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) | INTRODUCTIO

Ragsi lime (Citrus sursntifolis swingle) is one

. of the important citrus species, widely grown in India
for var.j’i@us purposese The fm:!.’cs are extensively used
gor squashes, pickles, syrups, cerdisls, manufactuve of
clitric pold and for table purposze in the daily life

of Indians (Cheema et gle, 1954), The fruit is valued
-ﬁeﬁ only for ite nutritional qualities It also for
medicinal imrposes (Rirtikar and Bagu, 1935},

mong the £zuit crops, cltrus is the third most
important crop in India having an area of 1,36,997 ha
(anons 1970)s Citrus occouples an area of 29,300 ha in
Maharashtra and 5,300 ha i Marathweda region of the
states among the various citrus specles grown in the
gtate, acid 1lime (Kagzi lime) i cultivated on 2,200 ha
in state and 200 ha in the Marathwada region (Anon;1975).
Small plantatione of Kagzi lime are very common with the
cultivators of this region aspaeiény where. mlg irrigation
is avallable. It is a more popular fruit of gouth and
central India, The acid lime production of soﬁth"’::ndia
is more than half of the total production in India
(Maik, 1949). |

Kagzl lime (Sour lime) is commercially propagated
by seeds in India (Naik, 1949), as it comes true to type



because 6?‘.’ hich degree (39 to 60%) of nucellar embryvony
(time, 1957 and Reuther gt gl., 1967). It is also a
chegpest and easlest method of propagation, ’I‘h‘eréfqre,
seed prépagatimn is still anpleir?a in most of the
countries 1like _xnaia; Egypt a:mﬁ?@xieo (Reuther ¢k al.,
19673, , : o |

It has been reported that the over all
performance of Kagzi l:lme' s@edliz;gs‘ is better thah
budded plants.  The mortality of seedlings is aleso less
as compared to budded ones (Maik, 1949) as ;:ha secdlings
of citrus are generaily Erec from virus (Swingle,1948),
' i‘he acid lime buddings on gajanimma, jamberi or agcid
lime are a little early to commence cropping and yield
somevhat more than seedlings in the first 10-.15 years ,
thereafter ceedlings also eateh up the budlings in yleld
potential (ﬁe&ay.; 1972). In 2ndhra Pradesh, Ragzdi lime
‘seealings» are found to live fof 20.25 years even under
conditions leading to decline (Swamy gt al.. 1972).
Thus, these findings establish the superiority of
geedling plantations over budlings. -

Under Horth and Horth Epstern regiong of Iﬁ&ia
kagzi lime 3= generally propagated by layers or auttings.,
But %:h@ reeént trend is tmﬁs the use of budded plants
rather than geedlings or layers. However, for hdding



pugpose kadgzi lime cultivars have not bzen stan&égzﬁize&
for the various agro-climstic regions of the country.

Even though the phenomenon of nueelléx enbryony
is common in kagzi 1lime, seedling varistions do oceur
(Bume, 1957) s  The pelection of superior strains from
@wié?ting variaticn iz enc of the easy and best methods
of erop fmprovement, In Case of aeid lime fow dsolated
efforts were made in the past to survéy the various typess
such survey works wore m‘:ﬁér*;ékan on a very limited
geale with ratbher broad abjeative{; and were discontinued
éi’uz*ths&x. ?ée;:eﬁ@xe, at present we do not have any

gtandard or specific cultivar vhich can be recommended,

The firet ond the most important fruit survey work
ms Gsarried ottt in the region 1:; 1932, which indicoted.
the' presence of three to fcm:: digtinct types of kagzi
Jime under cultivation (Ahon., $932), TFrom the survey
of South India, it hes baén c:ba@z:maé that severasl ﬁem'
of limes are under cultivatien which arve yet o prove
their superiority over ordinary kegzl limes (Naik,1949).

A large variations in s‘:mﬁ,t size, acidity and juiece.

per cent were recorded in varicus strains of kagzi limes
growm in Madras Btate Qsié&ama, 1952). Apcording to

Cheema et gle, (1954) variotics iike kagdd limbu, Pgt limbu
and Codhadi limim were cultivated in the ztw:zar_;shtra State.
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The exact specific stetun of these vsrietles is yet
£o be determineds 2Acid lime survey carﬁéﬁ out in
asgam, indicmted the presence of two distinet types
of sour lime (Bhattacharya and Dutta, 1956). Thas,
it 1s clear that very little eofforts were made by the

research workers for the improvement of Xagzi lime

‘through selection of superior types.

Under South Indian conditions kagzi lime
produces two digtinct behars (erops) viz,, Mrig bahar
(Tune to December) and Ambe bahar (Jamuary to June)
imt there are some types which £lower almost through
out: the year (Baramasi)s The information on these
aspects, chout pomologlcal characters and physico-
chemical compogition of various 'kégzi lim types grown
in Marathwada region ig very scanty.

A kagei lime strain 1€ found tolerant t:é- canker
digesse will be an asset for boosting the cultivation
in the state. 2t present cultivgtors are switching
over to the eultivation of kagzi lime on large scale, .
ap the mardarine ahd sweet organges are being wiped
out due to dic.back complex, So there is a heavy
demand for the supply of better types of kagzl lims
;geealinga » However, there is ne gspecific/standard variety

-0f kagzi lime in the reglon or gtate to méat the needs
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of cultivators, Therefore, it is highly essential to
wndertake large secale survey in the variocus regiong
with speeific objectives,.

Tn view of tho above necegeity survéy was
undertalen in the Marathwada region with follewing

{abjec;tiveé :

(1) To igolate productive and qﬁality strains
of kag‘ai lime, |

(2?)} To study relatlonchips between véfious physical
and ci:amical characters of fruit, -

(3 To &ascriba and classify various strhins
suitable for var;!.dus PUrposes .,

(4) 'Tc:) collect germplasm for braediﬁg pUrpose

| and to igolate haramasi types/novélties if any.
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Citrus is grown in every state of Iniia,
Mandarin aid sweet orange varieties are most populas®
as compared to other citrus specles. In acid lime,
there ig no standard variety under cultivation in
India, It is commereially propagated by seeds £rom
loeal gtrains. So, most of the kagzi lime plantat}ions
in Worth &nd South India ave of secdling nature.

in other f£ruit crops like mange, ber, quavn
gtes seedling strains of superlor types are well
egtablighed commercial cﬁit:ivars, The varietal
improvement inm these fruit crops is as a result of
gurvey work undertsken by number of research workers s
The évailable rélevant literature on the fruit survey
work cézfrie@ out in citrue and other fruit crops is
reviewed below @

2+1 Surve

The reglons like North-Bast Tndis and South
Indis enjoyy a Wnique distinction not only in India
but in the world as, being very rich in numercts forms
of aztius and being the original home of several citrus
species both edible and non-edible . sour lime is |



congidered almost definitely to be indegenous to Im’:!ia
(Royle, 1839 and Tolkowsky, 1938) o 2Although Swingle
(1946) holds the view that it is apparantly a native
of Bast Indla Archipelege. Real gour iime is hnown as

zadizd lime almost everywhere in India.

Kagzl lime is ‘pro,pagate& by seeds in India,
It is ‘g:vmm in every state and home for eatering i:hear
domestie ir:,er:’ee:?.:—:»f . As it is propagated t'ﬁrougﬁ seeds and
is growm under different agro-climatic zones of India,
there is a lot of variation existing in this species.
Very fow lsclated efforts were made to survey the
various superior types in yield potential and other
. economic characters, This cltrus species remained
neglected ani so, we dd not. finﬂ any specific or standard

cultivar wder cultivation,

. Under South Indian conditions lime is
extensively grown in all the states. In Maharashtra
gtate, as éérlgr as in 1932 fruit survey was carried out
mostly in Ma::éthwada and adjoining regions. In thia
region three to four distinct types of acid lime strains
were observed under cultivation (anon,, 1932), These
ware 1) round, small, ihﬂ.n; skinned, ii) ,mma‘, 1a¥ge,

thin skinned, iii) round, large, thick skinned and
iv) long, thick, skimned (Godhadi limbm). But their
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phyaico-chemical characters were mot studled at all
(Aon,, 1932), From the survey of some lime orchards

in 50&&?1 Inﬁ,ié Naik (1949) cobeerved several forms of lime
like s'hinyl rind with very thin skinned types with
mamilla and without mamilla and one hybrid with red
fleshed pulp., Further, he remarked that these novelties
are yet to pfave their superiority to the kagzi lime.

