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Kagzi lime (Citrus aurantAfolla Swingle) is one 
of the important citrus species, widely grown in India 
for various purposes* The- fruits are extensively used , 
for squashes»- pickles.,- syrups, cordials, manufacture of 
citric acid and for table purpose in the daily life 
of Indian© (Chsoma. al«. 1954) # Th© fruit id valued 
■not only1 for its- nutritional qualities hit also for 
medicinal purposes (Kirtikar and Basu,l93S)*

jaaong th© fruit crops, citrus is the third most 
Important crop in India having an area of 1,36,90? ha 
(motif. 1970)* Citrus occupies an area of 29,300 ha in 
Maharashtra and S,300 ha i$ Marathwada region of the 
■state* mong the Various citrus Species grown in the. 
state,' acid lime (Kagsgi lime) is cultivated on 2,200 ha, 
in state -and 200 ha in the Marathwada region (Mon? 1975) 
Small plantations of Kagni lime are very common with the 
cultivators of this region especially where well irrigation 
is available • It is a more popular fruit of south and 
central India* The acid lime production of south "India 
is more .than half of the-total production in India 
(Maik, 1949).

lime (Sour lime) is commercially propagated 
hy seeds la India (Haik, 1949), as it comes true to type



because of high degree (39 to &0%) of micellar ©mbryony 
{ltee,1957 and Reuther gt, al*, 1967) * It is also a 
cl®apest and easiest method of propagation* therefore# 
seed propagation is still employed in most of the 
countries like India, Egypt and.l&xico (Reuther al«# 
1967)*

It lias. I»a'n reported that the over all 
performance of Kagsi lime seedlings is better than 
budded plants * , The mortality of seedlings is also less 
as compared to budded ones (Haik, 1949) as the seedlings 
of citrus are generally free from virus (Swingle* 1948 5 * 
The acid lime buddings on gajanimma, jamber 1 or acid 
lit?® are a little early to commence cropping and yield 
somewhat more than seedlings in the first 10-15 years* 
thereafter seedlings also catch up the bud lings in yield 
potential (Reddy, 1972) • In Mdhra Pradesh, Kagsi ill!® 
seedlings- ar© found to live f of 20-25 years even under - 
conditions leading to decline (Swamy gjc al./ 1972)*
Thus, these findings establish the superiority of 
seedling plantations over bud lings*

Under Worth and north Eastern regions of India 
kagzi lima is generally propagated by layers or cuttings 
But the recent trend is towards the us© of budded plants 
rather than seedlings or layers* However, for budding
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Xiift© cultivars have not been standardised 
for the Various agro«cldmattc r©gions of the country.

EVen though th© phenomenon of micellar ei^^sny 
is common in kagal lime# seedling Variations do occur 
(name, 1957>, ‘The selection of superior strains from 
^4sting variation is ©as of the easy and best methods 
of Crop improvement, ■ in case of acid lime few isolated 
efforts wore made in the past to survey the Various types# 
Such survey works were undertaken ©a' a very limited 
scale with- rather broad objectives and were discontinued 
further# yhsrofore* at present w© do not have any 
Standard or specific cultivar which can he recommended,

^he first and the most important fruit survey work 
was Carried out in th®' region in 1932* which indicated. 
the; presence of three to four distinct types of kagsi 
lime under cultivation (Anon.# 19321 # ■ From the survey 
Of' South India* it has teen observed that several forms 
of linos are under cultivation t#sich are yet to prove 
their superiority over ordinary kagsi limes <Maik# 1949),
A large variations in fruit sice* acidity and juice• 
per cent were recorded in Various strains of kagsi limes 
grown in Madras state (siddappa# 19S2), According to 
Cheema gt al., <1954) varieties like kagdi limbu* Pat limbu 
and Oodhadi limbu were cultivated in the Maharashtra State.



The exact specific status of these varieties is yet 
to- be determine a, acid lime survey carried out in - 
Assam# indicated the presence of 'two distinct typos 
of soar lime (Bhattacharya and Butt a# 1956:)* Thus* 
it is clear that very little efforts were made by the 
research workers for the improvement of hags! lime 
through selection of superior types*

under South Indian conditions hagai lime 
produces two distinct bohsro (crops) vis** Mrig foliar 
(June to December) and Babe- bahar (January to June) 
hat there are some typos which flower almost through 
out the year (Baramasi)• 5he information on these 
aspects* about pomologieal characters aud physico­
chemical composition of various hagai lit® types grown 
in Harathwada 'region is very scanty.

A hagai lime strain if found tolerant to canher 
disease will be an asset for boosting the cultivation 
in the- state* At present cultivators are switching 
over to the -cultivation of hagsi lit® on large scale*. , 
as the mandarin© and sweet organges are .being wiped 
out due to die-bach complex, so there Is a heavy 
demand for the Supply of better types of hagai lime 
seedlings* However, there is no specific/standard variety 

■ of hagai lime in th© region on state to meet the needs



of cultivators. therefor®, It is highly essential to 
undertake large scale survey in the various regions 
with specific; objectives*

In View of the above necessity survey was 
undertaken in the Marathwada region with fouling 
Objectives s

(1) To isolate productive and quality strains
of tegsi lime,

*

C2) To study relationships between Various physical 
and Chemical characters of fruit*. •

(3) To describe and classify various strains 
suitable for various purposes*

(4j ®o collect germplasm, for breeding purpose
and to isolate baramasi typas/novesItios if any.



I

revisw op i^aafmi4



mvim of , LiTBRigimSI

Cirrus is grown in every state of India. 
Mandarin and sweet orange varieties are most popular 
as compared to other citrus species*. Jn acid litre, 
there is no standard variety trader cultivation in 
India. It is commercially propagated by seeds from 
local strains *. So, most of the kagssi lira© plantations 
in Morth .and south India are of seedling nature .

In. other fruit crops like mango, her* guava 
etc*- seedling strains of superior types are well 
established commercial cuitivars. The varietal 
improvement in these fruit craps is as a result of 
survey work, undertaken by number of research workers * 
1?he available relevant literature on the fruit survey 
work carried .out in citrus and other fruit crops is 
reviewed below t

2*1 Survev...wogk..in citrus $
■ The regions like Sorth-Bast India and South 

India enjoys a unique distinction not only in India 
but in the world as, being very rich in numerous forms 
of citrus and being the original home of several citrus 
species' both edible and non-edible * sour lira© is



considered almost definitely to be indigenous to India 
(Hoyle# 1839 and Tolkowsky# 1938) #. Although Swingle 
(1946) holds the view that it is apparently a native 
of Bast India Archipelago. Real sour lit?© is known as 
kagsi lime almost everywhere in India#

Kagsi lime is propagated by seeds in India#
It is grown in .every state and home for catering the 
domestic needs# .As it is propagated through seeds and 
is grown under different agro-climatic zones of India# 
there is a lot of variation ©listing In this .species # 
Very few isolated efforts were made to survey the 
various superior types In yield potential and other 
economic characters# This citrus species remained 
neglected and so# we do not find any specific or standard 
eultivar under cultivation# ■

Under south Indian conditions lime is
extensively groxm in all the states# In Maharashtra
state# as early as in 1932 fruit survey was carried out
mostly in Marathwada and adjoining regions * ' in. this
region three to four distinct types of acid lime strains
were observed under cultivation (Anon##. 1932)# These
were i) round, small# thin# shinned# ii) round# large#
thin skinned# iii) round# large#, thick skinned and 
iV) long# thick# skinned (Godhadi liiribu) # But their
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physico-chemical characters were not studied at all 
(Anon*, |932)* From the survey of soma lime orchards 
in south India Nalk (1949) observed several forms of lime 
like shiny rind with vary thin skinned' types with 
mamilla and without momilla and on© hybrid with ret 
fleshed- pulp, Further, he remarked that these novelties 
are yet to prove their superiority to the kagzi lime *

from'Andhra Pradesh two forms of lemon (citrus 
limon Osbeck} one oval in shape and other .elongated 
were found in private orchards which were raised from 
seeds CHaik, (1949)* in Tamil s-TqSu, seven different 
localities worm surveyed for quality of lime fruits* 
■There was: a variation in average weight of fruit and 
percentage of juice and acidity (Siddappa, 1952) •

