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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
“Commercial 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. 1 also knew they valued that rapid inter-
change of knowledge between horticultural scientists of all
nations which such an information bureau as ours makes not
only a possibility 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 half formed
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 there is much information to sustain the
interest 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 experience 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 will indeed become a
standard horticultural wark 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 information upon successfol local prac-
tices with an up-to-date review ol the results of the latest re-
scarch-—hucked by an impressive bibliography of some
800 references-—1I feel T can confidently recommend it to the
practical grower, the student and the investigator, and, on
their behalf, as well as my own, I wish to congratulate Dr.
G. S. Cheema, Mr. S, 8. Bhat and Dr. K. C. Naik on the
successful attainment of a truly formidable task, and to cxpress

our thanks to them for undertaking it.

RONALD G. HATTON
Director, Fast Malling Research Station

Fast Malling, Keni, Fneland
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PREVACE

I have read in considerable detail the manuscript of the
handbook on fruit culture, ¢ Commercial Fruits of India,”
written by Dr. Checma and Mr. Bhat. 1 consider that it is
interesting, up to date in its information and likely to prove a
very considerable contribution to fruit literature of India, and
in particular Western India. It is fully worth publication.
The additional step of co-opting Mr. K. C. Naik, Horticulturist
of Madras, who has had several ycars of cxperience in the
Punjab and Bihar, has undoubtedly increased the All-India value
and uscfulness of the publication, In fact, it will become a stan-
dard horticultural book in so far as India is concerned.

R. G. ALLAN, M.A,, C.I.E. (K¢},
Commissioner of Agriculture (relired),
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
jujube.  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 m Western India. Wherever possible, effort has been
made to include an account of comparative practices prevailing
in other tropical countries of the world.

Historically, frujts are found to have figured very prominently
in the life of Indians from times immemorial. Jawaharlal
Nehru (“Discovery of India”, The Signet Press, Calcutia,
i946) 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. He 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 AD. 64, a Chinese embassy came to India and some wel-
come gifts brouqht to India then, according to Nehru, were the
peach and pear trees. Later in A.D. 671, I-tsing (or Yi-tsing)
visited the country as a pilgrim and *‘he te l1s us that fruits were
abundant in India in those days”. The same view was re-
corded by Paes, a Portugucse who, states Nehru, came in 1922
after vxsmng the Italian cities of the Renaissance, and remarked
of the city of Vijayanagar— “it is full of fruit”, Poets of frontrank
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 lakh-bags (orchards planted to 1,00,000 trees) established
by Mughals and other lesser known 'Nawabs and Rajahs, all
speak of the love for [ruits that had permeated the Indians
from the remotest periods of history. This is further borne out

(ix)



AUTHORS' PREVFACE

from the fact that fruit is sanctified by rcligion and forms the
principal food advocated by sages and saints and for use as
offerings in temples and to men of light and learning. It is a
paradox that notwithstanding this hoary past, fruit cultivation
should still be an uncertain and risky avocation to those who
resort to it and that fruit production should remain yet a hobby
rather than be among the leading industries of the country, for
fostering which nature seems to have contributed all that is
congenial.  Of all the limiting factors in the progressive pros-
perity of fruit culture, absence of a fund of tested and recorded
information appears to be the most important. Fruit research
being vet in its infancy, the fruit grower was largely allowed
to plough his lonely furrow, Making the accumulated know-
ledge from observation and research available to growers, is
a task of no small importance in any country, but js one of
unexcelled value in India.

The subject of fruit growing in India did not receive until
lately the attention of the State and the pubhic which it deserved.
In spite of the existence of a variety of conditions of soil and
climate suited to the production of various fruits, ndia imports
every year nearly three crores 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
Rescarch, 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 fruits” are gradually assuming an importance
as popular national slogans in this country.

_ Fruit research stations are now established in a few Pro-
vinces and States. Intensive work is being undertaken on
fruits on which this country still maintains a monopoly pro- .
duction and also on other indigenous and exotic fruits of well-
known varieties with a view to place the fruit industry on sound
modern lines. Introduction of new varieties, isolation and
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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 workers at these research stations. Some of the
Universities 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 systemn 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 of recreation facilities. The high prices ruling after
World War 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 adquaint
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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has to study the subject for his examination in the agricultural
colleges and other institutions, 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 information presented herein of some help and
guidance. The authors have endeavoured to make each chapter
self-contained as far as possible.  With most of the fruits dealt
with in 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 concern to more than one 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 present, cven though it has meant at certain places a degree of
repetition. If this valume proves of some service to these various
classes of people, and helps to attract more educated people
to the rural parts of this vast country, the anthors will consider
their labours amply rewarded.

Since the compilation of this book was undertaken, two
books dealing mainly with the regional fruit production
practices of the U. P, and Madras have bheen 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 endeavour to meet the growing demand for information on
this subject.

The authors are grateful to Dr. Ronald G. Hatton of the
East Malling Research Station and Sir R. G. Allan, for
reviewing the manuscript.  The authors are thankful to Mr.
D). Akenhead for helpful advice and in collaboration with
Mr. C. St. C. Fielden of the East Malling Research Station
for reading it throngh, i
) In addition to various periodicals and publications listed
in the bibliography, the authors have drawn ireely from a num-
ber'ol” books such as “Manual of Tropical and Sub-tropical
Fruits” by W. Popenoe, “The Book of the Mango” by W.
Burns and 8. H. Prayag, “The Cultivation of Citrus
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Fruits” by H. H. Hume, etc. Many of the tables of analysis
of fruits are taken from *“The Structure and Composition of
Foods” by A. L. Winton and K. B. Winton. The authors
acknowledge their indebtedness to all the authors of these books
and their publishers,

The authors are thankful to Dr. H. S. Pruthi, O.B.E.; D.Sc.,
Plant 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.8.S., F.R.Econ. S. (Lond.},
Agricultural 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 Messts. 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. 8. B. Brahme of the Horticultural Department, Poona,
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V. N. Madhavrao of Coimba-
r

“Lnd Mr. U. Narsingarao, Mr Cor
M d Mr. Daljit Singh

wore Colleges and M. Ranjit Singh an | 51
of LOAR., and Mr. G- M. Talgeri of College of Agricul-
ture, Poona, the authovs are indehted for checking the proofs
and also offering several suggestions for the improvemcnt of
the text. The authors are also thankful t0 Dr. N. Narayana
of the College of Agriculure, Poona, for checking the page
proofs. -

The authors aré indebted 10 Sir Datar Singh, Vice-Chairmar,
Indian Council of Agriculmml Research an r. R. L. Sethi,
r‘\gricultum] Commissioner to the Government of India, for their
enconragement and for affording facitities for pu\)l'\sh'mg this

volume.

The book contains many references 10 the
the frait research centres financed by the Ind
Agriculmral Research and includes @ great deal of experience
gained through such research schemes. There arc in it also
a large pumber  of relerences 10 the works publishcd by
scientists working all over the world. This bhook, therefore,
represents the sum-total of efforts from a larg€ number ©
horticulturists in the countrys and the authors do not need,
therefore, 10 make any apology for prcscm'mg the work to the
fruit growing public. They will, of course, apprcciatc itif any
one of the readers will kindly point out any errors that might
have inadvertently crept into the various references cited in the
text, so as to enable them 10 correct such mistakes in future

revisions of this book.

work don€ n
ian Council ©

5. S. BHAT
K. C. NAIK
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CuarTER |
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
crops for implementing the drive for increased food production,
claiming in well-kept plantations an annual yield even up to
60,000 1b. 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 fruit of banana that is prized as a food: the central core
of the pseudo-stem, the inflorescence and the immature or un-
ripe banana f{ruits are also no less prized as sources of food in
Indian houscholds. 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
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.

One of the most
popular fruits

Origin

1
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One of the hotanical names of the banana -appears to
have been based on the legend that th_e scrpqnt,.whlch tempted
Eve in the garden of Eden (Paradlsc,), h“,i, in a bunch of
bananas. “Apple of Paradise”, “Adam§ Exg and ‘the_ specific
name paradisiaca, all appear to have a dls_tmct'rclatmn to an-
cient mythology. The word ‘“banana” is said to have Deen
adopted from an African Congo tribe. ) .

The commercial importance which this {ruit has gained can

be judged from the fact that its consumption in the United
. States of America and the European continent
Commercial is enormous. The Islands of Honduras and
importance - . ; S
Jamaica are among the chicf hanana exportiag
countries of the world.  Brazil has also entered the competition
and her exports have increased rapidly in recent years. The
world trade in banana has been more than doubled during the
last thirty years or so. Before World War 1, it averaged slightly
over a million tons of fruits or about 60,000,000 bunches
annually. The total export trade of banana in the year 1930
amounted to about 2,000,000 tons of [ruits or about
115,000,000 bunches.  But there was a slight decline in 1931.
Waorld production of bananas for overseas export during
1937 was more than 25 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. v
The leading countries importing banana are the following:

United States of America . . .. 1,210,000 tons
United Kingdom . .. 272,000
France . ) 111,000 ..
Jflpan . . .. 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,
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As stated above, the banana which originated somewhere
in the tropical forests of Asia-—in the Malayan Peninsula or
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
regionsin India s 306,011 acres according to latest available
data. It is mainly distributed as follows: '

Distribution

. Madras .. .. 128,163 acres
2. Travancore-Cochin .. - 47,504 ,,
3. West Bengal .. .. 43,880 ,,
4. Bombay .. .. .. 39,060 ,,
5. Mysore .. .. .. 18,609 ,,
6. Bihar .. .. .. 12,700 ,,
7. Orissa .. .. .. 6,000 ,,
i, 8. CQCentral Provinces .. . 3,069
;9. Assam .. .. . 2,500
i 10. Hyderabad .. .. 2,000 ,,
1L UL P .. .. .. 1,490 ,,
$ 12, Coorg .. .. .. 1,036 ,,

E’Gencraﬂy speaking, there are three distinct regions in India
in respect of production and consumption of bananas. The
Northern and the North-Western parts constitute essentially
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 varicties is, however, cultivat
he United Provinces, Bihar and Beng

along the Ganges in t | 2
. ywrth Bihar and Chandranago,

the tracts around Hajipur in Ne :
in Bengal being particularly noted for heavy production, |

is believed that parts of Orissa, Bengal, lower parts of Asan
Bihar and the United Provinces and Sou_th India possess abu
dant scope for extension of arcas under this fruit.

In South India, Trichinopoly (Tiruchirapalli) whic
exports the largest quantity of banana_s, ir} some years exceed
ing 550,000 maunds, and Malabar which is reported to posse
about 52,000 acres, are entitled to be ranked as the premic
banana producing centres. The Cauvery delta or banks i
Coimbatore, Tanjore and Salem districts also constitute ven
important producing centres. The Lower Palni Hills are notec
for the cultivation of some excellent hardy varieties of banan:

known as Sirumalar and Virupakshi, entirely under rainfed cond:
nons.

In the State of Bombay! the chief banana growing dis

tricts are East Khandesh (13,679 acres); North Kanara (3,618

acres), Thana (2,614 acres), Poona (1,457 acres) and Satara (99

acres).  In the North Kanara district, the banana is grown as an

mter-crop in spice and coconut gardens. In the Thana dis-

trict, Bassein is noted for its cultivation of a large number of

banana varieties. In the Poona district; the Junnar 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 Basrai
banana to other parts of India, chiefly the northern States.
This variety is grown in the surrounding villages like Asoda.
Being a highly-profitable variety, the Basrai banana is bf late
extensively grown in the Gujerat regions which lie north ¢
Bombay and have considerable advantage of nearness to th

northern and north-western parts of India which are the con

suming areas (16).

In a paper on classification of the bananas, Cheesman (33
recently has attempted to finalise the classification of this impor
Classification tant fruit. He has made pointed referenc

) to the distinction between the classificatiol
of the cultivated varieties and the general taxonomy o
the genus Musa L. and has stated that either of thes
requires a different technique for its solution. Qverlooking
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s important and obvious fact, several workers have en-
avoured to classify according to their own standards,
using a great deal of confusion. Cheesman has adopted the
tological basis for the classification of species, and states that
romosome number in Musa is not only a safe criterion of rela-
n, but the best. Dodds and Simmonds (42) report that all the
ltivated bananas occur within the group with a basic chromo-
ne number of eleven, the majority of edible varieties being
ploids (3x=33), but experimental hybridization has given
o tetraploids (4x==44), a few higher polyploids, and some
euploids. — ) T T
"Banana belongs to the Natural Order Scilaminee, genus
usa. According to Cheesman, Linnaeus used originally two
wific namés for the edible bananas, viz., paradisiaca and
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
her 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
| 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. sapientum 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 varicties, 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) Rajelt (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
t.hc stalk, and slightly sour in taste. Fruit small in
siz¢ and yellow when ripe. Skin very thin and



INCHES OF LEADING COMMERCIAL VARIETIES OF SOUTH INDIA
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ourtesy : K. C. Jacob, Assistant Systematic Botanist, Coimbatore.) Facing page 6.
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papery, pulp whitish and highly agreeable; very
delicious and high quality fruits. This is called
Safet 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.

(5) 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
diamecter, 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.

(6) Basrai:—Dwarf stem; leaves broad; skin vyellowish
green cven when fruit is ripe; delicate, fruit long and
uniformly thick; poor keeper.

(7) Walka (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.

(8) Mutheli (Butter Banana):—Dwarf stem, with broad
and short leaves; fruit medium, thick and round,
bow-shaped, sweet taste; hunches 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, Safet Velchi is gradually gaining more demand.
Commercially, Sonkel, Velchi, Basrai, Lal Kel and Rajeli are con-
sidered to be the choicest dessert varietics in Western India.

Of the numerous varieties grown in the Madras State, Poovan
(syn. Karpura Chakralel) is easily the most important from the
' commercial point of view, accounting for about 70 per cent of
' the total production in southern districts. On the Malabar
" coast, Nendran is the most popular variety, while the Sirumalas,
. the fruits of which have finc flavour and taste and good keeping

C. F-3
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quality, is largely grown on high elevations. Monthan, Mauri
tius, Rasadali (syn. Rasthali), I_’acha Nada_n,_angl Bontha com
prise the other important cultivated varieties in the centra
and southetn parts. Of these, Monthan and Bontha are
grown for culinary purposes. In the Godavari, Gan_]arp and
Vizagapatam districts, Chakrakeli and Karpura Chakrakeli (syn.
Poovan) are the most popular table varieties, while Monthar
and Bathisa are grown for cooking purposes.

The Nendran and hill bananas are noted for long commercia
storage life, keeping well for about 15 days after harvest. The
former variety 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, an
because of this character it is considered Jocally to be
poor man’s meal. Poovan and Mauritius keep well for about
week, as also the Rasthali, which is, however, unfit for export
trade purposes as fruits shed easily from the bunches, while
Mauritius fruits get slightly discoloured in transit. Rasthali is
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 meaty
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
vield and fair keeping quality, Poovan commands popularity
hoth among growers and tradesmen and, therefore, claims thet
largest area in the South. Monthan is also a good keeper, bu
being of poor quality and fit only for cooking, it does not
command as much market value, except close to urban arcas.
Chakrakeli, though very highly estcemed for fruit quality, is
not very adaptable and is difficult to grow under adverse con-
dmor)s of culture, climate and soil.

‘ "Kaio, a Hawaiian variety of banana, has heen introducec
into South India and is being grown in the Banana Experimentul
plot at Coimbatore. The fruit is 6'5 inches long, oblong to
spindle 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 superba, is also seen growing in man:
forest areas. In Bihar, Fastern Himalayas, Assam Hills, Mani
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¢ and Burma, this type is seen growing wild. Its fruit is full
ssced and is not edible. It is chiefly used for its leaves by the
#al wild tribes.

1 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.
y Some types of bananas like Musa textilis L. Nee, are
1 known for their fibre, popularly known as the Manila hemp.
s For its successful cultivation, banana requires a rich loose
al. The sandy soils of Bassein and the coastal tract of the
North Kanara district are very well suited for
R its cultivation. In the Konkan, most of the
dleys in the ghats (mountain ranges), where water supply is
znty, atmosphere is damp, and humus in the soil is sufficient,
s found to be very favourable for the banana to thrive. In
eavy, ill-drained and shallow soils, the banana is often a prey
> the Panama disease, caused by the fungus Fusarium oxysporum
ar. cubense.

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

In the Presidency of Madras, banana is grown under a
ariety of soil conditions from the heavy clay but well drained
sils of some of the deltaic tracts of Godavari and Kistna to the
lightly open or loamy slopes of the Lower Palni hills. The
irgin lateritic lands on the hill slopes of the Malabar coast,
e alluvial or heavy loam of the wet paddy lands in most of the
iétricts, and the alluvial soils along the Cauvery banks as well
1ssthe garden soils of various composition in Coimbatore, all
ippear to suit the crop, provided good drainage and heavy
pplication of manure are provided for, especially in soils defi-
ient in fertility. Banana plantations of nearly a hundred years
+age are found thriving along the rich banks of Cauvery river
.the Tanjore district and near Aduthurai.
~=Dunlop (8) opines that bananas do not grow on saline

+

oil
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soils, which prove dangerous if the salinity exceeds 0°05 per cent.
Damage caused to banana plants depends upon the soil texture
and the salt concentration, The optimum soil texture is re-

ported to be as follows:—

Sandy loam .. . 0-03 per cent,
Clay loam .. .. 0045
Medium clay . . 0050
Heavy clay .. . 0070

Soils which are best suited for 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 plantations existed previously produce
good crops ol 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 requirernents, and one has to go into the details of the soil
selected before planting. A soil which is about two feet deep
with a porous subsoil constitutes the minimum requirements
for successful banana cultivation. .

Banana is essentially a tropical plant and grows in warm
humid climates better than in cold dry climates. Tracts where
there is a chance of frost occurring during the
winter, are not safe for its cultivation. Low
temperature damages or kills the plant tissues and hinders
the development of the fruit, 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 Pers, make useful
wind-breaks in the Deccan. Dalbergia sissoo, Roxb. can be
used as an effective wind-break in Sind. In the Khandesh dis-

Climate
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tricts temporary wind-breaks of dry tur stalks (Cajanus indicus
Speeng) 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
origipal 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 in the central Deccan districts was destroyed by the severe
frost, though 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.
It 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 Basrai 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
even the dwarl types of banana like the Basrai and Walka. In
sheltered situations, however, the plantation may thrive
well, It is chiefly on account 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

er annum. About 70 to 80 inches of rainfall, if well distri-

Euted, is good for its cultivation. Heavy rain is not so
njurious a factor to banana as low temperature, continuous
rong wind or heavy clay soils, But if copious irrigation
i 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
he soil is injurious to the plantations. Stagnation of water
ncourages 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 have the land

~epl loughed and heavily manured with farm yard
deeply _ ploughe manure. In Bassein, the land is flooded

Preparatory tillage " ofien the soil and a weak later it is
swise. This is followed by harrowing and level-
hay State the land is allowed to get heated for a
few 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, harrowed, levelled
and planted. Tn the vicinity of Jalgaon, the land is well ploughed
and harrowed before suckers of Basrai banana are planted.

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

ploughed cros
ling. In Bom

SPACING OF PLANTING

Lal Kel .. .. .. 9-10 feet apart
Lal Velchi .. .. 89
Mutheli .. .. 89 ,,
Safet Velchi . .. 89 .,
Rageli .. . .78,
Basrai .. .. R B
Mhbaskel . . . .. 56 5 s
Lokhandi . . .. L

It is found by experience that a spacing of eight feet is suitable
for the purposes of 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 1} {t. by 11 ft.
each. In lighter soils, it is not necessary to have such big pits.
Fawcett (46) opines that larger pits give a better growth m’ 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
case of dwarf varieties, and 20 to 25 feet apart in the case of tall
varieties. '

Planting is done in the Bombay Presidency in furrows taken
crosswise at a distance of 44 ft. to 10 ft. each way. Small suckers
are selected and planted at the crossing of the furrows in the pits
already prepared. Irrigation follows, if it does not rain. Plant-
ng 1s 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, beds 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

Lo growers as this operation largely in-
?d““‘m of suckers gy ences the future plantation and the
or planting R . N

yield. It is difficult to define accurately
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:—

(1) 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 bunches are generally small. It is, therefore, necessary to
select small sword suckers, which are in a 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 them in the sun until they wither. In the Bombay
Presidericy, 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
the growing period and also increase the yield.

In Queensland, corms carrying two or three eyes only
are used for planting (88). Bits, or rather 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 flat 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 has already been stated, planting is done in Bombay Presi-
dency in July-August in pits, which are filled with soil mixed with
a small quantity of farm yard manure about
5-10 1b. per pit. The soil is well pressed
round the suckers and irrigation s given copiously. Suckers are
planted straight. On planting the whole area may be flooded or
water may be given in basins as required. After planting,
water is given on the fourth and eighth days, if there is any

Planting
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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 cight 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
vear. The most popular planting season on the Cauvery delta
15, 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 case of the commonly
prevalent method of planting in November (4). The latter
plants are hand-watered for two or three weeks unul 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
{(41) top dressings of the following mixtures are
usually given after planting at regular intervals
of one month for a period of three or four months:

Manuring

Castor cake .. 4-5 lb. per stool
Sulphate of ammonia Y I T o T o
Sulphate of potash DRk g i
Superphosphate S PRSI 3 (i o e %

Other oil cake may also be given in addition to the above at the
ate of 6-8 1b. per stool twice or thrice a year.
Different varieties of banana receive different doses of
nure at Bassein. For instance, Lal Velchi is manured
rice at an interval of a month with 4 Ib. of castor cake each
ime, At times, the third application is of fish meal and
astor cake at the rate of 5 1b. and 2 Ib. respectively. Lal
la (Bassein Red) plants receive four doses at intervals of
ree weeks each as follows:—

—mmatar® ‘
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4 1b. of castor cake

6 Ib. of castor cake

5.6 1b. of fresh fish and 2 Ib. of castor cake

4 Ib. of castor cake if the bunch is well developed,
or else 6 Ib. of fish instead.

e

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 Ib.
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 1b. 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
15" wide and 5-12” deep are opened betwéen 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 1b. groundnut cake is applied
around each plant soon after the plants begin to grow; and
5-6 weeks later, another application of 13-2 1b, 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 Ib. 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,
about 40 Ib. of cattle manure are applied per stool at an
interval of six months. Sheep dung is applied only once in
the beginning of the plantations.

At_the Ganeshkhind Fruit Experimental Station, Kirkee,
manurial trials 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 of farm 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 1b. of castor
cake per stool in conjunction with 40 Ib. 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 growers 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 cartloads 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 wmanure, 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 1b. of synthetic pen manure with or without
one pound of muriate of potash was found to be beneficial (95).

Fawecett (46) recommends the mixture of the following manure
for banana:—

1.. Sulphate of potash .. 344 Ib. per acre
2. Wagner’s double phosphate 211 Ib. ,,
or
Mineral superphosphate .. 8§30 1b. ,,

This mixture is applied at the rate of 400 to 600 grammes (1 1b.
to 1} 1b.) per plant, varying with the kind of phosphatic
manure used in the combination. Care should be taken



18 COMMERCIAL FRUITS

to place the manure in a trench made around the stem, avoiding
direct contact with the stem. ) o
Bartlett (14) states that banana is a voracious feeder and it is
essentia) to keep up the fertility of the soil by every possible means.
Supply of humus to the soil is indispensable as this manure not
only provides plant food but also retains moisture a:n_d improves
the acration of the soil. It creates favourable conditions for soil
bacteria to act upon mineral matters, thus rendering plant food
easilv available. He further states that experimental tests have
demonstrated the usefulness of the mixtures given below ;:—

1. 2 1h. of dried blood, per stool every

1} Ih. superphosphatc, six months
I Ib. sulphate of potash. ’ v

2. 1} . sulphate of ammeonia,
1} 1b. superphosphate,
1 1b. sulphate of potash.

per stool every
six months.

Either of these mixtures can be applied in March and in
October to every stool.

In Grenada heavy soils are found to need liming as they
retain moisture and become acidic in reaction.  Soils with pH
value of 6:5 require one to two tons of hydrated lime per acre.

The banana plants require very heavy irrigation. A local
proverb is current that “the banana plant asked for water to
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 het
months from I‘ebruary to May (2). Irrigation is given in
most places once in eight to ten days. Stagnation of water
m soil is not very congenial to the proper growth of the banana
[)]ant. Drainage of the soil is, therefore, essential for its success-
jul.cultivation. It is seen that in heavy soils, banana plants
thrive better on raised ridges alternating with trenches, than
in flat beds. Near Jalgaon, irrigation is given to banana plants
every three or four days during the hot weather. After the
rains, irrigation beds are- prepared hetween the rows of plants
and irrigation intervals are reduced with the approach of cold
weather,

Irrigation
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In the Godavari delta area, irrigation is applied in trenches
after the rainy 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, but in the former case water may be let into
drainage trenches to reach the brim, so that the feeding zone of
roots gets moistened through radial spread of moisture.

The bananas in some countries are irrigated at intervals of
fiftcen days from February to May and receive approximately
5 acre inches per turn. This procedure is adopted in plains
where the annual rainfall is about 60 inches only.

In the opinion of Fawcett (46) “‘irrigation after flower form-
ing will not affect thc number of fruits in the bunches.” Water
channpels 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 only the mother sucker or a few
more are allowed to flower.

An experiment to determine the water requirement as well
as to see the effect of ridge planting of banana was carried out
at the Modibag gardens at Poona. Banana
plants were planted on ridge with trenches
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 by their side:—

Ridge vs. level
planting of banana

[ l Total
Bt | eienesr |Weightor | NUgber murher of
System, plants in } plants in f{\:‘xrl‘&er fruits \ harvested
inches at ; ft. and lJb. ozt. ‘ per | during the
base. inches. bunch, | same
T peod
! !
Flat bed 25 68 | 15-8 80 ! 39
|
Ridges & trench 28 | 7-3 { 240 | 93 { 61
b
i | i
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il be seen from this table that the superiority of the
trenlcthw:md ridge system is established, although it requires
' ; The actual quantity of water

a larger quantity of water. 1 _qu .
qivcngin ﬂgt beds was 323 acre inches, while it was 3-30 acre

inches in the trenches per ir_rigatio.n turn. These _tria]s were
conducted with the Walha variety of han.anas grown in medium
black soil. On the light soils which are usually well
drained, the bed system also works well but the fr.equcncy
of irrigation has necessarily to be greater. It is noted
that the interval of irrigation depends upon thf: 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 seasons.  In very light soils this interval may be of four

20

days only. ' _ )
The advantages of irrigating banana stools in trenches

may briefly be summarised as {ollows:~—
1. The average weight of fruits per bunct
Advantages of increases by about 559%,.
trench frrigation 4 . ’ . )
) 2. The number of fruits per bunch increases
by about 16%,.

3. The plants grow and mature quicker,
and a larger number of bunches
can bhe harvested during the same
period {rom an equal area than in
flat beds.

4. Labour and water charges are low.

5. Damage due to fungus diseases is mini-
mized.

The banana plants arc planted very close compared
with most other fruit trees and whichever system of irriga-
ion is adopted, it would practically amount to flooding

o the area. On ill-drained soils, heavy
Heavy irrigation C e .
sncourages diseases \IT182tI0Nn encourages the occurreuce of the
) dreaded Panama disease caused by the
ungus Fusarium oxysporum var, cubense, and the crown rot
aused by Fusarium  moniliforme var. subglutinens. However,
he system of irrigating banana in trenches as explained
bove keeps the hanana stools fairly above the level of water,
mlike in flat 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
Janana variety sent to several parts of India including
ol the Punjab and the North-West Frontier

Provinces from the Khandesh districts and
Jassein. The Walha is chiefly used for the local markets of the
*oona district. From the market point of view, the Basrai is the
retter 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
ound 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 Basrat or the Walha will prove more economic
o 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
ruiting of bananas and size of the suckers selected for planting

" as well as the climate. Basrai generally fruits
a fourteen months. Walha requires about ten months, while
“elchi and Son Kel take twelve months. The fruiting age from
lanting apparently is also closely related to the size and age of
he suckers while planting. It is believed that the larger the
uckers, the shorter is the fruiting age from planting. But in
uch 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-
ag. Flat sided fruit varieties in general, seem to take a
wch 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 upon the variety and
1son of flowering. Maximum production of the Posvan variety
noticed from December to March, of Rasthali from April to
ay, 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 Decemiber to March seem
be the two periods when trade is the busiest.
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The number of hands per bunch and the number of fruits
per hand are both varietal characters, but the qarly formcgl hands
have been invariably found to record higher weight per fruit (74).
It may be observed that ripening and rotting are processes that
arc hastencd markedly when bunches are cut into hands thaa
otherwise. A
In the case of Basrai and Lal Kel, only the sucker which
is planted is allowed to flower in Bombay State. All §idc
suckers are pruned off as soon as possible
Suckers left to after they appear, in order to give better
flower in a stool i . :
facilities of growth to the mother plant.
In Walka, Lal Velchi and Sen Kel, more side suckers arc
allowed to grow and flower. At Bassein and near Jalgaon,
however, there is a tendency to have only the mother plant to
flower in all varieties. Where only one sucker is allowed to
flower and fruit as in the case of Basrai, the life of the plantation
is limited to about eightecn months. In other cases, the planta-
tion may be prolonged for several years, without being re-
planted, as sucker after sucker will be allowed to fruit in the same
stool. In  Basrar the later suckers are extremely poor
vielders and hence the practice of allowing only the mother
plant to fruit. 'The local practice in some parts of the Madras
state Is not to remove the suckers at all from the plantation
vhen once it is raised and the crop is treated as a perennial one.
Plantation of about a hundred years of age or over are not un-
tnown even 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 year after year in the rich alluvial banks of Cauvéry
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
tll about 9 months after planting, when one good sucker is
allowed 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
Tmprovement of Hope Gardens, Jamaica. But very little
banana by success seems to have been achieved in
hybridization this work, Tt 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 Yruit Experiment Station,
Kirkee, Poona, seedlings of Sonkel 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. Interesting 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, to
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
statement, however, gives an idea of the
cost of cultivation and total 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

Cost of cultivation
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is for any economic calculation, as the receipts were realised
retailing on the spot for the Walka 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 1T 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
alike are fond of it and would take it daily
whenever possible. There are some varieties
which are more popular in the market as
sert fruit than others. Unripe banana is a very popular
etable in many Indian homes. Itis always consumed in the
ked state but if taken uncooked, it may cause digestive
wurbances. The cooked vegetable is a good source of energy
ng fairly rich in starch; in this respect, it resembles root
etables 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 5-109,
ar content and are heated to 50° or 60°C they retain this
ar, vitamin A, B,, B; complex and C and protein
itents. The loss in weight is 669, which represents a
siderable saving in transport. Four drying plants are
! to be in operation in the Cameroons.

T'he Hawaiian bananas are stated to be a poor source of
ium but a good source of phosphorus. The cooking types
ananas are reported to be a better source of vitamins than

able varieties. All bananas, however, are found to be a good

ze of vitamin A and C, and a fair source of vitamins B, and

3,) 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

omplex. 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.

d value of
lana
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The ripe banana contains 18% to 20% of total sugars-,(fartly
as reducing sugar, and partly as saccharose. Bremond (19)
describes successful experiments undertaken in Algeria 1n
1940 to determine satisfactory methods of making alcohol
from bananas. Further experiments in 1941 in French
Guinea were equally successful and factories were estab-
lished, the potential output of each one of them being 10 hec-
tolitres of motor spirit a day obtained from 120 to 150 quintals
of raw material (1 quintal=100 kg.). .

The fruit is used in a variety of ways. Besides the fresh fruit,

banana can be dried and eaten as dried “figs.” It is also used

in fruit salads. Green raw banana is powdered afier 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 other places on the Western coast
of the Bombay Presidency, banana is dried for sale. It is
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 yellow 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 1s 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

Sun-drying

varieties of banana can also be dried in this manner, but the
quality of the resulting product depends upon the percentage 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 fruits 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.
Glass boxes are also employed in this work, 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
outside atmosphere, and the fruit is dried quicker and much
better than under the curtain. The 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 pecling and before
drying in the sun.  Sulphur fumes also check the damage by pests
on the fruits. HKajapur: variety can also be utilised for drying,
adopting 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-
ed 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
current of hot air is thus kept continuous and the moisturein 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 trays can slide
init. This position helps the utilisation of all the hot air and the
speed of the rising hot air current is slowed down. The srpokc
of the fire does not enter the drying chambers and there is no
risk of the fruit being discoloured and spoiled by it. Although
the temperature of the chamber depends upon the nature of
the fuel used, it is not difficult to maintain a uniform temperature

in the chamber throughout the drving period by regulating the
feeding of the fuel.

A smaller type of banana dehydrator has been devised at
Kodur (Madras) with a special device for maintaining a
uniform 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 Dbe 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 feet 7 inches, a breadth of 2 feet 4 inches, inside
height of 1 foot 6 inches and is kept at a gradient of 24 ft.
while working. The trays used measure 2 feet in length
internally and 2 feet 2 inches externally. Their breadth
is 1 foot 5 inches and 1 foot 6 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 115°F for proper drying. A higher tem-
perature than this causes scorching of the fruits. A tempera-
ture of 120°F for ninc hours is recommended in New South
Wales for preparing banana figs in dehydrators (82). If
banana ‘coffee” is to be prepared, the temperature is
raised to 130°F after the figs are prepared. After eighteen
hours of drying, the figs are roasted in a coffee roaster
and ground in an ordinary coffec mill. The powder thus
obtained is used in proportion of two teaspoonfuls in half
a pint 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, Kirkee, 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 climate is dry, ripe bananas

are exposed to the sun till the skin hegins to wrinkle, w/_’len
they are peeled. The peeled fruit is then again further dried
in the sun until crystals of sugar arc formed on their surface.
The dried product is then packed. This process is practi-
cable in dry climates only, Another process is to ripen the
fruit and then to cut it into four lengthwise pieces, and dry
them in the sun on bamboo platforms. The product develaps
sugar 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 hamhoo 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 pecled after
loosening the skin by blanching and sliced into % inch thick
slices which are fed on wooden trays and then exposed to
sulphur fumes in a sulphur box for half an 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
160°-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
Discases and pests are the following:
of banana

l. The Panama discase 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 discase caused
o by the soil pathogen named above. The
Panama discase organism attacks the suckers and roots of
the plants. The name Panama disease comes from the fact
that the disease was first recorded in 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-
cides were not effective in controlling this disease, breeding of
resistant types was taken up at the Imperial College of Tropical
Agriculture, Trinidad, in the year 1922, Since then a
good deal of work has been done on this problem, and a banana
strain named 1. C. 1. (Imperial College No. 1), which closely

resembles the Gros Michel though possessing a few very minor
dtf/('(‘ls,. has been evolved.  The work 1s bemng continued
‘Vlt'hf'l view to improving the I. C. 1. strain firther.
The following varietics in the Philippines are reported to be
resistant to this disease ;- —

Sabe (M. sapientum, var. compressa).

Tennate or Gloria (M. sapientum, var. Ternalensis).
Bungulan (M. sapientum var. suaveolens).

Lacatan (M. sapientum var. lacatan).

Wardlaw reports that the Panama discase has been success-
fully controlied in Honduras by flooding and that infected
fields flooded for six months have produced fruit for nearly
six years with only sporadic outbreak of the disease.

During the last few years the Panama discase has
also been noticed in parts of the Bombay State, e.g.,
Occurrence and 2t the  Aley village and round about
;)}:r:ftomzpf Junnar in the Poona district. The trouble
o i'gacal:::st I8 now spreading to other areas also.

The most susceptible variety is found
to be the best table variety locally called the Sonkel. The chiel
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
Preventive and this disease have not yet been worked
remedial measures  ©ut-  The banana  varieties  are found
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

Gloeosporium  musarum which develops on the fruit statk.
T A reddish brown clour develops on the fruit
i ¢ banana scab .
i and when closely observed, minute transverse
" markings are noticed. They develop into numerous longitudinal
shallow cracks and turn black in colour. The skin begins to
dry and turns greyish brown. The cracks grow larger and

decper.  The pulp is also gradually aflected, becomes dry
and discoloured. Pustules on the affected skin contain spores.
The remedy is to spray the bunches with Burgundy mixture
(4 Ib. copper sulphate, 5 Ib. washing soda, 50 gallons water)

before the disease is likely to appear.

Banana leaf spot is not common in India but the Bunchy
Top is reported to have occurred in a few places. Removal
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-
_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

Banana weevil
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frost more than several other plants. In the Northern and
Central Divisions of the Bombay State, frost damage is

considerable when it occurs. It is, therefore,
Damage due to frost necessary to devise economic methods to
prevent the loss caused by frost. Modern orchard heaters such
as those used in the United States of America and other Western
countries are being examined here for their adaptability
to this country. Raising of orchard temperature on nights
when frost may be expected by burning heaps of fuel wood is
found to be fairly satisfactory 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
banana completely enveloped in a bag affords not only more
Bagai  protection from frost and cold winds, but has

agging of bunches . L .

i other advantages, in that the fruit is superior
in length and circurnference and uniform in development
and flavour. Bagging also prevents loss from sun scorching,
splitting of fruit and ravages of caterpillars as well as spoiling by

Drreds.
The cost of the bags in the first nstance s rather hjgh,

but mast of them wilt last for a second use, and the higher
price obtained for the bunches will more than cover the in-
vestment.

Grading and packing of bananas in accordance with
kpown or accepted standards is unknown in the country.
No special method of packing is practised. Whole bunches
arc carted to the market loose in bullock carts where the dis-
Packing and tance is mnot far. Hands are cut and
grading of bananzs  P2cked in gunny bags or bamboo bas-
for the market 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
board the steamer for export to Basra and other places. Stan-
dardization of the methods of grading and packing this fruit is
now largely practised in other countries growing banana, such
as New South'Wales and Cuba. Absence of standards of’grad-
ing and packing 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 essential 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 more suitable than bamboo baskets. Hangers
will be better if they can be provided. 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 different sizes of fruits should be
strictly packed and sold under different grades. Bananas
exported from the Madras Presidency are booked 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 thp
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
onsumers.

Clean bunches of banana are carried in special holds from
= West Indies to the British Isles. In the Canary fslands the
it is packed in crates made of the following pieces:

16 side pieces, each §” thick, 24" broad, and 26, 28, 30, 32,
34 or 36" long.

6 end pieces, each }” thick, 24" broad and [4” long.

4 head pieces, each §” thick, 22-27" long and 2} " broad.

4 head pieces, each §” thick, 12-17" long and 2} " broad.

30 pieces in all per crate.

The Cavendish variety of banana which is the chiel type
/m in the Canary Islands has soft skin and, therefore, requires
:s.of the above description for packing for safe transport.
bunches are generally laid in with the stalk, while packing
1¢ 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. Rastwood (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 before ship-
ment. Gregory (50) of Queensland recommends that the fol-
Jowing instructions may be carefully followed while handling

fruits for packing:-—

1. Sclect only mature fruits,
2. Avoid bending of the shanks of bananas when remov-
ing the bunch from the plant and transporting it
1o the packing frouse.
3. Keep bunches i a vertrcal position.

4. Pack in good case of timber with thick sides to get
maximum protection in transit,

5. Keep fruit cold during summer when harvesting and
transporting. In.wmter keep the fruit from being
chilled by protecting it from cold winds. |

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 §” thick and where cleats
‘e used these should be 2” wide and 27 thick.

In Queensland ‘the bananas are graded into sixes, sevens,
ghts, etc., according to the length and thickness of the fruits,
weating before packing is also practised in some coun-
ies. The fruits are stored for 24-30 hours before packing.
his helps them 10 keep long and stand transport better. While
a(il‘u.ng, fruits are packed in layers and different methods such
5 single pack”, “single alternate pack”, “vertical two pack”
C., are adopted. Of these methods, the “full hand pack” and
1e “‘part hand pack’ are considered the best.
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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
occur subsequently. For long distances,
fruit is packed raw and ripened artificially.
Banana is ripened in some countries by the aid of
i heaters, the bunches being staked in specially con-
icted rooms. As some accelerating agent is necessary to
en the fruit successfully, it is thought that this is provided.
the ethylene gas. It is recommended that coal gas be used
tead, a concentration of one part per thousand having been
ind 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
%, and in winter 85Y%, to the ‘“‘colour show” stage followed
70%,. Temperature of 75°F to 80°F for ripening the banana
air tight chambers is good. The period taken for ripening
ries from six to forty-eight hours. In the Canary lslands
» green fruit is exported just when it requires about 20 days to
:n.  The bunches for export comprise eight hands in the
muam.  Smaller bunches are saxd to be useless for export.

r some places in the Deccan (Bombay State), banana hands
aped one over the other, covered with straw and mud and
noke is blown into the heap. The green fruits change their
due to high temperature thus generated. Ordinarily,
heric temperature in Western Iudia is fairly high through-
year, and therefore, it is not considered necessary to adopt

il ripening processes for this fruit in this region, The
vourable temnperature for successful ripening was found

ma (36) to be 15°C to 20°C. The temperature in the

pit during the summer months in the Punjab ranged

1°C 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

te hold. Emanations given out from oranges effect pre-
ripening of bananas and, therefore, it is necessary to have

* storage for citrus fruits and bananas,

ificial ripening
Janana fruitsy
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CHAPTER 11

MANGO
(Mangifera indica L.)

