to he mrdium day and rather 
tich, the usual spacing as mentioned ahove may be adopted. 

'I'll(' spacing givcn to citrus trees varies markedly ill the rest 
,fIndi:!. In the Plinjah, the general rule is to allot a twenty feet 
p:lcill!; lor all kinds of citru~ tfees. but in the South of India 
I'fJt're s('ed propagation is widely adopted, twenty-five to thirty 
,('t sparing is gi\'(~n to sweet orange and SantraJ, and eight to 
\\Th'(' ft'l't I()l' acio limes. I{('rcnt experience at Kodur and 
io;('wlll're shows that 24 feet for budded sweet orange and 22 feet 
d acid limc are perhaps the best in South India. 

Pits are best takell in the hot months and kept open until the 
J!lllwing rains. Pits of three feet by three teet by three feet are 

usuallv taken for all citrus trees at the distance 
dc('id~d upon, as explained ahove. While 

l~ging the pit~, the upper half of the soil is commonly heaped 
·paratt'ly, and both beaps as well as the interior of the pits are 
xposed to the weathering action of the sun and wind during the 
·,t Illonths. Just hefc,re the rains are expected, the pits are filled 
p with the upper soil going first into the pits and the lower soil 
IIlHing upon it. Both heaps of the soil arc sometimes well mixed 
"parately with the f()lJowing mixture of manure per pit while 
lhng the pits. 

5 lb. honemeal (or 10-20 lb. of whole unbroken 
b()ne~) , 

]00 lb. (about 4 baskets) of wdl rotten and powdered 
cattle manure, and 

]0 lb. ofordinarv wood ash. 
~:hen the pits 'l,re thus fi'lIed a small peg is driven into the centre 
If ~arh qf them as it mark to guide the planting operation, 
hlCh will follow after some days. Pits must necessarily be 
Iled hefore the rains start, lest they get stagnated with water 
? their improved structure is spoiled by rain water. As 

,'lilted out for mangoes, it is ~uggested that no manure of any 
nd need be added to the pits in fertile soils. In other soils also, 
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it is best to allow ample time j(Jr the manurial in[4l'edients tli 

decompose in the pits prior to the actual planting. Addilil)fl 1,1 

excess manure, or fi'esh organic manure to the pits at (,I j\hl 

before the plallting of tre(~s is a practice that a-quires trl lit 
discoll raged. 

He,tlthy J.\\d vit.>;()rou:\ lllldded plants an~ hrought from, 110:· 

mercial nur.)crit's for pla1lting, \\'}Jich i.; donewhel1(-JIIel!rtw(JI<l\\' 

l'bnting 
moisten the soil alld ("()uj down the atlJ]()sphnr 
ArrangcIlll'llts may Iw made ill time,,\ ith reli:,i,!, 

and rt'gi)tC'n~d Illll".'WrnllCl1 to rCSITVC the r<'quircd Il urn 1)('1 'I 

plants (Jr high quality and tlln- ("all 1)(' obtailled .i\lsl ill tillll' ii, 
plan t ill!.',. Tiwrc i~ a widl'spn·,tci lH"lici a!1l011l!; the pcnpl(' {k,: 
laq~'f'-sizt'd pblllS arc pn'li'r;lhl,· 1(,,' planting and will bca,. inlll' 

ill a ]'ci;lti\Tlv sh"rtn !_ll"r;"d. \'n:, brgT ,tIld (,!d plallh. 1", 
Ol!ly c(rsl mon' to the groll'(T, lrut als" a brgt' l)(>r(,(,I1(;I";f' oj'thl',;" 

:-<Ilffc!' hoth in the f)!'cl!;d·d after planting ;llid durillg II'," 
\Veblwl I:U lilla, shown that LlrgtT se('dlii~gs nr) douht prod 
larger IHldlillL',:'. but it has to Iw n'rnernlw!'cd ilIat t1w dim']1 
in the siz(~ Ill' plaJlts disaplx';JIS LIpid!)" as \,":11'.s )'I,ll OIl, ;llil 

jlJUnd to remain ollly upto aL)out eight years. 
\-\'hen plants arrive, they should be taken delivery or v, ith 

delay and planted oul ill the fidd directly. Whik plallti 
each plallt should he srparatt'd frolll the rest carefully, with 
damaging roob or shoots, alld ,tI! injured roots and lender .,111 
neatly pruned uf-T. Planting' is done in the centre (,f th(' I 
where the peg was driven pn'\'iollsly by removillg the reid 
soil out just to accommodate the ruots of the plants ill II 
normal (l1I)t twisted or c()lltnrt("d) positiol1. The soil 
then put m'('r and <Lmund the roots and pressed well with 
ket of tlw plan tcr. T]I(" plan t shuuld llnt Jw ,~f't d,rWll def'p so;l 
bury the stem. It is a s('riolls mistake to bury the lHld-joint \\·1 
planting, as this predi~poses the trees to the attack of whit<- :J 

and gummosis trouble later on. The bud-joint ~hn1l1d he hi 
high above the zone ordinarily made wt"t hy the irrigation \I;II 
in order to prc\'(~nt the attack of gllmmosi~ at the hud n'~11 

Irrig-ation is given copiously immediatc1y after planting. 1 
tender plants arc protected fiH' a few w('cks after plantillg fn 
the heat of the sun by shading thf'lTl with some kind of shrl 
made of green branches or so. These are removed aftn I 

plants revive from the shock of transplanting. In R ,lh 
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(Ahmadnagar, Bombay State), Mosambi plants arc sometimes 
planted in lucerne fields where they get ample water and manure 
and ample shelter from the sun's heat to start their life. After 
the plants establish themselves, luc rne growing is discontinu d. 
JI') ill-drained fields this practice may be harmful, since the 
citrus trees may find that water applied to lucerne is much more 
in quantity and frequency than required to suit their needs. 

In North India where there is a defini te dormant period 
during the winter season, planting is done ither in February or 
March, as soon as the severity of the winter weather shows signs 
of decline, or during August-September soon after the rains com­
mence and well in advance of the cold season. In South 
India there is a longer planting season, commencing in July and 
continuing up to the end of January. Planting tree in 
February immediately before the ensuing hot weather is not 
resorted to. 

After the first copious irrigation given immediately on plan­
ting, a lighter watering follows in four or five days. Th nce-

I . t ' forth, irrigation is done in regular turns. If the 
rnga Ion . d ll·· · . . area IS un er we lrngatlOn, wat r IS gIven once 

in six to eight .days in the hot months from March to June, and 
once in ten to twelve days in winter from November to February. 
During the rains,.J uly to October, water is given only when there 
is a long break of rains. But wher irrigation is from the canal, 
the canal regulations cannot be chang d to meet the requirements 
o~ orange plantations only, and the grower, therefore, irrigates 
hIS orchard whenever the authorities allow the canals to run. 
There is no doubt that this system does cause considerable in­
convenience and loss to the grower, and in the best interest of 
the industry, the irrigation laws require to be changed to suit 
tile. needs of the planters wherever feasible. In canal areas, 
wmg to the uncertainty of the availability of water, growers 
ften let into the orchards as much wate~ as they can when water 

is available. as the next turn of water may be uncertain and ir­
egular. This practice often causes periodic stagnation of water 

III the soil, and brings about die-back and Toot-rot trouble. 
00 heavy irrigation is as harmful as lack or inadequacy of 
ater. It is, therefore, safer to have well irrigation, as it 

can be controlled by the grower himself. Well irrigation is 
pecially preferred when trees are treated for crop and when 
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quantity of irrigation water to be applied has to be regulated. 
Plantations of citrus get badly damaged in canal irrigated tracts, 
where they may be surrounded by heavily irrigated crops lik 
sugarcane or rice. The percolation water of the neighbouring 
fields enters the citrus orchards through the lower layers of soil 
and always stagnates at the root zone. This situation prevents 
soil aerati()n and proper functioning of roots, as a result of which 
the trees suffer. 

The practice of irrigating the citrus groves in this country 
has, in general, followed, certain arbitrary rules, especially in 
regard to the frequency of application and the amount of water 
applied. Most of the best kept orange orchards in the United 
States of America report average water usage of sixteen to 
twenty inches per annum. Some au thors report that, in 
California, 9·2 acre-inches of water are used for Navel 
ranges from April to October. which in most years consti­
tute the main irrigation period in that State. It has been 
suggested that alternate medium and light applications of water 
with not more than two heavy applications a year, would be the 
most efficient irrigation practice in Arizona. Thomas (306) 
states that as much as sixty acre-inches per acre have been 
applied in one irrigation season in some parts of California. 
This, however, is very rare. He avers that citrus trees are 
more sensitive to an excess of moisture than some other crops. 
The trees especially on heavy soils may get stunted due to ex· 
cessive irrigation. Even in a grove where only seven applications 
for the season witb a total of 18·5 acre-inches of water were 
applied per acre, he has pointed out that a considerable part of 
the water applied penetrated below the reach of the roots, carry­
ing soluble plant food with it. He states that on heavy loam 
soils, a sixty-day interval resulted in better root development 
and more uniform distribution of soil moisture. Transpiration 
of trees averaged 16 inches in orange county while in the in­
terior climatic zone of San Bernadino and Riverside it was 
21 inches for excellent and good condition trees. Transpiration 
will vary from 50% to 80% of the total irrigation application 
(197) . 

Veihmeyer and Hendrickson (313) point out that on sandy 
loam soils of four to six feet depth in north Sandiego county 
the interval between irrigation during summer should not 
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exceed forty-five days, while in the lighter. types of soil in 
orange county, the interval will range from thlrty to forty days~ 
and on the loam soils from forty to forty-five day~. About 
one to one and a half times as much water was requ;red when 
cover crops were grown as when the orchard was gIVen clean 

It ' tJ'on It is observed that citrus roots are most dense eu Iva . . {i' h 
in the upper three-feet layer, and the upper oot contam~ t e 
large majority of the fOOts. Thomas (306) states that cltrus 
roots stlo.om. -pen.etrate be\ow a depth of four feet. In soils 
less than three-feet in depth, it is estimated that fifty to sixty 
p reent of the roots are in the top foot of the soil. The soil 
should be wetted at each irrigation to the depth in which most 
of its roots occur, even though the lower layers still contain 
some readily available moisture. 

It is, therefore, clear that citrus trees deVelop a relatively 
shallow root system in most soils. Since plants will withdraw 
moisture from a given soil mass in proportion to the quantity of 
active absorbing roots in different depths, other conditions being 
constant, a knowledge of the rooting habit of the plant is useful 
in any intelligent soil moisture programme. In Arizona, grape­
f~uit trees of four years of age on a light-texture soil had developed 
eJghty percent of the total root system in the surface two feet of 
soil (240). In another study with mature citTus trees on the same 
soil type, where the extreme depth of root penetration was in the 
ninth foot, the major part of the root system was quite shallow. 
I\nother study in Arizona revealed that sixty-five to seventy pel'­
:ent of the absorbing roots of mature citrus trees are located in 
ne surface two feet of soil (111). The same investigation shows 
~a ( 31'6 acre-inches of water are applied in Arizona to Navel 
lnges in a year, and 40'7 acre-inches to grapefruit. Smith, 
mnison, and Carns (240) report that about thirty acre-inches 
I water per annum is applied to grapefruit trees on the Yuma 
lesa in Arizona. Irregular watering or rainfall interferes with 
e normal growth and production of the trees. It has been 
served that under moist conditions, in central and south 
dia whenever trees are subjected to heavy rain, after a period 
ring which water has been withheld, a flush of blossom results 
lich may interfere with the fruit set in the normal season. 
The most importflnt methods of irrigation employed in citrus 
ards, and in fact, in all fruit plantations are flooding, check 
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method, basin, ring and the furrow. The flood method consists' 
'Of applying water all over the surface of soil. It is only possible 

f " , on level ground and where water supply is 
Systems 0 IrrigatIOn abundant. It is obviously a wasteful method 
in young orchards, where the whole area is not occupied by 
the roots. With the check method, water is held around trees 
for a time by suitable bunds to induce percolation. This is a 
popular method of irrigation among the orange growers of 
South India. Bunds are run between every two rows of 
trees, with cross bunds at right angles to these so as to form a 
basin covering the entire area reserved for each tree. It has 
no place in young plantations, nor wheJ'e cover or green-manure 
-crops are raised. The preparation of beds entails much Jabour 
and where it is practised, it is intended to be a permanent 
feature not to be replaced or changed within short intervals. 

The basin 'system is perhaps the best method of irrigation 
in young groves. Small basins are prepared with bunds a little 
away from the drip of the young trees and these are connected 
with irrigation chalmels. The basins are widened gradually 
~s the trees grow. Since investigations have proved that the 
lateral root extension of a tree is far beyond the spread of 
branches, it is necessary to make the basin larger by at least two 
feet than the tree-spread. On slopes) basin irrigation has special 
uses, since it facilitates control of water and retards the drift of 
silt from the upper to the lower regions. Such soils as may be 
moved are not lost, but tend to bank up at the lower end of each 
basin, ultimately creating a terrace-like effect and thus enablin 
more effective control of the water. This is so in the check 
system also. 

The ring system is also recommended for young plantations, 
in areas which are likely to be affected with gummosis and other 
stem maladies. The ring method consists of making a small 
raised mound of earth near the trunk of trees, and by the outer 
side of this mound a ring about two to five feet in width with 
an encircling bund are made to hold water. Irrigation channels 
are connected to the rings by short furrows if necessary. Water 
is thus kept away from the trunk of trees, while it feeds the roots 
at their main feeding zones. The rings are widened periodically 
as the spread of the trees increases. The mound of earth near 
the trunk is also increased in spread but not in height. When thl 
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tree-spread is so advanced that branches of adjacent trees touc 
the rings give way to check, flood or furrow methods. 

In South India a modified basin method is also sometim 
known as ring system. In this, a ircular bund is formed 
around the tree trunk, 2 to 3 feet away. Beyond this bund i~ 
the basin, which receives the irrigation water. This method 
does Jlot seem preferable to the basin system, where a gentle slop 
is provided from the stem to the periphery of the basin, so tha 
when water is let in, it first fills in at the periphery and remains 
there longer than towards the trunk. If the periphery is about 
four to five inches lower, water may not touch the trunk at all, 
or ifit does, it will not remain in contact with the trunk for long. 

The furrow method is very extensively practised in some 
citrus growing countries of the world. By this the entire soil 
surface is not wetted, and an even distribution of water ensured. 
It is suited' to level or very slightly sloping areas. Four to eight 
or even more furrows are made at equaL distance between the 
tree rows, with a double mould board plough or bund former. 
The water is admitted to the furrows from a main feeding chan­
nel. Water applied thus in furrows tends to move downwards 
with little lateral movement, the maximum lateral movement 
having been found in California to be about thirty inches from 
the centre of the furrow. The length of the furrows should 
not be too great, a otherwise moisture penetration is not satis­
factory. On hill slopes, furrows exceeding 250 to 350 feet are 
considered undesirable. 

Although four to eight furrows are ordinarily made between 
every two to thre rows, additional furrows are also often zig­
zagged. In young tree plantations, two furrows one on each side 
of the row are also recommended in some parts of the world for 
four or five irrigations. But a combination of furrow and flood 
~rrigation methods is suggested where there is any objectionable 
alt or alkali present in the soiL 

Manuring citrus orchards judiciously is of very great impor­
tance in India. Enough experimental results on this subject 
ave not yet been recorded to suit local conditions. However, 

an ' from the general observations on the require-
urmg . f ments of the plants from theIr early stages 0 

rowth, it is surmised that young plants need more of nitrogenous 
anures than bearing ones. In the earlier stages, that is, up to 
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the age of five years, the plants grow well :ve~etatively,. and 
establish a proper root system and head. ThIS IS accomphshed 
by the supply of nitrogenous manures which help the trees to 
develop a rich green colour and healthy growth. Phosphatic 
and potash manures should be given some prominence, though 
not by any means to the exclusion of nitrogenous manures, 
aftet' the trees come to bearing. Potash manures produce a 
balanced growth, maturity of shoot and fruits and help the 
formation of sugars and starch in them. Phosphatic manures 
stimulate bearing of fruits and promote root development and 
hasten maturity of plants. 

No manure is given to the plants until one year from plant­
ing in the orchard except what may be given to the pits while or 
preferably before planting. A one-year-old plant may be given 
20 lb. cattle manure, 3 lb. wood ash (for potash), I Jb. boncmeal 
(for phosphoric acid) and 2 Jb. of some kind of oil cake (for nitro­
gen). This dose of manures may be increased by equal doses 
year after year until the plants are nve years old. After that, 
ihe oil cake may be reduced to five pounds only per year, the 
Ither doses remaining constant at the five-year dose throughout. 
n tracts where there is white-ant trouble, the oil cakes should be 
llbstituted by sulphate of ammonia or restricted to castor and 
;aranja . (Pongamia) cakes only. These cakes are believed to 
cter white ants, being bitter and PQssibly also partially toxic to 
~sects. 

A good deal of literature on manuring of citrus t.rees is avail­
hIe regarding exp rimentaI work carried out in foreign coun­
'ies. In many cases, the three manures already mentioned are 
iven prominence and the doses are adjusted to suit the soil 
onditions. In cases of mottled leaf and lack of .chlQrophyll in 
~e foliage, a zinc sulphate-lime mixture is sprayed on citrus 
'ees one .or more times. Copper sulphate in Bordeaux mix­
~re spray is also sometimes applied in light doses to overcome 
e die-back or exanthema trouble in certain soils of Australia. 

f small dose of ferrous sulphate may also be given with advan-
1ge to correct iron deficiency, wherever that is suspected. 
fagnesium sulphate is yet another fertilizer found useful 

some soils as those in parts of Florida. Lime and man­
Ilnese applications too have a value under certain soil condi­
.ons. 
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The amount of soil nutrients removed from a good crop of 
oranges (about three hundred boxes per acre) has been esti­
mated to be 43 lb. of nitrogen, 12 lb. of phosphoric acid and 
49 lb. of potash (14). The latter two are less subject to loss by 
leaching than nitrogen, while the loss of organi.c matter W~ 
found to be very rapid. In humid regions, the loss is more 
than in semi-arid or arid regions. Again, since the roots of 
citrus arc most dense in the first three feet of soil, greater deple­
tion of soil nutrients occurs in this top layer than in others. In 
California, large increase in productivity of as much as 43 per­
cent was obtained when only a small amount of fertiliser con­
taining half a pound of nitrogen was applied in conjunction with 
a cover crop incorporated into the soil during winter. Batchelor 
(14) considers that in California, it is an extravagance to 
apply nitrogenous fertilisers more than once per year, and 
Webber (320) supports this view. No measurable effect was 
seen in California by the applications of potash and phosphate 
fertilisers. 

Analytical data on nitrogen content in 36 bearing Valencia 
orange trees excavated over a two-year period at intervals of 
3 weeks, reveal that nearly half the nitrogen is in the leaves, about 
one-tenth in the twigs and shoots, a quarter in the brancl}es and 
trunk-about half of this being in the bark-and rather less than 
one-fifth in the roots. A maximum nitrogen content occurs 
just prior to the initiation of new growth in the spring and a 
minimum in mid-summer (50). 

On the basis of a very comprehensive experiment with four­
teen different fertiliser treatments on 2500 Washington Naval 
rees in South Mrica, Anderson (7) has shown that a balanced 
lutrient solution with nitrogen and phosphoric acid is of the 
rea test importance. Ammonium sulphate induced very marked 
acrease in weight of crop and number of fruits. A leguminous 
pver crop did not produce an increase in the nitrogen content 
f the soil or in the size of crop. Similarly, superphosphate, 
otassium sulphate and lime did not affect the size of the 
op. High potash content caused high acidity in fruits, while 
high phosphoric and calcium content in soils produced 
e reverse effects. The thickness of rind of oran~es was 
creased by high potash content and decreased by high 
asphoric acid. Except nitrogen, none of the elements 
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had any effects on sugar conten ts. Lord (156) advanc s the 
suggestion that a judicious increase in lime application to 
citrus groves is beneficial. In Florida, the citrus produced on 
soils of high lime contents has received consistently better prices 
than the rest. Ground lime stone screenings, wood ashes and 
raw phosphate rocks may furnish valuable sources "Of lime. Vos· 
bury and Robinson (314) state that excess of nitrogen results in 
die-back and also causes thick-skinned and puffy fruits. table 
manure, on the other hand, may have a bad effect esp cially on 
trees growing on light soils when applied in large quantitie. 
In small quantities, it is considered to be the be t for citrus 
trees. On heavy soils, rich in humus, the application of lime 
is said to be beneficial, but too much of it may injure the 
oil. Withholding of potash has been shown to r duce the 

size of fruits in New outh Wales (22). A mixtur contain· 
ing six hundredweight of sulphate of ammonia, three of 
superphosphate, and one and a half of sulphat of potash, 
applied at the rate of one pound of the mixture per tree 
for each year of tree's age till about the seventh year, when it 
would receive seven pounds, has also been suggested by some 
authors. 

In South Africa (166), manures made from crop residues 
are recommended to be applied to trees at the rate of 200 lb. 
per annum per bearing tree or about eight tons per acre. But the 
exclusive use of this manw'e as an annual dressing is considered 
inadequate, and therefore, has to be supplemented by inor' 
ganic nitrogen application. On the other band, five to ten 
cubic feet per tree of good stable manure or its equivalent 
in other organic fertilisers is reported to have given excel· 
lent results in some cases. Organic fertilisers, such as guano, 
s owed no positive advantage over purely inorganic fertiliser 
rnixture. Inorganic forms of nitrogen appeared to be part i­
;ularly useful in revitajising declining trees. The vaJue of the 
lpplication of nitrogen and organic matter to itrus trees in 
~outh Africa as in California is also emphasised by Blatt (38). 

Citrus growers in Western Transvaal are recomm nded to 
lpply 150 to 200 lb. of well rotted kraal manure in June or July 
ler bearing tree per annum. For Navel oranges an addi­
ional application of five pounds of sulphate of ammonia is reo 
lommended to b given in July together with ten pounds ofsupel'-
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phosphate to large seedling. trees, and some",:hat le.ss to fully 
bearing Navel and ValencIa trees. Potash IS advIsed to be 
appli d in an inorganic form (5). Much of the nitrogen 
is to be applied during the spring, while a light dre sing of 
nitrogen with phosphoric acid and potash during autumn 
is said to assist in maturing the autumn crop and lllture fruit­
ing wood and benefit the crop (59) . Prest (20 1) suggests that a 
suitable annual fertilising dosage for mature lemon trees would 
be six hundredweight ammonium sulphate, four of phos. 
phatic fertiliser and two to three of potash fertiliser. Twen.ty 
tons of farmyard manure may also be applied per acre, or 
failing this, a green manure may be grown. 

Some of the orange growers in the Rajampet taluk of the 
Madras Presidency apply a mixture containing 12 lb. ground. 
nut cake, 9 lb. of fish manure, 3 lb. bone meal, and four to 
Gve baskets (100 lb.) of well rotted farmyard manure pel' tree 
per annum. 

Growing and turning uncler of green manure crops are neces­
lary where bulky organic farmyard manure is not available in 
lufficient quantities. This practice is of special value in young 
,lantations, as it aids in the building up of a reserve of vege­
able matter in the soil. Griffith (99) reports that in New South 
!\Tales, green manwi.ng with a legume crop sown in winter in­
reased the citrus crop yield by 33 percent. It was also found 
hat although citrus trees did not respond to superphosphate, it is 
lecessary to apply this fertiliser for securing a good growth of 
reen manure. 
, It has been shown in Arizona, that the fruiting behaviour of 
ltrus is more closely associated with the nitrogen supply during 
Ie winter and spring months than with any other nutrient 
laterial (9) . Supplementary applications of nitrogen are re­
~rted to reduce Shedding of fruits and increase the yield while 
:avy quantities of organic manures (20 tons per acre) are said 
produce larger and somewhat coarser fruits and also to delay 
Mu)'ity. Nitrogen-starved trees produced fruits which coloured 
rlr .and bad a low acid percent, but the rind was thick and 
• .JuIce content low. 
Recent work in Holland has demonstrated that the amounts 

lIfitamins C and A produced by plants largely depend on the 
~ounts of nitrogen and potassium added to the growing 
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medium; increase in nitrogen in the medium being responsiblf 
for an increase in vitamin C and A while increase in potassium 
produced an increase in vitamin A and decrease in C. Such 
responses were, however, not obtained in America (83). There 
js enough justification for the belief that different manurial 
treatments bring about different effects on the quality of fruits 
and as slIch. the subject is of great importance both for th~ 
grower and the consumer alike. 

The furrow method of application of manures and fertilisers 
became popular for a time in some parts of the United States of 
America. The manure or fertiliser is distributed in fUrrOI 
eight to fourteen inches deep running alongside the tree 
The furrows for the first season may be run along both sides l 

the trees near the drip of the branches in the same directio 
as the flow of irrigation water. In the second season, the 
may be located similarly but at right angles to those of the fin 
year. In the third year, the furrows may be made parallel t 
those of the first year, but nearer the centres of the tree ro\~ 
and similarly they may be placed the fourth year parallel t 
those of the second year. In later years, the methods 0 

application depend upon the circumstances. 
The application of manures in the Bombay Presidency i 

.done at the commencement of monsoon in the case of youlIj 
trees. When they come to bearing, the manures are applid 
while the tree are treated for bearing, by withholding irriga.tiol 
.and exposing their roots to induce flowering, excepting the nltr~ 
genous manures which are best applied when fruits are set., ~h 
adju~tment in applying manures coupled with frequent surnn 
of SOlI, helps the fruits to develop into large size and to beeo 
very juicy. Nitrogenous manures applied together with o.the 
while the trees are treated for flowering, are noticed to hmd 
flowering and to encourage vegetative growth. Slaugh 
bouse refuse when applied at the rate of two baskets (30·40 lb. 
per tree of Santra and Mosamhi of three years of age has 
0J:s~'Ve;J to produce good cffi ct. One of the profitable resu/a 

pjJIl~~US :::; also by the application of 4 lb. of ammonium lui· 
'the trts to mak{iifI manur~, the la.tter_ being essential to enabk 

I R h' u use ofmorgamc mtrogen supply (151). 
n a un (Ahmadnagar, Bombay State) Mosambi trees are 

llIanured at the rate of 5-6 lb. of castor or K;,a,ya (Pongamia) oil 
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ke per tree of fifteen to twenty years of age before blossoming. 
'his stimulates flowering and fruiting abundantly, specially in 
Id trees. Fannyard manure is also given at the rate of two to 
mr baskets (40-80 lb.) per tree. 

Proper cultivation of the soil in citrus groves is as much 
eeessary as in other orchards for providing an adequate soil 

aeration and also to prevent the weeds from 
~rove culture robbing the soil of moisture and nutrients. 
'roper cultivation renders more water available to the roots 
'Y increasing the pore space and materially diminishing resis­
anee to the rate of flow thro.ugh soil. The extent of cultivation 
!equired to be given to an orchard is dependent on the soil topo­
rraphy and also on the kind of inter-crops grown. Removal of 
",eeds, however, forms the main object commonly kept in view, 
jut recent experience in the United States of America is that 
he weeding operation is usually overdone in most of the groves. 
it is not sufficiently realised that in some locations weeds serve 
LS soil binders, by checking erosion and drift of the surface soil 
)eyond the range of trees. That weeds can be utilised to the 
~dvantage of the trees by ploughing them under the soil and 
Lllowing them to decompose into soluble humus is also a point 
tot to be forgotten. The old idea that the presence or absence 
,f weeds is a measure of the citrus grower's ability is being dis­
odged, and the harmful effects of continuous clean cultivation 
s being increasingly realised (67). In many orchards, weeds 
lerve as a voluntary cover crop and a worth-while addition to 
>fchard soil. Realising their value, American citrus growers 
~re now discarding the erstwhile practice of dean cultivation to 
he modified methods of giving the minimum cultivation that is 
!ecessary to incorporate weeds into the soil, except when inter­
:rops are raised. Deep tillage is likely to damage the roots of 
rees and should be resorted to only in young plantations. Con­
~nuous grove cultivation may result in the formation of hard 
Ian or plough-sole, destroy the organic content, decrease bac­
~ial life, and hinder the proper root penetration. Deep cul­
Ivation is necessary in young plantations where there is no fear 
~f root injury, but should on no account be resorted to in ol?er 
'la~tations, especially just prior or just following the blossommg 
k nod. Stirring the soil when wet, spoils the texture and re-

rds the movement of water. 
C. F.-14 
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The orchard is ploughed or disced in the spring to inl 
corporate the cover crop or weed growth with the soil. Th! 
soil thus made available is used to construct irrigation furrows 
If rains occur before the first irrigation, or if there are pleot) 
of weeds, it may be necessary to cultivate once again. In som! 
orchards, cultivation is done once after the first irrigation bill 
this is not done in all cases. The original furrows are lel1 
for several irrigations, if water supply costs less than remov 
of weeds. The orchard is cultivated and smoothened before harl 
vest. Clean cultivation in dry season, combined with COVel 

crops during the summer and rainy season, is the most widell 
used system in Florida (314). In Palestine, two hoeings pel 
year (196) are considered indispensabJe to a citrus grove, one 
in the spring prior to the blossoming period (particularly in 
heavy soils) to aerate the soil, and another in autumn in orde~ 
to hoe in the organic manure. In the United States of America, 
the trend is decidedly towards less frequent stirring of the soil. 

During the first three or four years of a citrus plantation, 
there is generally ample space between the tree rows to permit 

Inter-crops of raising subsidiary crops of some kinds of 
vegetables or of other crops of short duration. 

Such crops as guar (C.yamopsis psoraljoides) , Bhendi (Hibiscus 
esculentus), cabbage, knolkohl, cauliflower, tomato, and brinjal 
(Solanum melongena) are preferred for growing as inter-crops ill 
orange and allied orchards. These inter-crops finish their life 
cycle in about five months from the start and may be grown either 
in the monsoon or winter. They do not require heavy and con­
tinuous irrigation. The land is left open for part of the year, 
which is highly desirable for proper hygiene of the land. The e 
crops are of considerable economic importance, as they help the 
grower to meet sundry expenses as for example to pay for labour, 
manures, feeding cattle, etc. During the first few years, there· 
fore, when the main plantation does not bring any returns, 
inter-crops are dependable to some extent for their income. In 
dry parts of the Bombay Presidency like Bijapur and in tile 
East and West Khandesh districts, orange plants are sometimes 
planted at the required distance along with the plantations of 
banana. A dwarf short-lived type of banana, namely, the Basrai, 
is grown in these districts, and citrus plants get the advantage 
of being protected from the scorching sun during the first twO 



ORANGES AND ALLIED FRUITS 185 

rears of their life, if planted in banana plantations in these tracts. 
['he banana plantations are removed within two years after 
:itrus plants are planted and the latter are fairly well established 
,y then to stand exposure to the natural heat of the tracts. 

Inter-crops in citrus plantations should not be such as would 
'equire heavy irrigation and would occupy the land through­
lut the year because the irrigation given to such inter-crops makes 
he land o~ersaturated and the main planta.tion suffers there­
rom. Crops oflucerne (Medir,ago sativa), su~ar?ane and banana 
hould be avoided as inter-crops as far as posslble. Of cour~e, 
e extremely hot tracts like the Bijapur and Kbandesh dIS­

riets are exceptions; and growing of such inter-crops during 
~e first two years of the life of citrus plantations in these dis­
'iets may at times be a desirable feature. Owing to the hot 
inds that blow during summer and the high temperature of the 
~osphere, the effect of heavy irrigation to banana is not felt 
r the citrus plants. On the other hand, the latter are pro­
~rly protected. 

There exists a lot of controversial matter in regard to pruning 
'citrus trees. One of the objects of pruning citrus trees is to give 

. the plants the desired shape. Hodgson (1 J 9) 
believes that with practically all varieties "a 

rtain amount of training" is necessary, if proper framework 
mation is to be secured. During the first two or three years 
~cial attention should be given to the selection of the framework 
the trees as has already been pointed out previously. He re-

mends that three to four main scaffoldings be selected and 
:se should be distributed as evenly about the trunk as possible. 
they are selected early, and those not required are pinchedor 
hned, it is not necessary to head back these main leaders. 
le-? the frame-work branches are established, the only pruning 
t IS necessary is the removal of suckers and the unusual vigo. 
1 ~ater sprouts. He suggests that a good rule to follow espe­
ly.m the pruning of young citrus trees, is when in doubt, 
e. It alone unpruned. During the first few years of bearing, 
~mg shOUld be confined to the removal of suckers. Later, 

ing may have to be done. As the trees grow older, it may 
ecessary to provide for the gradual renewal of the bearing 
by occasional removal of older parts; but this must be 
gradually. The lower branches bear fruits of poor quality' 

uning 
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and therefore should be removed, but the tree should not ~ 
pruned too high. A foot from the ground is all that need b 
kept free from branc~es.. . . . . . 

In South Africa, rmgmg of CItrus by gIVmg a smgle clrcul~ 
cut knee-high round the trunk, through the bark to the woo 

. . just before the last petals of the main bloo, 
Rtngtng have dropped gave substantial increase 
yield. The greatest increase occurred only when low yielding q 
shy bearing trees had been girdled. Shamel and Pomerd 
(237), however, noti?ed in Califo.rnia, a marked reduct.jo~ l 
yield of previously nnged trees m the season after rll1gmi 
Little effect on yield was observed during the ringed year exceF 
during light cropped years. 

Santra and Mosambi trees exhibit three growing sea ons Q 

the Bombay Presidency. They are June-July, Septembel 
October and February-March. The trees pu 
forth new growth in each of these seasons, anI 
often bear flowers and fruits indiscriminatell 

Growing and 
fruiting seasons 

in a\\ o~ iliem, if the)' are left to nature. In order, therefore, 
take advantage of the markets which are active in particull 
seas~ns, the orange growers of the Presidency give eel 
speCla) treatments to the trees and mllK.c them hC1lJ" on))' ; j 

bur hC'QI'Y ergo .La tbt:)'?!ilr. The flowering seasons are callea 
F'ltt-4t7/// /oeally. IDe pwpose of these trelltmcnts is to checi 

vegetative growth and to stimulate flower bud formation. 
There are three bahars, for any of which the trees may be 

treated during the year. They are called the Ambe (Februat'f· 
March) bahar, the Mrig (June-July) bahar, and the Hasta or 
Hatli (September-October) ballar. The trees are usually treated 
for only one of these bahars in any tract, and to change the tn;at· 
ment from one bahar to another is a matter of considerable di1li. 
culty and inconvenience to the growers and also injurious to the 
trees themselves. 

When the orange trees are in their fifth year, they are 
gen.erally treated for the crop for the first time. Flowers and 

Treatment for 
bohar 

fruits that may set earlier than that age are 
carefully removed before they develop, lest the 
early bearing should weaken the young trees. 

The treatment for the Ambe hallar, so named because the 
flowering coincides with the flowering of the mango (Ambe or 
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mb trees) consists of withholding irrigation water for about 
o months from the beginning of November to the middle of 

anuary. Irrigation is gradually reduced in the plantation by 
ssening the quantity of water given in each turn. The turn 
f watering which falls in the first week of November is half of 
~e normal dose and the one that follows it is about one-third. 
~rom that turn irrigation is completely stopped. When the soil 

the orchard dries up, the trees show signs of wilting and the 
raves are shed. About the middle of December, the land is 
~oughed and harrowed. All dry shoots on the trees are pruned 
d the whole plantation is cleaned. If the trees do not show 
ough signs of resting by stopping water alone, as it often 
ppens in heavy soils, the upper roots are exposed by rernov­

~g the soil aU round the trunk to a distance of three feet and to 
depth of eight inches. The finer roots that get exposed in this 
rea are neatly pruned close to the larger ones and any wound 
used to the latter is trimmed and coal tar (liquified and 
led) is applied to it to prevent rotting. Roots half-an­

ch or more in diameter are not pruned. This works as an 
iiditional check on the feeding of the trees, and stops their 
egetative growth remarkably . 
. The roots are kept exposed for about ten days. The original 

,II is then replaced after mixing it with the annual dose of 
lanure (excepting the nitrogenous manures as explained above) 
d the roots are covered up again. Water channels and basins 
e prepared and irrigation begins from about the middle of 
n?ary. The first watering is very sparing, the second which 
gIVen after four or five days is more copious, and the third 
tering which fo llows ten days after the second is a full dose. 

ormal irrigation continues from then onwards. This precau­
n is essential because heavy irrigation all at once tends to 

rce up vegetative growth. By the middle of February, that is~ 
~bout a month from the first watering, new shoots appear on 

. ch flower buds are seen. Flowering may continue till the 
dd~ of March when fruits set. Early in June, a dose of nitro­
nous manure (oil cake as suggested above) is given to the 

s and the soil in the basin is stirred frequently to keep the 
down and to help the fruits to develop. In the loose, sandy 

p soils of Rahuri, no root exposure is found necessary to in­
ce flowering of Mosamhi trees. Withholding irrigation for 
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about a month brings about the desired effect to check the vege, 
tative growth of the trees. Trees of thirty or forty years of age 
are very common in this area and are seen in good health capabJ 
of bearing a good crop with normal irrigation and manuring. 
Older trees do require more manure than younger ones for bear. 
ing properly. 

Fruits of Ambe bahar become ready fOT harvest in Novem. 
ber-December, and the season may extend upto january and 
~ven to February. During Christmas the demand for orangtS 
is fairly active and growers, therefore, take advantage of it. 

Treatment for the Mrig balzar commences from April when 
irrigation is decreased gradually and stopped altogether by the 
end of that month. From the middle of May, the land is 
ploughed and harrowed and roots are pruned in the same way as 
in the case of Amhe bahar treatment about the end of May. .By 
the middle of june, trees are manured and water channels and 
basins are prepared and the first water is given immediately, 
unless it rains by then. The operations are hastened up if signs of 
approaching rains are strong. First irrigation is sparing, the 
second is more. copious and the thin~ watering is a full normal 
dose, provided in all cases, rains do not intervene. By the middle 
of july, flowers are seen and fruits become ready for harvest in 
March of the next year. 

As the fruits of this bahar are raw and acidic during the mono 
soon months when the ophideris moth breeds well, they do not 
suffer from their attack as much as Ambe baltar fruits do. During 
the months of March, April and May, there is always a good 
demand for the fruits and growers can sell their produce readily 
and profitably. 

In the case of the Hatti bahar, however, no proper treatment of 
trees is possible owing to the preceding wet months. The trees 
cannot be forced to rest from vegetative growth, as stoppage of 
water is impossible because of rains. This bahar is, therefore, 
not treated for ordinarily, except when for some reason or 
other, the first two bahars are missed or are unsuccessful. 
When this bahar is obtained, it is poor and not remunerative. 

The question as to which bahar to treat the trees for, depends 
upon several factors for its answer. Treating trees for any 
Selection of bahar bahar presupposes the availability of labour, 

irrigation water and market for the crop at 
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particular seasons. Pests and diseases also determine the choice 
of bahar in many cases. In the Poona, Ahmednagar and Nasik 
districts, orange trees are more commonly treated for the Amhe 
bahar, because in these tracts, orchards depend upon canal 
water which is assured even during the hot months when fruits 
set and develop. Labour is also available during the months of 
December to January when the kharif or rainy season crops are 
practically harvested. The presence of large cities like Bom­
bay, Poona, Nasik and Ahmednagar assures a market for the 
fruits during the Christmas season. These facilities help the 
growers to successfully raise the Ambe bahar crop. Of course, this 
crop is damaged to a great extent by the fruit puncturing moth 
during the rains, but the other advantageous factors counter­
balance the 10 s due to the moth. 

In the Khandesh districts (as wen as in the Central Pro­
vinces) the common bahar for which .:>range trees are treated is 
the Mrig hahar (so called becau e flowers appear when the sun 
passes through the Mrig, deer-constellation). The orchard 
commonly depends upon well irrigation, and the wells go dry in 
the hot weather. If trees are treated for the Ambe bahar in these 
tracts, they have to be watered properly during the hot months, 
which is not possible and the crop might fail. Resting of trees 
for the Mrig bahar means withholding of irrigation to the planta­
tion during the months of April to June, and this synchronises 
with the scarcity of well water. Natural difficulties are thus 
overcome. The damage caused by pests during the monsoon 
months is also minimised, and the crop comes to harvest during 
the months of March-May when there is a good demand for the 
~uits. This bahar is therefore considered very advantageous in 
\facts which have to depend upon well irrigation and distant 
narkets. Of course, there is considerable difficulty to get 
abour in May and June, when the preparation for the monsoon 
Irops is in full swing. 

As noted above, the Hatti bahar is not of much consequence 
d can be taken anywhere, if the first two bahars fail and if the 

eather permits. This bahar is successful only if there happens , 
be a long break in monsoon in the month of September, when 

e trees can be rested . 
. It is always highly desirable as already stated to treat a plan­

ltion for only one baluJ, and to stick to that bahar yea.r 
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after year. By doing so, the trees get accustomed to definite 
seasonal treatments and they respond to them very well. 

Ch . th b h Regularity is established in the cyclic order 
angIDg e a ars [ . fl" d h b o operatIons 0 cu tlvatlOn, an t ey ecom~ 

almost automatic. Changing treatments from Ambe bahar in 
one year to Mrig bahar in the other disturbs regular arrangemen~ 
and causes economic loss. Trees treated for Ambe bahar in Decem· 
ber of one year cannot be treated for Mrig bahar the following 
June, unless the Ambe bahar fruits are sacrificed. Resting the 
trees more than once a year is to be very harsh on them, and 
the trees may suffer in consequence. Similar is the case with 
trees treated for Mrig bahar of any year. If, therefore, it is 
desired to adopt Mrig balzar as a regular routine practice for 
future years in a plantation which is accustomed to Ambe bahar in 
the previous years, then it is desirable to drop all treatment for 
Ambe bahar in the December of one year, when treatment is ordi­
narily due, and instead to treat the trees for Mrig bahar in the 
following hot weather. This naturally means the loss of six 
months more between two bahars, which thus come at an inter­
val of eighteen months. But this happens only once in the 
plantation and the loss caused thereby is not much. Changing 
bahars frequently is not desirable in the best interests of the trees, 
as well as of the proper income from orchards. 

The citrus trees are the chief group of fruit trees which are 
artificially treated for the crop in this Presidency. Horticultural 
knowledge of exposing roots of trees and resting them is brought 
into practical play in this group more than in others. The clll­
tivation of citrus trees is, therefore, considered to be of a dis­
tinctive character. It may be due to the equitable climate of the 
Deccan that the trees respond well to these treatments. III 
Sind and the Punjab as also in South India, the citrus trees do 
not seem to require any root treatment for flowering. The 
severe cold during the winter in North India perhaps forces the 
trees to rest during that period. As soon as spring dawns, tb.e 
trees become active and rush into flush with flower and frUit 
buds. Irrigation is stopped during winter, but that is done 
because it is no use watering trees while they are resting, and 
not in order to force the trees to rest artificially from vegetativ.e 
growth. The soil in citrus-growing regions in North India IS 

alluvial loam and very deep. Withholding water alone is enoug~ 
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if any measure is needed at all to rest the trees. Even in the 
Deccan, it is observed that trees do not require their roots to be 
exposed for resting in lighter shallow soils. Withholding of water 
for a period depending upon the nature of soil is enough to force 
blossoms under' these conditions. 