' Prom Ardhra Pradech two £orms of lemon (Citrue
Limon Osbeck) one oval in ghape and other elongated
were found in private orcherds vhich were raised from
gcads (Naik, (1949), In Tamil Nadu, goven different
localities were gurveyad for quality of lime frulig,
‘There was a variation in average weight of fruit and
pereentacge of ju_if;e and geiaity (Siddappa,1952) .

axcording to Cheema gt aly (1954) three types
of limes ave under cultivatim in Moharashtra state,
These include such askagdd limm {thin skinnea),
Godhadi limbu (thick ckinned) and pat limba (Oblong
‘in ghape), Further, they remarked that their exact
apecific statyvs is yet to ke a,et_@minea.. Under tegt
Indlan conditionsg seversl types of acid lime fruilte
which differ in size £mfn and degrée of geefliness are
récegx'xie;ea.- Spiﬁéless forms aleo occur in India

(Reuther gt aly 1967, 2 amp:éiwnsivg survey work and



clagsification of citrus £ruits of Assem was done by
Bhattacharya snd Dutts (1956). They isolated and
degeribed two dlgtinct types of sour limes vize,
Karimgani lime and aAbhaypuri lime, The pomological
and ths quality gspect of these types have been
ctudled in detaile The karimganj lime is superior to
Abhaypuri both in respect of production and quality
of fruits, In Florida and other citrus districts of
mwerica, some prominent superior seedlings have been
selected and are now under commercial cultivation
(Fure, 1957).

In the Eastern region of Indiaz two types of
acld limes are mostly grown, Kagzi which is more or
less round, highly acidie with characteristic £lzvour
is more p@bulara. The other type called Pati has oblong
£ruite and less acidic than kagzi (Bhan, 1972), A
karimganj lime type ig most porular in zxzarth.,éi",ast India,
it Beaés more than one thousand fruits per tree, It
is less susceptible t6 soab, canker and qummosige than
Abhaypuri lime (Bhattacharya and Dutta, 19567, and
Thapar; 1972), From Andhra Pradesh, it has been reported
that aold lime trees bear 3000 to 5000 fruits srnually
and the peedlings are "ﬁound to live for 20.25 years
even under conditions leading to decline (Swamy gt al:
1972) » Two bhetter types of kagzd lime scedlings have
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been reported from Vidharbha reglon of the State

in respect of fruit sizey (Znone, 1977)s The
physico-chemical study of kagzi lirme £rults carried

out at Parbhani revealed that the percentage of acidity
was higher in f£xuits of Mrig bahar as compared to

ambe bahar (Chakrawar, 1977),

Thus, it is seen that no eystematic and
large secale efforts were made tO gurvey, isolate,
deseribe and elassify the varlous types of kagzi
lime gtrains available in Inz.iia;,;

?

2.2 Survey work on ether fruit crops s

- In case of mango, large seale survey workg
wore conducted in different parts of the eomti:y by
number of workers. In Punjab, a survey was carried
‘csut. in mahge growing reglons of ‘the gtate. Out of
alx hundred tiree seedlings examined, scome outgtanding
typee have been studied in detail (Singh- and Jawenda, 1962},
The most of the present day mango varieties 1like
Dashehari, Lengra, Alphongo, Chowsa, Banganpalli,
Baneshan, Gulabkhus, Suwarnrekha ete, are originated
as chance seedlings and have been selected by the
nunber of workers {(Anon,, 1967),

The survey work was undertaken in Madhya Pradesh

for selectlion of local reputed varietles. Among these
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local popular types, Sundereja was found to be
outagtandings (Kachyap =nd Jyotishi, 1969). Some
promising local mange seedlings have algo bsen veported

Erom this region (Anon.; 1977).

Number of local promising ber seedlings have
been etudied 1n‘ Haryana, Punjab and Maharashtra States,
Few promising types -hé.va been recommended for cultivatien
(Dhingra, gt aly 1973; Gupta,.1977 and Annon., 1977).

,Z{xt Ganeshkhind E‘#‘!’.&it e}:pariénental gtation,
Pune, ggi&ﬁ Iaungireé guava aeédliﬁg‘s x?ez:a gtudded for yiela
and quality aspects. On the basis of productivity |
and quality of individual trees, seedling types like
Lucinow ’.4“:'3. Lucknow 46 and Nascik 88 were found -mcsﬁ
promising (Cheema et als 1954) .
In case of pomogranate, the seedlings raised
- £rom Alandi produced one puperior type ealled GBG.1
(Canecsh), which is now a cmereial variety in the
state (Cheema gt al., 1954). An exhaustive surdey wmas
undertaken -;l.n“pimadnaga# ' éiistrigt- covering 44 gardens,
Detalled observations were recorded on morvhologleoal
and quality aspects in respect of variationg, asbhout

40 superior seedlings of pomogranate were éflectec‘i
and are under further study (Choudhary and Sirsath,1976),



s

From the forsdoing discussion of review, it
appeam that very ié.tt—le work hap been done in ¢asé
of sour iimesc and also in other frult crops to sutvey
and colledt superior strains and establish the germ
- plagm.
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The present survey work for selection of

superior kagei lme (Citrus gurantifolin, Swingle)

strains/types was undertaken in the Marsthwada reglon
somprising of Aurangsbad, Bhir, Nanded, Ogmanabad
ard Parbhani districts . The meteorological data |
for the peried Jenuary 1977 to January 1978 are given
in Appendixel,

341 m geneml infomation ahaut the fivea districts
of Marsthy=da realc el

The region comprises of £ive AQlstricte viz.,
Aurangabad, Bhir, Nanded, .Osmanabaéi and Parihant ¢ |
In general, the region €alls in between 18° to 20%
north latitude and 75° to 78° east longitude. The
general eia‘m‘%im above sea level varice from 450 té»
- 450 metres, The climate of the reglon is divided inteo
three seasons vig., moderately warm and wet season from
June to September (rainy), cool, dry samon from Hovember
to Pebruary (winter) and hot dry ceason (summer) from
March to Mav.

3.2 The epecific information of the individual districts
of the reglon is given below ,

Murangabad s It is situatea in Upper CGodavari basin



and the extreme North.West of Marsthwada., The
temperature ranges from 21 t'.b 3696_ (May) and lowers
upto 6,8% (Doceber)s, Rainfall is unevenlg distributed
and TaNges £rom 650 to 750 mm per year. Soils are
blgek aotton soils from Deccan trap and very from
heavy to 1light soils. | |

Bhir ¢ It ip sibuated in Deccan trap ares, the
Northern part of the district lies in the Godavari
bzsin, vhile the southern part is in the bagin of
Manjra. The climate of the district is pleasant

and aggesable duzﬁing» the greater part of the ﬁaﬁt,

The normal ten@exatum ranges from 8.6 to 42°¢.,
maxﬂnum temperature riseg upto 46°C and lowers upto

4 to 6%, Raiéﬁall iz ynovently distributed and'it
rafiges £rom 508 ko 889 ;m normal rainfall is 67947 wme
Soils sre mastity fortile black cotton soils and vary from
light to medium black soils in different patches of
the districts |

Handed ¢ It iz situgted :?.n South-¥est frings of
Morathweda and lies in platecau of South India, It

iz one of the mpst homogeneous districte in Mzharas] a’céra;.
climaté of the district is dry and subject to0 extremes
of heat and cold . It is very hot in summer and cold

in winter, Tomperature rafges from 6.80 to 43.8%,
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. This district io pald to have sssured rainfall and
it rongss From 5966 to 1048 mm mostly received from
South-Wept mongoon during June to September.