According to Ohsema gfe al* (1954) three types 
of limes are under cultivation in Maharashtra state* 
These include such as kagdl limbi (thin skinned).,
Godhedi limbu (thick skinned) and pat lirabu (oblong 
■in shape)-* Further, they remarked that their exact 
specific status is yet to be determined* Under west 
Indian conditions sever®! types of acid lime fruits 
which differ in ■sice.-fisfra and. degree of saediness are 
recognised* Spineless forns also occur in India 
(Reuther jg& aly 19675 * A comprehensive survey work and



classification of citrus fruits of Assam was done, by 

Bhattacker ya and Dutta (1956)* They isolated and 

described two distinct types of sour limes via#*'

Karimganj lirae and abhaypuri lime* fhe poraological 

and tb© quality aspect of these types have been 

studied in detail,* Ihe karimganj lima is superior to 

Abhaypuri both in respect of production and quality 

of fruits*. In Florida and other citrus districts of 

America* some prominent superior seedlings have been 

selected and are now under commercial cultivation 

(Hume, 195?) *

In the Extern region of India two types of 

acid limes are mostly grown, Kagai which is more or 

less round, highly acidic with characteristic flavour 

is more papular. The other type called Pati has oblong 

fruits and lees acidic than kagssi (Shan, 1972)» A 

karimganj • lime type Is meet popular in Horth-Sast India,' 

it bears more than one thousand fruits par tree* It 

is less, susceptible to scab, canker and gummosls than 

Abhaypuri lime (Bhattacharya and Butt a, -1,956 r, and 

‘Shapar, 1972) • From Andhra Pradesh, it has been reported 

that acid lime trees tear 3000 to 5000 fruits annually 

and the seedlings are found to live for 20-25 years 

even under conditions loading to decline fewamy £t al» 

1972) * Two better types of kagsl lime seedlings have



been reported from Vidnarbha region of the State 
in respect of fruit sise/ (Anon*# 1977). She 
physico-chemical study of Isagai lime fruits carried 
out at Partthaol revealed that the percentage of acidity 
was higher in fruits of Mrig bahar as compared to 
Arabs bahar (Ghatarswar# 3.977) *

thus# it is seen that no systematic and 
large scale efforts ware made to survey#, isolate# 
describe and classify the Various types of kagsi
lime strains bailable in India*

!

2*2 survey work on other fruit crops 3-

. in ■case of mango# large seal© survey works 
were conducted in different parte of the country by 
.number of workers* in Punjab# a survey was carried 
'out in mango growing regions of 'the state* Out of 
six hundred triree seedlings examined# some outstanding 
types have been studied An detail Csingh and Jawsnda# 1962), 
The most of the present day mango Varieties libs 
Bashehari# Langra# Alphonso# Ghowsa#. Banganpalli#
Baneshan# Gulablchus# .suwarnrekha etc.* are originated 
as chance seedlings and.have been selected by the 
number of workers (Anon*# 1967)*

The survey work was undertaken In Madhya Pradesh 
for selection of local reputed varieties# Among these



local popular types, sundereja was found to I® 
outstanding* (Kaehyap and JyotisM, 1969) * some 
promising local mango'seedlings have also been'reported 
frail this region (Anon*, 1977).*

iSumiber of local promising bar seedlings have 
been studied in Haryana# Punjab and Maharashtra States* 
Few promising types have been recommended for cultivation 
(phingra, gfc 1973? Gupta,. 1977 and mnon,, 1977) f

At GaneshlcMnd Fruit experimental station#
Bine, slat hundred guava seedlings were studied for yieM 

' and quality aspects • on the basis of productivity 
and quality of individual trees# seedling types libs 
iiUcImow 49, Luclmow 46 and Hasife 8® were found most 
promising (Cheema et al? 1934)«

In Case of pomegranate, the seedling raised 
• from Aland! produced one .superior type called GBG-! 
(Ganesh), which is now a contsereial variety in the 
state (Cheema al., 1954)* An exhaustive survey was 
undertaken in Afemadnagar district covering 44 gardens* 
Detailed observations were recorded on morphological 
and quality aspects in respect of variations. About
40 superior seedlings of pomegranate were sheeted
and are under further study (Choudhary and Slrsath,l976),
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S*rom the foregoing discnssion of review* it . 
appears that very littie work has been done in ease 
of sour lines and also in otter fruit crops to- survey 
and collect superior strains and establish the cjsm
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The present survey work for selection of 
superior kagsi lima (Citrus aurantifolia# Swingle) 
strains/types was undertaken in the Marathwada' region 
comprising of Am'angabad, Bhir, Handed# osaanabad 
and Parbhani districts.. The meteorological data 
for the period' January 1977 to January 1978 are given 
in appenti^l*

3*1 The general infonaation about the five districts
of Marsthwada region is ‘ given below s

The region comprises of five districts vis., 
Aurangabad# Bhir#- Handed# Osraanabad and Parbliani. 
in- general# the region falls in between 19° to 20® 
north latitude and 75° to 78° east longitude. The 
general elevation above sea level varies from 450: to- 
460 metres» Tie climate of the legion is divided into 
three seasons vis., moderately warm and wet season from 
June to September (rainy)# cool# dry season from November 
to February (winter) and hot dry season (summer) from 
March t© May#

3.2 The, specific information of the, individual districtsof tlia re-aion is' given helot/V f.. ' ' : 1... r .

iuiranaabad s It is situated in Upper Godavari basin



and the extreme North-West of Marathwada* The 
temperature ranges from 21 to 36% (May) ana lowers 
upfco 6*8% (Iteceber) • Rainfall is unevenly distributed 
aM- Ganges from 6SO to 7S0 mm per year # Soils are 
blank cotton soils from Deccan trap and vary from 
heavy to light soils#

Shirs St is situated in Deccan trap area# the 

northern part of • the district lies in the Godavari 
basin# while the southern part Is In the basin of 
Manjra. Tb& climate of the district is pleasant 
and ag|eaablo during- the greater part of the year* 
fhs normal toimasr'ature ranges from 8*6 to. 43°c*r 
maximum temperature rises upto 46°c and lowers unto 
4 to <5°C* Rainfall is unovofttly distributed and’it 
ranges from SOS to 889 ram?normal rainfall is 679 *7 nsa* 
Soils are -mostly fertile- black cotton soils and vary from 
light to medium black soils In different patches of 
the district*

Handed s It is situated in Southeast fringe of 
Marathwada and lies in plateau of South India* it 
is one of the most homogeneous districts in Maharashtra*. 
Climate of the district is dry and subject to extremes 
Of heat and cold# it is very hot in summer and Gold­
in wintert temperature ranges from 6*80 to. 43,8°e*



fMs district is said to have assured rainfall and 
its ranges from S96.S to 1048 imrs mostly receives from 
south-W©et monsoon during June to September#

©amanabad » It is to tlie extreme south of Aurangabad 
division* lies partly in tee 'upper Godavari basin' 
and partly in the 'Bhlma basin'# The major portion of 
the district is * .Basaltic trap rock* plateau of Deccan*
She climate during ©neper is. comparatively cool than 
Otber districts*- The temperature ranges from 8*3 to 
40*8°C* fhe normal rainfall of the district received 

from South-West monsoon is 787 mm during June to September 
It ranges from 70S to 888 mm# soils of the district 
■Vary from light,# medium soilsto. heavy deep black cotton 
soils• -

jjforbhani s TMd district as a Whole belongs to the
Godavari peninsular basin situated on the northern

. 1 side of 'Maharashtra region*. Cismate is generally dry
throughout th© year except during the south-wsgt
monsoon season#. The maximum temperature in hot season
ismm&t) £i$$s unto 43*2°G and minimum -tipfco 8*6°C in
Cool 'dry season Center) Hainfall is not. uniform in

xpe normax, rains axx or x.hb axsurxcr
is 826*0 mm. per year* mainly received- during Jun® to 
September* ; Soils are 'black cotton soil®1: and vary from



heavy# medium to light to- ©am pat dies of the district,

3.3 feo%i lime in the region t

Such information collected during survey is 
given below i

WW mild sub-tropical climate of the region 
is best suited for the cultivation of kagsi line#. It 
is gro^n on soils varying from light, radium to 
.heavy blash cotton soils Of the region# But most of ■ 
the, garden© -are found on medium blade fertile soils#;
The detailed information on climate and soils of each 
district is given earlier*

Kagsi lime seedlings raised .by seeds from the 
local strain area obtained from private and Government 
nurseries# Generally % to 1% year old seedlings 
(30 to 45 m htl are planted during June-July (rainy 
season)# at the distance- of IS to 22* (4*5 #. 6 m) 
Sovember to January planting is also don©-by the 
cultivators*.