“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 & 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
qualities 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
of 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 1 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
targe sized industry in this Presidency. The coastal tract com-
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owned for mangoes of a qu

monly known as Konkan is ren )
roduced in any other co

equal if not superior to any Pprot )
in the world. The soil and climate of this tract are

tremely well suited to the cultivation of mango. Mangoes
this area have naturally established their own reputation
command a distinct premium in the markets of some pai
India and abroad. Other parts of the Presidency do pro
considerable mango crop, but the fruit is mostly meant for
markets.
The mango is now grown in almost all the tropical and
Its original home is believed to be s
where in Eastern India and Malayan A
pelago.  Its numerous varieties have
early—indeed prehistorically ~disseminated  to other par
India, that it is found difficult to trace the origin of ma
to a more restricted region. From the evidence so far av.
able it would appear that the rmonoembryonic mango I
probably originated in some parts of India, but the pol rcrhbrya
nic types or races have their origin somewhere In Malaya.
Regarding the age-long appreciation of mango, it is enough
\lzur;co;“d hcr(;, t}cllchinnumerable references to the diaries of tra-
! rs from  té inese f VA " L | .
who travelled i:I: Indxir:‘?l(:l t}h‘:?():adr?:’l l”s"atngf(b}&2 A-D.) to Firard
tury., A d de: he carly parts o the seventeenth cen-
Y good deal of prominence is given to this fruit and
;’I(l’:)’r‘:icélguenl?y t}n the tree and its leaves in Indian religious cere-
S, urt, NEVET L LN . e
varied descriptlif)l;is 5:r:::il ‘ll(l)cz?luli]r‘rjxrc(()irtahn(z:::mm't}:ral _varuﬁlcs‘ Of-‘
of India go to prove the rcmotcp tiqui ’Cx}b l}n_g fruit i pflr'ts
country, Huge seedling ma an 1q1}111t§ of this fruit in this
years old are ot e I’%l ma :go trees, 2 hundred to two hundred
] in almost all parts of India.

tropical climates.

History

In India the chief mango provinces are :

MANGO ACREAGE

U. P, 1,322,656 acres | E, Punj
: ,»322, s | E, Punjab 30,130
Iﬁ?}:dras '250,900 " iBomba{’ 27:701 aircs
Bi :ge . 217,517 ;| Mysore 26,720,
g nga 187,073 ,, | Hyderabad (Dn.) 25,010
Orissa 48000 . | Assam 25,000 .,
; ! ? L8
ya Pradesh 31,526 ,, | Total 2,192,233 acres
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he total area under mango in this country is 21,92,308 acres
1947-48). The area at present planted to mango has been

BDistribution

the result of spontaneous effort of the appre-
ciating grower and has by no means reached

\‘mt would appear, therefore, that there exists a very
wide scope for the expansion of mango cultivation and subse-
yuent development of the mango industry in this vast country,
provided the educated public realise its commercial possibilities

wnd the activities of the various Agricultural Departments are

roperly directed. The existence of a large number of seedling
ees of varied description and quality and grafted varieties of
ango with numerous highly appreciated types will only assist
ch expansion,
“The present confusion in classification as to groups and
rieties of mango is so great that although considerable in-
est is being shown in the work, a long period will be required
‘ore a satisfactory adjustment is reached.” So said Kinmen
)) of the Porto Rico Agricultural Expzriment Station in 1918,
ese remarks are perhaps as true today as they were over
ee decades ago. Several sporadic and abortive attempts
ve Dbeen made to group together available varieties of
ngo in all mango growing parts of the world, but nothing
igible seems to have been yet cvolved. The large number
varied seedling types, the multiplicity of soil and climatic
ditions under which they grow, the innumerable regional
nes and synonyms prevailing for the varieties; the wide
iations in their fryiting seasons and the long distances that
ide the mango growing regions of the world make it
10st impossible to collect together at one place and time all or
n a large majority of the so called mango varieties for
rposes 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 pome-
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 this 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 Indian mango varieties
by proper description supported by charts and true to colour
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). Valuable material has also been collected on
this subject at Baroda and elsewhere, 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 of the trec under diverse conditions of growth. These
investigations have brought to light, that the fruit forms but one
of the vast number of indices for identification of varieties; and
this leads to the hope that cvolution of a practical key for natur.al
classification of our horticultural varieties of mangoes based on
a number of important vegetative and [ruit characteristics
during the various stages of the growth of the plant is
within the realm of possibility. One such key has Dbecn
suggested by Naik and Gangolly for south Indian mangoes in
the monograph 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, These names are often synonyms. Some of the
varieties have local importance while others are known to the
{)raldc. Some of the important varieties of India are given

elow:—

Punjab _ Langra, and seedling types.

Western United  Bombay (green and vyellow), Fazli and
Provinces Langra.

Gentral United Safeda, Dasheri, Khasulkhas, Samarbehist and
Provinces Langra.

Eastern United Langra, lardalu, Fazli, Gulab Khas, Bombay
Provinces and ,  (green and yellow).
Bihar .
Bengal Malda, Shadivala, Pulihora and seedling
types.
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Bombay and Goa  Alphonso, Mankurad, Fernandin, Maldez,
Bishop, Musherad and Mulgoa.

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

West Coast Olour, Mundappa, Ne:lum, Alpkonso and

Pairi.

Central Madras Neelum, Bangalora, Baneshan, Rumani, Mulgoa
and Alampur Baneshan.

Southern Madras  Neelum, Alphonso, Pairi and seedling off-

tneluding Salem season bearing types.
Mysore Badami, Raspurt and Totapuri.
Baroda Alphonso,  Rajapuri,  Famadar,  Salebhoy,

Amdi and Vanraj.

In the Presidency of Bombay, the Alphonso and Pairi
are the most popular varieties of commercial importance.
Due to its superior taste, colour, medium size and-: keeping
quality, the Alphonso 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 Ishad are also well-
known. The Cowasji Patel, Khus, Amin and others are fruits of
large size with pulp of good texture, mostly used for pickles and
preserves.

Mango trees are seen to grow well in a variety of soils
from the well drained laterite soils of Ratnagiri, Goa and
f;;l . Belgaum and the medium black soils of
2 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 1s 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 Poona 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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Western Ghats. While moisture in the soil
humidity in the atmosphere promote the he.alth;Y VCEFH:J
as well as fruiting of mango trees in any Xn
deep loamy soil is gencrally cond_w
The fruit borne by trees standin,

sundy soil is reported to be “'dccidcdl,v of inferior quality, w;x

and insipid” (92). Soils with a hard substrat_um'or rgd.r ‘

also not good as they hinder the proper penetration and deve.
ment of roots.

Being essentially tropical, the mango tree cannot st
severe cold and frost conditions. A hot pcnod‘ is  necess

" for the development of the fruit. Ma

Yemperature Dlossorns - generally appear during  Decer

Der to Afarch, and any frost occurring during tlhus  perioa
as it often does, in sub-tropical and temperate regions,
proves disastrous to the mango crop. The voung plants
and tender shoots and inflorescences of larger trees are
killed by frost. In such tracts, however, “imported plants of
mango seem to suffer most from cold than those raised from
seeds in the country” (25).  Although certain varieties
seem to be more resistant to frost than others, stronger and
healthier plants, in general, resist frost more than the weaker
ones.

Rainfall during the bLlossoming season is highly detrimental
to the crop.  Rains injure the stigma, wash the pollen away
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 yiclds 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-
num (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

of the

growth | !
soil, a well drained fairly

to their best performance.

Rainfall
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ser 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,
ind as a result it is found that the growing of the late varieties
s a very precarious venture. Even in other areas, un-
sxpected heavy showers may cause enormous fruit drops
and 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
oractice it is not irrigated, but depends upon natural precipita-
jon after it comes to bearing. Economically, therefore, the
mango thrives best in regions where the annual rainfall is above
thirty inches and even up to one hundred and fifty inches or
more, provided there is no rainfall during the flowering and
fruiting season. These conditions prevail in the Western parts
of the Bombay Presidency, where mango thrives to its best. In
drier tracts, however, the mango tree does well with irrigation.
In the Madras Presidency, although the rains occur for a much
longer period than in Bombay, they do not cause any damage
to the mango trees, as the rains do not occur during the
lowering and fruiting periods.

Although the mango trec can grow from the sea coast
to a height of about 4,000 feet, it crops well only up to
a height of about 2,000 feet if other conditions
are favourable. Fernandez (46) states that any
iate in Brazil in which the temperature does not fall below

will suit mangoes. It is at its best in well drained,
vial 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
g A multiplies itself by seeds. In some parts of
dnps India, certain well-known varieties of mango
are propagated by seed even now. It is not
rrally realised that seedlings of monoembryonic mangoes do
come true to type. Popenoe (122) writing about the mangoes
iuba and obviously referring to polyembryonic mangoes ob-
es: “It has long been recognised in certain parts of the Tro-
that many seedling mangoes come more or less true

tude
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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 monocembryonic 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 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-
vations 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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raracters of the mango flowers, he remarks that it is entitled to
¢ 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-
ished easily without the intervention of an external agency in
ite of the close proximity of the organs. “Both the stamen
1d 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’’(23).

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
ie to type or mnot. In this experiment, seedlings were
sed from stones collected from the same individual parent
es 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-
yed wide differences in the size, shape, flavour and con-
ency of pulp, stringiness, etc. It is thus established beyond
ibt that mango seedlings of the monoembryonic group vary
m the parent tree both in vegetative as well as in reproduc-
: characters.

Despite the variation in seedlings, it must be admitted that
dern mango growing industry owes a great deal to seed pro-
ation for the production of the choicest of our present day

ection of grafted mango varieties. The origin of all the
sent commercial varieties of mango has been invariably due
thance occurrence of seedling trees in nature. When the
1 quality of the fruits of these seedling trees became known,

1go enthusiasts took grafts from such trees, and thus the ori-

U individual was multiplied vegetatively until it attained a
gnised status of a commercial variety. This is how the

bus Alphonso, Langra, Pairi, and other varieties have

ad under cultivation for more than a century. The Samar-

t Chaunsa of the United Provinces, the Chinna Suvarna-

Y, Jehangir and Himayuddin of the Northern Circars and
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to type, when propagated from secds 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 arosc as minute vegetative buds
in the nuclear tissue surrounding the egg shelll”  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 varicties 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 studiced in Porto Rico also.

Till recently all the Indian varieties of mango were con-
sidered as monoembryonicand hence, as arule, 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 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-
vations 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

.



MANGO 53

characters of the mango flowers, he remarks that it is entitled to
be placed in Muller’s biological class A, or flowers with freely
rxposed honey,

While self-pollination in mangoes is recorded as possible,
the transfer of pollen to the stigma does not seem to be accom-
plished easily without the intervention of an external agency in
ipite of the close proximity of the organs. “Both the stamen
id the pistil retain an erect position throughout and the pollen,
15 it is shed, usually falls upon the base of the ovary or the disc
ather than upon the stigma’(25),

Wide variations in the nature of the fruits produced as well
is in the vegetative characters of the seedling trees are recorded
1s a result of an experiment carried out at the Ganeshkhind
‘ruit Experiment Station, Kirkce and the Modibag gar-
len, Poona during the course of over a decade for the
wrpose of collecting data as to whether mango seedlings come
ruc to type or not. In this experiment, seedlings were
aised {rom stones collected {rom the same individual parent
ees and were allowed to bear fruit under uniform condi-
ons. It was noticed that the vegetative habits of these seed-
ng trees varied to some degree, but the fruit characters dis-
layed wide differences in the size, shape, flavour and con-
stency of pulp, stringiness, etc, It is thus established heyond
vubt that mango seedlings of the monoembryonic group vary
om the parent tree both in vegetative as well as in reproduc-
ve characters.

Despite the variation in seedlings, it must be admitted that
odern mango growing industry owes a great deal to seed pro-
igation for the production of the choicest of our present day
llection of grafted mango varieties. The origin of all the
‘esent commercial varieties of mango has been invariably due

chance occurrence of seedling trees in nature. When the
gh quality of the fruits of these seedling trees became known,
ango enthusiasts took grafts from such trees, and thus the ori-
1al individual was multiplied vegetatively until it attained a
‘ognised status of a commercial variety. This is how the
nous Alphonso, Langra, Pairi, and other varieties have
‘ead under cultivation for more than a century. The Samar-
st Chaunsa of the United Provinces, the Chinng Suvarna-
ha, Jehangir and Himayuddin of the Northern Gircars and

“
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Mundappa of the Malabar coast as well as the Rajapurs «
Gujerat and the Famadar and Salebhoy Amdi of Saurastra, ar
some of the varicties which have become most popular in thei
respective tracts during the last two or three decades, havin
heen originally propagated from single individual seedling trees
The original seedling trees of Chinna Suvarnarekha and Mundapp.
are alive (o this day and serve as a source of great interest t
thousands of growers who cultivate these varieties.  Similar i
the case of the Borsha mango of Khandesh in the Bombay Pre.
sidency, the original Borsha tree which is over three hundred
years of age, being alive in huge dimensions to this date.

Asexual 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 gooty (marcotte), the
, . method adopted in general practice
Vegetative methods 1450 for  the propagati f s i
of propagation lia propagation of superior

varieties of mango is grafting on seedling

rootstocks by the simple approach method and is known as
enarching. Recently a number of workers have pointed out
that cuttings of woody plants, if trecated with growth-promoting
substances strike roots readily.  Girdling the shoots is alw
known to promote root growth and a few mango plants have
been successfully raised from girdled shoots at the Kodur fru*
rescarch station, Madras. Cooper (33) has pointed o
that some root forming substance in the plant is transporte
downward in the phloem and impeded by the girdling oper:
tion. If the girdled shoots are treated with heteroauxin sol
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 cutting
to strike roots, the low percentage of success and the weak roo
system formed by this asexual method.

Rolf’s (146) remarks in this connection are worth noting
He obs_er\_res that “if one has thoroughly ripened healthy mang
wood, it is possible to strike cuttings with the help of ordinan
green house appliances. The cuttings are made in the usuz
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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

preparing the cuttings, he adds “many of the cuttings made in

this way struck readily enough, but the root system was weak.

On this account, this method is less desirable for propagation

than the use of seedling stock.” Burns and Prayag (23) state

that they could not make cuttings strike roots. They were

successful in having some plants by layering and marcotte, but

they do not recommend these methods to be preferred to graft-

ng, owing to the difliculties mentioned above. Budding is done

when the rootstock is-in active growth, exhibited by the

smergence of new flush of leaves. In Florida the operation is

lone normally in May or June while the months June, July and

August 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-
ion, 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.
Uleft-grafting is now being employed on some scale in Ceylon
m young and about three month old rootstocks. Budding
A mango has been done with success at Poona, Madras and in
e Punjab adopting the modified Forkert method, but it is not
vet adopted by nurserymen as a commercial practice as in Cey-
on. For enarching, seedling rootstocks are first raised in pots
of suitable size. The pots employed in the Bombay Presidency
wre generally conical, 8-10 inches or more high and about 6 inches
n diameter at the top. The base is narrow. These pots are
ipecially prepared for nursery use only. They have the advan-
‘age of permitting the removal of the plant raised in them with-
nut breaking the ball of earth and without disturbing the roots
vhile transplanting later on. The pots are not generally used
nore than once. Round pots called madkis, are also used.
The conical pots are called kundis. Madkis are cheaper in price,
telp 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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pots should be well baked in the potter’s furnace before use whic
is identified by the metallic sound produced when they ar
tapped. If the pots are not baked well, they break easily. .
A few nurservmen in the South Kanara district prepare
containers made of hill grass twists, knit together Into the
form of a pot. Such grass containers, besides being cheap and
light, afford no room for root injury at the time of potting. In
Ceylon 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
coflee planters in South India are used occasionally for raising
mango seedlings.
When the pot is selected, a small hole about one inch
in diameter is bored at its bottom. This hole permits free
. drainage. It is protected from being choked
l(i‘l;)ir:;(‘;:)tgor with soil by placing a few pieces of pot-
sherds with their concave sides facing it
(48). On them are put a few dry leaves, coir or rags as a
further measure of drainage protection.  These dry leaves, coir
or rags are not meant to serve the purpose of manure or to
supply nutrients to the pot plants. When the pot is thus ready,
it 1s tilled with a mixture of the following composition:

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

or

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

one part of sand,

Various other {formulx are aiso being adopted for preparing
a good pot mixture. Whichever mixture is used, 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, where 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 mixed as required for use during the season. Fz]]mg

Fehe pots with mixture is done upto about an inch from the rim.

iy space in the pots is essential in order to hold water. It is not

‘essary to provide holes for drainage when baskets are used.

Seaving of mango stones (mango seeds are popularly called

es on account of their hard seed-coat) then follows. It is

d highly desirable to select good stones for this purpose. Stones

] should be fresh for satisfactory germination.
ng of They retain their viability under ordinary

10 stones . - .

conditions for a few weeks only. In India

s of country or seedling types, which are prolific bearers,

weterred to those of superior table varieties {or raising root-

s. They should be plump, well developed and healthy. For

»urpose, {ruits are left to remain on the trees for a long time
they are fully ripe. They are then harvested and allowed

t. The stones are then extracted. They are lurther graded

the heavier ones are generally used for sowing. Heavier

s are comunonly believed to produce more vigorous and

ger seedlings than lighter ones. Two or three selected

s are sown in each pot, not more than an inch deep. Sowing

1w nearer the side of the pot than in the centre. The soil

Ul pressed and copiously irrigated after sowing is done. In

il parts of India, particularly in the South, mango stones
vwn in well prepared nursery beds. If care is taken to
ie seedlings when they are not over about eight months of
rith a ball of earth round the roots, and to pot them in a
1 when atmospheric humidity is high, the casualties are
ible. In Gujerat mango seedlings raised in nursery beds
stted when they are a year old. Their long tap roots are
ick suitably while potting, which is done in the rainy season.
heapness 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
3 nurserymen. In some parts of Bibar, the stones are
ed 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
ey 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 cow
producing ultimately a very crooked root. To encourage
straight tap root, it is essential that the seed bed is prepa
with great care and is rendered free from any hard clod of soil
other extraneous matter. It has also been found experimenta
that sowing of stones with plumule up leads 1o the devel
ment of a straighter stem and tap root than the comm
practice of sowing the stones flat.  Sowing of shelled ston
a practice recommended in Malaya, Philippines, Ceyl
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
1s sensitive to root disturbances, many of them may die unc
careless handling. In Hawaii, seed selection is done fir
fruits obtained in the mid-fruiting seasomn.

Mango stone may germinate in about a month from sowi
As most of the Indian varieties are monoembryonic, cach stc
gives rise to a single seedling. If more than one shoot is seen
come up from the same stone from such types, it may be infert
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 clipped 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 expost

Manuring and to the sun, the seedlings become stunted
stirring of take a long time to gain height. Once
soil in 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 bucl
{(about 2} gallons) of water
or
2. Mix one part of cattle urine with three parts of wate
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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 cloth o
otherwise. ’
sout half-a-pound of any of the above solutions will be enough
-each pot per application, which may be done a day after the
{ is stirred. The addition of liquid manure coupled with
ting of the soil frequently will enable the seedlings to shoot
into active growth very quickly., These treatments also
ip to maintain vigour throughout the life of the seedlings
JOLS. .
'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
wund 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
ter from above splashes out some of the soil contained in the
t at each turn of watering. Plants have also to be watered
ly as they do not get a copious supply on any day. If
ad watering has to be resorted to for any reason, the pots
juire 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
¢ shoots, which may sprout from terminal and lateral buds
each flush. If lefc to grow, these sprouts rob the plant food
he main shoot, which consequently becomes weak and dwarf.
¢ pots in which stocks are being raised have also to be lifted
up and placed in different spots once in
about two months or so. Otherwise, the
£ tap roots which have a tendency to go deep into the soil,
erge from the pots through the drainage holes at their

itering

‘ther care
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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
thickness of a lead pencil or about cone centi-
metre in diameter at the height of 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. It has, however, been shown in Bihar and Kodur
{Madras) that grafting is very successful even on seedlings 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 (Madras) on seedling
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 possibility
of cutting down appreciably the period from the seed to the
grafting stage by selection of suitable seed parents especially i
polyembryonic mangoes.. The young mango seedling rootstoc
require to be handled with care.

_ Seedlings which are healthy and vigorous are taken to th
scion tree for grafting by the enarch method. Enarching or gralt
ing by simple approach consists of joining together a seedli
rootstpck and scion of equal thickness and age, by exposing thei
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 th
selection of a scion shoot of equal age and thickness from i
desirable parent for every seedling rootstock in pot. The scio!
shoot and the seedling stem are then tied together by giving thern
ties in two places so as to produce a proper bend near the plac
where grafting is intended to be performed. The seedling an

Grafting
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the scion shoot are left in that position for about ten days. It
helps the rootstock stem and the scion shoot to remain in position
till grafting is done. After this period of about ten days, a thin
slice is taken off both from the roctstock and the scion shoot
with a sharp knife. The slice removed is roughly of about one
third of the thickness of 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 1o give a pertect fit when the two are joined
together, The expased portions of both the rootstock stem and the
scion shoot are then brought together face to face and tied first
with grafting tape or a strip of banana fibre and over it again
with twine, Tyving with hanana fibre (sopat as it Is locally called) is
neant to prevent auy constriction developing on the tender bark of
he grafted plant as a result of tying with twine directly over
te bark. Tvying with twine has to be as close and as firm as
vssible in order that the cut surfaces may come into a very close
mtact with cach other and leave no gap in between. Over
e twine, a mixture of mud and cow dung in cqual proportion
smeared to prevent the evaporation of moisture from the sides
‘ends of the joint.  In Gandevi taluka (Baroda State), a mixture
wde of camphor (one part), erio (Aloej (two parts) and fine
wth (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 are also said to
we resorted to the use of grafting waxes made of paraffin, rosin,
>eswax and tallow in different proportions. In South India,
any use paraflined cloth instead of banana fibre for the first
mg and Aloe or ficus fibre for the second tying. Nurserymen,
»wever, are not generally particular about this. In Gujerat,
ng cuts (4.5 inches long) are made on hoth the stock and
lon shoots, which are tied together with the cut edges facing
wh 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
nts with deep constrictions (15). _
The rootstocks and the scion thus joined are left undisturbed
r about a month and half. The seedling rootstock is watered
ily, but care is taken not to pour water on the graft-joints lest
iy 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. The scion shoc

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 found 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 about threc month
grafting if the scion does not wilt, the union is finally te
as successful and the rootstock is headed ofl’ just above

graft-joint.  Nurservmen often allow the rootstock also to g

until the graft is established in the field, in order that it 1

nurse the scion for a longer time.  ft has, however, heen for
at the Irurt Research Station, Gandevi that headmg back
the rootstock before planting the grait in the open field hel)
the scion to gain vigour much faster than when the rootstoc.
remains untopped.  The cut ends of the rootstock and the scio
are both properly trimmed and the grafts are left to establish
themselves for about three months helore they are planted out
in the field or sold away. The banana fibre and string
around the joint should be removed at the time of planting the
grafts in the field. Grafting is dene in March and the grafts
are detached and sold in July by commercial nurserymen in the
Gandevi taluka,

When the rootstock seedlings in pots are taken near the scion
trees, a suitable arrangement has to be made 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 reach 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 withseedling rootstocks without adopting any of the above-
mentioned 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 platforms, etc.

In the Bombay State, where there is a regular and
1irly punctual rainy season, and conscquently a definite planting
scason when the rains break, the following
programme can be followed with success in
1ango propagation

srafting programme

1. Sowing mango stones for raising rootstock seedlings
—June, first year,
2. Grafting on rootstock scedlings—September, second
year, re., after fifteen months,
3. Detaching grafts from parent trees—November to
December, second year,
4. Grafts ready for planting in the field—]June, third
year.

uld thus take two years for the graft to be ready for planting
1 the field from the time the stones are sown for raising root-
s. Very often, grafts are left unsold 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
plant the scion trees considerably close to
one another. When they grow for about five
years, as many twigs are utilised for grafting
ssible, and then the main branches are headed off at a height
out five feet from the ground. The stumps thus left give
3 “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

ring
trees
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trec 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 number of scions can thus
be taken from the same mother tree over and over again for
several years. Such trees, of course, cannot he expected to yield
any [ruits,

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 of ten to twelve [eet between every two trees. These
are periodically topped and their limbs pruned severely so as to
develop a very low headed bushy tree with a large number of
small shoots spread all round the top. Insuch 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
measures enable the South Indian nurserymen to raise mango
grafts at a very much cheaper cost than in the Boinbay 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 public very soon (one or two months) after the
separation.

A serious possible defect of the abovementioned procedure
needs to be stressed.  The scion trees trained by these methods
do not bear any {ruit and as such the grafts are raised from 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 ol
rather succulent nature and of very much accelerated 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 genctic factor, subject to the influence
of environment and culture only to a limited extent, the fact
that the ahove, 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,
and they have superseded the previously
adopted method of grafting by approach.
In parts of South India also, the method of
grafting varies in some respects {rom that adopted in the
Bombay Presidency. The majority of nurscrymen in Salem
and Chittoor districts raise the mango seedlings in nursery
beds, and transfer them to the pots a couple of months prior to
the timne of grafting.  In order to cater to the regional demand
for very large sized plants, some nurserymen use scedlings of
three or four years of age, but a large number of the narserymen
however, prefer one to two-year-old seedlings.  The potted
seedlings ave taken near the scion parent and lopped at a height
of nine to twenty-four inches from the level of the soil inside
the pot. A slip of bark with some attached wood is removed
from the scedling, by placing the knife 2 to 24 inches below the
lopped portion and then drawing it sharply upwards, thus
causing gradual deepening cut inwards to the wood, so as to
leave only a very thin slice of wood of } to § inch thickness at
the lopped end on theside opposite to that where the cut began. - A
corresponding cut is made on the scion shoot, which is then
attached and tied securely o the rootstock, the exposed portion
of the scion resting face to face to and resting on the exposed
part of the rootstock. The advantage claimed for this method
of grafting which is similar to whip grafiing is that the rain water
does not find a chance to enter inside the exposed wood, but
merely flows down the wrapped parts of the graft union, whereas
in the method (enarching) as practised in the Bombay Presidency
and described above, a portion of the rain water may settle
down in the crotch formed between the seedling rootstock and
the scion shoot over the bandage parts and ultimately may find
anentry 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 found necessary to water
the pots of the rootstock daily in the West Coast of the Madras

residency 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 afier about three

Other methods
of grafting
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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 shown 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 on apples, pears and grape
vines except that, in this case only a picce of the root about two
inches in length is exposed and this piece is grafted to the scion
shoot.  This method of grafting is believed to produce grafis
of more uniformity in growth and bearing habit, and of greater
resernblance to the parent trees than the enarched plants, in
which case a portion of the stein-piece of the rootstock is retained.
If thesc assumptions are proved in the case ol mango, it will
offer a suitable means of raising uniform planting material on
miscellaneous monoembryonic rootstocks of varving constitution
for field experiments. For commercial plantations, such grafis
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 wetted by irrigation water. The latter difficulty
may perhaps be overcome 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 heen practised in
mangoes in India with varving degrees of success. These
various methods of grafting have been tried particularly for
top-working old treecs of inferior varieties.

Various combinations 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 unworked 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 rootstocks 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 all over the world
on account of certain advantages over the

Budding of mango 1 thods of grafting. It is reported to be
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successfully practised in Queensland, Florida, Philippines, Java,
Ceylon and Egypt with some success, Shield budding is said
to be more successful than bark grafting or patch budding
in some places, while modified Forkert method has appealed
most in other places.  However, it is said that square patch
hudding known as ‘Spring’ budding has been reported to be
successtul in Florida.  In Jamaica it has been suggested that
seeds or very young scedlings should be put in their permanent
position and budded nine to eighteen months later.  The patch
method of budding has been shown to be wasteful; and the ordi-
nary T-bud method is recommended in Jamaica. Shield, Forkert
and a modified Forkert method have been tried at Kodur
(Madras) with a great deal of success, but the commercial possibili-
ties remain still to be investigated.  Budding of mango seems to
have also been attempted at the Saharonpur Botanical Gardens,
Uttar Pradesh (151) and in the Madhya Pradesh as early as the
year 1899 with very little or no success. In the State of
Bombay, Burns and Prayag (23) report to have obtained only
zight per cent success in the total number of buds inserted. At
Sabour the best budding season was found to be June and July,
when 759, success was achieved in experiments conducted there.
Buds [rom current year’s growth which have reached a certain
stage of maturity have given higher percentage of success than
those from one year old wood. Later attempts, however, have
shown that with a trained hand and proper selection of
rovtstocks and bud-wood, a larger percentage of success is
possible. For success in the budding of mango, a great hindrance
s caused by the following facts:-——

(1) The bark of the mango seedling is not easily separable
from the wood inside until the stem has suﬁEI)cicntly
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 i1s 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.

.1 order to overcome these difficulties, the mango rootstock has
© be allowed to mature sufficiently before budding is atternpted
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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 shoul

also be taken from mature wood. The bud may be made t

get plump, but not to open, on the selected tree by pruning th

terminal growth of the shoot having the bud, at least a fortnigh
prior to use.  Wester (190) suggests that leaf blades of the selectec
bud-wood must also be cut ofl at the same time and the lea
stalk may be allowed to dry and drop off in time. By doing so
the buds on the selected portion swell up, in whicl conditior
they are suitable for insertion and are in a very active state
congenial for quick union. The selection of the bhud-wood anc
the necessary treatment to make the bud swell upon it are besi
done when the scion tree is or just about to be in o new fush.
The effects of the fatex mentioned above can be preveuted,
nunimized or overcome Dy a dextrous hand sufficiently trained
for the operation by long practice, and by inserting the bud
soon after its removal from the scion parent.

The scasonal effects on the success of budding of mango are
marked in this country, where the conditions of weather vary
widely. In Poona, the percentage of success of 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
watcer 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
e available for sale cheap. Recent investigationsindifferent
s of India, particularly in Kodur (Madras) as also in Ceylon,
t out to the possibility of the practice becoming an im-
ant [eature of the mango nursery practice in this country.
large percentage of success in mango budding  was
ined in Ceylon when done on some rootstocks than on
rs (109). During the rainy season (August-September) of
3, 175 buds were inserted on new but mature shoots springing
10ld country seedling trees at the Modibag gardens in Poona.
hese, 35 buds took and sprouted by December, 1935, The
i were more than about twelve years of age. Their main
iches were headed back to induce new sprouts to come up

below the beheaded region. Such sprouts were allowed
wdture when budding was done.  If this practice proves an
10mIc success, as it certainly promises to be, top-working of
mango trees of wild and inferior varieties will also be an
matter, Lal Singh and Naik (160) report that great success
chieved in budding mango seedlings iz situ in the Punjab,
considerable work has been done in raising budded mango
in pots and ground in Poona during recent years,
wving selected the site for a mango plantation, the land is
1 of all wild growth. It is ploughed twice cross-wise,
thoroughly harrowed and kept clean till the
rains, As mango trees are also grown on hill
r on the border lines of fields and other plantations,
is considerable difficulty in levelling such areas. At
giri 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,
¢ growth near the pits is cleared off to provide an open
r the new mango plants to prosper.
ill-drained level lands, it may be necessary to provide
U drainage either through surface or sub-soil drains.
Shallow channels may be opened out across
such patches or areas at suitable distances
ch other, with a suitable number of catchment pits for
ing the washing of soil and finer soil fractions. Deeper

itory tillage

7 the soil
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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 perco
and passage of water, may form the subsoil drains.
covered underground drains may be laid out in a m
so as to allow a free 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
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 unbroken and convenient for (i
By opening up of a number of open and covered subsoil d
it has been possible at the Fruit Research Station, Kodur(M:
to reclaim a plot of ahout three acres, which was previ
considered unfit for any crop-growing, and make it suitabl
the raising of a thriving mango and citrus plantation. It
alse found at this place that, subsoil drains filled with boul
were as efficient as those with earthen pipes, and cheaper in ¢

“Surface drains prevent the sweeping away of the soil fr
the surface, but care must be taken that they themselves do
become carriers of soil.  One or more silt pits in the course
the drains will arrest the flow of soil and silt.  Open drains n
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 cove
subsoil drains will depend on the nature of the soil. It is img
tant to see that open drains are left clean and free from wet
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 neighbour
trees be allowed to intermingle, if possible. Mango trees ass.
large size and branching is generally well balanced on all si
A distance of 35 to 40 feet is essential for mango trees un
Spaci ordinary conditions. In fertile alluvial :

pacing of trees . ;
particularly along the coastal region, evc
distance of sixty feet between trees is not uncommon. O
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
srations are hindered in closely planted groves. Proper or-
ird hygienc is also not maintained. Consequently bearing
fers. The trees give shelter to stem borers and other pests
1diseases. 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
alth. It is therefore most important to give a proper spacing
the very outset. In the coastal areas, 40 to 60 feet distance is
1sidered suitable, while in the heavier soils of the Deccan and
irnatak a distance of thirty feet may be enough for planting
ingo grafts. In Gujerat, cultivators are adopting a distance of
-60 feet between trees in mango plantations.
When the land is prepared and the spacing decided upon,
i of 3 feet by 3 feet by 3 feet are usually dug at the required
distances during the hot weather.  The soil of
the upper half of the pits may be kept on one
ind that of the lower half on the other while digging. The
ear the surface has been naturally subjected to weather-
mditions and its ingredients are, thercfore, in a more
ble form for the plant than the soil below. These two
arc usually inverted while filling up the pits so that the
s soil is placed first into the pit and then the subsoil. It
:rally advised to keep the pits open to the sun and wind
puple 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 are 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.

e meal of high quality can well be prepared by collecting stray

dead animals on the village side and storing them until required for
hese 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 impr
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 i necessary after planting is ds
In order to facilitate accurate spacing and planting in stra
lines, it is advisable to drive a peg in the centre of the pit .
guiding mark.

It 1s the practice in other parts of India and also in s
other countries, not to use any manure while filling pits.  Man
is usually added a year after planting or 6 to 12 months p
to planting. This practice seemns to be suitable where w
ant trouble is severe. The placing of manure near the r
at the planting time 1s also considered at these places to

adverse to the new rootlets. Fresh manure gives out he
duriug the process of decomposition which may be injurious ¢
the roots. It 15, therefore, considered advisable to mix the
manure in the soil some time in advance of the planting date.
Mango trees may be raised either in situ or by planting ready-
made nursery grafts. The former practice is theoretically to be
Planti preferred to the latter, whenever, and wher-
anting . : k .
ever possible.  Jn  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 arc 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.
Pits are prepared and filled up in the same way as described
above for both methods of planting. Soon after the break of
rains or even a few days earlier, four or five well developed

mill. Tt may be noted that by burning, the bones do not lose to any consider-
able extent their phosphoric acid for which they are meant.  This practice, if
followed, wilt 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 vplift.
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1es 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
ie about two inches deep. The surface soil should be well
ssed alter sowing. Watering by hand is essential till the stones
minate and plants establish, unless sowing is done after the
1s have set in, and rainfall is suflicient to keep the soil moist.
germination, the scedlings are allowed to grow for two or
:e months; and when they are about a foot high, only the
mgest seedling is retained, and the rest clipped off close to
ground or carefully grubbed out from 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 young seedlings, and if continued with adequate irrigation
the rains, the seedfiugs may become ready to receive the
in a vear when they attain a stem thickness of half an inch
at the base. It is, however, considered unnecessary to
iny liquid manure, if the soil in the pits has been mixed
me sort of manure a few months before actual planting.
usually difficult to regularly bestow sufficient care on

1ts scattered about in the field at long distances, it is

sle to allow the seedlings to grow undisturbed for another
T'hey can then be grafted or budded upon.

ting on such seedlings can be done either by the side-
“method or by enarching. Except in the coastal tract

he atmospheric humidity is high for a long time, the side-
method 1s not generally very successful. In other tracts,
tade 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, planting mango insitu is desirable,
it is not much in vogue in actual practice. Ordinarily, growers
decide on raising their mango plantations without much preli-
minary preparation or thought and follow the easiest and quickest
method of doing it. The land is prepared, pits are taken and
ready-made nursery grafts of the desired varieties are purchased
at considerable cost and are planted. The owner has the
satisfaction of possessing the varieties he wished for right from
the very beginning of the plantations without a great deal

of effort on his part in raising the grafts in nursery.  This practice
naturally creates a demand for nursery grafts and has consequently
given rise to a regular and growing nursery trade.

The method of planting nursery-made grafts in the fields
direct is obviously simpler. While planting, the pots are broken
Planting of orrcmoqu carefully so as not to break the ball
nursery grafts of earth msxd_e, lest ghc. roots of thc. plants get

damaged. Pieces of potsherds which usually
get entangled in the coiled rootsofthe 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 stern. 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-
Jjoint, 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 uimmed, 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
regularly repotted into larger sized pots at an interval of every
six months up to about eighteen months after grafting.

When nursery grafts are purchased for direct planting in .
he field, they should be properly sclected.  Such grafts, it may be
repeated here, should not have remained in
the pots for too long a time after the scion is
detached from the parent tree, lest their
~owth is stunted and they look sickly. Grafts which haveboth the
otstocks and scion of uniform thickness and erect and straight
rowth should always be preferred to those, the component
arts of which, do not bear any proportion to each other. The
raft joint must be fairly long (about two to three inches) and
wuld exhibit evidence of a perfect union. When the grafis
ave not been long in the containers after the scion has been
stached from the parent tree, the graft-joint is generally
svered with the grafting tape or string. While buying the
cafts, one or two of them may be untied and the joints
ispected carefully, When union is perfect, the rootstock and
1e scion will be seen clinging tightly together on all sides of
1e joint. New callus or healing tissue will also be seen
veloping on the border of the joint. If union is defective,
te attachment of the scion and the rootstock as well as the
llus formation will lack uniformity. Sometimes along the
order 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
aeself sure of proper union of the rootstock and scion, the joint
:ay be again tied if necessary, in order to protect it further for
yme time until the graft establishes itself in the field. This step
unnecessary where the union is perfect and the graft has been

‘hoice of grafts
r planting
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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 of normal health and vigour.
In parts of the Ratnagiri district and the province of Goa,
there prevails a practice of grafiing a single large scion branch on
two or three small tender seedlings raised in one container. The
idea underiving this practice seetus to be that a large mango
graft can be casily obtained in a shorter time in this way than by
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 roatstock for the scion. It is, however,
found by expericnce that this is a wrong practice, it that it
adversely affects the future tree, although it may give the nurse-
rymen good profits {or the time being. The scion in these cases
becomes Lop heavy and the rootstock seedlings can rarely provide
a strong and uniform support for it. This practice appears. to
be 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 four feet in height and are sold comparatively cheap.
They are usually despatched immediately after they are separated
from the scion parent tree. Growers are tempted to buy
them, but the result is that many such grafts die soon after they
are planted out in the field. Though these grafts are prepared on
single rootstock seedlings, unlike in some nurseries at Ratnagiri,
they are grown in small earthen pots for easy and economic
transport. The pots are too small {or 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. If, however, these plants are transferred to larger pots
and kept in shade for two to three months before planting out,
they are likely to attain their normal growth. Otherwisc
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
n the ficld, and in spite of the very best care bestowed on them,
nly a few remained at the end of a year after planting.
Considerable difficulty is experienced in despatching mango
rafts to distant places for planting. Apart from the high trans-
portation charges, long-distance shipments
of parccls involve a great deal of risk to
plant life.  The following method of despatching living plants
w post has, thercfore, been worked out to reduce loss
nd economise transportation expenses. Strong healthy gralts
f one to two feet in height are selected for this purpose. They
re kept in the open for full exposure to the sun and wind and
re watered sparingly for about a fortnight. After they are
hardened” in this way all the leaves are clipped off, leaving
nly small leaf stalks. They are then taken out of the containers
vdith the balls of earth intact and are madce to stand in water
or a {few hours so that all the adhering carth can be carefully
nd gradually shaken off the roots. A suitable box is got
repared for packing in which a lining of il paper followed
y another of blotting 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
10ss 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
1en 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. Abhout forty mango grafts of moder-
ite size can be packed in each parcel. On receipt of the parcel,
1e addressee who can be intimated of the despatch sufficiently
1advance, should open it with the least possible delay, The plants
ould be taken out by him and submerged in water for about
nhour. They may then be planted in suitable pots one by one.
‘he soil used in these pots should be pure sand mixed with
uface soil in equal quantities. The pots are then copiously
ratered and kept in a very cool and shady place, preferably
1 a shallow pit in the ground of a size sufficient to hold all the

ransport of grafts
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pots standing together side by side. The sides of the pit ar
sprinkled with water before the plants are introduced in it. #
wet canvas or gunny cloth is spread over the plants after keeping
them in the pit. The pots are watered lightly as and when requi.
red. But sides of the pit as well as the gunny cloth canopy
are kept moist by spraying or sprinkling water at frequen
intervals during day time in order to provide a damp atmosphere
to the plants. Gradually, and in the course of about ten t
fifteen days the buds on the plants swell and sprout. The
plants are then gradually exposed to the atmosphere, the gunny
covering being removed at the beginning for short periods lute
in the evenings and early in the mornings only. When the
plants have furmed some leaves, they are taken out of the pi
and kept in a shady place without anv covering for some time.
till theyv are considered fit to be planted out in the open. Both
the processes of hardening at the place of origin and of reviving
at destination are rather delicate operations that require some
care and adjustment for success.  With some experience, how-
ever, the aperations will he found simple enough to be followed
by laymen of average intelligence. The postal system of despatch-
ing fruit plants of an evergreen type as mango has yet to become
popular in this country. There is, however, no 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 grafied in sity, as described
before, have to be watered throughout the dry periods until they
Irrigation come to bearing, as in the case of nursery
grafts planted in the field. After bearing
commences, the trces are 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 obhserve
the following rotation in manuring their coconut and mango
trees @

Ist year Cattle manure
2nd year Fish manure
3rd year (Salt 10 pounds per trec)

Some manurial experiments on mangoes carried out at
the Fruit Research Station, Sabour, Biliar, reveal that nitrogen
in the form ol ammonium sulphate is the most effective in
increasing the fowering of mango trees, and that the best
time of application of nitrogenous manure in any form is the
month of June.

In Florida, two applications of a pound cach of a fertilizer
containing about 6 per cent nitrogen, 6 per cent phosphoric
acid and 4 per cent potash during the first year after planting
are recommended (144). The first application is made in
spring and the second in summer. The amount is doubled
in 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
ipplications, No fertilizer is, however, applied during the
slooming and early fruit-setting period.” Macmillan (84)
‘eccommends a mixture containing one part blood meal, one
sart 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
oid, and four pound each to trees six years old. Experiments

e mi O limiece alimear that tha nenlhiaatian
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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 is considerable open space left between them.
In order to utilize this space and to earn 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), Guuar
(Cyamopsis  psoralioides),” Kulthi {Dolichos biflorus), groundnut
(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 desirable as inter-crops.
In the Modibag Gardens, in Poona and at the Sabour Fruit
Research Station, Bihar, papaya trees have been grown as an
inter-crop between mango trees with no 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 dwarfl 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 grown.