Oamangbad 2 It is to the é}:trém south of Auréngabaa_

. division, lies partly in the 'Upper Godavari basin'
ahd mﬁrﬁiy in the '‘Dhima basin's The major portion of
the dictrict is 'Bogaltic trap rock' plateau of Deccan.
The olix
. other &igtgi#ta » The temperaturs ranges from 8.8 to
4{3&8‘3&, The normal rainfall of the district recelved

ste during summer is comparatively cool than

grom Southelest monsoon is 787 mm Quring June to september.
It m,mgaé from 762 to 888 mm. Soils of 'the ais—sﬁéﬁ;&t
wary from light, medium soils to heavy deep black gcotton

- Eprbhand : Thid district as a mmé belongs to the
Godavari peningular basin situated on the Horthern
aide of 'ﬁa%za’msmxa region, ca:g'naté. is gensrslly dvy
throughout the year oxcept ﬁuﬁing the south.iat
monsoon gousons The maximum temperature in hot scason
feummer) rises upto 43,2°C and minimum upto 8.6°C in
cool dry season {vinter), Rainfall is not wmiforn in
all the distyict, The mﬁnal rainfall of the district
ie B26.6 mm per year, mamz.y received during June to

September, Soils are 'black cotion soils' and vary from



16 '

heavy, mediunm to light to gome patches of the district,

Such information ¢ollected during survey ic

The mild subetropleal climate of the region
ic bost suited for the cultivation of kagsi lime, Tt
is grosm on soils varying from light, medium to
‘heavy black cotton poils of the region. But most of
the gerdens are found on meddam black fertile s‘éma &
The detailed information on ¢limste and soils of each
district ip given egrlier.

Raged lime seedlings ralsed by seeds from the
loeal strain aren obtained from private and Government
nurseriess Generally 1 to 1Y year old seedlings
{30 to 45 ¢n ht) =sre planted during June.July (miny
geason), at the distance of 15 to 22' (4,5 « 6 m),
Havenber o Jamuary planting is also done by the

cultivatoras

at the time of planting one to two baskets of

| P is applicd per plant. Most of the culiivgtors
epply PYM @ 10-30 kg per plant per year. Pey cultivators
give urea and suphala (mixed fertilizer) & % to 2 kg

per plant per year, The irrigations are given at an
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intervel of 10.20 days mostly with well water by ring
or basin aystem, Weeding is done by manual labourers.
Most of the cultivetors do not spray insecticides and
fungicides £or control of pests and diseases. In

newly planted orchards the inter-crops like mung, groundnut,
gram and Vegetables are grown up o bearing of plants,

No care io talen about the proper training and pruning

of treess |

Under local climate, kaguzi lime flowers in 2-3
£lughes in a yaar However, it pm:-mceé £wo aist:ina!f
bghars (crops) vize, Mrig bahar (June to December) and
 Aube bahar (Tamiary to June)s The fruite of ambe bahar
fotch more price as it is aveilable during swmer when
the demand is very high, But the yield is fmore £xom the
m&g bahar season. The yield variegs £rom 1000 o 3000
fruits (obtained from two bahars) per plant per year.
Most of the produce is sold in local' and 'aﬁjaezant a:ity
markets. Some cultivators send their éanaiigmhLanﬁ of
f£ruits to Bombay and Hyderabad citles, On an average
cultivator géts an income of Rg. 75 to 250 per plant

PO years

Proilems in the cultivation of kagzi lime ¢

Hagzi lime is badly attacked by canker digease,
the affected £ruits get lower market rates., Secondly
there ie no spaclfice or standard varlety of kagzi lime
which can be recommended for large scale cultivation. ¢

%
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Most of the cultivators complaint gbout very slow
g&'a:th of the kagei lime seedlings in the first 2«3
yeag-é after plantings The market prices go down
‘whonever there iz:: 4va glut and cultivators are put to
1oss, as there i& no processing unit in the region
to stabilize the prices, |

‘,I.’h% aistricts viz., Aurangabad; Bhir, Nanded,
Osmanabad, ahd Parbhani of the region were selected
for sumay wyork, Survey was undertaken &u&ing‘

November 1977 to January 1978, The £rujts of the Mrig
bghar were selected for the present investigations

These dlstricts ere abbreviated as follows. The number
of imatians vigited for collecticn of samples is given

below end in sppendix-III,

sr. “Toie oF the | Abbroviation Ne. of locations
fos  Distedet = wsed =~ visited

1a  surangabed . mo 15
2;  Bhir B 24
3 Wamded . - HD - 15
4. Oomansbed om 11
L ?m:hham‘ ‘ PEN | 24
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The necessary inﬁaﬁmatioﬁ pertaining to kagsi
1ime cultivation in the area was collected from the
eultivators, panchayat Semitis and Fruit dealers of
the lotal markets. - on the basis of this information
89 kagel lime losations were selected from the whole
region, Names of the cultivators selected for precent

study are given in Appendix.IT,

, The selected locations were visited and
cultivators were interviewed for the required informatien -
as per the proforma given in Appendix-IV. Bach snd
every plant in the garden was observed carefullys The
plant bearing highest numbor of fruits was located first
and nunbor of fruits per plaﬁt Wag counted €0 :eeéra

the ylelds The yleld datasrec recorded both in terms

of nunber of fmits and its weight per tree was
caleulgted, Plants exhibiting novelty characters 1ike
frult gize variztions, baramasi; free from canker,

highly attratiive eolour, very thin ‘and thick skinned
types were also recorded, In most of the gardens visited,
the plants were found in bétmn the age of 10-.20 years.,

about 15 fruit mere collected rendomally freém
the selected plant of each garden, Fruit sample was
packed in polythelene bag and brought to laboratory for
further atudy. |



Phys ico-chemical analysis of composite sample
of 15 fruits was carried out in three replicates
in the laboratory as detalled below and ags per the

procedure given in 240sACe (1981) .

The weddht of 15 fruits was determined

on a physical balance and average welght per fruit was

caleulated in grams,.

Ape ond o AL s A ! The size of the fruit
wan meastred in termz of length and breadth (dlamter)

in om with the help of Vernier Calliper, Iength wge taken
gs the dictance betwsen stem to bloszom end, while ihe
breadth (diameter) was measured as the distance between
two farthest ends perpendicular to the longituwdinal axis.
Shape index was caloulated (Iangt’h/breaath) ®

Thickness of rind s Thickness was measured by Vernier
Calliper gt three points a-fter entting the fruit into two

halves and average thickness was caloulated in TN &

2 ¢ The julece was extracted
with the help of hand juice extractor and strained

through muslin cloth, The welght of juice was reeorded

in grams and 'avarage juice percentage was caleulated,

Volume of the juice wap measured with measing cylender (m1).
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sroentadge ¢ After emtracting the julee rind was

separsted by hand and weighed. Average psreéntage of
rind was caloulated on frech waight basis.

ergentace of Rag ¢ The rag obtained after straining

of juice including septa, albedo was weighed and

average percentage was caleulated on f£resh weight basis.

Bomber, weidht, colour snd shane of seed : The total

mmber of seods was coumnted, The number of seeds per
£rult vas calculated, welght of 100 seeds was alSo
recorded in gramss The seed ghape and colour was hoted
fof cach typcs

_ shape and gurface of Sruit ¢ Coléur was recorded
in terms of degres of pellowness. The surface was hoted

as gooth, glogsy ond rough,

whs of the fruilt was
classified ss spherical, round, globose, oval, oblate
and oblonges Presence or absence of canker on fruit .Was

' focordeds,

3.5.B ghomiecal characters of frult

'E:?Qf:al goluble solids & T«5&8. of the juice was recorded |

with hand refractometer (Brma, Japan) in percentage.

1 Total aeidity wes determined

by titrating = lmown volume of Julece against N/1D MaOH
solution, wsing phenolphthalein as indicator, The
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percentage of acldity was expressed as unhydrous
gitric acid content. On the basis of moan valuss of
physico.chomical characters and yield the 89 streins
- have been clasi&ifiea into various groups for the
| .gake of explaination. These have been arranged according

to specific criteria.