At the time of.planting one to two baskets -of 
is allied per plant« Most of the cultivator© 

apply FSi © 10—SO leg par plant per year, few cultivators 
give urea and suphala (missed fertiliser) © % to 2 kg 
.pep plant per year# The irrigations are given at an



interval of 10-20 days mostly with well water by ring 
or basin system* feeding is done by manual labourers *
Mmt of fee cultivators do not spray insecticides md 
itlng-icidee- for control of pests and diseases • In 
newly planted orchards fha inter-crops like rating# groundnut 
gram and vegetables ar© grown up to bearing of plants*
Bo Care is taken about fee proper training and pruning

. 'tinder local Climate# hagni lime flowers in 2*3 
flushes in a year« However# it produces two distinct 
babars (crops) via*# Mcig babar J^rune to December} and 

. mh® babar (January to dune) * The fruits of Arabs babar 
fetch more price m it is available during stammer whan 
the demand is very high* But fee yield is feore from the 
Mrig bahar season* The yield varies from 1009 to- 3900 
.fruits (obtained from two bahars) per plant par year* 
Most of the produce is sold in local and adjacent city 
markets *; Some cultivators 'send their consignment of 
fruits to Bombay and Hyderabad cities* On an average 
cultivator gets an income, of Rs* 75 to 2S0 per plant 
per year*

Problems in the cultivation of kaccl lime s

Kagsi lira© is badly attached by canker disease# 
the affected fruits get lower market rates* Secondly 
there is no specific or standard variety of kagsi lime 
which can foe recommended for large scale cultivation*.



abbreviation Ho, of used

Parbhard

m 
o m
vm

is
24
15
11
24

years after planting,- The market prices go dam 
whenever there is - a glut ana. cultivators are put to 
loss, as there • is no processing unit in the region, 
to stabilise the prices *

3,4 Experimental procedure s

' V
The districts via,# Aurangabad# Bhir, Handsd# 

Osmanabad# and farbhani of the region were selected 
for - survey work, survey was undertaken during 
Hoveraber t99f to January 1973* The - fruits of the. Mrig 

, bahar were selected for the present 'investigation.
These districts are abbreviated; as follows • The number
#f locations visited for collection of samples is given

*•*below' and -in j^psndlK-lII,

mm on
rn
:

■w
m •*

# m.
iJ
S&
t
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lime cultivation in the area was collected from the 
cultivators, panchayat Ssmitls and Fruit dealers of 
the local markets*' On the basis of this information 
89 kagal .lime locations were selected from the whole 
region * Karass of the Cultivators selected for present 
study are given .in. i^psisdix-lX?* ■

'She selected locations were visited and 
cultivators were interviewed for the required information 
as per the- proforma given in ^3psndi^~xv * Each and ■ 
every plant in the garden was: observed carefully# The 
plant bearing highest rafter of fruits was located first 
and number of fruits p@r plant was counted to record . 
the yield# The yie Id data arse recorded both in terras 
of number of fruits and its weight per tree was 
calculated, Plants exhibiting novelty' characters Mice 
fruit sise variations,, baramasi, free from canker, 
highly attractive colour, very thin and thick skinned 
types were also recorded# in most of the gardens visited 
the plants were found in between the age of 10-20 years*

.about |S fruit were collected randomally frcsa 
the selected plant of each garden • Fruit sample was 
packed in polyfehelene bag and brought to laboratory for 
'further study#



procedure given in a.o *G. (19SD *

Hivaical characters of fruit s

ifeicht of fruit 5 'She weight-of -15 fruits was determined 
on a physical balance and average weight par fruit. was 
calculated in grams •

fliae and shape index of fruit s Tm sise of the fruit ■ 
was measured in terms of length and breadth (diamter) 
in am with the help of Vernier Calliper* length was taken 
as the distance between stem- to blossom end, while the 
breadth (diameter) was measured as the distance between 
two farthest ©lids perpendicular to the longitudinal. axis* 
shape index was calculated (Xength/braadtih) *
Thickness of rind : Thickness was measured by Vernier
*m*amm*m |I» I mi i imin'ii i .

Calliper at thro© points after cutting the fruit into two 
halves aid average thickness was calculated in mm*
^gja^jafcacB^ ■« She juice was esstracted
with the help of hand juice extractor and strained 
through muslin cloth* Th& weight of juice was recorded 
in grams and average juice percentage was calculated*. 
Volume of' tile juice was measured with messing calender (ml)
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3.S6
I • Mter ©nferacfcing the juice rind was

separated by hand' aM •weighed,* Average percentage of 
find was calculated on fresh weight, basis*

of Juice including septa, albedo was weighed -and 
average, percentage was calculated on fresh weight bis is*
dumber, weight*. colour .and ’shape., of ...seed, s The total 
number of seeds was counted. ’The- number of seeds per 
fruit ms calculated, weight of 100- seeds was also 
recorcled in grans, Tim seed shape and colons was noted 
for each typo*

Colour.,- -shape ..and surface of .fruit $ Colour ms recorded. 
In tense of degree of spellownose,* ■ The surface was noted 
as snogth* glossy end rough# Shape of the fruit was 
elassifi©d as spherical, round# globose, oral, oblate 
and ■ oblong'* Presence or absence of canter on fruit was

3,3*B Chemical characters, of fruit, s

Total soluble solids s T*S S', of the juice was recorded 

with hand refractometer (Bma, Japan I in percentage*

Pengsnta^jaf. '.acidity s Total acidity w detenained 
by titrating a hnown •volume of Juice- against 8/JO MaOH 
solution,. 'Using pl^nolphthalein a® indicator, The
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percentage acidity was expressed as tmhydrotss 
citric acid content* On i&ie basic of mean values of 
physicochemical characters and yield tlie 89 strains 
have bsen dsfgified into various groups for the 
.##» of es^lainatiosu ®h©so haw® been arranged according 
to specific criteria.

g&aMsMOBi-jmaivais. of ..the. .data s

ibs simple correlations between physical 
.and chemical characters were worhed out* Variability 
consisting of coefficient of Variations^ standard 
deviations and *t* values were calculate for percental 
variability and- differences among individual characters 
studied <PaUse and SUMiatme, 19S43.
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The data obtained on physico-chemical 
characters of fruits# yield and other aspects of 
89 Kagsi lime types an® analysed statistically..
The phenotypic variability was estimated and correlation 
coefficient was worlsed out according to standard 
procedures* The results ate presented with three 
.different approaches.

i« Variability studies in-various fruit characters 
and yieM#.

ii* studio on the range in various fruit characters, 

ill. Correlation studies.

4'*i Variability studies in various fruit characters
and yield $

The 89 different strains In Kagai lime as 
such appeared to represent a broad spectrum of 
variability# when their mean performance for different 
characters was examined. Th© analysis of Variability 
revealed significant variance owing to strain differences 
for most of th© characters under, study.

The estimates of range# the means# the 
coefficient of variation {%} and standard deviation 
are presented in Table l*



21*93
174*66

6.80 0*72

88*17 35.21

9 * Wo .of fruits 600*2100 1401.23 363.01 
per plant

Avg.wt.-^of 
fruit (g)

31.33 - 
97*86

62.70 16*12

Avg.slae of 
fruit (cm4)

13.94 - ■ 
33*64

22.62 4*67

Avg.rind
thickness
(srti)

1.09-2*61 1*93 0*31

Rind?S 17.96 * 
28.77

22.59 2*sa

41.53• - 52.19 3.95
61.84

4,13-15. 10.62 2.73
.13

7*. Soldi ty55

5* Juice %

27,70 36.47**

20.64 45 .47**

16.06 60*63**

11442 82*24**

7*56 123.96**

25.70 36,54**

10.58 90.30**

39*94 23,48**

25*90 36.19**

** Significant at 1%

The various characters studied are described
below s.

ji&jyflfc.. .of fruit, s Tam data presented in T^ble 1 indicate 

that tin© differences in the sarrple observations are

Table 1 8. Variability in Kagssi itoe

,1%.
Mean S.D. c.v.<&) t
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significant even though the same species is being 
grown by the cultivators, The average weight of fruit 
is .(52*70 g with a Variation of 23*70 per cent (Table %) , 
Tti© Variability in weight of fruit observed 'was near© 
end Which, ranged from- 31.33 to 97,86-g, This, range 
indicates ■ that there ’ is wide variation in weight of
m.___JLW__________________________....