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 and Khandesh districts. Collins (32) has also recommen-
ded a similar practice for Porto Rico. In thePunjab 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

Inter-crops
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soils. Growing of mango together with crops of entirely varying
requirements for moisture, culture, etc., as sugarcanc and banana
is a practice difficult to be justified as sound; but with an adap-
table and hardy fruit like the mango no marked ill-effects have
been observed due to such inter-cropping methods. The ques-
tion of inter-cropping does not, however, arise when mango
grafts are planted in a line on the border of fields or other planta-
tions, as is very often done.
Mango trees, when young, require that their basins should
he frequently sticred after irrigation.  When they are established,
however, the inter-space is ploughed once or twice in the year

" and left exposed to absorb rain water, as and
Inter-tillage . . ) .

when 1t may be received. In actual practice,
manure is rarely applied regularly to grown up trees, and what-
ever dry leaves drop off annually beneath them, are ploughed
into the soil. Even this is not possible on rough hill slopes
as in 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 scasons combined with the growing
of cover crops during the rainy seasons is recommended for both
citrus and mango groves in Florida (144). Cover crops,
however, can be grown with difficulty 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
Pruning 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 crect growers with a fairly high
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head and, therefore, the above measures are unnecessary in
their case. Burns and Prayag (25) state—"“We have studied
several hundreds of flushes from their inception to the time they
flower, and are canvinced that there is no possibility of pruning
for flowers, as any kind of pruning may lop off a potential
flower Dbearing branch”. Mango stems, however, have to be
pruned to varying extents when they are severely affected by

Joranthus and stem borers, as described elsewhere.

Thick branches of scedling mango trees have also to De
pruned back heavily in order to stimulate the growth of a large
number of vegetative shoots for grafting upon. When these
shoots are mature, they are grafied to scions of supertor table
varicties.  Budding is also fairly successfil on such shoots if it
is done in the proper season. This practice is known as (op-
working and Is described elsewhere. It is mainly resorted to

when large seedling mango trees have to be converted into
good types for economic reasons.

Occasionally, large mango trees are used to fill up gaps in
egular plantations. It is difficult to shift large trees to long
Fransplanting distances, iand hence tre%_r}sp]antmg has to be
i mémgo trers done within close limits. Trees se]cctcd_ for this

purpose have to be severely pruned ol all the

:aves and smaller branches before they are lifted.  'The remain-
1 portion js then wrapped with straw and moistened to pre-
ent it {rom drying up. A cirular trench is dug round the
-unk of the tree about two or three feet away according to the
ze of the tree. This trench is deepened and cut inwards. All
»ots coming in the way are cut off.  The conical ball of earth
ound the roots of the tree thus prepared is then carefully wrap-
ed in gunny cloth and coir 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
{a crane or levers and shifted to the place reserved for its plant-
¢ 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
eady against wind or other physical disturbances. Copious
ater is given to the tree and the covered stem is also sprayed
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with water to keep the' straw moist. This will hasten

the buds to sprout. Excessive spraying with water 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 bestdone when the atmosphere

is cloudy or when it is drizzling during the monsoon. Trees

about five years old or under may be transplanted very easily

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)
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 main 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 continueés
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

Rejuvenation of
old mango trees
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was neatly plastered with cement. This operation gave streng
to the remaining portion of the trunk as callus formed all rou
the cement facing. This process has been adopted in filling
several tree cavities with great success at the Ganeshkhind Iy
Experiment Station, Kirkee. Neat trimming of all stumps
broken or cut branches and applying tar immediately afterwa
on the cut surface in order to enable the trees to form heali
tissue (callus), are, therefore, de§ira}>lc measures recommend
to prevent the formation of cavities. Hot tar is dangerous ai
should not be used over living tree parts.

Old trees and sometimes even young groves of mangoes a
seen in many parts of India in a neglected condition with scrag
and unhealthy branches full of loranthus and stem horers.  Suc

groves cannot be expected to be remunerative, even if the tre
are of the superior table varieties. Rcjuvenation of thes
trees can be accomplished by properhy ploughing and cultivating
the land, removing all borers and Ioranthus by the methods
explained elscwhere and by applying the following dose of
manure per tree of 15 to 20 years of age at ahout 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 the
trees,
Top-working by various methods i1s reported to have
given uniformly successful results at Sabour. Top-working
old mango trees by cleft-grafting, budding or bark grafting i
also recommended by some persons. It has to be remembered,
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 ol
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
seedling 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 by the enarch 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.
Research has so far not been able to explain the
failure of certain varieties to flower normally and
regularly in S. Africa. 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 axiliary 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-

essively 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

Flowering and
pollination

Periodicity of in one year, while others may not. Even on
ing in the same tree, a few branches only may bear
mango trees fruits in a year and the rémaining branches

C. F—8
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may bear in the next year or a few years later. The cycle of
periodicity of bearing is alleged 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 of India.
Local conditions of suil, climate, cultivation and other factors
may wield varying influence in dlﬂelent mango regions. This
problem has yet to be studied experimentally before any defi-
nite idea can be given.

According to some authors biennial bearing is not the in-
herent feature of many varicties of mangoes and thatan optimumn
crop can bhe secured every year, provided the tree has made
normal vegetative growth under natural conditions in the pre-
ceding season. The work carried on at Lyallpur and Kodur lend
force to the belief that the eflects of so called alternate or irregu-
lar bearing in mangoes 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 flowering 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
(Junc) gave significant increase in flowering. The treatment
given annually during five consccuuve 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 coliected by Hartless that on two
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casions, two abundant years occurred in succession, and on
ith the occasions three bad years had preceded the phenomenon.
1ese facts show ‘that in some parts of India, alternate
aring or periodicity of bearing, strictly speaking, does not
her exist, or if it does exist, it is subject to the modifying
fluence of a number of external agencies like pests, diseases,
d weather conditions,

It has also been shown in Bihar (16) that a heavy year in
mango crop is obtained in that Province once In six years.
Experience in other parts of India also seems to reveal that
he periodicity of bearing is not a regular phenomenon in all
uango varieties, and under all conditions.  There are, no doubt,
ff"" and ““on” years occurring at irregular intervals, but to
at extent these are caused by the various factors mentioned
ove is a point on which light has yet to be thrown., Wagle
33) records his observations in the Bombay Presidency in this
rard as follows:

“Mango trees usually bear in alternate years, but as a result
manuring trees, particularly, of ten to twelve years of age, they
zan to bear in successive years.” He gives a three-year record
the vyield of several trees to substantiate this statement, and
Is that the vigour of the trees is very well maintained by
nuring in spite of their annual bearing. He attributes the
provement in bearing to production of more complete
wers developing into mature {ruits 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 11 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
501l moisture and food supply, principally the former.” After
1eavy bearing probably the tree becomes weak and cannot
iduce blossom during the succeeding year until 1t 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 c
tion of the growth activities in that season and the product
in the succeeding season is indicated from the above ol
vation.

The practice of smudging is reported from the Philippi)
Dry leaves, straw, brushwood or weeds are used as fuel to p
duce a thick pall of smoke. Sometimes, smi
quantities of sulphur are put in the firc th
caused. The tree is smoked heavily and continuously day an
night for a week. Thereafter, light fires_are made mornin
and evening for about a month or until the trees come to bloon
If the trees fail to set crop, a second smoking is given. Borj
and Butista (18) obtained best vields by smudging the trees i
December and January, November smudging was not succes
ful. Trees not producing flowers within about fourteen day
of continuous smudging will not, it is stated, do so at all in th:
season. Gonazalez (55) reports {from the Philippines that mang
trees can be made to flower at any time of the vear by smudging
It was commonly believed that it is the smoke that induces th
blooming, but work done in the Philippines indicates that it we
the heat and not the smoke that induced flowering, the numbe
of flowers produced being proportional to the rise in the ten
perature subject to the limits of safety. The best period fc
smudging was determined to be hetween October and Decembe
when the leaves would be well developed and the terminal buc
dormant but well formed. The smoke produced at th
smudging period drives away the injurious insects which, how
ever, return at a later stage. Smudging was tried at Kodu
but the results were conflicting, from which it is inferred thea
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

. the hoppers and mildew, so often notice

g.mp failure duc to - “mango  trees during the blossomin

iseases and pests g - .

time and specially encouraged by cloud

weather. The hoppers cause physical damage to the flower
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 heen noticed, though the con

Smudging
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ection of this fungus with shedding itself has not been hitherto

emonstrated” (179).  This fungus is supposed to develop

n the sugary secretion deposited on the Jeaves and flowers by

issid hoppers, and further found to be responsible partially
‘r wholly for damaging the crop.

Working on the eflect of the hoppers and the mildew found
n mango inflorescences, Wagle (182) states “It may therefore,
» taken as proved that the insect can be the cause of the com-
ete loss of the mango crop.” He further states “ ... ... even
cluding other influences causing loss of fruits, the mildew was
pabie of completely destroying the crop as occurred in the first
ud third flushes of 1925-27, or in the other cases of reducing by
we-third (second flush of 1926-27); or by more than one half
925-26) in two separate cases.” Dealing with the remedial
easures tried and found successful 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
ars flowers of three types- ' the complete, the staminate and
the pistillate. Pure pistillate flowers have,
however, been found to be practically absent

sixteen mango varieties studied at Kodur (Madras). It is
dy a very small percentage of the complete flowers that set
id develop into mature fruits. The proportion of complete
wwers in the most impertant commercial variety of mangoes

the Konkan (coastal) tract of the State of Bombay,
:mely, Alphonso, is worked out to be highly variable, from
1 to fifty-five per cent. produced even in the same flush.
1¢ 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
Jdf 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
idy of 93,305 flowers of 16 different varieties during 1939
ason has shown that, the percentage of perfect flowers was
e largest in Neelum bemg 16'41 and the least in Allampur

x distribution
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Beneshan, being 3'47. Goa, Amlet and Khader come very ne
to the Neelum standard, while Baneshan, Mulgoa and Er
Mulgoa are more ar less on a par with Allampur Baneshan .
this respect. These results considered together with the know
performance of varieties seem to indicate that a high percentag
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 of flowers, it is rare to come across a panicle bear
ing more than a maximum of about 10 fruits at the matur
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 withouw
maturing even a single fruit. Increased set of fruit and better
capacity to hold fruits to maturity are, therefore, the two most
important objectives that merit the attention of mango in-
vestigators. A solution to these problems will considerably
assist the evolving of a solution of the allied problem of periodicity
of bearing in mangoes, as in several years it has been observed
that a heavy crop of blossams is followed by a very poor vield of
fruits, even though the hopper incidence is not severe and
heavy rains are absent during the season.

The relation between the fruit bud formation and vegetativ-
growth in mangoes was studied in the Philippines at Manill.
(52). The materials used for this study were
seedling and vegetatively grown Carabao mango
trees, this variety being the best known there.
Both heavy bearing and light bearing trees under similar
climatic conditions were studied. | Since flowering of the mango
trees depends upon the previous year’s growth, observations
were confined to this portion of the branches only. From the
results of biometrical observations, it was found that,

Growth in relation
to cropping

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 abundanceof
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,
but less leaf area.”

That a definite relation exists between flower bearing capa-
ity of the shoots and their previous growth characters, such as the
verage length and the number of the new growths produced,
vas also indicated in a study carried out in the Punjab. Tt was
lso 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 on these lines at Sabour (Bihar) and Kodur (Madras)
nder the aegis of the Indian Council of Agricuitural Research,
nd these too have corroborated the preceding inferences
enerally.

Observations made at the Modibag, Poona, show that the
1ango shoots should be sufficiently mature for bearing flowers
nd that they take aboui nine months from the time of sprout-
ig to attain the required maturity. The mango trees in-
riably blossom in the cold season, beginning from the
mth of December. In 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
ssom 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 Jarge number of the older pruned
ots produced blossom and bore fruits. These observations
not yet conclusive, and have to be further confirmed by
re scale experiments. Observations at Kodur have, however,
zaled that in such varieties as Neelum 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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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 ohject 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 mvariably. 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 trees 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 present. Double worked
plants of four varieties at Kodur have generally produced dwarf
trees so far,

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

Growth regulation

Hybridization
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TOP WORKING OF MANGO BY BUDDING. THE LABELS
INDICATE THE POINTS OF BUDDING. Facing page 95.
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on a nationwide basis in India, where there are excellent
opportunities for effecting a rich variety of recombined
characters. At Kodur, three F! hybrids have already been
sclected as of sufficient merit deserving multiplication, and also
some chance 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
these scions may grow in place of the old branches of the tree:
This method is practised on various fruit trées
in several foreign countries including Florida
and the Philippines (22,109,125). op-working
by adoption of crown grafting methods necessitates the cutting
off of the tree top wholly at one time, and the scions when
inserted on the crown are left exposcd 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 varicties, by placing
the potted grafts over an improvised platform 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. It is necessary to E_:ﬂ several
scions in order to top-work a sm%lc tree by this method.
The purchase and preparation of a number of grafts, and
their care when placed ata consxdcrabarifmght from the ground,
untik 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 %f shortening
thepcuodufmungwudhngpmgmymured bmﬁ
projects, etc. As the rootstock tree is usually well established
an extensive root system, the scions worked on angmw quickly
into vigorous trees and bear fruit early. In Goa
of the coastal tract, side-grafting is practised on fairly old semd
ling trees raised in situ. This tract receives very hmvy rauﬁll
during about four months in the year. The annual preci
concentrated the months ﬁm June to Septmber
from 100 to 150 inches. Gmmn&yﬁslmmmhu:ﬁw

Top-working of
mango trees
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is very high. The temperature ranges between 70°F and 100°F,
These factors are all favourable for vegetative growth, Side
grafting under such conditions meets with fair success. Crown
and whip grafting methods may perhaps also succeed in this
tract, but these are rarcly 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, whercas in crown and whip graftings
the rootstock has necessarily to be headed off before the scions are
inserted. The best time for grafting mango in the Konkan (coas-
tal) tract is the months of April, May and June, when all trees
start new growth, just before the break of the monsoon.

Growth at this time also gives the scions which ‘‘take”, the
benefit of the following monsoon months 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 Presidency 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 bark
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 in length and of the previous season’s
growth are selected from the scion parent, defoliated, and in-
serted carefully within the slip of bark lifted from 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 may or 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 top por-
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 December is the best season. Since this method is success-
lully 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. It 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 humidity are identical.

Spring budding is also practised in the United States of
America on youung rootstocks. In top-working old mango trees
by this method half or more of the main lmbs are cut back
to short stubs during the autumn. In the following spring or
suwmmmer, the sprouts that start from these stubs arc budded
by first cutting off’ the shoot squarely a few inches above the
base. The bark is then slit downward from the top of the shoots
for inserting a shield bud tapered to a thin edge on the side
only. 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):—

Fruits

No.
1916-17 ’ .. .. 38
1917-18 .. .. 372
1918-19 .. .. 450
1919-20 .. .. nil
1920-21 .. .. 200
1921.22 .. .. 350
1922.23 . .. 500
1923-24 L. .. 450

~ Mango grafts commence bearing in their fifth or sixth year.
Grafts of some varieties have 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
vear. 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

; by personal experience, although generally
E:;V?}‘r‘gjgr the fruits are suchrscd to he ready for

5 harvesting when a lew of them fall from the
tree being naturally ripe. There appear to be two reasons for
the harvesting of mango fruits while still . Firstly, the
fruits improve in sweetness and general quality by storing 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 variety,
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
1o 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
called vedi. Two flat iron or bamboo splits are so tied over this
ring 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
picker and a large collection bag. When three or four
fruits are collected in the net, they are taken out and put in the
bag. When the bag is thus filled, it is let down by means of a
rope and emptied on the ground. The empty bag is then drawn
up by the man for collecting a fresh lot of fruits. In the case
of dwarf trees, climbing on the tree is not necessary and the fruits
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. Itenables 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

c iy leaves and kept there for about two days.
R',Pmmgu?& The store is usually a well ventilated place.
T 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 such a pile is locally called an “Adhi”. 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 arid, thercfore, permits them to retain
a good appearance for the market. Other kinds of straw, for
example, [eilema 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
market 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.

Regarding the kecping quality of mangoes, 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



100 COMMERCIAL FRUITS

changes taking place in the mango fruit during the ripening
process, states “‘from the temperature record, it ean be seen that
as the days proceed, the temperature slowly rises (in the Adki)
and goes as much as 8°C to 10°C higher than the room tempera-
ture. It has been seen that when the temperature goes above
36°C, mangoes become over-ripe and begin to rot very rapidly.
When it goes to about 33°C 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 | to 5 percent 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
. stage and senescent stage. The juvenile stage is
Ontogenctic stages  the period from fertilisation for about twenty-
of maturity of a 5
mangoes one days. It is marked by a rapid cellular
growth, high respiratory activity and high
water content. The C/N (carbohydrate: nitrogen) ratio is low.
The adolescent stage 1s the period between twenty-one and
forty-nine days. Itis marked by the maximum growth, deve-
lopment of aroma, and medium respiration. The C/N 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 C/N 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 C/N ratio
goes very high.
The system of marketing these fruits in the Bombay Presi-
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dency, and in fact, all over India, has been very unsatisfactory.

arhe® The result is that considerable loss occurs

m;lg o e by spoilage due to bad handling and defective
* grading and packing. Enquiries made by

the Mango Marketing Committee appointed by the Govern-

ment of Bombay, 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 interesting. A study of

this course shows the following stages of preparation and pro-

gress:—

Picking and packing.

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

5

| =

market end. )
. Display and grading at the market.
6. Disposal—wholesale and retail.

Not infrequently, the grower sells his crop standing on the trees
o local contractors called Bagwans, who are then responsible
for the picking, packing and despatch of the produce. When-
ever the sale of standing crop does not take tE‘lace, the grower
sends his fruit to the market himself. In both cases, however,
the picking operation does not receive much attention. Ma-
ture and immature fruits are often picked together and physical
injury to them is not uncemmon. 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 bamhboo baskets of varying
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e were confined to the system of marketing mango in the
kan disiricts 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 recommendations was extremely slow.
r on, the Bombay Government appointed the Bombay
t and Vegetable Market Committee in 1933 to go into the
v details of the problem. The Committee’s report con-
ng a very large number of practical suggestions for im-
ovement, was published in 1934, An enquiry on the
arketing of fruits, particularly mangoes, was also carried out
Bihar in the year 1935. Later on, in co-operation with
¢ Provincial and State Marketing Officers, the Agricultural
arketing 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 vet been published.
These various enquiries and the published reports depict the
lorable and wasteful conditions of the system of marketing
the mango fruits. It is, however, to be noted
with satisfaction that on the strength of the
recommendations of the Bombay Fruit and
etable Market Committee, the Government of Bombay
¢ now appointed a Provincial Fruit and Vegetable Market
amittee, practically on a permanent basis, to watch and
ie the trade in the Province. Side by side with these 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
cts 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 fruit industry, the growers are
‘ving on their enterprise in a disconnected and individualistic
mner. 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 observe in
r report on the marketing and preparing for the market of
t, “We are convinced that the whole tendency to closer orga-
ition of fruit growers is desirable and indeed inevitable, and we
ild give general emphatic support to the principle of their

C. F—9

wers’
inisations
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Ist grade  with fruits, weighing 28 tolas and above,
2nd grade  with fruits weighing 24-28 tolas and
3rd graie  with fruits weighing 18-24 tolas.

: 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 commercial practice with evident
artage. An act to provide for the grading and market-
ig of mangoes known as Agricultural Produce (Grading and
larketing) Act, No. 1, 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
. unsatisfactory handling. It is also insecure.
(r'f“"g{o{- To find out the eflicacy of bamboo baskets
go fruits . N
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:—-

1. The average loss due to damage and pilfering came to
39 percent of fruits packed inboxes, while in bas-
kets it came to 161 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 he used at least four times in the
season, while the basket is used only once.

= cost 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 thr i, packing in boxes would pay under items |
| 2. Experience shows that the proper thickness of the
ces used for boxes is half an inch and their dimensions exter-
ly 20 inches and 15 inches. The capacity of such a box
ald be to hold 100 to 115 Alphonso fruits. The holes for
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The storage of mangoes attracted the attention of wor]
in this country, more than a decade ago. Small lots of the
phonso variety were stored for trial at vari
temperatures in a cold chamber in Boml
and the result was found to be encourag

(28). The fruit kept well for over a month at a temperat

of about 40°F in the preliminary trials, where the cont

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
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 Researc

it was passible to work on this problem and several varieties we

tested at the cold storage sitation, Ganesbkhind, Poona. O

of the several varieties tested for their commercial storage qua

ties the Alphonso was found to keep for ffty to sixty days .
48°F, when picked at the ‘B’ stage of maturity. The varieti

tested among others were the Suvarnarekha, Alphonso and Pail
The results already obtained with the Alphonso mango we
confirmed and the influence of local conditions of soil, climat
cultivation, etc., on the storage quality of the fruit produced wz
also determined. The successful development of the expor
trade of India in mangoes should be fostered as a result of thes
experiments.

The technique of gas storage, using chiefly carbon dioxid
has been developed to a great extent in England and elsewhere,
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
}0). The average weight of fruit and the percentage of pulp
are compared with those of the foreign man-
goes, which possess a weight of 350 grammes,
id 70 percent or more of which is pulp. Along with finding
e chemical analysis of the fruit, the skin of the mango was
so analysed. Javanese mangoes contain as much ecrnde fihre

Cold storage
of mangoes

Gas storage of
mangoes

hemical analysis
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in regard to total sugar (13°1 to 16-89;) and sucrose (97
12-8%). .

: 5 . Determinations by Chace in the pulp
Mincral constituents poonch and Filipino mangoes and a t
variety not specified show 0-53, 04l and 078 percen

ash. Analysis of the ash appears below:—

KO CaO MgO P05 SO, Si0y C

bR SRR e T T S
French 4737 638 162 649 367 — I8
Filipino 5179 174 325 904 488 175 1%
Var, unknown 4937 238 — 557 384 214 40

_ Mangoes have a high sugar content. - They are rich iny
mums, The amounts of vitamin A and C apparently varyag
deal in the different strains. The deep yellow colour o
flesh of the Manila fruit suggests a rich A content. Cravl
and Perry (34) found one variety as high as good bm:f:] ;:
varieties showed about half this value. They "3“"“5&%? g
Q pereney and found values in %\m species varyin
g o twice the content o .
“mt‘;;/};;‘a“ E!?‘.d his co-workers (94) found mahgo (m Eﬁ;
tw contun 6.0 mg. Carotene and /0.5 mg. #5¢0
L0 gy,
Lt s Munsel! found ascorbie acrd conrent of Ml
A8 Per L2 ble orven on page 117 —
Ascorbre ucrd content
(Table on page 111)

(Values expressed as milligrams per 100 grammes)
Besides being a very delicious fruit, rightly called the kin
of fruits, mango has a high nutritional value. It is rich i
¥ Vitamins A and C. The pulp of the Alphonsq
ood value . "
variety is one of the most potent sources of]
Vitamin C. It is reported by Perry and Zilva (116) to he
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uch richer in vitamins A and C than many fruits normally
snsidered good sources of these vitamins. The Cawasjee Patel
wricty although slightly less active, is as potent as the previously
jown natural antiscorbutic source. The Shendrya variety
ntains comparatively smaller amounts of vitamin C. The
alp 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
spect.  Further trials did not indicate any significant results
to whether the maturity factor had any bearing on the
tamin content of the mango. Guha and Chakravarty (39)
we also found that Indian mangoes are a fair source of Vitamins
and C, and a good source of G (B2). Mangoes possess
aigh sugar content, but they are poor in calcium, phosphorous
« wron. This fruit, therefore, deserves to be very highly
lued 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
mnalyses made by Chace, Tolman and Munson. Pratt and Del
ssario 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 the
mbay Presidency, during which period the fruits glut the mar-
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-
ly 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
lored by some. Private organised eflort is, however, neces-
* to place this line of work on a sound foou'ng.
It is chiefly the superior table varieties of mango, which
used at present for canning. Factories in the North Kanara
rict use the Kala Ishad 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
i fruit has a pulp of soft consistency and may also lend itself
anning. But the most appreciated canning variety in the

nning of mango
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rallon of water) is added to fill the inter-space and then exhausted
water for 12 minutes, followed by immediate cooling in run-
1z cold water, after which the cans may be stored in a dry
we.
Various other preserves of mango can be prepared with
vantage using fruits at all stages of maturity. Pickle, chutney,
jam, sweets of different kinds, drinksand dried
mango pulp or mango leather are common
this country. Mango sauce and mango butter are some others
10ng 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
itage industry by various methods to suit individual taste.
lting of mangoes is chiefly done at Rajapur in the Ratnagiri
tict. Raw fruits of seedling trees are used for this purpose.
1its are peeled, cut into small slices salted and packed into
oden barrels. The stones are thrown away. The peeling
1 slicing are done by women and children on contract
wour, The bharrels are sent to Bombay by small boats called
whawas.  Each barrel contains five hundred-weight of slices.
e slices are used for preparing chutney or achars (pickles).
nilarly, large trade in brined mango slices exists in West
igal and U. P. also.
Whole fruits of mango are also preserved in brine for use out
ieason. This is generally done in small quantities in earthen
s or wooden casks—either fresh or after being half boiled, the
dium of preservation being about 15 percent strong brine.
th fruits last for some months,
Dried mango pulp, sometimes known as “‘mango sheets” is
wourite 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 23’ x2’ covered with sheets
wttered glazed paper. The trays are then put in the sun
drying or for large scale production they are put in the
ne-drier at 140°—150°F. The first layer of the juice having
1 dried, it is lubricated and another layer made thereon for

liing of mango
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drying in the same manner. The process is repeated unt
sufficiently thick layer (}"—47) of the dned pulp is obtai
By exposing the product to sulphur dfoxlde fumes for {¢
hours, the product can be made to retain the attractive gl
colour and appearance for a considerable period without dete
ration in quality.
The mango tree suffers from several diseases and pest
Western India. Two among them seem to be more serious t
2 others as they considerably reduce the yi
1iroace znd One is a pest, a mango hopper and the of
pests of mango i g b L :
is a disease, known as powdery mildew, Clo
weather encourages their incidence of attack as well as
damage by them. The mango tree usually flowers in the Bom
Presidency in three flushes—the first appearing in Novem!
December, the second in January and the third in Febru
The first flush is generally almost free from both the hoppers
the mildew. The second flush which appears in January
which is the heaviest 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, beloy

to the class of bugs (182). As soon as the blossoms app
these tiny insects lay their eggs inside the
Mango hoppers The eggs hatch i & to 6 days. The s
wingless nymph, which emerges from the eggs sucks
sap from the fowers and tender fruits and develops 1to Wi
adults in ten 1o twelve days after casting four moults.
continuous drain of the sap by the nymphs and the adults Ie
fo e premature drappl}vg of the flowers and young fruits. ]
Wes, these insects secrete large quantities of “honey dev
hich cover the flowers and thus interfere with therr develap
ent. The characteristic blackness of the flower buds anc
aves in the affected gardens is due to the development of
ack sooty mould on the sugary secretion. The winged adults
e found resting on the shoots and leaves, and when disturbed,
ey jump ar'ld fly to neighbouring leaves causing a peculiar
attering noise, particularly when the attack is severe. The
)ppers may destroy the entire crop, but usually the loss varies
m 25%, to 609,.
There are three species of hoppers, namely, Idiocerus clypealss,
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atkinsoni 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 all the three species in the
mbay Province. Their nymphs suck sap from flower buds and
wers 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 1. clypealis is pre-
lent, 3 to 4 applications will give effective control w_hzlc 8 to
dustings may be required to control I. niveosparsus in South
sjerat and Bombay suburban area. Recently Trchan' (172)
ind that dusting with 10% D.D.T. plus sulphur in the
io of 1: 1 yielded very satisfactory control of this pest in the
mbay Province. Deshpande and Karandikar (41) state that
raying of a contact insecticide like the fish oil rosin soap (1 Ib.
fish oil rosin soap to 4 gls. of water) controls the pest in the
mphal stage, but has very little effect on the adult. Trehan
72), however, noted that spraying with 0-29, D.D.T. proved
ry effective and economical.

Powdery mildew due to Oidium mangiferae is easily
tinguished by a whitish coating on the affected blossoms,
which appear as if dusted with white fine
powder. The mildew makes its first appear-
ce on the scales, fruits, buds of tender flower-heads, axils
d stalks. The minute spores of the fungus are carried away by
nd from the affected, flower-heads to the hairy unopened
wers, which thus become diseased. A fresh crop of spores
produced within five days from the time of infection. The
scess of spore formation and secondary spread continues as
1g as conditions are favourable. It can thus be seen how a
v affected flowers and leaves can cause widespread epidemics
der favourable conditions. The white appearance of the
eased blossoms is due to the fungus. The fungus feeds on che
ter cell of flowers and very young fruits, which subsequently
/ and drop down. Powdery mildew, though not as destruc-
e as the hoppers, may cause a loss ranging from five to
tnctg percent, mostly during the months of February and
wrch,

Sulphur dusting is the cheapest and most effective remedy
iinst both the hoppers and mildew, as a deterrent against
C. F.—10

wdery mildew
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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 infectic
however, it is more advisable to either spray with D.D.T. or d;
with D.D.T.4-sulphur or gammexene--sulphur which ha
a good residual effect as well as very high percentage of imm
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 invariab
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, tt
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. How
ever, in the coastal tracts, the following schedule of dusting ha
given the best results:—

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

2. The second application should be made about 15 day
after the grst and may be followed by a thir
application. Care should be taken that a thorough
application of the dust is made in each case.

By mixing D.D.T. or gammexene to sulphur, the interval
may be increased and the number of dustings reduced. The
application may be repeated soon after the treatment if rain falls
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
ire the best.

On an average 1-3 lb. of material may be enough for each
usting per tree. The cost of dusting sulphur including labour,
omes 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 operator should
ork with his back to the wind because these insecticides cause
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itation to the eyes which should preferably be protected by
geles. If the eyes become inflamed, immediate relief may be
tained by washing them in a solution prepared by mixing a
ispoonful of soda bicarbonate (baking soda) in a large glass of
- - o
The stem borer (Balocera rubus) is a very common and
jous pest of mango trees. The borer is a stout beetle grub

which bores into the stem or a branch of
. the tree. Eggs are laid in chinks of the older
tks and the grubs hatching bore into thestem 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-
¢ the gallery. If this is not possible, a small cotton plug
ped in carbon bisulphide, petrol or chloroform or a crystal of
assium cyanide can be inserted into the gallery and the mouth
sed immediately with mud. Preferably, all the openings on
ree should be closed so that the grub feeding inside is suffo-
:d 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
se 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
fied 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
¢k in the next flush. Spraying with 05 percent lead
nate at 3-4 days intervals on new shoots checks the attack
iiderably.
several types of caterpillars and other insects eat the tender
¢s and shoots of young nursery plants. The greatest setback
i is received by the seedlings when their leaves

g insects .

are eaten away or cut by insects and drop
after new sprouting. Occasional spraying with lead arse-
_checks the ravages of these insects, and the young
ings, are found to thrive better when thus treated. In
m the young trees in the orchards are also subject to
ige by weevils which attack young leaves. To control this
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pest spraying with lead arsenate at the rate of one oung
three gallons of water is recommended.

Another common pest is the fruit weevil, Crypiorky
mangiferae. The weevil is about §” long, dark grey in col
with darkish bands on elytra. The
are laid in the undeveloped ovary of a fi
and the grubs bore into the stone where they mature. W
the fruit is ripe, the weevil usually comes out of the stone :
spoils the pulp. Some varieties of mangoes are particul;
favoured. By way of remedial measures the affected fruits :
stones should be burnt and the soil around the affected t
should be dug out to expose the weevils.

Some mango fruits which appear quite sound from outs
are found infested with maggots. The fruit-fly lays eggs
well-developed fruits, and the maggots g
all the pulp. When full grown, they co
out of the fruit and pupate in the soil. Four different speci
namely, Dacus ferrugineus, D. Zonatus, D. Correctus and D. ferrugin
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 eas
destroyed. Clensel traps as suggested by Trehan and Pin
(174) may yield some good results in reducing the attack.

In Ceylon (108), the ripening mango fruits are pierced by
common fruit fly (Chaetodacus ferrugineus) which can be c¢
trolled by the following poisoned bait, prepared from:—

Mango stone weevil

Fruit fly

Lead arsenate $ ounce
Jaggery (raw sugar) 12 ounces
ater 10 pints

This mixture should be placed in cigarette tins hung up on t
branches. The flies are attracted to this bait and die. “Lurt
cages are found useful for trapping flies,

Several types of scale insects are often found to attack mang
leaves and fruits, and the insects can be destroyed by spra
ing the trees with fish oil rosin soap in ti
proportion of 1: 40 parts of water. :

The chief mango disease is the powdery mildew which hi
been dealt with along with the hoppers, as it is associated wit

Scale insects
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them. The other diseases such as black
stem and blight are controlled by spraying
th Bordeaux mixture.

Anthracnose of mango caused by the fungus Colletoirichum
wosporioides, is the major factor directly limiting the man
op in Punjab and other parts of India. The disease at
e more tender portions of the mango trees including flowers
d fruits. It appears in the form of small black or dark
ots on the stems, leaves and flower stalks. It spreads rapidly,
wers and flower stalks wither and the fruiting of the trees
iy be entirely prevented. With lighter infections on the
wer clusters, some fruits may set, but later, the discase may
read to the peduncles and the fruits drop. Ripe fruits are
io attacked and destroyed. To control the disease, about
tht 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
d fruit rot, can be controlled effectively by spraying the trees
th 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~
il to control this disease.

In some orchards, young mango trees are found to wither
m the ends of shoots which slowly darken and die downwards.
the Kathiawar area, such plants are also seen to coze a thick
mmy substance of deep brown or reddish colour, just below
¢ dead portion particularly at the nodes and joints of old and
w growths. This disease seems to be associated with heavy or
r-irrigation combined with planting undershade. The trouble
i not been investigated yet, and the remedy, as a first aid,
Jears to be to spray the affected trees with Bordeaux mixture,
:r the affected portion is clipped off and burnt. Frequent
tivation and clearing of shady intercrops and improved
inage may assist recovery of plants.

Loranthus is a parasitic flowering plant found growing on
ngo trees very commonly in this country. It is botanically
ned Loranthus longiflorus. There are several varieties of this

wmgoid diseases
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arasite, locally known as Bandgul, Badam;
Laranthus %andalka, or Vandha. Its bra.nc}a::sg are droopi
and the leaves are thick, succulent and lightgreen. The plantsen
its roots (haustoria) into the tissues of mango (and many otherhg
plants) and sucks the sap taken in by those plants from theso,
The sap is thus prevented from going above the point of attac
In course of time, the branch of mango above the point of attat
by Loranthus dries up and if the attack is severe, the whole tre
becomes weak and may succumb. The Loranthus itself, hoy
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 when
they perch. The seeds so dropped get firm hold on the branches
and germinate in course of time, when the parasite grows. Th
only effective remedy against this is to cut all infested branche
well below the place of attack and apply tar to the cut end. 1
the attacked branches are large, the Loranthus can be scraped
from the host stem and not allowed to grow again, by periodic
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
fmango. They do not set fruits, but appear like longish vege-
PN tative brooms. The axes are shortened and
inkgeliltssanios _thlckenc:d. The flowers are crowded, take long

in opening, have often enlarged discs and sel-
om set fruits. The abnormal inflorescence may persist long after
e normal one has fallen off the tree, and may finally become
getative. So far, no cause for this malformation has been traced.
1s, however, not due to either insects or fungus. The occur-
ace 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
PSP ol high medicinal and nutritive value attached

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-castern parts of India,
Sk oo Siam or Southern China. There is evidence
distiibution 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, Palestine, California,
Florida, Central and South America, South Africa, Philippinﬁ,
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., Punjab, Coorg, Mysore, the southern slopes of the
Cherrapunji hills of Assam, northern Orissa and the Bombay
Presidency. Practically, no part of India is left where one orthe
other variety of citrus has not entered into local importance.
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Area under citrus in India is 1,653,570 acres as per table given .
helow — :

1. Madhya Pradesh 38,738 acres
2. Madras 30,130 L
3. Bombay 25,786 W
4. Coorg 16,855 i
5. Assam 15,000 s
6. Bihar 12,766 r
7. Mysore 5,170 =
8. East Punjab 3,536 &
9. Hyderabad 2,700 =
10. 'W. Béngal 1,742 3
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
restricted to particular zones which are suit-
able from the point of view of soil, climate
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,
Soil and accordingly to describe their nature in a
general way. Besides a large number of distinct
types of soils, there exists a great variety of shades in what may be

Cultivation in the
Lombay Presidency
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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 citrus
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. Inthe 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 i
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'x3’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 Sanfra 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 leamy soils such as
are found on the banks of rivers or nallas. A hard substratum or
sticky subsoil is deleterious to the health of these trees. In the
Bombay Presidency, the medium black soil of Poona, 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-
gible quantity of clay are almost always regarded as unsuited for
citrus 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
amount of loam (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 locations, it is safe to state that any
soil which has a water table nearer than six feet from the ground
level is unsuited for citrus cultivation. Not only the permanent
vater table, but it is the fluctuating table also that causes con-
iderable damage to the roots.

Citrus trees are quite sensitive to alkali and especially to
odium chloride (140). Irrigation waters containing sodium
hloride should, therfore, be—strictly avoided. Flood or some
orm of basin irrigation may be adopted where saline water is the
nly irrigation supply in order to effectively leach the salts down
nto the subsoil. Reed and Haas (207) have shown that while
he presence of calcium salts was necessary for the successful
rowth of young orange trees, and serious injury occurs to trees



ORANGES AND ALLIED FRUITS 143

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
Altitude and altitude of the Deccan plateau, at least of that
ki o e 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 forrn a feature of its eastern parts. The
higher temperature of the eastern parts of the Desh (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 African lemons showed good progress
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

o . commercial varieties, there are in this Presi-
};z:f‘l‘::““;;d their  dency, about twenty other varieties found
Oranges scattered 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 lately 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 Ciirus
aurantium sinense, (allesio—close-skinned oranges, and Citrus
uranliuny sinense, Rumpjius—Iloose-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 sinensis Osbeck, and the loose-skinned Santra group or
mandarin group goes under Citrus nobilis lour, which Swingle has
now altered to Cutrus reticulata, Blanco. There are further what
may be called horticultural varieties in these species, Citrus
sinensis Osbeck, includes the Mosambi orange, the Navel orange,
Valencia and a large number of other varieties. The Mosambi
is a distinet variety, and is at present of great economic impor-
tance in this Presidency.

The mandarin orange (C. reticulata) represents a group that
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has no less than four 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 names
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. Swingle
P i isolated them into three separate species, Citrus
u.'pcs : medica Linn, (citron), C. [limonia Osbeck

’ (Lemon) but most recently—C. {limon, Linn
Osheck, and C. aurentifolia, 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 Sakhar 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 Cilrus limettiodies, Tanaka. It seems safe to treat
this as a hybrid, till taxonomic opinion entitles a definitg opinion.

The limes fall into a distinct species, and are named Citrus
aurantifolia, 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 (papery) limbu. The pat limbu is longish in shape, while
the others arc¢ 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
citrus 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
Osbeck) ; Santra (C. nobilis, Lour or C. chryso-
carpa Lush or C. reticulala, Blanco) ; Mitha or
sweet lime (C. limetioides, 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 or
C. limon).
Assam :—Strains of G, nobilis or C. reticulata.
Central Provinces, Western part of Orissa and Agency tract :—Sanira
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 valley of the Nilgiris.
Two varieties of sweet oranges (C. sinensis,
Osbeck), namely, Batavian oranges and Saih-
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. Acid limes (C. auranti-
Jfolia) 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 the
West Coast and Northern Circars. A variety
of sour oranges known as Vadlapudi or Gun-
tur sour oranges is of considerable commer-
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 heen
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 citeus
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 budding
them on rough lemon (jemburi as it 1
locally called) rootstock. Other varieties
like Kagdi limbu, pummelo and citron are grown as seedlings
and no budding is yet being done commercially in their casc.
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
jamburi on a small scale and so are the new introductions,
namely, the Navel Orange and the grapefruit.

Propagation
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Jomburi, or the rough lemon, is acknowledged as the best com-
mercial rootstock variety for raising citrus types in Bombay Presi-
dency. Itisa very inferior and hardy variety
of citrus and belongs to the lemon group.
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 all 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
for a considerable time to facilitate the
budding operation at any suitable time;
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
Jamburi, which may be safely used for budding on.” The posi-
tion of jamburi 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
(Gitron) 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. Thisand the
Nagpur orange stocks when cut off above, the wood often turns
black near the cut end causing ultimate decay. With
the pummelo (shaddock) as the stock, the great difficulty
Is that 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 Mosamébi stock is very sensitive to
cold, as in case of low temperatures the part of the bark of the
stern  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 dic-back disease prevalent in Bombay

Rootstock

Merits of jamburi
as a rootstock
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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. aurantium Linn) :—According
to McAlpin (168) among the four chief rootstocks used in Vic-
otl torian citriculture, ziz., citronella or rough

her rootstocks I A

emon, sweet orange, sour orange and tri-
foliate orange (Poncirus trifoliata), a disease affected 309%, 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) stated 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. sinensts Osbeck) :—This is very suscep-
tible to Mal de Goma 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 trifoliata, 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 Phylophthora root-rot, it
has ability to thrive in soils too moist for other rootstocks, has
beneficial influence on flavour and fruit quality in general,
induces early bearing and possesses a tendency to increase
production.

4. Suappock (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. Graperrurr (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. Acm L (C. aurantifolia, Swingle):—The plants of this
species are rather difficult to work upon. According to Brown
(47), it 1s 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. Sweer LM (C. aurantifolia, var Swingle, syn. C. limmet-
tioides, 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 Santra. It is easily raised from cuttings,
and js being used as such in the rootstock trials in some research
stations in India. With rough lemon, this forms one of the two
r(rll(;st important rootstocks for Santras in the Central Provinces

6).