‘f‘ﬁiffﬁaib;ﬂjzif,ilvj;'

The simple correlations between physical
and chemical -cﬁafacters were worked out., 'variahility
consisting of cosfflcient of variations, stondard
deviationg and 't' valves were calculatéd for percentage
variability and differences among individual charsctors
studied (Panse and Sukhatme, 1954).
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W, EXPERIMENTAL RESULTS

The data obtained on physico-chemical
characters of £ruits, yield and other sspects of
a9 Ehgzi‘lime types are analysed statistically.
The phenotyple variebility was estimated and correlstion
coefficient was worked out according to standard
procedures . The regults gre pregented with three

different mpproaches .

ie Variability studies in variousz fruit characters
and vield,

14+ Studies on the range in various fruit characters.

i1i%, Correlation studies,

- The 89 different strains in Kagzi lime as

such appeared to represent a brozd spectrum of
variability, when their mean performence for Aifferent
characters was exatiined, The analyeis of Variébiiiﬁy
revealed gignificant variance owing to strain differences

for most of the characters under study,

The 'estimates of rande, the means, the
coafficient of variation (%:D"'and standard deviation

are presented in Table 1.



QZ&%

Table 1 3 Varinbility in Kagzi lime

i;gb Characters - Rangs Mean 5@, C V(%) t

T, AVgat. of 31433 = 62,70 16,12 27,70 36,47+
gruit (g) 97.86

Re ANgegine gf' 13.2%¢ 22.62 éta?' 20,54 45647**
- Erudt (em®) 33.,64

34 Avg.ring 1009261  1.93 0,31 16,06 60,63%*

thickness .
(roin)

4. Rind% 17,56 - 22,59 2.58 11.42  82,24%%
: 28,77

54 Juice % %%@gg.— 52:19 3,95 7.5 123.96%%

6. AVENO, Of 4,12-15, 10,62 2.73 25,70  36,54%*
- geeda/fruit 13

T+ Acidity® 5416 = 6480 0,72 10,58 90,30%*

. . 8,51

8. Yield kg/ 21,93 = 88,17 35,21 39,94 23.48%
fruit 174 .66 -

9s Wo.0f £ruits 600-2100 1401.23 363,01 25,90 36,19%*
per plant ,

#% gignificaont at 1%

The various char"’éci:ers ctudied are described

£ fruit : The data presented in Table 1 indicate
that the differences in the sample obzervations are
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aiognificant even though the same specles is being

grown by the cultivators, The average welght of fruit

iz 62.70 g with a variation of 25,70 per cent (Toble 1).
- ’i‘he variability in weight of fruit cbserved was more

and vhich ranged from 31.33 to 97.86 g« This range
indicates that there is wide variation in weight of

ruitd of 89 types.

 The vnriatn.on in size of £ruit. (Table 1)
of different typaa rang@c‘x from 13.94 - 33,64, with a
coefficient of veriation of 20.64 per cent, ‘As
ccmpareéi to mean sigze 22 .62 em2 range 1n&icatea that
there was @ consiéierabla variats.on in siae of fruit ;

and a significant differcnce between various straing,

Rind thiclmess ¢ The vardshility in respect of rind

{rable 1) thickness ranged from 1.09 to 2.61 with a
coefficient of variation 16 .06 per cent, Thus, =&
significant difference btween various strainswns observed

in respect of rind thickness,.

Perecehtaqe of rind : The variability in respect of rind
percentage observed was comparstively lesg though it was
significant, which ranged 17.96 « 23,77 with a coefficient
- of variation 11.42 per cent. |
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Percentage of juice ¢t In juice porcentage the varigbility

was siognificantly less, vhich ranged 41,53 to 61,84
with a lowest CV 7,56 per cent, Thus, there was a leasgt
vardation in the juice percentage of 89 strains, |

Hber of ; £ £omit ¢ The varisbility in this
charzoter was hi{fh; which :‘:angeé 44,13 to 15.3 with a cv{3%)

95,7 This wide variation among various strains was
found significents

‘?@tgemtgg@ of acidity ¢ In this charactar the variation

armong different strains rahged from 5,16 = 8,51 with a .
ov ( 5} 10.5@. Timg, the observed variation in respect
of z:ermﬂtag@ of acidity was comparctively lesss

' H&hve%f;,: the ﬁiﬁf@t@ﬁé@s between strains ‘i%:nare obsanved

80 be picmificants

Rumboyr of fruits per plont ¢ Wide vardation in this

character was obderved, which ranged 6002100 with a
v - (8) 25,90, mvér. a significant difference in
‘mumber of fruits per plant was obgerved between 89 strains,

OEL S ko) z The varigbility was highest in
y&alﬂ of £ruitg per plant among 2li the characters stufled,
which ranged £rom 21493 = 174,66, in different gtraine

m’,t‘.'i*i a hi;;ghest coefficient of variation of 39.94 par cent.
Howsver, a significant aﬁﬁﬁamm' in yield was noticed

betyween variovs gbrainse
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studies undertsken with 89 types/strains of
kagsi lime indieated wide varlations in different

cimrmctem ke vield, size and welght & fruit, with
s least Variations in pereentage of juice and aciddty,

4.2 giudics on the

The ?angﬁe in the values of different characters
of 89 kagzi lime gtrains have been worked eut end is
given in Appamﬁi#ﬁg The various characters ere
classified with a degres of mmge in order to isolate
various types £alling under particular group/unit.

Wolght of fruit ¢ On the basis of variation in the
Fruit weight of different Hagzl lime strains, 89

gtraing heéve been classified into four groups witha
speecific range of welght (g)s Thig information has been
'm‘esaentea in Table 2 (a)s

Table 2 (3) ¢ Classification of rarious 5trains on the
baais of ﬁmit wezght (g) -

SZ‘o

Tios OF  Porcontage
m@a ' i A

strains/

1s  Small 30 - 50 24 26496
24  Medium 50 « 70 35 39,32
3«  Large 7 -90 20 : 22:47
44 Vory large 80 -100 5 5,61

Group Range
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It ioeen that the various straing can be
grauped as small, medium, large end very large «.mit
ofn the basis of a@ﬁ-ciﬁw wedght, Out of 39 stmius.
24 straine £a11 in small group, 35 in medium, 20 in
iazge- and e_rn.ly £ive in very large group. The percentace
of "t?éac»a groups was worked out and it is seen tha{z‘ the
maximure (39,32%) atrza:l,ns £all in the group meds.um. )
follcwed by small (ae,ssf»:;) and large (22.47%) group
(r,*g,g & 1,2)s Tt ip interesting +© note that give
strains out of B9 were very large in frult weight
@mzm g)a

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

Table 2 (‘b} : Group-wise gplit up of kagel lime gwains

gg ¥ Small  Medium Large .VGIY large

1» ABD 5,9110. m 11:12.13- ABD 2;3.4, ‘\m J., 7
14,15 6,8 .

2, BHR 12,16, BIR 1,2,8,9, BRR 3,4 5, BER
17,19,20, 10,121,13,14, 6,7.:15
21,22,23,24 18

: 5,11,14,15 13

4. 08D 3,11 @Bg -4;.’5-‘.;6,7.; OED 1,10 OBD 2
16 26.23.24 11 15,17,1.8, ?.12,13;14.
| w.zz 21
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The specific details of those strain nuvbers
are given in Appendix-II,

Size of fxuit s+ The sige of frult of 89 gtraing hes

hean elassifieﬁ on the bas 1s of vax:iatim in to four

groups with o specific raﬁg@ of gize (mg,) « This
information hee been presented in Table 3 (a)s

Table 3 (a) $ Classification o 5 various strains on the
lﬁaﬁis of aim(mn _

o T o OF |
Ha.  CGroup Range gtraing/ Fercentage
is VYery small . 13,20 27 30,33
3¢  Small . 20.25 34 38,20
3, Medium 25.30 21 23,59

Tt ic gesn; that the various strains can be
grouped ac very small, small, medium and large on the
basis of réncgga of the fruit size, Out of 89 strains,

27 straine fall in very small group, 3¢ in small group,
21 in meodiwm and only 7 1n large group. The percentage
of these groups was worked out and it is found that the
maximum (38,20%) straing £all in small group, followed
by very emall (30,33%), medium (23,59%), and large (7.863%)
froup. The total 89 strains have boen classified further
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in to vs:rious siz@ groups,. Thig information has been »
pregented in ﬁ‘abla 3 (b).s

Takle 83 (b) s+ Croup-wise split of kagzl 1ime aéra,ins

ilicssne

88e

g, Very small Small Meddun targe

1+ 2aBD 5,10;14, 2ABD 2,9,12, ARD 3,;4,8, AD 1,6,7
15 13. 11

4, BER 1,12,16, BIR 2,8,9, BHR 3,4,5, BHR 7,15
: 17,18,19,20, lﬂ:iiii 6,13
21:23023:24

3. ™ 5,6,10, 1D 3;8,9, WD 2,4,7 1D}
12 11,134, |

4, OFD 3,6,11  OBD 4,57, om 1 OBD 2
© By9,10

5+ DPBY 3,1&,2@, PBN 3,4,6, PBN 1,2,5, DBN
23,24 7:9:10:18, 12,13,14,
1,7 19,19,22 15,021

The epecific detaile of these stra:!i._m numbsrs
are glven in appendix-XT.