Root pruning of citrus trees is definitely a weakening process. 
Nhile its value in regulation of crops cannot be denied under the 
Nestern India conditions, it has to be admitted that repeated 
lnnual pruning of roots may reduce the longevity of trees by 
>rogressiveiy impairin.g their growth. It has been observed that 
~hen roots are pruned, a large net work of fibrous root~ is formed 
,om the cut ends during the first year of the operation. This 
ower of root regeneration, however, gradually gets reduced by 
nnua} root pruning, resulting in a corresponding reduction in 
rowth and production. In heavy soils, root pruning may 
roduce some benefit by providing better soil aeration, but such 
result is not likely in open soils. The deleterious effects of the 
ractice of annual root exposure and root prunings are being 
lalised in several orchards, particularly in southern and northern 
tdia. Even in the Bombay Presidency, it is advisable to find 
It how the effects of root pruning can be brought about by 
her and less severe orchard operations. At any rate, it appears 
Icessary to suggest that root pruning may be resorted to in­
Iquently once in two or three years in normal citrus groves, 
d annually only in the case of very vigorously growing and 
r bearing trees, perhaps in heavy soils. In the latter case, it 
II also be better, if the soil is exposed farther away from the 
(ion xposed in the previous year, so that the roots are not 
rt in the same place year after year. 
A method of root exposure followed by heavy manuring in 

leI' to produce limes in the summer season is practised in 
Iy. It is said that this practice does no harm to the tree, 
vided it is carefully cultivated. 
While treating orange trees for flowering, the period of 
ping irrigation depends chiefly on the nature of the soil. If 
soil is heavy and sticky, the trees do not show any sign of 
ering even if water is stopped for three or four months. 
t exposure has' also to be very severe in such heavy soils. 
'ghter soils, stoppage of water completely for about a month 
und enough. 
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The cultivation of kagdi lime plants is receiving a great de; 
()f attention in the Bombay Presidency in recent years. Th 

K d
" I" fruit is considered to be of economic impo! 

ag I lmes " h Id fi r h I' ." tance as It 0 S out a uture lor t e !Tne .JlIIC 

()J" squash industry, apart from the use of fruits in their fres 
condition. 

Propagation by seed was the rule in the case of this fTu: 
until lately. But it is now observed that if lime is raised b 
budding upon jamburi rootstock, the trees fruit earlier all' 
the fruits become larger ill size. The chief difficulty in buddir: 
kagdi lime is that many of its huds are accompanied hy thorr 
and it is not easy to take out a thorny bud for insertion, with lh 
prevalent method of budding. However, with some practin 
the lower buds on a shoot can he carefullv taken (Jut and ill 
serted with [.ir success. The method follO\~t'd and other (,OllliJ 

tions of budding are exactly the same as fi)r oranges. 
In the West Indirs, budding of limes on sour orange ron! 

stock is widely practised. Sour orange is reported to provide. 
deep tap root fex the limes, which when gl'Own from seedlillg, 
develops only a system of surface roots. 

Lime trees on swert orangr or rough lemon (jamburi) hay 
shown in California to make better growth than those on sou 
orange and trifoliate rootstocks. In Kodur, budded lime 
have yielded earlier and better harvests, trees on Cajanimm. 
having perfi)rmed the nest. 

In Dominica (109) sour oranges were resistant to diseas, 
and hurricane when used as rootstock to limes. The yreld 
also have been much greater than on seedling trees. 

Kagdi lime plants are planted 18 to 20 feet apart in mediulT 
black soils in the Bombay Presidency. In alluvial and mort 
fertile soils, it is desirable to give them a larger space lest tht 
trees get overcrowded in a short time. These trees art 
more spreading in habit than several other citrus trec.~. JI 
plantation on the bank of the river Tungabhadra in the Kappa! 
valley tract of the Dharwar district, was seen to thrive WIth 
a spacing of twenty feet each way and to present almo.l l 
an overcrowded appearance. Trees in the Khandesh tract 
are also seen to spread out and occupy lwenty feet spacr 
in a few years. In rich soils even 25 ft. spacing is, however, found 
inadequate in South India. " 
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This fruit is very popular owing to its high medicinal 
"alue. It has become almost a necessity for the table in the 
daily life of Indians. The tree adapts itself to many kinds of 
soil and climate. It is perhaps more adapted to tropical condi­
tions than the Masambi or Santra orange trees. It thrives well in 
Sirsi (Kanara) with an annual rainfall of more than 99". It also 
g-rows well in the drier parts of the Deccan, as, fi)r example, the 
Khandesh districts, with an annual rainfall of only 30". It seems 
to he more susceptible to frost conditions than other citrus trees, 
,nd that is one ()f the chief reasons for its limited cultivation in 
he Northern provinces of India. 

In regard to its requirements or manures, irrigation and 
lther items of cultivation, jime trees arc akin to orange trees in 
Hany respects. They come to Iwaring a little earlier than the 
'range trees do, although a regular crop can be had from the 
)Urth year onwards in ilomhay Presidency. 

Under natural conditions, the trees are seen to bear 
owers all the year round, each flush bringing forth blossom. 
'he period from Ilowering to harvest is ahout six months. This 
ct makes a difference in the economics of lime and orange 
dtivation in this COUll try. 

The chief harvest of limes falls in the monsoon when the 
:mand for the fruits is very dull. Fruits have, therefore, to 
. sold cheap and the growers consequently suffer. During the 
,t weather, when fruits are in demand, the crop is scanty and 
ices rise. If, therefore, the trees could be forced to flower in the 
mths of September to November, the fruit will be harvested in 
~ months of March to Mav when thc market for it is active. 
t this is difficult to adjust, 'owing to the rains in and preced­
: the September month. The natural bahars, namely, the 
Ibe and the Mrig, come to harvest in the rainy and winter seasons 
1 the demand [<)1' the fruit in both these seasons is very low. 
years when there is a break of rains during Augu~t and Sep­
iber, the trees flower soon after and fruits are harvested in 
.rch to May. But this rarely happens. Attempt is, therefore, 
~g made to preserve the juice of the rainy season fruits in bot­
for use in the hot weather, as is explained elsewhere. 
At present, although the Presidency of Bombay has an area of 
ut 2,600 acres under kagdi limes mostly spread over parts of 
Deccan and Gujerat districts, the cultivation of this fruit is 
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not extending as much as it should have done. But the situatio 
may improve when the lime juice industry makes a headway. 

A summary of the breeding work so far carried out in citn 
has been published by the United States Department of AgriclI 

C· h b 'd' . ture (309). The difficulties in the way ( 
Itrus y n Izatlon b d' . fi' . hi' ree mg cItrus rUlts owmg to t e (Jng tun 

required to produce new varieties and to the phenomenon ( 
polyembryony are clearly understood. 

The controlled pollination technique in citrus presents 111 

special difficulties, mainly because of the relatively large size (] 
the flowers and the fact that the pollen can be stored felr over tWI 

months. With the multiplicity of forms of citrus exist.ng in Indi, 
and diversity of regional requirements, there is IlO doubt tha 
ample scope exists for breeding new varieties of citrus witl 
desirable combinations of fruit and tree characters now found il 
different citrus varieties. Such work is overdue and has to bl 
undertaken on a nation-wide scale. 

Mosambi and Santra fruits are ready for harvest generallv il 
about ten months from flowering. Fruits develop a dull or yellow 

ish orange colour in the ijombay Pn~sjdellry 
Harvesting of fruit, -

I n the Ahmednagar and Khandesh districts 
where the climate is drier and colder during winter, am 
hotter during summer, the fruits develop a fine -golden orall~( 
hue when ready Ii)!' the market. Harvesting is generall) 
done according to market conditions. The orange fruits cal 
be retained on the trees in the Presidency for over a couple () 
months and sometimes for even three months after maturity 
.Fruits of the older bahar are always valued higher in the mar· 
ket for their sweetness and finer quality as compared with thos! 
of the current season. 

Some care is necessary at the time of picking the fruits and als! 
in handling them at the time of packing and transportation 
Clippers are used in most citrus growing countries to harvest th( 
fruits, and pulling them by hand is prohibited. Fruits are ther: 
placed, not dropped, in small low trays or packing bags, and lat.er 
transferred to suitable containers. In some countries, the frUit! 
are allowed to remain in shallow trays for several days to 
sweat off excess moisture. Three days' storage in packing houses 
is recommended for Palestine oranges during which time the 
fruit shrinks, loses its surplus moisture, and its skin becomes less 
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sensluve. It is also. possible to inspect satisfactorily fruits 
that have been previously damaged. If the fruits are to be 
stored for any length of time, dipping them in copper sulphate 
soluti(m of 0·2 percent strength for one or two minutes is done. 
Packing of the fruits is done only after the fruits are thoroughly 
dried. 

Colour does not usually afford a good indication of the matu­
rity of citrus fruits. In cooler regions, citrus fruits have ample 
~olour long before they attain the desired quality, while in warmer 
tracts the fruits become sweet some time prior to their attain­
ing the ripe colour. Enclosing' fruits in bags against pest 
lttack, as is dont'.: in parts of South India, also hastens colouring 
)f the fruits without simultaneously hastening the maturity. 
[n the case of sweet oranges, the juice should be about 30% of the 
otal weight of the fruit at the time of harvest. In some foreign 
'ountries, the sugar-acid ratio of the ripe fruit of different varie­
irs has been determined and laws have been enacted to prevent 
he export of fruits that do not conform to the minimum ratio 
tandard. 1 n Palestine, the ratio between the citric acid and 
ugar contents is required to be in the proportion of I : 8 in sweet 
ranges at the optimum harvesting period. Citrus fruits are 
Iso artificially cured (or coloured) in some countries by the 
pplication of ethylene or acetylene gas. In Florida and else­
here in the United States of America too, the total solids to acid 
ltio is commonly used as an indicator for ripeness, but it is 
'alised that for oranges no one standard minimum such as, for 
stance-the 8: 5: 1 ratio is suitable for fruits from all regions. 
ne titratable acidity determinations have recently been 
lop ted in New South Wales, but this kind of test did not prove 
tisfactory in Jamaica. In South India for the fruits from 
~dling trees no satisfactory indication could be devised on the 
.sis of sugar-acid ratio. 
It is considered best to start picking on a fine day early in 

r. morning, but after the damp or dew has all evaporated and 
~ fruits are dry. 
Excessive rainfall during the harvesting period leads to a 

rtgestion of the epithelial cells, a watery state of fruits, and rot­
g. Oranges, theff!fore, should not be picked during wet 
ather. It ill also recommended in Palestine that the best 
:thod is to pick orange fruits from lower branches first to 
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prevent rotting, then of the higher branches to reduce wind 
falls, and lastly of the middle part of the tree. 

It will be shown hereafter that the time of picking citrus fruit 
is important for successful storage. At present no authentil 
data on the bestperiod of picking ofIndian oranges arc availahle 
As there is a usual tendency on the part of the growers or ofcharc 
contractors to retain the fruits on the trees for a very long period ir 
times of glut, investigations to ascertain the effect of such dclayec 
picking on the storage life and on the subsequent crops, require 
to be undertaken. Such investigations will have also to take 
note of the effect of the orchard cultural treatments on the time 
of maturity. 

The yield from sweet orange trees varies greatly according­
to variety and locality. In California, a report for ) 936 shows 

Yield 
that the most profitable orchard had an yield 
0[260 packed boxes per acre, with a box vahle 

of $ 2'10 while the least profitable orchard had an yield of only 
103 packed boxes with a value of $ 1'6B per hox. In some parts 
of the Madras Presidency, an annual income of over Rs. J ,0001-
per acre from citrus growing has be!'n realised (IB2). This 
shows that citrus fruits playa vcry important role in the rural 
economics of this country at the present nlOment. 

The results of the observations made in California indicate 
a depressing effect of a large crop in the amount of fruit in the 
succeeding crop, which effect increases with the length of time 
the crop remains on the tree. No consistent relationship bet· 
ween the amount of crop and fruit size is observed. 

Grading oranges with the help of a cheap grading machine i; 
an easy method, and has been attempted by some persons III 
G d' this country. A simple device for grading 

ra 109 sweet oranges has been under test at Kodu'r 
(Madras). The machine consists of an inclined plank resting 
on stands and having a number of holes of different sizes made in 
it to permit the fruits to drop down through them as they are 
made to gently roll over. The smaller holes are made on 
the top of the plank and larger ones at the lower ends, 
Gunny bags are attached to collect the fruits that drop 
through these holes, the number of bags depending upon 
the number of grades (sizes) intended to be adopted. The 
bags are attached to the plank in a manner to permit a gentle 
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foiling of the fruits instead of sudden 'drop through the hole. 
With fruits like Santras, grading is possible only by hand, as no 
suitable and cheap grading machine has been devised yet for 
such fhlits. Recently the Madras Agricultural Department 
has devised and popularised a more efficient machine for grading 
;weet oranges and another for acid limes, and both these have 
lecome very popular. The elaborate mechanical grading 
nachines used in foreign countries cannot hope to engage the 
erious attention of the citrus growers in India j()r some years 
o come until co-operative organizations are developed on an 
xtensive scale, and are able to handle very large quantities of 
ruits. 

Grading of fruits as it is practised in India, and discussed 
erein, relates actually to the sizing offruits only. Real grading, 
owever, should include grouping of fruits according to colour 
rld maturity stages. Both these points are taken into considera­
on to some extent by the retailers who resort to hand grading, 
1t the cheap grading machines referred to above do not lend 
cmselves for sorting out fruits of different colours and stages of 
aturity 11m' have any methods been evolved in this country 
ith such purposes in view. 

Santra and Mosambi oranges in the Bombay Presidency are 
nerally packed in cylindrical bamboo baskets with little pack­

ing material for marketing purposes. The 
eking of oranges h 

basket is closed by tying the bamboo lid on t e 
) with a coil' or twine piece. I t is labelled and transported 
ncr by railway or by motor buses. The baskets ordinarily hold 
lUt three dozen fruits, and are sold in the market after opening 
ir lids either in basket lots or in retail. The retailer displays 
fruits well on the stall or his push cart as the case may be, 

l it is he who practically grades the fi·uits. 
A few planters in North and South India have attempted 
king their citrus fruits in wooden cases of the types adopted 
oreign countries. The fruits are carefully picked, and their 
1S pruned otrto a button. They are rubbed gently but well 
I a flannel piece to remove dirt sticking to the rinds, and 
I graded and wrapped in thin tissue paper, which is twisted 
to a pig-tail. There is no standard system of packing, aI-
19h the Californian standard package appears to be more 
lIar than others. 
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No organization to sell citrus fruit in the Bombay Presidency 
is yet formed on the lines of the Citrus Exchange of Florida 

Marketing 
organization 

and California. Fruit is also not treated for 
its colour and appearance with ethylene gas as 
in those countries. Grading and improved 

methods of packing are being taken up by growers nowadays, 
and instead of packing them in fragile bamboo baskets, ',r 
loose gunny bags as heretofore, they are being parked 
in wooden boxes. It is, however, observed that during the 
season, Santra fruits are filled loosely in railway wagons and 
sent from Nag-pur in the Central Provinces to Bombay, a 
distance of about 500 miles. It is true that the rind of oranges 
and lemons is tough, and can stand long railway journeys 
without much damage to the fruits but pressure of the upper 
layers of the fruits and rough handling in transit do affect 
them considerably and they are seen to fetch low prices in the 
market. 

In this country, the standing seasonal crop of citrus, as of 
other fruit crops, is usually sold to the contractors or middlemen, 

who in turn consign the fruits to commission 
Marketing of fruits 

agents in the various cities and towns. Some 
times the crops arc wid to the middlemen two or three )'cars 
ahead, in which case the orchards are either maintained by (he 
grower or by the middlemen, according to the stipulations made 
in the agreement of sale. 

The commission agents may also undertake the purchase of 
the orchards on contract in addition to their own normal duties. 
The fruits on arrival at the warehouses or godowns of the com· 
mission agents are sold to the retailers or the public through 
private treaty or public auction. The latter method of sale is only 
resorted to in times of glut, or when the fruits are in an advanced 
state of decay. The retailers dispose of their fruits in shops .or 
through hawkers. Some of the commission agents also mam' 
tain connections with a large number of hawkers, who collect 
the fruits for the day's sale from the commission agent's godown 
and credit the sale proceeds at the end of the day direct to the 
commission agents. This system is in vogue throughout t~e 
land with slight local variations. The large number of links JO 

the chain and the manifold abuses that have crept in, in S()m~ 
parts in regard to the methods of sale and also in the matter 0 
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ayment of the full value realised for the produce to the can­
gnees, have resulted in rendering the fruit growing industry 
I this country very uneconomic on one hand, and raising the 
11ue of the fruit available to the consumers to an abnormal 
vel without guaranteeing a reasonable share of the high prices 
I the growers, on the other. 

In March, 1949, rules for grading of citrus fruits were drafted 
ld included in section 3 of the Agricultural Produce (Grading 
ld .'vLarking) Act, 1937 (I of 1937). 

Cold storage experiments conducted on Nagpur Santra fruits 
the Ganeshkhind Fruit Experiment Station, Kirkee have 

)Id 'torag~ 
perimt'nts 

shown that these fruits can he well preserved 
at low temperatures of about 40°F for three 
months. Results of investigations carried out 

other countries have been summarised by Wardlaw in a series 
articles, and these indicate that a considerable temperature 
1ge is cited in different countries for the cold storage of citrus 
its. The time of picking oranges in relation to maturity is 
licated to be of extreme importance (10). In Trinidad, 40°F 
advised fClr most swr.et orange varieties. Fawcett (81) re­
nmends 3fr to 40°F for Californian oranges, but advises a 
tge of 32°F to 40°F, to combat the stem-end rot. For 
odesian oranges, Bates (13) cites 400F as the rWlst suitable 
'age temperature. That the keeping quality in storage is 
siderably affected by cultural treatment such as girdling and 
llication of nitrogenous fertilisers at certain period, is well­
wn and has been proved by the Arizona experiments (9). 
There is very little information available at present on the 
storage of citrus fruits. On the basis of his work on 
storage of Valencia oranges, Samisch (225) states that "It 
Id seem that gas storage of oranges would be of minor prac-

importance", in view of the fact that the difference in 
1ge of composition of the edible portion of Valencia oranges 
leen different extremes of gaseous environments was very 
[1. The CO, treatment produced also a specific injury to the 
, while storage of oranges at low temperatures did not cause 
harmful effects and in fact was effective in the control of 
.y. 
)ranges and limes are preserved in foreign countries in 
~ quantities and in a variety of ways. In India, however, 
C. F.-IS 
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the only kinds of products that were prepared out of th~~ 
fruits till about a decade ago were pickles, syrups and squashes 

• f' Preserving them as marmalade~ candiec 
Preservation 0 I' . .. .,:,:",:r-~~-:-"-
citrus fruits pee s, JUl~es, ~Itnc aClu,. etc., was almosl 

unknown m this country tIll recently. Latelv. 
owing to the efforts made by the Agricultural Departments ar 
over the country and more especially due to the transient demand 
during World War II, the public are being awakened to the 
possibilities of developing a highly lucrative industry in pre· 
serving these fruits. A beginning in the manufacture of some oj 

the latter products has been made in different parts of the countr)" 
The marmalades of oranges and other citrus fruits, lime squash 
and lime cordial, lime pickles, etc., made by the~e firms are 
becoming gradually popular with the masses. The market 
for these products is yet to be deVeloped on a larger scale in 
India. The existing demand has been met in the past b>' pro· 
ducts imported from abroad at a high cost. Such imports have 
not ceased even with the protection given by the Government. 
A great deal of headway remains to be made in the matter of 
economy in the cost of production and towards improvement 
and standardisation of quality. 

Of all the citrus fruit products, orange squash, especially from 
sweet oranges, is perhaps the most appealing, though rather ex· 
pensive. The method of preparing this is explained below :-

Fully ripe oranges after thorough washing are either cut (nto 
halves (in Maltas) or peeled by hand (in Nagpur Santra). The 

Orange squash 
juice is extracted with a juice extractol, a 
revolving cone made of glass, monel metal 

or such non-corrodihle metal in the case of sweet oran,ge; 
or meat-mincer type squeezer in the case of loose skinned fruits, 
and then strained through a coarse muslin cloth or a pulping 
machine. For medium sugar content squash, the ingredients 
are added in the following proportions: juice: sugar: citric acid'" 
10 lb.: 7 lb.: 4 oz. For high sugar content squash the pro~or· 
tions are: juice: sugar: citric acid=IO Ib: IS! lb.: 7 oz. EdIble 
colour (Niagra concentrated orange powder or Edicol A. ~.) 
at the rate of I'S gms. per 100 lb. of the squash is added by ~IS' 
solving the same in a little of water and mixing it thoroughly WIth 
the squash. The preservation of the squash for long storage)S 
effected by the addition of potassium metabisulphite at the ratt 
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f one ounce for 100 lb. of the finished product and packing in 
:erilized bottles which should be sealed air-tight. 

The lime and lemon squashes are popular beverages and 
~latively cheaper than orange squash. They arc prepared as 
llIows: Fully ripe fruit after washing is cut into halves and the 
lice extracted with an extractor. The straining of the juice is 

ime or 
'ilion squash 

done through a pulping machine or a coarse 
muslin cloth and the proportions of the ingre­
dients for medium sugar content squash are: 

~ice: sugar: water=4: 5: 3 and fc)r high sugar content squash: 
ice: sugar: water = I : 2: llf' The ingredients are mixed 
loroughly and the prepared squash is preserved by the addi­
m of one ounce of potassium metabisulphite per 100 lb. of the 
'cpared squash and bottling in air-tight sterilized bottles. 

A clarified fruit juice, in which all suspensions are eli~ 
inated, sweetened with appropriate quantity of sugar is 

known as cordial. The juice of limes or 
me juice cordial 

lemons is strained through a thick cloth and 
m~d in deep non-corrodible vessels with potassium metabi­
Iphite added at the rate of an ounce per 100 lb. of the juice. 
If quicker clarification, special reagents are used. The clean 
ice devoid of all suspended matter which settles at the bottom 
ter about a month's storage, is syphoned and mixed in the 
oportions-juice: sugar: water=4: 5: 3. The additional 
lantity of potassium metabisulphite (proportional to the weight 
sugar and water) is added and packed in sterilized bottles 
d sealed air-tight. 
To prepare lem')n barley water, a thick paste of the barley 

Lter is first made out by thoroughly mixing 3 oz. of barley flour 
b I (Robinson patent barley flour) in one gal-

~~n ar ey Ion of hot water. The paste is then cooled 
and sugar added to raise the Brix to 50°, 

en it is strained through thick cloth. This is then mixed with 
if the quantity of lim~ or lemon juice, strained through a 
Lrse muslin cloth, and potassium metabisulphite added at the 
e of I oz. per 100 lb. of the prepared product. It is placed 
sterilized bottles and sealed air tight. . 
An addition of 10% mango pulp to citrus squashes as a source 
colour instead of dyes is reported to have proved very satis­
tory at Lyallpur. While the mango flavour becomes imper-
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ceptible after about 4 months, the colour is fully retained. Th~ 
mango pulp was prepared during the previous summer and 
stored either with 0'1 % potassium metabisulphite or after pas. 
teurization. 

It is suggested that the rind of the fruits which are crushed 
for the juice may be well utilised by salting in preparation 01 

Use of rind pickles as well as a flavouring agent. Thi! 
by-product is very bulky and can be sold 

cheaply and with good profit (34). 
The halved citrus peels (Malta, grapefruit and lemon) can 

be utilized to produce a welcome addition to the edible by. 

Candying of 
ci trus peels 

products from citrus fruit~. These peels are 
cleaned of their rag by means of special SpOOll' 

shaped knives and then washed thoroughly. 
Curing of these peels is done by soaking them in 2% common 
salt solution, adding an amount of common salt so as to increase 
the strength of brine by 2% after every 24 hours till a final 
concentration of 8% common salt is reached. At this stage the 
old 8 % brine is replaced by a fresh one to which potassium 
metabisulphite is added as required and the whole stuff storrd 
in well closed air-tight vessels for at least six weeks. After 
this period the salt-cured fruit is boiled till it becomes soft and 
most of the salt absorbed by the peels is removed. This is then 
washed in fresh nmning water ami drained over a large sieve. 
The drained and prepared peels are put in boiling 30° Brix S)'l'Up 

(containing 0'1 % citric acid to effect partial inversion of sugar: 
and heated to boiling. The peels are covered with a lid so that 
they are left completely submerged in the syrup. Next day the 
syrup is drained off and enough sugar added to bring the sugar 
concentration to 35° Brix. The syrup is heated to boiling and 
poured on the peels for absorption of sugar during the next 
24 hours. The sugar concentration of the condensing syrup IS 

increased by 5° Brix. After this it is increased on alternate d~ys 
in similar manner till the syrup strength records 75° Bnx, 
when the peels are kept submerged in the syrup for 3-4 days, 
after which they are drained and dried preferably in the shade. 

Marmalades of good quality can be prepared from a number 

C
. 1 d of citrus fruits. A method of preparing the 
Itrus marma a e d' d 'b d b I pro uct IS escn e e ow;-

Only the upper yellow portion of the skin of the thoroughly 
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vashed fruit is removed with a sharp knife or a peeling knife 
except Santra which can be peeled by hand), leaving as much of 
he white portion of the peel as possible. The peeled fruit is then 
ut into thin slices to which enough water is added so as to cover 
he skins. It is then boiled for half an hour to extract pectin and 
he extract strained through thick cloth or jelly bags. The 
)cctin test is performed with a jelmeter or with 95% alcohol and 
he degree of richness of the pectin determined. A calculated 
mount of sugar is added and the mass heated to about 218°F, 
,hen fine peel shreds are added and the heating continued 
() 222"F, which is the closest temperature to the jellying point. 
l']H' marmalade is poured hot into clean sterilized screw cap jars, 
cum is removed and the mouths of the jars covel'ed till 
ompletely cooled and set. A thin layer of paratTiu wax is 
ppjjed at the surface to prevent the product from the weeping 
lfcrt and spoilage. 

Pertin forms an important cOl1Stittle-nt of citl'l1s fruits and with 
Ie fruit acid is responsible for the set of jelly and marmalade, 

as has already beea shown above. I t can also 
be extracted in the form of powder. Citrus 

'lIits as a ~roup are reputed for their healthful dietetic proper­
es. They arc generally a rich source of calcium. The calcium 
[)ntents of oranges and orange juice have been shown to be 
fleeted hy the variety, soil and fertiliser. With the membrane 
lrrounding the section of the orange the calcium content is 
lid to be almost twice that with the membrane removed. 
)ranges are also a fair source of Vitamin A, and an excellent 
lUrce of vitamin C. Extensive tests in Arizona showed that fruits 
'om trees so managed as to give a low nitrogen content at 
arvest consistently contained 20-25% more ascorbic acid than 
lOse from trees with higher nitrogen level. Grapefruit juice 
aVe a negative correlation co-efficient between nitrogen and 
lcorbic acid. Also see pages 203, 204 and 206. 

Citrus trees in the Bombay Presidency suffer from. sev~ral 
'oubles both pests and diseases of orgaIllc phYSiological 

nature. The commonest 'of these are the die-
.iscases and pests k' f 

, back, gummosis, canker, root rot.' ,crac mg ~ 
lilts, the fruit sucking moth, stem borers, scale Insects, aphiS 
nd the lemon caterpillar. A type of chlorosis and mottl~ le~f 
re also seen. The root rot of citrus trees, the cause of whlch 1S 

'ood \'a!u'" 
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TRENCHING AS A REMEDY AGAINST DIE-BACK IN A 
AFFECTED MOSAMBJ ORCHARD AT KOLHAR. 



'1"'1 

not definitely known, has been spreading fast ~ate\y and devasta­
ting several flourishing orchards. 

Different forms of citrus die-back prevalent in peninsular 
India have been described. It appears that Mosambi, Santra and 

grapefruit are the only three types of citrus 
which are mostly affected. This disease has 

assumed very great importance in India as a great deal of 
damage is done to the plantations. The disease has taken a 
very large toll of citrus orchards especially when they are raised 
without proper selection of the soil. Defects in cultural treat­
ments are also found to predispose the trees to this trouble. In 
fact, several factors acting singly or jointly are found to induce 
this disease in most of the groves. 

The die-back trouble seems to have been prevalent in the 
Bombay Presidency for a long time. Its seriousness was first 
recognised by the Bombay Agricultt:ral Department in about 
the year 1912. Certain preliminary trials in treatment were 
made about the year 1921. A study of the trouble combined 
with a survey of the condition$ under which it occurs, and regu­
lar experiments to reproduce the trouble under controlled con­
ditions were undertaken during 1924-25. From observations 
recorded by the Department of Agriculture, it is evident that the 
soil and climatic conditions are closely associated with this 
disease. The nature of this disease is physiological since no orga­
nism is found associated with it. Remedial measures taken with 
a view to correcting physjological disturbances have been partially 
successful. 

Citrus die-back 

Symptoms of die-back have peculiar characteristics of their 
Own. Whole plantations, individual trees or trees in patches 
may be affected. The disease usually makes its appearance 
after the first or second bearing. Younger trees may also be 
affected under extreme conditions. The first symptoms appear 
when the terminal leaves and shoots turn yellow. This yellowing 
is different from simple mottling or the yellowing of ripe leaves. 
The symptoms appear all at once in the new shoots of a fresh 
flush. The trees may apparently be in perfect health, before the 
flush, but all of a sudden they begin to produce pale tender 
leaves which do not mature at all. They fail to develop the 
normal green colour. Mter a time, they attain considerable 
tUrgidity and remain stunted and pale. Often, variegated leaves 
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are also observed. The variegation is caused by regular strip 
of green and yellow colour alternating one another. The gree 
<:olour is mostly seen alongside the main veins indicating a co], 
lection of chlorophyll matter on either side of such veins while 
the yellow stripes are deficient in chlorophyll. All the new 
sprouts, however, may not exhibit this symptom. The new 
sprouts ,arising on one or more main branches only may show th~ 
symptom in the beginning, but subsequently, more branches will 
be attacked, while those that were already attacked get worse. 
Again, when the symptoms appear, they do so not on one or two 
or a few individual fresh sprouts in a sporadic manner, but on all 
the new sprouts on a main branch. The unit of attack is, there. 
fore, a main branch of a tree and not an individual sprout 01 

two. From the time the first attack is seen, it may take from one 
to two years before the whole tree is seen to suffer. This is why 
in the earlier stages of the trouble, it is seen on some parts of 
trees only, while the others remain apparently healthy. The 
further symptoms are the death of yellow shoots and leaves 
extending gradually to the lower parts with a dimunition in the 
bearing capacity of the affected tree. Fresh growth on an 
affected branch is very sparing and new sprouts never develop 
normally either in colour or in vigour. The region on the treel 
in which new sprouts appear is pushed downwards as it were, 
and dormant buds on the thicker stems just below the dead 
parts come into activity. In a tree of advanced infection, it is onl) 
the basal stems of the main branches that survive with a fe~ 
undeveloped yellow multiple sprouts on them. At this s ge 
which i reached in about four years from the time the first attacl 
is seen, the tree cannot bear even a single fruit and it dies soot 
after. The formation of gum-pockets and dark excrescences ~ 
described by Floyd (86) in the United States of America is not e~1 
under the conditions obtaining in the Bombay Presidency. Whd~ 
these are the prominently visible symptoms of die-back, l 
detailed examination reveals that every part of the affected tr 
displays a characteristically deteriorated condition of healt~ 
When die-back appears on the branches, the roots are seen t 
shrivel and are reduced in number. The roots may disap~ 
under dry conditions and may rot under conditions of stagnauo 
of water. The internal structure of the br~nches as well as 
the roots undergoes very great changes and everywhere disintegra 
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Ion and rotting are Jeen. With the symptoms progressing 
pidly, the whole tree dies in about four years. 

From the investigations carried out so far, by the Bombay 
epartment of Agriculture, it would seem that certain soils and 

pi! conditions predispose the plants to die-back, as for example, 
1. Soils con taining an excess of lime; 
2. Soils deficient in plant food; 
3. Soils deficient in aeration; 
4. Soils having a hard subsoil; 
5. Soils in a water-logged condition. 

Hence the precaution to be taken against this disease appears to 
be such measures as will eliminate or minimise the defective con· 
ditions. Similarly an orchard suffering from die-back can be 
restored to health by adopting measures that will correct these 
pre-disposing factors. 

Bates (17) summarising the results of the investigations Oil the 
die-back of citrus in South Mrica states that, (i) damp and c)oudy 
weather with heavy rain at intervals, (ii) growing dense cover 
crop of sann hemp in close proximity within a radius of six feet 
from the tree, and in many cases higher than the young citrus 
trees, and (iii) too many young lateral shoots allowed to develop 
between the union and head, contribute to the incidence of this 
disease. 

Pot experiments have shown that the application of le:tf 
nouJd is an effective treatment for Mosambi orange trees when 
hey suffer from die-back in limy soils. In orchards where die­
a~k ~ppeared as a result of water-logging caused by over­
nganon, the trees had improved when the water was 
trained away by a deep open trench. Subsequent applica­

n of a good dose of manure aided their recovery. Under dry 
nditions of soil, loosening the soil has resulted in the improved 
alth of the trees accompanied by good bearing. A carefully 
llducted experiment at the Ganeshkind Botanical Garden 
ow the Ganeshkind Fruit Experimental Station), Kirkee, on 
out 110 five-year-old trees, has shown that the application. of 

l nures and trenching have all curative as well as preventlve 
lues, irrespective of the degree to which the trees have. res-
nded to them. The application of sulphate of ammoma at 

rvals of three months induced the best growth of the trees, 
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and helped diseased trees to recover to the greatest extent. 
Opening trenches three feet deep and two feet wide in the centre 
of the rows of trees planted 20' apart also induced the recovery 
of the trees to a great extent, and stimulated profuse growth on 
the trees. Leaf mould at the rate of fifty pounds per tree, came 
next in order of merit in improving the affected trees. Addition 
of lucerne-field soil to the trees did not prove to be effective. 

It may be noted here that these methods have been readily 
taken up by growers with considerable advantage in improving 
affected orchards. Sahasrabuddhe (223) records a very in· 
teresting experiment in curing die-back of oranges in black soil 
in the Ahmednagar district. The treatment consi~ted of open· 
ing trenches to improve the aeration of the soil. He treated an 
orchard of about 400 trees of Santra suffering severely from die· 
back. Trenches were opened out in between the rows wherein 
water and manure were given to the trees. The dose of manure 
given per tree was as follows: -

Niciphos 
Sulphate of ammonia 
F. Y.M. 

It lb., 
It lb., 
2 baskets. 

The trenches were then closed and irrigation given in between 
the trees in broad furrows where a cultiva'tor was worked after 
each irrigation as soon as the soil came into condition. The 
trees bore a 'full crop in this grove. At Kolhar in the same 
district and under similar soil conditions a Santra orchard 
suffered from over-irrigation verging on stagnation with canal 
water, resulting in serious die-back. The plantation improved 
when two to three feet deep trenches were opened out to drain 
away the excess of water. 

Gummosis is another serious disease of citrus in the 
Bombay Presidency, and is known to result in a very con· 
G . d' siderable damage in the absence of a suitable 

ummosis Isease treatment. The cause of this disease is a 
fungus parasite (Phytophthora palmivora) which lives in the soil. 
Under favourable conditions of soil moisture and temperature. 
the fungus produces spores each of which produces a swarm of 
spores which swim about for sometime--and then give rise to 
fungus threads (hyph8!). These threads enter the plant at th~ 
bud-union but cannot penetrate the jamburi rootstock since II 
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is resistant to the disease. If Mosambi trees are therefore bud­
ded high enough onjamhuri, there is practically no danger of the 
disease even under conditions of fairly excesslve irrigation or rain. 
After the fungus has entered the bud-union, it invades the bark 
and the invaded region extends over considerable distances up­
wards, but over smaller distances sideways. The bark is killed 
through to the wood, and a watery substance is formed 
underneath it. As the watery substance accumulates in large 
quantity, the pressure increases ultimately rupturing the 
bark longitudinally. Large quantities of gum are exuded 
from the vertical cracks. If the bark in the invaded portion 
is scraped with a knife, the inner surface shows a brown dis­
colouration, which gradually fades at the margins of the in­
vaded zones into the normal colour of the sound tissue. It is at 
the margins of these zones that the fungus is most actively grow­
ing. If the disease is allowed to progress, and more than two­
thirds of the stem is girdled then no treatment is effective. It 
is, therefore, recommended that the diseased plants should be 
treated soon after the exudation of the gum is noticed. 

Apart from a curative treatment, gummosis of citrus can be 
prevented by adopting suitable preventive measures. (i) As 
~as been shown above, the fungus enters the plant at the bud­
~nion. It is, therefore, very important to plant young trees 
~udded high on rootstock of Jamburi or other resistant variety. 
~udding should not be less than 18 inches above the collar 
)f the rootstock. (ii) Soil should not be piled up too high 
Iround the trunk to protect the collar from too long contact 
rith irrigation water, because this provides very favourable 
onditions for the penetration of the fungus. This precaution 
I very important in plants budded low, or planted deep 
I. the so~l, since the fungus can enter the plants at the bud-

10n from the soil which harbours infection. The earth should, 
erefore, be removed from the ba e of the trunk and piled 
t? a. small encircling mound, so as to prevent ?oth soil and 
~lgatlOn water from coming into direct contact WI~ the tru~. 
I) Excessive flooding of orchards should be aVOlded, as thiS 
Ids to create water-logged conditions in heavy soils. . 
Unless the disease is so far advanced as to girdle two-thirds 
th~ t~unk, it is possible to cure it. The extent to which the 
k IS Infected should be ascertained and the surface should be . 
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scraped with a sharp knife. The diseased bark should he CUl 

carefully through to the W(Xld with the knife, care being taken to 
cause no injury to the wood by this operation. The cut Sh'lUld 
be extended at least half a:1 inch beyond the disea3cd zollr 
on all sides. This operation is the most imp~'rtant step, as 
elimination of the diseased bark is an essential feature of the 
treatment. Creosote oil havin~ a strength of 25 to 30"0 
should then be applied with a strong brush to the exposed w\)od. 
The application should he thoroughly made at the side). Creo­
sote oil should be allowed to penetrate into the woo:! and t'l: 
bark at the sides of the cut area so as to kill the /(lll~!lS_ Aftrr 
the surface of the wood is dry, coal tar painting is t') he done 
on the exposed parts only to protect the same from wO:Jd-rottin~ 
fungi. If the diseased bark is not carefully removed, the discm 
may reappear at the side of the wound. In such cases, it will 
be necessary to cut out completely all the diseased bark and treat 
the fresh wound as stated above. 

The creosote oil is guaranteed to contain 25-30 percent high 
boiling- compounds of tar to which it owes its furt'~icidal proper­
ties. It has been fi)Und that the cost of treating a tree varies in 
relation to the extent of the wound to be treated. On a:1 aver­
age, however, more than five hundred trees can be treated with 
one gallon of the oil. Unlike carbolic acid which cause, burll­
ing to the stem when used in more than the desired quantity, 
creosote oil causes no injury to the plant tissues. 

This disease is also serious and is gradually spreading. 
Brownish pustules appear on leaves, stems and fruits. TI 

Canker 
trouble is most common on Kag;:.i lime tret 
The causal agent is the bacterium; Pseudomo", 

citri. The pustules are more severe in places of contact I 

two or more fruits. It is not possible to cure citrm canker bl 
it can be prevented from spreading by picking off all affectc 
leaves and fruits and by pruning affected twigs. As the trollbl 
appears on the smaller twigs and then spreads d')wnw3rd: 
pruning of the twigs can be done without causing much dlmag 
to the trees in the earlier stages of attack. The affected part 
which are thus removed should be burnt, and the whole plan 
should be sprayed with Bordeaux mixture (5: 5: 50) to prevc~ 
further infection. Citrus canker is a notorious trouble 11 

almost all citrus growing countries (81). It probably originate' 
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in India or Java, whence it spread to other countries. In India, 
it is seen in the Malta orange plantations of the Punjab and in 
the citrus gl'Oves of the Bombay and the United Provinces, 
Iknu;al, Assam, Madras and the Central Provinces. The 
damage camed by it is, however, not much, if the trouble is 
"outrolled as above in its verv early stag-c>. 

Citrus trees, especially Sal/ira and Masambi are orten seen 
:0 collapse suddenly within a month or two in thriving planta­

tions. Trees may I.w affected individually or 
{ool-rot . , 

in patches and may turn yt.'llow and wilt. In 
few months they Sllccumb to the trouble. When their roots 

re examined, they arc seen to be rotting and their bark peels 
if lightly and the rotten portion darkens in ct>lollr and may 
nell badly. Root-rot has also been found to play havoc in 
:\,eral orange plantations in South India. Several plantations 
ave lately been devastated by foot-rot. This disease is being 
udied further. It may he only stated at present that as soon 
the tree is found to wilt, for no apparent reason, it should he 
once uprooted and burnt on the spot. A trench may be dug 

I round the base of the tree enclosing the region of the roots, 
!el the dug-up soil of the trench may be heaped in the enclosed 
ea. The spot enclosed by the trenches may be sterilised by 
rning brushwood or other material and in this way the spread 
the disease may be prevented to some extent. 
In the Punjab, a disease known as withertip caused by 

letotrichum glaeosparioides is widely prevalent. As this disease 
is generally confused with citrus die-back, it 
is necessary to understand the characteristic 

lptoms that distinguish the two diseases. The withertip 
ase causes characteristic black dots all over the dead parts of 
affected twigs, which are sharply demarcated from the 

!thy parts. These dots are not seen in die-back. Bordeaux 
:ture spraying has proved most effective as a control measure 
inst withertip. .. . 
The characteristic symptoms of the mottle leaf of citrus 
the appearance of irregular patches on the leaf surface, 

:le I f each arising first as a chlorotic spot, and then 
ea widening- and deepening in colour. The 

s remain green but all the rest of the disea~ed leave!! 
~lop a yellowish colour. In serious cases, the tree IS dwarfed 

.hertip 
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and the yield declines. This disease can be corrected by tl 
application of zinc sulphate or sometimes by ferrous sulphat 
Best control can be effected by spraying the trees with a mixtu 
of zinc sulphate (10 lb.), hydrated lime (5 lb.), actin (! lb.)" 
solol (i lb.) with 100 gallons of water. Th.e zinc sulpha 
should be 98% pure. Hydrated lime is first added and thl 
the zinc sulphate. This i~ followed by actin or solol, and tI 
mixture is briskly stirred before use. Spraying with ferrol 
sulphate 0 '0001 percent solution has also been found effie, 
cious in some cases. Actin and solol do not seem to be essenll 
in all cases. 

The trouble is supposed to be caused by lack of enough zir 
or iron compounds in the soil, which prevents normal chlorophy 
formation. Commercial zinc sulphate is almost always close I 
associated with the presence of ferrous sulphate as an impurit 
in it. A sample from the Baroda market sold as zinc sulphat 
showed on analysis the presence of iron sulphate to the extent, 
0'005% calculated as Fe, or 0'0135% as iron sulphate. Whe 
the quantity of iron sulphate required to cure the trouble i, s 
small as the one shown above (0'0001 (~o), what is containc 
as an impurity in zinc sulphate is more than enough to l 
effective, and it appears to be a fallacy to think that the zin 
sulphate is the rcal curative agent in all cases. Spraying of iro 
sulphate alone has also been found to be very effective again' 
mottle leaf of Mosambi and Navel Orange trees in Barod; 
although the effect is seen several months after spraying I 

done. Since spraying iron sulphate reduces the cost vcr 
considerably as compared with spraying zinc sulphate, th 
former is very strongly recommended to be tried first. I 
the Gujerat area, this trouble is rather common in citn 
orchards, and it is suggested that spraying of iron sulphat 
once or even twice in the year as a regular cultural operatlO~ 
be adopted both to cure and to prevent the mottle leaf tr()u~]e 
Spraying should be done in fair weather, when the stickm: 
material may not be washed away by rains for some day 
at least. 