.The variation in sise of fruit■(Table•1)
of different types ranged from 13,94 - 33*64* with a
coefficient of Variation of 20,64 per 'cent, *&s

2compared to mean siss© 22,62 cm range indicated that 
there was. s considerable variation in sice of fruit 
and a significant difference between various strains*,

Rind thicl-ciess s The variability in respect of rind 
(Tabl© i> thiqicnesB ranged from 1.09 to 2*61 with a 
coefficient of variation 16,06 per cent, Thus# ® 
significant difference btween various strains was observed 
in respect of rind thickness*

Percentage of rind s The variability in respect .gf rind 
percentage observed was comparatively less though it was 
significant,., which ranged-17*96 «- 23*77 with a coefficient 
of variation 11,42 per cent*
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■ j^rcent&g© of Juice « la juice percentage tine variability 
was signif icantly less, which' ranged 4l*S3 to 61 ♦84 
with a lowest 07 7,36 per cent 4 Thus, there was. a least

Mnaribar.. of. -goods.. .nor. .fruit s The Variability in this 
Character was Wight which ranged 4 *13 to 15*3 with a CVi&J 
13*7.* This wide Variation among various strain© ms 
found significant:*,

percentage of,.acidity..f In this character the Variation 
mmg different strains ranged, iron 5*3/5-y 8*Si with a - 
CV <%) 10*58. Thus, the observed variation in respect 
of percentage of acidity was’ eomparatively less *
However#: the- differences between strains ware observed 
to be significant#

Humber, of..fsuits.;nsr riant s wide Variation in this 
character was observed* which ranged 600-2100 with a 

■ ($s) s5*$o* However, a significant difference in
'number of fruita per plant was observed 'between 8# strains*

9 The- variability was highest in 
yield of fruits per plant among all the characters studied# 
which ranged from 21*93 ••? 174,66, in different strains 
with a highest .coefficient of variation of 39*94 per cent* 
Hoover# a significant difference in yield was noticed 
between various strains#



Studies undertaken with 89 types/strains of 
fcaf-si lime indicated wide variations in different
characters like yield# siae and1 weight <f fruit#' with
a least Variations in percentage of Juice and, acidity#

4.2 Studies, on- ths rafter in various fruit characterss

■ft© rang© in the values of different characters 
Of @9 kagsi lime strains have teen sorted Out and is 
given-in Appsndis&-ll. The various characters are 
classified with a degree ofwmgs in order to isolate 
Various types falling tinder particular group/unite

might of fruit t On the teals of Variation in the 
fruit weight of different Kagsi' liia© strains# 89 
strains have hem classified into four groups with a 
specific range of weight (g) ,* This information has teen 
■presented in Table 2 (a)«

Table 2 Ca) « Classification of various strains on the 
basis of fruit weight (g)

SE* , GrateISO.# Ranga 90>«. 'Of 
strains/

.......GEBoAn. ...

Percentage

Small 39 * 30 24 26 #96
2-:#; Medium 50 *'to 35 39*32
3., large 70 ■* 99 ■ m 22*47
4-4, Very- large 90 *190 5 5 #61
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ft is seen that the various strains can he 
grouped as small,- medium, large aid very large trait 
eat- the basis of bps a if ic weight, ©at of 89 strains* 
t# -strains fall in small group, 35 in medium, 20 in 
large and only five in very large group* The percentage 
of "these groups was worhed out .and it is seen that the 
maximum (39 i32?i) strains £ all 'in the group medium# 
followed hy small (26 ,96%) and large (22*47%) group 
(Fig* 1*21*. It is interesting to not© that'five, 
strains but of 89 were very large in fruit weight

The total 89 ptrains have been classified further 
into small, medium, large and very largo groups with 
specific strains numbers of the five districts.

Sable 2 (h) i Group-wise split up of kaggl lima strains

S-r * 
No*. small- Medium harg© Very large

1*- &B0 5#9#10* 
14,15

ABD il,|2#l$ ABD 2*3*4,
4,8

A® 1# 7

2*- BHR 12*. 16, 
17,19,20,
21,22*23*24

BHR 1,2,B,9,JL0* 3.1 i* 2,3* 3*^#P "
SHE 3,4,5, 
6,7*1$

BHR

3*, m |0*;|2 «D 3* 5*6*8# 
9*11*14,15

rn 1,4,7#
1$

3® 2

4;# 0® $#11 |S|- 4, 5,6,7, OBD 1,10 OBD %
5* SBBT 9#10, 

16#20*23#24
PBH 4,S,8,
11,15,17,18#i9#,22

pm 1,3,6,
7,12,13,14* 
21

P8B 2-

0
>

Oo*>4Ie■m
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Figure 1 showing fruits are bigger in size 
and weight with spherical round shape.

2 showing fruits are bigger In slae and weight with round shape.



are given in appendfe-Il*

JEaaaife. $ Tfee sis# of fruit of 09 strains lias 
bass classified .on tbs- basis of variation In to Hour 
grants with a - specific range of nine Cera2)* This 
inf ormation has teen presented in Table 3 (a) *

3 (a) t Glassification of various strains on., the 
basis of sine (oar)

St#":Ho# %OUp
Ho* Of
strain©/
group

fercentage

l# Very small IMO ’ 27 30*33
2 • Small 20-2S 34 38*20
3# Medium ts-ao 21 23*59
4# barge 30-35 7 : 7*86

It is seen#, that the various strains am be 
grouped as very small# small# medium ana largo on. the 
basis ©f range of, the fruit sine* out of 89 strains*.
27 strains, fall in vary small group, 34 In small group#
II in medium and only 7,ln large group* Use parcentag© 
Of these groups; was worsted out and it is found that tbs' 
maKiiate (38*20%) ©trains fall in small group, followed 
'by wry ©Ball (30*33%), medium (23*59%). and large (7,86%)



FBI % Pm 3*4,6, FBBf 1, 2,5,' Pm7^mui n,mm
17,10+1$,$$ 15,51

5*

Bm 3,4,5,' Bm 7,15 
6,13"

m 2,4,7 i© i

t* BUR 1,12,16,
t7,m,i9,m.

4* OS® 3,6,11 OBD 4,5,7,- OBDS,9.,1C) OBD 2

T!he specific detail® of these strain numbers 
are given in i^pandi^-ll*

jyn$Jbb|cbne.ga s on me basis of variation in rind 
thickness, which ranged 1*09 to 2*61 mm, these have 
been classified in to 3 groups with a- specific range 
of rind thickness* This infoimation has been presented 
in Table 4 (a).

-30-

in to various sire groups # This information has been
presented, in 'Table 3 (b) .*

\

Table 3 (b) t Group-wise split of kagsi lime strains. 

Ujj Vetf small small tedium .large
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on the

Utt* Group %ng© strains/
group

Peroentaga-

i* ; Very thin 1* %»'■ 1 *5 9 ‘ 1941

2#. $h$& 1*5 **3*9 41 . 46 *06

3*. Thiele 2*0 -.2*75> ■ 39 43*92

tMn, ^ tMa thlOk shinned m, the basis of rang© of 

rind thickness • Gut of B9 strains* 9 strains fall in 

very thin shinned group, ■ 41 ia thin shinned and 39 ' 

strain in thick skinned group* Tha percentage of 

these groups *sas. worked Opt and it is seen thafeia^joiw 

strains (46,06/0 f all: in ,.tfe thick skinned group 

(Fig*3), ■followed by thin shinned 'C43,-*S§34) and 

very thin skinned group (.10*11) *

*««= Tiwca* oi? gx.raxns nave oesn o.*as sxxxocs rurtnar

rind groups with specific strain, numbers

Of the five districts • This information has boon 

presented in Table 4 (b) *



'Sable 4 0b) | Groupwise split up of hagai lime strains

mm thin fhin fhlch

1* -Am 5*10*13* AB& 6*9*14 J)85 1*2, 3,4, 7,8,
i|*12*i§

a*, bse 1*1® B0R 2,9* 11* Ml 3,4, 5*6,7*
It*. 13, |6-*,20* ;
21,22*

8*10,14*15*17,
19*23*24

■3« HD ’ HD 2,3,4,6,7* 
8*t* 10

' tiD 1*5*11*11,13* 
14*15-

4* oro || •©HD 1,3,5,6,7,
8*9,|0,'

om 2*4,

5* M 8*9,20 , PBS 4,5*10*11,' 9BH 1*2,3,6*7,12,
13*14,15*16*17, 19*22

The specific details, of these strain numbers

are

CftilGQ fereenfcaaa .?■ Various hagai line strains have teen

class if led on tbs basis of Variation in juice content in to 

three groups with a specific range of percentage of juice. 

fhis information has been presenfee^kn Table $ Cal* 
fable- S Cal s Glassification of various strains on the basis

sr#Ho« '■ ’Group' Rang© Ho,of strains/ 
croup

Percen- 
tags....