8. CrrronN (C. Medica. L.):—A variety known as Mokri,
is 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. reticulata, 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 Mpyndong (C. jamburi), Pani Famir (C. limon),
Karun Famir (C. curantium), Sat Kora (C. macropiera) stocks
are under investigation. The scion used is Khasi orange (C.
reticulata). Sok Mpyndong 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 Sanira 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 highly 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 Khama Khatta 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. Fullundri 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 Eurcka 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
s 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
sparently 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
flerent strains of jamburi varied considerably in their general
rformance and vigour 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 cornmon
wsibly 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
ises 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
iality of water or manure applied, but also in the optimum use
ade of the moisture and soil nutrients by the roots. The
1portance of root system lies not only in its anchoring the tree,
1t also in its power of absorption of moisture and soil nutrients.
deep and extensive root system is helpful in giving the desired
echanical support, and in retarding the desiccating effect in
e soil. This fact becomes progressively important as the
visture content and fertility of the soil diminish. An exten-
'e root system is inhibited under constant wet soil conditions,
it is encouraged under conditions of good aeration and
sderate water contents. The root system of some varieties is
uch 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 production
within the available soil and water facilities.

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

The foundation of the citrus nursery industry in the Bombay
Presidency is built on jamburi seedlings, which form the stock
for all the superior varieties of citrus. Jamburi seedlings are
raised from fruits which are ripe on the tree. The Sakhar Gimbu
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 jamburt or jambiri or jamberi in different localities of
Tvoes of amburi India. These types differ considerably in

it 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 jamburi. Each tree bore fruits that werein
some way or other different from those of its neighbours. The
characters of fruit alone give, therefore, no indication to the
type of jamburi. 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.

Jamburi 1rees bear almost all the year round in penin-
sular India. The three important seasons, namely, the Decem-
LN ber-January flowering, the June-July flower-
of jontbar ing and the October flowering all produce

some blossoms at least on the trees, Jambun
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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rot, or are cut fresh and their seeds extracted.
The seeds that float on water are useless for
raising seedlings, and they should be rejected. Only the heavier
ieds, which sink in water should be collected and used.

Seeds are then spread on ordinary blotting paper or on
the 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
wsh before storing is desirable. Jamburi seeds have to be pro-
lected from rats and insects, while drying as well as while in store,
The jamburi fruits contain about 25 seeds each. These seeds
-an well be graded into heavy and light seeds, and the former
we experimentally proved to give more vigorous seedlings
which become ready to receive the buds much earlier than the
redlings raised from lighter seeds.

Seeds of jamburi are polyembryonic as those of most
sther citrus. From one to _eight embryes (or perhaps more)
o . are seen packed together ina single sced.

yembryony in :

s Each embryo has generally two cotyledons
which are very irregular in shapefexcept
vhen the seed contains only bne cmbgyp_.g'& polyembryonic

eeds, one of the cotyledons is the largest Of all, while one or
wo more may approach it in size. The rest are very thin
nd small, and may be reduced to almost translucent scales)
specially when they are placed in the interior of the
ced. /When the seeds are sown, some_of the more vigorous
mbryos are seen to develop into scedli_nﬁj It is for this reason
hat more than one seedling are seen to spring up at a place
there only one seed is sown. The number of seedlings
rising from a single seed may be four or more in number. More
P‘ta.n 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
ame. In fact, it varies remarkably. One of the seedlings is
he most vigorous of all. Others follow in regular gradation.
he difference between the best and the second best seedlings is
msiderable, going as high as about 50 percent. Seedlin
@t come next in order are really too weak to be considered.
eviewing the literature (114) on polyembryony it is stated
at the presence of more than one embryo within the seed may
* ascribed to a stimulus received by the cells of the nucellus

Extraction of seccls

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 (303) 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 less 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 seedlings
which are further on to serve as rootstock plants, by getting rid
of all the generative seedlings which are the weaker ones as
noted above.

A number of jamburi seeds are found to have their seed coats
split even while they are inside the fruit. The split seeds do nol
st A seem to differ from sound ones in their general
a2 characters. They look healthy and normal in

all other respects. They are, moreover, mostly
of the larger seeds and amount to about twelve percent o
the total number of seeds in the fruits. The splitting or opening
of the seed coat is one of the various changes a germinating
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 ger
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 jamburi are graded out and sown in raised seed
beds. Such seed beds have the advantage of permitting better
drainage of the soil. The land is first of all
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 nursery 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
seeds 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 %aycr should be kept moist till
germination occurs. Three to four weeks after sowing, the upper
layer should be kept as dry as 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
shown that they are very active in germinating when quite fresh.
Their activity declines rapidly after extrac-
tion from the fruits. It comes down to a
certain degree in about nine days and this degree of activity is
Mmamtained for a long time. The length of germination period

Sowing of seeds

Germination of seeds
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varies vastly. It may extend from 22 days to about 80 days,
In general, this dpﬂeriod 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 he
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 three weeks after sowing is
done. Until then, no disturbance should be caused to the sur-
CIAN face of the bed or else some germinating

: 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 hetween the row of sowing may be lightly
stirred with a weeding hook (khurpi). When the seedling
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 more 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 furrows specially prepared for them. 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, an
separated by two feet distance from the adjoining double rows.

d



*gG| #5vd Suranyy "SH¥DO0LS
JMOJ INVAW SONIT@IIS SNYLID HLIM sadd adds adsivy




LE1 #Ted Fupsn.y HUHAH ARAD QL LUN D daaa




ORANGES AND ALLIED FRUITS 157

d has four rows of seedlings in all and the seedlings are
f:;:cnj;p?:nmd singly. These beds are called nursery beds and
close planting in them is favoured, as by close P‘“’X“‘S ”ﬁh’:f;
renerally grow erect and form few lateral shoots. A straight a
erect stem is essential for budding upon. :

Nursery beds are watered immediately after r_ransplanr__mg_,
and again afer four days, and then regularly at intervals of eight
to ten days. Weeding and stirring the son 2t
of importance as the vigorous growth of the
seedling depends on these operations, as much as upon occa-
sional manuring, consisting of light doses of sulphate of ammonia
or cattle urine. Manures are usually given just before or after
irrigation turns. The soil is also stirred at least once in a month.

In order to develop good rootstocks, the side shoots produced
by the scedlings 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
2 year from transplanting in nursery beds. If large seeds are
sclected for sowing and then if vigorous scedlings alone are’
sorted out for transplanting, they may become ready for budding
In about a year from sowing the seeds.

Roguing out the variants or undersized plants from citrus
seedlings in the nursery beds is shown by Webber (331) to be very
important for obtaining only vigorous and
i uniformly growing seedling rootstocks of
apogamic or nucellar origin. Observations collected at Poona
n 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
branches at a much earlier stage than the more

- vigorous first class scedlings.
3. At the age of four months, the first and the second
class seedlil:‘fs.attaincd a girth of 1'44 cm. and
1'29 cm. and at eleven months these girths were

Care of nursery beds

Srading of seedlings
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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 rootstocks at a height of ahout
six to eight inches (15 to 20 cm.) from the ground. The root-
stock plants should, therefore, be straight and without branches
upto a height of about 25 e¢m. 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:—

1. 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
tendency to grow without branching in their earlier stage, and
provide the best rootstock from the nurserymen’s point of view.
They may not require any special attention to secure a clear
stem of about 25 c¢m. in height. Another point the first class
seedlings 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,
strong and vigorously growing. Buds inserted on vigorous
rootstocks grow very fast and give the best plants. As the root-
itock forms the foundation of the future tree, it is essential that
mly 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.
3ut it is also necessary that the rootstocks attain 2 minimum stage
»f maturity, when they can be budded upon. This minimun
itage of maturity is reached by the first class seedling much carlier
han by the second class seedlings. High budding has been
.ecommended 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 conditions
of soil. If the stem and particularly the bud-joint is kept free
from contact with the soil or irrigation water, it is suggested that
the incidence of attack will be minimised. The bud-joint can
be kept away from the soil or water by budding the rootstock
plants sufficiently high. Budding at a height of at least 18 inches
is reccommended. 1f this has to be achieved, it is necessary that
only very vigorous seedlings should be selected as rootstocks,
because in some cases weaker ones do not take buds sufficiently
high. First class seedlings are, therefore, to be favoured from
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,
Mosambi or other superior types of citrus. The
method of budding commonly adopted in the
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 a
suitable place about eight to nine inches from the ground or where
the bud is to be inserted. The bud from the scion stick is care-
fully removed by cutting it off the budstick along with a slice of
bark. This is then inserted carefully inside the bark of the
rootstock with the growing point of the bud upwards, and tied
with a strip of fine banana fibre. While thus bandaging, the
grawing point is kept open in order to allow it to sprout and
grow. The bud should be preferably inserted on the northern
side 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 to
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 released 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 1o 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

Budding
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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. This
system, 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
around the budded region.

Just as it is essential 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. Growths which are one or two
seasons old are more mature 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 are taken should be
in a growing state, so that the buds are in a sap flowing condi-
tion and they can be easily 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 condition
of the branch selected. This test holds good for rootstock plants
also, for finding their suitability to receive the buds.

Budsticks are generally 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
best and heavy bearing trees of the most valuable strains that are
known to bear fruits of the right quality. That a large number
of 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
are facts that have long been realised by citrus growers in other
sountries. Hodgson (120) has shown that even in the most pro-
itable orchards in California, approximately one tree in three is
sither only self-supporting or is actually grown at a loss. In the
wverage 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 heen 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-sticks 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 changes appearing in the so-
matic tissues of the plant, mutations or sports occur in citrus
Bud variation plants. Forms due to change of somatic tissue
el aatiriio 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 cach 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
were 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 abnormal charac-
ters 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 criticised by some in-
vestigators under the erroneous assumption that those principles
and methods were based on the supposed continuous improvement
made by selecting generation after generation from high yielding
trees. The main factor achieved by bud selection, which is now
being done almost in every country i1s the greater certainty
that the trees produced from good selected mother type
will be more uniformly of the standard good type and mort
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 types have been separated, mino
varieties removed and quality improved.

Shamel’s work has now received very wide recognition an
numerous new strains propagated from a single bud taken eithe
from a limb or an entire tree variation are being extensivel
popularised in most of the citrus growing countries. Sinc
1916, very few orchards have been planted, which have nc
been propagated from selected buds from inherently productiv
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 wide!
distributed, and seem to have great promise. In addition !
these benefits to the industry, Shamel’s work has been of gre:
value in teaching growers to keep a close watch for branch
mutating towards poor types so that they can be eliminated {ro
the orchard. Shamel’s work has emphasised the importan
of propagating only superior individual trees of outstanding me!
based on the yield records and other observations of at least {0
or five years. Freedom from and resistance to disease should '
made a primary consideration in such work. Great care shou
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also be taken to avoid propagation of limbs producing inferior
bud-sports. Unintentional propagation of undesirable strains is
bound to bring about a progressive deterioration in citrus or-
chards and it is, therefore, the duty of growers and nurserymen to
not only preserve the best trees and look for more valuable ones,
but also to prevent the multiplication of progeny from inferior
bud mutations. Frost (91) 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
chimerical conditions in the parent 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-skinned and thin-skinned Mosamb: oranges. The round
and oval types of limes, the jamburi and id limbu strains of lemons,
etc.,are believed 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
green patches all over. It was propagated by marcotte, and the
progeny have retained .the variegation. The new clone, how-

| ever, is not of much economic value, as it is a shy bearer. In
| 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
A : : enerally happens when the cold season passes
Finpler by ignto spring and when the hot months are fol-
lowed by rains. Buds inserted at other times take a very long
time to sprout. Budding during 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 desirable 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.
sertedd after January immediately preceding the hot weather
failed to produce good growth. The seedling rootstocks may
be brought into condition to receive buds in about a fortnight,
if so desired. The soil in the beds may be dug lightly and ma-
nured with farm yard manure and further given a light sprink-
ling of sulphate of ammonia. Irrigation should follow imme.
diately, These treatments stimulate the plants 10 grow and
come into flush within about a fortnight or three weeks. They
can then be budded.

From the time of budding, the buds swell and sprout inte
shoots in about a month. If the buds remain green for a fort-
e night it may be taken that they are uniting,
o= o, After a month the stock is headed off about

2" above the joint so as to concentrate the
sap on the scion bud. Sprouts coming up from below the scior
bud are all nipped in the bud or rubbed off lest they make the
scion bud starve. It is common among some Indian nursery
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 poo
growth of bud-sprouts. In certain cases, it is seen that it is ad
visable to Jeave some nurse branches on the rootstock above th
bud-joint until the bud sprouts and the sprout becomes stron
enough to maintain itself, after which the nurse branch is loppes
off. When the scion bud sprouts into a branch and grows t
about a foot in length, the portion of the stock above th
bud-joint is trimmed and cut close to the scion. The ner
sprout is then helped to grow erect by carefully tying it loosel
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 citrt
e ot Flants are being raised commercially ona ver

arge scale, transplanting of budded plan
is invariably done in order to keep the growth of the tap rot
under control. If this is not done, the plants send their roo
deep into the soil, and considerable difficulty is experienced i
lifting them up for sale. The plants are transplanted in be
in specially selected shallow soils with muwum below. In par
of the United Provinces and in the Punjab, transplantit
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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
covered 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 methods to serve the same
end. According to these new methods, the tap roots are cleanly
and sharply cut at the required depth while transplanting. This
helps them to develop lateral roots which do not go deep but
mostly spread out 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 are not yet
carried out.

It the nursery as well as in the plantations, attempt should be
made for obtaining a strong clean-stemmed plant of citrus, whe-
ther of Santra or Mosambi or any other type, by
clipping off in the very beginning all the mul-
tiple branches, which might come up from
the bud-joint or close to it. The buds of the Sanira and Mosambi
Plants are almost invariably multiple, and as such, they give
"se to more than one sprout. 1f the unsprouted buds of healthy
branches of these trees are examined, it is seen that in almost
all cases, two or more rudimentary buds are present in each
ail 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

v concentric circles as there are buds, Usually one of these
buds s bigger than the others. Normally, the biggest and most

Nature of buds and
their growth
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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 leal
axil.
In the case of a single bud-insertion on a vigorous rootstock
the inserted bud-shield naturally gets more plant food than i
would on the original mother tree. Not infrequently, therefore
such a bud-shield sends forth more than one sprout. To begi
with, only one sprout may appear but later on when the root
stock is headed off, more sprouts are seen to arise from the bas
of the first sprout. This may be due to the extra food and st
mulus the other buds get. A count was taken of the sprou
that came out of the original bud-shield in the case of fifty budde
Santra plants, about one year after budding. It was seen fron
this count, that in many cases, the numerous sprouts that she
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 appe
one after another, and their appearance may be expected
any time in a young plant. The buyer of budded plants
led to believe that the larger number of sprouts indicates t
superior quality of the budded plant. The nurserymen, thel
fore, make no attempt to allow only one sprout to grow from t
bud. A clean stemmed tree is obtained only from a plant whi
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 strc
and the tree becomes straight and shapely.
2. The bud-joint is most susceptible to gummosis &
the clean stem facilitates treatment against i
disease by avoiding many inconvenient angles
3. The stem borer is seen to attack grown up trees at
angles of the main branches, when they arise ft
the bud-joint. A single clean stem gives tl
least opportunity and facilitates treatment w
there is an attack.
4, By allowing more than one sprout to grow from
bud-joint, the growth of the main stem is chec
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 tc 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 months arrive with little or no soil around the roots, but
1a 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 of a few of the shoots, is done at the time of lifting 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 leaf axils are considered subor-
inate to the leader. The secondary shoots should be placed
! 4 spiral way around the leader shoot at suitable intervals.
iolent pruning produces a large number of weak shoots or
'me tall and fast growing ‘“‘sucker” shoots of not much value
v the tree. Severe pruning of healthy and vigorous growing
ees during the early years also tends to prolong the period

C. F.—13

Aifting of plants

'raining
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of vegetative growth and delays the bearing period and should,
therefore, he avoided. In order to secure symmeuy and
promote a strong frame-work, three or four secondary shoou,
may be selected, which should be distributed as evenly as
possible around the stem. I a shoot emerges immediately above
or upposite another, one of the two may be removed.  Similu-
ly, crossing shoots are to be avoided.  As pointed out above,
two or more strong shoots should not he permitted to grow
from ane place very close to each other, as this will result i the
formation  of wezk crotehes, Long and  vigorous “‘sucker”
shoots should o he removed.  Periodic inspection of the plot
will be necessary o see that fresh growth does not oceur from
unwanted pluces consequent w  the praning done at the time
of lifting.

Some authors recommend heading the yvoung trees back in
the nursery to twenty-cight inches to thirty inches above the
to five branches are  snggested 1o be

bud-union.  Three
1f these are allowed o

retained spirally around the trunk,
grow upright and the main fimb allowed (o grow uninterrup-
tedly, it would produce a strong  frame-work.,  The un-
pruned trees, however, made better growth and hecame heitn
trees from all stand-points. The subsequent performance of the
former sct of trees showed that carly fruiting of the unprundd
trees has had no apparent detrimental influence on the growih
or behaviour of the trees.
Propagation of all citrus to be used as rootstock by sced is an
almost universally accepted method. It is ecasy and render
. . the raising of a much greater number
Vegetative propas N LU, 5 .
gation of roosiock  VEGELative progeny through the selection o
apogamic secdlings than would be possible In
anv other means, without spoiling the mother trec. Further
new varicties can be inported through seed, thus minini
sing the risk of importing discases.  Rooting of cutting
of many varietics of citrus is also difficult. Halma (104) afte
an extensive trial admits that sweet orange and grapeliu
cuttings root Jess readily than the lemon, but points out that I
a suitable method they can be made to produce a satisfactor
percentage of rooted plants, On another occasion, Halm
{104) has stated that success in rooting citrus cuttings is achieve
by taking cuttings from mature or semi-tature wood, an



ORANGES AND ALLIED FRUITS 169

pplying bhottom heat and maintaining a high atmospheric
umidity.  fn West Indies, some success has been ohtained in
dsing rooted citrus cuttings in a solar frame, wherein the sun’s
ws are utilised to furnish heat to the beds (130). A few
Aieties of citrus have been propagated by cuttings at Lyallpur,
‘hile some  nurserymen in Madras usually raise orvange plants
v gory and some lemons by cuttings.  Since the root system
“cuttings is shallow at least during the early vears (114), and
w propagation by this and gooty methods involves the removal
“more material from the parent, and also because of the
setbifity of certain diseases being transferred to the progeny
om the parent trees, these methods, il used to raise root-
ncks, are not only uncconomic but may in fact be inadvisable.

Other vegetative methods of propagation have also been tried
ith varving degrees of success in different parts of the world.
Jehber 335 reports that layered trees were as productive and
vorous as compared to budded or seedling trees.  Enarching
& also been practised to provide a new root system to old
trus trees that have damaged roots by planting one or more
edlings near the collur and inserting the wedged ends of
s stocks to the base of the scion wees. Ringing of hard-
ood cuttings of some citrus trees for the production of roots
as also shown to be possible by Hunter (1310, e has also
own that the relative spread of root formation in stem propaga-
m v oa specific attribute. Semi-hard wood cuttings of citrus
¢ propagated with much more certainty than those of hard-
nd .

After selecting the site for raising an orange plantation,
‘ing due consideration to the soil, chmate and irrigation [aci-
lities, for which purpose the advice and help
of an expert may profitably be sought in the
beginning alone to avoid loss and disappoint-
:nt later on, the land is frst ploughed at least twice crosswise.
veral thorough harrowings are then given and if time permits,
s area may be left faullow for a season, and then sown to
- hemp (Crotglaria juncea) which crop should be buried in
*ground as a green manure.  If the land is required in the
Id scason, it can he brought into form in the following summer
d green manured during’ the ensuing monsoon. The next
Uweather may be utilised for taking pits at the required dis-

lection of site
d pacing



170 COMMERCIAL FRUITS
tances, and planting may be undertaken in June at the break f
rains. If this is not possible the land may be ploughed and ha,.
rowed, and pits may be taken and left exposed duriny the ho;
weather for about two months. Planting may be taken up iy
the following June, in which case a full year is saved.

An appropriate spacing will depend upon the individul
characteristics of the varieties selected and rootstock cmployed
and their responses in respect to root growth. The penctrali.
lity of the soil has of course a marked influence on the rate o
growth of the roots, but despite this fact varieties differ markedly
in their spread and depth of root system. Until recently, the
belief was common that the spread of roots corresponds nearly
to the spread of the branches. A vear old budded orange tree on
a certain rootstock variety at Kodur (Madras) has been found
to forage over a length of six feet radius from the trunk, whilst the
spread of its branches hardly reached a radial length of one foo.
In bearing plantations also, roots have heen known to extend
several feet bevond the branch spread. Till the root system
of citrus trees on different rootstocks are studied under varied
soil conditions, it Is not possible to recommend definitely the
optimum spacings for all the fruits.

The first principle underlying the spacing of fruit trees wouk
be that the trecs are to get enough growing space so that the
branches just come into contact when they are of middle ag
The habit of growth of trees, therefore, plays an important rol
in deciding upon the space to be given while planting. Mosamt
pumimelo, grapefruit and Navel orange trees which have a spreat
ing habit, are generally planted 20-25 feet apart.  Trees plant
fifteen or even cighteen feet apart are seen to overcrowd then
selves in the Ahmednagar and Khandesh districts. Similarly, ¢
practice of planting them at a distance of twelve feet each wi
necessitates the removal of the plantations very carly, that
when they arc just about ten or fifteen years of age, as is notic
in the Saswad (Poona district) tract. It is, therelore, better &
more profitable in the long run to allow at least twenty feet ca
way for these fruit trees. Santra trees which have an erect ha
of growth are ordinarily planted at a distance of fifteen feet ea
way in Bombay Presidency. Such trees are seen to overcro'
themselves when they are advanced in age. If the soil be w
drained and loamy, even Santra trees may be planted twenty
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part.  In fertile soils under [avourable conditions of climate
nd culture, even 25 feet spacing has been noticed to be scarcely
dequate to ciweus fruits,  The kagdi limbu (lime) wrees are also
ilnted at eighteen to twenty feet apart in Bombay Presidency.
{ the soil is well drained and fertile, the trees may be profitably
iven an additional spacing of two to five feet each way. 1f on
he other hand, the soil happens to be medium clay and rather
tickv, the usual spacing as mentioned above may be adopted.

The spacing given to citrus trees varies markedly in the rest
{Indin.  In the Panjab, the general rale is 10 allot a twenty feet
pacing for all kinds of citrus trees. but in the Seuth of India
vhere seed propagation is widely adopted, twenty-five to thirty
et spacing is given to sweet orange and Saniras, and eight to
welve feet for acid limes. Recent experience at Kodur and
Isewhere shows that 24 feet for budded sweet orange and 22 feet
1 acid lime are perhaps the best in South India.

Pits are best taken in the hot months and kept open until the
Mowing rains.  Pits of three {eet by three feet by three feet are
usually taken for all citrus trees at the distance
decided upon, as explained above. While
igging the pits, the upper half of the soil is commonly heaped
‘parately, and both heaps as well as the interior of the pits are
tposed to the weathering action of the sun and wind during the
otmonths. Just before the rains are expected, the pits are filled
p with the upper soil going first into the pits and the lower soil
oming upon it. Both heaps of the soil are sometimes well mixed
“parately with the following mixture of manure per pit while
ling the pits.

5 Ib. bonemeal (or 10-20 1b., of whole unbroken
bones),
100 1h. (about 4 baskets) of well rotten and powdered
cattle manure, and
) 10 Ib. of ordinary wood ash.
\‘hcn the pits are thus filled a small peg is driven into the centre
f'c-a(-h of them as a mark to guide the planting operation,
hich will follow after some days. Pits must necessarily be
led before the rains start, lest they get stagnated with water
nfi their improved structure is spoiled by rain water. As
binted out for mangoes, it is suggested that no manure of any
nd need be added to the pits in fertile soils. In other soils also,

s
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it is hest to allow ample time for the manurial ingredients 1
decompose in the pits prior to the actual planting.  Addition ¢
excess manure, or fresh organic manure to the pits at or juy
before the planting of trees is a practice that requires Iy
discouraged.

Healthy and vigorous hudded plants are brought from von.
mercial nurseries for planting, which is donewhenone ortwora
moisten the soil and cool down the atmospher
Arrangementsmay bemadein timewith el
and registered nurservien to reserve the required number o
plants of high quality and they can be obtained just in time i
planting.  There is a widespread belicl amony the people the
farge-sized plants are preferable for planting and will bear i
in a relatively shorter period. Very farge and old plants, w
ouly cost more to the grower, but alvo a liwge pereentage of thei
suflfer both 1 the orchard aller planting and during tran
Webber (331) has shown that Targer seediings no doubt prod
larger budling= but tt has to be remembered that the differe
m the size of plants disapprars ropidly as vears roll on, 2w
found to remain only upto about eight vears.

When plants arrive, they should be taken delivery of with
delay and planted out in the field directly.  While planti
each plant should be separated from the rest carefully, witls
damaging roots or shoots, and all injured roots and tender she
neatly pruned off.  Planting is done in the centre of the)
where the peg was driven previously by removing the refl
soil out just to accormnodate the roots of the plants in t
normal not twisted or contorted) position. The suil
then put over and around the roots and pressed well with
feet of the planter.  The plantshould not be set down deep soa
bury the stem. It is a serious mistuke to bury the bud-joint wl
planting, as this predisposes the trees to the attack of whitce o
and gunvuoesis rrouble later on. The bud-joint should be k
high above the zone ordinarily made wet by the irrigation wit
in order to prevent the attack of gummosis at the bhud resr
ITrrigation is given copjously immediately after planting. 1
tender plants are protected for a few weeks after planting fr
the heat of the sun by shading them with some kind of shel
made of green branches or so. These are removed after !
plants revive from the shock of transplanting. In Rzh

Planting
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(Ahmadnagar, Bombay State), Mosambi plants are 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, lucerne growing is discontinued.
In 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 definite dormant period
during the winter season, planting is done either 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 trees 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. Thence-
forth, irrigation is done in regular turns. If the
area is under well irrigation, water is given once
in six to eight days in the hot months from March to June, and
onee in ten to twelve days in winter from November to February.
.Dm"mg the rains, July to October, water is given only when there
is a long break of rains. But where irrigation is from the canal,
the canal regulations cannot be changed to mect the requirements
of 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
the needs of the planters wherever feasible. In canal areas,
owing to the uncertainty of the availability of water, growers
often let into the orchards as much water as they can when water
1s available, as the next turn of water may be uncertain and ir-
regular. This practice often causes periodic stagnation of water
in the soil, and brings about die-back and root-rot trouble.
Too heavy irrigation is as harmful as lack or inadequacy of
water, It is, therefore, safer to have well irrigation, as it
tan be controlled by the grower himself. Well irrigation is
ipecially preferred when trees are treated for crop and when

Irrigation
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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 like
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 prevenis
soil aeration 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 authors report that, in
California, 92 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 with a total of 185 acre-inches of water werc
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 509%, to 809%, 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 thirty to forty days,
and on the loam soils from forty to forty-five days. About
one 1o one and a half times as much water was required when
cover crops were grown as when the orchard was given clean
cultivation. It is observed that citrus roots are most dense
in the upper three-feet layer, and the upper foot contgxns_ the
large majority of the roots. Thomas (306) states that citrys
roots seldom penetrate below a depth of four feet. In soils
less than three-feet in depth, it is estimated that fifty to sixty
percent of the roats 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-
fruit trees of four years of age on a light-texture soil had developed
eighty percent of the total root system in the surface two feet of
soil (240). In another study with mature citrus trees on the same
wil type, where the extreme depth of root penetration was in the
ainth foot, the major part of the root system was quite shallow,
Another study in Arizona revealed that sixty-five to seventy per-
ent of the absorbing roots of mature citrus trees are located in
he surface two feet of soil (111). The same investigation shows
1at 31'6 acre-inches of water are applied in Arizona to Navel
nges in a year, and 40-7 acre-inches to grapefruit. Smith,
innison, and Carns (240) report that about thirty acre-inches
‘water per annum is applied to grapefruit trees on the Yuma
esa in Arizona. Irregular watering or rainfall interferes with
¢ 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

ich may interfere with the fruit set in the normal season.
The most important methods of irrigation employed in citrus
hards, 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
Systems of irrigation on level groun'd and where water supply is
‘ 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 isa
opular method of irrigation among the orange growers of
outh India. Bunds are run between every two rows of
trees, with cross bunds at right angles to these s0 as to form a
basin covering the entire area reserved for each tree, It has
no place in young plantations, nor where cover or green-manure
crops are raised. The preparation of beds entails much labour
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 channels. The basins are widened gradually
as 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 cach
basin, ultimately creating a terrace-like effect and thus enabling
more effective control of the water. Thisis 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 maladics. 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 th
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tree-spread is so advanced that branches of adjacent trees touch
the rings give way to check, flood or furrow methods.

In South India a modified basin method is also sometimes
known as ring system. In this, a circular bund is formed
around the tree trunk, 2 to 3 feet away. Beyond this bund it
the basin, which receives the irrigation water. This method
does not seem preferable to the basin system, where a gentle slope
is provided from the stem to the periphery of the basin, so that
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 if it 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, as 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 three 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
irrigation methods is suggested where there is any objectionable
salt or alkali present in the soil.

Manuring citrus orchards judiciously is of very great impor-
tance in India. Enough experimental results on this subject
have not yet been recorded to suit local conditions. However,
from the general observations on the require-
ments of the plants from their carly stages of
{rowth, it is surmised that young plants need more of nitrogenous
manures than bearing ones. In the earlier stages, that is, up to

Manuring
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the age of five years, the plants grow well vegetatively, and
establish a proper root system and head. This is accomplished
by the supply of nitrogenous manures which help the trees w©
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,
after 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 1b. cattle manure, 3 Ib. wood ash (for potash), 1 Ib. bonemeal
(for phosphoric acid) and 2 1b. 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 five years old. After that,
he 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
abstituted by sulphate of ammonia or restricted to castor and
‘aranja .(Pongamia) cakes only. These cakes are believed to
eter white ants, being bitter and possibly also partially toxic to
1Sects.

A good deal of literature on manuring of citrus trees is avail-
ble regarding experimental 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 chlorophyll in
1e foliage, a zinc sulphate-lime mixture is sprayed on citrus
ees one or more times, Coppeér sulphate in Bordeaux mix-
1re spray is also sometimes applied in light doses to overcome
1e die-back or exanthema trouble in certain soils of Australia.
« small dose of ferrous sulphate may also be given with advan-
1ige to correct iron deficiency, wherever that is suspected.
fagnesium sulphate is yet another fertilizer found useful
1 some soils as those in parts of Florida. Lime and man-
anese 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 1b. of nitrogen, 12 lb. of phospharic acid and
49 Ib. of potash (14). The latter two are less subject to loss by
leaching than nitrogen, while the loss of organic matier was
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 are 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 phaosphate
fertilisers.

Analytical data on nitrogen content in 36 bearing Valencia
orange trees excavated over a two-year period at intervals of
3weeks, reveal that nearly half the nitrogen is in the leaves, about
one-tenth in the twigs and shoots, a quarter in the branches 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-
een different fertiliser treatments on 2500 Washington Naval
rees in South Africa, Anderson (7) has shown that a balanced
wtrient solution with nitrogen and phosphoric acid is of the
reatest importance. Ammonium sulphate induced very marked
icrease in weight of crop and number of fruits. A leguminous
over 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 oranges was
creased by high potash content and decreased by high
losphoric acid. Except nitrogen, none of the elements
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had any effects on sugar contents. Lord (156) advances the
suggestion that a judicious increase in lime application (o
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. Stable
manure, on the other hand, may have a bad effect especially on
trees growing on light soils when applied in large quantities.
In small guantities, it is considered to be the best 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
soil. Withholding of potash has been shown to reduce the
size of fruits in New South Wales (22). A mixture contain-
ing six hundredweight of sulphate of ammonia, three of
superphosphate, and one and a half of sulphate 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 Ib.
per annum per bearing tree or about eight tons per acre. But the
exclusive use of this manure as an annual dressing is considered
inadequate, and therefore, has to be supplemented by inor-
ganic nitrogen application. On the other hand, five to ten '
cubic feet per wee 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,
showed no positive advantage over purely inorganic fertiliser
mixture. Inorganic forms of nitrogen appeared to be parti-
:ularly useful in revitalising declining trees. The value of the
ipplication of nitrogen and organic matter to citrus trees in
south Africa as in California is also emphasised by Blatt (38).

Citrus growers in Western Transvaal are recommended to
ipply 150 to 200 1b. of well rotted kraal manure in June or July
er bearing tree per annum. For Navel oranges an addi-
ional application of five pounds of sulphate of ammonia is re-
ommended tobegiven in }Duly together with ten pounds of super-
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phosphate to large seedling trees, and somewhat less to fully
bearing Navel and Valencia trees. Potash is advised to be
applied in an inorganic form (5). Much of the nitrogen
is to be applied during the spring, while a light dressing of
nitrogen with phosphoric acid and potash during autumn
is said to assist in maturing the autumn crop and future fruit-
inig wood and benefit the crop (59). Prest (201) 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. Twenty
tons of farmyard manure may also be applied per acre, or
failing this, a green manure may be grown.

Seme 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 Ib. bone meal, and four to
five baskets (100 1b.) of well rotted farmyard manure per tree
JCT annum.

Growing and turning under of green manure crops are neces-
iary where bulky organic farmyard manure is not available in
ufficient quantities. This practice is of special value in young
slantations, as it aids in the building up of a reserve of vege-
able matter in the soil. Griffith (99) reports that in New South
Nales, green manuring 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
ecessary to apply this fertiliser for securing a good growth of
reen manure.

_ It has been shown in Arizona, that the fruiting behaviour of
itrus is more closely associated with the nitrogen supply during
le winter and spring months than with any other nutrient
@terial (9). Supplementary applications of nitrogen are re-
orted 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
iturity.  Nitrogen-starved trees produced fruits which coloured
rly and had a low acid percent, but the rind was thick and
* Juice content low.

Recent work in Holland has demonstrated that the amounts
vitamins C and A produced by plants largely depend on the
bunts of nitrogen and potassiimm added to the growing
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medium; increase in nitrogen in the medium being responsible
for an increase in vitamin C and A while increase in potassiym
produced an increase in vitamin A and decrease in C. Such
responses were, however, not obtained in America (83). Ther
is enough justification for the belief that different manuri
treatments bring about different effects on the quality of fruiy,
and as such, the subject is of great importance both for the
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 furros
eight to fourteen inches deep running alongside the tret
The furrows for the first season may be run along both sides
the trees near the drip of the branches in the same directic
as the flow of irrigation water. In the second season, the
may be located similarly but at right angles to those of the fir
year. In the third year, the furrows may be made parallelt
those of the first year, but nearer the centres of the tree row
and similarly they may be placed the fourth year parallel t
those of the second year. In later years, the methods o
application depend upon the circumstances.

The application of manures in the Bombay Presidency i
done at the commencement of monsoon in the case of yous
trees. When they come to bearing, the manures are applit
while the trees are treated for bearing, by withholding irrigatir
and exposing their roots to induce flowering, excepting the nitro
genous manures which are best applied when fruits are set. Thi
adjustment in applying manures coupled with frequent st
of soil, helps the fruits to develop into large size and to becont
very juicy. Nitrogenous manures applied together with othet
while the trees are treated for flowering, are noticed to hindet
flowering and to encourage vegetative growth. Slaughte
house refuse when applied at the rate of two baskets (3040 Ib/
per tree of Santra and Mosambi of three years of age has hett
:bb:n?:e? to produce good effect. One of the profitable resl

phate p/usp};jz:;frg};nf: application of 4 1b, of smmoniu Z;,
the trees to make fi]] i e lncier hetupsmanan Co.c00
: ull use of inorganic nitrogen supply (151).
In Rahuri (Ahmad trogen supply |
nanured at the r: et Bombay State), Mosambi trees i
rate of 5-6 Ib. of castor or karanja (Pongamis) oll
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ike per tree of fifteen to twenty years of age before blosspming.
'his stimulates flowering and fruiting abundantly, specially in
Id trees. Farmyard manure is also given at the rate of two to
wur baskets (40-80 1b.) per tree. : :

Proper cultivation of the soil in citrus groves is as much
ecessary as in other orchards for providing an adequate soil
aeration and also to prevent the weeds from
robbing the soil of moisture and nutrients.
'roper cultivation renders more water available to the roots
wy increasing the pore space and materially diminishing resis-
ance to the rate of flow through soil. The extent of cultivation
equired to be given to an orchard is dependent on the soil topo-
raphy and also on the kind of inter-crops grown. Removal of
veeds, however, forms the main object commonly kept in view,
ut recent experience in the United States of America is that
he weeding operation is usually overdone in most of the groves.
t is not sufliciently realised that in some locations weeds serve
s soil binders, by checking erosion and drift of the surface soil
seyond the range of trees. That weeds can be utilised to the
dvantage of the trees by ploughing them under the soil and
llowing them to decompose into soluble humus is also a point
w0t 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
erve as a voluntary cover crop and a worth-while addition to
rchard soil. Realising their value, American citrus growers
re now discarding the erstwhile practice of clean cultivation to
he modified methods of giving the minimum cultivation that is
lecessary to incorporate weeds into the soil, except when inter-
Tops are raised. Deep tillage is likely to damage the roots of
rees and should be resorted to only in young plantations. Con-
inuous grove cultivation may result in the formation of hard
nan or plough-sole, destroy the organic content, decrease bac-
erial life, and hinder the proper root penetration. Dccp cul-
lvation is necessary in young plantations where there is no fear
if root injury, but should on no account be resorted to in olt_icr
lantations, especially just prior or just following the blossoming
seriod.  Stirring the soil when wet, spoils the texture and re-
ards the movement of water.

C. F.—14

srove culture
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The orchard is ploughed or disced in the spring 1o in
corporate the cover crop or weed growth with the soil, Ty
soil thus made available is used to construct irrigation furrows
If rains occur before the first irrigation, or if there are pleny
of weeds, it may be necessary to cultivate once again. In som
orchards, cultivation is done once after the first irrigation hy
this is not done in all cases. The original furrows are Jef
for several irrigations, if water supply costs less than remova
of weeds. The orchard is cultivated and smoothened before har.
vest, Clean cultivation in dry season, combined with cove
crops during the summer and rainy season, is the most widel
used system in Florida (314). In Palestine, two hoeings pe
year (196) are considered indispensable to a citrus grove, one
in the spring prior to the blossoming period (particularly in
heavy soils) to acrate the soil, and another in autumn in order
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
1 of raising subsidiary crops of some kinds of
nter-crops ; i

vegetables or of other crops of short duration.
Such crops as guar (Cyamopsis psoralioides), Bhend: (Hibiscus
esculentus), cabbage, knolkohl, cauliflower, tomato, and brinjal
(Solanum melongena) are preferred for growing as inter-crops in
orange and allied orchards. These inter-crops finish their life
cycle in aboutfive months from the start and may be grown either
in the monsoon or winter. They do not require heavy and cor-
tinuous irrigation. The land is left open for part of the year,
which is highly desirable for proper hygiene of the land. These
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 the
East and West Khandesh districts, orange plants are sometimes
planted at the required distance along with the plantations Qf
banana. A dwarf short-lived type of banana, namely, the Basrat,
is grown in these districts, and citrus plants get the advantage
of being protected from the scorching sun during the first two
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rears of their life, if planted in banana plantations in these tracts.
he banana plantations are removed within two years after
jtrus plants are planted and the latter are fairly well established
s 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 thro h-
ut the year, because the irrigation given to such inter-crops makes
he land oversaturated and the main plantation suffers there-
rom. Crops of lucerne (Medizago sativa), sugarcane and banana
hould be avoided as inter-crops as far as possible. Of course,
1e extremely hot tracts like the Bijapur and Khandesh dis-
icts are exceptions; and growing of such inter-crops during
1¢ first two years of the life of citrus plantations in these dis-
icts may at times be a desirable feature. Owing to the hot
inds that blow during summer and the high temperature of the
‘mosphere, the effect of heavy irrigation to banana is not felt
f 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
b ' the plants the desired shape. Hodgson (119)

g g ; - g v P
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-
nmends that three to four main scaffoldings be selected and
se should be distributed as evenly about the trunk as possible.
hey are selected early, and those not required are pinched or
nned, it is not necessary to head back these main leaders.
len the frame-work branches are established, the only pruning
t is necessary is the removal of suckers and the unusual vigo-
§ water sprouts. He suggests that a good rule to follow espe-
ly in the pruning of young citrus trees, is when in doubt,
¢ it alone unpruned. During the first few years of bearing,
lng should be confined to the removal of suckers. Later,
ning may have to be done. As the trees grow older, it may
iecessary to provide for the gradual renewal of the bearing
by occasional removal of older parts; but this must be
t gradually. The lower branches bear fruits of poor quality
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and therefore should be removed, but the tree should not }
runed too high. A foot from the ground is all that need
ﬁcpt free from branches.

In South Africa, ringing of citrus by giving a single circuls
cut knee-high round the trunk, through the bark to the woo

- just before the last petals of the main bloa
Ringing have dropped gave substantial increase (
yield. The greatest increase occurred only when low yieldingo
shy bearing trees had been %irdled. Shamel and Pomer
(237), however, noticed in California, a marked reduction i
yield of previously ringed trees in the season after ringin
Little effect on yield was observed during the ringed year exce
during light cropped years.

Santra and Mosambi trees exhibit three growing seasons i
the Bombay Presidency. They are June-July, Septembe
October and February-March. The trees pu
forth new growth in each of these seasons, an
; often bear flowers and fruits indiscriminatet

in all of them, if they are left to nature. In order, therefore,!

take advantage of the markets which are active in particul
seasons, the orange growers of the Presidency give certd

special treatments to the trees and make them bear only o

Jout beary crop in the year.  The flowering seasons are calkt

daiars” tocadly.  The purpose of these treatments is to ched
vegetative growth and to stimulate flower bud formation.

There are three bakars, for any of which the trees may be
treated during the year. They are called the Ambe (February-
March) bahar, the Mrig (June-July) bahar, and the Hasta O
Hatti (September-October) bahar. The trees are usually treated
for only one of these bakars in any tract, and to change the treat
ment from one bakar to another is a matter of considerable diff-
culty and inconvenience to the growers and also injurious to the
trees themselves.