In the Madras Presidency, spraying of mottled trees wit~ , 
mixture containing 10 lb. zinc sulphate, 5 lb. hydrated lim! 
with or without 1 lb. spreader like lime casein or skimm~( 
milk, in 100 gallons of water has proved very efficacious If 
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aring- plantations. The disease usually disappears a few days 
trr spraying, and beneficial effects last for at least one season 
d possibly for longer periods. I t has been suggested that 
en trees not affected by mottle leaf are benefited from this 
my (164). The spray should be applied preferably when the 
e is not making active growth, since the young foliage and 
'Y small fruits are liable to be affected. I t was, however seen 
it. even when spraying was done on flowers in the stage of 
:ning or setting fruits, it caused no significant damage in a 
'sambi orchard in the Baroda area. This trial is, however, 

conclusive. When mottling is caused by water-logging, 
~ssive salinity in the soil or defective culture, zinc treatment 
lot expected to be of much use. 
Along with spraying of iron or zinc sulphate the trees sprayed 
uJd receive as good cultural and manurial treatments as pos­
e in overcoming the trouble. Choudhury (54) working in 
Punjab records: "Chlorosis of Malta (Citrus sinensis) has been 
~stigated. Chlorotic areas become slightly more acidic than 
adjoining green portions. No correlation with the soil condi­
, has been found. In transverse sections, the chlorotic 
,5 show light green chloro-plastids and in had cases, where 
regions turn yellow or whitish, breakdown of the granules 
~n and also the plastids degenerate and the cells become 
ty and collapse. Injections and sprayings with different 
salts have been tried for curing chlorotic conditions. Fer­
sulphate in 0 'OOOI5{Yo solutions, whether injected or 

{ed, has been found to be most efficacious and as spraying 
ires no special skill this method has been recommended." 
11. the Nilgiris District, Coorg, and Wynaad of Malabar, 
lit and leaf fall of orange trees is very common. An at­
:d tree gives a fretid odour and can be detected from 
tance. This usually starts with the onset of the monsoon 
does maximum damage in August and September. 
~aused by the fungus Phyiophthora palmivora Butler. 
he first symptoms on the leaves and fruit are water 
d areas which gradually rot more. They are later 

shed in large numbers. I t is usual to see 
nd fruit i:' d 
orange trees large numbers of shed unripe lrUits un er an 

attacked tree . 
. Coorg the disease is controlled by spraying with Bordeaux 
:.F.-16 
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mixture, on,ce at ~bout tlle ~me monsoon sets ill alld again 
October" /,ur;h tIm,ely sp:-aYll!g completely controls the diseas, 

Crackmg IS notIced Ifl Junes and lemons more than 
Sontras and MosamlJ/~' C:~-ackillg is the effe~t of il'regu], 
Cracking of fruits physlOlogJc':ll changes in the plant tissu( 

caused by Irregular watering and rnanurini 
Considerable damage is caused to the crop bv this tr(Jubl~ 
but its severitv is limited. ' 

Fruits of' the Mosambi ill plantations which are over 
irrigated Of which remain moist all the year round, an· see 1 t, 

be covel'ed with a deep brown coating. Th, 
rind is unaffected inside, and the li'uil i 

also quite good. Its appearance is, however, completely spoile! 
and this fact lowers the market value of the fruit. Trw cause (J 

this trouble is the attack or mites. Spraying with lime slllphu 
wash reduces its seriouslless. Preventive measures rna\' iJl 

adopted by draining the soil of the plantation and by reglll~tiIIi 
irrigation water. 

One or the most serious pests on orange fi'uits in Penin 
sular India, is the fruit sucking moth, which punctures am 
sucks the juice of almost ripe fi'uits. The fi'uit then drops ,tl'tel 

two or three days. There are several sp,'cie 

Tambera 

Fruit sucking moth I . of this insect, of which Ophidercs fulluTlica "I' 

quite common. It is a stout moth with upper wings of gtcyisll 
colour and the lower ones conspicuously bright orange and black, 
These are nocturnal in habit, and therefore remain hiding during 
the day and start feeding at dusk. In the Madras Presidenc~, 
bagging of young fruits with envelopes of palmyra leaves IS 
almost universally practised as a prevention against their attack. 
This is quite economical. Even paper bags may be used for 
this purpose. The moths can also be hand-picked and destroyed 
at night with the help of torches and this mechanical method 
of control is quite effective. 

Arbela tetl'aonis M. bores in the stem of orange and lemon 
trees, mostly in old and neglected gardens. Besides these, It 

also fi~eds on several other fruit trees namely 
guava, pomegranate, mango, etc. The larva. 

throws out peculiar patches of excreta on the bark. ~I 
the trees ncar the hole made by the borer inside. At nrg t 
it comes out and feeds on the bark. The galleries which the 

Stem borer 
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Lfva bores and the freshly eaten bark are the symptoms of 
:tack. By way of control (i) syringing the burrow with a little 
lloroform or creosote and plugging it, and (ii) painting the 
Irk with paris green solution of one ounce in two gallons of 

water after removing the excreta and the silky material from 
the trunks are very effective. Two applications in a week are 
enough to check the pest. 

The green fly attacks all kind~ of citrus plants prac­
tically throughout the year. Both adults and nymphs feed 

Aphids Tawp­
!!'fa auranlii Roy 

on the sap and growing shoots and check 
their growth. Such plants usually impart 
unhealthy appearance with lower leaves look­

ing oily, and sticky due to "honey dew" secreted by the insects. 
Blackening of leaves due to mould may also be cOllspicuous. 

:]'he incidence of attack is particularly serious during the 
llOllths of Octoher to February. In nature aphids are kept in 
:heck by a small lady-bird beetle, red 01' yellow in colour with 
!lack spots, as the adults as well as their grubs feed actively on 
hem. Spraying with fish oil rosin soap U lb. in four gallons 
.f water) or nicotine sulphate (1: 800) is a vcry effective 
ontrol. 

Dialeurodes citr': A. is a major pest. Black nymphs arc seen 
:edillg on the underside or the leaves. "Honey dew" 

secreted by the pest develops a sooty mould 
which interferes with the photosynthesis. 

he pest is active from October to FebrualY and can be con­
oiled by spraying with rosin compound in the ratio of J: 6 or 
h oill'Osin soap (I lb. in 4 gallons of water). 

The caterpillar Papilio dem()leus L. attacks all kinds ~f 
:rus plants and kagdi limbu, particularly. The butterfly IS 

If lemon 
.crpiIlar 

large and conspicuously coloured and is com­
mon throughout the plains. 1 t lays small 
round yellow eggs singly on the top-mo~t 

lots and the young caterpillars feed 011 tender,leaves. T~~ll· 
Our changes from brown with white markmgs, to VIVid 
:cn with lateral brown markings when full grown. The 
erpiUar pupates on the plant, fixing itself by the tail 
i by a thread round the body. 1 t also lays eggs on Bel 
:I!le m~rmelos) and some other wild plants. There. ar~ several 
,ods III a year. By way of control, hand-plckmg and 
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spraying with lead arsenate are effective. The operatior 
however, should be repeated at intervals. 

Chrysonphalus aonidum Rila_'II is also a major pest attacking lea\' 
and fruits in the Bombay Presidency. The scale is smail, roUl 

Scale insect and brownish black in colour, which spo 
the appearance of the infested fruits. It, ho' 

ever, only sticks to the fruits superficially and can be rubbed ( 
with a rough piece of cloth before the fruit is packed for rna 
keting. The plants should be sprayed with fish-oil rosin' SF 

at the rate of I lb. in 4 gallons of water. 
PhyllocnistiJ citrella S. produces glossy mmes special 

on young leaves. The affected leaves are disfigured wi 

Leaf miner a number of irregular, unsightly and glistc 
ing patches on them and a number of zigz: 

mines are prominent. The damage caused by this illsect 
not severe, and is confined to the affected leaves only altholH 
in the case of virulent attacks, the plant may suffer fro 
the serious dimunition of the healthy leaf area, and co 
sequently of the elaborated food substances. I t is al 
believed bv some that the insect is a carrier of cank 
infection a~ld, therefore, its successful control is essential f 
preventing the more serious canker incidence at least to sur 
extent. Removal and destruction of the affected leaves al 

spraying of nicotine sulphate (I: 800) or of strong tobac 
decoction, are effective control measures. 

Manganese deficiency is widespread in orange areas. Seve 
deficiency symptoms were in some areas associated with tal 

M' al d fi . decline of lemon trees. Sprays includi 
mer e IClency manganese sulphate and soda ash 10-5-l 

and 4-2-100 respectively, proved successful in some cases. 
others when followed by fumigation, they showed signs of you; 
leaves burning (214). 

As soon as slight mottling appears, a foliage spray of 4 I 
of zinc sulphate plus 2 lb. of hydrated lime in 100 gallons 
water is n:commended to be applied in most places and U.I 

regularly once a year. In extreme cases, 4-6 gallons of spr 
containing 10 Ibs. zinc sulphate and 5 Ibs. lime in 100 galla 
of water is recommended (243). 

Abnormal drops of flowers or fruits are observed in sor 
orange groves in certain seasons. 'Such drops may be caus' 
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'V one or more insect pests, or fungoid diseases, weak health of 
l;e trees, insufficient supply of nitrogen or moisture in the soil, 
ig-h wind velocity, and low temperatures or sudden variations in 
'cather conditions. Excessive stagnation of water and deep 
ruil or flower ploughing or other tillage practices that cause 
rops disturbance to the roots at the blooming or 
Irly fruit setting period may also cause enormous fruit and 
)Wer drops. In every grove, some amount of flowers and 
:Iits are bound to ,drop even under normal conditions and 
'une-drop" is the term applied to the heavy dropping period 
1ich is characteristic in American citrus orchards. The 
ower should be able to distinguish the unusual from the nor­
~l drop, and adopt suitable cultural practices or undertake 
ntrol measures after studying the causes operating in each 
,e, preferably in consultation with the workers on fruit culture 
fruit diseases and pests. 
Reductions in fruit drop from 27% to :16% are reported by 
ng2, 4-D water sprays at concentrations of 5 p.p.m. to 25 p.p.m. 
the free acid equivalent (245). 
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CHAPTER IV 

GUAVA 

(Psidium Guajava L.) 

Olle of the hardiest of fruit trees, the guava is grown ~xten­
vely in India. It is essentially a tropical tree, and adapts 
self to most conditions of soil and climate prevailing in India. 

The cultivation of g'uava seems to be fairly old 
nlf</duction 

in this country. Total acreage under guava 
1 [ndia IS 1,05,155 distri buted as il)llows:-

Name of Province 
United Provinces 
Bihar 
Central Province 
Bombay 
Orissa 
Madras 
Hyderabad 

A rea in acres 

5R,454 
19,992 
10,02:~ 
7,415 
6,000 
2,500 

771 

The original home of guava is said to be the tropical parts 
f America. The Spaniards f()und this fruit tre~ growing in 
xtensivc regions fmm Columbia to Peru, when they first visited 
lC American continent. It is, however, found difficult t() point 
ut a more restricted area as the original home of guava because 
f its spread due to natural agencies, as li)r example, birds in 
ery early times. It is reported that the distribution of this fruit 
'ee to other countries of the world is due to the Spaniards. 

The guava tree is at present found cultivated in most of the 
'opical countries of the world. In the Fiji Islands, this fruit 
'ee is considered to he an "obnoxious weed" and the Govern. 
lent of that country is endeavouring to eradicate it. Guava 
grown in California, Florida, Cuba, Brazil, Mexico and Peru, 

rid has been naturalised in the Hawaii Islands. Stray trees 
re also found on the Mediterranean coast of France and Algeria. 
: is a common fruit tree in Southern China and the Malayan 
eninsula. In India, guava trees are cultivated with care in 
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many provinces. Guavas from Lucknow, Allahabad, and 
Ban<lras are reputed for their size and quality all over India 
(20). The odour which the guava fruits possess is not considered 
pleasant by some people. But for this and for the hard seed 
contained in many varieties, the guava would have become 
one of the most popular fruits. With the progress of the can­
ning and by-product industries, however, the guava holds out 
bright promise as one of the remunerative fruit crops all over 
India." 

The 
to be 

Varieties 

describes 

1. 

2. 

3. 

4. 

5. 

main varieties of guava are ordinarily supposed 
two, namely, the white and the pink fleshed. 

The former is more popular and more 
extensively cultivated and has several strains 
showing minor differences. Popenoe (25) 

the following species:-

Psidium guianense, a white fleshed fruit deriving the 
alternative specific name from its origin in Guinea 
in Africa. 

P. cattleianum, or the small strawberry guava which is 
perhaps the wild ancestor of cultivated forms. 
Variety lucidum has sulphur yellow fruits. 

P. chinense, which is an unindentified horticultural 
variety. 

P. friedrichsthalianum is the Costa Rican guava with 
sulphur yellow fruits and with white flesh. 

P. guajava, is the more common cultivated group, 
with white, yellow or pink flesh. 

The varieties grown in India mainly seem to fall under the last 
species, namely, Psidium guajava. The fruits are principally of two 
shapes, the pyriform and the pomeform. The varietal names 
in this country are mainly derived from the places they come 
from, and it is nearly always that a local name tands for a dis­
tinct variety. The considerable variations found in these fruits 
are due to the fact that guava plants are generally raised from 
seeds. The Caltleiallum and Chinese guavas are cultivated on a 
limited scale in some parts of India, but these are as yet of no 
commercial importance. A bushy variety commonly known as 
hill guava or wild guava, is found growing extensively on the 
uncultivated hill slopes. of the Nilgiris and some parts of the 
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lower Himalayan re~i()ns. This has not attracted much atten­
tion so far ex.cept as an inferior \iubstitute in salad and for the 
preparation of g-uava jelly. 

The principal three forms of cultivated Ruava obtained in 
the Bombay Presidency are the ii>llowing :--

I. These are usually large in size, mellow and delicious 
and have a few soft seeds. Fruits weighing as 
much as a pound each may be found in this group. 
The Sind, Lucknow, Allahabad, Hanarasi and 
Dholka typcs fall into this group. 

(I) Silld. Trees bushv and of spreading 
hal)it; fl'uit' has few and soft seeds; 
~lIiptic round in shape; normal num­
her of loculi is reduced and filled with 
white or reddish pulp. Quality of 
ii'uit very high. 

(2) f.ucknow. Tree bushy in ~rowth, and the fruit 
is long or occasionally long with 
ridges on the surface. Secds arc few 
and soft. Pulp slig-htly acidic even 
when fruit is fully mature. 

(3) JJ/lOlka. Tree is vigol'OUS in growth and the fruit 
is fairly big; seeds are few and soft. 

II. Thes(~ types are hardier and more seeded than the 
above. The}' include the Nasik, Dharwar, Miraj 
and I,imbgaoll varieties. 

(I) ,l\'asik. The tree is crect ill habit and hears 
hottle shaped fi'uits, with distinct long 
neck. The fruit has a rough skin 
and keeps well. 

(2) Dizarwar. The tree is bushy with elliptical hard 
fruits, which taper towards the stalk 
end. Seeds are many. Fruit keeps 
well. This is the type of fruit grown 
all over the Deccan and Karnatak, 
at Limbgaon and Miraj, as well as at 
other places. Each tract claims its 
product as superior in quality with 
little attempt for justification. 

C.F.-J8 
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III. Stray plants of Psidium catlleianum as well as another 
cultivated type, which has practically no seeds ill 
it, are often found in the Bombay Presidency. Tht" 
seedless type is lately being propagated vegetatively 
on a large scale, and distributed for large scale 
planting. 

1 t would appear that the northern types are generally of 
better quality, although the southern types keep well for a Jew 
days longer, which is no small consideration in marketing so 
perishable a fruit as the guava. In the United Provinces, a 
numher of distinct guava varieties, such as HaJri and !Carella, are 
popularly recoguised. But the d,i~tjnctjoll between these varietie~ 
has yet to be defined. 

The guava tree grows wdl in sandy and alluvial soils, which 
have an admixture of day in them as in parts of Siud. The 

Soil black and light guradu soils of Gujerat are a.lso 
suit.ed tiJr it as well as the fertile alluvial depo­

sits of rivel' banks. In the Deccan, guava plantations are seell 
in deep black, medium black and ill-drained soils, although 
the lighter and better drained soils are highly congenial to them. 
The banks of the Krishna, the Bhima and the Godavari rivers 
have large guava plantations along them, The black, red and 
brown loamy soils of the Kamatak including the stony shallow 
soils near Dharwar have all got thriving plantations of this 
fruit tree. 

The guava tree grows and fruits well in places of 
extremes of climate a~ in Sind, where the maximum tem­

Climate 
perature during summer rises up to 114°F, 
and the minimum falls to 40°F during 

the winter. The annual rainfall is hardly over seven 
inches. In the Gujerat, where the range of temperature is 
narrower (SO°_F to 112°F) and where the average annual rain­
fall is more (29 inches) than in Sind, guava fruits of very 
high quality are produced. In the Deccan and the Kama­
tak districts, where the temperature ranges are still narrower, 
and where the monsoon is stronger, the guava plantations do 
thrive equally well. On the slopes of the Western Ghats where 
the rainfall is very heavy, stray trees of guava are seen growing 
and bearing irregularly. Being a tropical tree, the guava plant 
can be grown almost in any part of this country. It thrives 
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tter and produces q~ality fruits, when gr~wn in plac~s of ex­
etnes 01: c\\mate tban. \t\ tn.()'!ot ()~ t~\la\)\t tu:m.a\t. 1m~ \\a.t\i~ 
~e is not much affected by cold waves, which occasionally sweep 
ler the Deccan and Gujerat tracts. 

Guava plants are propagated generally by seeds in the 
)mbay Presidency. However, certain trials conducted at the 

. Ganeshkhind Fruit Experiment Station Kir-
~pagatJon k h h h d . ' . . ee, . a-:e s .own t at see pr?pagatlOn gIves 
Ie to consIderable varIatIon m the form and SIze of fruits, the 
lture and flavour of pulp, seediness, and other morphological 
laracters such as the spreading or erect growth habits of trees. 
llava plants are, therefore, propagated lately by grafting, 
narching being the most Common method adopted) in the 
'Ogressive nurseries of this country. Budding is also found 
.ssible in guavas. But this method is not yet widely adopted. 
is noticed that layers and gooties prepared on fairly mature 
~ms also strike roots and produce good plants. It is also possible 
propagate from root cuttings or suckers which spring from 

e roots. Stem cuttings are not very succes5ful. 
For grafting, rootstocks are rais d by sowing seeds in raised 

'edbeds at the commencement of rains. Guava seeds are 
lund to keep well for a. year or more, without their power of 
~rmination being much affected. Seeds are obtained from 
rdtnary i:ruits which ripen on the trees. They are cleanly 
~ashed and dried in snade, and m\xeo. w\.\'n fm wooo. a .. b.. On. 
trying, the seeds are stored in properly closed tin boxes and pre­
erved in a cool place until they are required for use. Seedlings 
,I'e transplanted in pots when they are about six inches talL The 
veaker seedlings are rejected and the more vigorous ones are 
,lone selected for potting. This selection gives a good start to 
he seedlings and they turn out to be good rootstock plants. 
he pots are prepared in the usual way with a layer of pot shreds 

In the bottom hole and a layer of well-made compost over it. 
he compost may be similar to that mentioned under mango. 

[,ransplanting can be done at any time under orchard condi­
ions, but the plants require to be placed in shade and watered 
udiciously until they establish in the pots. The soil in the pots 
Las to be stirred at least once a month, and some kind of liquid 
nanure added to it after each stirring. The side shoots have 
o be pruned as soon as they appear, in order to obtain a strong 
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straight rootstock to graft upon. Guava plants can be got ready 
in this way in about a year from sowing. 

Enarching is the common method of grafting followed, and 
it is best done during monsoon, when there is a slight break of 
rains. The plants are then in sap-flowing condition and grafts 
"take" readily. The scion should not be separated for at least 
three months from the time of grafting to ensure successful union. 
When the scion is separated from the parent plant, the graft is 
kept in shade for some days to harden. If the scion withers in a 
few days, the graft is not successful, and the rootstock may b« 
used again for regrafting. If it does not, then the rootstock i1 
headed off above the graft-joint. The graft is then ready fo: 
sale, but it is preferable to harden it for about three month 
before planting it out in the open field. 

In Oeylon (23), the guava is propagated by gooty and b 
layering. In the Malayan Peninsula this tree is generally pre 
pagated by seeds. 

A method of propagating guava very rapidly and with liul 
trouble is to use suckers which may be forced to appear, if desire« 
Lateral roots are exposed about two to three feet away from tr 
main trunks of the trees and cut wounds are made on thel1 
In COurse of time, these roots throw out suckers. from their do 
mant buds. When the suckers grow to a suitable size, thi 
may be severed from the mother tree together with a portion 
the roots and transplanted in their permanent place. This pra 
dce is not, hQwever, much in vogue. Du Preez (8) suggests tb 
guavas should be propagated by layers, root cuttings, har 
wood cuttings or suckers, as the seedling progeny evell from 
single selected fruit is very heterogenous. 

Budding as a method of propagation has not shown prom 
in South Africa though it succeeds well in Florida, Califon 
and Java (8). A few attempts made to bud upon well-gw 
rootstock plants at the Ganeshkind Fruit Experiment Statil 
Kirkee, met with considerable success. The method adopl 
was the shield budding. 

The land in which guava plants are to be grown, 
prepared by clearing all brushwood growth, ploughing l 
PI . harrowing several times. It is properly lev 

antmg and green-manured by growing san,U hel 
(Crololariajuncea) in the previous season. Pits are then du~ 
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the land at required distances during the hot weather and left 
open to the sun and wind for a few months. Pits are generally 
taken fifteen feet apart except in the Gujerat tract where the 
plants are spaced at twenty feet apart. Pits may be of two feet by 
tWO feet by two feet, or they maybe three feet cube. The soil of the 
top half of the pit is kept separately from that of the bottom half, 
with the belief that the latter is properly weathered by the time 
it is required to fill the pit. Any kind of brushwood material 
may be burnt in each pit to improve the texture of the lower 
layer of the soil. Before the rains start, the pits are filled with 
the original soil, mixed with about fifty pounds of old and well 
rotten cattle manure. While filling the pit, the top soil is placed 
at the bottom and the bottom soil is filled on it. In fertile soils, 
additional manure is not necessary while planting. As soon as 
rains commence, planting is done by using seedlings or grafts 
as desired. Grafts of superior varieties are to be preferred to 
seedlings, as the latter cannot be depended upon to produce 
quality fruits. While planting, it is advisable to prune the ten· 
der shoots of the plants, as otherwise they may dry up on account 
of the shock which the young plants receive when the roots. are 
disturbed. In the Dholka (Ahmedabad) tract four or five seed. 
ling plants are planted in each pit, but this is not recommended 
as the plants g~t crowded in no time. If grafts are planted, the 
graft-joint should always be kept sufficiently above the ground 
level. Watering follows planting immediately, unless it rains, 
and is copious in the beginning. 

The guava is a very hardy tree adjusting its water require­
ments remarkably to the hot and dry conditions prevailing in 

Irrigation the Deccan tract. The chief economic consi­
deration which encourages growers to go in for 

guava cultivation is that, this tree does not suffer much if it isnot 
watered during the hot months, when wells usually go dry. It 
is, however, found that where the plantation receives better care 
and more irrigation, the yield of fruits is heavier and the fruits 
are of higher quality than where the trees are neglected in the 
drier part of the year, as it usually happens. Irrigation ought 
to be given copiously on planting. Then it follows as required 
once in ten days or so, except \;Vhen it rains. It is continued 
throughout the year for the first three or four years, accord­
ing to the availability of water during the hot weather. After 
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the tree begins to bear as it does in its third or fourth year, irri 
gation is given only during the bearing period. Guava .plant 
bear flowers soon after the rains start in June, and the fruit i 
harvested by January in the following year. From Februar' 
to June following', the trees are practically left to themselves. 

There are two systems of irrigation in vogue in guava planta 
tions, namely, the ring or the basin and the bed or check systems 
Irrigation in furrows is rarely adopted. In the ring system, a )0\ 

mound of earth is raised at the base of the trees and water is givel 
in a shallow trench round this mound, so that the irrigatioll wate 
is prevented from touching the trunk of th(" trees directly as wa 
explained already under citrus fruits. 1'v1oreovcr, this system cat 
be adopted to irrigate trees exactly where the feeding root 
lic, increasing the spread of the mound as the trees grow in size 
This system also ecollomises the quantity of water required f(): 
irrigation. The bed system consists of irrigating trees in circ.tbl 
beds at the base of trees, in which case the trunk come5 into din~c 
contact with irrigation water, As the whole bed is filled witt 
water at each turn of irrigatioll, this system consumes m(lrt 
water also. Although the usual practice is to irrigate in lwds 
the ring or the sloping hasin system is found I!J be IIl()re suilablp 
As a result of trials conducted at thl' Caneshkhind Frul 
Experiment Station, Kirkee, it is found that guava trees can d, 
well with seven to ten irrigations per year. consuming therdJ\ 
fourteen to twenty acre-inches of water ill addition to the atllllla 

natural precipitation whidl ('omes to about twenty inches only 
Manuring is one of the most important operations in th\ 

cultivation of guava trees as it is in all fruit trees. Farmyard 01 

Manuring 
cattle manure is the most common manun 
used in the Bl)mbay Presidency, although it 

some tracts an additional dose of other manures is also given. FOI 

example, wood ash is used in seed beds in Baroda and Poom 
with a view to raise good seedlings. Tank silt i.s applied i). 
Dholka and sheep dung is sometimes used in the Karnatak 
Seedlings grow b about two feet high in the course of a yeal 
and become fit for transplanting in the field if these manure' 
are applied. At the time of transplanting of guava plants somf 
manul'c is usually given. In the Baroda territory, a small quan· 
tity of common salt is added to each pit along with about fOUl 

ounces of castor cake. These manures are meant to counteracl 
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the white ant trouble which is so common in the Gujerat.area. 
The use of three to four pounds of castor cake and about forty 
pounds~f cattle manure per bearing tree per annum is found to 
give very good results in Karnatak. After the trees are planted 
in the field, they receive no manure during the earlier stages 
of growth, when inter-crops are raised between the rows of the main 
crop. The plants are regularly weeded, manured and irrigated 
a long with the inter-crops. When the trees are treated for the 
crop (bahar) the above dose of manure is given and the rOots 
a re covered up. Guava trees readily respond to the care they 
receive and yield accordingly. , 

Guava trees, it has already been stated, are planted fifteen to 
twenty feet apart each ~ay. This leaves some open space in 

Inter-crops 
which other short-lived crops may be taken 
during the first few years of the plantation until 

the main trees spread out sufficiently to occupy the whole area. 
Inter-crops usually consist of some seasonal vegetables or other 
agricultural crops such as guvar (Cyamopsis psora/joides), bhendi 
(Hibiscus esculentus), onion (Allium cepa), turmeric (Curcuma tonga), 
etc. In the red soils of the Dharwar district, dry crops of legumes 
and millets are also grown. At Limbgaon in the Satara district, 
turmeric, onion, garlic (Allium sativum) and such other vege­
tables are grow~ during the monsoon. In the Poona district, 
where vegetables command a good and ready market, various 
leaf and fruit vegetables are grown. In the Gujerat tract, 
lady-finger (Hibiscus esculentus), brinjal (Solanum melongena), chilli 
(Capsicum sp.), ginger (<.ingiber o.fficinate), cabbages, knolkohl 
and other vegetables are taken. . 

Ballar or the production of blossom generally occurs when the 
trees put forth new shoots at the beginning of a new growing 

T t 
"b-L season. The existence of three distinct groW-

rea menl lor ana, . . th D d h li mg seasons m e eccan an t e pecu ar 
phenomenon of some trees producing blossom thrice a year has 
already been pointed out under citrus fruits. Guavas also res­
pond to the various practices like withholding irrigation 
water, and exposing feeding roots and pruning the fibrous 
ones, that are applied in the Bombay Presidency to force out 
blossoms in any of these three seasons. Guava trees come to 
bearing in the third or fourth year of planting. They can then be 
treated for bearing a regular crop. The treatment is generally 
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given to induce blossoms in the Mrig bahar (June-July), the 
chief idea underlying this treatment as was pointed out in the 
case of citrus trees, being to check vegetative growth of the trees 
and to induce fruiting. Since the guava trees have a ten­
dency to produc:e blossom at every change of the season, as ex­
plained above, they may prdduce some blossom three times a 
year under natural conditions. I n order, however, to concen­
trate the crop, in one season, the trees are artificially rested 
for anyone of the three flowering seasons. The Oc:toberflowcr­
ing is, however, difficult to treat for, owing to the preceding 
rainy months, when it is impossible to withhold irrigation watcr 
for resting the trees. This baltar, locally called the Haiti bah'll, 
is, therefore, mostly missed. The third balzar, namely, Ambe 
bahar, or January-February flowering is also not popular, as this 
requires the trees to be irrigated during the hot. months, when 
wells go dry, and as the fruit is harvested during the rains whell 
they have little demand in the market. The hot season durin~ 
which water is usually withheld, induces the plants to "dry" 
up and shed most of their leaves. Bef<xe the rai,ns, the orchard 
is ploughed and cross-ploughed, and cleaned of all the dry and 
dead branches on the trees. The trf'es are also examined all( 
treated for stem bo rer-s , or other' insect or fungoid trouble. 1 
simple withholding of irrigation water does not sufficiently chec 
vegetative growth of the trees, as it happens in some deep blac 
retentive soils, the roots of the trees are exposed to m;lke th 
treatment more severe and effective. 

Root exposure in the case of guava trees consists of openin 
out the soil at the base of the trees in a circle within a radius, 
about three or four feet from the trunk, and to a depth of abO! 
eight to ten inches. Removing the soil in this way exposes tl 
feeding fibrous roots as well as some of the conducting 011( 

The smaller and injured roots are neatly pruned al 
any severe wounds c:aused to them in digging the soil a 
trimmed and the cut ends are smeared with coal tar to h( 
healing and to prevent infection of harmful soil urganisn 
The roots are left exposed for about a fortnight or more if I 

quircd. until the trees shed some of their leaves or show sufficie 
signs of wilting. When roots are exposed the annual dose 
manure is added to the soil, which is opened out and at the e 
of the period of exposure, the soil mixed with manure is repla( 
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in its former place. Irrigation beds and water channels are 
prepared and watering commences on about the tenth of June. 
The first few turns of irrigation are sparing, as in citrus lest the new 
flush becomes vegetative growth, suppressing the appearance 
of blossom. After the third irrigation turn, normal water onc:e 
in ten days or so is resumed, unless it rains during that period. 
lnigation continues till the end of the harvesting of the whole 
crop, that is, up to February. The usual practice in adult plan­
tations in the Deccan is to leave the guava orchard to itself with­
out doing any operations in it from February until the end of 
April or thereabout, when treatment for ballar again begins. 

During the resting period cultivators resort to bending 
the branches of guava trees, with a view to check the upward flow 

Bending 
of sap and in order to stimulate dormant buds 
on thicker stems to produce blossoming buds. 

"Bending" consists of tyinf~ together hranches of adjacent trees 
in a horizontal position. This operation is practised in alternate 
years. Branches of guava arc naturally flexible and spread 
out freely if left to themselves. By bending the middle parts, 
the branches are strained and dormant buds on the thicker parts 
especially get stimulated to growth activity. Such sprouts bear 
flowers and produce fruits. 

The system of bending branches as a means of forcing guava 
trees to fruiting, as explained above, is not economical under the 
present conditions of cultivation, as it involves considerable extra 
labour and hinders free inter-tillage. The branches might also 
break in the attempt to bend them. \Vhen repeated several 
times, the bending treatment leaves the trees with a number of 
decaying stumps of broken branches which admit infection of in­
sect and fungus troubles. The plantation gets crowded up in 
no time, hindering all operations of cultivation and even free 
movement in the orchard. 

In order to avoid this condition of bent-tree plantations, the 
Department of Agriculture, Bombay, undertook investigations to 

Pruning 
ascertain if a suitable method of pruning can 
be substituted for the practice of bending. The 

method of pruning found most useful was to cut off the previous 
season's growth leaving only a couple of buds on it at the base. 
The pruned branch, in other words, would be left with a stump 
of about three inches in length carrying two 01" three buds on it. 
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As the top is IlO more able to utilise the sap sent to these stump~ 
the buds which were till now semi-dormant, are stimulated art( 
they put forth new sprouts. The new sprouts produce blossom ane 
the new season's crop. Pruning for fruit spurs is best done ii' 
the month of May when the trees are resting, and before thl 
rains set in. Irrigation is given two OJ' three weeks after prunini 
when the buds start growth, to bear flowers in about a month 
If rains are late and irrigation water is scarce, the natural growtl 
is scanty and flowering is retarded. The results obtained die 
not show any considerable increase in the quantity of fruits borne 
as a result of pruning. The investigations were further followc( 
up during 1921-1924. Individual tree performance was rr 
corded. The comparalive study of the yield records of six hun 
dred pruned and unpruned guava seedling trees showed that thl 
total number of fruits peJ' pruned tree is only half of that ofttH 
unpruned trees, hut the size and the quality of the former wen 
much improved. The fruits on pruned trees, therefore, com 
manded a higher market price. Pruning has other advantage: 
in that, bearing of the plants is hastened in the season resultin~ 
in early harvesting. The pruned trees are seen to flower earlie 
than unpruned ones under uniform cultural treatments. Prun 
ing also gives protection to fruit against bats, birds, etc., b~ 
4ffording good shelter to the fruits hiding them from the sight I> 

birds by the vigorous leafy growth of trees: The growers' methO( 
in the Poona and Satara districts to bend and tie together the out 
going lateral branches of neighbouring trees in order to stimulatl 
dormant buds 011 these branches to sprout, neither lends an' 
shape to the trees nor restricts the growing size of the trees to an 
extent. 

In a trial at Allahabad, guava trees planted 25 feet apar 
were pruned lightly; others at ) 5 feet apart were pruned heavil) 
The heavily pruned trees produced larger fruits, but the num 
ber of fruits per lree was so low that the yield per acre was Ies 
than half of that of the lightly pruned trees. The heav: 
pruning thus proved entirely uneconomical (16). 

Guava trees are sometimes trained to shape. Trainin~ 
may consist of cutting off dead and dry branches and of nippin~ 

Training off the suckers. The shoots in the in teriol' whicl 
would crowd the "head" of the trees may als( 

be removed m order to get an open-headed plant. Guav. 
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trees lend themselves to training easily. Their shoots have 
a large number of buds, and flowers are borne in very definite 
positions on the current season's growth. Long branches are 
thrown out generally if trees are left to themselves. With a 
view to induce more new shoot~ which would bear flowers 
by exposing mature stems fully to light and air, the espalier 
system was tried in comparison with the untrained tree. Each 
plant was made to carry only three lateral branches by nipping 
other side growths. These branchcs werc taken at a height 
of 2k, 4 and 51 feet respectively from the ground level. ,hey 
were tied horizontally to thin wires fixed to posts plantcd at 
regular distances as in a fence. The tendcr guava branches 
bend well, and can be conveniently tied to the wires fixed at 
any required height. \Vhcn they mature and grow in size, they 
keep up the horizontal position permanently and do not need 
further support of the wires. These main branches are termed 
"horizontal laterals". \' ertical branches are induced to grow 
OIl these horizontal laterals till they meet the higher laterals, with 
the result that the whole structure look~ like a net-work screen. 
Fruiting spurs are encouraged to grow on all these branches by 
keeping spurs in. check. They are pruned annually leaving a 
!I'W basal buds as mentioned previously. Plants in a row are 
allowed to throw out laterals only sideways along the rows, and 
the ends of such laterals often meet. 

As a result of observations over several years, it is found 
that the above system of training guava plants does not cnsure 
adequate bearing of the trees. Pruning the annual growth is 
found essential to encourage fruiting spurs and several bad knots 
are formed on the trees, encouraging borers and birds to feed on 
them. This system is, howevcr, very suitable to small com­
pounds of residential buildings where a few guava trees can be 
grown by the side of walls or where they can be trained to divide 
different sections of the garden without themselves occupying 
much space. In such cases, the trees would bear a small crop of 
fruits annually, which will be appreciated by the owner for home 
consumption. 

At Kodur, on the other hand, it was observed that the trellis 
trained guavas have certain desirable features which entitles this 
method for a much greater popularity than it enjoys at present. 
Untrained guava trees become unthrifty under average soil and 
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care, and pruning of shoots is neither clone nor is fcasi ble on large 
trees which have been allowed to grow to an irregular shape. 
When trained on trellis, annual pruning is done both to maintain 
shape and to produce a succession of fruit bearing shoots. Till 
about the tenth year, such guavas have been found therefore t() 

possess a more thrifty perii)rmance than untrained guavas. 
As guavas are commonly raised by seed in the Bombay Prc,i-

dCllcy, they have resulted as already stated, in very inferior types 

Improveml'nt 
of guava 

of trees bearing crops of low grade frui t~. This 
brought up the question of improving them 
with a view to evolve a strain or strdins of 

guava which would have soft but few seeds, large quantity of 
edible pilIp, pleasant flavour, good yield, and medium size, with 
an attractive appearance f(II' the market. I nvestigations with 
this end in view were undertaken at the Ganeshkhimi Fruit 
Experiment Station, Kirkee, in an orchard having GOD guava 
seedling trees. These seedlings were planted in fimr plots amI 
were all almost 14 years old, when observations reg;arding their 
individual performances wert· recorded. Great care wa-; taken 
to maintain uniformity in cultural operations. The fi'uits of each 
tree were harvested separately', graded, counted alld weighed. 
As a result of these observations, guava seedlings have been 
fuund to exhibit a large numher (If variations. Variation in the 
seed content of the fruits of individual seedlings is specially 
Inarked. I nstances of bud variation are also not rare. Guava 
trees have thrown out variegated gruwths which have been 
vegetatively propagated as such and are being grown as orna­
mental plants. 

Rolf (27), however, mentions that guava comes fairly true 11) 
seed so far as the general qualities of the class go. But experience 
in the Bombay Presidency does not support this view. Seedlings 
vary widely both in fruit quality and yield. Observations re­
cOl'ded at the Ganeshkind Fruit Experiment Station, Kirkee, 
based on the studies of individual seedling guava trees help to 
classify the trees under three main heads, namely, constantly 
high-bearing tree,s; irregularly bearing trees; and constantly 
shy-bearing trees. On the basis of records of productivity of 
individual trees as well as other qualitative characters as men­
tioned above, several high-yielding strains of good quality of 
guava have now been isolated. They are being propaga..ted 
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vegetatively to prevent the quality of fruits borne by the progeny 
from deterioration. Out of these selections, the strain, lUimed 
Lucknow 49, has stood further trials in the field on a fairly large 
scale for its high productivity and superb quality. 

Brief descriptions of some of the selected strains arc as fol· 
l()\\'~ :~-

Nasik Jlro. 88. Trees of medium size, with open habit of 
growth. Bark of :,tem smooth and ashy grey; 
leaves elliptical lanceolate and slightly folding at 
night; fruit pear-shaped or pyrifinm, colour golden 
yellow when fully ,'ipe; seeds few but hard; pulp 
sweet hut slightly acidic. 

Lucknow No. 4·9. Ascendant shrub with flattened top 
and vigorous habit of growth; leaves elliptical 
lanceolate; fruit large and sphel'ical in shape; 
fruit colour bright yellow when litHy ripe; pulp 
milky white, sweet and of agreeable flavour; superior 
qualily of fruit but of poor keeping quality. 

Luckrww No. 4b. Small sized tree among the Lucknow 
group; low habit (If growth; bark ashy grey with 
greenish patches; leaves elliptical lanceolatc of 
large size; fruit of medium size, but m'al or bottle­
shaped, skin smooth and yellow; pulp very delicious 
with very few soft seeds. 

Lucknow No. 24. Plant is m("dium-sized with an open habit 
of growth; leaves lanceolate and half-folded, light 
green and longer than those of the other Lucknow 
types; fruits ovate with narrow furrows on the sur· 
face; when fully ripe, colour is yellowish with a 
tinge of rose; seeds few and soft; pulp is rather in­
sipid in taste but is not disagreeable. 

Dharwar No. 34. The tree is compact and cylindrical in 
appearance with erect branches; leaves elliptical 
lanceolate, and half-folding, fruit medium sized 
with sprinkling of red when ripe; seeds hard and 
many; pulp is sweet. 

Sind No. 63. A medium-sized tree with a smooth and dark 
brown bark; leaves ellipticallanceolate, light green 
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in colour, and with folding habit; fruit develops 
yellowish-green colour when ripe; seeds few and 
soft; pulp milky white and thick; tastes well. 

Kothrud No. J 9. Medium-sized tree with an open and erect 
habit; leaves lanceolate; fruit large in size, pear­
shaped, with a narrow neck and rough surface; 
colour of fruit white when ripe; seeds are many but 
soft; pulp acidic sweet. 

Dholka No.7. Tree of vigorous habit; fruit is big with 
soft and few seeds; pulp slightly acidic, with sweet 
and good flavour. 

These selections have all been propagated vegetativdy and 
planted out at the Fmit Experiment Station, Kirkee, and are 
now under field trial. Lucknow No. 49 has already berorn!': 
popular fi)l' planting in orchards. 

The yield of trees varies according to the nalllrf~ of 
plants and cultural practices adopted. The money value of 

Y· II f yield further depends UpOll market conditions 
1(' ( 0 guava In',,, d 1'" f I I . an Oil tIle Sl IllatIOn () t Ie p antatlOn. 

In the Dholka tract (G), guava trees are almost COIl­

tinuously irrigated, sometimes even WIWll the trees are rr:sling. 

Lift' of guava 
plantation 

The maximum peri()d of stoppage of water 
to them in this tract is a month, whl'lI 
th(~ Iree~ rest. It is f(mnd that perhaps dul' 

to over-irrigation, guava .trees in the Uholka area do not live 
long. For about twelve years they hear well, and degenerate 
after that age. The water is given here about twelve times in 
the year in addition to what is received through rains. Guava 
trees of fifty years or more in age are seen near Ahmedabad. 
Some plantations in the Deccan are very old too, perhaps older 
than in Ahmedabad. 

Rejuvenation of old guava plantations is achieved ill the 
Khandesh districts, especially near Dhulia, by heading the tree~ 
back almost to the base of the trunk. The low stumps thus left 
produce vigorous growth and a fair head is formed again in abow 
two years from prunillg. Gradually, these new shoots begin t( 
bear fruit, and often they may yield about 200 to 300 saleablt 
fruits per tree. 

Guava fruits come to harvest in November, and thl 
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harvest may last up to February in each year, if the trees 
bear Mrig balw.r crop. Ambe balzar fruits ripen 
in the rainy season, when there is little demand 

for them. When fruits are fully mature, they develop a yellowish 
colour, and become soft to the touch. Guava fruits are mostly 
picked by hand, as it is not difficult to bend the branches to 
pick them when required. 

Harvesting 

The fruits are delicate and get damaged by rough handling 
and by dropping from the tree. ] n the Dholka region, 
fruits are always picked with a piece of stalk and leaves on 
them. This helps packing the fruits in the baskets as the 
leaves form a sort of cushion and packing stuff. In Hawaii, the 
main harvesting season for guavas lasts li·om June to October, 
although a few fruits may be available at other seasons. 