1 ¢ On the basis of variatién in rind

thicknesg, which ranged 1,09 to 2461 mm, these have
been classified in to 3 groups with a specific range

- of rind thicknesss This informstion has been prosented
in Table 4 (a).



Table 4(a) = Gﬁ.’msiﬁi@aﬁiﬁn of varilous strains on the
basis of rind thiclmesg (mm)

atrainsg/ Porxventage
~group ~

No o Group ange

3. Thick 2,0 «2,75 30 43,89

. The warious strains ¢an be grouped ae very
*‘t‘hiu. thin and thick gkinned on -t“he bagis of range of
rind thicimesss Out of 89 strains, 9 strains £all in
very thin skinned gmﬁp. 41 4n thin skinned and 39
' gtrains in thick skinned groups The percehtage of
thes@ grmmv was woried out anéit is geen thatmasdmum
gtrains (@6;0@%’) £all in ,‘rﬁlﬁ thiek skinned group
(Pi0.3), £olloved by thin elinned (43.82%) and
very thin skinned group (10,11).

The total 89 a’erai{ns have been olassified further
into rind thickness oroupe with specific strain humbers
of the five diptricts, This information has been
presented in Table 4 (b) # . . |
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,Table 4 (Ica) 3 Gmumaise sp:i.it up af hagzé, um amaina

ﬁﬁ‘ Very t‘hin ~ Thin 'l'hick

iq ‘ABB'6¢19113¢ " aBD 6,9,14 ABD 1,2,3,4.7,g,
‘ , 11,12,15

2e BER 1,18 B!%R 2:%2: 1%, Bi*m 3,4,5,6,7,
: l2;13.1ﬁ 20, 19114i15n17l
21 220 3.9;23‘24

3, WD -~ 1D 2,3,4,6,7, WD 1,5,11,12,13,
8,9,10 14,15

4s OB 11 ~ OBD 1,3,5.6:7, OBD 2,4,
| 8,9,10. |

5, PBN 8,9,20 PBN 40501Q011i: PBN ii?,3§6}7;12;
13,14,15,16,17, 19,22
18,21,23,24

The specific details of these strain nubers
are given in Appendix-IX.

; cent Various kagzi lime straing have baen
elassif ied on the basls of voristion in juice content in to
- threée groupps witha specific rahnge of percenmtage of juice.
Thizs information has been pmsamfaﬁ{in Table 5 (a).

Table 5 (a) : Clessification of various straing on the basis
gr«flos ~ Grfoup Range = HNo.of straing/ Percen-
et e it LLgronp tage
2s : Medium 40 = 50 26 . 29,21
3é High 50 and above 63 70478
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A perusal of the data reveal that the various

straing ¢an be grouped as low, gnd high pereentage of

j'ui@‘a-~~e' out: of 89 gtrains, 63 strains f£all in high, group, |

followed by medium 26 straine, while in case of low group

not a single strain was ﬁmé The pexcem:age eﬁ tues:ez

groups was caloulated and 4t is seen that mas"- af‘ the
ptraing (70.78%) £all in the h;;.gh ,gmup, ﬁollgawe& by

medivn group (29,21%)«

The total 89 types of kaged lime 'have beem
aﬁaﬁsiﬁiea further in varicus groups as @ez'Tab&é 5(a) -
\wiﬁh specific strain num‘bar.; of the five &i@trict.. This
infem.amm hags kaecam given in Table 'S 4b)s

Table § (ﬁ:}f) s Gmup-wﬁ.se split u;p af kagzi 1ime sf:mina

mg‘h

ary Wos Hoddum "
20 - BER 308:140150173193
20, 23,24
3. W 5,12,13,14
4. oD

5; ' PBR 102'3'709311p15:
: 22,23,24;

ﬁED 1'293'6 7'8 Q.l@tll'
12,13,14

BIR 1,2,4,5:6,7,9,10,11,
12,13,15, 13, 21,22

'§g 1,2,3,4,6,7,8,9,10,13,

g?ﬂ 1, 2;3.*:3:50708 90190

PBN 4,5,6, 8,18,12.13 144
16,17,18,19,20,21

The spocific &etaﬂsi of these strain mxmimm are

given in Appendism-IX
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porcentage of acidity 3 On the basis of differences

a’bsema in regpeet of aéiéiity percentage in various
gtraing, these have been alasvgiﬁieﬁ inte three groups
with a specific range of acidity. This information

has been pmsente;& in Table S(a) o

"I‘a!m@ 6{a) s Claariﬁicaté.mn of varﬁ.am ﬁwaim ori tm '
basis of aciﬁity ()

— — e . ;-',;,
Sz aio. Grou@ Ran@e- ggx*'?grgu;ﬁm P

La low - 5.6 - 13 14,60
24 Weddwn < 6 =7 46 51,68
3 ' "i'%igh . T B - 33,70

ja appears that various mrains/types can ‘be
groun@& as low, medium a,m‘i high mm@maﬁe of acidity,
Out of 89 strainsg, 30 gtrainw fall :Ln mgh acmm grcun.f
45 in meﬁimn and only 13 in low aeid graup. The
percentage of thege groups was woked out and it is
found that maximum (51.68%) streins £all in mediim
group, £ollowed by high group (33.7%) and low group
(24.6%) 4 | |

- The total ‘89 types of kagzi lime nave ma&

elagsified vith a specific strain numbers of the five
districts, This informatien hes been given in Tahle 6(b),



S 22

Table 6 (b) s Gmup.-wisa split of kagzi lime strains

AED 10 ABD 192,3;.5,8, ABD 537.9,
11,12,13,14,18

e

- 2 BR 13;14,17, BER. 308110112; COBHR 1,2,4:5,
. i8 1503‘9 2@:21'22 gé”ég «11,153,
i

3., ™ &8 WD 3,4,7,8,0 | M 125512,
10,11,13, 14

4, oW 7,8 OB 1,3,6,9 '<;1> 2,455,10;,
‘ . . 11

By - PEN 10,13,18, BN z 3,8,2;11, PBY 1,4,5,6,
: 24 . 12,15,16,17,18, 7,14
2%,21;23,33

" The emczﬁ:’ic details: of these strain numkers

are g‘i%n in mm!zﬁir-.zx.

I‘ru:},t shape .t the basis of varistion in shape and
shape index - ’1ime straine have been classified into
| iz groups with g smciﬁm range 6f chaps :szaem Thig
information has baem presented in Table 7¢a) «

t{':able Tla) o claemixicati@n cf various straine on the

- bas ig of shap@ (shgpe index) o
Bratlo. Gmup o Range (L/B) Yo mf straina %
e  pexr group
Y 'apmmaaz; ‘munél 0:583 to %0 22447

o - ‘ 0499 .

2+ Rounan 1.0 to 1,02 22 24471
3a Cval 1.03 to 1.2 42 47419
4y oblong 1425 %o 2,0 - -
3 - Oblate - : 2 - 2.24

6o  Globose e % 228
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The ptrains (Table 7 a) can be grouped 2
spherical round, round, oval and obleng on the baslsg
of shape index, vhile aome sﬁrams were grouped as
ohlate =nd globoses Out of 89 strains, 42 straing
£all in oval group (Fige4,5 ) with a highest percentage
(47.19) , £olloved by 22 in Yound (24,71%) and 20 in
prhevical round (22.,474), ot a gingle sample was
obtaired of cblong group, Two gtrains £rom each oblate
 and globose types in a 89 .aa;@&es (F1046,7.8,9) .