When the orange trees are in their fifth year, they ar
generally treated ?or the h:rop for the first time. Flowers and

ruits that may set earlier than that age art
bTa'}f;‘mcm yi) carefully removed before they develop, Iég:t the
early bearing should weaken the young trees:

The treatment for the Ambe bahar, so named because the
flowering coincides with the flowering of the mango (dAmbe of

Growing and
fruiting seasons
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ROOT EXPOSURE, SHOWING ROOT SYSTEM OF SANTHA
TREES. Facing page 187
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tmbh 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
sssening the quantity of water given in each turn. The turn
£ watering which falls in the first week of November is half of
he normal dose and the one that follows it is about one-third.
‘rom that turn irrigation is completely stopped. When the soil
1 the orchard dries up, the trees show signs of wilting and the
saves are shed. About the middle of December, the land is
loughed and harrowed. All dry shoots on the trees are pruned
nd the whole plantation is cleaned. If the trees do not show
nough signs of resting by stopping water alone, as it often
appens in heavy soils, the upper roots are exposed by remov-
1g the s0il all 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
aused to the latter is trimmed and coal tar (liquified and
voled) is applied to it to prevent rotting. Roots half-an-
ich or more in diameter are not pruned. This works as an
dditional check on the feeding of the trees, and stops their
egetative growth remarkably.

. The roots are kept exposed for about ten days. The original
il is then replaced after mixing it with the annual dose of
1anure (excepting the nitrogenous manures as explained above)
nd the roots are covered up again. Water channels and basins
re prepared and irrigation begins from about the middle of
tnuary. The first watering is very sparing, the second which
given after four or five days is more copious, and the third
atering which follows ten days after the second is a full dose.
ormal irrigation continues from then onwards. This precau-
on is essential hecause heavy irrigation all at once tends to
¥C€ up vegetative growth. By the middle of February, that is,
tabout a month from the first watering, new shoots appear on
hich flower buds are seen. Flowering may continue till the
iddle of March when fruits set. Early in June, a dose of nitro-
‘Nous manure (oil cake as suggested above) is given to the
tes and the soil in the basin is stirred frequently to keep the
teds down and to help the fruits to develop, In the loose, sandy
“®p soils of Rahuri, no root exposure is found necessary to in-
ice flowering of Mosambi 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 capahle
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 for harvest in Novem-
ber-December, and the season may extend upto January and
even to February. During Christmas the demand for oranges
is fairly active and growers, therefore, take advantage of it.

Treatment for the Mrig bahar commences from April when
irrigation is decreased gradually and stopped altogether by the
end of that month. From the middle of May, the land i
ploughed and harrowed and roots are pruned in the same way as
in the case of Ambe 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 third 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 mon-
soon months when the ophideris moth breeds well, they do not
suffer from their attack as much as Ambe bahar 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 Hatli 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 o
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
ik ke 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 Ambe
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
duning the rains, but the other advantageous factors counter-
balance the loss due to the moth.

In the Khandesh districts (as well as in the Central Pro-
vinces) the common bahar for which orange trees are treated is
the Mrig bahar (so called because 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 2 good demand for the
ruits. This bahar is therefore considered very advantageous in
racts 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
rops is in full swing.

As noted above, the Hatti bahar is not of much consequence
nd can be taken anywhere, if the first two bahars fail and if the
reather permits. This bakar is successful only if there happens
» be a long break in monsoon in the month of September, when
1€ trees can be rested.

It is always highly desirable as already stated to treat a plan-
tion for only one bahar and to stick to that bahar year
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after year. By doing so, the trees get accustomed to definite
seasonal treatments and they respond to them wvery well,
Regularity is established in the cyclic orde
of operations of cultivation, and they become
almost automatic. Changing treatments from Ambe bahar in
one year to Mrig bahar in the other disturbs regular arrangements
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 bakar fruits are sacrificed. Resting the
trees more than once a yearis 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 bahar 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 cul-
tivation of citrus trees is, therefore, considered to he of a dis-
tinctive character. It may be due to the equitable climate of the
Deccan that the trees respond well to these treatments. In
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, the
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 vegetative
growth. The soil in citrus-growing regions in North India 1
alluvial loam and very deep. Withholding water alone is enough

Changing the bahars
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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
slossoms under these conditions.

Raot 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
mnual pruning of roots may reduce the longevity of trees by
wogressively impairing their growth. It has been observed that
vhen roots are pruned, a large network of fibrous roots is formed
om the cut ends during the first year of the operation. This
ower of root regeneration, however, gradually gets reduced by
nnual 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 1s not likely in open soils. The deleterious effects of the
ractice of annual root exposure and root prunings are being
alised in several orchards, particularly in southern and northern
dia. 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
cessary to suggest that root pruning may be resorted to in-
‘quently once in two or three years in normal citrus groves,
d annually only in the case of very vigorously growing and
¢ bearing trees, perhaps in heavy soils. In the latter case, it
I also be better, if the soil is exposed farther away from the
fion exposed 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 manuwring in
ler to produce limes in the summer season is practised in
ly. It is said that this practice does no harm to the tree,
wided it is carefully cultivated.

While treating orange trees for flowering, the period of
’ping irrigation depends chiefly on the nature of the soil. 1f
soil is heavy and sticky, the trees do not show any sign of
tering even if water is stopped for three or four months.
it exposure has also to be very severe in such heavy soils.

ighter soils, stoppage of water completely for about 2 month
nund enough.
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The cultivation of kagd: lime plants is receiving a great de;
of attention in the Bombay Presidency in recent years. Th
fruit is considered to be of economic impoy
tance as it holds out a future for the lime juic
or squash industry, apart from the use of fruits in their fres
condition.

Propagation by seed was the rule in the case of this {ru
until lately. But it is now observed that if lime is raised b
budding upon jamburi rootstock, the trees fruit earlier an
the fruits become larger in size. The chief difficulty in buddir
kagdi lime is that many of its buds are accompanied by thor
and it is not easy to take out a thorny bud for insertion, with th
prevalent method of budding. However, with some practic
the lower buds on a shoot can be carefully taken out and in
serted with fair success. The mecthod followed and other coudi
tions of budding are exactly the same as for oranges.

In the West Indies, budding of limes on sour orange root
stock is widely practised. Sour orange is reported to provide.
deep tap root for the limes, which when grown from seedling
develops only a system of surface roots,

Lime trees on sweet orange or rough lemon (jamburi) hav
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 Gajanimm
having performed the best.

In Dominica (109) sour oranges were resistant to diseas
and hurricane when used as rootstock to limes. The vield
also have been much greater than on seedling trees. .

Kagdi lime plants are planted 18 to 20 feet apart in mediun
black soils in the Bombay Presidency. In alluvial and mor
fertile soils, it is desirable 1o 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 trees. A
plantation on the bank of the river Tungabhadra in the Kappa'
valley tract of the Dharwar district, was seen to thrive witk
a spacing of twenty feet each way and to present almosl
an overcrowded appearance. Trees in the Khandesh wad
are also seen to spread out and occupy twenty feet spac
in a few years. In rich soils even 25 ft. spacing is, however, foun
inadequate in South India. .

Kagdi limes
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This fruit is very popular owing to its high medicinal
value. 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 Mosambi or Santra orange trecs. It thrives well in
Sirsi (Kanara) with an annual rainfall of more than 99", It also
grows well in the drier parts of the Deccan, as, for cxample, the
Khandesh districts, with an annual rainfall of only 30”. It scems
to be more susceptible to frost conditions than other citrus trees,
and that is onc of the chief reasons for its limited cultivation in
he Northern provinces of India.

In regard to its requivrements of manures, irrigation and
sther items of cultivation, lime trees are akin to orange trecs in
nany respects,  They come to bearing a little earlier than the
range trees do, although a rvegular crop can be had from the
surth vear onwards in Bombay Presidency.

Under natural conditions, the trees are seen to bear
owers all the year round, cach flush bringing forth blossom.
he period from flowering to harvest is about six months.  This
et makes a difference in the economics of lime and orange
tivation in this country.

The chief harvest of limes falls in the monsoon when the
mand for the fruits is very dull. Iruits 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. 1f, 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 May when the 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
the and the Mrig, come to harvest in the rainy and winter seasons
1 the demand for the fruit in both these seasons is very low.
years when there is a break of rains during August and Sep-
iber, the trees flower soon after and fruits are harvested in
rch to May. But this rarely happens. Attempt is, therefore,
1g made to preserve the juice of the rainy season fruits in bot-

for use in the hot weather, as is explained clsewhere.

At present, although the Presidency of Bombay hasan 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 citr,
has been published by the United States Department of Agricu
ture (309). The difficulties in the way ¢
breeding citrus fruits owing to the long tim
required to produce new varieties and to the phenomenon ¢
polyembryony are clearly understood.

The controlled pollination technique in citrus presents n
special difficulties, mainly because of the relatively large size o
the flowers and the fact that the pollen can be stored for over tw
months.  With the multiplicity of forms of citrus existing in Indi
and diversity of regional requirements, there is no doubt tha
ample scope exists for breeding new varieties of citrus witl
desirable combinations of fruit and tree characters now found i
different citrus varieties. Such work is overdue and has to b
undertaken on a nation-wide scale.

Mosambi and Santra fruits are ready for harvest generally i
about ten months from flowering. Fruits develop a dull or yellow
ish orange colour in the Bombay Presidency
In the Ahmednagar and Khandesh districts
where the climate is drier and colder during winter, anc
hotter during summer, the fruits develop a fine golden orang
hue when ready for the market. Harvesting is generally
done according to market conditions. The orange fruits car
be retained on the trees in the Presidency for over a couple o
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 those
of the current season.

Some care is necessary at the time of picking the frujts and als
in handling them at the time of packing and transportation
Clippers are used in most citrus growing countries to harvest the
fruits, and pulling them by hand is prohibited. Fruits are then
placed, not dropped, in small low trays or packing bags, and latet
transferred to suitable containers. In some countries, the fruit
are allowed to remain in shallow trays for several days 10
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

Citrus hybridization

Harvesting of fruits
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sensitive. 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
solution of 02 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
rolour 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
attack, as is done in parts of South India, also hastens colouring
of the fruits without simultaneously hastening the maturity.
[n the case of sweet oranges, the juice should be about 309 of the
otal weight of the fruit at the time of harvest. 1ln some foreign
‘ountries, the sugar-acid ratio of the ripe fruit of different varie-
ies has been determined and laws have been enacted to prevent
he export of {ruits that do not conform to the minimum ratio
tandard. In Palestine, the ratio between the citric acid and
ugdar contents is required to be in the proportion of | :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
itio 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: ] ratio is suitable for fruits from all regions.
he titratable acidity determinations have recently been
lopted 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
¢ morning, but after the damp or dew has all evaporated and
¢ fruits are dry.

Excessive rainfall during the harvesting period leads to a
ngestion of the epithelial cells, a watery state of fruits, and rot-
g€ Oranges, therefore, should not be picked during wet
ather, It is 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 frujt
1s important for successful storage. At present no authenty
data on the best period of picking of Indian oranges are available
As there is a usual tendency on the part of the growers or orchar
contractors to retain the fruits on the trees for a very long periodir
times of glut, investigations 1o ascertain the effect of such delayec
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 1936 shows
- that the most profitable orchard had an yield

ield p .
of 260 packed boxes per acre, with a box value
of § 2:10 while the least profitable orchard had an yield of only
103 packed boxes with a value of § 1°68 per box. In some parts
of the Madras Presidency, an annual income of over Rs. 1,000
per acre from citrus growing has been realised (182). Ths
shows that citrus fruits play a very important role in the rural

economics of this country at the present moment.

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 i
this country. A simple device for grading
sweet oranges has been under test at Kodur
(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. Th

bags are attached to the plank in a manner to permit a gentle

Grading
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rolling 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 fruits, Recently the Madras Agricultural Department
has devised and popularised a more efficient machine for grading
sweet oranges and another for acid limes, and both these have
secome very popular. The elaborate mechanical grading
nachines used in foreign countries cannot hope 1o engage the
erious attention of the citrus growers in India for some years
o come until co-operative organizations arc 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 of fruits only. Real grading,
owever, should include grouping of fruits according to colour
nd maturity stages. Both these points are taken into considera-
on to some extent by the retailers who resort to hand grading,
ut the cheap grading machines referred to above do not lend
:emselves for sorting out fruits of different colours and stages of
aturity nor have any methods been evolved in this country
ith such purposes in view.

Santra and Mosambt oranges in the Bombay Presidency are
nerally packed in cylindrical bamboo baskets with little pack~

ing material for marketing purposes. The
basket is closed by tying the bamboo lid on the
» with a coir or twine piece. Itis labelled and transported
her by railway or by motor buses. The baskets ordinarily hold
ut 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,
Lit is he who practically grades the fruits.

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
18 pruned off to a button. They are rubbed gently but well
1 a flannel piece to remove dirt sticking to the rinds, and
t graded and wrapped in thin tissue paper, which is twisted
to a pig-tail. There is no standard system of packing, al-
igh the Californian standard package appears to be more
ilar than others. :

cking of oranges
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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
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, nr
loose gunny bags as heretofore, they are being packed
in wooden boxes. It is, however, observed that during the
season, Santra fruits are filled loosely in railway wagons and
sent from Nagpur 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
agents in the various cities and towns. Somt
times the crops are sold to the middlemen two or three veas
ahead, in which case the orchards are either maintained by the
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 of
through hawkers., Some of the commission agents also mauv
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 tht
commission agents. This system is in vogue throughout the
land with slight local variations. The large number of links I
the chain and the manifold abuses that have crept in, in som
parts in regard to the methods of sale and also in the matter

Marketing
organization

Marketing of fruits
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ayment of the full value realised for the produce to the con-
gnees, have resulted in rendering the fruit growing industry
1 this country very uneconomic on one hand, and raising the
slue of the fruit available to the consumers to an abnormal
vel without guaranteeing a reasonable share of the high prices
) the growers, on the other.

In March, 1949, rules for grading of citrus fruits were drafted
id included in section 3 of the Agricultural Produce (Grading
id Marking) Act, 1937 (I of 1937).

Cold storage experiments conducted on Nagpur Santra fruits

the Ganeshkhind Fruit Lxperiment Station, Kirkee have

shown that these fruits can he well preserved
ld storage at low temperatures of about 40°F for three
periments . . . .
months. Results of investigations carried out
other countries have been summarised by Wardlaw in a series
articles, and these indicatc that a considerable temperature
ge 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 for most sweet orange varieties, Fawcett {8]1) re-
nmends 38° to 40°F for Californian oranges, but advises a
we of 32°F to 40°F, to combat the stem-end rot. For
odesian oranges, Bates (18) cites 40°F as the most suitable
‘age temperature. That the keeping quality in storage is
siderably affected by cultural treatment such as girdling and
lication of nitrogenous fertilisers at certain periods 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

ld 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

/een different extremes of gaseous environments was very

. 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. .

Jranges and limes are preserved in forcign countries in

} quantities and in a variety of ways, In India, however,

C. F.—15
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the only kinds of products that were prepared out of the
fruits till about a decade ago were pickles, syrups and squashes
Preserving them as marmalades, candie
peels, juices, citric acmas almog
unknown in this country till recently. Lately,
owing to the efforts made by the Agricultural Departments al
over the country and more especially due to the transient demand
during World War 1I, 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 o
the latter products has been made in different parts of the country,
The marmalades of oranges and other citrus fruits, lime squash
and lime cordial, lime pickles, etc.,, made by these 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 by 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 o
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 int
halves (in Maltas) or peeled by hand (in Nagpur Santra). The
juice is extracted with a juice extractor, 2
revolving cone made of glass, monel meta
or such non-corrodible metal in the case of sweet orangts
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 ingredicnts
are added in the following proportions: juice: sugar: citric acid=
10 1b.: 7 1b.: 4 0z. For high sugar content squash the prope’
tions are: juice: sugar: citric acid==10 1b: 15} Ib.: 7 oz. Edible
colour (Niagra concentrated orange powder or Edicol A. G_»>
at the rate of 15 gms. per 100 lb. of the squash is added by di
solving the same in a little of water and mixing it thoroughly with
the squash. The preservation of the squash for long storage
effected by the addition of potassium metabisulphite at the ratt

Preservation of
citrus fruits

Orange squash
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f one ounce for 100 Ib. 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 are prepared as
slows: Fully ripe fruit after washing is cut into halves and the
lice extracted with an extractor. The straining of the juice is
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 for high sugar content squash:
ice: sugar: water==1: 2: &. The ingredients are mixed
wroughly and the prepared squash is preserved by the addi-
m of one ounce of potassium metabisulphite per 100 lh. of the
epared 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
lemons is strained through a thick cloth and
red in deep non-corrodible vessels with potassium metabi-
Iphite added at the rate of an ounce per 100 lb. of the juice.
r 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
tantity of potassium metabisulphite (proportional to the weight
sugar and water) is added and packed in sterilized bottles
d sealed air-tight.

To prepare lemsn barley water, a thick paste of the barley
iter is first made out by thoroughly mixing 3 oz. of barley flour
(Robinson patent barley flour) in one gal-
lon of hot water. The paste is then ceoled
and sugar added to raise the Brix to 50°
en it is strained through thick cloth. This is then mixed with
f the quantity of lime or lemon juice, strained through a
irse muslin cloth, and potassium metabisulphite added at the
e of | oz. per 100 Ib. of the prepared product. It is placed
sterilized bottles and sealed air tight. '
An addition of 109, 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-

ime or
mon squash

me juice cordial

mon barley
ter
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ceptible after about 4 months, the colour is fully retained. T
mango pulp was prepared during the previous summer apg
stored either with 0°19%, 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 saiting in preparation o
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) cas
be utilized to produce a welcome addition to the edible by
products from citrus fruits. These peels ar
cleaned of their rag by means of special spoon-
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 increas
the strength of brine by 29, after every 24 hours till a final
concentration of 8%, common salt is reached. At this stage the
old 89 brine is replaced by a fresh one to which potassium
metabisulphite is added as required and the whole stuff stored
in well closed air-tight vessels for at least six weeks. Afir
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 running water and drained over a large sievt.
The drained and prepared peels are put in boiling 30° Brix syrup
(containing 0-1%, citric acid to effect partial inversion of sugari
and heated to boiling. The peels are covered with a lid so that
they are left completely submerged in the syrup. Next day tht
syrup is drained off and enough sugar added to bring the sugy
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 ¥
increased by 5° Brix. After this it is increased on alternate days
in similar manner till the syrup strength records 75° Brix
when the peels are kept submerged in the syrup for 3-4 day,
after which they are drained and dried preferably in the shade.

Marmalades of good quality can be prepared from a number
of citrus fruits, A method of preparing the
product is described below:-—

Only the upper yellow portion of the skin of the thoroughly

Candying of
citrus peels

Citrus marmalade



203

ORANGES AND ALLIED FRUITS

(92) Bury pue fossog £e61 “ es | ¢ .
| ! |
: (z pooo— o boooet
g pue joo)) ‘ysereipey ¥e6l | ozz ! m“ FA
i s o
L= e
- Dogper |
Fo— 1 909
K —_— : *:.wm .
| — . 94S
| — _ 8-09
(g07) ueyreueduey 6l | | 04§
; - [ AvAS
o— ) 1o9
— 9.19
— i L0%
(1) pawgy ce6l - 1 clg
(£6) eynD) % ysoyn SE61 A 81
(£02) ueyiEUTSURY cg6l — i eGGee
(86) Pnojqay |
pue eSuvinrwisiey ‘puosts) 6g61 — i 0 ;
— — cp
(97) Buiy pue Lossoy ge61 | 1L 09 |
! poyrow poylow
ednsaau paitodaa . wmﬁomﬁ\\.:ﬁr ’
Jereanssan] Jea X o Pplo® d1qa00se

Jo Amueny)

L= (spemd

smapy) angg-oders
— . j3od wom>r
opasey Uowy

opaqe Uowd”

B.-KQEC snanny uowa”
o Fasor s
o Biyoor !ows
. RO R CT A
- 2169 9z
o 8.97.¢  °F bl
. g gge ¢ 96
5816 O @
“ a6z ¢ 8F |
ssopaoyes 8 ¢z.p Y bz
8 6g.gG aBe1aaw Jo um s1y Q] paios-a8ueiC
(95024P sH1qou 7)) uLRpUETHY
dind wnyuoine ©7y |
8 gg.gc Wem “adry
adryg _v
aduupny |
. fuer
|
{
uondLdsay poog

sowwe1d o0y Jod sweabyuu se passeadyo sonje y



COMMERCIAL FRUITS

204

8%

o 4
o Ig A% ‘stug
00f 3ad
Jouejeq
souluied asEq
001 sod PV
e
sulwre)t g

D

d

&0 &0l £1-0 1.0 99 %8 il 61 8 00 | 91 | £0 °¥nfuows
) i !
B :
SO0 0€0 S 11 G161 £ | 0o 6 . 9.0 o[ aFuey
| | g
i w m
sms . ajeapdy 5 o
reapsy !
00f . -oque> AU A
aad Aqqupieae JqEEAY
my g R ep oy ey SHOTD -un o

sounuead g 1ad S

‘swif g Jod sawmeany

(821} weyeln) pue weanopy iq

Mo payiom uumz.ﬁ uow] pue a8ueio JO 1waajuood ulureyra pue EOma_mO&EOO



ORANGES AND ALLIED FRUITS 205

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. Tt is then boiled for half an hour to extract pectin and
he extract strained through thick cloth or jelly bags. The
sectin test is performed with a jelmeter or with 959, 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,
vhen fine peel shreds are added and the heating continued
o 222°F, which is the closest temperature to the jellying point,
l'he marmalade is poured hot into clean sterilized screw cap jars,
cum is removed and the mouths of the jars covered till
ompletely cooled and set. A thin layer of paraffin wax is
pphed at the surface to prevent the product from the weeping
flect and spoilage.

Pectin forms an important constituent of citrus fruits and with
1e fruit acid is responsible for the set of jelly and marmalade,
as has alrcady been shown above. It can also
be extracted in the form of powder. Citrus
uits as a group are reputed for their healthful dietetic proper-
es. They are generally a rich source of calcium. The calcium
ontents of oranges and orange juice have been shown to be
flected by the variety, soil and fertiliser. With the membrane
arrounding the section of the orange the calcium content is
id to be almost twice that with the membrane removed.
Jranges are also a fair source of Vitamin A, and an excellent
ree 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
wse from trees with higher nitrogen level. Grapefruit juice
ave a negative corrclation co-efficient between nitrogen and
scorbic acid.  Also see pages 203, 204 and 206.

Citrus trees in the Bombay Presidency suffer from several
oubles both pests and diseases of organic physiological
nature. The commonest of these are the die-
, back, gummosis, canker, root rot, cracking of
uits, the fruit sucking moth, stem borers, scale insects, aphis
ud the lemon caterpitlar. A type of chlorosis and mottle leaf
re also seen. The root rot of citrus trees, the cause of which is

‘ood value

fiscases and pests
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TRENCHING AS A REMEDY AGAINST DIE-BACK IN AN
AFFECTED MOSAMBI ORCHARD AT KOLHAR.
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not definitely known, has been spreading fast lately 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 Agricultural 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 conditions 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 physiological disturbances have been partially
successful,

Sym&htoms of die-back have peculiar characteristics of their
own, ole plantations, individual trees or trees in patches
may be affected. The disease usually makes its appearance
afer 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
15 different from simple mottling or the yellowing of ripe leaves.
The S)rn_iPtoms 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. After a time, they attain considerable
turgidity and remain stunted and pale. Often, variegated leaves

Citrus die-back
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are also observed. The variegation is caused by regular stripes
of green and yellow colour alternating one another. The greey
colour is mostly seen alongside the main veins indicating a col-
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 the
symptom in the beginning, but subsequently, more brancheswil
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 or
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 tres
in which new sprouts appear is pushed downwards as it were,
and dormant buds on the thicker stems just below the dea
parts come into activity. In a tree of advanced infection, it is onl)
the basal stems of the main branches that survive with a fev
undeveloped yellow multiple sprouts on them. At this swmage
which is reached in about four years from the time the first attad
is seen, the tree cannot bear even a single fruit and it dies so0f
after. The formation of gum-pockets and dark excrescences
described by Floyd (86) in the United States of America is not see!
under the conditions obtaining in the Bombay Presidency. Whil
these are the prominently visible symptoms of die-back,
detailed examination reveals that every part of the affected u
displays a characteristically deteriorated condition of health
When die-back appears on the branches, the roots are seen ¥
shrivel and are reduced in number. The roots may disapped
under dry conditions and may rot under conditions of sm%nﬂﬂo“
of water. The internal structure of the branches as well as o
the roots undergoes very great changes and everywhere disinteg™
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jon and rotting are seen, With the symptoms progressing
spidly, the whole tree dies in about four years.

From the investigations carried out so far, by the Bombay
Yepartment of Agriculture, it would seem that certain soils and
sil conditions predispose the plants to die-back, as for example,

1. Soils containing 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 on the
die-back of citrus in South Africa states that, (i) damp and cloudy
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
gplween the union and head, contribute to the incidence of this

isease,

Pot experiments have shown that the application of leaf
nould is an effective treatment for Mosambi orange trees when
hey suffer from die-back in limy soils. In orchards where die-
ack appeared as a result of water-logging caused by over-
Tigation, the trees had improved when the water was
rained away by a deep open trench. Subsequent applica-
on of a good dose of manure aided their recovery. Under dry
mditions of soil, loosening the soil has resulted in the improved
talth of the trees accompanied by good bearing. A carefully
mducted experiment at the Ganeshkind Botanical Gardens
ow the Ganeshkind Fruit Experimental Station), Kirkee, on
lout 110 five-year-old trees, has shown that the application of
anures and trenching have all curative as well as preventive
lues, irrespective of the degree to which the trees have res-
mded to them. The application of sulphate of ammonia at
tervals 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 consisted 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 e .. 131b,
Sulphate of ammonia .. 14 1b,
F.Y. M. " .. 2 baskets.

The trenches were then closed and irrigation given in between
the trees in broad furrows where a cultivator 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 drait
away the excess of water.

Gummosis is another serious disease of citrus in the
Bombay Presidency, and is known to result in a very com
siderable damage in the absence of a suitable
treatment. The cause of this disease is &
fungus parasite (Phytophthora palmivora) which lives in the soil-
Under gvourablc conditions of soil moisture and temperatur®
the fungus produces spores each of which produces a swarm 0
spores which swim about for sometime—and then give risc
fungus threads (hypha). These threads enter the plant at the
bud-union but cannot penetrate the jamburi rootstock since !

Gummosis disease
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Gummosis disease
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is resistant to the disease. If Mosambi trees are therefore bud-
ded high enough on jamburi, there is practically no danger of the
disease even undér conditions of fairly excessive 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 cfacks. 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
has been shown above, the fungus enters the plant at the bud-
aion, It is, therefore, very important to plant young trces
wdded high on rootstock of jamburi or other resistant variety.
Judding should not be less than 18 inches above the collar
f the rootstock.  (ii) Soil should not be piled up too high
round the trunk to protect the collar from too long contact
ath 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
! the soil, since the fungus can enter the plants at the bud-
nion from the soil which harbours infection. The earth should,
lerefore, be removed from the base of the trunk and piled
to a small encircling mound, so as to prevent both soil and
rigation water from coming into direct contact with the trunk.
) Excessive flooding of orchards should be avoided, as this
nds to create water-logged conditions in heavy soils. :
Unless the disease is so far advanced as to girdle two-thirds
the trunk, it is possible to cure it. The extent to which the
rk is infected should be ascertained and the surface should be.
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scraped with a sharp knife. The diseased bark should he ¢y
carcfully through to the wood with the knife, care being taken to
cause no injury to the wood by this operation. The cut should
be extended at least half an inch beyond the discased zone
on all sides.  This operation is the most important step, as
elimination of the diseased bark is an essential feature of the
treatment. Creosote oil having a strength of 25 o 307,
should then be applied with a strong brush to the exposed wood.
The application should be thoroughly made at the sides. Cren-
sote oil should be allowed to penetrate into the wood and t
bark at the sides of the cut area so as to kill the fungus.  After
the surface of the wood is dry, coal tar painting is to he done
on the exposed parts only to protect the same from wond-rotting
fungi. If the diseased bark is not carefully removed, the diseast
may reappear at the side of the wound. In such cases, it wil
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 fungicidal proper-
ties. It has been found that the cost of treating a tree varies in
relation to the extent of the wound to be treated. Oun an aver
age, however, more than five hundred trees can be treated with
one gallon of the oil. Unlike carbolic acid which causes bum-
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 spreadine
Brownish pustules appear on leaves, stems and fruits. T!
Ganker trouble is most common on Kagzi lime tret

The causal agent is the bacterium, Pseudsmon
citri. The pustules are more severe in places of contact !
two or more fruits. It is not possible to cure citrus canker bt
it can be prevented from spreading by picking off all affecte
leaves and fruits and by pruning affected twigs. As the troubl
appears on the smaller twigs and then spreads downward
pruning of the twigs can be done without causing much damag
to the trees in the carlier stages of attack. The affected par!
which are thus removed should be burnt, and the whole plan
should be sprayed with Bordeaux mixture (5: 5: 50) to prevel
further infection. Citrus canker is a notorious trouble !
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 groves of the Bombay and the United Provinces,
Bengal, Assam, Madras and the Central Provinces. The
damage caused by it is, however, not much, if the trouble is
controlled as above in its very early stages.
Ciwrus trees, especially Santra and Mosambi are often seen
0 collapse suddenly within a month or two in thriving planta-
tions,  Trees may be aflected individually or
in patches and may turn yellow and wilt, In
. {ew months they succumb to the trouble.  When their roots
re examined, they are seen to be rotting and their bark peels
fl lightly and the rotten portion darkens in cblour and may
nell badly. Root-rot has also been found to play havoc in
weral orange plantations in South India. Scveral plantations
ave lately been devastated by root-rot. This discase is being
udied further. It may be only stated at present that as soon
-the tree 1s found to wilt, for no apparent reason, it should be
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,
il 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 glocosporioides is widely prevalent. As this disease
hertip i.s generally confused with citrus dic-bacls, 1t
is necessary to understand the characteristic
ptoms 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
Ithy 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 leal of citrus
the appearance of irregular patches on the leaf surface,
e leaf each arising first as a chlorotic spot, and then
widening and deepening in colour. The
$ remain’ green but all the rest of the diseased leaves
op a yellowish colour. 1In serious cases, the tree is dwarfed

Root-Tot
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and the yield declines. This disease can be corrected by t
application of zinc sulphate or sometimes by ferrous sulphat
Best control can be effected by spraying the trees with a mixw
of zinc sulphate (10 lb.), hydrated lime (5 1b.), actin (} 1b.},
solol (4 Ib.) with 100 gallons of water. The zinc sulpha
should be 989, pure. Hydrated lime is first added and the
the zinc sulphate. This is followed by actin or solol, and tt
mixture is briskly stirred before use. Spraying with ferroi
sulphate 0-0001 percent solution has also been found effic
cious in some cases. Actin and solol do not seem to be essent:
in all cases.

The trouble is supposed to be caused by lack of enough zis
or iron compounds in the soil, which prevents normal chlorophy
formation. Commercial zinc sulphate is almost always closel
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 extentt
0-005%, calculated as Fe, or 0-0135%, as iron sulphate. Whe
the quantity of iron sulphate required to cure the trouble is s
small as the one shown above (0-00019,), what is containc
as an impurity in zinc sulphate is more than enough (o b
effective, and it appears to be a fallacy o think that the zio
sulphate is the real curative agent in all cases. Spraying of iro
sulphate alone has also been found to be very effective againw
mottle leaf of Mosambi and Navel QOrange trees in Barod:
although the effect is seen several months after spraying |
done. Since spraying iron sulphate reduces the cost vor
considerably as compared with spraying zinc sulphate, th
former is very strongly recommended to be tried first.
the Gujerat area, this trouble is rather common in citnt
orchards, and it is suggested that spraying of iron sulphat
once or cven twice in the year as a regular cultural operati:
be adopted both to cure and to prevent the mottle leal troublt
Spraying should be done in fair weather, when the stickin
material may not be washed away by rains for some day
at least. ‘

In the Madras Presidency, spraying of mottled trees with ¢
mixture containing 10 lb. zinc sulphate, 5 lb. hydrated lim
with or without 4 Ib. spreader like lime casein or skimm¢
milk, in 100 gallons of water has proved very efficacious ¥
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aring plantations. The disease usually disappears a few days
ter spraying, and beneﬁcxa! effects last for at least one season
d possibly for longer periods. It has been suggested that
en trees not affected by mottle leaf are benefited from this
ray (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. It 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
wambi orchard in thie Baroda area. This trial is, however,
conclusive.  When mottling is caused by water-logging,
essive salinity in the soil or defective culture, zinc treatment
wt expected to be of much use.
Along with spraying of iron or zinc sulphate the trees sprayed
uld receive as good cultural and manurial treatments as pos-
¢ in overcoming the trouble. Choudhury (54) working in
Punjab records: “Chlorosis of Maita (Citrus sinensis) has been
stigated.  Chlorotic areas become slightly more acidic than
adjoining green portions. No correlation with the soil condi-
s has been found. In transverse sections, the chlorotic
s show light green chloro-plastids and in bad cases, where
regions turn yellow or whitish, breakdown of the granules
en 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°000159% solutions, whether injected or
red, has been found to be most efficacious and as spraying
ires no special skill this method has been recommended.”
n the Nilgiris District, Coorg, and Wynaad of Malabar,
it and leaf fall of orange trees is very common. An at-
tree gives a feetid odour and can be detected from
tance. This usually starts with the onset of the monsoon
does maximum damage in August and September,
saused by the fungus Phytophthora palmivora Butler.
he first symptoms on the leaves and fruit are water
d areas which gradually rot more. They are later
od fruit shed in large numbers. It is usual to see
orange trees  }arge numbers of shed unripe fruits under an
attacked tree.
- Coorg the disease is controlled by spraying with Bordeaux
L F—16 '



216 COMMERCIAL FRUITS

mixture, once at about the time monsoon sets in and agai
October.  Such timely spraying completely controls the diseas

Cracking is noticed in limes and lemons, more than
Santras and Mosambis. Cracking is the effect of irregul;
physiological changes in the plant tisu
caused by irregular watering and manurin
Cousiderable damage is caused to the crop by this toubl
but its severity is limited.

Fruits of the Mousambi in plantations which are ove
irrigated or which remain moist all the year round, are seet
be covered with a deep brown coating. Th
rind is unaffected inside, and the fruiti
also quite good. Its appearance is, however, completely spoile
and this fact lowers the market value of the fruit.  The causeo
this trouble is the attack of mites. Spraying with lime sulphu
wash reduces its seriousness. Preventive measures may b
adopted by draining the soil of the plantation and by regulatin
irrigation water. '

One ol the most serious pests on orange fruits in Penn
sular India, is the fruit sucking moth, which punctures ant
sucks the juice of almost ripe {ruits. The fruit then drops aite

. , oth  tWO or three days. There are scveral specie
Fruit sucking moth ¢ this insect, of which Ophideres fullonica L. i
quite common. It is a stout moth with upper wings of greyish
colour and the lower ones conspicuously bright orange and blad.
These are nocturnal in habit, and therefore remain hiding during
the day and start feeding at dusk. In the Madras Presidency
bagging of young fruits with envelopes of palmyra leaves ¥
almost universally practised as a prevention against their attack
This is quite economical. Even paper bags may be used o
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 tetraonis M. bores in the stem of orange and lemo
trees, mostly in old and neglected gardens. Besides these, !
also feeds on several other fruit trees namc)
guava, pomegranate, mango, etc. The lan?
throws out peculiar patches of excreta on the bark ol
the trees near the hole made by the borer inside. At nigh
it comes out and feeds on the bark. The galleries which i

Cracking of fruits

Tambera

Stem borer
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wva bores and the freshly eaten bark are the symptoms of

tack. By way of control (1) syringing the burrow with a little

loroform or creosote and plugging it, and (ii) painting the

wk with paris green solution of one ounce in two gallons of
water after removing the excreta and the silky materjal from
the trunks are very effective. Two applications in a week are
enough to check the pest.

The green fly attacks all kinds of citrus plants prac-
tically throughout the year. Both adults and nymphs feed
on the sap and pgrowing 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 conspicuous.

The mcidence of attack is particularly serious during the
nonths of October to February. In nature aphids are kept in
‘heck by a small lady-bird beetle, red or yellow in colour with
dack spots, as the adults as well as their grubs feed actively on
hem. Spraying with fish oil rosin soap (} Ib. in four gallons
{ water) or nicotine sulphate (l: 800) is a very eflective
ontrol.

Dialeurodes citri A. is a major pest. Black nymphs are seen
eding on the underside of the leaves. “Honev dew”
secreted by the pest develops a sooty mould
which interferes with the photosynthesis.
he pest is active from October to February and can be con-
olled by spraying with rosin compound in the ratio of 1: 6 or
h oil rosin soap (1 1b. in 4 gallons of water).

The caterpillar Papilio demoleus L. attacks all kinds of
Tus plants and kagdi limbu, particularly. The butterfly is
© lemon large and conspicuously cqlourcd and is com-
erpillar mon throughout the plains. It lays small

round yellow eggs singly on the top-most
wts and the young caterpillars feed on tender leaves. T%]C.lr
our changes from brown with white markings, to vivid
n with lateral brown markings when full grown. The
erpillar pupates on the plant, fixing itself by the tail
Iby a thread round the body. 1t also lays eggs on Bel
‘gle marmelos) and some other wild plants. There are several
ods in a year. By way of control, hand-picking and

Aphids Taxop-
tera aurantii Boy

‘hite flies
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spraying with lead arsenate are effective. The operatior
however, should be repeated at intervals.

Chrysonphalus aonidum Rilgy is also a major pest attacking leav
and fruits in the Bombay Presidency. The scale is small, row
and brownish black in colour, which spo
the appearance of the infested fruits. TIt, ho
ever, only sticks to the fruits superficially and can be rubbed
with a rough piece of cloth beftore the fruit is packed for ma
keting. The plants should be sprayed with fish-oil rosin’s»
at the rate of 1 lb. in 4 gallons of water.

Phyllocnistis  citrella S, produces glossy mines special
on young leaves. The affected leaves are disfigured wi
a number of irregular, unsightly and gliste
ing patches on them and a number of zigz
mines are prominent. The damage caused by this insect
not severe, and is confined to the affected leaves only althou
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. It is al
believed by some that the insect is a carrier of cank
infection and, therefore, its successful control is essential f
preventing the more serious canker incidence at least to sor
extent. Removal and destruction of the affected leaves a
spraying of nicotine sulphate (1: 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 eal
decline of lemon trees. Sprays includi
manganese sulphate and soda ash 10-5-1
and 4-2-100 respectively, proved successful in some cases.
others when followed by fumigation, they showed signs of youi
leaves burning (214).

As soon as slight mottling appears, a foliage spray of 4!
of zinc sulphate plus 2 lb. of hydrated lime in 100 gallons
water is recommended to be applied in most places and us
regularly once a year. In extreme cases, 4-6 gallons of spr
containing 10 1bs. zinc sulphate and 5 lbs. lime in 100 gallo
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

Scale insect

Leaf miner

Mineral deficiency
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)y one or More insect pests, or fungoxd dlscascs, weak health of
he trees, insufficient supply of nitrogen or moisture in the soil,
igh wind velocity, and low temperatures or sudden variations in
eather conditions. Excessive stagnation of water and deep
ruit 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
swer drops. In every grove, some amount of flowers and
aits are bound to drop even under normal conditions and
une-drop” is the term applied to the heavy dropping period
lich is characteristic in American citrus orchards. The
ower should be able to distinguish the unusual from the nor-
il drop, and adopt suitable cultural practices or undertake
ntrol measures after studying the causes operating in each
se, preferably in consultation with the workers on fruit culture
fruit diseases and pests.

Reductions in fruit drop from 97% to 969, are reported by
ng2, 4-1) water sprays at concentrations of 5 p.p.m. to 23 p.p.m.
the free acid equivalent (245).
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CHAPTER 1V
GUAVA
(Psidium Guajava L.)

One of the hardiest of fruit trees, the guava is grown exten-
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 guava seems to be fairly old
in this country. Total acreage under guava
1 India is 1,05,155 distributed as follows:—

ntroduction

Name of Province Area in acres
United Provinces 58,454
Bihar 19,992
Central Province 10,023
Bombay 7,415
Orissa 6,000
Madras 2,500
Hyderabad 771

The original home of guava 1s said to be the tropical parts
f America. The Spaniards found this fruit trec growing in
xtensive regions from Columbia to Peru, when they first visited
1c American continent. It is, however, found difficult to point
ut a more restricted area as the original home of guava because
f its spread due to natural agencies, as for 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 be an “obnoxious weed” and the Govern-
ient of that country is endeavouring to eradicate it. (Guava
grown in California, Florida, Cuba, Brazil, Mexico and Peru,
nd 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

245
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many provinces. Guavas from Lucknow, Allahabad, and
Banaras 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 main varieties of guava are ordinarily supposed
to be two, namely, the white and the pink feshed.
The former is more popular and more
Varieties extensively cultivated and has several strains
showing minor differences. Popenoe (25)
describes the following species:— '

1. Psidium guianense, a white fleshed fruit deriving the
alternative specific name from its origin in Guinea
in Africa.

2. P. cattleianum, or the small strawberry guava which is
perhaps the wild ancestor of cultivated forms.

. Variety lucidum has sulphur yellow fruits.

3. P. chinense, which is an unindentified horticultural
variety.

4. P. friednichsthalianum is the Costa Rican guava with
sulphur yellow fruits and with white flesh.

5. P. gugjava, 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 stands 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 Cattleianum 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



THE SEEDLESS GUAVA FRUITS. THE LOCULI AND THEIR
UNDEVELOPED OVALES MAY BE NOTED.
Facing page 246.
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This has not attracted much atten-

tion so far except as an inferior substitute in salad and for the
preparation of guava jelly.