Bamboo baskets similar in shape to those used for packing 
oranges are made use of in packing guava fruits. But guava 
haskets are of a much larger size than orange baskets and hold 
30U-400 fruits each. Dri banana leaves are used for packing 
and for covering the top of the fruit layers. The basket is 
then labelled and despatched to the market. At Dholka, fruits 
are all laid in layers ill large shallow baskets with straw for 
packing in addition to the stalk and leaves of the fruits. The 
whole basket is then covered up with an ordinary piece of cloth 
and carried to the local market f()r sale. At Dholka the growers 
pack large fruits in baskets, while the small ones are sent loose in 
bullock carts. 

Guava analysed by Chace et al and quoted by Winton and 
Vinton (34) contains 21·32'10 total solids, 12·94% insoluble 

Food value and 
composition 

solids, 0·88% protein, 0·77%, citric acid, 4·49%, 
invert sugar, 0·45% surcose, 0·09% total 
ash and 77 ml. of 0·1 N acid per 100 gm. 

fruit ash alkaline. It is very rich in Vitamin C content. 
Chace (3) found 0·84% of ash in the pulp of guava. The 

percentage of constituents as found by him are: K 20 55·00%; 
CaO 2'48%; MgO 1·64%; PP5 8·29%; SOa 3·58%; SiO, 
1·13% and Cl 5'33%. 

Daniel and Munsell (7) report the quantitative data of vita­
min content of guava as below: 

Vit A 200 (international units) Vit C 300 (Skermar units) 
Vit B 14 ( " " ) Vit G 35 (" " ) 
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The work done in India on the Indian fruits revealed the 
following composition, mineral constituents and vitamin content 
of the country and hill guava (21). (See page 262.) 

Data collected at Riverside are discussed by Webber (32). 
Flesh, colour, and degree of acidity as judged by taste have 
no correlation with vitamin C content. There is a slight indica­
tion that within any variety the early ripening fruit~ will contain 
a lower concentration of vitamin C than its late-ripening fruits. 
Most of the data collected on the ripening of this fruit indicates 
that the vitamin C concentration is likely to reach its peak in the 
period during early ripening, when the fruits are still firm 
hut arc starting to go light yellow. 

Guava fruits are generally full of seeds, and therefore, may 
be found unfit for canning. Recently, however, it is found that 

with the improvement of guava varieties, the 
central core or seed-ball could be removed 

easily. The outer layer of pulp is utilised for canning. Fully 
mature fruit with a degree of maturity to be determined through 
experience, is peeled after thoroughly washing and cut into 
halves and quarters, depending upon the size of the fruits. 
If the fruit is too full of seeds, it is sometimes cored. The 
peeled fruit is kept in 1 % bri,l}~ __ solution to prevent darken­
ing. It is packed in plain cans and filled with 40° Brix hot 
syrup. The cans arc exhausted for 5-7 minutes and sealed at a 
temperature of lBO-185°F. The sealed cans are sterilized in 
boiling water for 20-25 minutes and then cooled in cold run­
ning water. 

Canning 

Guava jam is a delicious product which has latclr been 
put on the market in the Bombay Presidency. In making jam, 
G' all the pulp is separated from the seed, and 

uava Jam pieces are cut small and cooked with about 
half the quantity of water .. When the pieces are soft, an 
equal quantity of sugar is added to the cooked pulp, together 
with a little of lime juice for flavour. The whole mixture 
is then cooked again, until the temperature rises to 103°C, 
Dr until the material gains a fairly thick consistency. The 
product is then removed from the fire and poured into clean 
and sterilised containers, which are packed and stored away 
until required for use. A little melted paraffin may be poured 
on the top of the jam. in the con ta~ners before closin g. 

C. F.-19 
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For preparing jelly, slightly under-ripe but fresh fruit is 
washed, cut into slices discarding the damaged portions and an 

equal quantity of water added together with i 
ounce of lemon juice or a pinch of citric add 

for every lb. of the fruit pulp. It is boiled for half an hour. The 
juice is pressed out with the hand through a thick cloth or jelly­
bag, which is then allowed to settle overnight and the dear juice 
syphoned off. A tablespoonful of clear juice is tested with all 

equal quantity of 95% alcohol or methylated spiloit. Formation 
of bulky gelatinous almost solid mass indicates rich pectin, a 
few large pieces of gelatinous precipitate indicate medium pectin 
and a small aIllount of flaky precipitate shows poor pectin. 
Amount of sugar to be added is directly proportional to (he 
amount of pectin, e.g., to every cup of juice rich in pectin is 
added one Clip of sugar, to that of medium pectin half a cup 
and to that puor in pectin, sugar is added only when the juice 
gives satisfactory test after concentration by boiling. The juice 
with the sugar is boiled (removing all the scum) till the tem­
perature is :22 1°F or it satisfies the sheeting test: Dip a spoon ill 
the jelly and then allow it to drip from above. If the drops are 
syrupy the jelly is not sufficiently concentrated but if the jelly 
drops in flakes, the jd point has been reached. Hot jelly is poured 
into sterilized bottles which are capped immt'diatelyo M.elted 
paraffin wax is then poured over the surface of the cooled mass 
to prevent spoilage. 

Fresh, fully ripe fruit, after washing, is cut into smalt 
slices and hoilt-d to softness with all equal amount of water. 

Guava jdly 

Guava chcf"se 
The pulp is meshed through a fme mosquit.ollet 
cloth. For every pound of the strained pulp, 

weigh out sugar: I! lb., butter: 2 oz., citric acid: I gm., salt: 
half teaspoonful and colour (edible) just enough to impart an 
attractive appearance to the finished product. The ingredients 
are thoroughly mixed and cooled till sufficiently thick for spread­
ing and cutting into pieces of desirable size, which is done in a 
china plate smeared with hutter. After cooling, the pieces are 
wrapped individually in special wrapping paper and then stored 
in dosed jars. 

The guava, being hardy, is not much affected by insect 
pests and fungoid diseases. Birds are in fact a more serious 
pest to guava fruits. The chief insect pest is the scale, 
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'ull'inaria psidii M. which infests both the foliage and fruits. 
[>~sts and diseases It is more serious during summer. It is a 

small pale yellow or g-reen insect found in 
:olonies. At maturity, a woolly growth full of eggs develops on 
heir back. The remedy against this pest is to spray the trees 

with fish oil rosin soap one lb. to 4 gls. of 
water or crude oil emulsion 12-15 lb. to 100 

~Is. of water. Two sprayings will be enough to control the pest, 
f the under surface of the Jeaf is washed'-

Birds like parrots, minas and crows all damage the semi­
'ipe fruit on the trees. Watching and scaring the birds away 

II
' J! I during day time is the only remedy ao-ainst Ir s ant Inamma s .'.... n 

them. 1'lymg foxes, monkeys and bats attack 
(1Litva plantations for the fruits in large llumbel's. ""atching 
luring night is very essential during ripening seaSOll of fruits. 
,'il ing crackers at night often minimises their attack. 

Fruit flies, namely, Dacus ferrugineur F., Dacus .:onatus S. and 
I)acus firrugineus dorsalis H. infC'st these fruits very frequently and 

lay eggs ill (hem. By the time the fruits arc 
picked for marketing-, maggots of different 

:izes are developed inside, although it is diHicult to distinguish 
llltwardly a maggot-infested fruit from a healthy one. No 
'rmedy is yet seen to be effective against the fiirs although a 
Jait prepared from lead arsenate and molasses or clensd is found 
() serve a good lure for them, as stated previously under the 
\lango. Disturbing the soil uncleI' the plants and exposing the 
Jupac also help in reducing the attack considerably. 

The stems are often attacked by borers Arbela tetraoniJ Moore 
llld the caterpillar. The grub bores the branches which 

are killed. As a control, either the borer is 
extracted with a (hin wire and then the hole 

Josed with mud, or some cotton wool may be dipped in 
Jetrol, chloroform, or carbon bisulphide or even in ordinary 
<crosene oil and inserted into the hole. The vapours of the 
'Olatile material suffocate and kill the insect inside the gallery. 

Fruit fly maggots 

Stem borers 

Fruits of guava are sometimes seen shrivelling and turning 
Jrown. Such fruits were identified as being attacked by anth­

Anthracnose 
racnose. This disease has also been noticed 
in California, Florida, and Mexico, and 

)ccurs in some parts of India. The disease is distinguished by 
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circular round decayed areas on the fruits. The disease is 
caused by the fungus Gloeosporium psidii Delaer. As the fruit 
decays further it gets badly wrinkled. Spraying of Bordeaux: 
mixture is effective against this disease. 

Guava canker is another serious disease of guava and is caus­
ed by Physalospora Psidii Str. and Pierce. I t has also been report-

G k ed from Poona. Infection originates in thl' uava can er . - ' 
bark and spreads rapIdly along the stem from 

one branch to another resulting in desiccation, cracking, decorti­
cation, death of the affected parts and finally of the whole tree. 
Numerous perithecia of the causal organism are found scattered 
over the dead bark. The disease has not been reported from 
any other parts of the world. No control measures have yet 
been devised. 

Scab of guava is common not only in Bombay but in 
other parts of India as well. The fungus which causes scab is 

Scab known as Pestalalia psidii Pat. It mainly attacks 
the unripe fruit on the surface of which 

dark pea-sized scabs are produced. These disfigure the fruit and 
lower their market value. The disease has not been investigated 
and control measures are yet unknown. 
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CHAPTER V 

POMEGRANATE (Punica Granatum L.) 

Pomegranate belongs to the Natural Order PUllicacetE, 
Punica ueing perhaps the only known genus of the family. 

Introduction The fruit is locally called by variolls names, 
such as "Dalimbada hannu (Kannada), Dalilllb 

(Marathi), Dadmn (Gujerati), Anar (Hindi)." It is a popular 
fi'uit and is milch liked Oil account of its medicinal value ilad 
distinctive taste as a table fruit. 

The original home of thi~ fruit is not yet definitely knowll, 
but i~ believed to be somewhere in the rIlOlJntain region of thl' 

Origin and 
distribution 

south-west of Asia extendin~ between Kashmir 
and Arabia. T.le pomeg-ranate is grown tu all 
extent in California and Florida, in Mexico, 

South America, Spain and other Mediterraneall countries, Egypt 
and other parts of North Africa, Arabia, Palestine, Persia, A(gha· 
nistan, Baluchistan and many parts of Jndia, Burma, China and 
Japan. It thrives very wen in all tropical ·and sub-tropical 
countr·ies. In Russia a midget kind of pomegranate bearillg; 
flowers profusely is said to be grown in pots for decoration. 

The north-western parts of Pakistan are noted for the pm· 
duction of high class pomegranates. The fruit which come, 
down to the south from Kabul and Baluchistall i., comidered 
extremely fine and commands high price. Trlis fruit has been 
introduced into cultivation comparatively lately into the plain, 
of India. Utkhuli, Miehaelpatti, Vellodu and Penukonda in 
the Madras Presidency are the important pomegranate growin~ 
regions in South Iudia, hut in the Bombay Presidency this fruit 
is cultivated in two important zones, namely, neal' about Dholka 
in the northern Gujerat and in Poona, Sholapur and Satara dis­
tricts of the Deccan. There is a sprinkling of pomegranate 
plantations in other districts of this Presidency, which goes to 
indicate the possibility of the extension of this easily grown li'uit 
crop. The total area under this crop in the Bombay Presidency 
is at present 2,000 acres (1937-38). 

In the Presidency of Bombay, the pomegranate is con· 
270 
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sidered as the poor man's crop owing to the inferior type of 
soil allotted to it and the neglect with which it is treated 

Soil 
in orchards. The sites at the foot of hills or 
at the top of high lying areas, which retain 

little or no water and where other crops do not thrive, are 
Ilsually set apart for the pomegranate. The pomegranate to­
bates a soil which is limy or slightly alkaline. Of course, it 
thrives very well in better kinds of soil where it yields a heavier 
crOll. I t prefers a light deep loam. 

The pomegranate succeeds well from the sea-level to an 
altitude of about 4,000 feet. In Cyprus (21), it is cultivated 

Climate 
mainly along the sea-coast. For its successful 
cultivation, the pomegranate requires a semi'; 

arid climate. In humid climates, the quality of the fruit is not 
very satisfactory, as, for instance, in Blackden Shore, Florida, 
Hawaii, West Coast of India, etc. Being a hardy plant, which· 
can stand considerable amount of drought and poverty of soil as 
well as neglect in cultivation, the fruit has stuck on in India even 
under the apparently unfavourable climatic conditions. 

In the Dholka region of north Gujerat, the scarcity of water 
limits the extension of pomegranate cultivation although the soil 

is loamy and the climate is encouraging to 
this crop. In the Deccan, the annual pre­

cipitation ranges from ten to twenty inches, and this occurs 
during a short period of about three months of the year. This. 
is not normally supplemented with well or canal water in most 
pomegranate plantations. The pomegranate trees come into 
flush and bloom with the break of monsoon every year. The 
crop is harvested before the effect of the last shower is over. 
During the rest of the year, the trees are literally neglected. 
Durin~ the summer months, it is a common sight to see the trees 
standing out prominently with barren branches apparently 
looking as if they are dried up. With good irrigation pome­
granate gets greatly benefited. 

Because of its hardiness and ease of cultivation, the pome­

Irrigation 

granate is considered as an important money crop on poor soils 

Economic 
importance 

of certain districts of the Deccan. I t does 
not tax the cultivator in any way by requiring 
much money or labour to be spent on raising 

the crop. The income though small, is fairly steady. 
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The extension of pomegranate cultivation is, however, 
not going on rapidly as far as one would wish, because the 

L' 't' f: t quality of the fruit grown under ordinalY 
Iml mg ac ors d' . f' 'I d 1" h' h' con ItIOns 0 SOl an C Imate IS not very 19, 

The fruit cracks hadly as a result of variations in the irr.igation 
and other cultural methods, or possiblv due to the environment, 
The possibilities and the best methods of preserving the fruit 
juice are not also yet fully worked out. These considerations 
limit the extensive cultivation of pomegranates. It is to he 
hoped that extensioll will be favoured by improved cultural 
methods, evolving of superior varieties and of suitable methods 
of manufacture of beverages. 
. The pomegranates grown in the Presidency of Bombay may 
be divided into two varieties one with white flesh and soft 

Varieties 
seeds, grown at Dholka, and the other with 
decp pink flesh and hard seeds grown in the 

Deccan or known as Alandi orVadki. 
(I) DIIO/ka (ylles : - Fruits of large size; flesh pinkish-white 

or whitish; seeds medium soft; juice sweet; colour 
of rind gre('nish white. 

(2) Alandi orVarlki (Dccc-an). Fruits of medium size; flesh 
blood red or deep pink when the fruit is ripe; 
seeds very hard; juice sweet but slightly acidic. 

An attempt was made in the Deccan to g-mw the Kabul 
variety of pomegranates some time ago without success. The 
plants were stunted in growth and bore fruit very poorly. The 
attempt has, therefore, been given up. 

The following are some of the well-known foreign varieties:­
I. Varieties from Baghdad and Palestine:-

(I) Selimi from Baghdad: bears very big fruits weighing­
one kilogram; fruit is juicy and sweet. 

(2) Roman Chokab (black pomegranate) is cultivated In 

Bagda?: fruit is dark coloured with large seeds. It 
. has a tender sweet-sour taste. 

(3) ~'rellissi from· Palestine is considered to be the best as 
it is soft seeded and very early to bear. 

(4) Ra.r-el-Baghi from Palestine, bears large, sweet and 
early fruits. 

(5) Suffami from Palestine produces big juicy fruit with 
delicious sweet-sour taste. The best specimen of 
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this variety is obtained from Kabul, Afghanistan and 
Persia. 

II. Varieties from Spain:-
(I) Dulca Colorado. Fruit big, sweet and tast),. 
(2) Granad Blanc. Fruit seedless. 

III. Commercial varieties of Cal!fomia. 
(I) ChoodcJuy. Fruit of very high quality; stands trans­

portation well. 
(2) Boomageny. Fruits large, very juicy, and stands ship­

ment well. 
IV. Pomegranates inCyprus are grouped into three distinct 

classes, viz. (21):--
( I) The sweet pomegranates locally known as Glykia. 
(2) The sour pomegranates, neither sweet nor sour, but of 

a mild sourish taste, locally known as Maifoshika, 
and 

(3) The sour pomegranate. 
V. Indian pomegranates (excluding those of the north­

west) are not reputed for quality. Most of the com­
mercially cultivated varieties broadly fall under two 
groups--the white fleshed and the pink fleshed. The 
quality and size of fruits, however, vary greatly according 
to locality. The correct nomenclature and classification 
of tIle various indigenous types have not yet been attempted 
in this country. 

An improved strain of pomegranates has been evolved at the 
Ganeshkhind Fruit Experiment Station, Kirkce, as a result 
of an attempt to select from the local Vadki or Alandi variety 
suited to the Deccan conditions of soil and climate. This is 
named Ganeshkhind No.1. The fruits of this strain have very 
soft seeds with pinkish flesh and juice with an extremely agreeable 
flavour. This strain is under trial and has been vegetatively 
propagated by cutting. Certain other strains selected- for their 
quality are also under observation. 

The following foreign fruits are sold in Indian markets:-
1. Muskati. Fruit of medium size; rind russet green; 

seeds soft; fle.~h pinkish and sweet; 
2. Kandhari.. Fruit larger in size than Muskati; flesh 

deep red; seeds medium soft; colour of the rind deep 
red. 
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3. Sour pomegrantes, which generally grow wild in the 
forests of the Himalayan mountains are as a rule 
not sold in the fresh condition, but are available 
as a dried product for use as a condiment in place 
of tamarind. 

The common method of propagating pomegranate plants ill 
the Bombay Presidency is by raising seedlings. Seeds are taken 

Propagation from ripe fi'uits indiscriminately and sown in 
seedbeds. When they are of sufficient height, 

they are directly planted in their permanent place in the planta­
tions. The inierior quality of fruits produced and the general 
degeneration of the local types from time to time are largel), 
attributable to this method of multiplying our planting stock. 
In the Punjab and the North Western Frontier Province, pome· 
granate plants are propagated by hard-wood cuttings. In 
counlries like Palestine and Afghanistan also, pomegranate 
plants are propagated by using hardwood cuttings on a com­
mercial scale. The cuttings so used are generally ten to twelvt 
inches long and about a quarter to half-an-inch in diameter. 
Cuttings of fairly mature wood are taken from suckers which 
spring up from the base of the main stems, and planted eight to 
ten inches apart in the row. Pomegranate can be propagated 
by layering also. But this method is rather more expensive. In 
Cyprus (21), pomegranates arc propagated either by cutting, 
or by suckers. These are planted either in their permancnl 
sites direct, or kept for one year in the nursery. III Java, the 
pomegranates are propag-ated by root suckers or marcottes (8) 

I n the shallow and stony soils of the Deccan, pomegranat l 

plants are planted, twelve to fifteen feet apart. In lighter bu 

Planting 
deeper soils, the distance is increased to eighteer 
fect. At Vadki and Alandi, the spacing varie 

from twelve to fifteen feet. Usually pits of two feet by two fee 
by two feet are taken at the required distance and filled wit 
about forty pounds farm yard manure mixed with fine soil. N 
manure is, however, used in filling pits in some places. See( 
lings, which are twelve to fifteen inches in height, are then plante 
and watered immediately. Planting is usually done in the mOl 
soon in the Deccan, while in Sind and Northern India, pomegn 
nate planting is done mainly in early spring. Some gaps m~ 
occur by the death of newly planted seedlings. These gaps ha' 
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:0 be filled up by fresh planting. When they are once establi­
;hed, the seedlings become hardy, and can stand a considerable 
imount of drought and such adverse conditions. As a commer­
.~jal crop, pomegranate in Cyprus is planted at eight to ten feet 
~ach way. It is sometimes planted as a secondary or filler crop 
in young orange plantations too. 

Although pomegranate plants can withstand a good amount 
of drought, they respond very well to adequate water supply. 

1
. . In order to get a good growth of trees and a 

rngauon. 1 f f . .... )umper crop 0 rults, proper irrigatiOn is 
essential to the trees. In ~he Bombay Presidency the usual method 
of watering is by the bed or basin system. Small round basins are 
made at the base of each tree, and filled with irrigation water at 
each turn. As the spacing between the trees is limited, the whole 
orchard practically gets wet by irrigation and the system amounts 
to flooding. In order to economise irrigation water, trees are 
treated for the crop during thc monsoon months and almost 
neglected during the rest of the year. Monsoon showers are 
supplemented by artificial irrigation only during the months of 
May and June. If rains fail, irrigation has to be given even 
during the monsoon months, when fruits are on the trees. Copious 
and regular irrigation is essential during fruiting season, as irre­
gular moisture conditions in the soil at that period result in a 
large number of fruits cracking. Where the soil is light, the fur­
row method of irrigation may perhaps be found useful. 

Well-rotten old farm yard manure mixed with household 
ashes is usually applied to pomegranate plants at the rate of forty 
M' pounds per seedling while planting. After this, 

anurmg three to six baskets of old cattle manure alone 
are given to each tree every year at the break of the monsoon 
or a little before the trees are treated for the crop. At Vadki, 
where no manure is given while planting, a couple of handfuls 
of cattle manure is given per plant about six months after 
planting. The annual dose of manure then follows at the usual 
rate mentioned above. 

Where moisture in the soil is enough, the pomegranate 
plants produce a large number of suckers from the base of the 
S k . main trunk, and form a bush. The suckers 

uc ermg hinder the proper setting and development of 
fruits. They also utilise a large quantity of soil nutrients, that 
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should properly go to feed the main stem. They, therefore, grow 
at the cost of the main tree. The pomegranate plants should 
be encouraged to develop a clean main stem free from suckers. 
A single clean main stem has several advantages. The tree 
makes a well balanced erect growth. Fruiting is facilitated. 
Cultural operations at the base of trees become easier. La~tly, 
borers and other insect pests do not find suitable harbouring 
ground for attacking the stem later. Suckers should be pruned 
off as soon as they appear. They will be few and far between 
when once the tree has formed a single clean main stem. 

Pomegranate trees do not usually require pruning- except [()r 
removing the suckers alld giving a shape to the trees. Fruits arc 

Pruning 
borne on short terminal spurs, which have to 
be at least of two years of age. Popenoe (Un 

remarks that. the wood of pomegranate plants bears fi)r several 
years, but as the years pass OIl, the stem loses its fruit bearing' 
hanit. New shoots take up this function, and thus the bearin~ 
of the tree continues. Littk or no fruit is borne in the interior 
of the plants. I t has becn observed that heavy pruning of the 
branches reduces bearing of fruits jt)!, the fi)lIowing two or three 
years at least. As a rlllc, no systematic pruning is practised on 
pomegranate trees in Bombay Presidency or elsewhere in India. 

Parsons (17) recommends for Ceylon a pomegranate tree with 
a round shaped head, and this is obtained by short-elongated 
shoots and thinning out congested growth. Hodgson (II) 
has outlined a system of pruning in California in order to have a 
suitable tree nxm. The method of pruning is simple. The 
tree on planting, is cut back at twenty-fimr to thirty inches from 
the ground. As the buds are produced they are thinned .to three 
to five scaffold branches. These too are cut down to make them 
stocky. In the next pruning season, the scaffold branches are 
shortened to three-fifths of their length. New buds arising Oil 

these branches should not exceed three in number. The tree 
should be free from sucker growth. The desired tree form h 
accomplished by the end of the second or third year. 

According to seasonal changes in the atmosphere, there an 
three flowering seasons a year in the Deccan for pomegranate 
also (12). The Mrig bahar synchronises with the break () 
monsoon in the Deccan, and it is usually taken advantage 01 
I t is always desirable to attempt only one of the three season 
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annually in order to get a regular crop of well developed good 
fruits. Pomegranate plants come to regular bearing in their 

fourth or fifth year. Fruits ripen in six to seven 
Trcaling the trees months ii'om fiowerinC1_'. After the rains, that 
for crops ,.., 

is, in October-November, the trees shed their 
leaves and at that time the land is ploughed or dug up. The 
roots of trees are exposed by digging out the soil from the basin 
to a depth of about six inches, for ten to fifteen days. Fibrous 
roots which are kept exposed are all prulled neatly and all injury 
caused to the thicker roots in the course of the operation is 
treated with coal tar to prevent infection from soil organisms and 
to expedite healing. The usual dose of manure is then spread 
on the soil taken out of the base of the trees, and this is replaced 
after mixing it with manure. The water channels and beds are 
made, and irrigation follows. These operations continue till 
abollt the middle of February, when the first irrigation is given, 
though sparingly. Waterillg is gradually increased to normal 
quantity in the third turn after which this supply is maintained 
at regular intervals. Flowers appear in about a month from 
first watering. ''''hen the fruits have set, the soil at the foot 
of the trees is stirred at least once a month. These are the 
trf'atments of Amhe baha,.. In the case of Mr(f!, bahar, the trees 
arc treated in April, exactly in the same way as for Ambe 
bahar. The first watering is given about the beginning of May 
(Aksha Tritiya) and the fruits are harvested about six months 
after. It is generally not possible to treat trees fClr Haiti bahar 
or the September flowering, because the trees cannot get any 
rest from active growth during the rainy months which pre­
cede. However, when there is a long break in the rains during 
August-September, and when neither of the other flowering 
seasons is successfully treated for, the Hatti bahar also may be 
attempted. 

Although due to the mild nature of the Deccan climate, 
the pomegranate trees may be induced to bear fruit at anyone 
S('a . of t~e seasons ?escribed ~bove, the usual 

sOl!- of harvestmg croppmg season IS the Mrtg bahar and the 
and Yield ..' . ' frUlts f1pen. III the month~ of October, 
November and December. Some growers prefer to have the 
fruits ripen in the summer months to get market advantage by 
taking Ambe bahar. Pomegranate fruits can, therefore, be had in 
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the Bombay Presidency almost throughout the year. But the 
right quality of fruit is available only during the winter months 
which form the natural cropping season. On an average: 
pomegranate trees of about ten years of age may bear 100-200 
fruits each per annum. Fruits grown in the Bombay Presidency 
are, of course, inferior in quality to those of Afghanistan and 
Persia. In Cyprus, the average production is estimated at 2500 
to 30000kes (1 oke=2'75 lb.) per statute donum (14). 

As mentioned elsewhere, effort has been made to improve 
the quality of the Deccan pomegranates. The local type has 

Improvement of 
pomegranate by 
selection 

very hard seeds and little pulp, with slightly 
acid juice. Its continued propagation by seed 
through several generations has contributed 
to its degeneration very considerably. Im­

provement was, therefore, taken up by individual tree selection 
at the Modibag, Poona, and the Ganeshkhind Fruit Experi. 
ment Station, Kirkee, where individual performance record 
was maintained in the case of a large number of seedling trees 
for many years, and seleetion was made of those which had 
soft seeds, better pulp and sweet juice. Trees so selected have 
been further propagated vegetatively, and the progeny raiser' 
by cuttings is found to possess all the good points of the selectee 
parent. Ganeshkhind No. I, is found to be an exception all: 
superior strain. This is being further propagated for distribu 
tion. It is suggested that for substantial improvement of thi 
crop, selection of superior trees should be made in all localitie 
which grow pomegranate and the trees marked out for thei 
high quality of fruits should be further propagated vegetativel) 
New plantations should be raised only with plants taken veg< 
tatively from such selected trees. Seedling plantations shoul 
become things of the past. Or else, the quality of Deccan pom 
granates will remain low, and it might further deteriorate. 

Pomegranate fruits are notorious for their crackir 
habit. It is a serious trouble in the Deccan. Damage dl 

Fruit cracking 
to cracking is enormous, reaching even up 
50 per cent. of the total crop. It is diffict 

to attribute cracking of the fruits to any definite causes, as I 

regular experiments have been carried out on this problem 
yet. It is supposed to be due to unequal moisture contents 
the roots. It is not known if cracking of fruits is associated wi 
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any causal organism. But, it is no wonder if spoilage due to 
organisms follows cracking and exposure of the inner pulp. It is 
suggested that regular irrigation and interculture throughout the 
bearing age may remedy cracking. The Cyprus pomegranate 
growers are of the opinion that irregularity.in watering and lack 
of moisture at the roots are responsible for bursting of fruits, 
which consequently become unmarketable (21). . 

Pomegranates are a rare type of fruit which keep well for a 
long time after harvesting. The fruits arc harvested when the 

rind attains the proper colour-yellowish 
brown in the Deccan type. But often this is 

not a sure guide to pick fruits. Experienced growers pick fruits 
wQ.en they give a distinct sound of grains cracking inside 
when slightly pressed from outside. This is tl"ied in 
a few cases, and all fruits which arc approximately 
of that maturity are picked. Owing to the cracking of 
fruits, promegranates are often harvested when they are still 
immature. This tells on the quality of the marketed fruit under 
the Deccan conditions. Fruits are picked at intervals of a week 
each, commencing from about the first week of October. As the 
fruits are firmly attached by strong stalks to the main wood of 
the tree, it is better to clip them rather than to pull them, while 
harvesting. Some writers recommend the harvesting of the 
fruits before they are fully ripe, as this would, in their opinion, 
minimise crackin~. 

In a cool and dry place, the fruits keep well for several months. 
Though the rind loses its striking lustre and shrinks, the quality 
and flavour of fruits improve by long keeping. It is reported 
by Hodgson (11) that the fruits improve in quality and ripeness, 
when stored in cold storage, where they keep well in excellent 
condition for about six months. The rind shrinks and becomes 
thinner and tougher. The amount of rag decreases and the seed 
coat grows more tender and edible. 

''In Spain (13) fruits are packed in wooden boxes similar to 
those used ill packing sweet limes. The standard packing quality 
P k' depends upon the price offered per case of 

ac lng fruits in foreign countries. In California fruits 
after harvest are sent to the packing house, where they are wiped 
clean of all dirt. They are then sized, the sizes running from 
24 to 110 per box. After sizing, the fruits are wrapped in tissue 

Harvesting 
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paper. The commercial package is the orange half-box made of 
six pieces, two each for the top and bottom, and one for each 

.side. With fruits, the package, when ready, weighs about 35 to 
40 lb." In the Deccan, pomegranates are packed in bamboo 
baskets without proper sizing or grading. The baskets con· 
tain fifty to seventy~five fruits eadt. 

The pomegranate baskets are carted in bullock carts to the 
Poona and other city markets. The carts are loaded with two 
layers of such baskets. 

A good deal of business is carried on in pomegranate rind as 
a dyeing material both locally in Cyprus and for export. I t is 
estimated that over 30,000 okes (14) are in use in the local cloth 
dyeing industry. The export in rind is mainly confined to Egypt 
and Greece, which in 1929, amounted to 57,435 okes valued at 
£479. All the parts of the pomegranate plants are used in one 
form or other. Pomegranate juice contains citric acid. Its sugar 

U f 
content is more than that in apricots and 

sea 0 pomegranate h I th B lk . I k' d f peac .es. n e a an penmsu a, a III 0 

wine is prepared from pomegranate juice and this wine is con­
sidered superior to grape wine. Pomegranate juice is used some· 
times against leprosy. 

"The pomegranate fruit is known for its medicinal properties. 
The bark and rind are recognised astringents employed in thera­
peutics in dysentry and diarrhoea. The rind when boiled ha~ 
for many generations past been the remedy for tenia. A je 
black smooth writing ink is also made out of it. A cooling drinl 
known as "grenadine" is also made of the pulp by adding wate 
and sugar for use in fevers. The bark of the stem and root j 

used for slimming purposes. 
"The fruit is very refreshing and hence is eaten fresh in he 

countries. The sweet type is said to be a mild laxative. Th 
intermediate type between sweet and sour is reputed to be goo 
on the inflammation of the stomach and for heart pain. Th 
pomegranate fruit is highly commended for its delicacy l 

possessing flavours like the apple. The plant is highly value 
for its decorative effect in the United States of America. Wi1 
effort it can be trained into trellis to divide portions of the san 
garden with considerable effect. The tree is also grown as 
hedge or wind break on sandy slopes." 

Fresh juice of pomegranates retains its flavour and kee 
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well when bottled after sweetening with sugar. The grains of 
pomegranate are first collected after removing the skin and 

P "other portions of the fruit. They are then omegranate JUIC~ • , • • 
crushed 10 the meat-m1Ocer and the JUlce 

squeezed through a thick cloth or in a basket type wooden press. 
The pomace is mixed with one fourth its quantity of water and 
heated a little (160-165°F) to extract the colour. The extract 
is again squeezed through a thick cloth and the two extracts are 
mixed. Half this quantity of sugar is added and the sweetened 
juice is preserved (after regulating the acidity to 1'5-2% with 
citric acid) with 0'1 per cent, sodium benzoate in air tight 
sterilized bottles which are then stored in a cool dry place. 
Siddappa (19) also produced bottled sweetened juice by heating 
it to 175 to IS4°F, cooling it quickly and after allowing it to 
stand overnight, decanting or filtering it. The filled bottles 
have to be pasteurized at 175-IS0°F. for 30 minutes. In 
one good variety the juice was 40'1 % of the entire fruit and 
total solids varied from 17'3 to 18'5% of the juice, acids 
running from 0'81 to 1'23% as citric acid. 

The pomegranate fruit is attacked by Virochola isocrates Fb. a 
small caterpillar locally known as sursa. The butterfly lays white 

eggs on flowers or small fruits. The eggs 
hatch out into caterpillars which bore into 

fruits and buds, and feed specially on seeds, till these are full­
grown. The attacked fruit appears sound outwardly but is 
severely damaged inside. The full-grown caterpillar comes out 
of the fruit and ties its stalk to the main branch with its fine 
web to ensure against its falling and pupates inside the fruit. 
By way of control, infested fruits should be removed and 
burnt or buried. Covering the unaffected fruit buds and small 
fruits with small paper or cloth bags is very effective. I t was 
found that 92% of the fruits bagged in this manner yielded very 
good fruits on full maturity, whereas only 47% of unbagged 
fruits escaped the attack of the caterpillar. Paper bags can last 
for two or three seasons, if used carefully, thus economising the 
cost of bagging. Bagging is, however, economical only when 
fruits are of a high quality, , 

Chikta is caused by small white insects Aleurodes sp. found rn 
large numbers on the lower surface of leaves. They secrete 
copious amount of honey-dew on which black mould may 

Fruit borer 
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develop. The damage is done by removing the sap by 
sucking as well as interfering in the photosynthesis which 

results in malformation of fruits. The pest is 
controlled by spraying with rosin compound 

prepared with the following formula:-

Chikta 

Rosin 5 lb. Powder rosin and mix it with 

Washing Soda 

Water 

I Ih. 

5 gals. 

soda in a vessel and add 
enough water. Boil the 
mixture and keep on adding a 
little of water till the material 
is clear and coffee coloured. 

When ripe, it should not give a milky appearance, when a drop 
of water is added to it. This stock solution should be further 
diluted for spraying in the ratio of 1: 6. 

In old and neglected gardens particularly, the main trunks 
of trees will be [<mnd badly infested with stem borer cater­

pillars (Arbella sp.). Wherever the caterpillar 
is eating inside, a small hole will be seen and 

the network of the dried excreta of the insect will be found 
outside the hole. This has to be cleared and the insect should be 
extracted by inserting a fine hooked wire into the hole. If this 
is not possible, a small cotton plug dipped in petrol, chloroform, 
or kerosene oil may be inserted and the hole closed with mud, 
The insect inside will die of suffocation caused by the vapour () 
the chemical. Considerable damage to plantations is caused b~ 
this stem borer. All the bark and other portion eaten by it shoul( 
be cleaned and the damaged parts treated by coal tar to enahl 
the wound to heal up. 

Fruit rot is at present the only known trouble caused L 
fungus in the case of pomegranates in the Bombay Presidenc 

The fruits rot badly, partially or wholly an 
become useless. The only remedy is to remo' 

all affected fruits and burn them. The fruits may be spray( 
with Bordeaux mixture (5: 5: 50) as a preventive remedy. 

Stem bor"r 

Fruit rot 
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CHAPTER VII 

GRAPE (Vilis ViniJera L). 

The grape although limited to a small acreage, is a Itigl 
specialized CfUp in the Bombay Presidency. The rlimatic con 

tions of the Deccan are not very suitable 
the cultivation of choice varieties, but d 

to equable temperature, the vines hear fruit during winter a 
the fruit is available for sale in the months of February to Api 
when the superior table grapes produced in the countries to t 
North-West of India arc not on the market. An equable c1illK 
and off-season fruiting are, therefore, the fi'lctors which encOl 
age grape cultivation in this part of th.e cOUl:try. Bu~ whr 
ever tlw temperature reaches the frcezmg poml, WI1Sldcrat 
damage is caused to this crop. Frequent losses due to frc 
during til(' last dreade have undoubtedly checked alld d 
rOllra;'"f'd the cxtcmion of,t;rape (,ultivation. A.s stated.abort:, t) 

Introduction 

qll:lhr.;: all,'1;/1'rs ,l/TOWIl in the Bomhay I'resldcJ?cr IS Ij()~ vcr 
super/OJ; and {hi, lilCt retard, to <l cerlilm cxU:nt Its (,.\'[:11.1101: 1 

acreage. Nevertheless, its cultivation a{fi>rd~ a. vc:y wlensm 
kind of fl!rming, and if a filll crop is harTested, It gNes a fimli 
good income to the ljnHWT. It is principally Ull this grollnd 
that the importance of grape is recogllised. ", 

It j~ dill/cult to loca.le tIlt' original home of grape vi/Je~, bllt II 
appears to be a native of Asia having" originated in the Caucasus 

Origin and 
distribution 

regions. According to Alphonse D'Candolk 
(29), records of the cultivation -of grape 
vines in Egypt go back to 3,000 to 4,000 E.G. 

Viticulture was flourishing- in Greece in the time of Homer. 
Grapes are widely grown in several countries of the world. They 
grow almost in all countries of Europe, United States of America, 
parts of Africa, Queensland, SOllth Wales, Palestine, Persia, 
A(({hanistan, South of China aud Brazil. Ninety per cent of 
<:ommercial grape culture in the U. S. A, arc centered on the 
Pacific coast, where European varieties arc grown for tht~ 
production of table grapes, raisin and currant grapes and for 
wine purposes. In the rest of the country, hybrids and native 
grapes are grown. 
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~ In India grape growing is restricted to Kashmir, the 
~njab, the Deccan and the Madras Presidency. 
i Baluchistan in Pakistan with an acreage of 2,429 under 
apes, supplies table grapes to almost the whole of India from 
iptember to December. Raisin grapes are also obtained in 
rge quantities from Afghanistan, North-West Frontier Province 
ld Baluchistan. In the Punjab, viticulture has not yet 
ken a real foothold, but a few early varieties bearing crops 
:fore the advent of the monsoon appear to be gaining some 
Ipularity. Formerly, inferior varieties like Tas, Tor, Sursavi, 
insaui and shy bearing Kishmislt and Bedana wer~ the main 
ltivated varieties in the Punjab. Muscat and Sultana 
edless introduced from Australia had also been tried 
lly with uncertain results. Even the introduced early varieties 
e subject to considerable damage by periodic hail and dust 
)rms and premature rains during the harvesting season. In 
mth India an inferior variety of grapes is grown fairly cxten­
rely in Michaelpatti and Vellodu in. Madura districts and 
rishnagiri in Salem district and in and near Bangalore. 
Llring the last decade the seedless Kishmish was introduced 

South India and has acquired an unexpected popularity 
tder a most intensivc and distinctive method of culture. 

In the Deccan, grape is grown chiefly in the districts of Nasik, 
lana and Ahmednagar. Thc total area under grapes is 964 
res in the Bombay Presidency. Most of the acreage is con­
led to the Nasik District. There are several other tracts snch 
the Nira right bank canal, Sholapur and Bijapur whcre 

apes can be grown in this Presidency. Grape cultivation has 
:en recently introduced into Gujcrat tract also with fair 
ccess. The acreage of grapes in India is as follows:--

Bombay 
Madras .. 
Hyderabad 
Mysore 

Total 

964 acres 
350 " 
100 " 
50 " 

1464 acres 

Grape belongs to the Natural Order VitacetU. There 
three broad horticultural groups under which all 
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Varieties and their the cultivated types of the· genus can 
ciasllification classified. They are:-

1. The table grapes, such as Fakdi, Blwkari, and Kati 
Pandhari Sahebi. 

2. The raisin and currant grapes, such as Sultana 
Thompson Seedless. . 

3. The juicy grapes, such as Muscat and Black Pri 
which are principally used for making wines, ~ 
tling fresh juice, etc. 

The table grapes are either large or medium si2~ 
black, greenish white or pinkish in colour 
are sweet with but few seeds and a thin or thi 
skin. 

The raisin grapes are large, medium sized or SDJI 

berries. They are black or greenish white in colOi 
They mayor may not have seeds. They have a hil 
percentage of sugar and have either thin or thil 
skin. All raisin grapes grown in the U. S. A. a 
produced in California. They were first introduce 
there in 1851. Some of the varieties are Sulta1 
from Spain, White Corinth and Red Corinth rCQ 

Crimea and Alexandria. The fruit of Alexand~ 
variety ripens in mid-sea on and its colour 
yellowish green. The bunches are long and )00 

It has an attractive appearance and a peculii 
flavour. Sultana can be grown without irrigati~ 
but to get good fruits, irrigation is necessa~ 
Thompson Seedless is closely allied to S.ultana .. PI 
these varieties have large bunches, WIth mediUJI 
sized berries of good quality. 

The juky grapes are either black or whitish. Tb~ 
have a sa'ong a.roma. which is a distinct character. 
T~e. sugar content is high and the juice is slightlY 

:.LCJdIC. They are chiefly used in maldn8' wines. 
All the juicy types such as Muscadine fall under 
this group. 

~urope~n or ~inife.ra grapes (Vitis vinifera) form 90% of 
he culUvated v10es 10 the world. Stress has been laid in some 
puntries on breeding work to evolve suitable varieties, better 

apted to local conditions in tropics. 
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Grapes in the Bombay Presidency are chiefly consumed as 
fresh fruits. Their cultivation is very limited and there is no 
drying, bottling or wine making of grapes in this part of India. 
The following are the chief varieties grown here. 

The Bhokari is a common variety grown on a commercial 
scale in the Bombay Presidency. It is the highest yielder of 
all the local varieties and is, therefore, the chief commercial 
variety. Its vine grows vigorously and has a round stem. It 
has a red pigment Oil young shoots and veins on leaves. Leaves 
are deeply lobed and dentate. The basal leaves have wide 
flaps, curving away from the leaf stalk. Bunches are large, 
compac;t, long and tapering. The central portion of the bunch 
is cylindrical while the upper part is thinly shouldered. When 
fully ripe, the berries develop a faint rosy bloom and become 
large and round. The skin of berries is thick and leathery. 
The pulp is luscious and acid sweet in taste. The texture of the 
pulp is soft and watery. Seeds are hard to chew. Berries do 
110t keep well for long. The cultivation of this variety is con­
centrated at Nasik and scattered in other areas. 

Next to Bhokari, Fakdi is the most lIDportantcommercial variety 
in this Presidency. The Fakdi vine is the most vigorous of all 
the varieties grown in Western India. The main characteristics 
of this variety are that it has a thick flat wood with the basal 
portions and trunk of ripe canes flat and grooved. Its yielding 
capacity is lower than that of Bltokari, but in a favourable season 
it can compete with the latter. Fakdi yields a quality of 
grapes superior to Bhokari. Fakdi leaves have shallower lobes 
than those of Bhokari. The segments at the base have narrower 
flaps, which do not curve away widely from the leaf stalk. 
Bunches are very large, loose, irregular and heavily shouldered, 
being often wider than long. They are usually smaller in size 
than those of Blwkari. The colour of berries is watery green, and 
develops a bloom when ripe. Berries are oval in shape. The 
pulp is soft, sweet and watery. The skin is thin and soft. Fafcdi 
IS not a good variety for shipping or for long transport, ~ut bemg 
very sweet in taste, it fetches a better price than Bhokan. 