1 low 30 «• 40 - -
2# MsSim ■ 40 -•*•■ 50 26 29,21
3-* High 30 and shove 63 70,70



A perusal of the data reveal. that the various 
strains can be frouped as How., and high percentage of' 
|ttice-,f ■ Out o.f 89 ©train®, 63 strains fall in high# group, 
followed by stadium. 36 strains, tfttile in case of low group 
not a single strain was found* tho p©rc©ntag© of these 
groups was oaioulated and it is seen that'most of the 
strains' (7p*78&J fail in the high group, followed,, by , 
medium group (29.21%)• •

fhe total 89 typos of hagai lime tea#© been 
classified further in Various groups as per Table 5(0 ■ 

v with ©pacific strain mSdb&ss of the fir© district*. This 
information, ha© been given in 'Tab!©. '5 fb)>- ' ‘

table S (b:) t Group-wise split up -of hagai lime 'Strains

Sr# Ho* Medium High

1* :&BD 4#S, ,15 APO 1,2,3,6,7,8,9*10,11, 12,13,14 ,

a* ' MR. 3,8,14,16,17,19,2% 23 ,24 ' .
Bm 1,2,4,5,6,7,9,10,11,
12* 13# IS* 18,.21,2|

$m St© S, 12,13,14 • ’ m 1, 2,3,4,6,7,8,9,10,11, 
IS

4* pm pm 1,2,3,4 ,5,6,■7,8,9,10, 
11

t* ' 1,2,3,7*8,11, |5,22,23,24# PBH 4,5,6,8,10,12,13,14, l6#17,18,19,20,21- -

The specific details of these strain numbers are 
g|v©n In Appe.ndia^Xl



observed in respect of acidity percentage in various 
strains# these have been classified into three groups 
with a specific range of aridity.. Hits inforriatim 
has been presented in Table 6(a)#

Table 6(a) s Claes if Scat ion of various strains on, the 
basis of' acidity {%}

sr#Wo» Group &ah(P- Ho*o£ strains ,e/’ per .group **

1# ■ 'LOW 8 •«* 6 ■ ■ 13 14.60
t# Medium ' 6 * 7 46 SI *68
3# ikgh Wv 9 $0 S3 #7©

it appears that various stralns/typos-can -be
[ > ■ ■

'grouped as low# medium and high 'percentage of acidity*
• ’ j

Cut of 89 strains# 30 strain© fall in high acidic,, group,- 
46 in medium and Only 18 in low acid group# The 
percentage of tbsse group® was wofeed out and it is 
found that maximum (SI ,68%) strains fall in medium 
group,, followed by high group- (33.7%) and low group 
(14*6%) #

’• The total ’8© types "of bagsi lime bate been 
classified with a specific strain numbers of the five 
districts# This information has boon given in Table 6(b)



Bpterieal round ' 0*83 to
0*99Baando I# to I,*02

Oval 1*03 to 1*2
Oblong 1 *25 to 2.0
Oblate *
Globose «

Sr,Ho* "" Group ' ” Range ih/B) Ho*of strainsper group

m 6*ti

OS> 7,8

:22.#47
24*71
47*19

•m

2*24
2.2«

pm 1*4*5*6* 
7*14 "

' The- specific details- of these strain, misters 
ate given in Appendis-.II, .

Fruit shape. s <m tbs basis of variation in shape and 
mtinps index Iragai lime strains ‘have been classified into 
six groups- with a specific range of shape index* 5his 
information has teen presented in ‘Table 7 Ca) *■

fable 7 (a) « Glorification of various: strains on the 
• ■ basis of shape- (shape index)

•«■■* pm 10*13,18* PBH 2,3*8*9*11*.
24 12*15*16*17,19*

20*21*22*23

Sr* Bo* Bedims,
i* ABD 1*2*3,4*6*8* 

11,12*13*14*15 .
mt> S*f*t*

m 13*14,17* » 3*8*10*12* • 
16*19,20*21*22

SHR 1*2*4* S, 
6*7,9,11,13, 
23*24

f Group-wise split of togai Sine drains
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ABB

8m 2,
■11*22*

pm- s

©BO 11* ©a© 2,3,4, ©BO 5 
9

PBB1 1,4,PBH 3,6,7, »
S*©*9* IB, IS, 21,22 10*12* ’ .
13*17*18, 
in 20,M

1115 3

om. 10

1* pm 7*10*13*14

3*' sm 1,12,13*16*18,21

3*. »t*8*i@*

4* ©BD 1*©,7*
$* .888' 2,11,14,23

-36-

Tlie .strains (Table 7 a) Can bs grouped as 
spherical round* round, oval and oblong on the 
ef shape indeis* while sOtae strains were grouped as 

Lobose • ©at of 89 strains* 42 strains 
■group ■ (Fig ,*4*S- ) with a highest 

(47.19)^ followed by 22 In round (24*71%1 and 20 in 
spherical round (22*47?'*)* Hot a single- sample was 
obtained of oblong group* Two- strains from each oblate 
and globose types in a 89 samples (Fig*6,7,8*9) *

The total 89 strains have been classified farther 
into Various groups with- a specific strain numbers of 
til# fiv© districts*. This information has been presented

Table 7 (b) ; ©roup-wise split up of hagai lime strains:
Sr.Ko. spherical Round round oblate globose

%m-4Q*. %
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Figure % showing fruits are oval in shape and large size

Figure ^ showing fruits are oval in shape and rough, thich 
shinned



!te^JaS.,K*'1“9 flUlts oval *» >h«I» with one ena

ymm

I iguce 6 snowing fruits are of oblate shape and eariker



j re / showing fruits are of oblate shape



Figure 9 shoeing fruits are of globose shape

Figure 10 showing fruits having nardlla.



-37-

■are 'gives In ^ppendisr—II.

VioM/nlant * On the basis of differences observed 
in yield (number of fruits/plant) the various samples 
feam been classified into- three group® with a specific 
range of fruit number* This information has teen Reseated

Table 0 '(a) : Citesificatioh of Various strains on Mi© basis of yieM (nraaber of rrtiits/plant)

Sr. Mo.# 'Group , Range Mo # Of
strains/
group

■Percentage

% m, t i ” bo\f 380 - 1000 14 IS #73
2# Medium 1000 - 1500 37 41#57
3# High 1300 - 2S00 - 38 42.69

The data indicate that ■ various strains can be 
grouped as low, medium -and high yielders * mong the 
89 strains masdmora C38) .strains fall in high-yie Ming 
group with highest percentage C42 *69) followed by medium 
group {37) strains with 41 #57 per cent and low yiolder 
14 strains with a-15*73 percentage,

ThQ- total S9-. strains hate teen classified further 
into various groups- with a specific strain numbers of the 
five district#, This information has-.been presented in 
Table 8 CbU



sr#Mcit, " tew ' Heflixtii M0i.

t* -AB-S 6,11,13,14 AlS> i*2*B*4,S,f* 
3,9*19,12*15

&* wm 12,16,17,
■ 18*19,. 20*22* '

' 22*23 ' •

m& 2,4,6,7,8, 
10* 11# 13*14,15* 
24 '

nm 1,3* 5*9

m 3* 6 » 2*6,9,11*13
16 ;