The principal three forms of cultivated guava obtained in
the Bombay Presidency are the following:—

I. These are usually large in size, mellow and delicious
and have a few solt seeds. Truits weighing as
much as a pound each may be found in this group.

The Sind,

Lucknow, Allahabad, Banarasi and

Dholka types fall into this group.

(1) Sind.

(2) Lucknow.

(3) Dholka.

Trees bushy and of spreading
habit; fruit has few and soft seeds;
£lliptic round in shape; normal num-
ber of loculi is reduced and filled with
white or reddish pulp. Quality of
fruit very high.

Tree bushy in growth, and the fruit
is long or occasionally long with
ridges on the surface.  Seeds are few
and soft. Pulp slightly acidic cven
when fruit is fully mature.

T'ree is vigorous in growth and the fruit
is fairly big; seeds are few and soft.

II. These types are hardier and more seeded than the
above. They include the Nasik, Dharwar, Miraj
and Limbgaon varieties.

(1) Nasik,

(2} Dharwar.

C.F.—18

The tree is crect in habit and bears
bottle shaped fruits, with distinct long
neck. The fruit has a rough skin
and keeps well.

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.
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111.  Stray plants of Psidium cattleianum as well as another
cultivated type, which has practically no seeds in
it, are often found in the Bombay Presidency. The
seedless type is lately being propagated vegetatively
on a large scale, and distributed for large scale
planting.

1t would appear that the northern types are generally of
better guality, although the southern types keep well for a few
days longer, which is no small consideration in marketing so
perishable a fruit as the guava. In the United Provinces, a
number of distinct guava varieties, such as Hafsi and Karella, are
popularly recognised. But the djstinction between these varicties
has yet to be defined.

The guava tree grows well in sandy and alluvial soils, which
have an admixturc of clay in them as in parts of Sind. The
Sil black and light goradu soils of Gujerat are also

ol . - . N . .

suited for it as well as the fertile alluvial depo-
sits of river banks. In the Deccan, guava plantations are seen
in deep black, mnedium black and ill-dramed soils, although
the lighter and better drained soils are highly congental to them.
The banks of the Krishna, the Bhima and the Godavari rivers
have large guava plantlations 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 chimate as in Sind, where the maximum tem-
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 (50°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 Karna-
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 wherc
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 iu any part of this country. It thrives

Climate
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ster and produces quality fruits, when grown in places of ex-

.mes of climate than in those of equable dimate, This hardy
se is not much affected by cold waves, which occasionally sweep
er the Deccan and Gujerat tracts.

Guava plants are propagated generally by seeds in the
ymbay Presidency. However, certain trials conducted at the
Ganeshkhind Fruit Experiment Station, Kir-
kee, have shown that seed propagation gives
ie to considerable variation in the form and size of fruits, the
wure and flavour of pulp, seediness, and other morphological
aracters such as the spreading or erect growth habits of trees.
sava 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. Itis also possible

propagate from root cuttings or suckers which spring from
e roots. Stem cuttings are not very successful.

For grafting, rootstocks are raised by sowing seeds in raised
edbeds at the commencement of rains. Guava seeds are
und to keep well for a year or more, without their power of
srmination being much affected. Seeds are obtained from
rdinary fruits which ripen on the trees., They are cleanly
vashed and dried in shade, and mixed with fine wood ash. On
Irying, the seeds are stored in properly closed tin boxes and pre-
erved in a cool place until they are required for use. Seedlings
re 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
n the bottom hole and a layer of well-made compost over it.
Che compost may be similar to that mentioned under mango.
Cransplanting 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
1as 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

ypagation
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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 i
kept in shade for some days to harden. If the scion withers in 2
few days, the graft is not successful, and the rootstock may b
used again for regrafting. If it does not, then the rootstock i
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 Geylon (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 litt
trouble is to use suckers which may be forced to appear, if desires
Lateral roots are exposed about two to three feet away from tk
main trunks of the trees and cut wounds are made on ther
In course of time, these roots throw out suckers. from their do
mant buds. When the suckers grow to a suitable size, the
may be severed from the mother tree together with a portion
the roots and transplanted in their permanent place. This pra
tice is not, however, much in vogue. Du Preez (8) suggests th
guavas should be propagated by layers, root cuttings, har
wood cuttings or suckers, as the seedling progeny even 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-gro
rootstock plants at the Ganeshkind Fruit Experiment Stati
Kirkee, met with considerable success. The method adop
was the shield budding.

The land in which guava plants are to be grown
prepared by clearing all brushwood growth, ploughing ¢

Planti harrowing several times. It is properly leve

i w and green-manured by growing sann he
(Crotolaria juncea) in the previous season. Pits are then dug
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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 may be threefeetcube. Thesoil 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 js 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 get 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
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 irrigatian, 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 when 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

Irrigation
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once in ten days or so, except when 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

Irrigation
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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 lov
mound of earth is raised at the base of the trees and water isgive
in a shallow trench round this mound, so that the irrigation wate
is prevented from touching the trunk ol the trees directly as wa
explained already under citrus fruits.  Moreover, this system ca
be adopted to irrigate trees exactly where the feeding root
lie, increasing the spread of the mound as the trees grow in size
This system also economises the quantity of water required fo:
irrigation. 'The bed system consists of irrigating trees in circ.ala
beds at the base of trees, 1n which case the trunk comes into direc
coniact with irrigation water.  As the whole bed is filled with
water at each turn of irrigation, this system consumes mor
water also.  Although the usual practice 1s to irrigate i beds
the ring or the sloping basin system is found t be more suitable
As a result of wrials conducted at the Ganeshkhind Frui
Experiment Station, Kirkee, it is found that guava trees can de
well with seven to ten irrigations per year, consuming therels
fourteen to twenty acre-inches of water 10 addition to the annua
natural precipitation which comes to about twenty inches only
Manuring is one of the most important operations in the
cultivation of guava trees as it is in all fruit trees.  Farmyard o
cattle manure is the most common manurt
used in the Bombay Presidency, although it
some tracts an additional dose of other manures is also given. Fo
example, wood ash is used in seed beds in Baroda and Poon:
with a view to raise good seedlings. Tank silt is applied i
Dholka and sheep dung is sometimes used in the Karnatak
Seedlings grow to about two feet high in the course of a yeas
and become fit for transplanting in the field if these manure
are applied. At the time of transplanting of guava plants som¢
manure is usually given. In the Baroda territory, a small quan-
tity of common salt is added to each pit along with about fow
ounces of castor cake. These manures are meant to counteracl

Manuring
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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
along with the inter-crops. When the trees are treated for the
crop (bahar) the above dose of manure is given and the roots
are 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 way. This leaves some open space in
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 guwvar (Cyamopsis psoralioides), bhendi
(Hibiscus esculentus), onion (Allium cepa), turmeric (Curcuma longa),
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 safivum) and such other vege-
tables are grown 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
(Cﬁbsicum sp.), ginger (Zingiber officinale), cabbages, knolkohl
and other vegetables are taken. :

Bahar or the production of blossom generally occurs when the
trees put forth new shoots at the beginning of a new growing
Treatment for bahay SCASON- The existence of three distinct grow-
ing seasons in the Deccan and the peculiar
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
mm the third or fourth year of planting. They can then be

Inter-crops

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 produce blossom at every change of the season, as ex-
plained ahove, they may prdduce some blossorn three times a
year under natural conditions. In order, however, to concen-
trate the crop, in one season, the trees are artificially rested
for any one of the three flowering seasons. The October flower-
ing is, however, difficult to treat for, owing to the preceding
rainy month% when it is impossible to w1thhold irrigation water
for resting the trees. This bahar, locally called the Hatti bahar,
is, therefore, mostly missed. The third &sahar, namely, Ambe
bahar, or January-February flowering is also not popular, as this
requires the trees to be 1rr1gatcd during the hot months, when
wells go dry, and as the fruit is harvested during the rains when
they have little demand in the market. The hot season during
which water is usually withheld, induces the plants to “dry”
up and shed most of their leaves. Before the rains, the orchard
is ploughed and cross-ploughed, and cleancd of all the dry and
dead branches on the trees. The trees arve also examined anc
treated for stem horers, or other insect or fungoid trouble. 1
simple withholding of irrigation water does not sufliciently chec
vegetative growth of the trees, as it happens in some deep blac
retentive soils, the roots of the tress are exposed to make 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 abor
eight to ten inches. Removing the soil in this way exposes t}
feeding fibrous roots as well as some of the conducting one
The smaller and injured roots are neatly pruned ar
any severe wounds caused to them in digging the soil a
trimmed and the cut ends are smeared with coal tar to he
healing and to prevent infection of harmful soil organisn
The roots are left exposed for about a fortnight or more if1
quired, 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 replac
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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 aresparing, asin citruslest the new
flush becomes vegetative growth, suppressing the appearance
of blossom. After the third irrigation turn, normal water once
in ten days or so is resumed, unlcss it rains during that period.
jrrigation 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 bahar again begins.

During the resting period cultivators resort to bending
the branches of guava trees, with a view to check the upward flow
of sap and in order to stimulate dormant buds
on thicker stems to produce blossoming buds.
“Bending” consists of tying together hranches of adjacent trees
in a horizontal position. This operation is practised in alternate
years, Branches of guava are 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., When 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
ascertain if a suitable method of pruning can
be substituted for the practiceofbending. 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 or three buds on it.

Bending

Pruning
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As the top is no more able to utilise the sap sent to these stumps
the buds which were till now semi-dormant, are stimulated an
they put forth new sprouts. The new sprouts produce blossom an
the new season’s crop. Pruning for fruit spurs is best done i
the month of May when the trees are resting, and before th
rains set in.  Irrigation is given two or three weeks after pruning
when the buds start growth, to bear flowers in about a month
If rains are late and irrigation water is scarce, the natural growtt
is scanty and flowering is retarded. The results obtained di
not show any considerable increasein the quantity of fruitsborne
as a result of pruning. The investigations were further followec
up during 1921-1924, Individual tree performance was re
corded. The comparative study of the vield records of six hun
dred pruned and unpruned guava seedling trees showed that the
total number of fruits per pruned tree is only half of that of the
unpruncd trees, but the size and the quality of the former wer
much improved. The fruits on pruned trees, therefore, com
manded a higher market price. Pruning has other advamaqc“
in that, bearing of the plants is hastened in the season resulting
in early harvesting. The pruned trees are seen to flower earlic
than unpruned oncs under uniform cultural treatments. Prun
ing also gives protection to fruit against bats, birds, etc., by
affording good shelter 1o the fruits hiding them from the sight o
birds by the vigorous lealy growth of trees. The growers' methot
in the Poona and Satara districts to bend and tie together the out
going lateral branches of neighbouring trees in order to stimulat
dormant buds on 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 15 feet apart were pruned heavily
The heavily pruned trees produced larger fruits, but the num
ber of fruits per tree was so low that the yield per acre was les
than half of that of the lightly pruned trees. The heawv
pruning thus proved entirely uneconomical (16).

Guava trees are sometimes trained to shape. Training
may consist of cutting off dead and dry branches and of nipping
Training off the suckers. Theshoots in theinterior whicl

would crowd the “head” of the trees may alsc
be removed in order to get an open-headed plant. Guavi
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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 shoots which would bear flowers
by exposing mature stems fully to light and air, the espalier
systemn was tried in comparison with the untrained tree. FEach
plant was made to carry only three lateral branches by nipping
other side growths. These branches were taken at a height
of 2}, 4 and 5} feet respectively from the ground level. They
were tied horizontally to thin wires fixed to posts planted at
regular distances as in a fence. The tender guava branches
bend well, and can be conveniently tied to the wires fixed at
any required height. When 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”. Vertical branches are induced to grow
on these horizontal laterals till they meet the higher laterals, with
the result that the whole structure tooks 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
few 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 ensure
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, however, very suitable to small com-
pounds of residential buildings where a few guava trees can be
grown by the side of walis 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 {or 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 done nor is feasible onlarge
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 to
possess a more thrifty performance than untrained guavas.

As guavas are commonly raised by seed in the Bombay Presi-
dency, they have resulted as already stated, in very inferior types

of trees bearing crops of low grade fruits. This
(I);-"g;(::zmmt brought up the question of improving them

with a view to evolve a strain or strains of
guava which would have soft but few seeds, large guantity of
edible pulp, pleasant flavour, good yield, and medium size, with
an attractive appearance for the markel. Investigations with
this end in view were undertaken at the Ganeshkhind Fruit
Experiment Station, Kirkee, in an orchard having 600 guava
seedling trees.  These seedlings were planted in four plots and
were all almost 14 years old, when observations regarding their
individual performances were recorded. Great care was taken
to maintain uniformity in cultural operations, The fruits of each
tree were harvested separately, graded, counted and weighed.
As a result of these observations, guava seedlings have been
found to exhibit a large number of variations. Variation in the
seed content of the fruits of individual seedlings is specially
marked. Instances of bud variation are also not rare. Guava
trees have thrown out variegated growths which have been
vegetatively propagated as such and are being grown as orna-
mental plants,

Rolf (27), however, mentions that guava comes fairly true o
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-
corded 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 trees; 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 propagated
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vegetatively to prevent the quality of fruits borne by the progeny
from deterioration. Qut of these selections, the strain, named
Lucknow 49, has stood further trials in the field on a fairly large
scale for its high productivity and superb quality,

Bricf descriptions of some of the selected strains arc as fol-

lows (-~

Nasik No. 88. Trees of medium size, with open habit of
growth. Bark of stem smooth and ashy grey;
leaves clliptical lanceolate and slightly folding at
night; {ruit pear-shaped or pyriform, colour golden
yellow when fully nipe; seeds few but hard; pulp
sweet but slightly acidic.

Lucknow No. 49, Ascendant shrub with flattened top
and vigorous habit of growth; leaves elliptical
lanceolate; fruit large and spherical in shape;
fruit colour bright yellow when fully ripe; pulp
milky white, sweet and of agreeable flavour; superior
quality of fruit but of poor keeping quality.

Lucknow No. 46. Small sized trce among the Lucknow
group; low habit of growth; bark ashy grey with
greenish patches; leaves elliptical lanceolate of
large size; fruit of medium size, but oval or hottle-
shaped, skin smooth and yellow; pulp very delicious
with very few soft sceds.

Lucknow No. 24, Plant is medium-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 clliptical
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; lcaves elliptical lanceolate, 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, 19. 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.

Dhotka 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 vegetatively and
planted out at the Fruit Experiment Station, Kirkee, and are
now under field trial. Lucknow No. 49 has already become
popular for planting in orchards.

The vield of trees varies according to the nature of
plants and cultural practices adopted. The money value of
Yield . yield further depends upon market conditions

icld of guava trees . . .
and on the situation of the plantation.

In the Dholka tract (6), guava trees are almost con-
tinuously irrigated, sometimes cven when the trees are resting.

The maximum period of stoppage ol water

le- of guava to them in this tract is a month, when
plantation L ’
the trees vest. It is found that perhaps due

to over-irrigation, guava trees in the Dholka area do not live
long. For about twelve years they bear 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 in the
Khandesh districts, especially near Dhulia, by heading the trees
back almost to the base of the trunk. The low stumps thus left.
produce vigorous growth and a fair head is formed agaiuninabout
two years from pruning. Gradually, these new shoots begin tc
bear fruit, and often they may yield about 200 to 300 saleable

fruits per tree.
Guava fruits come to harvest in November, and th
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harvest may last up to February in each year, if the trees
bear Mrig bahar crop. Ambe bahar fruits ripen
in the rainy season, when there is littledemand
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 Lranches to
pick them when required.

The fruits are delicate and get damaged by rough handling
and by dropping from the tree. In 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 from 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
300-400 fruits each. Dry 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 al laid in layers in 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 for sale. At Dholka the growers
pack large fruits in baskets, while the small ones are sent loose in
bullock carts.

Harvesting

Guava analysed by Chace ¢t al and quoted by Winton and
Vinton (34) contains 21'32%, total solids, 12:94% insoluble
solids, 0889/, protein, 0779, citric acid, 4-49Y,
invert sugar, 0459, surcose, 0°699%, total
ash and 77 ml. of 0’1 N acid per 100 gm.
fruit ash alkaline. It is very rich in Vitamin G content.

Chace (3) found 0'84Y%, of ash in the pulp of guava. The
percentage of constituents as found by him are: K,O 55:009%,;
CaO 2'489,; MgO 1'64%,; P,O; 8:299,; SO, 3'589,; SiO,
1'139%, and Cl 5-339,.

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)
VitB 14 ( » » ) VitG35 (1, » )

Food value and
composition
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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 fruits 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
but are 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 sced-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 somctimes cored. The
peeled fruit is kept in 1%, brine 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 180-185°F. The sealed cans are sterilized in
boiling water for 20-25 minutes and then cooled in cold run-
ning water.

Guava jam is a delicious product which has lately been
put on the market in the Bombay Presidency. In making jam,
all the pulp is separated from the seed, and
. 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 lme juice for flavour. The whole mixture
is then cooked again, until the temperature rises to 103°C,
or 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 containers before closing.

C.F—19

Canning

Guava jam
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For preparing jelly, slightly under-ripe but fresh fruit i
washed, cut into slices discarding the damaged portions and an
G . equal quantity of water added together with §

Juava jelly .. t : N .

ounce of lemon juice or a pinch of citric acid
for every 1b. of the fruit pulp. Itis 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 clear juice
syphoned ofl. A tablespoonful of clear juice is tested with an
equal quantity of 95%, alcohol or methylated spirit. Formation
of bulky gelatinous almost solid mass indicates rich pectin, a
few large pieces of gelatinous precipitate indicate medium pectin
and a small amount of flaky precipitate shows poor pectin,
Amount of sugar to be added is directly proportional to the
amount of pectin, e.g., to every cup of juice rich in pectin is
added one cup 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 221°1° or it satisfies the shecling test: Dip a spoon in
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 jel point has been reached. Hot jelly is poured
into sterilized bottles which are capped immediately. Melted
paraffin wax is then poured over the surface of the cooled muss
to prevent spoilage,

Fresh, fully ripe fruit, after washing, is cut into small
slices and boiled to softness with an equal amount of water.
Cuava cheese The pulp is meshed thx"nugh a fine mosquito et

cloth,  For every pound of the strained pulp,
weigh out sugar: 13§ lb., butter: 2 oz., citric acid: 1 gm., salt:
half teaspoontul 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 butter. After cooling, the pieces are
wrapped individually in special wrapping paper and then stored
in closed 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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>ulvinaria psidii M. which infests both the foliage and fruits.
It is more serious during summer. It is a
small pale yellow or green 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
ds, of water. Two sprayinﬁs 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
during day time is the only remedy against
them. Flying foxes, monkeys and bats attack
suava plantations for the fruits in large numbers. Watching
luring night is very essential during ripening season of fruits.
‘ning crackers at night often minimises their attack.

Fruit flies, namely, Dacus ferrugineus F., Dacus zonaius S. and
Dacus ferrugineus dorsalis H. infest these fruits very {requently and
lay eggs in them. By the time the fruits are
picked for marketing, maggots of different
izes are developed inside, although it is difhicult to distinguish
mtwardly a maggot-infested {ruit from a healthy one. No
‘emedy is yet seen to be effective against the flies although a
it prepared from lead arsenate and molasses or clensel is found
‘o serve a good lure for them, as stated previously under the
Mango. Disturbing the soil under the plants and exposing the
supae also help in reducing the attack considerably.

The stems are often attacked by borers Arbela tetraonis Moore
ind the caterpillar. The grub bores the branches which
are killed. As a control, either the borer is
extracted with a thin wire and then the hole
:losed with mud, or some cotton wool may be dipped in
setrol, chloroform, or carbon bisulphide or even in ordinary
serosene oil and inserted into the hole. The vapours of the
volatile material suffocate and kill the insect inside the gallery.

Fruits of guava are sometimes seen shrivelling and turning
srown. Such fruits were identified as being attacked by anth-
racnose. This disease has also been noticed
in California, Florida, and Mexico, and
curs in some parts of India. The disease is distinguished by

Pests and diseases

scales

Birds and mammals

Fruit fly maggots

Stem borcrs

Anthracnose
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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, It has also been report-
G ed from Poona. Infection originates in the

uava canker . 3

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 trec,
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 Pestalotia 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 Punicacee,
Punica Dbeing perhaps the only known genus of the family.
The {fruit is locally called by various names,
such as “Dalimbada hannu (Kannada), Dalimb
- {Marathi), Dadam (Gujerati), Anar (Hindi).” It is a popular

fruit and is much liked on account of its medicinal value and
distinctive 1aste as a table fruit.

The original home of this fruit is not yct definitely known,

but is believed to be somewhere in the mountain region of the
south-west of Asia extending between Kashmir
and Arabia. Tae pomegranate is growa to an
extent in California and Florida, in Mexico,
South America, Spain and other Mediterranean countries, Egypt
and other parts of North Africa, Arabia, Palestine, Persia, Algha-
nistan, Baluchistan and many parts of India, Burma, China and
Japan. It thrives very well in all tropical -and sub-tropical
countries. In Russia a midget kind of pomegranate bearing
flowers profusely is said to be grown in pots for decoration.

The north-western parts of Pakistan are noted for the pro-
duction of high class pomegranates. The {ruit which comes
down to the south from Kabu! and Baluchistan is considered
extremely fine and commands high price. This fruit has been
introduced into cultivation comparatively lately into the plains
of India. Utkhuli, Michaelpatti, Vellodu and Penukonda in
the Madras Presidency are the important pomegranate growing
regions in South India, but in the Bombay Presidency this fruit
is cultivated in two important zones, namely, near 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 fruit
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
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
usually set apart for the pomegranate. The pomegranate to-
lerates a soil which is limy or slightly alkaline. Of course, it
thrives very well in better kinds of soil where it yields a heavier
crop, It 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
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 {rom 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.
During 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-
granate is considered as an important money crop on poor soils
Economic of certain districts of the Deccan. It does
importance 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.

Soil

Climate

Irrigation
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The extension of pomegranate cultivation is, however,
not going on rapidly as far as onc would wish, because the
quality of the fruit grown under ordinary
conditions of soil and climate is not very high,
The fruit cracks badly as a result of variations in the irrigation
and other cultural methods, or possibly 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 be
hoped that extension will be favoured by improved cultural
methods, evolving of superior varicties and of suitable methods
of manufacture of beverages.

The pomegranates grown in the Presidency of Bombay may
be divided into two varicties one with white flesh and soft
seeds, grown at Dholka, and the other with
decp pink flesh and hard seeds grown in the
Deccan or known as Alandi orVadki.

(1) Dholka types : - Fruits of large size; flesh pinkish-white
or whitish; secds medium soft; juice sweet; colour
of riud greenish white.

(2) Alandi orVadki (Deccan). Fruits of medium size; flesh
blood red or decep pink when the fruit is ripe;
seeds very hard; juice sweet but slightly acidic.

An atterapt was made in the Deccan to grow the Kabul
variety of pomegranates some time ago without success. The
plants were stunted in growth and bore fruit very poorly. The
attempt has, thercfore, been given up.

The following are some of the well-known foreign varieties:—

1. Varieties from Baghdad and Palestine :—

(1) Selimi from Baghdad: bears very big fruits weighing
one kilogram; fruit is juicy and sweet.

(2) Roman Chokab (black pomegranate) is cultivated in
Bagdad: fruit is dark coloured with large seeds. It

.has a tender sweet-sour taste.

(3) Wellissi from Palestine is considered to be the best as
it i1s soft seeded and very early to bear.

(4) Ras-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

Limiting factors

Varicties
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this varicty is obtained from Kabul, Afghanistan and
Persia.
11. Varieties from Spain:—
(1) Dulca Colorado. Fruit big, sweet and tasty.
(2) Granad Blanc. Fruit seedless.

II1. Commercial varieties of California.

(1) Choodesuy, Fruit of very high quality; stands trans-
portation well.

(2) Boomageny. Fruits large, very juicy, and stands ship-
ment well.

IV. Pomegranates in Cyprus are grouped into three distinct
classes, viz. (21):-~
(1) 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 corcect nomenclature and classification
of the 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, Kirkee, 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; flesh 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 in
the Bombay Presidency is by raising seedlings. Seeds are taken
Propagation from ripe fruits indiscriminately and sown in

seedbeds. When they are of sufficient height,
they are directly planted in their permanent place in the planta-
tions, The inferior quality of fruits produced and the general
degeneration of the local types from time to time are largely
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
countries 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 twelve
inches long and about a4 quarter to halftan-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 are propagated eithei by cuttings
or by suckers. These are planted either in their permanent
sites direct, or kept for one year in the nursery. In Java, the
pomegranates are propagated by root suckers or marcottes (8)

In the shallow and stony soils of the Deccan, pomegranat
plants are planted, twelve to fifteen feet apart. In lighter bu
Planting deeper soils, thedistance is increased to eighteer

; feet. 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. Seec
lings, which are twelve to fifteen inches in height, are then plante
and watered immediately. Planting is usually done in the mo:
soon in the Deccan, while in Sind and Northern India, pomegri
nate planting is done mainly in early spring. Some gaps ma
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-
shed, the seedlings become hardy, and can stand a considerable
amount of drought and such adverse conditions. As a commer-
sial crop, pomegranate in Cyprus is planted at eight to ten feet
zach 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.
Inorder to get a good growth of trees and a
bumper crop of fruits, proper irrigation is
essential to the trees. In the 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 manurc mixed with household
ashes is usually applied to pomegranate plants at the rate of forty
pounds per seedling while planting. After this,
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 pomegranatc
plants produce a large number of suckers from the base of the
main trunk, and form a bush. The suckers
hinder the proper setting and development of
fruits, They also utilise a large quantity of soil nutrients, that

Irrigation.

Manuring

Suckering
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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. Lastly,
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 for
removing the suckers and giving a shape to the trees.  Fruits are
Peuni borne on short terminal spurs, which have to

runing . ! ;
he at least of two years of age. Popenoe (18)

remarks that the wood of pomegranate plants bears for scveral
years, but as the years pass on, the stem loses its fruit bearing
habit. New shoots take up this function, and thus the bearing
of the tree continues. Little or no fruit is borae in the interior
of the plants. It has been observed that heavy pruning of the
branches reduces bearing of fruits {or the following two or three
years at least, As a rule, 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 (11}
has outlined a system of pruning in California in order to have a
suitable tree form. The method of pruning is simple. The
trec on planting, is cut back at twenty-four 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 on
these branches should not exceed three in number. The tree
should be free from sucker growth. The desired tree form i:
accomplished by the end of the second or third year,

According to seasonal changes in the atmosphere, there are
three flowering seasons a year i the Deccan for pomegranat
also (12)., The Mrig bahar synchronises with the break o
monsoon in the Deccan, and it is usually taken advantage ol
It 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
months from flowering. After the rains, that
18, 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 pruned 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
about the middle of February, when the first irrigation is given,
though sparingly. Watering 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. When the [ruits have set, the soil at the foot
of the trees 1s stirred at least once a month. These are the
treatments of .Ambe bahar. In the casc of Mrig bahar, the trees
are 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 for Hatii bahar
or the September flowering, because the trecs 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 Haili 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 any one
of the seasons described above, the usual
8 cropping season is the Mrig bahar, and the
fruits ripen, in the months 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

Treating the trees
for crops

Season of harvestin
and yield



278 COMMERCIAL FRUITS

the Bombay Presidency almost throughout the year. But the
right quality of fruit is available only during the winter months,
which forra the natural cropping season. On an average,
pomegranate trees of about ten years of age may bear 100200
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 3000 okes (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
very hard seeds and little pulp, with slightly

Improvement of O . .
pomegranate by acid juice. Its continued propagation by seed
selection 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 selection was made of those which had
soft seeds, better pulp and sweet juice. Trees so selected have
been further propagated vegetatively, and the progeny ratsec
by cuttings is found to possess all the good points of the selectec
parent. Ganeshkhind No. 1, is found to be an exceptionall
superior strain, This is being further propagated for distribu
tion. It is suggested that for substantial improvement of thi
crop, selection of superior trecs should be made in ali localitie
which grow pomegranate and the trees marked out for thei
high quality of fruits should be further propagated vegetatively
New plantations should be raised only with plants taken vegt
tatively from such selected trees. Seedling plantations shoul
become things of the past.  Or else, the quality of Deccan pomy
granates will remain low, and it might further deteriorate.
Pomegranate fruits are mnotorious for their crackir
habit. It is a serious trouble in the Deccan. Damage d:
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 1
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 are 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
when they give a distinct sound of grains cracking inside
when slightly pressed from outside. This is tried in
a few cases, and all fruits which are 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 weck 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 cracking.

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 in packing sweet limes. The standard packing quality
depends upon the price offered per case of
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

[ 3 A /4 }
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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 1b.” In the Deccan, pomegranates are packed in bamboo
baskets without proper sizing or grading. The baskets con.
tain fifty to seventy-five fruits each.

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. It 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
Uses of pomegranate content is more than that in apricots and

’ " peaches. In the Balkan peninsula, a kind of
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 has
for many generations past been the remedy for tenia. A je
black smooth writing ink is also made out of it. A cooling drin]
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 i
used for slimming purposes.

“The fruit is very refreshing and hence is eaten fresh in hc
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. Tt
pomegranate fruit is highly commended for its delicacy :
possessing flavours like the apple. The plant is highly value
for its decorative effect in the United States of America. Wit
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
other portions of the fruit. They are then
crushed in the meat-mincer and the juice
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 2 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—29%, 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 184°F, cooling it quickly and after allowing it to
stand overnight,” decanting or filtering it. The filled bottles
have to be pasteurized at 175—180°F. for 30 minutes. In
one good variety the juice was 40-1Y%, of the entire fruit and
total solids varied from 17'3 to 18'5% of the juice, acids
running from 0-81 to 1-23Y%, 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. It was
found that 929, of the fruits bagged in this manner yiclded 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 m
large numbers on the lower surface of leaves. They secrete
copious amount of honey-dew on which black mould may

Pomegranate juice

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

Chikta controlled by spraying with rosin compound
prepared with the following formula:—

Rosin 51b.  Powder rosin and mix it with

soda in a vessel and add

Washing Soda 1 1b, enough water. Boil the

mixture and keep on adding a

Water 5 gals.  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 I: 6.

In old and neglected gardens particularly, the main trunks
of trees will be found badly infested with stem borer cater-
Stem borer 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 hy 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 o
the chemical. Considerable damage to plantations is caused by
this stem borer.  All the bark and other portion eaten by it shoulc
be cleaned and the damaged parts treated by coal tar to enabl
the wound to heal up. :

Fruit rot is at present the only known trouble caused b
fungus in the case of pomegranates in the Bombay Presidenc
Frui The fruits rot badly, partially or wholly an

rutt rot .
become useless. The only remedy is to remo
all affected fruits and burn them. The fruits may be spraye
with Bordeaux mixture (5: 5: 50) as a preventive remedy.
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CHAPTER VII
GRAPE (Vits Vinifera L).

The grape although limited to a small acreage, is a hig;
specialized crop in the Bombay Presidency. The climatic con
. tions of the Deccan are not very suitable

Introduction P . L
the cultivation of choice varieties, but d
to equable temperature, the vines bear fruit during winter a
the fruit is available for sale in the months of February to Ap
when the superior table grapes produced in the countriestot
North-West of India are not on the market. An equable clin
and off~season fruiting are, therefore, the factors which enco
age grape cultivation in this part of the country. Buf whe
ever the temperature reaches the freezing point, cousiderat
damage is caused to this crop. Frequent losses duc to fic
during the last decade have und'rmb‘t.cdly checked and d
couraged the extension of grape cultivation. .»\.s statcd'ubm'c, it
quality of grapes grown in the Bombay Presidency s ot ve
saperior, and this tact retards to a certain extent its extension J
acreage.  Nevertheless, its cultivation affords a very Hiensiv
kind of farming, and if a full crop is harvested, it gives a fairly
good income to the grower. lIt'is principally on this ground
that the importance of grape is recognised, ' )
It is difficult to locate the original iome of grape vines, but 1t
appears to be a native of Asia having originated in the Gaucasus
regions. According to Alphonse I)’Candolle
(29}, records of the cultivation “of grape
vines in Egypt go back to 3,000 to 4,000 B.C.
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, South Wales, Palestine, Persia,
Afghanistan, South of China and Brazil. Ninety per cent of
commercial grape culture in the U, S. A, arc centered on the
Pacific coast, where European varicties are grown for the
production of table grapes, raisin and currant grapes and for
wine purposes. In the rest of the country, hybrids and native

grapes are grown.

Origin and
distribution
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gln India grape growing is restricted to Kashmir, the
injab, the Deccan and the Madras Presidency.

{ Baluchistan in Pakistan with an acreage of 2,429 under
apes, supplies table grapes to almost the whole of India from
ptember to December. Raisin grapes are also obtained in
tge quantities from Afghanistan, North-West Frontier Province
td Baluchistan. In the Punjab, viticulture has not vyet
ken a real foothold, but a few early varieties bearing crops
fore the advent of the monsoon appear to be gaining some
wpularity. Formerly, inferior varieties like Tas, Tor, Sursavi,
tnsavi and shy bearing Kishmish and Bedana were the main
ltivated varieties in the Punjab. Muscat and Sultana
edless introduced from Australia had also been tried
ly with uncertain results. Even the introduced early varieties
e subject to considerable damage by periodic hail and dust
srms and premature rains during the harvesting season. In
wth India an inferior varicty of grapes is grown fairly cxten-
rely in Michaelpatti and Vellodu in Madura districts and
rishnagiri in Salem district and in and near Bangalore.
uring the last decade the seedless Kishmish was introduced

South India and has acquired an unexpected popularity
tder a most intensive and distinctive method of culture.

In the Deccan, grape is grown chiefly in the districts of Nasik,
wona and Ahmednagar. The total area under grapes is 964
res in the Bombay Presidency. Most of the acreage is con-
ied to the Nasik District. There are several other tracts such
the Nira right bank canal, Sholapur and Bijapur where
apes can be grown in this Presidency. Grape cultivation has
en recently introduced into Gujerat tract also with fair
ccess.  The acreage of grapes in India is as follows:—

Bombay .. .. 964 acres
Madras .. .. .. 350 ,,
Hyderabad . .. 100,
Mysore . .. 50

Total .. 1464 acres

Grape belongs to the Natural Order Vitaceae. There
: three broad horticultural groups under which all
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Varieties and their  the cultivated types of the *genus can

classifieation classified. They are:—
1. The table grapes, such as Fakdi, Bhokari, and Kuli
Pandhari Sahebi.

2. The raisin and currant grapes, such as Sultana
Thompson Seedless. ]
3. The juicy grapes, such as Muscat and Black Prin
which are principally used for making wines, b
tling fresh juice, etc.
The table grapes are cither large or medium siz
black, greenish white or pinkish in colour a
are sweet with but few seeds and a thin or thi
skin.
The raisin grapes are large, medium sized or sm
berries. They are black or greenish white in colot
They may or may not have seeds. They have a hi
percentage of sugar and have either thin or th
skin. All raisin grapes grown in the U. 8. A. a
produced in California. They were first introduc
there in 1851. Some of the varieties are Sultar
from Spain, White Corinth and Red Corinth fro
Crimea and Alexandria. The fruit of Alexandr
variety ripens in mid-season and its colour
yellowish green. The bunches are long and loos
It has an attractive appearance and a peculi
flavour. Sultana can be grown without irrigati
but to get good fruits, irrigation is necessar
Thompson Seedless is closely allied to Sultana.® A
these varieties have large bunches, with mediw
sized berries of good quality.
The juicy grapes are cither black or whitish. The,
have a strong aroma which is a distinct character.
The sugar content is high and the juice is slightly
acidic. They are chiefly used in making wines.
All the juicy types such as Muscadine fall under
this group. 5 '
auropean or vinifera grapes (Vilis vinifera) form 909, of
he cultivated vines in the world. Stress has been laid in some
ountries on breeding work to evolve suitable varieties, better
dapted 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 on 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,
compact, long and tapering. The central portion of the bunch
is cylindrical while the upper part is thinly shouldered. When
fully ripe, the berries develop 2 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
not keep well for long. The cultivation of this variety is con-
centrated at Nasik and scattered in other areas.

Next to Bhokari, Fakd: is the most important commercial 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 Bhokari, but in a favourable season
it can compete with the latter. Fakdi vyields 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 Bhokari. 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. Fakdi
is not a good variety for shipping or for long transport, but being
very sweet in taste, it fetches a better price than Bhokar:.

Pandhari Sahebi makes slow growth in Western India. The
trunk and the canes are slightly flat. 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 Bhokari, 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 Sakebi (white big grape). It is a suitable tablc
variety of grapes grown in some parts of the country for distant
matrkets as its keeping quality is relatively high.

Kali Sahebi (black big grape) is a dark purple variety, and isa
vigorous grower. Its yielding capacity is low. Leaves arc 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 cnd. All berrics do not ripen simultaneously.
It is a late variety requiring about fificen days more to ripen
than Bhokari. 1t 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 Sahebi in keeping quality.  Fruit
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 are
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
dark purple when ripe.

Black Prince is an ecarly 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-jointed, having short canes. Leaves are greenish yellow in
colour. Bunches are of medium size, with many “shot grapes”,
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 simultancously.
“This variety is not grown on a commercial scale.

Neelum is a variety of inferior quality. Its leaves are thick,
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tri-lobed with the lower side thickly covered and with white
pubescence. It is a slow and shy sprouter. Bunches are small,
comnpact 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
be a loam with good drainage. Vines grow very vigorously
when the soil is loose and has perfect acration.
However, the grape is being grown on a va-
riety of soils with fair success, provided such soils are well drained.
In the districts of Poona and Nasik, grape vines arc growing on
black, medium black and shallow light soils, which have murum
as sub-soil. In the Punjab and Sind, any soil is considered su-
itable for vine cultivation if it does not contain a high percentage
of harmful salts. The depth of soil 1s not considered in this
Presidency as important, as the roots of vines generally do not
penctrate very deep, not beyond about three fect ordinarily in
Deccan. Chopan or clayey soils as well as those having a hard sub-
straturn are not selected for vine growing. Lagatu (51) and others
mention that ‘““The addition of large amounts of potash is neces-
sary initially to replenish the potash deficiencics caused in thesoil,
selected for grape vines.””  Chauzit (21) is of the opinion that the
yield in grapes increases in the proportion of sulphur used. The
effect of sulphur is pronounced if there is a large quantity of orga-
nic matter in the soil. The amount of sulphur used is 200 kgms.
per hectare. The most dominant 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 parts 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 Heita and a sandy or gravelly
soil for all 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.

dail
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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
Cli different parts of the world shows that as far

limate . . '

as possible, it must have a warm and rainless
summer, during which the ripening of fruits takes place. Heavy
and long continued rains also affect the keeping quality
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, grape
vines make a poor growth, which, coupled with the local practice
of pruning them twice a year, retards fruit bearing. 1t isobserved
after many trials in the Konkan and the Karnatak that grape vines
do notyield profitable crops in heavy rainfall tracts, Insuch 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, Sholapur and the Nira right bank, where
rainfall is not heavy and the climate is dry, are suited to grape
vine cultivation, if the soil is suitable and if there is enough irriga-
tion facility.

Because 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 long 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 hreeding 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 2
warm summer, but occasional rains, dust and hail storms occur
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just at the time when the 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 relation
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
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 vines is not correct.  Though the influence of the size of
cuttings was marked in the beginning, later in the vine yard, it
largely disappeared. Winkler (82) has found that oxidising
agents hastened callus and root formation and improved the
rooting of grape vine cuttings. Quinn (66) states that the
nature of the season affects the striking of roots in cuttings.
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 in 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.
Woodgn 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

Propagation
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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-grafing” or top-working of American
varieties is practised in the vineyards of some countries. This
method is used for converting inferior varietics into better ones,
Some varieties of American and hybrid (American-European)
grapes are more or less resistant to the attack of the phylloxera
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 recommcnded as rootstock plants
for grafting upon. Budding and grafting of grape vines are
also resorted to in some countries, where certain undesirable
varieties require to be replaced by better ones. However,
budding does not appear 1o be extensively practised.

A method known as bud-graft or yema-graft is also in use 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 long
scions are also practised on a small scale, especially on old vine:
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 ¢
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. Layern
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
Preparatory tillage ing and the application of a good dose of far
and planting yard manure to the soil is considered necessai

Ploughing in sann hemp (crotolaria juncea)
green manure prior to the planting season is reconunendt



|

GRAPE 325

Pits of 1} ft. by 1} ft. and 1} ft. are taken at eight to ten
feet apart. They are filled with the original soil mixed
with about twenty pounds of old farmyard manure. At
times a small quantity (2-3 1bs.) of oil cake is also applied
to each pit. In some parts of South India, the pits are
filled with alternating 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
the green leaf. Rooted cuttings are then planted singly or
two or three of them being used together in each pit. Grape
vines, being very susceptible to white-ant attack in the early
stage of growth, it is advised not to add any manure, especially
the 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 manure 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 buds are
rubbed off, and the vines are usually allowed to grow into single
canes, Care is necessary in handling the vine roots 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 of the American methods of training
and pruning described elsewhere.

Instead of rooted cuttings, only the cuttings taken from the
winter prunings are commonly used for planting in some placet
in South India. Such cuttings rarely get damaged by white
ants and grow vigorously in the rich media inside the pits, due tc
the rich mixture of green leaves, silt and bonemeal applied some
month previously and well decomposed by the time cuttings are
put down.
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In California, the distance of planting varies from eight 1o
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 on 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
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 pangara stems are not available, wooden stakes
:an be substituted for them or trellis may be prepared to train
7ines upon. Commiphora beryii is the most commonly used live
iake in Madras Presidency. Several systems of training vines
1ave been tried in the Deccan. The single-stake or pangara
ystem is, however, the most commonly adopted one, It con-
ists of planting vines eight or ten feet apart, and when they
1ave grown to a height of six to seven feet on the temporary
ticks they are headed back to a uniform height of five feet,
Only three or four lateral spurs are allowed to
grow just below the point of heading back, all
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
sruned to encourage fruiting as described clsewhere,

The Junnar system is named after the place Junnar, where
t was originally practised. 1In this case, four vines are planted
in each pit. Pits are eight to ten feet apart.
While training them, four stakes are planted
t the four corners of the pits, and a vine is trained on each ol
hem. The heading back, growth of spurs, pruning and the like
re all similar to those of the single-stake system. The chicf
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 cight feet apart

Training of vines

ingle-stake system

‘unnar system
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are trained on posts connected by poles crosswise at a height of
five to six feet. As in the silngle stake system, vines are led to the

cross poles without allowing any lateral
Bower system growth, They are headed back 5t 1heyhcight 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, afier they have spread over the entire
bower. This method of training is very expensive from the point
of view of the commercial grower, but has much to recommend
it for the backyards of houses as it provides a fine vineyard
involving little labour and expense cxcept during the first
one or two years. The vines trained on the bower also
provide a cool and delighuul sitting place for the members of
4 household.