PandlUJri Sahebi makes slow growth in Western India. The 
trunk and the canes are slightly fiat. The canes are thick stout 
and short. This variety is partially self-sterile and hence a shy 
bearer. Its leaves are large and rough. Leaf-stalks are stout. 
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having prominent veins with rounded teeth. Bunches are usually 
loose, most of the berries are "shot grapes" with no pips inside, 
.owing to the imperfect pollination. The shape of pollen grains 
is irregular. This variety is grown along with Bhokan, which is 
a self-fertile variety. The colour of berries of Pandhari Sahebi is 
whitish and develops an amber bloom when ripe. Owing to the 
attractive colour of its bloom and the high quality of berries, it is 
called Pandhari Sahebi (white big grape). I t is a suitable table 
variety of grapes grown in some parts of the country for distant 
markets as its keeping quality is relatively high. 

Kali Sahebi (black big grape) is a dark purple variety, and is a 
vigorous grower. Its yielding capacity is low. Leaves are dark 
green with deeply incised margins. The lobes are compact, 
long and broad at the base, and very heavily shouldered. Ber­
ries are long in shape, thicker at the base, cylindrical and slightly 
drawn in, in the middle, and distinctly flattened and depressed 
at the stigma end. All berries do 110t ripen simultaneously. 
It is a late variety requiring about fifteen days more to ripcn 
than Bhokari. It is green when raw, but turns dark purple when 
ripe. Its pulp is firm and sweet in taste. The skin is thin. It 
stands second only to the Pandhari Sahehi in keeping fjuality. Fr1lit 
stalks are slender and weak, which makes the ·berries drop while 
picking and packing. 

Kandhari vines grow vigorously in the Bombay Presidency. 
The upper side of leaves is dark green while the veins on the 
underside are reddish. Leaf margin is serrated. Basal lobes an: 
:slightly inside, over-lapping and somewhat hiding the leaf stalk. 
Bunches are of medium size, very compact and rectangular in 
shape. Berries are of medium size, thick-skinned, sweet and 
<lark purple when ripe. 

Black Prince is an early variety. It grows vigorously, 
yielding a prolific crop which matures earlier than that of 
other varieties in this part of India. The wood is thin, round and 
.short-:iointed, having short canes. Leaves are greenish yellow in 
colour. Bunches are of medium size, with many "shot grape~", 
cylindrical and pendulous. Berries are of medium size, thick­
-skinned, highly aromatic and sweet. When fully ripe, the berries 
assume dark purple colour. Berries do not ripen simultaneously. 
This variety is not grown on a commercial scale. 

Nee[um is a variety of inferior quality. Its leaves are thick, 
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tri-Iobed with the lower side thickly covered and with white 
pubescence. It is a slow and shy sprouter. Bunches are small, 
compact and cylindrical. Berries are dark purple, round and 
small, with thick skin and acid taste. Berries ripen earlier by 
fifteen to twenty days than in the case of other varieties. 

An ideal soil for grapes in Bombay Presidency would seem to 
he a loam with good drainage. Vines grow very vigorously 
:~()il when the soil is loose and has perfect aeration. 

However, the grape is being grown on a va­
riety of soils with fair Sllccess, provided such soib are well drained. 
In the districts of Poona and Nasik, grape vines are growing on 
black, medium black and shallow light soils, which have mllTUm 
as sub-soil. In the Punjab and Sind, any soil is considered su­
itahle for vine cultivation if it docs not contain a high percentage 
of harmful salts. Thc depth of soil is not considered in this 
Presidency as import,mt, as the ro(,ts of vines generally do not 
penetrate very deep, not beyond about tlH~e feet ordinarily in 
Deccan. Cho/Jan or clayey soils as wdl as those having a hard sub­
stratum arc not selerted for vine growing. Lagatu (5J) and others 
mention that "The addition of large amounts of potash is neces­
sary initially to repknish the potash deficiencies caused in the soil, 
~elected for grape vines." Challzit (21) is of the opinion that the 
yield in !1;rapes increases i n th~ proportioll of sulphur used. The 
effect of sulphur is pronounced if ther~ is a larg~ quantity of orga­
nic matter in t.he soil. The amount of sulphur used is 200 kgms. 
per hectare. The most domillant plant food of vines is said to be 
potash. Granite soils are rich in potash and felspar, and, 
therefore, they produce grapes of excellent quality. Soils rich 
in lime are very suitable for table grape. Grape vines are 
among the most resistant to soluble salts in the soil. They are 
found to grow well on soils containing 77 parts sodium chloride 
out of 286 part~ of total salts per 100,000 parts of water. 

In Baluchistan a hard black soil is preferred for Speen 
Kishmish, a hard reddish soil for Haita and a sandy or gravelly 
soil for aU other kinds of grapes. The soil used for grape grow­
ing in Nasik is a medium black soil with a lime content of from 3 
to 5 per cent. In South India, the maximum success has 
been achieved in soils which are very open and gravelly. Such 
soils have a perfect drainage and being hungry, they respond 
magnificently to care. 
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'Climate is an important factor influencing the cultivation of 
grapes. A close study of the climate of grape growing tracts in 

Cl ' different parts of the world shows that as far 
Imatc 'bl' h d . I as POSS} e, It must ave a warm an ram ess 

summer, during which the ripening offruits takes place. Heavy 
and long continued rains also affect the keeping qualitl' 
of the fruits. The ripening period should follow a good period 
of resting, during which the vines are fully or almost completely 
leafless. Lack of such conditions makes grape cultivation uncer· 
tain and risky and tends to lower the quality of fruits produced. 
In the heavy rainfall districts of the Bombay Presidency, grapr 
vines make a poor growth, which, coupled with the local practice 
of pruning them twice a year, retards fruit bearing. It is observed 
after many trials in the Konkan and the Karnatak that grape vines 
do not yield profitable crop~ in heavy rainfall tracts. In such places, 
they bear a few bunches of rather inferior quality of fruits and 
are prone to a serious attack of mildew and anthracnose diseases. 
Tracts like Bijapur, ShoJapul' alld the Nira right bank, where 
rainfc"llJ is not heavy and the climate is dry, are suited to grape 
vine cultivation, if the soil is suitable and if there is enollf!;h irrig-a· 
tion facility. 

Becaus~ of the equable climate, grapes in the Deccan and 
South India do not enjoy a long dormant season as in the leading 
vine growing regions of the world. The relatively lon,~ periods 
of growth and the absence of a prolonged resting period, render 
grape vines and their crop open to serious damage by frost, 
which though uncertain occurs once in a way in Western India. 
In the grape growing regions of South India, frost, dust and 
hail storms are practically unknown, but despite this fact, the 
quality of fruits produced is low. It remains to be seen if the in­
troduction of better varieties or the breeding of varieties which 
combine the hardiness and productiveness of indigenous types 
with the quality of choice exotic ones will be profitable. The 
very useful character associated with South and West Indian 
viticulture is maturing of crops in a season, when grapes from 
Northwest of India and Baluchistan are scarce. The wide 
popularity enjoyed by grapes throughout India, render breeding 
investigations and extensive orchard trials with imported 
varieties certainly worth while. Sind and the Punjab have a 
warm summer, but occasional rains, dust and hail storms occur 
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just at the time when ~he berries develop seriously damaging 
the crop. Northern India does not therefore present a suitable 
climate for the cultivation of choice varieties of grapes. Winkler 
(84) points out that climate affects the quality of table grapes. 
He finds that in cool seasons, acidity is relatively high in rClation 
to sugar contents, and in hot seasons it is relatively low. Dry 
weather at the time of ripening is very helpful and favours the 
preservation of fruits. 

Commercially grape vines are propagated by cuttings of eight 
to ten inches length, taken from fully mature wood of about ·six 

Propagation 
months of age. In the Bombay Presidency 
cuttings are prepared in the month of October 

when vines are pruned for the sweet crop. Canes with moderate­
ly short internodes are chosen for taking cuttings from their 
mature basal portions. Bioletti (10) suggests that a good cutting 
should consist exclusively of healthy one-year old wood, and 
should have been taken from vines that have borne heavy, but not 
excessively heavy crops. Young vines generally produce imma­
ture cuttings, while abnormally heavy producing vines possess 
mostly ill-nourished cuttings. Bioletti and Jacob (13) have 
found that the popular belief that large sized cuttings produce 
larger vinf'..s is not correct. Though the influence of the size of 
c.uttings was marked in the beginning, later in the vine yard, it 
largely disappeared. Winkler (82) has found that oxidising 
agents hastened callus and root j()rmation and improved the 
rooting of grape vine cuttings. Quinn (66) state.'> that the 
nature of the season affects the striking of roots in cllttings. 
The temperature favourable for this appears to range from 
50°F to 53°F in the soil at the base of the cuttings. 

Cuttings are planted in October ill the Bombay Presidency, 
in beds in a slanting position and are allowed to remain there 
till the following January, when they are transplanted in the field. 
During this period of three to four months, cuttings strike a 
fairly large number of roots and are ready to be successfully 
transplanted. Vines can also be propagated from seeds, but 
owing to the variations produced in seedlings, seed propagation 
is adopted only for breeding and selection of desirable types. 
Woodfin (86) states that some settlers have successfully 
introduced the method of grafting vines in New Zealand. 
They plant cuttings meant to serve as rootstocks in their 
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permanent positions with the scion wood planted nearby between 
rows of rootstocks. Grafting is done when the rootstock cuttings 
start growing. "Over-grafting" or top-working of American 
varieties is practised in the vineyards of some countries. This 
method is used for converting inferior varieties into better ones, 
Some varieties of American and hybrid (American-European' 
grapes are more or less resistant to the attack of the phylloxer~ 
trouble. Though they may not all be immune to its attack, 
their root system is hardy enough to withstand the effects 
of the attack. So, wherever the attack of phylloxera is feared, 
these resistant varieties are recommended as rootstock plants 
for grafting upon. Budding and grafting of grape vines arc 
also resorted to in some countries, where certain undesirable 
varieties require to be replaced by better ones. However. 
budding does not appear to be extensively practised. 

A method known as bud-graft or yema-graft is also in usc in 
Spain, Italy and California. It is a form of side graft, in which 
the scion is a single bud with a piece of wood attached to it and 
joined to the rootstock from which an equal piece of wood is 
removed previously. Whip, cleft and side grafting with IOllg 
scions are also practised on a small scale, especially on old vinB 
with scions of past season's growth. Bench-grafting is als< 
possible with grape vines. Bioletti (8) found that bench graft 
of vines callus best in sand containing five to ten per cent (I 

moisture, and they are more successful than other methods ( 
grafting. Grafting is a profitable practice, where it is nc 
possible to get a good crop from own rooted plants due t 
the attack of phylloxera or other causes. So far no necessit 
has been felt to raise vines by grafting on disease-resistant roo 
stocks in Western India. Layering is also used in propagatir 
vines and is useful in filling gaps in the orchard, as it gives larg; 
plants. Propagation by single-eye cutting is a useful method to 
where a valuable variety is intended to be multiplied. Layeril 
vines of all ages upto hundred years of age is found possible. 

Before planting an area with grape vines it is essential to t 
the soil properly and to add humus to it. Thorough deep ploug 

P 
'II ing and the application of a good dose of fat 

rt'paratory tt age d h 'I . 'd d 
d I t ' yar manure to t e SOl IS conSl ere necessal 

an pan mg PI h" h ( l" ) aug mg In sann emp croto arIa Juncea 
green manure prior to the planting season is reconunendc 
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Pits of II ft. by 11 ft. and I! ft. are taken at eight to ten 
fcet apart. They are filled with the original soil mixed 
with about twenty pounds of old farmyard manure. At 
times a s"!,all quantity (2-3 lbs.) of oil cake is also applied 
to each. plt. ] n s~me parts of South I ndia, the pits are 
fillcd wlth alternatmg layers of green leaves and tank silt 
until flush with the ground level. Occasional watering is 
done to the filled up pits to facilitate decomposition of the 
green leaves prior to the planting of the vine. In some 
places a small amount of bone meal may also be added with 
thl' green leaf. Rooted cllttings arl' then planted singly or 
two or three of them being used together in each pit. Grape 
vi nt's, being very susceptible to white-ant attack in the early 
stage of growth, it is advised not tu add any manure, especially 
tht' farmyard manure, to the pits at the time of planting in 
localities where the attack of white ant is feared. In fertile 
soils, it may not be necessary to add any manme to the soil 
till about a year after planting. 

Planting is done during the month of January in Western 
India. It is essential to give a support to the vines in 
each pit, immediately after they are planted in the field, as 
explained later. The sprouts which shoot from side buch are 
fllbbed off, and the vines are usually allowed to grow into single 
canes. Care is necessary in handling the vine foots at the time of 
planting. Roots of young vines are tender and may be jammed 
or injured at the time of lifting. All such injured roots are 
trimmed off at the time of planting and the healthy ones are 
shortened. The top is pruned to a single cane when only 
one cane is desired to be retained. The cane or canes that are 
retained have to be cut back to two or three buds or eyes, soon 
after or prior to planting. This pruning is essential where 
vines are to be grown by any orthe American methods oftrainin!l 
and pruning described elsewhere. 

Instead of rooted cuttings, only the cuttings taken from th( 
~inter prunings are commonly used for planting in some pla~e! 
In South India. Such cuttings rarely get damaged by whltt 
ants and grow vigorously in the rich media inside the pit~, due t< 
the rich mixture. of green leaves, silt and boneme.al apph~d som€ 
month previously and well decomposed by the tIme cuttmgs ar( 
put down. 
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In California, the distance of planting varies from eight to 
ten feet, the former spacing being more prevalent, Greater 
space is provided in raising plantations, in which case even four· 
teen feet spacing between vines is not unusual. A few rows of 
vines are left out here and there to provide avenues for conve· 
nience of access to the vineyard. In parts of Central and 
Southern Europe, grapes are planted (In hill slopes with a 
spacing of only 2 to 3 feet. 

In the Deccan the support generally given to vines soon 
after planting is some kind of temporary stick planted near the 

base of the vines. When the vines begin to 
grow large stemcuttings of pangara (Erythrina 

indica) are planted in the monsoon which strike roots and replace 
the wooden sticks originally given forming a permanent support 
:0 the vines. If jJangara stems are not available, wooden stakes 
:an be substituted for them or trellis may be prepared to train 
fines upon. Commiphora beryii is the most commonly used live 
;Lake in Madras Presidency. Several systems of training vines 
lave been tried in the Deccan. The single-stake or pangara 
ystem is, however, the most commonly adopted one. It can­
ists of planting vines eight or ten feet apart, and when they 
lave grown to a height of six to seven feel on the temporary 
ticks they are headed bark to a uniform height of tlve feet. 
'" I k Only three or four lateral spurs are allowed to 

Training of vim's 

~mg c·sta t; system . I I I . f h d' b k I! ' grow Just )e ow t le pomt 0 ea mg ac, a 
hose below them being nipped as soon as they sprout from time 
o time. The spurs thus allowed to grow form later on the main 
ateral branches, and bear fruits. The shoots are periodically 
,runed to encourage fruiting as described elsewhere. 

The Junnar system is named after the place Junnar, where 
t was originally practised. In this case, four vines are planted 
, in each pit. Pits are eight to ten feet apart. 
unnar system WI '1 .. h " kid 11 e trammg t em, tour sta es are p ante 
t the four corners of the pits, and a vine is trained on each or 
nem. The heading back, growth of spurs, pruning and the like 
re all similar to those of the single-stake system. The chief 
ifference is that there is more crowding in the plantation, which 
onsiderably hinders cultural operations and adds to the cost of 
ultivation. This system also requires more stakes for support. 

In the case of the bower system, vines planted eight feet apart 
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are trained on post'! connected by poles crosswise at a height of 
five to six' feet. As in the single stake system, vines are led to the 

Bower system cross poles without allowing any lateral 
growth. They are headed back at the height of 

the cross poles, and lateral shoots are allowed to grow on them 
as desired to cover the top of the frame work, making a bower. 
Pruning or trimming is done from time to time. Adjacent 
vines meet one another and spread out on the bower leaving 
free scope for cultural operations below. 

The bower or over-head system is quite popular in all parts of 
India, wherever grape vines are grown in bungalow compounds. 
The frame work is built of strong wood of good quality, and pil­
lars are also constructed in brick and mortar to give additional 
strength. Vines are allowed to ramble over this structure pro­
viding a neat shady corner, after they have spread over the entire 
bower. This method of training is very expensive ii'om the point 
or view of the commercial grower, hut has much to recommend 
it for the backyards of hOllses as it provides a fine vineyard 
involving little labour and expense except during the Erst 
one or two years. The vines trained Oil the bower also 
provide a cool and delightful sittillg plact~ fill' the memhers of 
d. household. 

The umbrella system consists of training villes OIl to a frame 
work built in the shape of an umbrella. The vine rows trained 

Utubrella system 
by this method almost amount to bowering, 
except that every vine has its own bowcr and 

is independently supported. 
The trellis and Knifiin systems arc those in which vines 

are trained to horizontal wires stretched one above the other 

Trellis and 
Kniffin systems 

at a height of two feet, four feet and six feet 
or so from the ground and supported on 
posts planted ten to fifteen fect apart in the 

row. Once the vines have fully extended, regular pruning for 
fruiting is resorted to. 

In some parts of the Punjab, vines are headed back to a 
height of two or three feet from the ground, when a few laterals 

Low-he~d system 
are allowed to develop. In course of time the 
main stem gets thick and strong and can stand 

up erect without any support. Low headed vines raised in this 
manner save the cost of supports and are easy to be sheltered 

c. F.-·23 
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from frost damage. But they are also an easy prey to jackals 
and other pests, where such pests are common. 

The J uunar and single stake systems were compared for 
yield in the Ganeshkhind Fruit Experiment Station, Kirkee. 

The variety under trial was Bhokari. The 
Relative merits of vines trained by the single stake system yielded training systems 

four pounds and thirteen ounces each, while 
those trained by the J unnar method yielded seven pounds 
and five ounces of fruits per vine. But the single stake 
system was found to have several advantages, such as frec 
scope for cultivation by bullock power instead of man power 
and easy irrigation. From the point of view of orchard prac­
tices, the single stake system, when: viIles are planted squarely 
is thus a superior method of training. It is cheap and makes 
cultivation economical. The spraying of vine is also caw. 
Training of vines on trellis work requires a good deal of capital 
investment for buying- posts, wires and other materials, and tht 
cultural operations cannot he carried on crosswise. The over­
head or bower system involves a large investment to start with, 
and it is difficult fiJI' pruning and spraying. The choice of 
training method is, however, a matter of individual taste and 
resources, and under certain conditions one method may be more 
remunerative or suitable than another. 

In SOllth India vinc" arc trained to grow up to a height 
of four to five feet from the ground without any side shoots and 

Training in 
South India 

on the support of a live stake--CommiphoI'F 
beryii, a.nd the canes at this height are allowed 
to ramble over a specially erected structure 

made of dry wooden or bamboo poles, built at times with con-
siderable care and at high cost. In parts of the North-West 
Frontier and Baluchistan, a similar but cheaper system is pre­
valent, but instead of training the trunk of vines to gro\\ 
erect, they are allowed to reach a small and low platforn 
made of dried branches, roughly at an angle of 4Y. 'fhl 
platform is constructed between every two rows of vines 
at a height of two to three feet from the ground level, anI 
canes of vines from both the adjacent rows are made to spreal 
upon this. If more than two trunks are grown at one pJact 
roughly half the number is made to trail their canes on th 
pandal (wooden structure for training grape vine) on 011 
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"ide, and the rest to do so on the opposite side. Both the above 
systems involve an annual recurring expenditure for the con­
struction or repair of pandal, and also rend& the cultivation of 
the vineyard by bullock power difficult, if not impossible. 

The technique of training and pruning of grape vines has 
received a great deal of att~ntion from American workers. The 

Training system 
in U. S. A. 

number of varieties grown in American vine­
yards is so numerous (30), and their varietal 
peculiarities regarding growth and fruiting 

habits are so varied, that it has been found necessary to devise 
the best system of training and pruning for each va'riety under 
cultivation. Bioletti (12) has shown that the training and 
pruning methods adopted in all systems of viticulture can be 
grouped under the following three heads: 

(a) Vase foml, (b) Fan shaped or trellised, 
(c) Cordon form. 

As pruning methods are intimately associated with the tramll1g 
systems of vines, the two aspects arc described together here. 

In the case of vigorous growing varieties like Tokay or when 
vines are grown on a rich soil, the head pruning to a vase form is 
said to give the best results. By this method, a few spurs are 
retained on each vine at a height of two-and-half to three-and­
half feet from the ground level. The spurs are distributed on 
arms all round the head, at suitable distances. Pruning to short 
spurs on a medium high trunk, is popular for varieties like Mus­
cat, which bear on lower buds. For vigorous table grapes, which 
do not bear on short spurs, like Malaga, very long spurs 
have to be- retained. For Sultanina, head pruning is re­
commended, but unlike in the abovementioned varieties, 
long canes have to be retained. Sometimes these long 
canes are curved to form a semi-circle when tied to the 
stake, while in others the canes are spread so as to present a fan­
shaped head when .tied to the stake. The latter method is said 
to be largely used for Thompson Seedless. The single vertical 
cordon system of training involves the growth of one trunk, 
around which a large number of short spurs are allowed to 
grow on all sides, from a low part of the trunk. up to the top. In 
unilateral cordon, the trunk is bent at a certain height and allowed 
to trail over a horizontal wire or other support, and short 
or long spurs are distributed over the entire length of the 
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canes on the horizontal support. In bilateral cordons, the 
trunk is allowed to branch into two at a certain height, and 
thence allowed to trail along the horizontal supports in opposite 
directions. In the Kniffin system, the bilateral cordon is formed 
on the same vine at two different heights. 

Head pruning or vase or goblet pruning is perhaps the 
most popular method in commercial vineyards in other coun· 
tries. The trunk in this system should be vertical, smooth, 
straight and sufficiently high. The head should have arms 
starting as nearly as possible from the same level, and the 
number of arms should be sufficient to furnish the spurs nefes­
sary for the production of a good number of bunches. 

Since some vines are not fruitful on the lowest two or three 
buds of the cane, it is necessary to adopt long cane pruning in 
their case. Fewer canes are retained on each vine by this system 
of pruning. It is necessary in this system to prune some spurs 
to two buds, so that these may grow into hearing canes in the 
succeeding year. These are, therefore, called "renewal spurs." 

The characteristic of cordon pruning is that the vine is given a 
much longer trunk than in the other two systems. The trunk is 
not vertical, but rises in a gentle curve to a certain height 
and then extends horizontally to the next vine. It is' suited to 
vigorous varieties of table grapes, which produce large herrie, 
and large bunches. 

There are numerous variations and combinations of the.e 
three main systems of pruning and training vines. Bioletti (I J) 
states that seedless vines are vigorous growers and need lung 
cane pruning and trellising. Sefick and Clark (;'1) observe 
that pruning' grape vines according to the Kniffin system 
was found to be the most sati~factory method in Tennessee 
and other States. The trellis consists of two wires, 30 and 60 
inches above the ground. The pflUled vine is composed of a 
single permanent trunk extending to the top w;re and a one-year­
old cane trained in each directio-n on each wire. Summer prun­
ing is not recommended. 

Pangara trees provide a good support in the single stake system. 
Large stem or limb cuttings of about six feet in length ~re 

Pa"gara st!kes 
planted near the vine on the leaward SIde 
about the commencement of the rainy season. 

If it requires to be replaced, it should be done in the month of 
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May. The top cut should be painted with liquid coal tar. 
Pangara, being a live support, should be irrigated liberally, and 
it grows well when once established. Special attention should 
be paid to the pruning of pangara trees, so that they remain 
within limits and do not outgrow the vineyard. When pruning, 
a tuft of leaves should always be retained at the top to nurse the 
pangara stem: Borers often take shelter under the pangara bark, 
and care should be taken to remove them and treat the trees 
with tar or hy other means. The root system of the pangara is 
scanty, and hence this tree does not compete with the root system 
of the grape vine to any great extent. Pruning of pangara growth 
is usually done along with vine pruning. 

In the Deccan, the first pruning of vine is done four months 
after planting, that is, in April. This is the time when the 

Pruning of 
grape vine~ 

height to which the vine trunks are to grow is 
decided upon. A height of five feet is consi­
dered convenient. Most growers do not allow 

side shoots to grow from vines below this height. The present 
tendency amongst a few growers, however, marks a deviation from 
the longstanding usage. They allow the vines to grow to a height 
of about eight to tcn feet, and encourage the growth of side shoots 
from about two feet above the soil. The advantage of such a 
method is difficult to accurately gauge at present, but it appears 
to be a mistake to allow such a large number of branches on the 
vine as they are likely to reduce the bunch size and perhaps also 
lower the quality of fruits. These spurs grow and form canes for 
the October pruning. The second pruning is given in the month 
of October, that is, six months after the heading back of the vines. 
At this time, the vine may have three to four canes growing in a 
head. These canes a,re pruned "forward", that is, leaving three 
or four buds at the base. Of these, one or two buds at the end 
sprout, and bear fruit bunches. The lower buds remain dor­
mant. Thereafter, the vines are pruned regularly in April and 
in October. 

The April pruning is done after the harvest is over. Canes 
are cut back to the foundation, and only one out of the three or 
four original buds is left on the canes. If any cane is weak, 
it is Cllt back without leaving any bud at all. April pruning 
is called "back" pruning, and is done on the same spur as was 
pruned in the previous October. Thus the end part of the stump 
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left in October, together with all new growth is pruned away in 
the following April. The lower bud or buds which remaine~ 
dormant after the October pruning, now come to activity and 
forms the new canes for pruning in the next October. The heat 
during the month. of May induces the growth of shoots into vigo­
rous sprouts, provided irrigation facilities are available. Irriga­
tion, however, is not given for two or three weeks after pruning, 
depending upon the condition of soil at the time of pruning. 
Some growers do not give any manures to the vines at the time of 
April pruning. But it is observed that the application of manure 
and regular irrigation are necessary to get strong 'canes. The 
growth of canes after April pruning is an important factor in get­
ting fruiting spurs after the following October pruning, and in­
fluences the year's crop materially. 

Precautions to be taken at the time of pruning against mildew 
and other diseases are discussed later. At the time of the April 
pruning, iuigation is stopped for two or three weeks to check 
further growth of canes. The canes are then pruned back as 
already explained. The soil is then ploughed deep, a heavy 
application of manure is given, and the first irrigation is allowed 
about three weeks after the vines are pruned. Some growers 
defoliate canes about three weeks before pruning, and irrigate 
vines at the time of pruning. Experimental evidence as to the 
benefit of defoliation and irrigation at the time of pruning is 
lacking. It is believed that canes mature well when they are de­
foliated and exposed to the sun, and buds develop vigorou Iy 
when they are irrigated before . pruning. Defoliation un­
doubtedly facilitates pruning. 

In the case of raisin grapes, three methods of pruning are 
recognised, namely, spur (stool or short) pruning, long or cane 
pruning, and spurring laterals on canes. 

Winkler (83) states that "The retention of the larger parts of 
the yearly growth on the vine combined with some method of 
thinning offers promise for improved quality and yield in many 
table grape varieties." It is necessary to know what kind of 
pruning is suitable for a given variety. Some varieties like the 
Sultana produce fruits from the fourth bud from the base of the 
cane. In this case short pruning is not desirable. This variety 
has a tendency to send out suckers, water sprouts and sterile 
shoots. There is another school of thought, according to which 
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no pruning is necessary to induce vines to fruit, specially when 
they are grown for the production of ordinary wine. U npruned 
vines are seen bearing good fruits in Kashmir and several other 
o:acts in In~lia. "The main objects of pruning·are to give the 
vmes a SUItable form and then to conserve this form and 
aecondly, .to regula~e the bearing in such a way as to obtain 
the quantity of frUlts for a number of years at the minimum 
expense" (1). Winkler's (83) experiments on vine pruning have 
established that non-pruned vines produce more fruits and 
of better quality and normal sugar contents, and that pruning 
decreased germination power of pollen grains. 

Amongst some growers, there is a tendency to prune their 
vines out of the normal , eason, with the idea of getting fruits at 

a time when the normal crop is out of the 
market. On the whole, it is very risky to depart 

from the practice of pruning in the proper season. A close study 
of the weather conditions in the Deccan shows that, the first two 
'Weeks of April and October give sufficiently warm weather to 
induce quick sprouting of spurs. Pruning in Mayor June or 
September and November, or in months other than the usual 
time, does not give a proper warmth required to induce normal 
sprouting of buds. It is, therefore, necessary that both the April 
and October pJ'unings should be practised in their proper seasons 
in order to get a satisfactory crop under the Deccan conditions. 
It is, however, found that off-sea on prunings may be profitable 
under certain conditions, as when the temperature is low and rains 
delay sprouting, as a result of which the canes do not grow pro­
perly and do not bear satisfactorily. Off-season would also 
pc advisable when low temperature or such other factor causes 
Injury to the vines. The frost causes injury usually in the months 
pf January or February at the height of winter. In that case 
vines may be pruned in the months of February or March and 
Howed to grow till the end of September when they can 
e pruned again for the October growth. Pruning in the months 
f February and March under such conditions is but nat11ral. 
ut no crop can be expected during the usual season ofNovemb~r 

o April under such circumstances. In the Madras Prest­
eney, particularly in the southern districts, vines can be pruned 
December-Januaryand April-June, i.e., after the harvest oftbe 

rop is completed. In California, on the European con-

Pruning seasons 
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tinent, in the North-West Frontier Province, Baluchistan and the 
Punjab, pruning is done only once a year during winter or at the 
commencement of spring. Vines remain in a leafless and resting 
condition throughout winter. Due to low temperature during 
winter, the disease causing organisms, like anthracnose and 
mildew do not thrive. Observations have been made in the 
Deccan to see the behaviour of canes when the April pruning is 
dropped. Every care was taken to keep the vines frce from 
disease. But during the monsoon a good deal of sprouting 
occurred, and after the October pruning, the new spurs did not 
make a vigorous growth as would have been expected under 
normal conditions. 

Girdling is sometimes practised to induce heavy bearillR ill 
grape vines. "The process of girdling consists of making two 

Girdling and 
nipping 

parallel incisions through the bark arollnd 
either the trunks, arms or canes of the vilJ(,\, 
and of removing the bark between the two 

parallel cuts. This mllst he thoroughly and cleanly dOlll' 

while the vines are in bloom" (38). .Jacob (48) recommend~ 
that a complete ring of hark, 18ifth of an inch to 1):'"111 
of an inch wide may be removed from the stem of Thompsoll 
Seedless and Corillth. Girdling can be practised fiw several 
years to get successful crops, provided the soil is good 
and the cultural practices are adequate. Bioletti (12) 
suggests that ringing should be ! to ! inch wide and should 
not penetrate the wood. I t is done to increase the size 
of the fruit and hasten ripening. He, however, states that 
ringing is a weakening process, excepting in Black Coriuth 
(syn. Zante Currants), which hardly bears any crops without 
ringing. Girdling is a necessity in the Zante Currants which 
otherwise shed fruits shortly after blossoming. The trunk of 
these vines is girdled by removing a bark 1 inch wide 
in Australia, while other vines resent such treatment, and 
have to be girdled on the limbs. Some writers recommend 
wrapping of some kind of cloth or a surgical adhesive tape round 
the girdle to induce quick healing of the wound and it is also 
stated that "ringing affected before the flowers appear, towards 
the base of the bran£h will further increase the number of 
leaves and fruits". It is advised that ringing should never 
be done when the clusters are partially in bloom or in the 
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Iliddle of the blooming period. In case of rank growth 
.nel subsequent failure of crop, tipping of vines may be 
)ractised. It docs encourage the growth of laterals. On flat 
,oils of clayey texture, where good cultural manurial practices 
Ire followed, it has a tendency to make foliage short, close and 
:!t:-n~e with laterals at every bud down the cane length, and 
each has a tendency to run away, if not arrested by the knife. 
Ring barking can be done to obtain early ripening, and should 
he done when the berries are half grown. A much higher 
sugar content and lower acidity were ohserved in the ringed 
than in the unringed grapes. 

After the April pruning the land is ploughed between 
the rows of vines and cultivated. The soil near the roots. 

of vines is removed to a depth of about 
Root exposUTe a foot in a circle with a radius of about 
three feet from the vines. The smilller roots are thus ex­
posed and pruned. In about ten days the usual dose of 
manure is added to the original soil taken out and the whole 
mixture is replaced, and the roots are covered up. When new 
shoots spring up irrigatiou is giwn. Barnard (3) states that 
"Root pruning ()ccasioned hy winter plouf4hing to a depth 
(,f nine to ten centimeters is heneficiaL The feeding roots are' 
annual structures invariably associated with endophytic mienr­
rhiza and are developed at a depth offive to ten inches at the base 
of the cultivation zone. The root growth commences about 
five weeks after the rise of sap begins, and three weeks after the 
burst of buds." 

Grape vines require heavy manuring. Generally three to­
five baskets of (60 to 100 lh.) farmyard manure are given in 

Manuring the month of April, after pruning. Oil cake, 
sheep dung and all such available organic 

manures can be usefully applied. The lise of sulphate of 
ammonia or ruciphos to a limited extent is also recommended. 
No manure is usually applied to vines in the Deccan after the 
October pruning, as it is found to encourage vegetative 
growth and suppress fruiting if appJied .. It has been estimated 
that a five-ton crop per acre of fresh grapes removed 33 lbs. 
nitrogen, 9 lb. phosphate, 27 lb. potash, 71 lb. lime and 
3'60 lb. magnesia. Potash deficiency causes chlorotic mottlin@ 
which later lead to scon:hing and collapse. Boron deficienc) 
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in the berries becomes manifest by the appearance of brownish­
green areas under the skin. Application of sulphate of potash 
and borax at the rate of 14-28 lb. per acre, cures the trouble 
in the course of two seasons (2). Farm yard manure is given 
at the rate of twelve to twenty tons per acre. Another fertilizer 
mixture recommended for grapes is :--

Sulphate of ammonia 
Superphosphate (45%) 
Muriate of potash 
Sand 

ISO lb. 
352 lb. 

72 lb. 
26 lb. 

This mixture is applied at the rate of six pounds per vine 
preferably in two applications in the year. Some author:; 
recommend green manuring in the ahsence of farmyard 
manure. In France prunings arc returned to the soil which 
serve as a useful manure. The pnmings may also be fCd 
to livestock and enrich the soil in the form of cattle dung_ 
Stene (74) has also found that some grape vine varieties respond 
very definitely to potash applications. Fertilizers poor in 
nitrogen and rich in potash and phosphorus should be applied 
especially when there exists a tendency to flower dropping_ 
Lagatu and Maume (51) state that potash is flccessary to vim's, 
as failure to apply this in adequatc amounts will cause leaf 
scorch, arrest of growth, yellowing of leaves and incomplete 
ripening of fruits. At New York, nitrogenous fertilizers have 
proved to be very effective in improving the yield, quality 
of fruit, leaf and wood growth of the vines (43). Lime had 
no appreciable effect on vines, while phosphoric acid and 
potash had so small a beneficial effect that their use was nOl 

profitable. Stable manure and green manure did not yield 
.any consistent or conclusive results. 

In Malta (14) vines are manured every third or fourth year. 
Shallow trenches are dug fifteen to twenty centimeters deep 
and farmyard manure at the rate of half to one basket per vine 
is put in them. It is reported that "excessive use of organic 
manures will produce grapes of inferior quality for the wine 
press." 

The be:-t manure for grapes, however, seems to be the stable 
manure which supplies organic matter or humus and is com­
plete with most ingredients. Ten tons of stable manure applied 
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every third year may suffice to maintain the fertility of the soil. 
Stable ma.nure is scarce and hence artificial manures, supple­
m.ente~ wIth green manu~e are applied. Vines over-supplied 
wIth mtrogen produce dehcate shoots that are liable to fungus 
attack. While nitrogen promotes growth of cane and leaves, 
phosphoric acid gives tone to the vines and improves the quality 
of fruits. Either of the following manure treatments may be 
adopted with advantage in Bombay Presidency :---

(I) Bone meal 1 cwt. 
Sulphate of potash 1 cwt. 
Sulphate of ammonia or nitrate 

of soda I cwt. 

(2) Bone meal 
Blood manure 

or 

1 cwt. 
2 cwt. 

These doses arc meant for one acre. Vines may be manured in 
Bombay Presidency Ollce in April and again in the winter, when 
bunches arc formed. The manure should be applied in {{IITOWS 

six to eight inches deep on either side of villes and two fcet away 
ftOm them. The winter applicatioll would help the develop­
ment of bunches and improve their quality, while manuring the 
vines at the time of April pruning is desirable to stimulate 
growth of the plant. 

Grape vines require regular irrigation in the Deccan. lITi­
gation is given to them almost throughout the year, except for a 

Irrigation 
few weeks at the time of April and October 
prunings, and during the monsoon, when 

water is applied only if there is a break in the rains. Without 
ascertaining that a sufficient supply of water will be availahle 
in the wells throughout the year, it is unwise to go in for 
vineyards. The summer months during which scarcity of 
water is felt in many parts of the Deccan is just the period 
when irrigation is required for this crop to foster the new 
growth after the April pruning. If the wells fail to 
give an ample supply of water at that time, the vines 
may be seriously damaged. Regular irrigation is also essential 
from October to March which is the fruit bearing period. The 
method of irrigation c~mmon in these tracts is the flat bed or 
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round basin around each vine. But owing to the close planting 
and heavy irrigation applied, the system actually amounts to 
flooding. Flooding is unavoidable, because the soils are deep 
black and heavy, generally deficient in humus, and have a ten­
dency to crack and dry up near the surface after each irrigation. 
Consequently, frequent irrigation and stirring the surface soil are 
necessary. Watering is given once in six to eight days during the 
fruting season. It may be noted here that the first watering 
after October pruning is sparing, just enough to wet the surface 
soil. The quantity is gradually increased to the full dose ill 
the third or fourth tllrn. Heavy irrigatioll in the beginning en­
COUl'ages vegetative growth and is likely to suppress fruiting. 
De Castella (J 7) states that "The usual practice of giving a 
heavy irrigation when vines are in full bloom in summer, 
tends to prod lice excessive vegetative g-rowth at the expense of the 
fruit." He suggests that under Australian conditions, after 
g-iving copious irrigation in August, the next irrigation can bt' 
given in November. Frequent ~irrigations are of course neces­
sary during the summer, the first irrigation commencing 
when the buds are about to burst. 

I n the Deccan, grape vines bear bunches chief!)' after the 
October pruning. These bunches develop swe-etness and quality, 

Thinning of 
bunches 

producing a marketable crop. After the April 
pruning also, the vines bear some bunchr.l> 
which, if allowed develop and mature during 

the monsoon. Such fruits become sour and unmarketable, since 
they do not seem to be able to synthesize sugar sufficient at that 
period of the year. It is, therefore, the practice to pick off all 
blossoms which appear after the April pruning, in order to COll­

serve the energy of vines f()r the October crop. No thinning of 
bunches is practised in the Deccan in the case of the Octo her 
crop. Knapp (50) while emphasizing the value of dean and 
careful cultivation in the vineyard, advocates keeping the 
bunches clean. In the case of loose or straggling clusters or 
set of shot herries or both, thinning of flower dusters is re­
commended by Winkler (83), who also recommends berry 
thinning, when they are too dense in the clusters, in order to 
improve quality. 

It has already been mentioned that frequently grape vines 
get damaged by low temperatures in the Nasik area. It is 



GRAPE 339 

()hserved that when the temperature falls to 35> F, the foliage 
and tender parts of canes are altogether killed. Whenever 
Injury due to frost lo:w temperature is .accompanied by strong 

wmd, the damage IS sudden and severe. 
Well-protected portions of 'vineyards, sometimes escape damage. 
Usually the lowest temperature is recorded between 3 a.m. 
and 8 a.m., when frost occurs. At present, no successful 
treatments to protect vines from frost or low temperatures have 
been discovered in the Deccan. Covering the vineyards is expen­
sive. Burning of firewood in and around them and flooding are 
not efficient enough in the fight against frost. Observations 
show that burning wood and flooding do not raise the tempera­
ture of the field appreciably. It is lloticed that there is a rise of 
only one or two degrees in fields where such methods are em­
ployed as compared- with the temperature outside. Heating of 
orchards, as is done in Galif<JrI1ia, has not been tried in 
this country on a large scalr, due to the high cost of such methods. 
It may be possible to raise the temperature by five degrees 
Ji'ahreinheit by using m()dern heaters. But this requires abollt 
(lne hundred heaters per acre alld the cost of burning them for 
four or five hours may go to Rs. 150/- to Rs. 200/- per night. 

\'\Then frost damages the CfOP, the temperature near the snr­
face or soil is usually 24°F to 26°F, and the atmospheric tempera­
ture under shade is :~ I °F to 33°F. The Bombay Department of 
Agriculture has arranged to get timely intimation [rom the Me­
teorological Department when frost is expected in grape 
areas, and to send it to important centres by telegrams. But 
the benefits of such a service canl10t be fully availed of by 
growers for want of proper means to fight against the adverse 
weather. In the year 1936, some preliminary experiments on 
the protection of grape vines irom frost were conducted at Nasik. 
The observations included the effect of wind-breaks, oil heaters 
and fire wood burning. The tentative conclusions were that 
wind·breaks gave a temperature rise of two or three degrees 
Fahrenheit, modern oil heaters at the rate of two hundred per 
acre' and country heaters gave a rise of six to seven degrees 
Fahrenheit only at a cost of Rs. 75 per night. 

Cold waves are not known to do much harm to vineyards in 
Sind and North-West Frontier, as in those tracts the blossom 
appears in the months of February and March, when there is littlt 
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likelihood of the occurrence of low temperature. Further, 
the existence of severe winter conditions during December 
and January force the vines to dormancy. 

Effort has been made to impro~e the quality of Bhokari, 
which is the most important commercial variety of grapes in the 

Improvement of 
grapes by raising 
seedlings 

Deccan, by raising seedlings of this variety and 
making selt:ctions from them. Out of a large 
number of seedling vines raised and reared 
to fruiting, some produced fruits of better 

quality than Bhokari. But it has to be seen yet whether 
these selected seedlings are also high yielders. Seedling No. 9+ 
appears to be promising. The main features of this seedling 
are:--

Vine growth fairly vigorous, stem brown, cylindrical, 
glabrous, young growth smooth, internodes short, ten­
drils more lrequent, occurring practically at every node; 
leaves membranous, basal lobe overlapping only in tht 
advanced stages; dusters occur opposite the fifth leaf, the 
bunch is long and compact, berries oblong and fairly 
well-developed; colour yellowish tinged with green; 
pulp soft and melting; taste mild acid. It is good for 
table purposes. 

It appears possible to develop strains or varieties, which are late 
or early, and which are resistant to diseases by pursuing breeding 
work further. Grape selections that have recently been made 
in certain countries for the resistance to the attack of certain 
diseases show that, certain strains are satisfactory. Ohservation 
on resistance to cryptogamic diseases made in one countrv 
may not, however, be applicable to another. Fennel (35) 
describes his search for suitable species in south of Florida 
and his hybridization experiments. Some 100,000 seeds were 
wwn, and thousands of seedlings have already been planted 
Jut. The new varieties which would be evolved may be more 
tdaptable to tropical conditions than those raised from species 
)f temperate regions. 