«B.1,4,7,8,10, 
It# 14

4,#- :©B9 030 4,6,7*11 ote i,2,3, s,a, 
9*io

t* ■ •PM '7,20*21 mn 2*4,S,6*9* 
13*14,15,16,

PBH 3,8,10,11, 
12,17,13*19

22,23,24

♦ The specific details of these strain ..numbers are 
giuen in Appendix! X#

meia 2
£ •

as the range of Variation in respect of yield 

of' fruit per plant was. wM©, the yield in teg per plant 

was calculated and various types hare baen classified 

into three' groups with a specif ier . range of weight#; This 

info-® at ion has1 teen given in- Table 9{a) *
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34 *831# Low 21-75 31
2 « Medium 75-125 44
3# High 12S-175 14

The data depicted in Table 9 (a) repeal that _ / 
the Various strains can be grouped as lew# medium and 
high yilading on the basis of range of th© weight * Out 
of 89 strains# maximum (44) attains are in medium group 
with a highest percentage (49*43), followed by 31 strains 
in low yield with a percentage of 34 *83 and only 14 .strains 
(15.73%) were found t© be high yielding*

The total 89 -strains hare been classified further 
into various groups with specific strain numbers of the five 
districts, This information has been given in Table 9 (b)

Table 9 (b) s Group-wise split up of kagsi lime strains
SX *KO * LOW Medium High
i* ‘ mo io#i4#is
2* nm 8,12*13#14rid# 17#-18# 19# 20, 21,23,24
3• 3KD 3#5#6#9#12
4.* OBD 6*11
5* PBH 5,7#9# 16#20#21#23#24

ABD 2,5#8#9,11,
12#; 13
BHR 1#2#4,5,6#
7,9#10#11#15

HD 2,4#7#8#10,
11#13,14#15
OBD 3#4#S#6#,7#3# OH> 1#2#9,10
PBH 4#6# 10,11,13# pm 1# 2# 3,8# 12 
14,15#17,18#19,

ABD 1#3#4#6*7
BUR 3

m 1

9 (a) s Classification of various strains on the 
basis of yield (bg/plant)

Sr .Ho. Group Ho*, of strains 
par -gro% %

en 
&

** 
e- 

•- 
*
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Th© specific details of tbogs strain number© are 
given in appondijs-Il*

The total soluble solids. Of the Juice of various 
strains were determined« This Value ’was found to 
range 8.27 ■<- 9.96 in various strains (Appendias>.ix) *

and weight of 100 seeds were recorded in Various strains*. 
There was considerable variation in colour* shape and

seed was found to Very from t#iite to light fellow* dark 
fellow and brown, shape of seed life round.* avoid* 
and flat, ■were observed.* The weight of 100 seeds tms '
found to vary 8,84 to IS.48 grams. ‘P

Oat of 89 strains studied* seme peculiar strains 
life Baramsi# mamilate* canker free and attractive coloured 
were observed, and are described below s

St-is’Seen that the fruits o£ Baramasi type differ "in.
■ respect of shape* thickness of riM* percentage, of • • 
acidity and number of fruit: per'plant, 'The fruit shape 
of this type' is invariably round and the fruits are thin 
shinned* ' The acidity is comparatively less as compared 
to normal kagsi lime* but the most important point, -in 
the favour' of Baramnsi type is the high, yield- obtains#



Table 3.0 s c exposition of Baramasitype©

' \ strain
diaraeterVBo ■ PBS 3 PBS |0 PBS 11 vm la eao $

Fruit wt Cg.) , 05*00 51*33 53*50 26 *80 tliOO
mm imm .20,43 00*24. 20*?0 ■ 2?f19 2S*35
shape round round spheri-* 

cal - 
round

round spherical 
' round

®wkm i%) 52*20 $3*2?, 49*93 51*32 m*n
■Thickness of 
rind Cam) •,

1.09 1*56 %M 2*03 1*80

So* of seeds/, 
tree

9*66 8*30 2*40 . 6*40 9*80

AOlditf (%} , 6*S0- 5*20 6*48. 6*?i 6*50
m&m soi os ,frtfclts/plailt 2100: , |000 $800 $900 $950

Remans canker ** «• censer 
free • mm

liitlfli Hi >■

almost through gat a. year* ©at of 00 tspes surveyed, sans 
types were observed to bo very distinct in respect of 
fruit colour. The strain numbers OBD 10, P8N l, BBS 10,
BBS 14 veto observed to have very bright-yai low attractive 
colour with glossy appearance*

Baring survey attempt was. made to locate kagsi lima 
typos free/tolerant to canker- disease# The strain ambers, 
ABB 5, ABB 13, BUR %f PBS 1 PBS 0 and PBS 12 were observe# 
to bo .canker free at the .time of sampling and also reported
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widely grown in India for various purposes * It is 

commercially propagated by seeds in India# as it comas 

true to type because of high degree of nueellar embryony. 

EVen though the phenomenon of nueellar embryony is common 

in Kagsi liras* seedling variation® do occur (Earn©#3.937) 

Therefore# ssloction of superior strains from existing 

variation is one of the easy and best methods of crop 

improvement.

Few survey works carried out in south India# 

Central India and Bferth-East India Indicate that there 

are several forms ©f limes under cultivation. Their 

exact specific status, penological Characters and physico- 

ChsraiCai composition of fruit® is yet to be determined. 

Therefore# at present w© do not have standard/specific 

cultivars which can he recommended. At present cultivators 

a.M switching over to the cultivation of Kagai lime- on 

large scale# as the mandarins and sweat oranges are being 

wiped out dUe to die-bach Complex • So# there is a heavy 

demand for the supply of batter types of hagai lima* In 

view of the above necessity survey was undertaken in the 

Marathwada region of the Maharashtra state*

• *m•HV
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Tine foregoing discussion ladings out two important; 
points# firstly there is a great scope to survey and 
locate the ■ superior strains of kagsi lime and secondly 
to build lip germpiasm for the improvement -of kagsd lime.
The salient features of Important findings, discussed below?

Variability studies in different Kagsi. lime strains?

The phenotypic variation among the different 
strains plays vital role |H crop improvement prograimne*
The present study elucidates ■ this aspect*

The survey work comprising of 89 strains of 
Fagsi lias appeared to represent a broadupeotrura of 
variability when their mean performance for different 
characters tas essaialned • The differences in the sample 
observations are significant even though the same species 
is grown by the cultivators•

The results Indicate that the variability was 
more In yield (Kg.l/plant* tA&cjh ranged from 21*93 to 174*66 
kg In different strains with a highest coefficient of 
variation of 39*94 per cent# this was followed by number 
of iruits/plant#. weight ©f fruit (g) # number of seeds/fruit 
Sine of fruit (cm ) # rind thickness (tm) # percentage of 
rind# percentage of acidity and juice respectively* 
studies undertaken with 89- types /strains of Ragzsi lime 
indicated the wide Variation in different characters like



. Bhattachgrya and JDutta Ci956) reported that the 
■field of Keriraganj lima to he found higher than 
Ahh&vpnri lime under' mem conditions* Hie variation in 
the yield 'of Kagsi lime trees varied 1500 to 5000 fruits 
annually (Shan ,1972 and Swaiay HJL.? 1972) #

Meording to Siddappa (1952) the average weight of 
various S%gsi lime types varied from 26-00 grams# 
percentage of Juice from 45-5B and acidity 6*27 to 7*69* 
Bhattapharya and Butt a (1956) reported 6*6? per cent and'
8*81 per cent acidity in two types of sour limes*

DUder Host Indian conditions several types of 
acid lime fruits have been reports which differ in sice#
'form (round, oval and oblong), degree of seediness and 
tliichness of rind as. thin and thigh (Mony 1932? Ghsama g£. g|j 
1954 and Eeutber gjb .git, 1967) *

2* Studies, on the range,in various fruit. Characters s

Th<B results dearly indicated that 'large scale 
variation. exists both in quality of fruits and productivity - 
of plant* therefore, it was decided to classify the 
various'strains with a specific unit* On the basis M



variation in th® fruit weight, 89 strains have been 

classified .into four groups vis? small# medium# large 

anfi very large fruit (Table 2)* It is interesting to note 

here that only five strains oat of 89 mm heavy in 

fruit freight (90-100 g)»

The slas of fruit is very important from the: 

marls©ting point of view* Therefore# the various strains 

have been classifies into four groups with a specific 

range of. sis© (Table 2b) into very small# small# medium • 
and large sised (30-3S an2) • only seven strains.- were 

found to be largo siosd oat of 89*

The rind thickness of various strains ranged 

1*09 2*6i tm*' Therefore# these have bean classified as

very thin#-'thin# 'and thidk sinned (Tati® 4 a),* ’The 

character rind thickness is important both f rom the 

point of pickle and juice purpose.#- Most of the type©
Ct

having thin rind give high percentage of Juice'* while 

thick skinned types are suitable for pidkle purpose* A 

thin and thick types of kagsi lime fruits have been 

reported earlier (lason? 1932 and Cheeraa ^ al? 19S4)* 

Sheema al* (19S4) found thin skinned (Kagdi limbu) and 

thick skinned (Godhadi limfou)undor cultivation in 

Maharashtra state# Thus#- supporting the above findings*.