The umbrella system consists of training vines on to a {rame
work built in the shape of an umbrella. ‘The vine rows trained
by this method almost amount to bowering,
except that every vine has its own bower and
is independently supported.

The trellis and Kniffin systems are those in which vines
are trained to horizontal wires stretched one above the other
at a height of two feet, four feet and six feet
or so from the ground and supported on
posts planted ten to fifteen feet 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
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

Uinbrella system

Trellis and
Kniffin systems

Low-head system
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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 Junnar 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 - (ih o trained by the single stake system yielded
training systems . LS X
four pounds and thirteen ounces each, while
those trained by the Junnar method vyielded 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. F¥rom the point of view of orchard prac-
tices, the single stake system, where vines are planted squarely
is thus a superior method of training. 1t is cheap and makes
cultivation economical. The spraying of vine is also easy.
Training of vincs on trellis work requires a good deal of capital
investment for buying posts, wires and other materials, and the
cultural operations cannot be carried on crosswise. The over-
head or bower system involves a large investment to start with,
and it is difficult for 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 South India vines are trained to grow up to a height
of four to five feet from the ground without any side shoots and
ST on the support of a live stake—-Commiphor
g'a‘“‘"g n beryii, and the canes at this height are allowed
outh India .
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-Wes
Frontier and Baluchistan, a similar but cheaper system is pre
valent, but instead of training the trunk of vines to grow
erect, they are allowed to reach a small and low platforn
made of dried branches, roughly at an angle of 45°. Th
platform is constructed between every two rows of vines
at a height of two to three feet from the ground level, ant
canes of vines from both the adjacent rows are made to spreas
upon this. If more than two trunks are grown at one place
roughly half the number is made to trail their canes on th
pandal (wooden structure for training grape vine) on orn
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side, 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 render 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 attention from American workers, The
number of varieties grown in American vine-
yards is so numerous (30), and their varietal
peculiarities regarding growth and f{ruiting
habits arc so varied, that it has been found necessary to devise
the best system of training and pruning for each variety 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 form, (b) Fan shaped or trellised,

(¢) Cordon form.
As pruning methods are intimately associated with the training
systems of vines, the two aspects are described together here. -

In the case of vigorous growing varietics 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 varietics 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 died 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

Training system
in U. S, A.
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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 neces-
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 cach vine by this system
of pruning. It is necessary in this systcm to prune sorae spurs
to two buds, so that these may grow into bearing canes in the
succeeding year. These are, thercfore, 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 berries
and large bunches.

There are numerous vaciations and combinations of these
three main systems of pruning and training vines. Bioletti (1)
states that seedless vines are vigorous growers and need long
cane pruning and trellising, Sefick and Clark (71) observe
that pruning grape vines according to the Kniffin system
was found to be the most satisfactory method in Tennessee
and other States. The trellis consists of two wires, 30 and 60
inches above the ground. The pruned vine is composed of a
single permanent trunk extending to the top wire and a one-year-
old cane trained in each direction 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 are
IS planted near the vine on the leaward side

angara stdkes .
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 by 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
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 ten 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 are 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 cut 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

Pruning of
grape vines
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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 remained
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 rrrigation 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, irrigation 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. Ttis believed that canes mature well when they are de-
foliated and exposed to the sun, and buds develop vigorously
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

runing is suitable for a given variety. Some varieties like the
gultana produce fruits from the fourth bud from the base of the
cane. In this case short pruning is not desirable. This varicty
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. Unpruned
vines are seen bearing good fruits in Kashmir and several other
tracts in India. “The main objects of pruning+are to give the
vines a suitable form and then to conserve this form and
secondly, to regulate the bearing in such a way as to obtain
the quantity of fruits 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 normalseason, 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 May or June or
September and November, or in morths 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 prunings should be practised in their proper seasons
in order to get a satisfactory crop under the Deccan conditions.
It is, however, found that off-season 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
be advisable when low temperature or such other factor causes
injury to the vines. The frost causes injury usually in the months
of January or February at the height of winter. In that case
vines may be pruned in the months of February or March and
illowed to grow till the end of September when they can
be pruned again for the October growth. Pruning in the months
of gebrlmry and March under such conditions is but natural.
But no crop can be expected during the usual season of November
0 April under such circumstances. In the Madras Presi-
iency, particularly in the southern districts, vines can be pruned
n December-January and April-June, i.c., after the harvest of the
rop is completed. In (galifomia, 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 tcmperature 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 js
dropped. Every care was taken to keep the vines free 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 somctimes practised to induce heavy bearing in
grape vines. “The process of girdling consists of making two
parallel incisions through the bark around
either the trunks, arms or canes of the vines,
and of removing the bark between the two
paraliel cuts. This must be thoroughly and cleanly done
while the vines are in bloom” (38). Jacob (48) recommends
that a complete ring of bark, %th of an inch to #th
of an inch wide may be removed from the stem of Thompson
Seedless and Corinth. Girdling can be practised for scveral
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. It is done to increase the size
of the fruit and hasten ripening. He, however, states that
ringing is a weakening process, excepting in Black Corinth
(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 } inch wide
in Australia, while other vines resent such treatment, and
have to be girdled on the limbs. Some writers recommeud
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 branch 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

Girdling and
nipping
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niddle of the blooming period. In case of rank growth
nd 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
wre followed, it has a tendency to make foliage short, close and
dense with laterals at every bud down the cane length, and
cach has a tendency to run away, if not arrested by the knife.
Ring barking can be done to obtain early ripening, and should
be done when the berries are half grown. A much higher
sugar content and lower acidity were observed 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
a foot in a circle with a radivs of about
three feet from the vines. The smaller 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 js replaced, and the roots are covered up. When new
shoots spring up irrigation is given. Barnard (3) states that
“Root pruning occasioned by winter ploughing to a depth
of nine to ten centimeters is beneficial. The feeding roots are
annual structures invariably associated with endophytic micor~
rhiza and are developed at a depth of five 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 1b.) farmyard manure are given in
the month of April, after pruning. Oil cake,
sheep dung and all such available organic
manures can be usefully applied. The use of sulphate of
ammonia or niciphos 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 applied., 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 Ib. magnesia. Potash deficiency causes chlorotic mottling
which later lead to scorching and collapse. Boron deficiency

Rout exposure

Manuring
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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). Farmyard manure is given
at the rate of twelve to twenty tons per acre.  Another fertilizer
mixture recommended for grapes is :—

Sulphate of ammonia .. 150 1b.
Superphosphate (459;,) .. 352 b,
Muriate of potash . 72 1b.
Sand .. .. 26 Ib.

This mixture is applied at the rate of six pounds per vine
preferably in two applications in the year. Some authors
recommend green manuring in the absence of farmyard
manure. In France prunings are returned to the soil which
serve as a useful manure. The prunings may also be fed
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 necessary to vines,
as failure to apply this in adequate 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 vyield, quality
of fruit, leal 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 not
profitable. Stable manure and green manure did not yield
any consistent or conclusive results.

In Malta (14) vines are manured every third or r fourth year.
Shallow trenches are dug fifteen to twenty centimeters decp
and farmyard manure at the rate of half to one basket per vinc
is put in them. It is reported that “excessive use of organic
manures will produce grapes of inferior quality for the wine
press.”

The best 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 manure is scarce and hence artificial manures, supple-
mented with green manure are applied. Vines over-supplied
with nitrogen produce delicate 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 trcatments may be
adopted with advantage in Bombay Presidency ;-

(1) Bone meal . . Tewt
Sulphate of potash .. lewt
Sulphate of ammonia or nitrate

of soda . .. lewt
or

(2) Bone meal .. ..o Leowt
Blood manure .. .o 2 cwt,

These doses are meant for one acre.  Vines may be manured in
Bombay Presidency once in April and again in the winter, when
bunches are formed. The manure should be applied in furrows
six to eight inches deep on cither side of vines and two {eet away
from them. The winter application 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,  Irri-
gation is given to them almost throughout the year, except for a
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 available
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 tir_nc, 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 common in these tracts is the flat bed or

Irrigation
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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 decp
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 1s gradually increased to the full dose in
the third or fourth turn. Heavy irrigation in the beginning en-
courages vegetative growth and is likely to suppress [ruiting.
De Castella (17) states that “The usual practice of giving a
heavy irrigation when vines are in full bloom in summer,
tends to produce excessive vegetative growth at the expense of the
fruit.” He suggests that under Australian conditions, after
giving copious irrigation in August, the next irrigation can be
given in November. Frequent irrigations are of course neces-
sary during the swmmer, the first irrigation commencing
when the buds are about to burst.

In the Deccan, grape vines bear bunches chiefly after the
QOctober pruning. These bunches develop sweetness and quality,
producing a marketable crop. After the April
pruning also, the vines bear some bunches
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 ofl all
blossoms which appear after the April pruning, in order to con-
serve the energy of vines for the October crop. No thinning of
bunches is practised in the Deccan in the case of the October
crop. Knapp (50) while emphasizing the value of clean 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 clusters 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 s

Thinning of
bunches
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ohserved that when the temperature falls to 35° F, the foliage
and tender parts of canes are altogether killed. Whenever
Injury due to frost lqw temperature is accompanied by strong
wind, 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. Obscrvations
show that burning wood and flooding do not raise the tempera-
ture of the field appreciably. It is noticed 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 California, has not been tried in
this country on a large scale, due to the high cost of such methods.
ft may he possible to raise the temperature by five degrees
Fahreinheit by using modern heaters.  But this requires about
one hundred heaters per acre and the cost of burning them for
four or five hours may go to Rs. 150/« to Rs. 200/- per night,
When frost damages the crop, the temperature near the sur-
face of soil is usually 24°F to 26°F, and the atmospheric tempera-
ture under shade is 31°I° 1o 33°F.  The Bombay Department of
Agriculture has arranged to get timely intimation from 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 cannot 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 from 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 risc of two or thrce 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 islittle
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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 improve the quality of Bhokari,
which is the most important commercial variety of grapes in the

Deccan, by raising seedlings of this variety and
Tmprovement of making selections from them. Out of a large
grapes by raising . . . A
scedlings number of scedling vines raised and reared

; to fruiting, some produced fruits of better

quality than Bhokari. But it has to be seen yet whether
thesc selected seedlings are also high yielders. Seedling No. 94
appears to he promising. The main features of this seediing
are:——

Vine growth fairly vigorous, stem brown, cylindrical,
glabrous, young growth smooth, internodes short, ten-
drils more frequent, occurring practically at every node;
leaves membranous, basal lobe overlapping only in the
advanced stages; clusters 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. Observation
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 werc
sown, and thousands of seedlings have already been planted
>ut. The new varieties which would be evolved may be more
adaptable to tropical conditions than those raised from species
of temperate regions.

Dearing (30) reports that the native vines and muscadine
mrapes, have been greatly improved by crossing and selec-
ion. One of the most striking results has been the creation
of 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
Sahebi is practically self-sterile and shy bear-
ing. When grown side by side with Bhokart
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. Sell-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,
Food value 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. Sultanina 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 (. Commercial grape juice is
reported to have no vitamins at all. (Also see pages 342 and 343.)

According to Winton and Winton (85}, grapes (American)
contain 22'609%, total solids, 1:3Y%, protein and 0'5%, total ash.

Sherman (72), on analysis found the composition of
American and European grapes as follows:—

Sterility in grapes

Edible Portion American European
' grapes. grapes.
Water o . .. 81'9%, 81-69,
Protein (N x625) . .o 1449, 0-89,
Fat . o A Y 0-49,
Carbohydrate including fibre o 1499, 1679,

Ash .. . . 0459, 0469,
Fuel value per 100 gms. . .. 78 cal, 74 cal.

Fuel value per Ib. .. .. 355 cal. 355 cal.
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Work done in India shows the following analysis of grapes:
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to twelve pounds per acre. Sulphur =
the time of flowering is extremely beneherl S, o
helps setting of berries. oy B i

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.

[ this programme of treatment is carefully followed, the
rines can be kept almost free from mildews. Bordeaux mixture
s perhaps the most common fungicide in use. It is used in
lifferent strengths as may be needed by the seriousness of attack,
nd the nature of the causal organism. For a normal solution,
ve pounds of copper sulphate, five pounds of quick lime and
fty gallons of water are taken. The co?;;f; sulphate is
: dissolved in four ons of hot water in a
fordeaux mixture (i oden tub or agatl:larthcnwarc vessel. No
1etal vessel should be used for copper sulphate solution, as the
hemical acts on the metal. To the above solution cold water
added to make it up to ten gallons and stirred. In another
essel, five pounds of best quick lime is slaked and then enough
rater is added to it to make up to ten gallons. The copper
ilphate solution is then poured slowly into the lime suspension,
onstantly stirring the mixture. Bordeaux mixture is then
:ady for spraying, on the addition of the remaining amount of
rater to make up the whole to fifty gallons. Bordeaux mixture
1ould be properly prepared so as to have no free copper sul-
hate in it. is is tested by immersing a clean blade of a steel
nife in it. If a reddish deposit is seen on the blade, then more
me water should be added to the mixture, and stirred, until
1¢ knife blade remains clean on dipping. ’
Anthracnose is caused by the fungus Gloeosporium ampe-
phagum which produces cankers or scars on leaves and
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shoots. The scars appear at first as small brown spots, which
Avithrarhose enlarge and become depressed in the centre,
Affected blossoms appear as if charred.

The well-known “‘bird's eye spots” are produced by depres-
sions 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 is
necessary for the germination of anthracnose spores and infection
for the vines. Low temperatures favour the development of
anthracnose which is a slow spreading disease, and does not
devastate 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 stem 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 Ib.: 15 Ib.:
10 Ib. is smeared on vine stems, after pruning.

The only severe insect pest of vines in the Deccan is Seelo-
donta strigicollis M. which is locally known as Udadya. It cats
i up the tender growth of spurs. The colour of

wlh 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 and
pupal stages are passed in the soil. Mechanical control is
very effective by (1) removing bark of the vines to avoid egg
laying ; (2) trapping the adults in six to nine inches in length,
Zassels formed of banana leaves placed on the pruned ends

of vines near the sprouting buds, where the insects take
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 umbrella
under the vines and collecting 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 (Adoretus ovalis) seen attack:
ing grape vines at Nasik. This pest appears in November.
Cockehaf Hand-picking of these insects is recommended.

sty Dead wood on vines in which they hide should
be removed and burnt to remove all shelter to these pests, The
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10n practice in the grape-growing c_lismcts of the Dcccan is
«el off all dead and dry bark of vines, thus cleaning them
after pruning is done. In vineyards which are not cleaned
ais way from time to time and in which the vines possess
1y unclean knots, the pests do great harm to the crop.
Rhipiphorothrips Cruentatus H. are minor pests but in case
ievere infestation the shoots may wither away. Spraying
i with Nicotin Sulphate or tobacco decoction
1s quite effective.
Different varieties of grapes develop different hues on their
nches, when the berries are ripe. The Bhokari develops
rvesti a pinkish colour on the berries when they
sting n M
are fully ripe. The bunches are usually
wdy 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.
here is no systematic observation made on the right stage
" ripening of grapes in this tract. But it is best to harvest
tapes, when they are fully ripe on the vines. In America,
1¢ harvested bunches are allowed to wilt in the packing
ouse until the stems are perfectly dry. Bagging of bunches
vith thin manilla 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
improvement. At present the fruit is packed

Macketing of grapes 3 ten-pound bamboo baskets, with grape
leaves or dry grass as packing or padding material. Grapes
from Abmednagar 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
i==*4a vham are not damaged much. The baskets from Nasik



348 COMMERCIAL FRUITS

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 onc 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 work
adversely on the economics of grape cultivation. The Baluchis-
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 Madras, grapes are packed in wooden hoxes. Grapes of
good quality come to the Bombay market from ltaly and Spain
also. They are packed with cork dust in wooden barrels. The
frurt is shipped under refrigerated conditions. These grapes
fetch a good price.

In France, the picking of grapes is standardised, the stan-
dards dlffcrmg for different varieties. Trays of varying dimen-
sions are used for packing grapes.

The methods of grape storing by packing the fruit among
layers of cork is only applicable to certain varicties. Some
grape varieties can be easily preserved as
they are grown in cxtremcly 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 keep well
if left hanging on vines. White saw dust, a mixture of fir
and spruce, showed much hetter 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 environ-
mental factors under the hest storage conditions. According
to Reyneke and Du Plessis (68), S. African grapes are very
susceptible to damage from sulphur dioxide fumigation, but i
certain trials, when fumigated with 0-25%, to 0-39%, SQ,, they have
survived in exccptxonally good condition. High temperatures

Storage
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during 8O, 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 Ib. 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 I and facilities to maintain this temperature
on rail are very desirable and should cost less than the cooling
of insulated cars 10 40 degrees F by means of ice as is now done
(34).

It 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
vineyard and to cultivate it well. The net
profit per acre is, therefore, about Rs. 500.
This is of course exceptional and these figures are rarely reached
under normal conditions.  The net profit of Rs. 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 become 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 scedless 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
grapes is very low. Besides, incidental showers
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 Bhokari grapes for trial.

Economics of grape
cultivation

Drying of grapes

*The figures prevailed in the’ thirties. During and afier World War 11,
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 quality,
grape drying appears to develop into a useful side industry when
fresh fruits do not fetch a good price in the market. Other
varietics were not tried for their drying quality.,  Moreaver,
their production is low, and there is wusually Hhttle fruit
available for drying. Well washed grapes are dipped in
Iukewarm lve solution for just a minute or two and then
thoroughly rinsed in cold running water. They are then
exposed to sulphur fumes in a sulphur box for one hour and then
either dried on wooden trays in the sun under dust-proof condi-
tions as {ar as possible or dehydrated in the home-dricr at « ten-
perature of 160°F.  The dried raisins are then graded and packed
in air-tight paper-lined wooden cases.

In 1913, most of the world’s raisin production was reported
to be restricted to California, Turkey, Spain and Australia.
Muscats, Sultanas and Cwrrants are the three most important
varieties used for raisin manufacture. The seedless vaising
are made mainly from  Sultana, Sulianina, Black Corinth
and White Corinth.,  The method of preparing raisins is
described by Gruess, Christie and Flossfedel (24).  The fruits
are dipped first in a boiling solution of half to one per cent lye
(sodium hydroxide) for three to five secouds. Some varietics
like Muscat and Malaga require two to three per cent lye
solution for satisfactory results, and the time of dipping may
last upto fifty seconds.  Dipping in lye imparts a glossy appear-
ance, facilitates evaporation and renders the raisins sweeten
Special dips containing olive oil, glycerine or mineral vils appear
to improve the colour and kecping quality of raisins.  The
dipped grapes are rinsed in fresh water and then dricd in
sun or in evaporators. Twenty to thirty-three days are
required for drying undipped grapes while dipping reduces the
time by about one-third to half. Some grapes arc fumigated
with sulphur fumes before drying. Sultanina requires fumiga-
tion for hall an hour, while red wine grapes that are to he
sun-dried require to be exposed 1o sulphur fumes for one hour.
Solid bottom trays are preferred for drying operation. 'The
evaporated grapes have to be kept in sweat boxes or bins for on¢
or two weeks to permit equalisation of moisture in the raisins.
It is said that grapes dried to twenty-four per cent or twenty-five
per cent moisture will keep well under California conditions.
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Some varieties have to be subjected 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, Muscat grapes should not he 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 dried grape of Afghanistan. In Baluchistan
and North-West Frontier, grapes are dried entirely in the sun.
But some preliminary trials conducted in this country several
years ago, showed that good raisins can he prepared by adopting
the American method of evaporation using a small dehydrator
of the type described clsewhere for drying figs and banana.

Ciferri (23) states that in the province of Macerata in Italy,
it is the custom to keep fresh grapes for domestic consumption.
The bunches of ripe grapes are hung up in a cool place preferably
in a well-ventilated cellar.  Thus stored, grapes keep for a long
time, though they shrivel and assume a colour varying from
amber to brownish vellow, having in short the characters of
dried grapes. Dried grapes are liable to the attack of Macro-
phoma flacerda along with mildew.

Unfermented grape juice has been used as a popular beverage
for centuries in many parts of the world.  For bottiing fresh grape
juice, it is very necessary that the fruit should
be juicy and arornatic, so that the juice can
have its “character.”  Taking this into consi-
deration, Black Prince is perhbaps the only type in the Deccan, the
Jjuice of which can be satisfactorily bottled. Grape juice is being
canned in the United States of America on a fairly large scale.
Bottling grape juice is not a very elaborate process. The
fruit is pressed, and the juice on heing collected is mixed
with “German soil” and heated to 63°C and filtered. This
filtered juice is then bottled, and pasteurised at simmering tem-
perature ( 80°C) for wwenty to thirty minutes, closed air-tight
while still hot and stored. In the 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

Bottling of
grape juice



352 COMMERCIAL FRUITS

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, In
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 Indian market,
where sufficient taste is not yet created to develop bottling of grape
juice into an industry., But a limited sale of juice is pos-
sible if it is properly bottled and packed. Grapes furnish a large
variety of products such as wines and syrups (15).  Jelly and
conserves can also be prepared from them, while in France
and along the Mediterranean coast choice wines are manuafac-
tured out of grapes. The manufacture of syrups is easy and
can be followed on the lines of fig or any other fruit syrup.
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CHAPTER VIII
SAPOTA OR CHIKU (Achras sapota L.)

Sapota is a popular fruit in most parts of India, though not
ol very great commercial importance except in a few regions. [t
is known by a number of names in different
parts of the world, such as chiku {or chico) in
Bombay Dresidency, bully tree, ratami and shimai-eluppa
Ceylon and extreme South of India, naseberry in West Indies
and sapodilla or sapote in several other parts of the world.
Its scientific name, Achras sapota is sometimes confused with
Achras zapota L. The latter is popularly known in America as
sapote or mammey sapote, hoth of which termns closely resemble
the common name of sapota applied to the former. Both the
fruits belong o the family Sapotaceae and are classified under the
group of tropical fruits.

In India, the chku is the only kind that is of any importance.
It is grown in this country solely for its fruits. The following
distingunishing characters of other similar fruits are given in
order to avoid the possible confusion that may arise owing
to the close resemblance of the popular names. The sapote
or mammey sapote is an erect growing tree  with large
leaves resembling in outline that of loquat (Eriobotrya japonica).
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 bencath.
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 {ruit has a thick scarfy skin with nut-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

Introduction
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There is,s‘til'l anot'h(?r frui't, which' bears a similarity in nap

the chiky. "T'his fruit is designated in California as white g,
(Casimiroa edulis) and is grown extensively in Mcxi(i()‘

to a small extent in southern California. It belongs 1o
family Rutaceae to which the citrus fruits belong,  The fryi
white sapote resembles a quince in shape and has a soft and v
sweet pulp, tinged with a slight bitterness.  The skin of 1
fruit is smooth, green o yellowdsh green ino colowr, sonn
times with a dash of bright orange or yellow., The leave
are palmate, and dark green in colour. Unlike the whit
sapote and the sapote, the chikn is grown both for fruit a
well as for the manufacture of chewing gum in America.
yields a white latex from which chicle used in the manu
facture of chewing gum is obtained. The green sapote (Lucum
viride) and the yellow sapote (lucuma salicifolia) are othe
plants which are likely to be confused with that of chiku
The green sapote tree resembles the sapote in  general
appearance and habit, while the yellow sapote is a small e
bearing a slender orange ycllow fruit. Neither of the two

varieties are grown in Indian orchards.

The original homeof chiku trees is the Tropical regions of
South America. Its cultivation is extensive in Mexico and
. neighbouring countries. It has now spread
(?._”*,z-m and to other Tropical countries, including Central
istribution . . N .2 = X
America, South of Florida, Ceylon, Jamaica
and Philippines, where it has merited some attention. In India
the cultivation of chiku is concentrated in the plains of the
United Provinces, Bihar, Madras Presidency and Bengal and on
the Western coast of the Bombay Presidency, especially in the
districts of Surat, Thana and Kolaba. Some large old chiku
trees are said to be 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. In South India, the Vizagapatam district
is the leading chiku growing centre. The district of Navsari in
the Baroda State has a good deal of chiku cultivation which 1
extending further. The tract lying between Bombay and
Surat in particular secems to offer the most suitable conditions
of soil and climate for the growth of chiku trees, so much so
that the cultivators of this tract have specialised in its cultiva-
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k In the Bombay market, the chiku fruits of this tract are

bwned and they command a high price due to their superior

fity. These trees were first introduced into this tract in about

‘year 1898 at Gholwad, a small village about seventy miles to

north of Bombay. Chiku was then grown In the vicinity
t Bombay, as a rare and costly fruit plant. 1t has since then
‘ery speedily spread to Dahanu, Gholwad, Umbergaon and the
wighbouring places. The total cultivation of chiku now extends
wer an arca of 2,000 acres in this tract. 1t is fast increasing
recause of the hardy nature of the trees, profuse bearing, freedom
rom any serious pests and diseases and availability of [fruits
Imost throughout the year.

The varieties of chtke remain yet to be properly studied and
lassihed.  Commonly, two chiel types of fruits are recognised in
he Bombay market one has round fruits and the other oval
nes.  But fruits of both shapes are found on the same trees at
he same time or in different scasons of the year. Scasonal
changes arc said to influence the shape of fruits
considerably. "There is, however, a great varia-
on in the branching habit, foliage and bearing of trees, as
rell as in the texture of the skin and colour and shape of fruits.
v few of these characters seem to be correlated. The trees
wstly present a great predominance of certain characters in
reference to others.  On this basis, an attempt is made heve to
roup sapota trees as follows -

(I) Tree habit erect; branching in whorls; foliage deep
green; leaves broad oval; fruits large with smooth
yellowish skin; pulp sweet and butterlike.

(2) Trec 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.

(4) Tree habit spreading; branching irregular; foliage
light green; leaves narrow elliptical; [ruits small
with rough skin; pulp inferior.

Each of these groups may further be subdivided into two
:ctions depending upon the shape of fruits, which may either be
hiefly round or oval.

Jaricties
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Some trees have fruits with pointed ends, and resemble
playing top. Others have predominantly cgg-shaped fiy
Generally, large fruits seem to be associated with hroad 4
leaves.  Small and inferior fruits go with narrow long i
In the Surat and Navsari districts, the following distingt
varieties are recognised, of which the first three alone are.
tensively grown:—

(1) Kali. Leaves broad, thick and green in colour; fn
borne in singles; fruit quality high; main picki
season winter; fifty per ceut gooties of this var
strike roots,

(2} Dhola diwani. Leaves light in colour; fruits whi
and oval in shape; fruits superior in qquality toKa
main picking season early summer months; goot
strike roots easily on the tree.

(3) Large Caleutta.  Leaves light in colour; fruits fifty |
cent larger than those of other varieties; goot
difficult to strike roots; grafted on ravan { Mimu
hevandra). ) o

(4) Lomg.  Leaves narrow and small, looking Imlglshl

L shape; gootics sitke roows verss eastlyy frait thin an

Iong and very sweet it taste; bearing very poor and
hence not commercially paying. )

(5) Bhuri. Foliage thick; leaves medium sized; bearing
medium; fruits large and of high quality; tree
shapely. o

(6) Jingar. Treec medium; leaves small; fruits very small,
fruits borne in bunches; gooties strike roots casily.

(7) Vanjet. This is a sterile or male type. Tree grows
slowly and produces knots on the branches; often
roots emerge from these knots; bearing very shy;
fruits are good to eat; gooties strike roots easily.

Round about Vizianagram in the Madras Presidency sapota

cultivation has received a good deal of attention in recent years

Over a dozen varieties are recognised there, the most importan'

of which are listed below:— ) ) ‘

(1) Kitubarti. Very small egg-shaped fruit, with foun'f;
six ridges on the rind; skin is rough, medium thi
and has a buff colour; taste very sweet when.fu_”?
ripe. There is also a variety called Kittubarti big
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which bears big hard fruits suitable for long trans-
: port, but inferior in quality to small-fruited varieties.

{(2) Bangalore. 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.

(3) Jonnavalosa I. 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.

(4) Jonnavalosa 1I. 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,

(5) Pot Sapota. Small sized fruit, oval with a pointed
apex, ridges absent, thin skin and walnut coloured
flesh, very sweet with agreeable flavour; bears
fraits even when grown in pots; hence the name.

(6) Gauranga. Small sized fruit, ovate, with, one shoulder
drouping and the other raised. Eight to ten marked
ridges; flesh soft, melting and very sweet.

(7) Thagarampudi. Medium sized fruit, round to oval
with a flat base; skin rough but thin; no ridges;
flesh buff coloured, melting, juicy and streaked,
very sweet. Even when picked green, fruits ripen
well, unlike in other varieties. Good for export.

(8) Ayvangar. Large sized fruit, round to obovate with a
slight cavity at the stalk end; ridges not prominent;
skin very thick and buff coloured; flesh has
pinkish tinge towards the core, rose scented, sweet
and with pleasant flavour.

(9) Bombay. This variety bears both round and oval
fruits of different sizes and is perhaps identical to
those grown in Bombay, Bihar and Bengal.

(10) Dwarapudi. Largest sized fruit, round, sweet and
much in demand.
(11) Cricket Ball Sapota. This is grown at Coimbatore and
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on the lower foot of the Nilgiris.  Fruits of ver,
large size, round, very sweet, but not of any distine.
tive flavour.

(12) Jonnavalosa Round. Large sized fruits, shape ucarl
round, but sometimes obovate, and oval fruits are
also met with; small cavity present at the stalk end;
ten to eleven ridges; cream coloured and firm flesh;
very sweet.

The above nomenclature is not accepted as standard although the
distinctive clharacters of the different varieties are recognised
On the West coast of South India, all the varieties are classed into
three groups, namely, the round, the oval and the large sized.
in the United Provinces a variety known as the Plum Sapota is
grown around Saharanpur.  Most of the characters mentioned
above as distinctive of the various varieties are more or les
superficial and highly variable.  As in the case of several other
Indian fraits, so in chitu the proper study and classification is
an urgent need to regulate its economic extension. A great
1eadway has yet to be made in standardising these varietal names.
The existing grouping is often confusing and indefinite.

Chiku trees are scen growing on a variety of soils, including
:he most porous sandy soil of Gholwad and the medium black soil
of Kopergaon (Rahata). But a well-drained deep and porow
oil, like that of Gholwad, Dahanu and Gandevi {Baroda State,,
is specially snited to their proper growth. A
layer of hard murum at a depth of two to three
ect from the surface is harmful to the luxuriant growth of the
rees as well as to their profuse bearing. In such soils the trees
row well for a period of about eight years, and when the roots
trike the murum layer below, the growth of the trees is arrested.
he foliage turns pale, and the bearing as well as the size of
ruits diminish. Examples of this phenomenon are seen at Ghol-
vad and other places. In soils which form a hard cake at the
urface after the rains, the branches of chiku trees wither, ulti-
nately leading to the death of the trees. In very loose soils, strong
vinds during the monsoon shake the trees violently, with the
esult that the roots are torn and considerable damage is done
5 the trees in this way. In 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

Soil
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apotas have been grown successfully on gravely poor
aterite soils of the hill slopes of the Western Ghats, The Indo
xangetic alluvial soil of Bihar and the United Provinces are very
vell suited for its culture, provided the climate is not too cold
luring the winter.

The climate of the tract between Bombay and Surat is equi-
able. The maximum and minimum temperatures approximate
92°F and 52°F respectively. The average
rainfall is about sixty inches per annum, and
s distributed over three months from June to the end of Septem-
cr, the heaviest rainfall being during the months of July and
wigust.  The tract 1s coastal and winds are very strong at the
reak of the monsoon. The humidity of the atmosphere is genc-
ally high. The sapota plantations here are exposed to the direct
alt breeze from the sea and have to be protected by suitable
ind-breaks.  Bhend ( Thespesia  populnea) trecs  are  planted
II round the sapota plantations for this purpose. Cocoanut
rees arc also raised in thick rows, o provide a wind-break as
/el as for augmenting the income to the owner  1f this wind-
reak is not provided the foilage of chika trees on the scaside is
sorched severely, and this causes considerable damage to the
recs.  This phenomenon is noticeable in many orchards at
sholwad (3).  Parsons (12) thinks that, in Ceylon the sapota
is best suited to the low country wet zone, but will thrive
1 less moist regions also.”  Chiku is very susceptible to cold
Jury even when it has grown to be a large tree, and very rarely
nrives where frosts arc frequently experienced. This is the
eason why it is scarce in the Punjab and the lower {oot hills of
he Himalayas. In the southern parts ol 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 enarching. Parsons (12} states that budding s also possible.
If seeds are used, they are selected from
outstanding trees of merit, and sown in pans or
repared beds of light sandy soil in Ceylon. Seedlings are trans-
lanted usually when they are about two and half months of age,
nd are finally planted out twelve to fiftcen months after sowing,
n South Florida, the propagation is mainly by seed, although it

said that shield budding, grafting and layering are feasible.

Slimate

‘ropagation
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May is believed to be the most satisfactory month for hudd,
in that country. Seedling trees produce fruits which gy
markedly variable, and therefore, vegetative methods of propa
gation are now being advocated. The most common metho
of propagating chiku trecs in Western India is by gooty (Mar
cottage). Of late, grafting is displacing gooty at Dahanu ang
roundabout, because this method is easier, and the plants so pro-
pagated grow quicker (3). When the rayan (Mimusops hexandra)
rootstock is used, the bearing is said to be good too.

Cliku gooties are generally prepared at the end of May or the
Gooty beginning of June, so as to give them the ful

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. Nearly
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 success
are the factors which raise the cost of goaty plants. An
improvement in the method of preparing chiku gooties is lately
coming into vogue. After the gooties have passed the first rainy
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 con-
sidered very favourable for severing chiku gooties from their
parent trees. The above practice is prevalent in parts of Sml_‘h
Kanara district of the Madras Presidency where the rainfall
=xceeds 100 inches per annum.

Layering is found to be an easier operation than gooty
n the case of branches growing close to the ground. Such

. branches require to be pruned to enable
Layering proper cultivation of the orchard land. They
wre, therefore, used for preparing new plants by layering. J_,aycl'S.
1owever, take a fairly long time to strike root, and, therefore, do
10t get ready for planting out for several months. )

A special method of layering of litchees, but sometimes of
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ir also, is prevalent in and around Dehra Dun in the United
winces. Earthen pots with a V or U shaped notches at two
ces opposite to each other and on the edges, are tied to the
ibs 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 buried under
'soil inside these pots. The separation of the layered plant is
:cted after a very long period.
Some of the varieties of chtku are very reluctant to strike roots.
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-
s hexandra) and mohoda ( Bassia latifolia ) stocks are pre-
‘ed. Opinion, however, widely differs on the comparative
vegetative growth and bearing of trees raised
on each of these rootstocks. In Ceylon the
» trees Bassia longifolia and Sideroxylon dulicificum the “Miracu-
fruit” of tropical West Africa, are said to afford suitable
ks fur grafting sapotas (12). Mimusops kauki is said to be
d as rootstock for sapotas in Hyderabad (Deccan). Sapota
=3 on khirni, however, are reported to be not prolific. At
1aranpur, it is said, that sapotas have been successfully
rched and cleft grafted on Mimusops kauki.
Side grafting of sapota on Mimusops hexandra has been
1¢ successfully at Kodur too, and a few sapota trees
fted on this and also on Bassia latifolic and Bassia longifolia
now growing there in an observational row.
Seli-sown seedlings of rayan and mohoda or mohwa are
ained from the jungle and planted in pots for rootstock
purposes in the Bombay Presidency. When
they take root in pots, they are grafted upon,
afted 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
m preferred by the Bombay public for a long time past.
In the neighbourhood of Gholwad, the land is levelled and
s are taken twenty to forty {eet apart in the summer. Pits
usually dug three feet each way. They are filled with

sstocks

fting
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brushwood or rice husk and burnt. They are left expose
for weathering until the approach of monsoon, when they ay
Planti filled with a mixture of about eighty pound
anting X i
of sheep dung or farmyard manure, ap
the original soil. About thirty pounds of whole or broke
bones are often thrown at the bottom of each pit before filling
Planting is done either in the beginning of May, in whic
case the plants establish before the heavy showers fall, or afte
the rains in November or December. On planting, the young
plants are protected from strong winds by supports of sticks
and from the hot sun by cocoanat leaves, until they strike
Toots and begin to grow. Hand watering is the practice followed
immediately after planting. On the banks of the Ambik
river in the Navsari district (Baroda State), the alluvial depo-
sit on the river banks is particularly preferred to other soils for
planting chifu. Planting is not done during the rains, but it is
believed that if it is done in the month of May, roots of the new
plants establish themselves in the ground, and do not rot when the
early rains pour heavily. The spacing given varied in the past
from twenty to thirty feet, bhut lately there is a tendency towards
wider spacing. Gooty plants are used normally for planting,
which is done in small pits of about a {foot cube, with or with-
out manure. The land is more or less level and loose, and no
preparatory tillage is deemed necessary.  Thirty feet spacing is
isually allotted in sapota plantations in North and South India.
n the fertile soils on the banks of the Ganges, no manures are
idded to the pits before or at the time of planting. In very
yoor soils, it is considered best in South India to add manure o
he pits six months or a year ahead of actual planting. Plant-
ng is usually done in February-March, or August-September
n North India, while in South India July to January is most
avoured for this purpose. _
From October, irrigation starts once in eight days In
Nestern India. 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 days
luring this period of scarcity, with the result that a large num-
S ber of flowers which open in this season drop
‘Frigation and cause a loss, approaching forty per centof
he seasonal (Aug.-Sept.) yield. Ifirrigation water is available in
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ufficient quantities, and if the trees are watered once in four to
ix days in the hot weather, it is said that there is no loss of yield in
August and September. Chiku trees generally seem to like fairly
teavy irrigation, and are not seen to suffer much in low lying
ireas, although stagnant water is not congenial to their best
iealth. At Dhamdhacha and Devdha of the Navsari district,
htku trees are irrigated in a ring basin. A mound of earth of
hree feet radius and eighteen inches high is raised around the
runk of trees, with a view to protect them from violent winds
vhich are so common especially during the early rains. This
nound naturally necessitatcs the formation of irrigation rings,
vhich later on merge into the hroad bed system. Of course,
he mound continues. Irrigation water never touches the trunk
of trees, except perhaps in the very early stages, when the trees
ave not grown up sufficiently to require the mound. When the
nound of carth has been there for some years, roots of trees freely
merge out of it on the surface and the sides. The exposure of
he tip ol these roots does not seemi to harm the trees much.
n this tract the chiku trees are not irrigated at all for about two
nonths when they have no frmit on them. 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 bearing age, except occasionally
luring March to June, on poor soils. In the west coast of
outh India watering is never done to large trees, but in the east
:oast and central districts watering is given only to young planta-
ions and to older trees during the hot period from February to
une. On very poor and porous soils, watering is, however, done
egularly according to the amount of moisture present in the soil
mnd the amount of precipitation reccived. Chiku trees are hardy
w nature and stand a good amount of water-logging at their
oots. The subsoil water level in the Gholwad tract is within
i foot from the surface during the rains and is generally high
hroughout the year. The water in many wells at Gholwad is
wackish, 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
iny appreciable extent. Inter-crops of chilli (Capsicum sp),
3hendi (Hibiscus esculentus) and the like do suffer from such brack-
sh water. The growers of Devdha, Dhamdhacha and Bata
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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 contrins 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 sunn hemp
(Crotolaria  juncea) is often practised. The
usual dose of manure consists of one of the
following mixtures given twice a year.,

(I) Your 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 for sheep manure, when the
latter is not available. Sometimes poudrette is given instead
with great benefit. At Devdha, a chiku tree of ten years of age
receives twenty to forty baskets of farmyard manure or sheep
dung and twenty to forty pounds of castor cake. This manure
is given in addition to the heavy applications made for the inter-
crops.  Some growers also apply upto ten pounds of common
salt to each tree, although the necessity or usefulness of this
is not kunown. [t i1s believed in some places that common
salt or water Irom brackish wells stimulates hearing and im-
proves the quality of fruits. There is in this area also another
practice of burying banana pseudo-stems in long trenches opencd
i between 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-stem the growers make is to cut it and allow
it to rot in the water channels, which are specially deepened for
the purpose, and later covered with a thin layer of earth, Some
growers even open special shallow trenches for burying banana
pseudo-stemns, and incorporate them thoroughly into t‘hc soil.
Experiments carried out at the Poona College of Agriculture
have shown that the banana stem has considerable nitrogen
value as wanure 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

Manuring
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ressings twice a year towards the end of each monsoon is re-
sorted to be very beneficial in Ceylon.

The orchard soil is dug in Septemmber with the “Irani” foot
ipade, which implement 15 confined to Gholwad tract of the
Afte Bombay Presidency, having been introduced

cr-care - . . . .

there from Persia by the immigrant Irani
‘Persian} cultivators. The spade penctrates the ground to a
depth of about nine inches and turns the soil over. Basins
and water channels are then made and irrigation starts from
October. While making the basins, the mound of earth men-
tioned above is left near the trunk of the tree to prevent the
trunk {rom coming into direct contact with irrigation water.

Besides the banana (Basrai variety), Paul Neran variety of
rose is grown as an inter-crop in a number of chiku plantations

‘ of Dahanu and Gholwad. The flowers of this
Inter-crops . e . .