Dearing (30) reports that the native vines and muscadine 
~rapes, have been greatly improved by crossing and selec­
:ion. One of the most striking results has been the creation 
)f self-pollinating kinds with complete hermaphrodite flowers. 
, Improvement of grape vines by bud selection has been 
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attempted and several types are reported to have been selected 
as bud sports and propagated true to type. 

Sterility is marked in grapes and due to this phenomenon, 
there are a number of grapes which are seedless. The Pandhari 

Sa/ubi is practically self-sterile and shy bear­Sterility in grapes 
ing. When grown side by side with Bhokan 

it bears better crop and produces uniform berries due to fer­
tilization with the pollens of Bhokari (31). Roussopoulos (69) 
mentions that optimum climatic conditions combined with 
heavy manuring encourages the development of seeds in seedless 
types. Stout (75) reports that "Varieties like the Bright Lindley, 
Baty and Massasoit, have curved instead of erect stamens, and 
the stamens are more or less aborted and have shrivelled and 
defective pollen grains. Self-fertilisation in these types is rare, 
and intervention of foreign pollen is necessary." He adds that 
"There is a group of grape varieties which produce pipless or 
almost pipless grapes ... " 

As in other fruits, varieties of grapes differ in their food 
value. As a rule grapes are stated to be a fair source of calcium, 

phosphorous and iron. Some varieties like 
Concord and Isabella, were found to be poor 

sources of vitamins A and B, while C and G vitamins were 
entirely absent in them when tested without skin. Suitanina and 
Malaga grapes with skin on the other hand showed small quanti­
ties of vitamin A, fair amounts of vitamin B, little or none of vita­
min G, and very little of vitamin C, Commercial grape juice is 
reported to have no vitamins at all. (Also see pages 342 and 343.) 

Food value 

According to Winton and Winton (85), grapes (American) 
contain 22'60% total solids, 1'3% protein and 0'5% total ash. 

Sherman (72), on analysis found the composition of 
American and European grapes as follows:-

Edible Portion American 

Water 
Protein (N x6'25) 
Fat .. 
Carbohydrate including fibre 
Ash 
Fuel value per 100 gros. 
Fuel value per lb. 

grapes. 
81'9% 

1'4% 
1'4% 

14'9% 
0'45% 

78 cal. 
355 cal. 

European 
grapes. 
81'6% 
0'8% 
0'4% 

16'7% 
0'46% 

74 cal. 
355 cal. 
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to twelve pounds per acre. Sulphur dusting 
the time. or Roweri!1g is extremely beneficial as it 

helps settmg or berrIes. 
4. The second application of sulphur dust should be made 

about a month after the first dusting, and the 
quantity of dust used at this time should not exceed 
ten pounds. 

5. The hot weather (April) pruning should be done 
about the first of April, so that the vines can have 
their canes properly matured, before monsoon 
sets in in June. It is desirable to spray vines early 
in June with Bordeaux mixture (5: 5: 50). Failure 
to spray vines before the rains, may result in the 
shedding of leaves in September, and the early 
sprouting of buds due to mildew attack. 

f this programme of treatment is carefully followed, the 
rines can be kept almost free from mildews. Bordeaux mixture 
5 perhaps the most common fungicide in use. It is used in 
lifterent strengths as may be needed by the seriousness of attack, 
~d the nature of the causal organism. For a normal solution, 

e pounds of copper sulphate, five pounds of quick lime and 
ty gallons of water are taken. The copper sulphate is 

d . dissolved in four gallons of hot water in a 
r eaux rruxture wooden tub or an earthenware vessel. No 
etal vessel should be used for copper sulphate solution, as the 
emical acts on the metal. To the above solution cold water 
added to make it up to ten gallons and stirred. In another 

~el, five pounds of best quick lime is slaked and then enough 
ater is added to it to make up to ten gallons. The copper 
lphate solution is then poured slowly into the lime luspe1Uion, 
nstantly stirring the mixture. Bordeaux mixture is then 
dy for spraying, on the addition of the remaining amount of 

ater to make up the whole to fifty gallons. Bordeaux mixture 
ould be properly prepared so as to have no free copper sul­
ate in it. This is tested by immersing a dean blade of a steel 
'fe in it. If a reddish deposit is seen on the blade, then more 

pte water should be added to the mixture, and stirred, until 
e knife blade remains clean on dipping. . 

Anthracnose is caused by the fungus Gloeosponum ampe­
hagum which produces cankers or scars on leaves and 
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shoots. The scars appear at first as small brown spots, whic 
Anthra-cnose en~rgedand become depress.efd in the centre 

Auecte blossoms appear as 1 charred. 
The well-known "bird's eye spots' are produced by depres 

siom on berries. The central portion of the spots is grey 
and somewhat depressed and is surrounded by a circular red­
purple zone. Moisture in the form of rain or dew drops i 
necessary for the germination of anthracno e spores and infection 
for the vines. Low temperatures favour the development 01 
anthracnose which is a slow spreading disease, and does not 
de~astate the crop with such rapidity as downy mildew does. 

The disease can be controlled by spraying with Bordeaux 
mixture (5: 5: 50). On pruning, all the branches are cleaned 
and the stern is sprayed with Bordeaux mixture. In severe 
cases Bordeaux paste which is but a concentrated preparation 
of Bordeaux mixture, being in the proportion of 1'5 lb,: 1'5 lb.: 
10 lb. is smeared on vine stems, after pruning. 

The only severe insect pest of vines in the Deccan is See/a­
dania strigicollis M. which is locally known as Udadya. It eats 
I up the tcnder growth of spurs. The colour of 
nseet pests this beetle is dark brown black with bright 

bronzy reflection. The beetles feed on growing shoots and 
leaves and damage the vines considerably. The larval an? 
pupal stages are passed in the soil. Mechanical control IS 

very effective by (1) removing bark of the vines to avoid egg 
laymg; (2) trapping the adults in six to nine inches in length, 
T aJ'.uls fqrmed of banana leaves placed on the pruned ends 
f vines near the sprouting buds, where the insects tak~ 

shelter in these bundles and are shaken of at intervals in a 
vessel containing kerosene and water; (3) the most effective way 
is the "Umbrella" method of passing an inverted umbr~Ua 
under the vines and conecting the beetles in that by shaking 
the vines. The beetles are then collected in gunny bags 
painted inside with coal tar. The use of Bordeaux mixture 
and calcium arsenate is recommended in Madras. 

There is another type of beetle (Adore/us ovalis) seen attack­
ing grape vines at Nasik. This pest appears in November. 
Cockchali Hand-picking of these insects is recommended. 

en Dead wood on vines in which they hide should 
be removed and burnt to remove all shelter to these pests. The 



E:ERLESS DUST GUN AT WORK DUSTING GRAPE VINES WITH 
SULPHUR POWDER AGAINST POWDERY MILDEW. 

FlUing page 34? 



EARTHEN POT USED FOR PACKING GRAPES WITH SAW-DUST 
A PACKING MATERIAL IN AHMEDNAGAR DISTRICT. 

THIS IS BEING DISPLACED BY BAMBOO BASKETS. Facing page 347, 
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lon practice in the grape-growing districts of the Deccan is 
:el off all dead and dry bark of vines, thus cleaning them 
after pruning is done. In vineyards which are not cleaned 

(lis way from time to time and in which the vines possess 
(y unclean knots, the pests do great harm to the crop. 
Rhipiphorothrips Gruentatus H. are minor pests but in case 
levere infestation the shoots may wither away. praying 

with Nicorin Sulphate or tobacco decoction 
is quite effective. 

:ips 

Different varieties of grapes develop different hues on their 
nehes, when the berries are ripe. The Bhokari develops 

t
. a pinkish colour on the berries when they 

.rves m~ . are fully flpe. The bunches are usually 
tdy for picking when the peduncle gets somewhat shrivelled, 
d the characteristic hue is fully developed. In the Deccan, 
ape bunches are harvested by hand. Picking is done a 
w days earlier when bunches are meant for distant markets. 
bere is no systematic observation made on the right stage 
. ripening of grapes in this tract. But it is best to harvest 
rapes, when they are fully ripe on the vines. In America, 
1e harvested bunches are allow d to wilt in the packing 
ouse until the stems are perfectly dry. Bagging of bunches 
~ith thin m!lnilla sacks is also done as a protection against 
nsect attacks. The bags are usually provided with two or three 
mall holes in the bottom to drain out the water that may 
:nter them. Bioletti (9) states that berries of young vines ripen 
quicker than those of old vines. He also states that berries ex­
posed to the south ripen earlier than those to the north. Bunches 
at the base of the stem ripen earlier than those at the top. 

The method of packing, marketing and transporting 
of this delicate fruit in India requires a good deal of 

M k
· f improvement. At present the fruit is packed 

ar etmg 0 grapes . d I b k . h 
. In ten-poun bam )00 as ets, WJt grape 

leaves or dry gra s as packing or padding material. Grapes 
from Ahmednagar and parts of Southern India are packed 
in earthen pots, holding about twenty to twenty-five pounds 
each, with or without saw dust for packing. The earthen 
pots locally called madkis, are carefully handled in transit! 
by the railwaymen for fear of breakage, and hence the fruits 
_. _ . J, ot damaged much. The baskets from Na . 
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are principally sent to the Bombay market by railway, and sold 
by the commission agents at the current market rates. The 
commission agents charge either one anna per rupee or four 
annas per package as their agency commission. No special 
care is taken to pick bunches at the proper stage of maturity. 
This lowers their value in the market. Besides, some of 
the bunches are damaged in transit also. Such conditions 
coupled with irregular methods of sale in the market w[)rk 
adversely on the economics of grape cultivation. The Balurhis­
tan (Chaman) grapes are brought to the markets of Bombay in 
willow baskets of forty pounds capacity packed in grass and 
carried in refrigerated vans. The fruit is sold in the market by 
auction sale and not by the "secret treaty" method common in 
the case of other fruits. For long distance markets like Calcutta 
and l\1adras, grapes are packed in wooden boxes. Grapes of 
good quality come to the Bombay market from Italy and Spain 
also. They are packed with cork dust in wooden barrels. Thr: 
fnut is shipped under refrigerated conditions. These grape, 
fetch a good price. 

In France, the picking of grapes is standardised, the stan­
dards differing for different varieties. Trays of varying dimell­
sions are used for packing- grapes. 

The methods of grape storing by packi.ng th<: f~uit amonf; 
layers of cork is only applicable to ('ertam vanetles. Somr' 

Storage 
grape varieties call be easily preserved a, 
they are grown in extremely dry climate 

which increases the percentage of sugar in the berries. Some 
types of grapes keep for a long time, if cut and placed 
in layers on saw dust in receptacles, but will not ket':p well 
if left hanging on vines. White saw dust, a mixture of fir 
and spruce, showed much better results as a packing material 
for grapes than red-wood saw dust or cork at 32°F. The 
optimum range of storage temperature for grapes of several 
varieties is said to be 28°F to 32°F (80). The storage life may 
vary from two to six months according to varietal and enviroll­
mental factors under the best storage conditions. According 
to Reyneke and Du Plessis (68), S. African grapes are Vel)' 
susceptible to damage from sulphur dioxide fumigation, but JtI 

certain trials, when fumigated with 0'25% to 0'3% S02' they have 
survived in exceptionally good condition. High temperature~ 
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during S02 fumigation also materially increase damage. Spraying 
the packing material at the bottom of the grapes with 20 cc. of a 
solution containing 20 g. potassium or sodium bisulphite in 
100 cc. water per 10 lb. box (i.e., 1 tablespoonful per box) 
resulted in the grapes maintaining their freshness and attrac­
tiveness in comparison with untreated boxes in which much of 
the fruit rotted. They further add that the S. African con­
sumer prefers a well-coloured grape with a high sugar content 
and if possible, unusual flavour. 

For inland distribution the most suitable transport tempera­
ture is 60 degrees F and facilities to maintain this temperature 
on rail are very desirable and should cost less than the cooling 
of insulated cars to 4·() degrees F by means of ice as is now done 
(34). 

I t is calculated that the total receipts per acre from 
grape vines might go to Rs. 1,500 or more.... But it costs 

, ,. about Rs. 1,000 per acre to maintain the 

C
foCIOt!1°antll,ICS 01 grape vineyard and to cultivate it well. The net 

U IV on fi . h" 1 R 500 pro t per acre IS, t ere, ore, a lout s. . 
This is of course exceptional and these figures are rarely reached 
under normal conditions. The net profit ofRs. 500 appears to be 
an attractive figure. But if, once in three or four years as it hap­
pens in the Deccan at present, the crop is damaged by frost, the 
whole profit is wiped out, Hence, of late, grape cultivation 
has hecome a fairly risky undertaking in the Nasik district. How­
ever, heaters and other precautionary measures against frost are 
being commonly adopted. In the Madura District of Madras 
Presidency, an amazingly high yield of about 25000 lbs of the 
local green grape is claimed by some growers, while Kishmish, 
the seedless variety of Baluchistan is reported to yield about 
15000 lbs. per acre per year. 

The conditions for drying grapes are not very suitable 
in the Deccan. The percentage of sugar in the Deccan 
D' f grapes is very low. Besides, incidental showers 

rymg 0 grapes in the month of April cause a good deal of 
damage to the fruit in the process of drying. Some enterprising 
growers, however, have dried their Bfwkari grapes for trial. 

.The figures prevailed in the' lhirti~s, During and after World War II, 
the cost and income figures have risen even three to four times. 
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Although the product obtained was not of a superior qllalitv, 
grape drying appears to develop into a useful side industry whtn 
frc'ih fruit, do not fetch a good price in the market. Othrr 
v.u-ieties were not tried for their dryin~ quality. .Mor~()vtr, 
tht~ir production is low, and there is usually little fruit 
available j()!, drying. Well washed grape~ are dipped ill 
llikewarm lye solution for just a minllte or two and then 
thoroughly rinsed in cold rurUling water. They are then 
exposed to sulphur filmes in a sulphur box for one hour and tlwn 
either dried on wooden trays in the slln under dust-proof condi· 
tions as Jiu' as possible or dehydrated in the home-drier at a telll' 
perature of 160°F. The dried raisins arc then graded and packed 
in air-tight paper-lined wooden cases. 

In 191:1, most of the world's raisin production was reported 
to hI' restrjcted to CaJijimlia, Turkey, Spain and Australia. 
11mcats, Sultanas and Currants arc the thrt'e most imp()J'Jalll 
varieties lIsed for raisin man ufactllre. The seedless raisill, 
arc rrnde nninly from Sultana, Suitanilla, Black Corinth 
and White Corinth. The method of preparing rai~itls is 
described by Crness, Christie and Flossfedef (24). TIl!' linits 
are dipped fir'>t ill a boiling solutioll of hall' to nne pt:'r {TlIt Iyr 
(sodium hydroxide-) ji)r three to five seconds. SOliI(' vari,~tifs 
like Muscat and '\1alaga require two to three per n:llt lye 
~ol\ltioll «)r satisfactory results, and the time of dippinL; mai 
last upto fIfty seconds. Dipping in lye imparts a glossy ,lpl'car'­
,Uiee, J::u:iJitatt:s evaporatioCl and renders the rai,~ills .,\\'t~(·lI·1. 
Special dip.~ COTltaillinf!; olive oil, g-IyceriTlC or mineral oils appr';lr 
to improve the colour and keeping quality of raisins. The 
dipped grapes art' rinsed in fresh water and then dricd III 

sun or in evaporators. Twenty to thirty-three days are 
required [or drying un dipped grapes while dipping reduces the 
time by about one-third to half. Some !!;rapes arc fumie;att'd 
with sulphur fumes before drying. Sultanina requires furni~a· 
tion lilr half an hour, while red wine grapes that are to he 
sun-dried require to be exposed to sulphur fumes for one hOIlr. 
Solid bottom trays are preferred for drying operation. Thr 
evaporated grapes have to be kept in sweat boxes or bins for one 
or two week!> to permit equalisation of moisture in the rai~jJls. 
I t is said that grapes dried to twenty-four per cent or twenty-frye 
per cent moisture will keep well under California conditioJls. 
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Some varieties have to be s'lhjecteo to the process of seeding 
(removal of seeds) after drying. 

Late picked grapes may sometimes be dried in chambers at a 
temperature of 160' F. In California, it was observed, that the 
drying ratio is regulated by the sugar content. To obtain 
raisins of first quality, Mllscat grapes should not be picked when 
their juice reads below 25 degrees Balling, nor Sultanas below 
23 degrees (Balling indicating sugar content). Raisins are 
prepared on a large scale in California. Currant grapes are 
dried on a large scale in Greece. Sultana is dried in Asia Minor. 
Monuka is a special dril"d grape of Afghanistan. In Baluchistan 
and North-vVest Frontier, grapes are dried entirely in the sun. 
But some preliminary trials conducted in this country several 
years ago, showed that good raisins call be prepan~d by adopting 
the American method of evaporation Ilsing a small dehydrator 
of the type described elsewhere for drying figs and banana. 

Cirerri (2:1) states that ill the province of Macerata in Italy. 
it is the custom to keep fresh g-rapes fi::,,- domestic consumption. 
The bunches of ripe grapes are hung up in a ('001 place prefi~rably 
in a well-ventilated cellar. Thus stored, grapes keep J<:)r a long 
time, though they shrivd alld assume a colour varying from 
amher to brownish yellow, having ill short the characters of 
dried grapes. Dried grapes are liahle to the attack of Macru­
phoma ./laaida along with mildew. 

Unfermented grape juice has been lIsed as a popular beverage 
for centuries in mally parts of the world. For bottling Jresh grape 

Rottling of 
grap" juice 

j uire, it is very necessary that the frui t should 
be juicy and aromatic, so that the juice can 
have its "charactrr." Taking this into consi­

deration, Black Prince is perhaps the only type in the Deccan, the 
juice of which can he satisfactorily bottled. Grape juice is heing 
canned in the tJ nited States of America on a fairly large scale. 
Bottling grape juice is lIot a very elaborate process. The 
Ii'uit is pressed, and the jllice on being: collected is mixed 
with "German soil" and heated to 65°C and filtered. This 
filtered juice is then bottled, and pasteurised at simmering tem­
perature ( 80°C) lor twenty to thirty minutes, closed air-tight 
while still hot and stored. In tht' case of coloured grapes, a little 
juice is added to the pomace, which is treated to a temperature 
of 160-165° F in order to extract the colour. It is then pressed 
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and the extract filtered and mixed with the bulk of the juice 
to be bottled. Bottled juice of most varieties of grapes leaves 
a thick sediment of tartrates, when stored for some time. III 
such cases, it is necessary to open the bottles after a few months 
of storage, syphon off the clear liquid, bottle it again and pas­
teurize as described above. There does not seem to be much 
demand for fresh or bottled grape juice in the ] ndian market, 
where sufficient taste is not yet created to develop bottling of grape 

juice into an industry. But a limited sale of juice is P()~· 
sible if it is properly bottled and packed. Grapes furnish a large 
variety of products Sl1ch as willes and syrllps (15). .Jelly and 
conserves can also be prepared from them, while in Frallcr 
and along thc Mediterranean coast choice wines are mallllbJ. 
tured out of grapes. The manufacture of syrups is easy and 
<:an be followed on the lines of fig or any other [mit syrup. 
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CHAPTER VIII 

SAPOTA OR CHIKU (Arhras sa/lOla L.) 

Sapota is a popular fruit ill most parts of India, though not 
of very great commercial importance except in a few regions. It 

Introduction 
is known bv a number of names in different 
parts of th~ world, such as chiku (or chico) in 

Bombay Presidency, bully tree, miami and shimai-rluppai in 
Ceylon and extreme South of India, naseberry in INest Indies 
and sapodilla or sapote in several other parts of the world. 
Its scientific name, Achras sapota is sometimes confim:d with 
Achras ,capota L. The latter is popularly known in America as 
sapote or mammey sapote, both nf which terms closely resemble 
the common name of sapota applied to the f()rmer. Hoth the 
fruits bdong to the family _,,'a/Jolaceae and are classified under the 
group of tropic.al frllits. 

In India, the chiku is the ollly kind that is of any importance. 
It is grown in this country solely for its fruits. The f()llowing 
distinguishing characters of other similar fruits are given in 
()rder to avoid the possible confusion that may arise owing 
to the close resemblance. of the popalar names. The sapote 
or mamrncy sapote is an erect growing tree with large 
leaves resembling in outline that of loquat (Eriobotlya }aprmica). 
While the leaves of sapota are smaller, leathery, very thick and 
dark green or shining green in colour, those of the mammey 
sapote are shining light green above, and light brown beneath. 
The fruits of the latter are ovate to elliptic in form, while those 
of the former are round oval, ovate or peach or apple-shaped. 
Sapota {i-uit has a thick scarfy skin with llat-brown colour and a 
yellow-brown and soft granular flesh, while the mammey sapote 
has a thick and woody rind enclosing a firm pulp of a reddish 
colour. Sapote has a single seed in each fruit, and. this is ordi­
narily elliptical in shape and brown in colour, hard, smooth and 
shiny, but the fruits of chiku have several shining black smooth 
seeds. The flower of the sapote is borne severally in the axils 
of fallen leaves on the older wood. 

c. F.--25 359 
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Then~ is,s~iJ.1 aTl()~h~r fru~t, which. be~rs.a similarity ill1Jal1' 
th,e ~/lIku. J IllS fnnt IS. desIgnated 111 Cali[iJrnia as white sa' 
(Caszmlroa rdulz.l) ~llld IS grown extensively in Mexico I 

to a small extent IIJ s()l/them C'alifornia. It belongs to 

fizllli(I' i?,t/{/eCtlf' to which the ci tl'1l.l' Fruits belong. l'll(~ [r'lIit 

white s:lpote resemhles il quince in shape and has a soft and \'t 

sweet pilip, (ing'ed with :z slit;ht /Jit I ('I'llCSS. Tlw skill of tJ 
fj'lJit is smoot/I, green tu .l'd/on:/f/l /iTN'/] i]] C%W; S01ll1 
times with a dash of bright orange or yellow. The leave.­
are palmate, and clark green in colour. Unlike the whitl' 
sapote and the sapote, the chikll is grown both fur fruit a, 
well as for the manufacture of chC"wing gum in America. II 

yields a white latex [i'om which chicle used in the manu· 
facture of chewing gurn is obtained. The green sapote (LucUlI/( 
viride) and the yellow sapotc (lucuma salicifalia) are otliel 
plants which are likely to be confused with that of chiku 
The green sapote tree resembles the sapote in generai 
appearance and habit, while the yellow sapote is a small trel 
bearing a slendcr orange yellow huiL Neither of the two 
varieties are grown in Indian orchards. 

The original home of chiku trees is the Tropical regions III 
South America. Its cultivation is extensive in Mexico and 

Origin and 
distribution 

neighbouring countries. I t has now spread 
to other Tropical coulttries, including Central 
America, SOllth of Florida, Ceylon, jamaica 

and Philippines, where it has merited some attention. In India 
the cultivation of chikll is concentrated in the plains of the 
United Provinces, Bihar, Madras Presidency and Bengal and Oil 

the Western coast of the Bombay Presidency, especially in the 
districts of Surat, Thana and Kolaha. Some large old ehiklt 
trees are said to he growing in parts of jamnagar, junagadh and 
Gondal states in Kathiawar. Of late, it is slowly spreading to 
other parts of Western India like Poona, Nasik, Ahmednagar and 
Bijapur districts. I n South India, the Vizagapatam district 
is the leading chiku growing centre. The district of Navsal'i ill 
the Baroda State has a good deal of chiku cultivation which is 
extending further. The tract lying between Bombay and 
Surat in particular seems to offer the most suitable conditions 
of soil and climate fill' the growth of chiku trees, so much so 
that the cultivators of this tract have specialised in it'! cultiva-
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~ In the Bombay market, the chiku fruits of this tract are 
~wned and they command a high price due to their superior 
ility. These trees were first introduced into this tract in about 
year IB9B at Gholwad, a small village about seventy miles to 
north of' Bombay. Chiku was then grown ill the vicinity 

II Bomba)', as a rare and costly frllit plant. It has since then 
~er>r speedily spread to Dahallu, Gholwad, Umbergaon and the 
Leighbouring places. The total cultivation of chiku now extends 
,ver an area of 2,000 acrt's in this tract. It is fast incrl'asing 
,ecause of the hardy nature ()f the trees, profuse bearing, freedom 
I'om any ~eri()us pests and diseases alld availability of fruits 
.lmost througllOut the year. 

The varidi('s of cltiku remain ~'et to he properly studied and 
lassilied. Commolll)" two chief types of fruits are recognised in 
be Bombay market one has roulld fruits alld the other oval 
11es. But fruits of \)()th shapes are {(Hllld on the same trees at 
llC same time or in different seasons of the year. Seasonal 

larit-:-ties 
changes arc said to influence the shape of fruits 
('onsidcr,lbly. Thcre is, however, a great varia~ 

.on in the brallchillg habit, f()liag;c and bearing of trees, as 
>ell as ill the texture of the skin and colour and shape of frnits. 
, few oj' these characters seem to In: correlated. The trees 
lost!)' pre:;ent a great predominance of certain characters ill 
reference to others. On this hasis, an attempt is made here to 
roup sapota trees as foll()ws: .. -

(I) Tree habit erect; branching in whorls; foliage deep 
green; leaves broad oval; fruits large with smooth 
yellowish skin; pulp sweet and butterlike. 

(2) Tree habit drooping; branching in whorl; the foliage 
light green; leaves narrow elliptical; fruits small 
with rough brownish skin; pulp inferior in taste. 

(3) Tree habit spreading; branching irregular; foliage 
deep green; leaves broad oval; fruits with smooth 
yellowish skin; pulp sweet and butterlike. 

(+) Tree habit spreadinl.{; branching irregular; foliage 
light green; )eaves narrow elliptical; fruits small 
with rough ~;kil1; pulp inferior. 

Each of these groups may further be subdivided into two 
:ctions depending upon the shape of fruits, which may either be 
lliefly round or oval. 
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Some trees have fruits with pointed ends, and resemble 
r,layiug top. Other~ have predominan~ly egg-shaped fnt 
Generally, large fnuts seem to be associated with broad 0 

leaves. ~mall and inferior. f'n~its. go with narrow long leal 
In . th.e Surat and. Navsan d.lstncts, t,he fc)llowing distinct 
varIeties are recoglllscd, of wluch the hrst three aloue are, 
tensivcly grown;--

(I) Kali. Leaves hroad, thick and green in colOtll" fn 
borne in. singles.;. fruit quality high; main pickl 
s(~a ~on Will t("r; ht t Y per cell t goo ties of this \'ari, 
strike roots. 

(~) Dlwla di1l'ani. Leaves light ill colour; fmitl whit 
an~ ()\"~l i~1 shape; fruits superior in quality tnK, 
m;~l11 I)J(:klllg st~as()n early summer months; Root 
stnke roots (,,<lsil .. ()n the tret'. 

(3) Lal/!I' Caleutta. Lc;{vcs light ill colDlll"; fruit:; fifty! 
cent larger thall those of other \'arirtics: gOill1 

diflicll/t to strike mot.,; grafted 011 //[1'IJll (Mlrl/ilj(~ 
/i,:rtlfl(jro) . 

(I) fm{~'. Lra~'cs narr()w and small, looking longish j 
skljJr; goo[in .1"ltiXC roots ~'CIF (.~'jS/~'·; finit t/Jill :JIII 

long' and t'C/}' swt't'/ ill taste; beanili': 1'(,/~I' pOUl" ilnd 
hence not commercially' paring, 

(5) Rhuri. Foliage thick; leaves medium sized; bearill~ 
medium; fruits large and of high quality; tree 
shapely. 

(6) ]ingar. Tree medium; leaves small; fi-uits very sl~lall) 
fruits borne in bunches; gooties strike roots easIly. 

(7) Vanjel. This is a' sterile or male type. Tree growS 
slowly and produces knots Oli the branches; aliell 
roots emerge from these knots; bearing very shy; 
fruits arc good to eat; gooties strike roots easily. 

Round about Vizianagram ill the .1\1adras Presidency sapo!;i 
cultivation has received a good deal of attention in recent' years. 
Over a dozen varieties are recognised there, the most imporlanl 

of which are listed below:---
(1) Kittubarti. Very small egg-shaped fruit, with four. tl 

six ridges on the rind; skin is rough, medium tlud 
and has a buff colour; taste very sweet when full) 
ripe. There is also a variety called Kittubarti hig 



(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11 ) 
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which bears big hard fruits suitable for long trans­
port, but inferior in quality to small-fruited varieties. 

Bangalorf. Large sized oval fruits, with about nine 
ridges running from the base to the apex; apex 
round as compared with the slightly tapering form 
of Kittubarti, flesh gold coloured with musk melon 
tinge towards the core; medium sweet. 

Jonnal!alosa 1. Medium sized fruit, similar in shape to 
2, but less broad at the sides; skin rough, thin, 
with no ridges; cream coloured flesh near the skin; 
but assumes a pinkish tinge towards the core; sweet. 

]oTlnavaloJa ll. .Medium sized fruit, ovate, has a pro­
minent depression near the stalk end, skin buff 
coloured, with whitish flakes and eight marked 
ridges; flesh musk melon coloured with golden tinge 
near the cavity. Sweet, but has a rather unplea­
sant flavour. 

Pot Sapota. Small sized fruit, oval with a pointed 
apex, ridges absent, thin skin and walnut coloured 
flesh, very sweet with agreeable flavour; bears 
fruits even when grown in pots; hence the name. 

GauraTlga. Small sized fruit, ovate, with, one shoulder 
drooping and t.he other raised. Eight to ten marked 
ridges; flesh soft, melting and very sweet. 

Thagarampudi. l\1edium sized fruit, round to oval 
with a flat base; skin rough but thin; Ill) ridges; 
flesh buff coloured, meiting, juicy and streaked, 
very sweet. Even when picked green, fruits ripen 
well, unlike in other varieties. Good for export. 

A.xvangar. Large sized fruit, round to obovate with a 
slight cavity at the stalk end; ridges not prominent; 
skin very thick and buff coloured; fl(~sh has 
pinkish tinge towards the core, rose scented, sweet 
and with pleasant flavour. 

Bombay. This variety bears both round and oval 
fruits of different sizes and is perhaps identical to 
those grown in Bombay, Bihar and Bengal. 

Dwarapudi. Largest si:r.ed fruit, round, sweet and 
much in demand. 

Cricket Ball Sapota. This is grown at Coimbatore and 
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on the lower foot of the Nilgiris. Fruits of vel) 
large size, round, very sweet, but not of any distinc. 
tive flavour. 

(J 2) ](lnnar1alo.ra Round. Large sized fruits, shape IIcarJv 
round, but sometimes obovatc, and oval fruits ar~ 
also met with; small cavit)' present at the stalk end; 
ten 10 eleven ridges; cream coloured alld finn l1esb; 
very sweet. 

The above nomenclature is not accepted as standard although the 
distinctive chara('tcrs of the different varieties are recognised 
On the \Ve,~t coa~t of South India, all t}it' \'arieties arc cla~sed int" 
three grol1p~, narnriy, the r01lnd, the ()\,;:t! and the larg(~ sized. 
In the United Provinces a vctriety known as the Plum Sapflla is 
grown <tmllild Saharanpllr. .:vI, ,st or tIlt' characters lI1clltionrd 
abo\'C as distinctive 0[' the variolls \'arieti(',,> are mlw(' or b, 
superficial and highly variahle. As ill dw cast" of sf:vcral u(lit:! 
.1 ndian li'uits, Sf) ill r'hi'{u thl' proper studr and classificatilJll i\ 
:m IIrgcnt lleed to n'.~·lzlilt(' its cCOIlOmic extension. 11 ,!,fl"<l1 
'Ieadway has yet to he made in standardi,ing tlH'se vari(,taln;\lllc" 
rhe existing grouping is oneil (nllfil~ing and indefinite. 

Chiku trees ar,~ ,cell growing on a \'aril'ty or soils, incllldjll!~ 
:hc most porous sandy soil of (;ho1wad and the medium bJack soil 
)1' Kopergaon IRahata). But a well-drairwd deep and pom'" 
,oil, like that of Ghoiwad, Dahanll and Gandcvi (Baroda Stat!' , 

'ioil 
i, specially suited to their proper growth. 1\ 
layer of hard lI1urum at a depth of two to thr('(' 

eet from the slIrface is harmful to the luxuriant growth of th!' 
rees as well as to their profuse bearing. In such soils the tr('(';, 
~row well for a period of about eight years, and when the roob 
trike the l1lurum layer below, the growth of the trees is arrested, 
he foliage turns pale, and the bearing as well as the size of 
Tuits diminish. Examples or this phenomenon are seen at Gho!­
,ad and other places. In soils which form a hard cake at the 
urface after the rains, the branches of cltiku trees wither, ulti­
natdy leading to the death of the trees. In very loose soils, strong 
vinds during the monSOOIl shake the trees \'iolentiy, with the 
esult that the roots are torn and considerable damage is dOlle 
) the trees in this way. I n Ceylon (12) the sapota is said to 
refer a rich sandy loam, although it has been known there to 
o well even in poor soils if well manured. In South India 
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apotas have been grown successfully on gravely poor 
aterite soils of the hill slopes of the Western Ghats. The Indo 
jangetic alluvial soil of Bihar and the United Provinces are very 
"ell suited for its culture, provided the climat~ is not too cold 
luring the winter. 

The climate of the tract between Bombar and Surat is equi­
able. The maximum and minimum temperatures approximate 
-::Iimate 92'JF and 52°F respectively. The average 

rainfall is about sixty inches per annum, and 
i distributed over three months from June to the end of Septem­
,cr, the heaviest rainfall heing during the months of July and 
mgllst. The tract is coastal and winds are very strong at the 
reak of the monS()OIl. The humidity of the atmosphere is gene­
ally high. The sapota plantations here are exposed to tlw direct 
illt hreeze from the Sf'a and have to be protected by suitable 
{ind-bre;),ks. BJ,cnd (Thr,lj)clia pOl,ulnea) trees arc planted 
Jl round the sapota plantatiom for this purpose. Cocoanut 
rces <11'(: also raised in thick rows, to prc,yide a wind-break as 
fell as jflr augmenting the incorrw to the owner 11' this wind­
,reak is Hot provided the foilage of chika tre('s Oil the sC<lsi(le is 
:orched severely, and this causes c(JlIsiciCl'ablc damage to the 
,ccs. TI~.is phenomenoll is noticeable in many orchards at 
;llOlwad (3). Parsons (12) thinks that, in Ceylon the sapota 
is hest sllitt~d to the low country wet zone, but will thrivc 

1 less moist regions also." Chiku is vcry ~usccpti ble to cold 
1jury evell when it has grown to he a large tree, and very rarely 
Ilrivcs where frosts are frequently experienced. This is the 
eason why it is scarce in the Punjab and the lower foot hills of 
'Ie Himalayas. In the southern parts of the United Provinces 
nd Bihar, however, sapotas are in greater evidence and thrive 
specially and well in sheltered localities. 

All over the world, sapota is propagated by seed, gooty 
nd cnarching. Parsons (12) state.'i that budding is also possible. 

If seeds are used, they are selected from 
outstanding trees of merit, and sown in pans or 

rcpared heds oflight sandy soil in Ceylon. Seedlings arc trans­
lanted usually when they are about two and half months of age, 
nd are finally planted out twelve to fifteen months after sowing. 
n South Florida, the propagation is mainly by seed, although it 

said that shield budding, grafting and layering arc feasible. 

'ropagatioll 
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May is believed to be the most satisfactory month for buddin, 
in that country. Seedling trees produce fruits which ar: 
ma~kedly variable, .and therefore, v~g("tative methods of propa 
gabon are now bemg advocated. fhe most common methO! 
of propagating clliku tre~s in. W~tem. India is by gooty (Mar 
cottage). Of late, graftIJlg IS dJsplacmg gooty at Dahanu anc 
roundabollt, because this method is easier, and the plallL~ so pro. 
pagated grow quicker (3). When the rayan (Mimusllps Itexandra) 
rootstock is used, the bearing is said to be good too. 

Chiku goo ties are generally prepared at the end of Mayor the 

Gooty 
heginning of .J une, so as to give them the full 
benefit of the following rainy season. 

From October the gooties are hand watered till the follow­
ing January, when roots are seen to emerge. They are then 
severed from the parent tree, and planted in earthen pots 
and kept in shade until required for sale or planting. Nearlv 
half the number of gooties die subsequent to severing in 
the pots. Gooties of chiku plants thus take eight months 
to be ready, unlike other plants which get ready -in a much 
shorter period. The long time taken and the small sllccess 
are the factors which raise the cost of gooty plants. An 
improvement in the method of preparing chiku gooties is lately 
coming into vogue. After the gooties have passed the first rain), 
season while still attached to the scion, they are left as they are, 
without any watering, until the next rains. In the second season, 
they throw out more roots in August. This method saves the 
cost of hand-watering from October to January and also makes 
the season of severance more favourable. A rainy day is COl:­
sidered very favourable for severing chiku gooties from theIr 
parent trees. The above practice is prevalent in parts of South 
Kanara district of the Mad,-as Presidency where the rainiall 
~xceed5 100 jndlcs per annum. 

Layering is found to be an easier operation than g~)otv 
n the case of branches growing c1use to the ground. Such 
[. branches require to be pruned to enable 
,ayt"rmg proper cultivation ()f the orchard land. Th!:'y 
lre, therefore, used for preparing new plants by layering. Layers, 
lOwever, take a filirly long time to strike root, and, therefore, do 
lot get ready for planting out for several months. 

A special method of layering of litchees, but sometimes of 
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;u also, is prevalent in and around Dehra Dun in the United 
lVinces. Earthen pots with a V or U shaped notches at two 
ces opposite to each other and on the edges, are tied to the 
,bs of the trees close to the shoots intended to be propagated. 
er the usual operations of exposing the bark of selected shoots 
carried out, the shoots are bent and passed through these 

.ches and the exposed parts of the shoots are huried under 
soil inside these pots. The separation of the layered plant is. 

:cted after a very long period. 
Some of the varieties of chiJ.u are very reluctant to strike root$. 
the gooty and layering methods. They have, therefore, 

:essarily to be propagated by grafting, which method is lately 
:oming popular for most varieties. Chiku seedlings take a very 
g time to be ready as rootstocks, and hence the rayan (Mimu­
r hexandra) and mohoda (})asJia latifolia) stocks are pre­
'ed. Opinion, however, widely differs on the comparative 

)tstocks vegetative growth and bearing of trees raised 
on eaeh of these rootstocks. In Ceylon the 

) trees Bania longifolia and Sideroxylon dulicijicum the "Miracu-
fruit" of tropical West Africa, are said to afford suitable 

:ks for grafting sapotas (12). MimuJops kauki is said to be 
d as rootstock for sapotas in Hyderabad (Deccan). Sapota 
~s OIl khirni, however, are reported to be not prolific. At 
laranpur, it is said, that sapotas have been successfully 
.rehed and cleft grafted on Mirnusops kauki. 
Side graftin~ of sapota on Mimusops hexandra has been 
Ie successfully at Kodur too, and a few sapota trees. 
fted on this and also on BaJJia latifolia and BasJia longifolia 
now growing there in an observational row. 

Self-sown seedlings of rayan and mohoda or mohwa are 
ained from the jungle and planted in pots for' rootstock 
If' purposes in the Bombay Presidency. When 

tmg they take root in pots, they are grafted upon. 
ifted trees are popularly believed to bear fruits with granular 
p, which is not relished in Bombay. Gooty trees have, 
the other hand, no such disadvantages and, therefore, have 

:n preferred by the Bombay public for a long time past. 
In the neighbourhood of Gholwad, the land is levelled and 

, are taken twenty to forty feet apart in the slimmer. Pits 
usually dug three feet each way. They are filled with 
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brushwood or rice husk and burnt. They are left exposcc 
for weathering until the approach of monsoon, when they an 

filled with a mixture of about eighty pound, 
of sheep dung or farmyard manure, ane 

the original soil. About thirty pounds of whole or broker 

Planting 

bones are oiten thrown at the bottom of each pit before filling 
Planting is done either in the beginning of May, in whi~11 
<:ase the plants establish before the heavy showers fall, Of aftel 
the rains in Novemher or Decemher. On planting, the younv 
plants are protected from strong winds by sllpport.~ of sticL 
and from the hot Sllll by cocoanut leaves, until they strike 
Toots and begin to grow. Hand watering is the practice followed 
immediately after planting. On the hanks of the Ambika 
river in Lhe Navsari district (Baroda Statc), the alluvial depo. 
sit on t1w river banks is particularlv pre{t~rred to other soils liJf 
planting cltiku. Planting is not done during the raim, but it is 
believed that if it is done ill the month ofIvlay, roots of the nell' 
plants establish themselves in the gTCHlnd, and do not rot when thr 
(!arly rains pOllr heavily. The spacing givcll varied in the past 
[rom twenty to thirty I(~c[, bllt latdy tbcn~ is a tendency toward, 
wider spacing. Gooty plants are lIsed llnrmaII >' filr plallting, 
which is doue in small pits of about a foot cube, with or with· 
Ollt nlarlure. Thl" land is more or kss If'vel and loose, and 1111 

preparatory tillage is deemed necessary. Thirty feet spacing is 
lsually allotted in sapota plantatiolls in North and South India. 
n the fertile soils on the banks of the Ganges, no manures are 
Ldded to the pits bcf()rc or at the time of planting. In vrr)' 
)oor soils, it is considered best in SOllth India to add manure 10 
he pits six months or a year ahead of actual planting. Plant· 
ng is usually done in February-March, or August-September 
11 North India, while in South India July to January is most 
avourr.d for this purpose. 

From October, irrigation starts onc:e in eight days in 
tVcstern I ndia. The water in the wells is generally insufficient 
or about two months during the hot weather. It is also brackish 
n many cases. Watering is, therefore, done once in ten clays 
luring this period of scarcity, with the result that a large I1UUl-

,. . ber of flowers which open in this season drop 
.rngatlOn and cause a loss, approaching forty per cent?f 
he seasonal (Aug.-Sept.) yield. If irrigation water is available III 
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iufficient quantities, and if the trees are watered once in four to 
iix days in the hot weather, it is said that there is no los.~ of yield in 
\ugust and September. Chiku trees generally seem to like fairly 
leavy irrigation, and are not seen to suffer much in low lying 
lrcas, although stagnant water is not congenial to their best 
lealth. At Dhamdhaeha and Devdha of the Navsari district, 
hiku trees are irrigated in a ring basin. A mound of ("arth of 
hrec feet radius and eighteen inches high is raised around the 
.runk of trees, with a view to protect them from violent winds 
~hich arc so common especially during the early rains. This 
nound naturally necessitates the formation of irrigation rings, 
~hieh later on merge into the hroad bed system. Of course, 
he mound continues. Irrigation water never touches the trunk 
)f trees, except perhaps in the \Try early stages, when the trees 
lave not grown up sulIiciently to require the mound. When the 
nound of earth has lweI! thtTC fi)I' some years, Toots of trees freely 
:merge out of it on the sur[:ice and the sides. The exposure of 
he tip of these roots does not see-Ill to harm the trees much. 
n this tract the chiku trees arc not irrigated at all for about two 
nonths when they have IlO frllit on the-m. This period of rest 
s utilised for carrying out cultural operations in the plantation. 
n Bihar and the- United Provinces water is rarely applied to sapo­
a trees after they attain the h(~aring age, except occasionally 
luring M,ll'ch to .J une, on poor soils. J 11 the west coast of 
iouth India walering is never done to large trees, but in the east 
:oast and cel1tml districts watering is given only to young planta­
ions and to older trees dllring the hot period from February to 
une. On very poor and porous soils, watering is, however, done 
egularly acc;)rding to the amount of moisture present in the soil 
md the amount of precipitation received. Chiku trees are hardy 
ly nature and stand a good amount of water-logging at their 
DotS. The subsoil water level in the Gholwad tract is within 
~ foot from the snrface during the rains and is generally high 
hroughout the year. The water in many wells at Gholwad is 
)rackish, but chiku trees do not at all seem to be affected by its 
:ontinuous application. In some cases the surface soil develops 
ncrustations of salt, and the health of trees is not damaged to 
my appreciable extent. Inter-crops of chilli (Capsicum sp), 
1hendi (Hibiscus esculentus) and the like do suffer from such brack­
sh water. The growers of Devdha, Dhamdhacha and Rata 
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villages of the Navsari district consider it beneficial to irrigate 
chiku orchards with brackish water of some of their wells. The 
actual analysis of this water is not known, but it is believed that 
the water contains a large amount of common salt. Such 
brackish water is considered harmful to citrus trees in the same 
villages. 