The extent of variation in juice percentage was 

found minimum in various strains.#. Out of 89# 63 strains
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airs classified in high percentage of juice and 26 are of 
medium group* It Is observed that the percentage of juice 
was significantly more from tMn shinned types over thick 
skinned »

Percentage of acidity is most important eccndmicil 
character of the fruit* from the present study a distinct 
variation in the percentage of acidity was recorded'. Out of 
89 strains* 39 strains had high acidity (7~9;5). . This 
character can ba ejsploited on coRmercial; scale for 
manufacture of citric acid from only promising strains*
The strain ABD 7 ABD $ (8iW,| and fm % (8.29)
numbsrs had highest percent of acidity (appendix!!) 0

' $ distinct and wide variation in shape of fruit 
in Various strain© of Kagsi lime has been noted7 (Appendix*-! x 
It is interesting to report here that in the present study* 
fruits of sphsridaV round* round*' oval* oblate and globose 
shape ware obtained from the 89 sample© • Most of the strains 
wore oval and round in shape* In this region in 1932* 
four distinct types 1) round* ©mall thin shinned# ii) round 
large thin shinned* ill) round large thick skinned# iv) long 
thick skinned (Godhadi limbo) have been reported on visiaul 
observations Ciaion? 1932) •

From Assam# two type© round (Kagzi) and Pati 
Coblong) have been reported by Bliat tachar ya end Dutta <1936)

I



asfl Bhan (1972). Thus#. large variations" in shape of 
fmit exists in cultivated hagai lime species *

yield per plant Is a complex character being 
tlie result of tbe effect of awiber of factors inherent 
both in the plants as well as in tbs environment, She 
increase in' yield has been reported with increase in 
number of fruits per plait and increase in weight of fruit* 
Therefore, it was, thought desirable to classify the yield 
of various strains with a specific range/hnit. On the 
basis of tMs approach the strain®' were grouped as lew# 
Medium and high yielding (Table 8a) • Thirty-adghfe strains ' 
out of 89, were high yieMers in terms of number of fruits/ 
plant# While only 14 strains,, were observed to &©■ high 
yielding when weight of fruit per plant was considered 
(Table 9 a)#, Tims,, the hnowledg© of the fruit weight and 
ntraber of fruit© per plant can Jointly predict the total 
yield of the plant (Appsndix-2I)• Bhattachorya and 
Butte. (1956) .observed that KarimgaR lims yields 1900 
fruits per tree in a peals season* Bhan (1972) reported 
yield of Kagsi lime from 1SQ0 to .2000 fruits/fcree* From 
Andhra' Pradesh# swamy et ^1? (1972) observed that acid 
lime trees bear .3000-5000 fruits annually*. Thus# the 
variation, observed In the present study in respect of 
yield can be- supported by the findings of these workers •



Baling the surpsy x*orh of the present study# some 
novel types lib© Baramasi# highly attractive colour tupes 
and eaftkor tolerant types have been spotted out* It is 
interesting to report here that five strains {Table 10:) 
of- Baremasi types have been located and their yield and 
quality aspect of the fruit *sere studied* These are • 
superior in yield# optimum in quality and give the fruits 
almost through out the year* such strains should he 
esmloited m commercial ©cal© to establish their superiority 
over normal typ es* Baramasi type© are specially suited 
for Kitchen gardening purpose.* The colour and appearance 
are- important factors# uhidh decide 'the market value- of 
the fruit* It is sure that highly attractive# glossy# 
smooth surfaced Kagsi lime fruits fetches better price in 
the market • such types {©BDlO# FBli, PBN10 PBH14) have bsen 
■spotted during the -survey work*.

The canker disease is a serious problem in the 
cultivation of Kagsi lime* Xn viet? of this problem 
some types CaBB S# ABD 13# mm i# PBN l# M 8# PBB 12) 
have been located as camber tolerant* Bfcmever# it is 
suggested' that their resitance to canker disease (Should 
be- studied further to confirm the above observation *

S* Correlation, studies in Kaczl lime strains s

Correlation studies between various characters of



fruit aJ®8 yield indicated some definite positive/ . 
negative relationships (fable 11)«

There is a definite relationship, between weight 
of fruit and a la©- of ■ fruity as the sis© of fruit increases 
It accompanies increase in weight of fruit# as -well as the 
Juice percentage, and thickness ©S rind# Slddappa (3.952) . 
reported that sis© or the weight of acid lira© does not 
bear any definite relationship to percentage of Juice- or 
It© acidity, Gbifia and shas&er (1971) reported that. _ 
increase in -weight of citrus fruit acconisanies with an 
Increase in dissoster of fruit* There is no definite 
relationship between numbar of seeds per fruit, and weight 
of fruit#, However# Hlttalmani cud Rao (1976) 'reported 
that there was a positive correlation between seed number 
and weight of fruit during the - developmental stages of 
Kagni lime fruit., Thera, was no distinct relationship 
batx-jeeiii sis© of fruit and percentage ©f acidity# But a 
highly significant and definite relationship hitmen sis© 
of fruit ,©nd the thickness of rind ..observed. The increase 
in sis© of fruit accompanies increase in the thickness of 
rind. There xtqs % highly significant negative correlation 
between' percent age of rind and percentage of Juice# it is 
Obvious that when rind percentage increases automatically 
the Isdc© 'percentage deceases* The correlation between



positive relationship, Th© yield of a plant is a most 
economical factor from cowsrciai point of view* *lhe 
correlation studies indicated highly significant and 
positii?© relation between yield Chg) and amber Of 
fruits per plant*; Ifhe increase in nsrfetr of fruits 
per plant qM fey ■weight accompanies .increas© in yi©M 
per plant*

In summing tip# tits foregoing disease ion It 
can b© said bore that the various strains can suitably 
fee classified and utilised for juice purpose* manufacture

o

of citric acid and plchfto purpose on the be© is of 
physico-chemical composition of fruit, *Eha collection 
of 8© typos will enrich the germ plasm- of Kagsl lime for 
further improvement of this crop as per the needs of the 
cultivators of the state *
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The study entitled “Survey for the selection 

of superior Kagzi lime strain/fcypes in the Marathwada 
region" was carried out during 1977-78 In five districts 

of Marathwada region and Department of Horticulture#. 
M,A*U, Barbhani* The results obtained at© briefly 

summarised as under .«

11

Cchi
b analysis of variability of 89 Kagsi lime

types revealed significant variance owing to strain 
differences for most of the characters under study, It 

indicated a wide variation^ in yield., sis© and weight of 
fruit, with a least variations in percentage of Juice# 
acidity and rind thichne.ss^N

2* The various fruit characters and yield of 89 
types are classified on the basis of Variation into, 

definite groups (unit) in order to isolate and specify 

the typos under particular ghup*

i). The fruit weight of different types has been
classified into four groups within the range of 30-100

ii) The sise of fruit has bsen classified into four
2

groups within the range of 13*0 to 35,0 era *

iii) The find thiahnese of fruit has been classified
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into three groups within the range 10 - 2,75 ram* The 
strain nuSjbersAHD 3 (2.61) ABD 1 (2.55;) PBN2 (2.42;) 
are very thick shinned and may he suitable for pickle 
purpose•

iv) ./The 89 strains have been classified on the basis 
of juice percentage into three groups^Kaving a range

of 30 to 60,

v) The percentage of acidity of various strains 
has been classified into three groups within the range 
of 5 to 9%, The strain numbers ABD 7 (8.51) ABD 5 (8.4), 
PBN 1 (8.29) had highest acidity percentage.

vi) On the basis of variation in shape and shape 
index the types have been classified into five groups 
like spherical round, round oval# oblate and globose.

vii) Yield in terms of number of fruits and weight 
of fruit per tree of Various samples has been divided 
into three groups as high yielding ^medium and poor. 
The strain numbers ABD 3, PBN 1, PBN3# PBN 8, ND 1 
were observed highly productive

3) During survey, some peculiar and novel types
were located, ^Out of 89 strains, QBD 1, PBN 8,10,11,12 

are of Baramasi types. Baramasi types are found in 
shape, thin skinned, abunde'nt juice and very high in 
yield per plant*



4;) (jPhe strain numbers OBD 10, PBN 1, PBN 10 and 
PBN 14 had very attractive, yellow bright colour with
glossy appearance. Jj-

5) (fhe strain numbers A5D 5, 13, 1, PBN 1, 8 and 12
were observed to be canker freehand as also reported by 

the cultivators*

6) Definite relationships botwen weight of fruit 
and size of fruit, percentage of juice and rind thickness 
size of fruit and thickness of rind, number of fruits/ 
weight of fruits to yield per plant have been found out*

It may be concluded here that out of 89 types 
of Kagzi lime, some strains are productive, high in 
acidity content, suitable for Juice and pickle purpose.
The Barssiraasi types are found productive and economical 
to the cultivators * It is indicated that this germ 
plasm should b© studied further for the Improvement 
of Kagzi lime.