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, ctc., are also grown in some
orchards. Inter-crops are grown and yield income for five
or six years ia the early stages of plantations, and have then to be
discontinued or removed in order to leave the whole orchard 1o
chiku alone. Banana as has alrcady been mentioned is a very
common inter-crop in many chiky plantations, all the popular
varieties such as the Soneri and Basrai being included. Banana
plants remain in the stool for several years after planting, and
yield a substantial income as well as a usetul bulky manure.
Besides, inter-crops of suran (Amorphophallus campanulatus), turmeric
(Curcuma longa), ginger (lingtber officinale), tur (Cajanus indicus),
ete., are also grown in chiku plantations by 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 {ruits from the third year after
planting. Some gooty plants bear fruits on them cven while
Bearing planting. These fruits are few, and no serious

: attempt is made to remove them. From the
fourth or fifth year a fair income is realised, and it continues to
increase from year to ycar until the trees are about thirty ycars
old. In average plantations the bearing decreases after this
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stage of trees. Seedling trees of chiku are said to take seve
to eight years to come to the bearing stage. Flowe
appear on chiku trees almost throughout the year, thoug
blossom is more profuse in the rainy season, and less so in Apr
and May. Fruits ripen in about six months from the time ¢
flowering. Hence, fruits are harvested in large numbers het
ween December and March. They gradually decrease unti
they become scarce in 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 during
August and Scptember, 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, both the round and oval varieties of
sapotas are reported to bear two crops, a year, the Mrig bahar
and Ambe bakar (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 f{ruits are also available from August to
October, :

In the Gholwad tract, large teak-wood posts are planted all
round the tree, and cross pieces are tied to them, both with a view
Harvesting lo support the tree and its heavily bearing

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 fruits.
Picking is thus systematized and causes no injury to the frub.
But it requires a good dcal 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. )

Chiku fruits develop light yellow bloom on full matunty
and shed most of the brown scaly material formed on the
surface of immature fruits. When they are scratched, no
latex will voze out, and it is a matter of considerz}blc
experience to judge the maturity of the fruits before picking.
Parsons (12) recommends that sapota fruits should be picked
when practically ripe and kept in a dry room or shadt
for several days until they are soft to the touch. Fruits are col-
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ted in Gholwad in bamboo baskets, which are carried by
‘kers on their backs. Fruits are picked with small stalks

them. Care is also taken to see that no damage is done to
:m while picking. At Devdha and roundahout, chiku fruits are .
‘ked three or four days after the irrigation turn, when the
| below is soft, but not wet, either by hand or with a stick,
d are allowed to drop on the soft soil. 1t is the popular belief
1t the fruits do not 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
iits per annum. The immature fruit contains tannin and latex.
o1d Intaste 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 kuown as chickle. In Mexico
d Central America chickle is secured by tapping the trunks
d is used largely as a basis for the manufacture of chewing gum.
other countries as in India, chiku is grown essentially for table
rposes.

On picking, the fruits are spread out on mats under
ade for a few hours in order to allow the latex, if any,
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
oguised according to the size--large, medium and small.
tese sizes are not standardised and they seem to vary
th each grower. Fruits which are generally small are not
aded at all. :

Conical hamboo baskets are used in two sizes for packing chiku
lits. Dry leaves of banana form the packing material. These
leaves are carefully preserved in summer for
use in monsoon. The baskets are lined with
sse¢ leaves, and on them the graded fruits are placed in layers.
'en within the 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
arket, The two Dbaskets are tied together with their closed
s face to face, and touching each other, the whole giving

ading

cking
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the appearance of a single oval drum-shaped container. By
this method, the growers save hamali, and other haulage
charges which are levied not on the weight but on the number
of packages. Moreover, this system makes the packages safer
against pilferage or rough handling during transit, as the fruit
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
agents in Bombay direct. The agents sel
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 markct under cover as in the case of most other [ruits.
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 the prices quoted to
neighbouring growers on the same day for the same quality of
fruits are not infrequent.

The Bombay commission agents also send fruits to Poona,
Baroda, Ahmedabad and other Indian cities. The growes
of Gholwad are so much in the hands of the Bombay
agents, that it pays the agents to receive the consignments from
the growers and transfer them to Baroda and other markets
the same way back. But it does not pay the grower to send
his consignments direct to those places.  An improvement in the
system of marketing is dawning and the growers, realising their
ceal loss in the original system are attempting to catch the
sarious markets themselves.  The chiku fruits of Gandevi area are
-onsidered 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 Bombay,
also reduces the railway freight on the produce as compared
with the fruits from Gandevi area and thus offers an advantage
to the former over the latter.  Fruits of Gandevi area are, there-
‘ore, mostly consigned northwards to Karachi and other towns
n Sind and Kathiawar, where the Gholwad fruits have the
lisadvantage of distance.

The results of the storage trials of chiku {ruits from the Baroda
State showed that the fruit kept at temperatures 32°F to 45°F did

Marketing
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st 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
mmained in good condition for about a month (6). It has been
town 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
umaica states that unripe sapotas were stored successfully for
xteen days at 45°F. Wardlaw (15), however, finds that, at
rinidad the range between 45°F and 50°F was less 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
7 found that for both green and mature fruits, the best storage
mperature was 39°F, the fruits having been successfully stored

this temperature for eighteen and sixtcen days respectively.
t 32°F, ripe fruits were held for twelve days at which tempera-
e green fruits could not be stored for more than five days.

No attempt has yet been made to preserve chiku fruits cither

cans or as other preserve in Western India.  This question
is attracting attention in recent years,
because fresh fruit does not feich a remuncra-
ve price to the growers. The fruit is a poor keeper too, and
;nce it eannot be sent to distant markets. | It would, therefore,
s essential to evolve methods of preserving it in various forms,
1d to transport it in refrigerated vans to distant markets in order
» extend its cultivation. In the Vizagapatam district of the
[adras Presidency, a small canning firm has canned sapotas in
\gar syrup as a trial measure. The product when sampled was
und to be excessively sweet. Further trials with syrups of
wrying strength are now being carried out. In some parts of
merica, sherbats of sapotas are said to have been tried. Jams,
terbats and canned fruits in dilute syrup are some of the products
" chiku, that are believed to be possible and merit further
stailed investigations.

Three analyses by Chace, Tolman and Munson (9) of
ie flesh of Cuban Sapotas, designated mamey colorado,

C. F.--26

reservation
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Chemical and one analysis by Pratt and Del Rosarp
i or (7) of the flesh of Philippine sapotas
posttion . . .

designated Chico mamey, are shown in the
following table:

s
Flesh Acids Sugar

in  Solids Solids Protcin  as re- Sucrose Ash  Ash

fruit  total  insol citric  ducing total Alk?*

% %o "o %o o % % Yt

Cuban 75 3099 655 09 013 11097 903 08%

Philippine 70 312 97 123 018 852 800 126 119

*cc. N/10 acid per 100 grammes pulp. Quoted by Winton and Winton (16 .

Adriano (1) reports the following results on the flesh con-
stituting 819, of the fruit-solids 1545, protein 0:60, fat 0-14,
fibre 0-81, nitrogen free extract 13-47 and ash 0°43 per cent.

Chace (9) found 080 and 0'899, of ash in the flesh of 2
samples of Cuban sapota and the amounts of mineral con-
stituents in the ash were:

K,0 CaO MgO Py0; SO, Cl.

% % % % %
1 5057 1:38 136 490 354 1734
' 48-20 1473 3-35 966 3-80 1600

*cc. N/10 acid per 100 grammes pulp. Quoted by Winton and Winton (16)-

The chiku tree is comparatively free from diseases and pests
caused by fungoid organisms and insects. Recently, however, 4
Di 4 _ fruit borer (3) which is not yet studied is scent
Jiseases and pests: y attack the fruits generally at the point of
fruit borer. At R

contact of two or more fruits, when they ar¢
sorne in bunches. Singly borne fruits are also attacked by it.
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No remedy is yet available to combat it. The stemborer
(Arbela tetraonis), is a minor pest. The borer
should be extracted out or the gallery treated
with carbon bisulphide or some volatile material and the opening
plugged and plastered.

Mealy bugs (Phenacoccus icervoides Gr.) attack tender
shoots of chiku trees in large numbers, and deface the fruits.
Spraying with kerosene oil emulsion or fish
o1l soap is eflective against this pest. In South
India this insect becomes occasionally a serious pest and it has
aeen recommended that pruning of badly infested shoots and
spraying with a contact poison are the successful control
neasures.

Scale insects of greenish yellow colour and more or less of
iedentary nature are sometimes found on the tender leaves and
shoots of sapota trees. Gradually these
insects devitalise the plants and cause the
development of an unsightly coating of sooty
nould as an after eflfect.  Early spraying with a strong contact
poison controls the pest.  When the sooty mould has developed,
ipraying 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 cuku trees.  Several
ralls may be seen on a single trec. The gall seems to be
Galls a hereditary malformation, It retards thf:
’ growth of the branches above, and affects their
searing capacity. Tender root tips emerge from the base of the
rall as in the case of a gooty plant.  Gooties obtained from
ralled trees, are known to form galls on them. Being a here-
litary physiological trouble, it seems to be incurable. Selection
f scions from healthy trees appears to be the only possible
yeventive measure at present against galls.

Flower shedding seems to be one of the most serious
physiological troubles with this fruit tree.
Exactly what causes this phenomenon is not
»ossible to say at present as no study of this question has as
‘et been made.

Stemborer

Mealy bugs

Scale insects and
sooty mould

Flower shedding
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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
restricted to a very few places as for ex-
ample, the Purandhar and Saswad talukas.
The total area in the Province of Bombay is 1,230 acres (1945).
Leading fig growing countries are Ttaly, Spain, Turkey, United
States of America, Greece, Algeria and Portugal, total acreage in
the world being 1,625,000,

A few acres of hg are also found in the district of Ahmed-
nagar and Satara, which adjoin the Poona district. Lately the
cultivation of this crop is being attempted on a limited scale in
other parts of the Presidency such as Gujerat, In the district
of Poona, the fig crop was bringing a faw return to the grower
until the recent appearance of the serious disease of rust. The
havoe played by this disease is so great that growers are actually
destroying their affected plantations, and replacing them by
those of Santra and Mosambi oranges, Fig, however, is a very
delicious fruit and it promises to spread out to new regions and
as the control of rust becomes more effective by the eflorts of the
Bombay Agricultural Departinent, its cultivation is bound to
prosper.

The orginal home of the fig tree is the Mediterranean,
coast. Fig cultivation is found in several countries of the tem-
perate zone, such as Spain, South of France, Italy, Greeee, Asia
Minor, Afghanistan, Florida, Texas and California. 1In Egypt,

.. fig cultivation is limited. Generally every-
Origin and here effort is being made to increase and
distabution where effort is being ma 0 increase an

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 stemborer. 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
Western districts of Morocco, there are over 1,600,000 fig trees
which are subjected to taxation. California in the United States
of America produces as much as about 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 immports 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 tvpes of figs are
recognised in commerce, the edible fig and
the caprifig. The latter is a male type. Its
fruit harbours the fig wasp called the Blasto-
phaga, which is the chief agent to transfer pollen from caprifigs
to edible ones. Hence the economic importance of the
caprifig, although its own fruits arc of no direct utility.
Edible figs are mainly grouped into two divisions, the Smyrna
figs and the Adriatic figs. Smyrna types such as the Lob
Ingir, Kassaba and Fisen require caprification or pollina-
tion by the Blastophaga insect, without which they cannot
develop mature fruits. The successful cultivation of these
varietics, therefore, depends upon the rcaring of the caprifig
trees. On pollination, fruits of these varicties 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 caprification. 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, Italy and
Spain are Adriatic types. Fruits of these varieties are good for
the table. Some of them such as of the Kadola can be dried
also. Only three classes of figs are known on the basis of
Rowers borne within the receptacle, namely, Common_ﬁgs,
Smyrna figs and Caprifigs. Most of the innumerable varieties

Varicties and
classification
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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,
therefore, 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 tumn
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 within
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 (1) 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 Italy
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 Coimbatore, is becoming popular in the
Baroda State and other parts of Western India. 1t is locally
known as the Coimbatore fig and is considerably superior to the
Poona type. Several fig varieties, namely, Poona, Bezwada,
Ganjam, Bangalore, Myceram, e¢tc., have been tried at the
Fruit Research Station, Hassarghatta, Bangalore. Bezwada
variety seems to be 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 that of Saswad, but the rainfall is nearly dou)blc

The Sachin soil is, however, much deeper than that of Saswad‘
being ten to twelve feet deep as against two to four feet at Saswad,
On the Baroda Government Farm, where the soil is light loam\}
and very deep, hg trees of hoth the Poona and Coimbatore

varieties are found to thrive. The Poona type bears less

and smaller fruits, while the Coimbatore produces large fruits ;Jf

high quality. In general, fig trees seem to be more sensitive to

climatic conditions than to soil. They are seen growing well

practically on all kinds of soil, provided there is an adequate
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-

stdered best suited for the cultivation of f
. ts trees ha -
)Xlg composmon: g : thc fonow

Smr}cs on {ine matter .. Saﬁ’é’-’g‘;ﬁ f Sa'mple 2.
Moisture .. .. ” Y 3899
Organic matter .. - gfz 028 -
I\‘Mrggm .. . o '()62 '(Z)ZBQ
Calcium carhonate .. .. 60 i)'(k)‘:(‘)
Phosphoric acid 028 028

In Greece, it is stated that the fig tree is not exacting in
its soil requirements, but shows a preference to a soil which is
caol, deep and not too light. Borg (3), in the Maltese Island
states that the fig 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 broken or
porous subsoil. Sandy soils with an adequate amount of lime and
organic matter produce fruits which are high in sugar contents
and are superior in colour after drying. A red loam with a
limy substratum and about three feet deep is considered the best
for figs in the fig growing tracts of South India.

The fig is chiefly a fruit of the sub-tropical 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, docs not appear to be ideal for its health
and growth.  As in the case of grapes, figs
in this tract bear a good crop during winter,
the crop ripening in the months of March and April.  The fairly
<ool 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.
fore, 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 climate is,  Even humidity may not
matter if the temperature is sufficiently low. Smyrna trees are
more sensitive to climatic conditions than Adriatic ones. The
former are confined to regions where winters are sufliciently
mild in order to enable the Blastophaga to live through without
injury. Warm climate is necessary for growing figs meant for
drying purposes. There should be no rain or heavy dew-fall o
enable the fruit to become dry and hard.  Cold nights during
winter help fruit to become dry and hard, while they retard
the formation of sugar in them. Severe cold makes the bark of
trees crack.  In Africa voung branches of trees are besincared
with cowdung to protect fig trees against frost.  Rainfall
aftects the fig crop considerably, especially under the condi-
tions of the Bombay Presidency.  Where rainfall is scanty, the
crop 15 more successful than where it is heavy. The Saswad
area which is a platean has a rainfall of 14 to 20 inches per
annum, The climate is dry and warm during the fruiting
season.  Still, occasional showers during the months of
April and May damage ripening fruits considerably. Rain-
beaten f{ruits are insipid in taste. 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 trees thus become leafless, while most other
trees put forth new growth. It may be that the leaves drop
due to rust caused by rain. While the heaviest rains are res-
tricted to June to October, the months of December to March
are practically dry and helpful for the development of fruits.
Unusually warm weather when the immature figs are developed
causes the fruits to drop. Some varieties like Kadota fig are
stated to be particularly affected by high temperature in June

Climate
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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, cxcept 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.
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 heds 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 not necessary to resort to the use of a rootstock.
After planting cuttings, care should be taken to remove air-
pockets by 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 found pos-
sible to side-graft cultivated fig on Ficus glomerata at Kodur,
but this method is not worked out sufficiently to prove its advan-
tages, which might emanate from the use 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 cms. iIn
sandy soils, and much less in heavier soils. Seedling plants are
also raised using seeds which sink in water, but as they vary mn
the quality of fruits they produce, they are not commonly

Propagation
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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 soil, 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 fruits
than trees raised by layering or cuttings.  Although cuttings
can be planted out in the field soon after rooting, they are allowed
to remain in the nursery for about two years to become strong.
Grafting is generally done in 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 shicld 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 cut larger for older branches. Usnally, cleft and rind graft-
ing are adopted for top-working fig branches of three to four
inches in diameter.  The scion used is two-year-old with three or
four buds. Scions and stubs are protected by perforated paper
collars, and the limbs are white-washed to prevent sun-burn.

In the Madras Presidency the demand for fig plants raised by
layering and gooty is greater at present than for rooted cuttings.
Cuttings are believed 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
roots are developed on them.

When the site for raising a fig plantation is selected, 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
way in Palestine, 40 {t. in Africa and 60 ft. in Smyrna. The
Spacing and plantin, usual spacing allo»\(cd‘ to fig trees in the
Spacing anc p € 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 fi. distance, all cultural
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operations are carried out by manual labour. Pits are dug
at 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 ean be left exposed to the
sun and wind for weathering for sometime, Just before the
advent of the rains, pits are filled with their original soil, mixed
with about ecighty pounds of cattle dung manure. While
filling the pits, the original soil is reversed as in all cases of fruit
planting in the region by placing the top half at the bottom and
the lower hall 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.

In the first year, one basket or about twenty pounds of old
well rotten cattle manure or sheep dung is given to cach plant.
It is gradually increased to five to eight baskets
when the plantation is eight years old, and
then maintained at that dose per annum. Oilcake, ash and hone-
meal manures are also being given lately in varying quantities in
order to encourage good yields. Manures 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 heen rested, water is given to them. Night soil
is applicd to figs by some growers in Bangalore after mixing it
with red earth and sand. Sewage cfiluents have also been
used with benefit for fig near Bangalore. Tannery refuse is also
said 1o be popular in some places. Most of the fig growers in
South India belicve that a mixed manure made up ol 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,

Manuring
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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
i watered, as that is the season for them to rest,
Irrigation S I ' ; ir le
wuriously enough, fig trees shed their leaves
and stop growth in August and September in this region. About
the end of September or early in October, they are manured and
irrigation is resumed for the winter crop. Where for want of
water or for other reasons irrigation is given once a fortnight or
s0, fruits are seen to develop to a larger size and become sweeter
than in places where water is given more frequently.  After the
rest, irrigation is given sparingly and increased gradually in
about three turns. 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 fruit small and
hard.
In countries like Asia Minor (6), where rainfall is
steady and well distributed throughout the growing period,
artificial irrigation is dispensed with altogether. The cultiva-
tion of fig trees, therefore, becomes less expensive. In 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 California, fig orchards are irrigated only
when the soil is dry. Abundant irrigation to trees is said to
lower the quality of fruits produced. It has been observed
that fruits collected after a dry period are less sour than those
collected immediately after an irrigation. During the early
years of the fig plantation, inter-crops of vegetables such as
heans, peas and matki (Phaseolus 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 all their buds, especially when they are young and vigo-
rous. This results in a large number of shoots

Training and pruning 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 placed side branches
all round the plant, proper shape of thc 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 vigorously 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 Deecan, 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 followed 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 shape of trees. Sterile twigs found at the base
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  renovated by shortening the
main branches to a stump in winter. For Adriatic figs,
thinning out and occasional heading back is said to be useful,
in forming a good amount of new wood, In the case of
Kadota figs, trees are headed very low and the new branches
are thinned and pruncd back every year, so as to produce low
headed open-centred trec. Caprifigs are not pruned so drast-
cally. Heavy winter pruning of unfruitful fig trees is practised iu
California, especially in Kadota and Brown Turkey varieties and
the Magnolia in Texas, to stimulate a heavy vegetative growth,
bearing later in the season a second crop of figs in abundance.
Such heavy winter pruning is not, however, advocatd when the
fruit crop of figs is desired, as pruning will result in a loss of the
wood bearing dormaunt fruit buds. Heavy summer pruning is
practised, but this is said to be undesirable. Sometimes, fig trees
are planted and trained for two forms—the shrub and the tree.
In the shrub form, pruning back of current season’s growth
is found to increase the yicld by about sixty per cent. In the
.tree form, pruning is done first for training the young tree and
later for improving the yield in old trees. The main object of
pruning in both the cases is to build up a strong frame-
work to enable the limbs to carry on the yield of fruits without
damage to the health of the trecs.

At Bangalore the fig trec is allowed to grow straight to a
height of about three feet and then it is topped (34). This
induces 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 stumnps 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
forms, 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-
Notching ing consists of removing a small piece of bark
one-sixteenth to one-fourth of an inch 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 dryving 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 fect in about three months. It is not desirable to notch
more than two buds a year. The basal buds on a branch do not
respond to this practice satisfactorily, while healthy and
well developed buds 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 disputed one. There is no unanimity of
opinion with vegard to the salutary effects of notching. Some
warkers have stated that certain inhibitory substances flow
down through the bark and check the growth of buds, while
allowing a few buds at the top to continue growing. If this is
true, the stimulus of notching on the sprouting of dormant buds
becomes clear.
A few fruits may be produced on fig trees in the first two
vears, but they are not allowed to develop, lest the strength
. and bealth of the plants be undermined. Fig
{‘car'f‘g and trees begin to bear a crop from the third year
1arvf,sllng & .
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 May. 1In 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 shghtly immature, in order that they
may reach their destination in good condition. The yield
of figs varies considerably from locality to Iocality. 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 {or harvest late in June, while the second
is ready in September and October. The fruits are harvested
every third day in strong containers which prevent injury to
them. The yield obtained from fully grown average trees is forty
to fifty pounds each per annum. In Hawaiian islands, ripen-
ing continues throughout the year, But the main season is May
to July. In Galifornia, the fig trecs 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 scason and ripens from July to November. In some
parts, even a third crop is produced, which continues to ripen
as late as early January, but this is ouly a continuation of the
second 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 scasons arve 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 (19) and Stansel and Wyche (33) recommend that
figs should be picked full grown but just prior to softening. Fruits
are picked with about an inch of stalk on them. In humid
and warm regions, figs cannot be allowed to ripen on the
tree as in warm and arid regions, lest a part of the crop goes to
waste. '

The nature of flowers of fig trees is found to be different in
different varieties. Among the various types known, four distinct

e kinds of flowers are met with. They are stami-
Caprification nate, pistillate, gall and mule flowers. Stami-
nate flowers are [ound in caprifigs. Stamensvary fromone to five
in number with an average of four. Pistillate flowers are found
in the Smyrna figs and generally in all edible figs. The ovary is
superior with a bent style, which is much longer than the ovary.
The female flowers 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 caprifigs. Mule 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 fruits of the first crop of
the wild caprifigs 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 to the
wasp family. This insect carries the pollen of caprifigs into the
fruits of edible types. Only fruits of caprifigs which are called
“Profichi” and which contain the wasp are of any use in the
process of caprification. Caprifigs 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 Blastophaga.

The actual process of pollination by Blastophaga is interesting.
Shortly after the profichi (caprifigs) are suspended, the female
Blastophaga hatch out of their galls, and in their effort to
leave the fruit, they get covered with the ripe pollen. Once
out of the caprifigs, the insects search for other fruits to lay eggs
in. But when they do not find caprifigs, they enter edible figs
for doing so. In this act, they unintentionally pollinate the
flowers of the edible figs, which are then 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 caprifigs and partly by the Blastophaga
which carries the pollen to the flowers of edible figs.  The summer
broods of Blastophaga 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. Tigs meant for distant markets like Bombay or
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Madras, are packed in smaller baskets of about ten pounds
capacity. While packing, fig leaves are spread inside the basket
and fruits are laid carefully in lavers on it.
There is better sclection of [ruits meant for
Bombay than those meant for Poona. Iruits are sold locally to
some extent, but in that case they are very well sorted out and
graded. Prices are fixed on these grades.

In California, figs are packed in small hoxes, lined with
paper, corrugated card boards being used 1o separate the several
layers in a package. In Smyrna, fruits are harvested when
they are ripe but still hard. Fruits of the choice grade are
packed in wooden boxes of 12" by 167 size, with a depth corres-
ponding to the thickness of the large sized fruit.  Fruits are
packed in single layers in it.  The rows of fruits are protected
side-ways by white papers from touching and damaging one
another.  'The box is also lined with paper.  Fruits ol varicties
which have thicker skin are packed in smaller boxes but in
double layers. TIresh figs being very delicate, require careful
handling.

Australiun figs were successfully stored at 30°F for twenty-one
days (38). Wilcox and Hunn (37) report that ripe figs may
salely be held in cold storage at 32°F for about a month,

Figs are transported in Bombay Presidency to the market
. either in hullock carts or in motor buses. "These
Transport . - . . .

vehicles are used upto the railhead in cases of
transport to distant markets. Half of the fiuits 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 to,
other markets like Madras in the South. ‘T'he prices of figs vary
from month to month, ruling high when {ruits just come to the
market in the beginning of the season. The prices are very
low during April and May 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
Food value average composition of the edible portion of

fresh figs indicates 79 per cent moisture,
1'5 per cent protein, and 15°3] per cent total sugars. The
analysis of Poona figs shows that they contain 75 per cent of

Packing
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Work carried out in India on the analysis of Figs shows the
following results:—

Figs

Ficus carica

898

Narne

. Botanical Name

7 D/
Moisture 9,

Protein %,

i Fat (Ether Extractives) 9,

Mineral Matter %

e o
Fibre ¢

. Carbohvdrates %,

Calcium 7

Phosphorus 9

Iron mgs. %

Calorific Value per 100 gms.

21

Carotene (1. Unit Vitamin A,
per 100 gms.)

Vitamin By (1.U per 100 grus.)

: Vitamin € (mgs. per 100 gms.)

Calories per ounce
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According 1o Read, cte. (28), the chemical composition of
Fig in Shanghai is given as below -

]
Fig. ’ Fig. :
(Foreign) (Chinese) Name
B0 74 " Edible portion %y
|
B2:05 | 8362 Water 9,
/ |
098 ' 099 ' Protein ©
1485 7 12:58 Carbohydrate ©,
081 044 | Far o,
076 ; 1o ' Crude Fibre
73 : 60 Calories per 100 gms,
053 | 015 ' Ash %,
0051 C00 - Calcium ¢,
: |
0-029 0023 “ Phosphorus “
00013 ~0:0004 + Iron 7,
0172 I 0180 Potassium




FIG 397

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 .. .. .. 32 per cent
F.ther extract .. .. 07 "
T’roteins . 4-7 -
Digestible rarbohydratcs .. 893 ™
Woody fibre .. 21 .

Hawaitan figs are a good source of calcium, poor source of
vitamin C and a fair source of vitamin A. Brown Turkey fig
of Hawail was found to be a [air source of vitamin A, B and G
and a poor source ol C (25). (See pages 393, 396 and 398.)

Winton (39) analyses the edible portion of fig as follows:—

‘Total solids 14989 ; Solids insoluble 2:379 ; Protein 1-40%; Citric Acid 0°219
Invert sugar and sucrose 10-80°;, Total ash 0499,

The leaf cating caterpillar, Ocinara varians W. is often

a serious pest of fig trees in the Deccan, and this pest

, attacks wild varieties of figs also. Hand pick-
R“&"‘:‘;zl:zdg’;“: ing is poss‘iblc and cffective specially on small
pillar plants. Spraying with lead arsenate at a
strength of one ounce in 3 gallons of water

or D.D.T. at 02 is quite effective.

Stem borer, Batocera rufomaculatus Lin. is another common and
serious pest on young hg trees. It also attacks other trees,
namcly, mango, guava and pomegranate. The insect bores
into the stern and may ultimately kill the plant. The
presence of grass outside the hole indicates
the attack. By way of control, the insect
may be extracted by means of a thin hooked wire, or may be
killed inside by injecting a small quantity of chloroform or
carbon hlsulp}ude and closing the hole with mud. Where
there is much danger of attack, it is recommended that the
trunk of thc tree be protected with paper painted with coal
tar or with y%th inch mesh wire-gauze.

Mites are also occasionally found to attack the leaves of fig
Mites trees causing thqn to look scorched. Spray-
ing the leaves with lime sulphur wash s the

Stewr borers

effective control.
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Fig trees 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 March, when fruits develop increase the disease.
The affected tree is defoliated and fruits drop
prematurely, thus causing heavy loss of the
crop. This discase 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 three seasons. In America, fig rust has been diagnosed as
rusty brown spots 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
mixture is found to control the trouble.

Die-back or the dying back of young shoots of fig trees in
carly winter, has been noticed in the United States of America.
Die-back This oceurs on v»;qak ?.nd straggy trees, which
have been injured in the previous winter. This
trouble is overcome by suitable manures and resting of trees, A
virus disease of fig is recorded from many places in New Zealand.
Symptoms of disease resemble those of Ficus virus. Symptoms
are seen both on leaf and fruit and the virus may be responsible
for premature dropping of figs.  'The virus has been successfully
transmitted by grafting and budding (24).

Fruit drop is a common trouble due to physiological causes.
Unfavourable climate seems to be the chief factors causing it.
Fruit shedding is attributed to excessive dryness and heat, cold
nights, cold winds and light frost, or moisture deficiency, in
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 1o lack of pollination.

Sun-burn, which gives rise to disease in fig trees is seen
particularly on 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 to see that the {oliage of the

Rust

Fruit drop

Sun-burn
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tree is distributed well on all sides so as to shade the branches
during summer 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
district 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
cannot be sent to distant markets without considerable loss.
At the same time it is interesting to note that about 500,000 Ib.
of dried figs were annually imported into the
Bombay Presidency alone from countries like
Turkey, Persian Gulf, Afghanistan, Greece and California before
the second world war. There is thus a market for figs in this
country 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-
nited below the lowest tray. As the fumes spread in the closed
chamber 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
onc-fourth inch mesh. Such a chamber will hold about fifty
pounds of fruits each time. Over-exposure to sulphur fumes

Sun-drying of figs
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causes figs to develop acidity, which is not desirable, Without
fumigation, 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 less 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 products,
as can be seen from the following figures:—

Moisture  Reducing

per cent sugar.
Sun-dried Posna figs. .. . 19-25 4595
Persian Fig 1 .. . 1945 4630
Persian I'ig 11 .. . 19-90 45-70
Afghanistan fig .- . 19-04 46°64
Grecian fig .. . .. 19-14 46-50
Smyrna fig .. .. . 19-25 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 are dried on drying floors.  In Italy they are split length-
wise, dipped in boiling water for a moment and d}:ied 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 and 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 brine makes the fruit
solt and improves its taste. After dipping, the fruits are
drained on a wire screen. Dried figs can then be packed
for despatch to the rnarket,

Fully matured but slightly unripe fruit is cut into slices
and covered with water and boiled for about half an hour so as
to get a complete extract of pectin which is tested with jelmeter
or with 95%, alcohol and the degree of rich-
ness of the extract in pectin determined. The
extract is strained through a coarse thick cloth. Calculated
quantity of sugar 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 so that it sets well. After cooling, the surface is
covered with a thin layer of paraffin wax to avoid spoilage of
the jelly.

Fig jelly
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CHAPTER X
BER or BOR (Zizyphus jujuba Mill)

Of late, the importance of “bor” is gaining ground. By
nature the jujube or bor happens to be a hardy and easily grown
fruit, requiring perhaps the minimum labour
and attention of the farmer. It can also stand
the roughest conditions of soil and climate. Bor trees are found
in large numbers on the borders of fields and in uncultivated
areas, where they grow without care and attention, except that
when they are in fruits they are watched and fruit is harvested
and sold. Until lately, regular planting of hor 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
crop during the last few years and has rendered practical aid to
growers, chiefly in the Gujerat and Khandesh districts, in bud-
ding several thousand wild plants with better commercial
varieties. They have also shown the possibility of utilising the
Chani bor (Z. rotundifolia) as a rootstock for raising superior
varieties. The selection of a stoneless bor may give a great sti-
mulus to bor cultivation in all parts of the Presidency.

The bor is an important indigenous fruit tree of India.
It is known by the words, bor, bari, ber, bory, etc., in different
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 all
parts of the country not only proves its ancient domestication,
but also establishes its indigenous reputation. Bors are widely
grown in the eastern districts of the Punjab particularly

406 ‘
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in Hansi and Gurgaon districts. More than a dozen
commercial types of bor 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 grown in Ahmednagar, Satara and Sholapur districts.
In the Konkan tract some choice bor trees are found in the
vicinity of Bombay town and Alibag. In the Gujerat districts
seedlings of wild bor, are grown on a fairly large scale, and
budded bors are also gaining popularity.

The bor 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 China, the importance of the large fruited grafted Chinese
varicties 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 bor trees attain a considerable size. It is observed in
Central India that a tree measured about eighty feet in
height, sixteen feet in girth at about five feet from 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,
rarcly 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
L. comparatively minor importance. The chief
c\;::;ﬁtl?ﬁ’:;d horticultural types prevailing here are the small
large-stoned round-fruited 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 of the grower. -Ithasno
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 Kotho, 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. Thereis a
good variety of bor known as Meherun bor near Jalgaon in the
East Khandesh district which too is believed by some to be fairly
resistant to fruit fly attack. In the Punjab several types of
bor are reported to be under cultivation, especially in the
dry parts of Gurgaon and Hanst districts testifying to the
popularity of the fruit in those dry areas. A good deal of
improvement in the choice varieties of the Punjab bors, seems to
have been 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 to the Royal Household. There
is a variety of bor which resembles in shape a chilli (cap-
sicum) 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. ,

Bor 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
that the jujube grows luxuriantly on sandy
loam soils, but appears to prefer slightly alkaline soils (21). Sandy
loams which are neutral or slightly alkaline and are well culti-
vated are said to furnish the most suitable media for its growth
and fruit production. The bor 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 of leaves is emphasised by the
case 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 jujube is propagated by seeds, cuttings from the

Soil and climate
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roots, and grafting. If propagated by seeds, the seed coat
has to be broken or cracked, without injuring the embryo,
P “ otherwise bor seeds germinate after a long time,
fopagation In California, bor seeds are often stratified in
sand and kept in a warm place for three or four weeks before
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 India where even ring or flute
budding has been successfully practised. Most successfu
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 secured at less cost by this
method. The wood used for grafting should be the past
season’s growth. It should not be 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. Inthe Punjab, the jujube
is a regular nursery plant in many places. Rootstocks of wikd
jujube plants are carefully raised and budded to choice varieties,
Buddetf bor plants are sold like grafts of other {ruit trees such ag
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
Budding of bor rootstocks is gaining popularity. As a result of

g trials made here during the last few years it
has been found that all wild plants of bor and Chani 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. Itis,
therefore, sometime in the month of April or May that budding
operations commence. Buds are selected from one season wood
of the choice kind. Bud-sticks are immersed in water for a
few hours belore 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, il the buds continue to be green, the rootstock
is cut off about four 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 four to six
pounds of fruit.

In the Gujerat districts one-year-old seedlings are budded
in December in the orchard site. The local practice is to
plant seedlings of wild variety in the orchard
sites at twenty feet distance from each other.
A year later these are budded upon, as pointed out above, during
the month of December. Budded rootstocks have to be properly
earthed up and a basin made around their stem to give support
to the sterm and to hold rain water. The plants are manured
soon after the buds sprout at the rate of two or three baskets
(40—60 1b.) farm yard manure. At the beginning of the mon-
soon, two pounds of common salt are given to each tree, and the
growers raise a circular mound of earth to strengthen the base
of trees 1o 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 July, 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

Culture and pruning
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stump. This forces new fruit spurs and increases the yield.
There is no regular cultivation of bor in any of the Deccan and
Konkan 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
heavv dose of bone meal about the beginning of the monsoon
may 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
cold weather in the Central 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 bors 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 July to September.

Side by side with the varieties of Jizyphus jupuba another
wild bush of the same genus, known as . rotundifelia grows
extensively in Gujerat. It is seen growing very commonly in the
Chani bor Northern Gujerat. In the districts of Ahmeda-
bad, it is a common bush in the wilds. Tt
seems to flourish on all sandy slopes and is extremely xerophyti¢
in character. Its habit is straggling. It rapidly grows by
means of root buds. It covers large circular patches and is often
considered an ohbnoxious weed by cultivators, Every year it is
cut, but it is difficult to eradicate it. Instead, the stump grows
with redoubled vigour. It has small leaves and possesses sharp
prickies in pairs on its twigs. Like many other wild bushes 1t
does not even make a good fuel. It bears very small fruits with
little edible pulp, which is acidic in taste. It is the shepherd
or the cow-hoy who might value this fruit in normal years.
Dunng famine days, however, the fruit is collected by villagers

v “Barchumi”* purposes. Z. rotundifolia is thus essentially a

"It is ground and used as meal.

Bearing
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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
jujube (21) is utilized in a number of ways.
Fruits are eaten fresh, semi-dried, baked 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 puncluunq the thick skin
thoroughly and all over to permlt the penetration of the syrup.
The leaves of bor are used as fodder to feed livestock and are
sald to increase the milk yield of milch cattle, This belief of
farmers has yet to be confirmed by experimental data but it
seems to be a well cstablished 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 fodder. Although
these leaves may not compare favourably with other fodders
like maize, thev are certainly valuable as an emergency fodder.
The phosphatic contents of young fruits before they develop
stones, cannot but enhance the fodder value of leaves mixed with
tender fruits. The thornless varicties with a large leaf surface
are more suitable for use as fodder than the thorny Malla or
chani 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 for constructing huts and buildings. This wood is con-
sidered to be fine and close-grained. It makes excellent char-
coal and has a high calorific value. In the districts of Satara,
the branches of bor are used for fencing purposes by the villagers.
As they are thorny and cheaply available, their use in hedges is

Uses of the bor tree
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highly appreciated. The extension of the cultivation of bor in
the Deccan and dry-rainless tracts might serve a useful purpose
in the present campaign of rural uplift as this tree is a source of
fruit, fuel, fodder 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 from jujubes {fruit of igyphus vulga-
ris).  They also suggest the possibility of using this fruit in com-
bination with other fruits 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 greenish state, the bor as a rule should
be picked, when they are still crisp, but have
developed a light yellowish scarlet or brownish
hue on the outer skin.  Wardlaw (23), summarising the findings
of other workers, suggests that jujubes should be picked when
the first brown spot appears on the skin.  The small fruits borne
on the seedling jujube trees in this country are, however, fit to
be eaten only when the flesh is soft to the touch 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 43
days, but the skin cracks and wilts, when the fruits are kept in
closed containers.

Blasdale (1) gives the average composition of the pulp of dried
jujube from the Chinese Quarter of San Francisco. Church (5)
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 sced free pulp of two varjeties and
analyses of ash are here given. The high alkalinity of the
ash is shown by the marked predominance of basic constituents.

The bor is a dry crop and little attention is paid to it, ex-
cepting ploughing and cleaning the area of the plantatlon in
some tracts like Khandesh only. The land

used for this crop is generally inferior, where
perhaps other fruit crops would not be successful. It 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 that the cost of cultivation is very low in comparison with

Harvest and storage

Food value

Commercial value
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~ The food value of Ber (Jizphus jujube) it India is giv
i the following table :

Name of food \‘ Ber Zizyphus
Botanical Name Zizvphus jujube
Moisture ¢ j 859
Protein ¢, 08
Fat (Ether extractives) 9 01
Mineral matter 9, ' 04

Fibre °, -

Carbohydrates 9 12:8
Calcium (Ca) '& 0-03
P;)os])h;);lxs (P) 9, , 003
Tron (Fe) mgs. 9, i 0-8
yms. 55

Calorific value per 100 gms. !
Carotene (International Vita- 70
min A Unit per 100 gms.)

Vitamin B (LU, per 100 gms.) . -

Vitamin C mgs. per 100 gms.

Calories per ounce \ 16
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ne income.  The yield of a fairly grown bor tree ranges from two

three or even more maunds of fruits annually. The large
val fruit fetches a high price.

The bor trees are infested with several kinds of insect pests,

+ the commonest are the fruit borers.  Fruit Fly, Carpomyia

! d diseasos: vesuviena. B is the most harmful, particularly

WACABEEAT o sweet varietics. A few eggs are laid at a

’ time in cach fruit. A single fly may lay eggs in
large number of {ruits. The eggs are small, elongated, pointed

. both ends, and white in colour.  On hatching, the maggot
~:rows into the fruit and remains feeding inside and resembles

rrain of fine ricc when fully grown. The maggot goes

iecding on the pulp and makes small holes in the rind of the
£ to admit air for respiration. Bigger holes indicate that the
i-grown maggot, has come out from the Iruit 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

ferent depths according to the condition of the soil control:—

1. After the fruiting season the surfuce of the soil under-
neath the tree should be burnt by spreading dry grass
and leaves so as to kill the pupac.

2. I possible bait spray of lead-arsenate powder 4-5 ozs.,
sugar or molasses four pounds, water three gallons
may be tried during the prevalence of the fly.
Commence spraying about three weeks before the
fruit ripens and keep on baiting cvery 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

1sed as rootstock.

No serious damage is reporied on bor trees from fungus
cases in Western India, except from a species of Glados-
‘fum which attacks only the leaves.

The bor tree is used for rearing lac insects (7Tackardia laccad.)
the Central Provinces and in Madras Presidency. Some obser-

. vations in this direction are also made in the
icrearing on bor  Bombay Presidency. The wild bor forms a
Ko | .

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 of shellac in the world market improves, the use of

- . . " y 'y - R SRS
in India will be fully realised by the cultivators. Lac o |
b'ns attained most prominence in Bihar than in anv other |
vince not excluding the Central Provinces. ' !
_Large sized fruits which have just begun to turn yeliow,
pricked with any suitable hand-worked device which hy
Candied Bor large number of thick pinlike prongs stic"
out. This pricking is followed by salt ¢ !
by steeping in 29, salt solution, adding calculated amour |
salt so as to increase the strength of brine by 29, every 24 hq
till a final concentration of 8%, brine is reached.  The saltc |

fruit is then boiled till it becomes soft. It is washed thorm

to remove the salt absorbed. The fruit is then put in b
syrup of 38° Brix containing 019, citric acid which is a_
brought to a boil and the vessel well covered. The strength
the dipping syrup is increased to 35°, 40°, 45%, 50°, 55°, 60° a
every 24 hours and later to 63°, 70°, 75° after every 48 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 litlde dip in b
water, drained and left in the trays to dry in the sun. Ei
Drying of Bor should be made to provide hygienic conditic

for drying. It takes about 8-10 days for |
fruit to dry. The dried fruit tastes very sweet and is relish
very much as a desert fruit.
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