The total 89 sgtrains have been classified further
iﬁi‘;a Yarious groups with a specific strain nmﬁbem 't?ﬁ
the £ive districts. This in;ﬁaméibn has been pr-eg@m":e&
in Table 7(b). o

Pable 7 (‘b} 3 Gmap-wise split up oﬁ kagzi lime strains

.Ssr'azis?o . Smharical Rouad Wal Oblate slobas@
rozmc’i .

14 ABD 7,10,13,14 D AED 1,23, AD 5 -
4,6,5.0,
11#12:15

2o BER 1 12 13,  BER 2; BER 3,4,S, BIR -
1€'z’p 184 21 ll) 32; 6 7’80 90 1‘9)
1 ; 15; 175
3 > 6,8,10, ND 2,8, ﬁb 1#4070 ¥ HD 3
2,11, 12,13,14,18

4s 08D 1,8,7, OBD 11. gz«m 2,3,4, ©OBD 53 OBD 1D

'5-9 WQEE 21 1101"’3‘0 %N 1 4;93& 336071 o - -
10;12. ,
13,17,18,
19:29123
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The specific detalls of these strain numbers
are given in Pppendis-IX. ‘

icld/plant ¢ On the basis of aiﬁﬁarenﬁea obgerved

4n yield (number of fruite/plant) the various samples

have. been claseiﬁea into three groups with a specific
range of £rait number. Thig inforkation has been presented
in Table 8{a).

Table § (a) s Classification of various strainc on the
© basig of yield (number of rruits/plant)

“To, 0f "'
strains/ Pereentage

5&"9530?@. S Group o . Range
' ' _____growp

1. . Low 500 -« 1000 14 15.73
24 HMedium 1000 « 1500 37 41,57
3 tigh 1500 - 2500 38 42469

The data indicate that . various stralhs can be
grouped as low, medium and high yielders, Among the
89 gtrains maxdmum (38) strains £all in high yielding

group with hichest porcentage (42.69) followed by medium

” group (37) strains with 41,57 per cent and low yielder
14 straine with a 15,78 percentages

The total 89 gtrains have been clagsified further
into various groups with a specific strain numbers of the
five district, This information has been presented in
Table 8 (b),
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Pable 8(b) : Croup-wise eplit up of kagzl lime stzaine

1' A% - ABB 6111’1:303.4 RED 1:2;3;4,5,';
' , ' 8,9,10,12418

‘ : 1553;:19 2@;22: 10911513)3*30350 .
' 2%0 23 o 24

3 MD 3,5 D 2,6,9,11,13 1D 1,4,7,8,10,
S . 15 12,14

by © 0BD 4,6,7,11 gﬂa 142,3,5,8,
Cl ’ 31 .

; 13,14,15,16, 12t17018!19
22,23,24 )

The specific detalls of these strain numbers ave
given in Appendix.IT, | |

Yield (kg)/plent :

As the ronge of variastion in respzect of vield
of fruit pey vpl.gni: was wide, the yield in kg per plant
was calculated and veriocus types have been classified
into three groups with g spacﬁ;fié range of wolghts This
infomation has been glven 2?.»!37». Table 9{a),
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Tsble © (g) 3 Classification of various strains on the
basis of yield (kg/plant)

Bralo, Growp  Range  No. of strains o
| __per group
1e Low 21.75 ' 31 32,83
2¢ - Meddum  T8-128 1 44 . 4943
34 migh 125-175 . 14 15,73

The data déplcted in Table 9 (a) reveal thet
the various strains can ke grouped as low, rmedium and
high yileding on the basis of range of the woight, Ount
of 8% strainzs, mesdmum (44) straing are in medium group
with a highest percentage (49.43), €£oliowed by 31 s‘,{:ﬁ:éins
“in Yow yield wilth a percentage of 34.83 and only 14 strainsg
(15.73%) were found to be high yiele‘tinga.

The total 89 strains have been classified fupther
into various groups with spediﬁg gtrain numbers of the five
districtes., This informstion has been given in Table 9 {(b)

Table © (b) ¢ Group-wise spl:!:t up of kaqzi lim strains

s'r.ho. : Low S I\hdimﬂ - H:!.gh
Te AED 10,14,15 | AED 2,5,8,9,11. ABD 3,3,4,6,7
12,13 '

24 BIR 8,12,13,14,  BIR 1,2,4,5,6, BHR 3
16,17, 18: 19,20, 7:,8,10,11, 15

21,23, 34
3. i o) 3,5,6,9,12 D 204.7¢8 10, HD 1
11,13,14,15
4. OBD 6,11 gan 3,4,5,6,7,3, OHD 1,2,
+10

54 PBN 5,7,9,16,20, PEN 4,6,10,11,13, PBEN 1,2,3,8,12
. 21,23, 2“5 %40 150 17, 1@0 19,
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The specific aétéms} of .'tfcx@m"@ steain nunbors are
given in appendineIl. |
- e total soluble solids &f the juice of various
straine wore determined, This Valoe was found to
range 8¢27 - 9,96 in various strains (Appendix-II),

The observations like seed colour, seed size;
éﬁd weight Of 100 geeds wore recorded in varioug strains.
There was considerable variation in colour, shape and
wedoght of seeds of various otrainss The colour of the
geed was found €6 very frem white to 1idght yellow, dark
yollow and brown, Shape of seed like round, aveid,
and £lat wore observed. The weight of 100 seeds veg
found to vary 8,84 to 15.48 grams (Appendin.II),

types of I

Out of 89 agtrains sgtudied, some peculiar strains
like Baramasi, mamilate, canker €ree and gttractive coloured
were observed and ave described below

The vesults given in Table 10 are interesting, .
It is seen that the fruits of Baramasi type differ in
“respect of chepe, thickness gf rind, parcant"agie. of
actdity apd munber of fruit per plant. The fruit shaps
of this type iz invarisbly round and the fruite ave thin
gkinned, The acidity is comparatively less as compared
to normal kagzi lime, but the most important point in
the favour of Boramasi type is the high yield obtained
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Table 10 s i’hysicm«-chamiml exmpma&tim of Baramagi
ym@&s

Character \Ne - . PBN 8 PEN 10 PBW 31 PBN 12 ©HD 1

CPrudt whk {g) . 65,00 51,93 53.50 76,80 71400
Size (BXE) - 22,42 20424 20470 . 27.9  25.35
Shapo | round mmﬁ; ‘ e;-pmz&&-a round  spharieak
, o ¢al - \ round

~ | ~ .. round - S
Juice (%) 5220 83,27 49,93 51.82 56,71
Thickness of 100 1,56 1,92 2,03 1350
eind (mm) - ' -
Nos ©F 5@635}8/. 9,66 8,80 T40 . 6,40 9480
trop ‘
acdaity (%) 650 5,73 6448 6,78 6.50

Yield Ho. of 2160 . 1900 1800 1900 1950
Eruits/plant | | |

Remark . conker - canker
- fres : . free R T

almost éhmugh out 5 mar, Out eﬁ 89 types survayed, come
types were cbg&%ve;i t0 be very élis’tinat in respect of

| ﬁfrui-z: colour. The strain numbers OBD 10, PBN 1, PBY 10,
PER 14 | wore observed to have Very brighteyellow attractive
colour with glossy appearance.