During the monsoon, green manuring with stlnn hemp 

Manuring (erato/aria junaa) is often practised. The 
usual dose of manure consists of one of the 

following mixtures given twice a year. 
(I) Four to five baskets of sheep manure and twenty 

pounds of fish. 
(2) Four to five baskets sheep manure and ten to fifteen 

pounds of bone meal. 
(3) Four to five baskets of sheep manure and ten to 

fifteen pounds of oil cake. 
Farmyard manure is substituted fiJI' sheep manure, when the 
latter is not available. Sometimes poudrette is given instead 
with great bellefit. At Dt'vdha, a chiku tree of ten years of age 
receives twenty to fiJl·ty baskets of farmyard manure or sherp 
dung- and twenty to fenty pounds of ,astor cake. This manure 
is givell in addition to the heavy applicatiolls made {elT' the inter­
crops. Some growers also apply upto ten pounds of common 
salt to earh tree, although the necessity or uselillness of this 
is not knowll. I t is believed ill some places that common 
salt or ,,,,'ater (i'om brackish wells stimulates bearing and im­
proves tlw quality of fruits. Thert: is in this area also allothrr 
practice of burying banana pseudo-stems in long trenches operKd 
in hetween rows of chiku trees. Banana is a popular inter-crop 
in these plantations, and after the bunch is harvested, the best 
use of the pseudo-stern the growers make is to cut it and all(~w 
it to rot in tht" water channels, which arc specially deepened for 
the purpose, ,md later covered with a thin layer of earth. Some 
growers even open special shallow trenches for burying banar~a 
pseudo-stem~, and incorporate them thoroughly into the sod. 
Experiments carried out at the Poona College of Agricultll re 
have shown that the banana stem has considerable llitr6g-en 
value as manure when properly rotten. Slaughter house 
refuse is also added in addition to farmyard manure or other 
bulky manures. Well rotten cattle manure applied as light 
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lressings twice a year towards the end of each monsoon is re­
)orted to be very beneficial in Ceylon. 

The orchard soil is dug in September with the "Irani" foot 
;pade, which implement IS confmed to Gholwad tract of the 

After-care Bombay Presidency, having been introduced 
there irom Persia by the immigrant Irani 

:Persian) cultivators. The spade penetrates the ground to a 
:1epth of about nine inches and turns the soil over. Basins 
:md water channels are then made and irrigation starts from 
October. While making the basins, the mOllnd of earth men­
tioned above is left near the trunk of the tree to prevent the 
trunk from coming into direct contact with irrigation water. 

Besides the banana (BaJrai variety), Paul Neran variety of 
rose is grown as an inter-crop in a number of chiku plantations 

Inter-crops 
of Dahanu and Gholwad. The flowers of this 
variety are large, brilliant in colour and lasting. 

They thus command a good price in the Bombay market. Guavas 
are also sometimes planted between rows of chiku trees. Papayas, 
annual vegetables such as chillies (Capsicumsp), tomatoes, brinjals 
(Solanum melongena) , cabbage, etc., are also grown in some 
orchards. Inter-crops are grown and yield income fi}r five 
or six years in the early stages of plantations, and have then to be 
discontinued or removed in order to leave the whole orchard to 
c!liku alolle. Banana as has already been mentioned is a very 
common inter-crop in many chiku plantatioIlS, all the popular 
varieties stich as the Soneri and Ba.I1'O£ being included. Banana 
plants remain in the stool for sevnal years after planting, and 
yield a substantial income as well as a lIseful hulky manure. 
Besides, iJJter-crops of sur au (Amor/)fwphallus cam/)anuJatus) , turmeric 
(Curcuma longa), ginger (Zingiber officinale), tur (Cajanus iTidicus) , 
etc., are also grown in chiku plantations hy rotation. Most 
of these crops require heavy manuring and irrigation which add 
to the fertility of the soil of the orchard. 

Chiku trees commence to bear fruits from the third year after 
planting. Some gooty plants bear fruits on them even while 
B . planting. These fruits arc few, and no serious 

eapng attempt is made to remove them. From the 
fourth or fifth year a fair income is realised, and it continues to 
increase ii'om year to year until the trees are about thirty years 
old. In average plantations the bearing decreases after this 
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stage of trees. Seedling trees of chiku are said to take srve 
to eight years to come to the bearing stage. Flowe 
appear .Oll chiku trees. almost .throughout the year, thoug 
blossom IS m(!re.pn)~lIse I~J the ram~ season, all~ less so ill Apr 
and !Yfay. frmts npen Jll about SIX months from the time c 
Howering. Hence, fruits are harvested in large numbers bet 
ween December and March. They gradually decrease unti 
they become scarce ill September and October. Fruits har. 
vested in summer are generally well developed and large ir 
size. In Ceylon the sapotas bear two crops a year, one durinp 
August and September, and the other during February and 
March. The former crop is the heavier of the two. Some 
varieties, however, fruit nearly all the year round. In the 
Hyderabad (Deccan) State, uoth the round and oval varieties of 
sapot<'1s are reported to bear two crops, a year, the Mrig baltar 
and Ambe bahar (11) . In South Florida, the season of 
blossoming is said to be irregular, resulting in a succession of 
ripening fruit throughout most part of the year. In South 
India sapotas become available in the market from January 
to May, while a few li'uits are also available hom August to 
October. 

In the Gholwad tract, large teak-wood posts are planted all 
round the tree, and cross pieces are tied to them, hoth with a view 

Harvesting 
to support the tree and its heavily hearing 
branches against violent winds, as well as to 

enable easy hand-picking of fruits from the widely spreading 
branches. Pickers climb up the structures for harvesting fru.i~s. 
Picking is thus systematized and causes no injury to the frUl,. 
But it requires a good deal of investment to erect these structures. 
As the Gholwad tract is close to forest area, the necessary teak­
wood is available there cheaply as compared with other chiku 
growing regions, where this system is not prevalent. . 

Clziku fruits develop light yellow bloom on fi.III matllrlty 
and shed most of the brown scaly material formed on tbe 
mrface of immature fruits. When they are scratched, no 
latex will ooze out, and it is a matter of considen:blc 
experience to judge the maturity of the fruits before pieklllg. 
Parsons (12) recommends that sapota fruits should be picked 
when practically ripe and kept in a dry room or shade 
lor several days until they are soft to the touch. Fruits are col-
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:ted in Gholwad in bamboo haskets, which are carried by 
:kers on their backs. Fruits arc picked with small stalks 
them. Care is also taken to see that no damage is done to 

>,m while picking. At Devdha and roundabout, chikll fruits are, 
:ked three or four days after the irrigation turn, when the 
I below is soft, but not wet, either by hand or with a stick, 
d arc allowed to drop on the soft soil. It is the popular belief 
\t the fruits do lIot receive any damage by dropping on the 
t soil, sometimes even from a height of ten feet or more. 
An average tree of ten years of age is known to yield 2,000 

lits per annum. The immature fruit contains tannin and latex. 
del I n taste most of the varieties are very astringent 

in the unripe stage. A milky latex is also found 
the bark of the tree and this is known as ehickle. In Mexico 
d Central America chi('kle is secured by tapping the trunks 
d is used largely as a basis for the manufacture of chewing gum. 
other countri~s as in India, chiku is grown essentially for table 
rposcs. 
On picking, the fruits are spread out on mats under 

ide for a few huurs in order to allow the latex, if any, 

ading 
to dry up. Or else the appearance of fruits is 
spoiled by it. Grading of fruits then follows. 

less the quantity harvested is less than a basketful, in which 
ie no grading is done. Two or three grades are commonly 
:ognised according to the size---large, medium and small. 
kese sizes are not standardised and they seem to vary 
th each grower. Fruits which are generally small are not 
tded at all. 
Conical bamboo baskets are used in two sizes for packing chiku 

lits. Dry leaves of banana form the packing material. These 
k' leaves are carefully preserved in summer for 

C 109 lise in monsoon. The baskets are lined with 
~se leaves, and on them the graded fruits are placed in htyers. 
'en within tne same lot, medium fruits are placed at the bot­
n, smaller ones in the middle and large ones at the top in each 
sket. The ends of banana leaves are then folded inside, 
d the basket is closed by stitching the lid on. A label is then 
;ached to it, and the package is ready for its _journey to the 
trket. The two baskets arc tied together WIth their closed 
,s face to face, and touching each other, the whole giving 
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th~ appearance of a single oval drum-~haped container. By 
this method, the growers save hamalz, and other haulage 
charges which are levied not on the weight but on the nurnh~r 
of packages. fo.1oreover, this system makes the packages safer 
against pilferage or rough handling during transit, as the fruits 
inside get an all-round bamboo cover. 

Bombay is the chief market for the Gholwad fruits, which are 
not sold to local contractors. The growers send them to their 

Marketing agents in Bombay direct. The agents sell 
the baskets on consignment basis. Long, 

smooth and yellowish green fruits command a higher price 
in the market than brown ones do. Sales are conducted 
in the market under cover a, in the case of mo~t other fruits. 
The grower receives a "patti" or account memo the next day, 
giving details of the sale price, agency charges and other market 
expenses. ,Material differences between tht: prices quoted to 

neighbouring growers on the same dar for the same quality of 
fruits are not infrequent. 

The Bomhay commission agents also send fruits to Pool1a, 
Baroda, Ahmedabad and other T ndian cities. The growers 
or Gholwad are so mllch ill the hands of the Bornbal' 
agents, that it pays the agents to re('ci\'{~ the cOllsignments from 
the growers and transfer them to Baroda and other mi.u-kd, 
the same' way hack. Btlt it does !lot pay the grower to scnd 
iJis consignments direct to those places. An improvement in thr 
;ystem of marketing is dawning and the growers, realising their 
~eal loss in the original system are attempting to catch the 
lariolls m'ukets themselves. The rhiku li'uits of Gandevi are,1 arl' 
~()nsidered to be inferior in size and quality to those produced at 
Gholwad. The fruits are, therefore, unable to stand competition 
with the Gholwad produce in the Bombay market. Perhaps 
the nearness of Gholwad and places in its vicinity to Bomha>', 
llso redllces the railway freight on the produce as cornpart'd 
with the fruits from C;'andevi area and thus offers an advaJlt;H;(~ 
to the former over the latter. Fruits of Gandevi area are, thf·re· 
'Ore, mostly consigned northwards to Karachi and other toWliS 
.n Sind and Kathiawar, where the Gholwad fruits have the 
iisadvantage of distallce. 

The results of the storage trials of chiku fruits from the Ba~()da 
~tate: showed that the fruit kept at temperatures 32°F to 45°]' did 
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:>t ripen satisfactorily, though it remained in a hard and sound 
mdition for forty days. The fruit of the B stage of maturity 

ripened normally at 52°F, and remained in old storage trials 
good condition for five weeks. The fruits of 

)th the A and B stages of maturity ripened well at 56°F and 
:mained in good condition for auout a mOllth (6). It has been 
lown that green chiku fruits can be kept for one month at a 
mperature between 40° and 50°F, after which they ripen nor­
.ally on removal from the cold storage. Smith (14) from 
Lmaica states that unripe sapotas were stored successfully for 
Kteen days at 45°]<'. Wardlaw (15), however, finds that, at 
rinidad the range between 45°F and 50°F was Jess favourable. 
onzalez (8) in Philippines has recorded that mature fruits 
~ld at 32°F and then removed to about 85° ripened normally. 
ipe fruits which usually keep for three to four days can on the 
her hand be stored successfully for two weeks at 32°F. Campo 
') found that for both green and mature fruits, the be~t storage 
mperatllre was 59°F, the fruits having been successfully stored 

this temperaturf: for eighteen and. sixteen days respectively. 
t 32°F, ripe fruits were held for twelve days at which tempera­
~re green fruits could not be stol'ed for more them five days. 

No attem.pt has yet been made to preserve chiku fruits either 
cans or as other preserve in Western India. This question 

~cs~rvation 
is attracting attention in recent years, 
because fresh fruit does not fetch a rClmmcra­

{c price to the growers. The fruit is a poor keeper too, and 
:nce it cannot be sent to distant markets., It would, therefore, 
: essential to evolve methods of preserving it in various forms, 
ld to transport it ill refrigerated vans to distant markets in order 
, extend its cultivation. I n the Vizagapatam district of the 
[adras Presidency, a small canning firm has canned sapotas in 
Igar syrup as a trial measure. The product when sampled was 
und to be excessively sweet. Further trials with syrups of 
lrying strength arc now being carried out. In some parts of 
merica, sherbats of sapotas are said to have been tried. Jams, 
lerbats and canned fruits in dilute syrup are some of the products 
. chiku, that are believed to be possible and merit further 
~tailed investigations. 

Three analyses by Chace, 
lC flesh of Cuban Sapotas, 

C. F.-26 

Tolman and Munson (9) of 
designated mamey colorado, 
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and one analysis fly Pratt and Del Rosario 
(7) of the flesh of Philippine sapotal 
designated Chico marney, are shown ill the 

following table: 

Flesh Acids Sugar 
in Solids Solids Protein as re- Sucrose Ash Ash 

fruit total insol citric clueing tc)tal Alk.' 

0/ 0" (,' o· n 0.' 0/ " ' (·C. 
, " /() .0 ·0 /0 10 0 

Cuban is 30'99 6·5.'i I'()') O' I:l I I '97 9'03 O'!H GO 

Philippine 70 31'2 9'7 1'23 0'113 8'52 8'00 J'26 119 

"ce, NjlO acid per 100 gramlJles pulp, <i.uotcd by Winton and \Vinton IG. 

Adriano (I) reports the following results on the flesh con­
stituting 81 ~<) of the fruit-solids 15'45, protein 0'60, fat (l'14, 
fibre O'BI, nitrogell free extract 13'47 and ash 0'43 per cent. 

Chace (9) found 0'80 alld 0'89% of ash in the flesh of 2 
samples of Cuban sapota and the amounts of mineral COIl­

stitllcnts in the ash were; 

K 20 CaO MgO P20 5 S03 CI. 

0' 01 01 0/ O! n' 
,0 /0 10 10 10 0 

50'57 1'38 1'36 4'90 3'54 17'34 

! I 48'20 1'73 3'35 9'66 3'80 16'{)() 

"cc, N/IO acid per 100 grammes pulp, Quoted by Winton ancl Winton (16). 

The chiku tree is comparatively free from diseases and pests 
r:aused by fungoid organisms and insects. Recently, however, a 

fruit borer (3) which is not yet studied is seen, 
Diseases and pests: to attack the fi'uits rrcnerally at the point oj 
fruit borer. ,., 

contact of two or more fruits, when they are 
Jorne in bunches. Singly borne fruits are also attacked by it. 
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No remedy IS yet available to combat it. The stem borer 

5t 1 (Arbela tetraonis), is a minor pest. The borer e0100rrr 
should be extractl"d out or the gallery treated 

with carbon bisulphide or some volatile material and the opening 
plugged and plastered. 

Mealy bugs (Phenaroccus icervoides Gr.) attack tender 
shoots of chiku trees in large numbers, and deface the fruits. 
Meal bu s S'prayill~ with .kemsel.Ie oil.emulsion or. fish 

y g 011 soap IS effcct!ve agamst thIS pest. In South 
India this insect becomes occasionally a serious pest and it has 
)een recommended that pruning of badly infested shoots and 
;praying with a contact poison are the successful control 
neasures. 

Scale insects of greenish yellow colour and more or less of 
;edentary nature arc sometimes found on the tender leaves and 

Sea'" insects and 
sooty mould 

shoots of sapota trees. Gradually these 
insects dcvitalise the plants and cause the 
development of an unsightly coating of sooty 

l10uld as an afte,' effect. Early spraying with a strong contact 
Doison controls the pest. \Vhen the sooty mould has developed, 
:praying with half per cent Bordeaux mixture to which starch 
)aste has also been added, serves to liberate the mould 
n flakes. 

Galls are often formed on the stems of chiku trees. Several 
~al1s may be seen OIl a single tree. The gall seems to be 

a hereditary malfi)rmation. It retards the 
growth of the branches above, and affects their 

Jearing capacity. Tender root tips emerge from the base of the 
rail as in the case of a gooty plant. Cooties obtained from 
raUed trees, are known to form gaJIs on them. Being a here­
litary physiological trouble, it seems to be incurable. Selection 
If scions from healthy trees appears to be the only possible 
)reventive measure at present against galls. 

Flower shedding seems to be one of the most seriolls 
. . physiological troubles with this fruit tree. 
Flower sheddmg Exactly what causes this phenomenon is not 
)ossible to say at present as no study of this question has as 
'et been made. 

Galls 
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CHAPTER IX 

FIG (Ficus Carica L.) 

The district of Poona is the chief centre of fig cultiva­
tion in the Bombay Presidency. Even there, plantations are 
Introdu{'tion restricted to a very few places as f()f ex-

ample, the Pmandhar and Saswad talukas. 
The total area in the Province of Bomhay is 1,'230 acres (I~H5L 
Leading fig growing countries arc Italy, Spain, Tllrkey, lJuitr'd 
States of America, GreeCt~, Algeria and Portugal, total acreage ill 
the world being l,fi25,OOO. 

A few acres of fig arc also fOllnd in tIll' di~trict of Ahmc:cl­
nagar and Satara, which a(~j()iJl the Poona district. Latdy til<' 
cultivation of this crop is being attrmpted on a limited scalc ii, 
other parts of the Presidencv slIch as GlIjuat. I n the district 
of Poona, the fig crop \VilS ilringin,g a fil.ir retum ,,' tlte grown 
until the recent appearance of the ~crinus disease of rust. 1'1](' 
havoc played by this disease is so great that growers arc~ actually 
destroying their affected plantation>, and replacing them bv 
those of Salltra and A1o,fambi oranges. Fi,g, howevcr, is a very 
delicious fruit and it promises to spread out to new regiolls aJld 
as the control of rust becumes more effective bv the efforts of the 
Bombay Agricultural Departmcllt, its cultivation is bound to 
prosper. 

The orginal home of the fig tree is the Meditcrmneall 
coast. Fig cultivation is [<lUnd in several countries of the tem­
perate 7.one, sllch as Spain, South of France, Italy, Greece, Asia 
Minor, Afghanistan, Florida, Texas and California. In Egypt, 

Ori!(in and 
distribution 

fig cultivation i~ limited. Generally every­
where effort is being made to increase and 
improve fig cultivation. In India, besides 

Poona, fig is cultivated on a limited scale round Sahranpur in 
the United Provinces, Bangalore and Penukonda in South India. 
In Northern India, fig cultivation is hindered by serious attacks 
of the stemhorer. Lately the Mysore Government is taking 
active interest in the extension of fig plantations as a part of 
their rural development move. 

380 
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In Greece, an organisation known as the Office for the pro­
tection of Greek figs is mainly responsible for its improvement. 
Asia Minor exports to other countries about 75,000 tons of dried 
figs annually, and the authorities zealously protect the secrets 
of its cultivation by prohibiting its study by foreigners. In the 
'Vestern districts of Morocco, there are over 1,600,000 fig trees 
which are subjected to taxation. California in the United States 
of America prodllces as much as ahout 5,40,000 hoxes fresh and 
10,000 tons dried figs annually, the total being valued at 920,000 
dollars (1928). In Egypt, the fig industry is not quite self-suffi­
cient. This country imports for internal consumption dried 
figs worth about £50,000 annually in addition to its indigenous 
production of fresh figs. 

The edible fig belongs to the genus Ficus of the Natural 
Order Moraceae. Generally two distinct types of figs are 

Varieties and 
dassification 

recognised in commerce, thf: edible fig and 
the caprifig. The latter is a male type. Its 
fruit harbours the fig wasp called the Blaslo­

phaga, which is tlw chief agent to transfer pollen from caprifigs 
to edible ones. Hence the economic importance of the 
capriCig, although its own fruits are or no direct utility. 
Edihle figs are mainly grouped into two divisions, the Smyrna 
figs and the Adriatic figs. Smyrna types such as the Lob 
Ingir, Ka.l5aba and J~iJen n~quire caprificatioll or pollina­
tion hy the Blastophaga insect, without which they cannot 
develop mature fruits. The successful cultivation of these 
varieties, therefore, depends upon the rearing of the capri fig 
trees. On pollination, fruits of these varieties generally develop 
seeds. They also contain a high percentage of sugar, on 
account of which the fruits lend themselves easily to drying 
and keep well for a long time. Unlike the Smyrna figs, the 
Adriatic figs develop without caprificatioll. The type grown 
in the Poona district and what is known as the Coimbatore in 
Baroda and parts of Gujerat, belongs to this group. A large 
number of varieties grown in the South of France, I taly and 
Spain are Adriatic types. Fruits of these va:ieties are good _for 
the table. Some of them such as of the ltadota can he dned 
also. Only three classes of fi!,1S are known on the basis of 
flowers borne within the receptacle, namely, Common figs, 
Smyrna figs and Caprifigs. Most of the innumerable varieties 
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of figs grown in Europe and America are grouped under 
the first class. The development of fruits in this class is 
somewhat analogous to that of navel orange and the banana, 
the female flowers remaining unpollinated, and the fruits, 
therefi)rc, being seedless. The apparent seeds are hollow shells 
without the inner kernel and germ. The :Mission and 
Brown Turkey are two important varieties of this group. 
Smyrna figs have long slender styles as common figs have, 
but they require the stimulus of pollination to enable the 
fruits to set. Without the stimulus the flowers soon turn 
yellow and drop. Common figs can produce fertile seeds 
when caprified, but caprification is not necessary in their case 
for setting fruits. Caprifigs are mostly inedible on account 
of presence of insects and a mass of dry male flowers withili 
the eyes. They set fruits only when stimulated by the Blas­
tophaga grossorum by laying eggs and developing larvae within 
their gall flowers. In classifying the various varieties of figs, 
Bobone (I) attaches importance to fruit characters like shape 
and size of fruits, colour of skin, roughness of surface, colour con­
sistency and flavour of flesh, length of peduncle, etc. On 
the basis of these characters, he described 52 varieties which 
according to him, are grown in Portugal alone. Grasovsky 
(20) described about 40 varieties grown In Palestine. In J taly 
Ravasini (27) describes 50 varieties as grown in that country. 
In India, a type of Adriatic fig of high quality and perhaps origi­
nally introduced at Coiffibatore, is becoming popular in the 
Baroda State and other parts of Western India. It is locally 
known as the Coimbatore fig and is considerahly superior to the 
Poona type. Several fig varieties, namely, Poona, Bezwada, 
Ganjam, Bangalore, Myceram, etc., have been tried at the 
Fruit Research Station, Hassarghatta, Bangalore. Bezwada 
variety seems to he very productive. Bezwada variety on Ficus 
Palmata stock has given good yield. 

In the Saswad taluka of the Poona district, the soil in which 
fig trees are cultivated successfully is medium black with a large 
admixture of lime nodules in it. Plantations are generally located 

Soil 
on the sides of hills and near nallas (streamlets), 
which permit a thorough drainage of the soil. 

Plantations which are open to high winds do not seem to 
suffer on that account. Especially in the summer months, the 
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plants perhaps benefit by exposure to winds. Near Surat at 
Sachin fig trees are found to thrive well. The soil of this area is 
similar to. tha~ ?f Saswad, but the rainfall is nearly double. 
The Sachm soll IS, however, much deeper than that uf Saswad. 
being ten to twelve feet deep as against two to four feet at Saswad. 
On the Baroda Governmet1~ Farm, where the soil is light loamy 
and very deep. hg trees of both the Poona and Coimbatore 
varieties are found to thrive. The P(Jona type bears less 
and smaller fruits, while the Coirnhatore produces large fruits of 
high quality. In general, fig trees seem to be more sensitive to 
climatic conditions than to soil. They are seen growing wen 
practically on all kinds of soil, provided there is an adequa.te 
supply of water during the fruiting seasons. They do best in 
alluvial clay loams, as such soils are well drained and conserve 
enough moisture. Sandy soils are not quite good for fig trees, 
unless they are supplied with enough organic matter and lime. 
The presence of these ingredients in sufficient quantities is essen­
tial to induce fruiting. In Asia Minor a soil which is con­
sidered best suited for the cultivation of fig trees has the follow­
ing composition: 

Strm('S on {ine matter 
Moisture ". 
Organic matt~r 
Nitrogl"n " " 
~a\tlum carbonate 
Pho~phoric. add 

Sample- I. 
26'90 

0'22 
2'56 
0"04 
I)"bll 
()""l.~ 

Samplr 2. 
38"99 
0'28 " 
2'80 
o·()(; 
(Hil.) 
{)''l.\'\ 

In Greece, it is stated that the fig tree is not exacting in 
its soil requirements, hut shows a preference to a soil whj<:h is 
cool, deep and not too light. Borg (3), in the Maltese Island 
states that the ftg can grow on all soils which are free from 
stagnant humidity. 1t has got a powerful root system and hence 
delights in deep soils especially where there is a deep ?~oken or 
porous subsoil. Sandy soils ,:"ith a? adequa~e aI?ollnt of hme and 
organic matter produce frUlts whIch are hIgh 1Tl sugar contents 
and are superior in colour after drying. . A re~ loam with a 
limy substratum and a~)out three f~e,t deep IS ~onsldered the best 
for figs in the fig growmg tracts of South I Tld~a. 

The fig is chiefly a fruit of the sub-troplc~l and temperate 
regions, although several writers have classed It as exclUSively a 
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sub-tropical fruit. The climate of the Deccan, and in fact any part 
.of Bombay Presidency, does not appear to be ideal for its health 

CI
' and growth. A~ in the case of grapes, figs 
llnate . h' I d d' -In t IS tract Jcar a goo crop unng winter, 

the crop ripening in the months of March and April. The fairly 
{.~o[)l nights of the winter months help the fruits to harden up. 
The quality of ripe fig is, however, good and marketable 
though it cannot equal that of the Smyrna figs. Effort is, there: 
lore, being made to preserve and extend fig plantations in this 
tract as far as possible. Though low temperature is not harmful 
to fig trees, a hot and moist clinnte is. Even humidity ma}, not 
matter if the temperature is su!ficiently low. Smyrna trees arc 
more sensitive to climatic conditions than Adriatic ones. The 
former are confined to regions where winters are slIfliciently 
mild in {)rder to enable the Blaltnphaga to live through without 
injury. \'Varm climate is nen~s,ary for growing figs TlW:l11t f(JI' 

drying purposes. There should he no rain or heavy c1ew-f;ill to 
enable the fruit to become dry and hard. Cold nig-hts durin!; 
willtt~r help fi'lJit tn become dry and hard, while 'tlwy If·tard 
tfl!' f(,rrnati"JJ "f sligar ill them. S{'vere cold mak(~s the bark (If' 
lrt~t"' cmck. III :\[i-ica young /!ranciJes of trees arc heslIll'arcd 
wl.th cowdU~lg to protect fig trees against [i-ost. Railliidl 
a_ffects tlw IIg crop considerably, e~pccjalh' under the condi· 
tlOns _of the B(lmb,;), Pre~idenc~'. \\'herc I'a'infall is scanty, till' 
crop /s more successful thall wit en' il is he'HT. TIn: Saswad 

area whic~l, i.~ :J plate;lI~ has a rainf;ill of J 4, to 2() inches pCI' 
annum. 11le climate IS dry and warm during the fmitiJlg 

season. Still, occasional showers during tile months of 
April and May damage ripening fruits considerably. Rain­
beaten fruits are insipid in tastc. Rust is encouraged by cold 
winds following heavy showers to the detriment of the crop. 
The fig trees go to rest during the rainy season in the 
Deccan and these trces thus become leafless, while most other 
trees put forth new growth. It may be that the leaves drop 
-due to rust callsed by rain. While the heaviest rains are res­
tricted to.J lInc to October, the months of December to March 
arc practically dry and helpful for the development of fruits. 
Unusually warm weather when the immature figs are developed 
causcs the fruits to drop. Some varieties like Kadota fig are 
stated to be particularly affected by high temperature in June 
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and July in California. Proper attention to soil moisture is 
said to minimise this loss. Frost also affects young fruits, growth 
and crop disastrously, and weakens dormant fruit buds. An 
equable temperature during growing and fruit developing 
periods is, therefore, essential for successful fig culture. In Asia 
Minor it rains practically throughout the year, the average 
rainfall being about two inches per month, except during the 
months of July and August which are dry. This dry period 
is congenial for ripening and drying of fruits. 

Propagation of fig trees by the use of cuttings is the most com­
mon method employed in all fig growing countries of the world. 

Propagation Cuttings are taken from terminal branches, 
which are about one year old. Such cuttings 

have short internodes, and they yield a high percentage of 
success, and produce vigorously growing plants. Cuttings are 
planted in nursery beds at the commencement of the rains. They 
become ready for planting out into the field in the follow­
ing year. It is easy to propagate the fig tree by layering and 
gooty also. As the tree is vigorous and productive on its own 
roots, it is Hot necessary to resort to the use of a rootstock. 
After planting cuttings, care should be taken to remove air­
poc~ets hy working the soil in between the cuttings. Grafting 
of fIg trees can also be practised with some success. But this 
method is not much employed. By grafting it is possible to 
convert established inferior trees into better ones. In South 
Australia, fig trees are grafted by side grafting, but the 
benefits of this operation are not clear, excepting top-working 
unproductive trees with improved types. The Poona fig can be 
budded on Umber (Ficus glomerata) and it was also {(>und pos­
sible to side-graft cultivated fig on Ficus glomerata at Kodur, 
hut thi~ method is not worked out sufficiently to prove its advan­
tages, which might emanate from the llse of hardier, root­
stock plants. Cleft grafting can also be practised if care is taken 
to exclude air and may be done during the early spring (7). 
Also cuttings are taken from one-year-old wood which is 
stocky, smooth and short-noded. The length of cuttings 
depends upon the nature of the soil, being 30 to 40 ems. in 
sandy soils, and much less in heavier soils. Seedling plants a~e 
also raised using seeds which sink in water, but as they vary III 
the quality of fruits they produce, they are not commonly 
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planted. In Greece fig trees are propagated by layering, ma­
ture wood of about two-year-old being employed for this 
purpose. When cuttings are used they are planted upright 
and covered with wil, so as to bury the terminal bud to a depth 
of two to three centimeters. Borg (3) states that budded or 
grafted trees of fig are more vigorous and produce finer fr\lit~ 
than trees raised by layering or cuttings. Although cuttings 
can be plantcd out in the field soon after rooting, they are allowed 
to rern:-lin in the nursery lor about two years to become strong. 
Grafting is generally done ill February and March, and bud­
ding in March to September. 

When budding, the ring method may be adopted on small 
rootstocks (7), and the patch or shield methods for larger ones. 
One to three-year-old branches can be top-worked by shield 
budding at the time when their bark slips easily. Buds should 
be Cllt larger fc)r older branches. Usually, cleft and rind graft­
ing are adopted for top-workilJg fig branches of three to four 
inches in diameter. The scion used ~s two-year-old with three or 
four buds. Scions and st nbs arc proterted by perfi)rated paper 
collars, and the limbs are white-washed to prevent sun-bul'D. 

In the Madras Presidellcy the demand for fig plants raised by 
layering and gooty is greater at present than for rooted cuttings. 
Cuttings are bdieved by some of the growers to be more liable to 
the attack of white ants than layers. Suckers which appear at 
the base of trees make good planting material, especially if 
foots are deVeloped on them. 

When the site for raising a fig plantation is selectt':d, the land 
is cleared of all brush wood and wild growth, ploughed and har-,' 
rowed several times, levelled and got ready for taking pits. Spot­
ting of the pits depends upon the'spacing adopted. Spacing of 
fig trees depends upon several factors such as the texture of the 
soil, growth habit of the variety and the form of cultivation 
desired to be adopted. 

Spacing is, therefore, found to range from 8 to 10 feet each 
wav in Palestine, 40 ft. in Africa and 60 ft. in Smyrna. The 
s '. d I . usual spacing allowed to fig trees in the 
,pa~mg an p antmg Bombay Presidency is fifteen feet each way. 
The plants remain as bushes and do not grow tall. If the 
spacing is increased to 18 to 20 ft. it faciliates inter-culture in 
the plantation. At present, with 15 ft. distance, all cultural 
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operations are carried out by manual labour. Pits are dug 
~t the required distances, their size being one and half to two 
feet cube. It seems desirable that the preparatory tillage is 
completed and pits are taken during the summer months 
before planting, so that the pits can be left exposed to the 
Slln and wind for weathering for sometime. Just before the 
advent of the rains, pits are filled with their original soil, mixed 
with about eighty pounds of cattle dung manure. While 
filling the pits, the original soil is revcrsed as in all cases of fruit 
planting in the region by placing the top half at the bottom and 
the lower half on the top. The soil is well pressed on filling, 
layer by layer. When the soil is fertile or where there is danger 
of white ant attack, manure should not be added to the soil in 
the pit at the time of planting. When the rains start and the 
ground is thoroughly wet, planting is undertaken. One or two 
rooted cuttings may be planted in each pit, burying only the root 
portion in the ground. Soon after planting, the plants are 
watered well. If rains do not intervene, watering is repeated 
every week until the plants are established and begin to grow. 

I n the first year, one basket or abOllt twenty pounds of old 
well rotten cattle manure or sheep dung is given to each plant. 

Manuring 
It is gradually increased to five to eight baskets 
when the plantation is eight years old, and 

then maintained at that dose per annum. Oikake, ash and hone­
meal manures are also being givcn lately in varying quantities in 
order to encourage good yields. ~1anures are given generally 
at the start of the monsoon, during the first two years of the 
plantation. But when the tree is treated for the crop (bahar), 
manure is applied about the end of September, when after 
the trees have been rested, water is given to them. Night soil 
is applied to figs by some grower~ in Bangalore after mixing it 
with red earth and sand. Sewage effluents have also been 
used with benefit for fif]; near Bangalore. Tannery refuse is also 
said to be popular in some places. Most of the fig growers in 
South India believe that a mixed manure made up of sheep 
dung, cattle manure, red earth and sand is required for success­
ful fig production. Organic manure is usually applied in the dor­
mant season of the trees, while fertilizers are applied late in 
spring or summer. The best time for applying manures seems to 
be when new growth starts. 
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Fig trees in the Deccan require irrigation throughout their life­
time between October and May. During the rains, they are not 

Irrigation watered, as that is the season for them to rest. 
Curiously enough, fig trees shed their leaves 

alld stop gTowth in August and September in this region. Aoout 
the end of September or early in October, they are manured alld 
irrigation is resumed for the winter crop. Where for want of 
water or fiJI' other reasons irrigation is given Ol1ce a /()rtnight or 
so, fruits are seen to develop to a larger size and become sweeter 
than in places where water is givcn more frequently. After the 
rest, irrigation is given sparingly and increased gradually in 
about threc tnrns. Fig orchards being of very small sizes in 
some parts of South India, are mostly watered by hand, at inter­
vals of three or four days. Too much water is said to make the 
fruits insipid, while its deficiency renders the ii'liit small and 
hard. 

In countries like Asia Minor (6), where rainfall is 
steady and well distributed throughout the growing period, 
artificial irrigatioll is dispensed with altogether. The c\lltiva­
tion of fig trees, therei()rt', becomes less expensive. III Poona, 
the trees require ample water during the hot weather when 
fruits ripen. This factor considerably adds to the cost of pro­
duction of fruits. In Calif(Jrnia, fig orchards are irrigatt:d only 
when the soil is dry. Abundant irrigation to trees- is said to 
lower the quality of fi'Hits produced, ]t has been observcd 
that fruits collected after a dry period are less sour than those 
collected immediately after an in jgation. During the early 
years of the fig plantation, inter-crops of vegetables such as 
heans, peas 'and matki (Phasfolus aconitifolius) are grown. No 
inter-crop of the type of jowar (Andropogon sorghum), brinjal 
(Solanum melongena) , chillies (Capsicum sp.), tomatoes, etc., 
is grown. 

The fig plants have a tendency to put forth new shoots 
from aU their buds, especially when they are young and vigo­
.. . . . rous. This results in a large number of shoots 
J rammg and prumng springing from close to the ground and often 
from under the ground and makes the plants bushy. The Sas­
wad cultivators allow all these shoots to grow under the.impres­
sion that the larger the number of shoots the greater is the yield. 
It is also considered that the trees with a number of shoots rising 
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low can resist strong winds. Further, in cases of stemborer 
attack or other troubles the attacked branch may be pruned off, 
leaving part of the tree at least in tact. Observations have 
shown that the lower shoots can be nipped in the bud and a 
strong, single stemmed tree can be raised with several 
advantages. If the tree has a clear stem upto about three 
feet from the ground, operations of cultivation can be carried 
out with bullock power and plantations can be kept clean. 
With judicious pruning and notching on the single stem, a 
well balanced tree can result with normal productivity. The 
stemborer trouble is minimised in a clean grove, and any such 
attack can be at once detected and treated from the beginning. If 
fig trees are headed back to 18" to 24" at planting time, leaving 
only three to four well developed and evenly pla.ced side branches 
all round the plant, proper shape of the tree and strength 
of the framework are ensured. Periodic examination will 
be necessary in the case of such trees in order to prevent 
the growth of unwanted shoots and \igorously growing suckers, 
which tend to crowd together in a few parts particularly near 
the pruned regions. Attempt has been made to turn fig trees 
in a trellis fashion but although this method seems to be success­
ful in producing a fine hedge or border row in the plantation, 
its economic or commercial possibilities are doubtful. 

In the Deccan, fig trees are grown by the cultivator as shrubs, 
and not much of pruning is practised. Pruning when done is 
very light. During the earlier stages only too much crowding is 
relieved, and when the annual growth slackens down later, 
severe heading back induces fresh growth and is f()llowed by 
light pruning. On the Jagudan farm (Baroda State) excessive 
vegetative growth which was sterile was heavily pruned back, 
with the result that new fruit bearing shoots were produced. 
On the Baroda Government Farm also pruning has induced fresh 
fruit-bearing spurs. 

In several countries pruning of fig trees is practised in order 
to admit light and air and to prevent crowding up of branches 
and to improve sh~pe of trees. Sterile twigs found at the ba~e 
of main branches are cut off annually. The centre of tree IS 

thinned out. In case trees are not evenly balanced, branches on 
the larger side are pruned back to establish a balance. There 
are two systems of pruning. One is the winter pruning and the 
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other, the summer pruning. The effect of the former practice 
during the dormant period of the tree, is to stimulate growth 
when the tree returns to vegetative activity. The latter reduces 
the absorbing and elaborating plant parts and retards growth 
considerably. Old fig trees arc rellovated by shortening' the 
main branches to a stump in winter. For Adriatic Jigs, 
thinning out and occasional heading back i~ :said to be Llsefitl, 
in forming a good amount of new wood. In the case of 
Kadota figs, trees arc headed very low and the new branches 
are thinned and pruned back every' year, so as to produce low 
headed open-centred tree. Capri figs are not pruned so drasti· 
cally. Heavy winter pruning of unfruitful fig trees is practised ill 
California, especia1Jy in Kadota and Brown Turkey varieties aml 
the Jvlagnolia in Texas, to stimulate a heavy vegetative growth, 
hearing later in the season a second crop uf figs in abundance. 
Such llcavy winter pruning is not, however, adv()catd when the 
fruit crop of figs is desired, as pruning will result in a loss of the 
wood bearing dormant fruit buds. Heavy summer pruning is 
practised, but this is said to be undesirable. Sometimes, fig trees 
arc planted and trained for two f()rms-the shrub and the tree. 
In the shrub ii)J'm, pruning back of current season's growth 
is found to increase the yield by about sixty per cent. J n the 

. tree ft)rm, pnlJling is done first [(Ir training the young tree ami 
later for improving the yield ill old trees. The main object of 
pruning in both the ca<;es is to build up a strong fi'ame­
work to enable the limbs to carryon the yield of frtlit~ without 
damage to the health of the trees. 

At Bangalorc the fig tree is allowed to grow straight to a 
height of about three feet and then it is topped (34). This 
mduces it to branch out. The branches ultimately reach a 
height of about seven feet. But topping is not practised in 
Bellary and Penukonda in South India. In fig trees the wounds 
caused by pruning do not heal up quickly and as a result pre­
mature decay occurs, especially when stumps are left at the base 
of the pruned branch. Small or secondary branches should be 
neatly pruned at a point where side branches occur. 

Want of sufficient knowledge of the systematic methods 
of pruning in the Deccan results in the trees assuming scraggy 
f{}rms, though they were properly trained in the younger stages. 
This led to trials in notching on branches to induce dormant 
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buds to produce new shoots locally and increase the bearing area, 
at the same time maintaining a proper form of the trees. Notch-

N h· ing consists of removing a small piece of bark 
otc mg . h . h f . one-sixteent to one-fourt 0 an lI1ch broad, 

and about an inch long, in a slant manner immediately above the 
dormant bud which requires to be stimulated. The wound 
so caused produces a flow of latex. Care should be taken to 
prevent the latex from accumulating and drying upon the sur­
face of the bud, as this would retard the growth of the bud. 
This notch checks the free flow of sap and stimulates the bud 
just below it. The bud sprouts soon and grows to a length of 
about two fcet in about three months. It is not desirable to notch 
more than two buds a year. The basal buds on a branch dQ not 
respond to this practice satisfactorily, while healthy and 
well developed bud~ on the middle part of the branch do. 
Several authors have advanced their views on the effect of 
notching upon the health of the plant, but the question 
seems to remain yet a di~puted one. There is no unanimity of 
opinion with regard to the salutary effects of notching. Some 
workers haV(~ stated that certain inhibitory substances flow 
down through the bark and check the ~rowth of buds, while 
allowing a few buds at the top to continue growing. If this is 
true, the stimulus of notching O.ll the sprouting of dormant buds 
becomes d(~ar. 

A few fruits may be produced on fig trees in the first two 
years, but they are not allowed to develop, lest the strength 

Bearing and 
harvesting 

and health of the plants be undermined. Fig 
trees begin to bear a crop from the third year 
of planting in the Deccan. A good and steady 

yield is obtained from the fourth year onwards. Fruits ripen 
from March to the end of Mav. In South India, fig trees bear 
twice a year, namely, July' to September and again from 
February to May. Fruits produced in the hot weather are more 
valuable as they are good and sweet. In the Saswad area, when 
fruits are intended for transport to distant markets like Madras, 
they are picked when yet slightly immature, in order that they 
may reach their destination in good condition. The yidd 
of figs varies considerably from locality to locality. In the 
Saswad area, the average yield from a healthy tree is about 
forty to fifty pounds per annum, and with 200 to 300 trees per 

C. F.-27 . 
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acre about 10,000 lb. of fruit may be realised from one-acre 
plantation. 