***
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APPEMDIX^III
list of Cultivators

1. Aurangabad District s

Strain No, Nawe of the cultivator Place

ABD 1 Shri Haribhau Rarabhau Nirve Uthwat
ABD 2 ii Deorao Patil Jodraanegaon
ABD 3 it Kishanrao Dhole Pasud
ABD 4 n Dupa Maroti Dure Jikthan
ABD 5 h Vighwanath Gahpatrao 

Gore
TaJcli

ABD 6 it Da»nanrao More Katpur
ABD 7 II Kishan Venkayya 

Goriyanthyal Jalna
ABD 8 w Vithoba Nagre S'aukhed
ABD 9 ii BihaTiseth Bhakkad Jalna
ABD 10 ii Pandurang Trimbake Golegaon
ABD 11 it Karayan Deore Somdhane HanTcar Deolgaon
ABD 12 ti Govind Siduappa Varklied
ABD 13 ii Yeshwantrao Anandrao Masegaon
ABD 14 II Bapusaheb Baburao Kakde Kandari
ABD 15 ii Shivaji Dyanoba KaMe Kandari

2. Bhir District

BHR 1 Shri Fakirbua Mali Mazalgaon
BHR 2 ii Sopan Mukundaro Gutte Nananj
BHR 3 ft Narsoba Phad Kandherwadi
BHR 4 a Eknath Tulsiram Munde Saradgaon
BHR 5 salt .Siarubai Munde Dabi



APPENDIX ^III (Contd.3\

2. Shir Pis t. (eontd,)

Strain No, Name of the cultivator Place

BHR 6 shri NandlaX Marwadi Mgaon
BHR 7 SI Laxamanrao Patil Jawla
BHR 3 it Ganpatiappa Balde Malkapur
BHR 9 n Apparao Dhondiba Monde Pangri
BBR 10 ti Murlidhar Arjon Gotte Nananj
BHR 11 N Biro Mane Malkapur
BHR 12 II Laxraan Rajaram Yadav Jadit Jawla
BHR 13 tl Baburao Annaseheb Mule Waghora
BHR 14 It Ashroba Balde Waghora
BHR 15 it Namdeaorao Bhise Jjani
BHR 16 It Gyandeorao Mask© Palwand
BHR 17 tl A,P, Bhople 3hir
BHR 18 Smt. SJpnabai Ghode Bhir
BHR 19 Shri g.a. Mane Bhir
BHR 20 H R*M. Gar am teacher Bhir
BHR 21 tl Maszid SaBsthan Parli-Yaijnath
BHR 22 II a.m, Monde Pangri
BHR 23 IS Sk, Pharidsaab Khurdi
BHR 24 It SheshraO Dhondiba Jagtap Karchundi

3* Handed District s
ND 1 Shri Bhagwanrao Govindrao 

Choudhari Mudkhed
ND 2 It S'sjnbhaji Tukaram Lone Lahangaon
ND 3 II Manilc Pundlik Bhise Jodjfawala
ND 4 n Sahebrao Jaywantrao Patil Raj wadi



flPEBNDI»4lI (Gontd,)

BID 6 
HD 7 
HD 8 
HD 9 
HD 10

m ii
HD 12 
HD 13 
HD 14 
HD 15

Shri Ganeshrao Govindrao 
Kadajn

" Madhavra© Rarachandra 
Lolchand©

'• Sheshrao Deorao Chavan
" Debrao Patil

'• Babara© JaWantrao 
Patwari

" Msar Patel 
M Daj iba Nagorao Mungal 
M Tapaji Manila Mungal
* Naradeorao Suryawanshi
M Etaiatbrao Pawar
M Sic, Pharid sic, Baban

4» Osmanabad District *

OBQ 1 SJHri Manlier a© Kedar
OBD 2 n Pundlllsrao ifendre
OBD 3 ii Ddhav Sahharam Kachwe
OBD 4 n Vebkatrao Sonera© KadaW
OBD 5 « Bhagwanrao Bhadade
OBD 6 if Verikat Spparao Bhadade
OBD 7 i» Pandharinath Patil

Khendreom q ii Raosaheb Yesbfantrao
Khalcre

GBD 9 it ^bljarapsingh Thahur
OBD 10 n Vilas Trimbalcra© Ksndre
om 11 '•I Namdeorao Patil

CMdgiri
Dbarmapuri

Loha
Karwadi
Talegaon
Talegaon

Ejali
Bjali
®alnl
Naleshwar
Berabra

Raj wadi
Patoda
Kolcangaon
Tambatsingbi
Mavalgaon
Mavalgaon
HanmantJawlga
Malegaon

SMvanKhed
Patoda
Kolwadi

3, Handed Dist, (Gontd*)

S'ferain Ho, Harae of tbe cultlvaror Place



APPENDIX-III (Contd.)

5, Parbhani District s

Strain No* NaPte of the cultivator Place

PBN 1 Shri Bkribhau Babarao Ghatangra

PBN 2 It Gyanba Santrap DaMphale Shendga

PBN 3 II Balirsm S>ajribhaji Munde Badwani

PBN 4 ii Eknatb Bhaurao Phad Dhabwadi

PBN 5 H Natndeo Manaji Latpate Kodri

PBN 6 n Handkumar Marotrao Dake Malewadi

PBN 7 ii Paisaheb Chaoudharl Suralwadi

„ PBN 8 it Dinkarrao More Deothana

PBN 9 •a Bhagwahrao Lad TaMi

^ PBN 10 II Vishwanathrao Deshimikh Deothana

„ PBN 11 n Mahadeorao More Deothana

^ PBN 12 n Prablad KM 11 are Deothana

PBN 13 it Vikrani Rakhma^i Jadhav Bhosar

PBN 14 <i Laxamah Yogaji Awtar Deolgaon

PBN IS •I Rangnathrao Tulsiram 
Jawle

Asola

PBN 16 « Shesbrao Namaji Jawle Asola

PBN 17 ii Lassaan Sainbhaji Mungal Margalwadi

PBN 18 •I Tukarara Vishwanath Margal Margalwadi

PBN 19 16 Paraji Patloba Phad Dhongarpimpla

PBN 20 D£pt
M.AJ

• of Hbrt* (old orchard)
0• Parbhani,

Parbhani •

PBN 21 Dept . of Hort* (new orchard) Parbhani•

PBN 22 

PBN 23 

PEN 24

Shri Gov indr ao Nanabha$ Dhuraai Shevga 

% s *G, Deshpande Partur

w Gangaram Lad Manwat



APPENDIX -■ W

Proforma of the General observations recorded duringsurvey work

%4 Hama of the villus ?
2* ; Name of the cultivator s
3* Soil conditions of t' Kagsi lime orchards ' ’
4. Ho-., of plants in the t

orchard

Bm- average ho* of fruits * s■per‘plant ,
0* Quantity of fertilisers 5

1 and manures applied ’ > ■■
7. - Condition of the plants(S&althy/uahealtby)

i ’age of the plant,,
S# , Presence or absence of canker disease t

0* No. of fruits/sapi^le • t

iO* Remarks of the .cultivator * and popularity of- ka#i 
lime*-