During survey attempt was mede to locate kagsi lime
types free/tolerant to eanker disease, The strain nimbers,
ABD 5, ABD 13, BIR i!.-,} PBIY 1 PBY € and PBN 12 were observed A
€6 ke canler free at the time of sampling and also reported
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Ve DISCUSSION

Ragzl lime 18 one of the important citrus species,
widely grown in India for various purposes, It is
commerelally propagated by geeds in India, as it eones
true to type becauge of high degree of nueellar embryeny.
Evren th@ﬁgh the phenomenon of nucellar embryony s.é comon
in Kagzi lime, seedling variations do occur (Hume,1957)
Therefore, selection of superior staainc from existing
variat iofl is one of the szsy and best methods of crop
improvement,;

Few gsurvey works earried out in South India,
Central India and lorth-Bast Indla indicate that there
are several forms of limes under cultivation, Their
exact speelfiec status, pemological characters and physico-
chemical composition of $£ruits is yet to be determined.
Therefore, at present we 4o not have standard/specific
cultivars which can bz rocormendeds At prosent cultivatorg
afd switching over 0 the cultivation of Kegzi lire on
large scale, as the mandgrins and sweet oranges are being
wiped out due to dlesback Complex, So, there is a heavy
demand for the gupply of batterk types of kaged lime, In
view of the above necesgity 'survegr was unﬁertakén in the

Harathwada reglon of the Maharashtra State.
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. The foregoing discussion brings out two important
points, firstly there is a great scope to survey and
locate the superior strains of kagzi lime and seedndly
€0 Bild up gexmplasm for the improvement of kagzi lime,
The galient fontures of important £indinge discussed balows

1+ Varigbility gtudies in different Kagzi lime gtrainss

The phencotypilc varistion zmong the different
straing plays vital role in crop improvement programme.
The present ctudy elucidates this aspect,

~ The purvey work comprising of 89 strains of
‘Fagzl lime appeaved tO reprogent a broadspectrum of
variability wh;zen their mean performance for a4 ffcront
charagters was examined. The a‘:}.aﬁfemméa in the sample
@bfsérva‘cmns are aighiﬂmans: even though the same speéles
is grown by the cultivators -

The rvesults indicate !:‘haﬁ the variabllity was

moTe in yield (Kg)/plant, which ranged from 21,93 ko 174.66
kg in @ifferent strains with a highest coefficient of
variation of 39,94 per cent, this was £ollowsd by number
of fruits/plant, weldht of fruit (g), number of seeds/fruit,
slze of fruit (en?) o, ©ind thickness (mm), percentage of
:!.‘-‘iﬂ&,- pereentage of acidity and juice respeetively,
studies undertaken with 89 types/strains of Kagzi lime
indicated the wide varistion in different characters like



yield, gize and welight of f£rult with least variations
in porcentage of juice and meiditys

Bhattacharya and Dutta (1956) reported thut the
‘-y:!.ele:"i of Rerimgani lime o be found h.tgﬁer than
Abhaypuri lime uwnder Asssm conditions, The variation in
the yield of Kagzi lime trees vavied 1500 to 5000 £rujts
annually (Bhan,1972 end Swamy et aly 1972) s

Aceording to Siddsppa (1952) the average weidht of
vardous Kagzi lime types varied from 2660 grams,
péresntage of juice from 45.58 and acidity 6.27 to 7.69.
Bhattacharyé and Dutta (1956) repeorted 6.67 per cent and’
831 per cent acidity in tue types of sour limes,

Under vest Indisn conditions geveral types of
acid lime fruite have been reported which differ in size,
form (round, oval end oblong), degree of seediness and
thickness of rind as thin and thick (Anonpy 1932; Cheema st al:
1954 md Reuther g als 1967).

2 ;‘éi_ﬁuﬁiea on tho range in verious fruit characters

The results clearly indicated that large secale
variation exists both in quality of fruits and productivity -
of plant. Therefore, it was decided to claseify the
various strains with a specific unit, On ths basis af
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variation in the €ruit welght, 89 gtrains have boen
clapsified into four groups vizp small, medium, large

and very lerge fruit (Table 2). It is interesting to note
here that only £ive straing out of 89 were heoavy in |
fruit weight (90-100 ).

The & ize of fruit is very important from the
marketing point of view. Therefore, the various strains
have boen claspified irto four groups with a specific
range of size (Table 2b) into very émal‘:.. gmall, medium
ahd lavge sized (230-35 en?) + Only seven strains were
found to be large sised out of 89,

The rind thic!meés of wvarious si:rams ranged
i.@g - 2,61 mm. ' Therefore, these have been clessified as
very thin, thin, and thick skinned (Table 4 g). The
character rind thickness is important both £rem the
point of piclkle and juice purpose., Most of the types
having thin rind gg.-tve high percentage of juice, while
thick skinned typss are suitable foi pickle purpose. A
thin and thick types of kegzl lime £ruits have been
reported earlier (snon; 1932 and Cheema gt als 1954).
Cheema gt als (1958) found thin skinned (Kagdl limbu) and a
thick skinned (Codhedi limbu)under ecultivation in
Moharashtra State. Thus, supporting the above f£indindgs.

The extent of varlation in juice percentage was
£ound mindwmum in variocus strains, "Out of 89, 63 strains



are classified in high percentage of juice and 26 are of
medium groups It is observed ﬁ'ﬁaﬁ the pereentage of juice
was significantiy more £rom thin aki.’nnea‘ types over thick
gkinned «

Percentage of acidity is most important econemicil
character of the fruit, Trom the present study a distinct
variation in the percentace of acldity was réwr&e&,; AOu_t of
89 gtrains, 30 streins had high acidity (7.9%), This
character can be e:;zplo:ltcaé on cmérc‘ial ‘seale for |
manufacture of citric acid frem only promising strains,

The gtrain AFD 7 (8,51%), A™ § (8,20%) and PEY 1 (8,29)
nurbers had highest percent of acldity (appendiz.Ii),

A distinct and wide wvariagtion in shape of fruit
in various stralng of Kagzi lime has been noted (Appendix.II
it is interesting to rep@ﬂ: here that in the present study,
£xuits of spheridal, round, round, oval, oblate snd globose
shape were obtained from the 89 samples, Most of the strains
were oval and round in shapé;. In this region in 1932,
four distinct types 1) round, emall thin gkinned, 1) round
large thin skimmed, iii) ;‘ana large thick skinned, iv) long
thick skinned (Godhadi limbu) have been repeorted on visiaul
obwrvatiﬁns (anony 1932). |

Prom Assam, two types round (Kagzi) and Patd .
{oblong) have been reported by Bhattacharya and Dutta (1956)

I
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ard Bhan (1972). Thus, largs variations in shepe of
£ruit exists in cultivated kagzd lime specless

Tield per plant is a complex character being

the result of the offect of number of factors inberent
both in the plants as well as in the environment, The
increase in yleld has been reported with incresse in
nunber of fruits per plém an& increase in weight of fruit,
J‘I‘h@ze;ﬁare, it was thougt’;*; desirable to classify the yield
of varicug straing with g speeific range/nit, oOn the
‘basis of this approach the straing were gﬁéuped an ,Sm.v,

. nediom and high yielding .(Téme 8a)s Thirty.eioht straing
. out of 89, were high 'yieldeﬁg in terms of number of £ruits/
plant, while Qx:i'ly 14 strains were obscerved to be hidgh
vielding when wveldht of £ruit gér plant was considered
(Table 9 &), Tfms:,ﬁ. the knowledoe of the fruit weight and
nunber of fruits per plant can jointly predict the tokal
| yield of the plant (Appendin-IX) ; | Ehaﬁtaahary‘a and
Dutte (1956) observed thet Karimgen lime yields 1000
Sruits per tree in a peak seasons DBhan (1972) reported
vield of Zagzi lime from 1500 to 2000 fruits/trees From
Andhra Pradesh, Swemy gt gly (1972) obgerved that aeid
lime troes begr %60—5000 £ruits annually. Thus; *t:hc—?
varlation observed in the prezent study in respect of |
vield can be eupported by the findings of these workers.
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During the surpey work of the pregent study, some

- noval types like Baramasi, highly att#active colour tupes

- and catiker tolerant types have been spotted out. It is
interesting to report herve that five strains {Ta‘bie 19)

of Barsmasi types have been located and their pield gnd
quality aspect of the fruit were studied, These are
superdor in yield, optimum in quality and give the fruite
almost through out the year. sSuch strains ghould o
é&;p&oita& on eammercial scale to establish thelr gtxgégierity
over nommal typ eése Baramasi types ere specially suited
for vm’mhan gardening purpose, The colour and appeamﬁoe
are important factors, vhich decide the market value of
*‘é:hna fruit. It is sure that highly attractive, glogsy,
‘smocth gurfaced Ratzi lime fruits fotches better price in
the market. Snéh;typés (0ED10, PBNi, PRN1O PBEM14) have boen
spotted during the sulvey works |

The canker digease 18 a gerious problem in the
cultivation of Ragezi limes In view of this problem
some types (ABD 5, ABD 13, BER i, BBW 1, PEN 8, PN 12)
have been loCated as canker tolerant. However, it ig
- guggested that thely resitance to canker disease éh@_aﬁd
' be gtudied further to confirm the above observation,