In Egypt, some varieties of fig bear fruits twice a year. 
The first crop is ready lew harvest latc in.J une, while the second 
is ready in September and October. The fruit~ are harvested 
every third day in strong containers which prevent injury to 
them. The yield obtained ii'om fully grown average trees is fc)rty 
to fifty pounds each per aUl1urn. In Hawaiian islands, ript'n­
iug continues throughout the year. Hut the main season is May 
to July. In California, the fig trees produce two crops a year. 
The first crop appears on the old wood, the fruit buds pushing­
out during the spring, and fruits maturing from May to July. 
The second crop is produced on the axils singly on the wood of 
the present season and ripens from J Illy to November. In sorn(' 
parts, even a third crop is produced, which continues to ripcn 
as late as early January, but this is only a continuation of the 
sec,md crop. Individual trees bearing little or no first crop, or 
only first and no second crop, or good crops of excellent quality 
in both the seasons are found growing in one and the same 
orchards. Wardlaw (36) states that figs should be harves­
ted when of a light green colour and soft to the touch. 
Gould (J 9) and Stansel and Wyche (33) recommend that 
figs should be picked full grown but just prior to softening. Fruits 
are picked with abollt an inch of stalk all them. In humid 
and warm reg'ions, figs cannot be allowed to ripen 011 the 
tree as in warm and arid regions, lest a part of the crop g'oes to 
waste. 

The nature of flowers of fig trees is found to be different in 
different varieties. Among the various types known, four distjnct 

Caprification 
kinds of flowers are met with. They are stami­
nate, pistillate, gall and mule flowers. Stami­

nate flowers are found in caprifigs. Stamens vary from one to five 
in number with an average of four. Pistillate flowers are found 
in the Smyrna figs and generally in all edible figs. Th~ ovary is 
superior with a bent style, which is much longer than the ovary. 
The female Howers are practically the only kind borne within 
the receptacle of edible figs. Gall flowers are modified female 
flowers and are capable of producing seeds, and are found only 
in caprifigs. The ovary of these flowers harbours the eggs and 
larvae of the Blastophaga insect which is the chief agent in trans-
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ferring pollen from the capri figs. Muh: flowers are imperfect 
flowers found in edible figs. They neither develop seeds nor 
breed the Blastophaga insect. These variations in the nature of 
flowers have caused the development of an interesting horti­
cultural practice known as caprification in fig culture. This 
process consists of suspending about fifty frnits of the first crop of 
the wild capri figs on the branches of edible types of the Smyrna 
groups. Adriatic varieties do not need it. The object of caprifica­
tion is to encourage the production of seeds in the edible figs by 
fertilising their flowers, with pollens of caprifigs, so that their 
fruits set and mature. The act of pollination is actually per­
formed by an insect called Blastophaga grossorum, belonging tq the 
wasp family. This insect carries the pollen of caprifigs into the 
fruits of edible types. Only fruits of capri figs which are called 
"Projichi" and which contain the wasp arc of any use in the 
process of caprification. Capri figs are strung into a wreath and 
suspended on the branches of edible varieties. Fruits are also 
suspended in small baskets made of one inch wire-nettings. 
When fruits attain the size of a marble, they are considered fit 
to receive pollination through Blastoflhaga. 

The actual process of pollination by Blastophaga is interesting. 
Shortly after the jJrojichi (caprifigs) are suspended, the female 
Blastophaga hatch out of their galls, and in their elIort to 
leave the {mit, they get covered with the ripe pollen. Once 
out of the capri figs, the insects search for other fruits to lay eggs 
in. But when they do not find caprifigs, they enter edible figs 
for doing so. III this act, they unintentionally pollinate the 
flowers of the edihle figs, which are t.hen induced to produce 
seeds and to develop in size and mature. Thus caprification is 
but an artificial process of pollination accomplished partly by 
man who suspends the capri figs and partly by the Blastophaga 
which carries the pollen to the flowers of edible figs. The summer 
broods of Blaslopha.ga are usually ready for issue from the capri­
figs about the middle or end of December. As has already been 
stated, caprification is not necessary for Adriatic figs and is not 
practised in the Bombay Presidency. 

In .the Poona district, figs are packed in conical bamboo 
baskets, which are narrow at the top and broad at the base. 
The baskets cost two annas each and hold nearly fifty pounds 
of fruit. Figs meant for distant markets like Bombay or 
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Madras, are packed in smaller baskets of abollt ten pounds 
capacity. While packing, fig leaves are spread inside the basket 

. and fruits are laid carefullv in lavers on it. 
Packing There is better selection o{ ii'uits 'meant It)!" 
Bombay than th()~e meant for Poona. Fruits are sold locally to 
some extent, hut in that case they are very well sorted out and 
graded. Prices are fixed on these grades. 

In California, figs are packed in small boxes, lined with 
paper, corrugated card boards being Ilsed to separate the several 
layers in a package. III Smyrna, fruits are harvested whel. 
they are ripe but still hard. Fruits ()f the choice grade arc 
packed in wooden boxes of 12'" by Hi" size, with a depth corres­
ponding to the thickness of the large sj"ed fmit. Fruits are 
packed in single layers iII it. The rows or fi'uits ar<~ protected 
side-ways hr white papers li'oln touching and damagin;~ OIlC 

another. The box is alsl) lined with paper. FllIits of variclic., 
which have thicker skin are packed in srnalkr boxes but ill 
doublr. layers. Fresh fig> being vcry delicate, reCJuire careful 
handling. 

Australian figs were sllCff>ssftdly stored at ;)()'F It)r tw('nty-ollc 
days (38), \\'ilcox and HUIlIl (37) report that ripe fig.'; may 
safely be held ill cold storage at :-i:! 'I" {I'll' ahout it 1l1011th. 

Figs are transported ill Bomhay Presidency to t.he m:lrkcl 
, either ill J)lJllock carts or ill motor buses. These 

Transport I I d I '11 d' f' ve lie es are use IIpto t 1C raj lea In cases 0 
tramport to distant markets. Half of the fruits produced in 
the Saswad area is sent to the Bombay market. Of the: remain­
ing half, nearly eighty per cent goes to Poona and the rest t{~, 
other markets like ,\1adras in the South. The prices of figs vary 
from month to month, ruling high when rruits jnst come to the 
market in the beginning of the season. The prices are vt'ry 
low during April and !viay when the fruits glut the market, 
slightly recovering at the tail-end of the season before the rain 
starts. 

Figs have a very high food value owing to their proteins 
and carbohydrate contents and high laxative properties. The 
f' od 1 average composition or the edihle portion of 

o va uc fresh figs indicates 79 per cent moisture, 
I'S per cent protein, and 15'51 per cent total sugars. The 
analysis of Poona figs shows that they contain 75 per cent of 
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Work carried out in India on the analysis of Figs shows the 
following results:"-

Figs 

F'imJcarica 

0'(; 

I;' I 

o·()(; 

0'03 

,,--_ .. _--"--. 

270 

2 

21 

NarrJ~ 

llolanical Name 

Moisture % 

Protein 'X, 

Fat (Ether f:xtractives) I;~ 

Mineral Maurr IX, 

Carbohydrates ";, 

Pho~,phorus ~;) 

I J ron nlg~. ~/~ 

Calorific Valu" pef 100 gms. 

I Carntc-ne II. Unit Vitamin A. 
pl'r I no gills.) 

Vitamin III (J.U pcr 100 gms.) 

Vitamin C (Itl~~. p..r 100 gms.) 

Calories pcr ount'C 
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According to Read, etc. (2B), the cht'rnical composition or 
Fig in Shanghai is given ilS below:-

Fi.r.::, 
(Forhgn) 

P,() 

H2'W, 

O'~)H 

H'!!') 

O'BI 

(J'It; 

73 

0-5:1 

0-051 

O'U:!') 

0'0013 

0'112 

Fig, 
(Chill(,.~t') 

74 

!l:l'f)~ 

o ''Jf ) 

12':JH 

O'H 

I''l~ 

tin 

(H5 

()-(W) 

0-02:1 

O'O()()-! 

O-IBO 

Nam{" 

I Edi!>k portion '::, 

"Vater (::1 

Prott·jp " " 
Carbt>h~.dr;:tt(, II" 

Fat Ott 

Crudl" FlIJlc O,} 

Calnri .. , p".- IUO gms_ 

, i\,h n 
", 

Cakium o' 
;<1 

I 
Phosphorus r: (I 

Iron " iO 

I Potassium 
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moisture, 15'20 per cent reducing- sugars, and 2'1 per cent non­
reducing sugars. A sample of dried Poona fig gave the follow-
ing analysis:- • 

Ash 3-2 percent 
Ether extract 0 -7 
Proteins 4 -7 
Digestiblt· carbohydrates 89 -3 
Woody fibre 2 - I 

Hawaiian figs are a good source of calcium, poor source of 
vitamin C and a fair source of vitamin A. Brown Turkey fig 
of Hawaii was found to be a fair source of vitamin A, Band G 
and a poor source of C (25). (See pages 395, 396 and 39ft) 

\Vinton (39) analyses the edible portion of fig as follows:-

Total solids I 'l-~8% ; Solids insolubk 2-37% ; Protein 1-40%; Citric Acid 0-21 % 
Invert sugar and sucrose 10-80':;', Total ash 0-49% 

The leaf eating catcrpillar, Ocinara varians W. is often 
a serious pest of fig trees ill the Deccan, and this pest 

Diseas{'s and p<'st.s: 
Lc,tl rating cater­
pillar 

attacks wild varieties of figs also. Hand pick­
ing is possible and effective specially on small 
plants. Sprayiug with lead arsenate at a 
strength of one ounce in 3 gallons of water 

or D.D.T. at 0'2 is quite effcctive. 
Stern borer, Batocera nifornaculatus Lin. is another common and 

scriOl,I~ pest on young fig trees. I t also attacks other trees, 
namely, mango, guava and pomegranate. The insect bores 
into the stem and may ultimately kill the plant. The 

presence of grass outside the hole indicates 
the attack. By way of control, the insect 

may he extracted by means of a thin. hooked wire, or may be 
killed inside by injecting a small quantity of chloroform or 
carbon hisulphide and closing the hole with mud. Where 
there is much datJger of atta.ck, it is recommended that the 
trunk of the tree be protected with paper p,linted with coal 
tar or with Tll1th inch mesh wire-gauze. 

Mites are also occasionally found to attack the leaves of fig 

S tCIIl horers 

Miles 

effective control. 

trees callsing them to look scorched. Spray­
ing the leaq:s with lime sulphur wash is the 
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Fig treeq are susceptible to the disease called rust, caused 
by the fungus, Cerotelium fici, which appears as brown spots 
on the leaves. Heavy rains followed by cold winds during 
December to .l'vhrch, when fruits develop increase the disease. 

Rust 
The affected tree is defoliated and fruits drop 
prematurely, thus causing heavy loss of the 

crop. This disease has not yet been effectively controlled, al­
though sulphur dusting checks it and minimises the loss of fruits. 
5: 5: 50 Bordeaux mixture is an inexpensive and efficient treat­
ment, not only holding the trouble in check, but eradicating it in 
two or thr<-e seasons. In America, fig rust has been diagnosed as 
rllstv brown spnts with pustules containing powdery spores on the 
under side of leaves. Affected leaves soon become dry and 
ultimately drop. Timely spraying with 5: 5: 50 Bordeaux 
mixtnre is found to control the trouble. 

Die-hack or the dying back of young shoots of fig trees in 
early winter, has been noticed in the United States of America. 

Di~-back 
This occurs on weak and straggy trees, which 
have been injured in the previous wimer. Tllis 

trouhl(" is overcome by suitabl," manures and resting of trees. A 
virus disease of fig is recorded from many places in New ZeaJand. 
Symptoms of disease resemble those or Ficus virus. Symptoms 
are seen both on leaf and fruit and the virus may be responsible 
fCIl' premature droppillg of figs. The virus has been successfully 
transmitted by graftillg and budding (24). 

Fruit drop is a common trouble due to physiological causes. 
Unfavourable climate seems to be the chief facturs causing it. 
Fruit shedding is attributed to excessive dryness and heat, cold 
nights, cold winds and light frost, or moisture deficiency, in 

Fruit drop 
which case fruits which escape shedding 
develop very poorly and are insipid in taste. 

Shedding of figs is also seen to occur in uncaprified Smyrna 
figs due to lack of pollination. 

Sun-burn, which gives rise to disease in fig trees is seen 
particularly 011 newly planted young trees, and their tender 
branches. As a result of sun-burn, the affected parts crack and the 
bark peels off. The part so exposed gives access to insect borers. 

Trees affected by sun-burn and the borers do 
not grow normally, but remain stunted. Sun­

burn can be prevented by taking care tt) see that the foliage of the 

Sun-burn 
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tre is distributed well on all sides so as to shade the branches 
<luring SU11Ul1.er months. The stems exposed to the sun may 
also be covered with paper or straw, or coated with lime to 
avoid the burning effect. Sun-burn is common in the Poona 
<listrict and damages nearly fifty per cent of fruits. 

One of the causes which limit the extension of fig cultivation 
'in the Deccan is the highly perishable nature of the fruit, which 
annot be sent to distant markets without considerable loss. 
At the same time it is interesting to note that about 500,000 lb. 
S -d. f fi of dried figs were annually imported into the 

un rymg 0 gs Bombay Presidency alone from countries like 
Turkey, Persian Gulf, Mghanistan, Greec(" and California before 
the second world war. There is thus a market for figs in this 
~ountry which is not fully supplied by home-grown fruits. 
Drying of figs, therefore, has a future as an industry, even 
if its scope be limited. Sound but fully ripe fruits after 
thorough washing, are cut" into halves and exposed to sulphur 
fumes in a sulphur box for an hour and then dried on wooden 
trays either in the sun under dust-proof conditions as far as 
possible or in the home-drier at a temperature of 160°-165°F. 
The dried fruit is kept in sweating boxes (i.e., air-tight con­
tainers), graded and wrapped in pliofilm paper bags just before 
marketing. 

The Bombay Agricultural Department attempted some years 
ago to dry the Poona fig. The process adopted was simple. 
Ripe figs were picked carefully, and placed in single layers 
'On suitable wire-gauze trays. These trays were then placed 
in an air-tight wooden chamber for about thirty minutes for 
fumigating with sulphur. Fumigation in this way was 
found to disinfect and bleach the fruits. The trays with fruits 
were placed one upon the other and flowers of sulphur were ig­
i1lited below the lowest tray. As the fumes spread in the closed 
(;hamber the fruits get treated. In order to avoid over-fumi­
gation the lowest tray was left empty. A suitable fumigation 
chamber for small scale operations is of the size of 3 ft. by 2 ft. 
and 2 ft. with cleats nailed to the sides of which, fruit trays can 
be slided in. The trays are 21 inches by 18 inches and made 
of wooden strips with best grade galvanised iron netting having 
one-fourth inch mesh. Such a chamber will hold about fifty 
pounds of fruits each time. Over-exposure to sulphur fumes 
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causes figs to develop acidity, which is not desirable. Without 
flimigation, the final dried product lacks good colour. 

After fumigation, fruits are exposed to the sun on wooden 
racks. Ordinary bamboo netting, three feet broad and four 
feet high, is found convenient for drying on a small scale. Figs 
kept for drying are turned repeatedly while drying, so as to 
allow them to dry uniformly on all sides. Drying in the sun is 
best done in the months of April and May. If rains threaten, 
the fruits are covered with water-proof canvas. Complete 
drying takes five to seven days. On drying, the figs become 
soft, pliable and semi-transparent, and are reduced to l~s than 
one-third their original weight. Over-dried fruits are leathery 
and tough. Dried figs contain eighteen to twenty-two per cent 
moisture. 

The quality of figs dried in Poona was fair, though it did not 
come to the standard of the first grade Smyrna figs. In size, 
colour and softness of the meat, the fruits were very attractive. 
On analysis, they compared favourably with foreign product.'!, 
as can he seen from the following figures:-

Sun-dried PClOna figs. 
Penian Fig I 
Persian Fig II 
Afghanistan fig 
Grecian fig 
Smyrna fig 

Moisture 
per cent 

19·25 
19'45 
19·90 
19·04 
19'14 
19·25 

Reducing 
sugar. 
45·95 
46·30 
45·70 
46·64 
46·50 
57·31 

The method of drying figs slightly differs in different 
countries, largely on account of difference in the quality of 
cultivated figs. 

Figs are extensively dried in Turkey, Greece, Italy, :France, 
Spain, Portugal, Egypt and California (15). In Asia Minor, 
figs arc dried on drying floors. In Italy they are split length­
wise, dipped in· boiling water for a moment and dried in the 
sun. In France, they are sweated for two days, after drying in 
the sun for two or three days after which they are again dried 
finally. In California figs are fumigated .before drYIng in the 
sun. Before completely drying, figs are pulled flat as evenly 
and neatly as possible to economise packing space and to 
improve their appearance. Pulling is done by catching the 
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side of the fruit, so as to flatten it into a circular shape with the 
stalk a:nd the eye in the centre on either side. Fruits are then 
graded according to their size and colour. Figs are then 
dipped in boiling brine (four ounce of salt in a gallon of water) 
for a few seconds. Fruits of the second grade particularly 
improve by this treatment. Dipping in hrine makes the fruit 
soft and improves its taste. After dipping, the fruits are 
drained on a wire screen. Dried figs can then be packed 
for despatch to tht: market. 

Fully matured but slightly unripe fruit is cut into slices 
and covered with water and boiled fi}r about half an hour so as 
to get a complete extract of pectin which is tested with jelmeter 
F' . 11 01' with 95% alcohol and the degree of rich-

Ig Je y ness of the extract in pectin determined. The 
extract is strained through a coarse thick cloth. Calculated 
quantity of sug'ar is added to the clear extract and heated to 
a temperature of 222-223 °F so that the jellying point is reached. 
The produce is poured hot into clean sterilized jars and then 
allowed to cool ~o that it sets well. After cooli-ng, the surface is 
covered with a thin layer of para.ffin wax to avoid spoilage of 
the jelly. 
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CHAPTER X 

BER OR BOR (.?JzyphUJ ju}uba Mill) 

Of late, the importance of "bor" is gaining ground. By 
nature the jujube or bor happens to be a hardy and easily grown 
Introduction fruit, requiring perhaps the minimum labour 

and attention of the farmer. It can also stand 
the roughest conditions of soil and climate. Bnr trees are found 
in large numbers on the borders of fields and in un.ultivated 
areas, where they grow without care and attention, except that 
when they are in fruits they are watched alld fruit is harvested 
and sold. Until lately, regular planting of bor trees was not com­
mon, but realising their economic value increasing attention is 
being paid to them. As a result, the Bombay Department of 
Agriculture had had to deal with many enquiries on this fruit 
<:rop during the last few years and has rendered practical aid to 
growers, chiefly in the Gujerat and Khandcsh districts, in bud­
ding several thousand wild plants with better commercial 
varieties. They have also shown the possibility of utilising the 
Chani bOT (Z. rntundifolia) as a rootstock for raising superior 
varieties. The selection of a stoneless bor may give a great sti­
mulus to bOT cultivation in all parts of the Presidency. 

The bor is an important indigenous fruit tree of India. 
It is known by the words, bor, bar;, ber, bory, etc., in different 

Origin and 
distribution 

places and in different languages. It is. 
known as jujube or Chinese date in America. 
It generally occurs growing wild in several 

parts of India. A reference is made to its antiquity in this 
country by Babu Radhakant Deb in a paper found in the 
records of the Agri-Horticultural Society of Bengal in 1829. 
He stated that in early times the sages of Kashmir, near 
the banks of the Alacananda river lived on its fruits. Besides 
its abundance in the wild state, the large number of its 
known varieties and their extensive prevalence in almost aU 
parts of the country not only proves its ancient domestication, 
but also establishes its indigenous reputation. BOTS are widely 
grown in the eastern districts of the Punjab particularly 
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in Hansi and Gurgaon districts. More than a dozen 
commercial types of hor are found in this area. It is also fairly 
extensively grown in several districts of the Madras Presidency 
(500 acres), Bihar (6,000 acres), United Provinces (579 acres) 
and the Baroda State (2,200 acres) and also in Central Pro­
vinces. Bors are distributed on a wide area in the Bombay Pre­
sidency. In the Khandesh districts the cultivation of bor is 
concentrated in Shirpur, Erandol and Jalgaon talukas. It is 
also gr.own in Ahmednagar, Satara and Sholapur districts. 
In the Konkan tract some choice bOT trees are found in the 
vicinity of Bombay town and Alibag. In the Gujerat districts 
seedlings of wild bOT. are grown on a fairly large scale, and 
budded bors are also gaining popularity. 

The bOT occurs in several temperate regions of both the 
hemispheres, and in the Tropical parts of Asia and America. 
Frank N. Mayer, Agricultural Explorer, was responsible for 
the introduction of scions of large fruited jujube varieties in the 
United States of America in 1908, and this work has now stimu­
lated a great deal of interest in the culture of jujubes in Cali­
fornia and Texas. It is largely grown in Afghanistan, Persia, 
Armenia, Syria, Burma, Malacca, Australia, Malay Archi­
pelago, Mediterranean regions and China. It is said to have 
been introduced into the Eastern Islands of the Amboyna group 
by Ramphius. Its introduction in Arabia and .Egypt seems to 
be recent. It is believed to have gone to Zanzibar from Asia. 
Jujube is an important fruit for dry Tropics, sub-tropics and 
arable areas. In Russia (12) its cultivation in the dry sub­
tropical regions is given a place next to pistachio and almonds. 

China is, perhaps the most important country for the cul­
tivation of jujubes. There the fruit is known as Chinese 
fig or Chinese date. There are hundreds of varieties of 
jujubes grown in China. It forms one of the principal fruits 
in Northern China, and has been cultivated there many 
centuries before the beginning of the Christian Era. David 
Fairchild (8), Agricultural Explorer of the United States of 
America, Department of Agriculture, wrote in 1918, "The Chi­
nese jujube is practically a newly discovered fruit tree so far as 
American agriculture is concerned, for although, there are seed­
ling jujubes in various public parks and door-yards, which doubt­
less are the result of early. introductions through missionaries 

c. F.-28 
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in Qhina, the importance of the large fruited grafted Chlnese 
varieties was only begun in 1906". Some valuable observa­
tions have been recorded on this fruit by the Bureau of Plant 
Introduction in the United States of America. This Bureau 
seems to have succeeded in selecting suitable types for the Ameri­
can market. Dorsett (6) recorded in 1916, "The jujube from 
China is possibly as promising a plant commercially for Cali­
fornia and the semi-arid south and south-west as any of the other 
valuable crops and ornamental plants that have been introduced 
from the Far East. The experimental tests made with this 
new alkali and drought-resistant fruit tree at the Chicago 
Plant Introduction Field Station to determine the possible value 
of strains and varieties that have been introduced from among 
the several hundreds known to exist in China, have been very 
satisfactory. The fruit of the better varieties is fully as large as a 
large prune, and reddish or mahogany brown in colour when 
ripe." 

The bOT trees attain a considerable size. It is observed in 
Central J ndia that a tree measured about eighty feet in 
height, sixteen feet in girth at about five feet irom the 
ground, and a girth of twenty-five feet at the base. In the 
Punjab and Madras, some varieties often attain great heights and 
girths of about ten feet. In Florida jujube trees attain heights 
of twenty-five to thirty feet (10). Some of the grafted varieties 
have gnarled stems and display a tendency to spread on the 
ground. The large dimensions attained by the trees in India 
as mentioned above, refer only to seedling trees. The trees 
in the Bombay Presidency are generally of a medium size, 
rarely attaining about half the size of the seedling trees in other 
parts of India. In regular seedling plantations in the Gujerat 
and Khandesh districts, the bor trees are smaller, because 
perhaps they are younger, than the isolated trees growing wild. 

In Western India a study of the various varieties of bor has 
not yet been fully made, as the fruit is considered to be of 

. . comparatively minor importance. The chief 
~:C:ti~~ horticultural types pre,:,ailing here art' the small 

large-stoned round-frUlted type, the large oval­
fruited type and the stoneless small round-fruited type. The first 
type is the wild local variety, while the second is the more fleshy 
and popular cultivated one. The third type has lately been 
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discovered and is attracting the attention ofthe grower. It has no 
stone inside the fruit as its "name indicates and it can be chewed 
whole. Besides the aforementioned chief varieties, there appear 
to be a number of less known varieties yet to be explored 
and exploited. A variety called Kotka, introduced from the 
Alwar State, is used for taking scions in the Jagudan tract of the 
Baroda State. The fruits of this variety are not much infested 
by insects, which are so common on other varieties. There is a 
good variety of bOT known as Meherun bor near Jalgaon in the 
East Khandcsh district which too is believed by some to be fairly 
resistant to fruit fly attack. In the Punjab several types of 
bar are reported to be under cultivation, especially in the 
dry parts of Gurgaon and Hansi districts testifying to the 
popularity of the fruit in those dry areas. A good deal of 
improvement in the choice varieties of the Punjab bars, seems to 
have b("en achieved during the Sikh rule, when perhaps no 
other fruit was within the easy reach of the general public. It 
is further believed that most of the choice trees were then 
protected in order to supply fruit t~ the Royal Household. There 
is a variety of bor which resembles in shape a chilli (CQp~ 
sir-urn) fruit, and is tasty even when green. This was in~ 
troduced by one of the authors into Bihar from the Central 
Provinces during 1934. This variety has attracted some atten­
tion at Sabour. 

Bar trees thrive on a variety of soils and will grow and 
fruit in many ill-drained and poor soils, better than several other 

. fruits. In California and Texas it is stated 
Soil and climate that the jujube grows luxuriantly on sandy 
loam soils, but appears to prefer slightly alkaline soil'! (21). Sandy 
loams which arc neutral or slightly alkaline and are well culti­
vated are said to furnish the most suitable media for its growth 
and fruit production. The Iwr grows best in hot and dry cli­
mates. Excessive atmospheric humidity is a limiting factor 
in its successful cultivation in many parts of India. The differ­
ence in foliage, size and pubescence ofleaves is em~hasised by the 
ease with which the tree thrives even under conditIOns of drought 
and poverty of soil. Shallow light or medium black soils, 
with good drainage, are. selected for planting bor in the 
Bombay Presidency. . . 

In Russia, the jl.\iube is propagated by seeds, cuttings from the 
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roots, and grafting. If propagated by seeds, the se("d coat 
has to be broken or cr~cked, without ~njuring the embryo, 

otherWIse bOT seeds germmate after a long time. 
In California, bOT seeds are often stratified in 

sand and kept in a warm place for three or four weeks before 

Propagation 

they are sown. Thomas (21) reports little success in rooting the 
stem cuttings. Root cuttings of four to six inches, and having a 
diameter of not less than three sixteenth of an inch were success­
fully rooted. Budding proved unsatisfactory in the United 
States of America, but has been found to be an easy matter in 
the Punjab and other parts of Tndia where even ring or flutc' 
budding has been successfully practised. Most successfUl 
method of propagating the jujube is by whip grafting. Bench 
and Field grafting are both followed. The latter is some­
what slower but the plant can be secul'cd at less cost by thili 
method. The wood used for grafting should be the past 
season's growth. I t should not bc much smaller than a lead 
pencil as smaller wood does not produce good plants. The 
small side branches which bear the leafy deciduous branches 
are not suitable for scions. After grafting, it should be 
carefully tied with raffia, waxed, and allowed to callus in damp 
moss in a place having a temperature of 40°-50 "F. In about 
3 to 4 weeks the callusing will have progressed sufficiently 
to allow planting- in the nursery. The plants should be 
planted in the nursery and the grafts completly covered with 
soil by heaping soil arround it. This will prevent drying out 
and is absolutely essential for success. In the Punjab, the jujube 
is a regular nursery plant in many places. Rootstocks of wikl 
jujubellants are carefully raised and budded to choice varieties. 
Budde hor plants are sold like grafts of other fruit trees such as 
mango and orange. 

In Western India the bor has so far been commonly propa­
gated by seeds. Of late, budding of choice varieties on wild 

B dd' fb root~tocks is gaining popularity. As a result of 
u mg 0 or . I d h d' h I r. • tna s rna e ere urmg t east lew years It 

has been found that all wild plants of bor and Ghani bor, in the 
districts of Surat and Ahmedabad can be worked upon with buds 
of choice varieties. The method of budding is simple. Plants are 
headed back in the months of February or March, leaving about 
a foot of the stem above the ground. From below the cut end, 
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new sprouts arise. The strongest shoot alone is retained, and the 
others are cut out. When this shoot develops a thickness of half 
an inch at the base it can receive a bud. It generally takes about 
two months for such sprouts to be ready to receive the bud. It is, 
therefore, sometime in the month of April or May that budding 
operations commence. Buds aT(. selected from one season wood 
of the choice kind. Bud-sticks are immersed in water for a 
few hours before the buds are removed for use. If the buds re­
main green for a period of seven to eight days after insertion, 
it can be taken for granted that they are "taking". Ten days 
after budding, if the buds continue to be green, the rootstock 
is cut off about fiJUr inches above the point of insertion of the 
bud. Buds sprout after about twenty days. When the bud 
growth is about six inches long, its terminal bud is nipped off to 
encourage lateral branching. Within a year this growth develops 
into a small tree, which can yield a harvest of about fOllr to six 
poundl! of fruit. 

In the Gujerat districts one-year-old seedlings are budded 
in December in the orchard site. The local practice is to 

C I I 
. plant se("dlings of wild variety in the orchard 

u ture an< pruning . r. d' r. h h sItes at twenty leet Istance lrom eac ot er. 
A year later these are budded upon, as pointed out above, during 
the month of Deccmber. Budded rootstocks have to be properly 
earthed up and a basin made around their stem to give support 
to the stem and to hold rain water. The plants are manured 
soon after the buds sprout at the rate of two or three baskets 
(40-60 lb.) farm yard manure. At the beginning of the mon­
soon, two pounds of common salt ate given to each tree, and the 
growers raise a circular mound of earth to strengthen the base 
of trees to withstand strong winds. Ploughing between rows of 
trees is done once in the month of September. In the first few 
years of the plantation, an inter-crop of castor (Ricinus communis) 
is grown. Where there is no regular plantation, the self-sown 
seedling trees are pruned close to the ground in the month of 
:May. The new sprouts that spring up are budded upon with 
scions of superior varieties in the month of.J uly, after the atmos­
phere is moistened by the first rains. Pruning can be practised 
on the branches of bor trees once in two years, more or less in the 
same manner as the grape vines or guava plants are pruned. 
Smaller shoots are pruned back to their base leaving a short 
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stump. This forces new fruit spurs and increases the yield. 
There is 110 regular cultivation of bor il\ any of the Deccan and 
Kortkan districts. Bor is generally grown in Konkan for hedging 
purposes. In some places in the Satara district it is complained 
that the wild bor trees on which superior varieties have been 
budded, put forth vegetative growth only, and bear fruits spa­
ringly. This seems to be due to the fact that the wide expanse 
of the root system of the rootstock tree brings ample nourish­
ment to the new bud growth, which takes some time before it 
matures sufficiently to bear fruits. Treating such trees with a 
heavy dose of bone meal about the beginning of the monsoon 
mav be found useful to induce them to fruit. 

'The seedlings usually begin to bear from the third or the 
fourth year. Bor trees flower in June. The fruits ripen in the 

Bearing 
cold weather in the Ce,ntral Provinces and are 
available in the market from the beginning of 

November (13). It is almost the only fruit in the market in Feb­
ruary and March, after the orange season has closed, and other 
fresh fruits become scarce. December to April is the bearing 
season for bol's in South India. Bor is, therefore, specially prized 
because of its availability in seasons of scarcity of other fruits. 
In Florida (10) jujubes ripen from .r uly to September. 

Side by "ide With the varieties of :?.izyphus jujuba another 
wild bush of the same genus, knl)wn as Z. rotundifolia grows 
extensively m Gujerat. It is seen growing very commonly in the 
Cha • b Northern Gujcrat. In the districts of Ahmeda-

m or bad, it is a 'common bush in the wilds. It 
seems to flourish on all sandy slopes and is extremely xerophytili 
in character. Its habit is straggling. It rapidly grows by 
means of root buds. It covers large circular patches and is often 
considered an obnoxious weed by cultivators. Every year it is 
cut, but it is difficult to eradicate it. Instead, the stump grOWl! 

with redoubled vigour. It has small leaves and possesses sharp 
prickles in pairs on its twigs. Like many other wild bushes it 
does not even make a good fuel. I t bears very small fruits with 
little edible pulp, which is acidic in taste. It is the shepherd 
or the cow-boy who might value this fruit in normal years. 
During famine days, however, the fruit is collected by villagers 
for "Ban'humi"· purposes. Z. rOlundifQlia is thus essentially a 

*It is ground and used as meal. 





STONELESS BOR TREE. Facing page 413. 
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weed. During the past few years this wild plant has been 
teSted for its value, as a rootstock for choice varieties of bnr, the 
cultivation of which is much desired in the Gujerat division. 
Observations extending over many years now lead to the con­
clusion that this obnoxious weed as it is considered, makes a very 
valuable rootstock for the ,z. jujuba and its varieties. This wild 
shrub takes the bud very readily and the budd~d plants 
require little further care, except protection from strong winds, 
to grow and bear fruits. The quality of fruits produced is very 
satisfactory and fetches as much value as fruit of similar varieties 
raised on ,z. jujuba rootstocks. In fact, plants budded on this 
rootstock are easier to handle as they do not grow into large 
trees. Whether this dwarf habit of the trees is due to the in· 
fiuence of the rootstock remains to be investigated. The method 
that has been adopted successfully in budding this hush does not 
materially differ from the one adopted in budding ,z. jujub.: 
plants. This bush is headed back right to the level of the ground 
in the months of February and Mar~h. Several vigorously grow­
ing young shoot~ are thrown up and in the months of April and 
May these young shoots are budded at a height of about a foot 
from the ground. The 'T' method of budding is found success­
ful. All shoots which might sprout from time to time near and 
below the bud from the rootstock are nipped off. When the 
bud grows into a shoot, five or six feet in length, the plant is 
earthed up to give strengtt( against strong winds. The budded 
bushes bear fruit in three years. Fruit is harvested from Decem­
ber to middle of February. After harvesting is over in April 
and May the budded plants are pruned. All growth is cut down 
to the base from where new sprouts develop vigorously and bear 
good fruit next season. Each bush thus budded fetches an 
income of about a rupee per season. 

The Bombay Department of Agriculture has recently 
observed that there exists a variety of 60r, in which the endocarp 
S less Bor of the seed does not develop into a hard stone 

tone as is usual with seeds of the common varieties. 
The fruit of this variety is round and small in size like that of the 
wild type, but one hardly feels the stone inside it while chewin~ 
the ripe fruit. This fruit dries well. The original tree of thl" 
stoneless variety is growing near the Surat city. The Gan~h· 
khind Fruit Experiment Station, Kirkee, has now raised trees of 
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this type and can supply bud sticks to the public. During the 
last few years, a large number of these buds have been distribu­
ted to cultivators in the various parts of Western India. 

The bor tree is not only the source of a much relished 
fruit but yields other economic products as well. The Chinese 

U I, h b jujube (21) is utilized in a number of ways. 
sesotcortrce F' fi h 'd'd bkd' ruIts are eaten res , semi- ne, a e In 

bread, stewed with rice, millet or meat. As a candied or 
crystallized fruit, it is very delicious. In the United Sates of 
America and China, it is extensively used as a sweet after the 
fruit is cooked in syrup, which procedure is also involved in 
candying or crystallizing it, after puncturing the thick skin 
thoroughly and all over to permit the penetration of the syrup. 
The leaves of bor are used as fodder to feed livestock and art' 
said to increase the milk yield of milch cattle. This belief of 
farmers has yet to he confirmed by experimental data but it 
seems to be a well established fact in the case of sheep and 
goats. The question of fodder supply during periods of fodder 
scarcity engages a good deal of attention of the agricultural 
population of India. It is observed all cattle eat bor leaves 
with relish. The chemical analysis of bor leaves disclose that 
they contain high phosphoric acid and a large amount of 
mucilaginous matter. There appears to be nothing in them 
which would make them objectionable as a j()dder. Although 
these leaves may not compare favourably with other fodders 
like maize, they are certainly valuable as an emergency fodder. 
The phosphatic contents of young fruits before they develop 
stones, cannot hut enhance the fodder value ofleaves mixed with 
tender fruits. The thornless varieties with a large leaf surface 
are more suitable for use as fodder than the thorny Malla or 
rhani bor. 

In all parts of India (24), the bor tree is known for the quality 
of its wood. Persian wheels, agricultural implements, well­
curves, oil seed crushers, legs of bedsteads and various other 
articles are made of its wood. It is also considered a valuable 
timber fClr constructing huts and buildings. This wood is con­
sidered to be fine and close-grained. It makes excellent char­
coal and has a high caloritlc value. In the districts of Satara. 
the branches of bor are used for fencing purposes by the villagers. 
As they are thorny and cheaply availablt\ their use in hedges is 
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highly appreciated. The extension of the cultivation of bur in 
the Deccan and dry-rainless tracts might serve a useful purpose 
in the present campaign of rllI'al uplift as this tree is a source of 
fruit, hlci, j<)dder and fencing. 

Data obtained indicate that by proper addition of acid and 
pectin, a good jelly which still retains a fairly large amount of 
ascorbic acid can be made fi'om jujubes (fruit of ZizyPhus vulga­
ris). They also suggest the possibility of using this fruit in com­
bination with other ii-uits as a means of increasing the ascorbic 
acid content of the product (20). 

With the exception of some varieties, which lend themselves 
to be eaten even in their gl'eenish stale, the bor as a rule should 

H d 
be picked, when they are still crisp, but have 

arvcst an storage d" . develope a light yellowlsh scarlet or brOWnish 
hlle on the outer skin. Wardlaw (23), summarising the findings 
of other workers, suggests that jujubes should be picked when 
the lirst brown spot appears on the skin. The small fruits borne 
on the seedling jujube trees in this country are, however, tit to 
be eaten only when the flesh is soft to the tOl1ch and the skin has 
attained the full colour. Overholser and others \. 17) have found 
that at 32"F jujubes can be stored in open containers for 4-5 
days, but the skin cracks and wilts, when the fruits are kept ill 
closed containers. 

B1asdale (I) gives the average composition of the pilip of dried 
jujube from the Chinese Quarter of San Francisco. Church (5) 

Food value reports the results of physical and chemical 
examinations of the pulp of fresh and dried 

jujubes grown at the U. S. Plant Introduction Garden, Chico, 
California. (Also see pages 416, 417 and 418.) 

Percentage of ash in the seed-free pulp of two varieties and 
analyses of ash are here given. The high alkalinity of the 
ash is shown by the marked predominance of basic constituents. 

The bOT is a dry crop and little attention is paid to it, ex­
cepting ploughing and cleaning the area of the plantation in 
C . I I some tracts like Khandesh only. The land 
omm~rna va ue used for this crop is generally inferior, where 

perhaps other fruit crops would not be successful. I t is difficult 
to state with accuracy the exact cost of cultivation in detail, as 
bor treeS are mostly scattered about. There is, however, little 
doubt tha.t the cost of cultivation is very low in comparison with 
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The food vallie of Bi?r (,?i.~YP!tIlJ o;iljubr) j j India 18 gil"' 
III Ihe /i)]]olloiIlg la/)11' : 

Name of food 

Botanical Nanlf' 

Moisfun' ~~) 

Fat (Etlll"r I"xtractives) % 

Min .. ral matter ~~ 

Fibrt" 0;) 

Carbohydrat .. , ~ ~ 

CaJciurn (Ca) t~o 

Phosphorus (Pi % 

Iron (F{') mg~o ':;~, 

Calorific value prr 100 gms. 

Carotene (International Vita­
min A Unit per JOO gms.) 

Vitamin B (LV. per HID gms.) 

Vitamin C mgs. per 100 gms. 

Calories per ounce 00

1 

Hr'r Zjzyphus 

0 0 8 

0'1 

()"4 

O'S 

55 

iO 

16 
. .. ~ 
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he income. Tht.;yield of a fairly grown bol' tree range, from two 
three or even more maunds of fruits annually. The large 

val fruit fetches a high price. 
The bor trees arc infested with several kinds of illsect pests, 

, the commonest are the iruit borers. Fruit Fly, Carpomyia 
J • vcwlIiana. B is the most harmful, particularly 

·t~ and dls"asc~' . " . :. fl . ., . to sweet. vanetles. A few eggs are laId at a 
It Y time in ea.ch fruit. A single fly m<l.)' lay eggs in 

large number of fruits. The eggs a.re small, c[rJl1gated, pointed 
both ends, and white in colollr. Un hatchini!;, the maggot 

':rows into the fruit and remains feeding inside and resembles 
?rain of fine -rice when fully grown. The maggot goes 
~eding on the pulp and makes slllall holes in the rind of the 
~ to admit air for respiration. Bigger h()les indicate that the 

(-grown maggot, has come out from the rruit for pupation 
the soil. The pest is active from November to March, during 
ich period two or three broods appear. It hibernates in the 
)al stage in the soil during summer. Pupation takes place at 

ierent depths according to the condition of the soil control:-
1. Aftcr the fruiting season the surface of tlw soil under­

neath the tree should be burnt by spreading dry grass 
and leaves so as to kill the pupae. 

2. If possible hait spray of lead-arsenate powder 4-5 ozs., 
sugar or molasses [our pounds, water three gallons 
may be tried during the prevalence of the fly. 
Commence spraying ahout three weeks before the 
fruit ripens and keep on baiting every twelve days 
and always repeat after rains. Spray for some time 
even after the fruit is harvested. 

It may be possible to spray small plants where the Chani bor 
Ised as rootstock. 
No serious damage is reported on hor trees from fungus 

.eases in Western India, except from a species of Clados­
'ium which attacks only the leaves. 
The hor tree is used for rearing lac insect~ (T aclzardia laccad.) 

the Central Provinces and in Madras Presidency. Some obser­
vations in this direction are also made in the 

1~ rearing on hor Bombay Presidency. The wild bor forms a 
useful host plant for the lac insect (19, 15, 

). It is expected that in due course of time, when the 
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price 0: sh(~!lac ill ,the wo1'}~ market impnll'cs, the lI~e of \' 
1ll llldlc~ I,nll be full}' ~absed. by the cultivators. Lac J'l 

1);1.~ attallled most prommcllce m Bihar thall in alII' other 
\'ince IIot excluding the Central Provinces. . 

. Large ~ized fruits. which have just begun to turn yellow, 
pncked With any sUitable hand-wor~ed .d~ice which h~ 
C nd'ed B large number of thick pmhke prongs stie!: 

a 1 or out. This pricking is i()l1owed by salt c ' 
by steeping .in 2% salt solution, a?di!lg calcuJ,ated amom i 
salt so as to Hlcrease the streng·th of 'mIle by 2% every 24 hq 
till a final concentration of 8% brine is reached. The salt (. , 
fruit is then boiled till it hecomes soft. It is washed thorol , 
to remove the salt absorbed. The fruit is then put in hI 
syrup of 38" Brix containing O·} % citric acid which is a L 

broll~ht to a boil and the vessel well covered. The strcngtll 
the dipping syrup is increased to 35°,40°,45",50 0

, 55°, 60° a" 
every 24 hours and later to 65°, 70", 75° after every 4fl or 
hours. The syrup is then drained and the candied fruit dr 
on wire gauze trays preferably in the shade. 

Fully ripe fruit is washed and given a litrle dip in b. 
water, drained and left in the trays to dry in the sun. EI. 

Drying of BOT 
should be made to provide hygienic conditic 
for drying. It takes about H-IO days for I 

fruit to dry. The dried iX'uit tastes very sweet and is relisl: 
very much as a desert fruit. 
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