3. Correlation studies in Kagzi ldme strains

Corvdliation studies betweeh various characters of
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froit and yield indlecated some definite positive/
negative relatiomships (Table 11},

There ls a definite relationship hetween weight
of fruit and sizZe of fruit, as the size of Srnit increases
it accompuanies increase in weight of fruit, as well as the
juice percentage and thickness of rind. Siddsppa (1952)
reported that size or the weight of acid lime does not
bear any definito relationship to percentage of juice ‘§r
its acidity, Cowda and Shanker (1971) reported that
fi_,m:reasa in weight Q:‘.f;‘ eitrus £roit accompenies with an
increase in diamcter of fruit., There is no definite
- relationghip between number of seeds per frult and veight
| of fruit, However, Iittalmani and Reo (1976) reported
that there was a positive correlation betimen secd number
and woight of fruit during the developmental stages of
Raged lime fruit, There was no é‘iétinct: relationship ‘
h@m\sén size of £ruit and poresntage of acidity, But a
highly eignificant and definite relationship between size
of fruit and tﬁ@ thicwes_m 93’:" rina?.cbaem@. The incresse
in size of fruit scecompanies inerease in the thickness of
rind. There was a highly significant negative corzelation
hetween percentage of rind and porcentage of juice; It is
obwious that when rind percentage increases automatically
the juice percentage decreases. The correlation bhetween
size of fruit with number of peeds/fruit did not give



positive relationchip, The yield of a plant ig a most
economical factor £rom commercial point of views The
corvelation studies indicated highly significant and
positive relation between yield (kg) and mumber of
£ruits per plants The incresse in nurber of fruits
per pland ard by welght accompanies ineresse in yield

. per plant,

In summing up, the foreqgoing dlseussion 4t
@an be sald here that the various strains can suiiza'}sisf
b@ clasgified and utilized for julce purposs, manufacture
of citric acid and pickle purpose on the basis of

° physico.chemical composition of £ruit, UThe esliection

of 89 types ';fiﬁl.l enrich the germ plasm of Kagmi lime for
further improvement of this crop as per the needs of the

e;uii:.wamrsé o ﬁ,ﬁe state,



SUHNARY
S L L TR T e

»
b
&

GhE R R RURERA IR

ERVEBREFER

*

*#****mﬁﬁﬂﬁﬁﬁﬁm%#ﬂﬁﬁﬁﬁﬂ&ﬂﬁ%ﬁ&@%@$&M@ﬁ&%ﬁﬁ@ﬂ&%%%ﬁ*@ﬁ%@%ﬁ%@%m%@%

TR AR R 2R



VI, SUMMARY

The study entiélea wsurvey £or the selection
of superior Kagel lime strain/types ‘in the Marathwada
region® was corried out during 197778 in five districts
of Marathwada region snd Department of Horticulture,
M.AU, Porbhanl, The results obhained are hriefly
summarised as under s

1. C'mae analg%sis of variability of 89 Kagzl lime
tyoes revealed significant varlence oving to strain
differonces £or most of the characters under study, It
indicated a wide variationg in vield gize and weight of
€ruit, with a least variations in percentage of juice,
acidity and rind t:hic:}meaé,

2 The various fruit characterg and yleld of 89
types are clessified on the basis of vardstion into
'éiefinjite groups (unit) in order to isolate and specify
the types undey p‘articulaiz g%up-.:

i) The fruit weight of aifferent types hag been
glassified into four groups within the ranga of 30.100
IrEns «

L 44) The size of £ruit hag been classified into four

groupg within the range of 1340 tcﬁ 35,0 mzs

11%) The £ind thickness of £ruit hag been classified
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into three groups within the range 10 - 2.75 mm. The
strain nuinbers ABD 3 (2.61) ABD 1 (2,55) pBN2 (2.42)
are very thick skinned and may be suitable for pickle

purrose .

iv) (@he 89 strains have been claqsified on the basis
uof juice nercentage into three groubé%having a range |

of 30 to 60,

) 'The ‘percentage of,abidity of ﬁarious strains

“has been classified into three dgroups within the‘range
©of 5 to 9%. The strain numbersvésﬁ 7 {8.51) aBD 5 (8.4),
PBN 1 (8.29) had highest acidity percentacge. |

“wi)  on the basis of variation in shape and shape
index the types have been clasgified into five groups

like spherical round, round oval, oblate and globoge, -

| vii) <i¥?eld'in terms of number of fruits and weight
of f;uit per tree of various samples has'heen divided
into three groups as high yieldingymedium and poor.
.The strain numbers ABD 3, PBN 1, PEN3, PBN 8, ND 1
were observed highly proéuctivéj)

3)  During gurvey, some peculiar and novel types
were located. <é?t of 89 strains, @QBD 1, PBN 8,10,11,12
are of Barsmasi types., Baramasi types are Eound in
shape, thin skinned, sbundent juice and very high in
vield per plant;>
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4) (2%@ strain numbers OBD 10, PBN 1, PBN 10 and

PBN 14 had very attractive, yellow bright colour with

‘glossy appearance. /D'

5) <i?he strain numbers APD 5, 13, B® 1, PBN 1, 8 and 12
were obzerved to be canker freg)énd as also reported by

ey

ﬁhe cultivators,

6) . Definite ;élationshkpsxbetwen weight of fruit
and size of fruit, percentage of juice and rind thiclkness
size Of £ruit and thickness of rind, nmumber of fruits/
weight of f£ruits to yield per:plant have been found out.

It may be concluded here that out of 89 types
of Kagzl lime, some strains gre productive, high in
acidity content, syitable for juice and pickle purpose.
' The Barmmasi types are found productive and economical
to the cultivators, It is indicated that this germ
plasn should be studied further for the jmprovement
of'Kagzi lime .

*ikk
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APPENDIZ-T

HWeekly Meteorological DATA eollacted during the p@::ioﬁ
January 1977 to JTanuary 1978
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Hos 222 pature 0°C, humidity £all rainy
percentage in ma days
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APPENDIX-ITT
List of Culti\ratqrs

1. Aurangabad District

N

Strain o,  NaWe of Vhe cultivater — Flace
ABD 1  Shri Haribhau Rambheu Nirve Uthwat
AED 2 " Deorao Patil Jodmanegaon
ABD 3 * Kishanrao Dhole . Pasud
ABD 4 " Dﬁpa Marbti Dure Jikthan
AED 5 . _Vighwanath Ganpatrao Takld

: Gore :
ABD 6 ¥  Laxmanrao More Ratpur
ABD 7 "  Righan Venkayya ‘

Goriyanthyal Jalna

aBD 8 " Vithoba Nagre ‘ Siaukhed
ABD 9 * Bihariseth Bhakkad Jalna
ABD 10 "  Pandurang Trimbake Golegaon
ABD 11 " Narayan Deore Somihane Hankar Deolgaon
ABD 12 | o | Govind Siduappa Varkhed
ABD 13 " Yeshwantrao Arganc‘xnao Masegéon
ABD 14 " - Bapusaheb Baburao Kakde Kandari

AED 15 ¥ ghivajl Dyanoba Kakde Kandari

2+ Bhir District

BER 1 Shri Fakirbua Mali Mazalgaon
BHR 2 Y Sopan Mukundaro Gutte Nananj

BHR 3 " Narsoba Phad Kandherwadi
BIR 4 " Eknath Tulsiram Munde Saradgaon

BHR 5 - St Sarubai Munde _ Dabi
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2. Bhir Dist. (contd.)

Strain No,  Name of the cultivator Place

BER 6 shri Nandlal Marwadi Adgaon

BHR 7 " Laxamanrao Patil Jawla

BHR 8 ¥  Ganpatiappa Balde Malkapur
BEHR 9 *  Apparao Dhondiba Munde Pangri

BHR 10 *  Murlidhar Arjun Gutte Nananj

BFR 11 " Biru Mane Malkapur
BHR 12 "  Laxman Rajaram Yadav Jadit Jawla
| BHR 13 *  Babura0 Annaseheb Mule Waghora
BHR 14 " As‘vh_ro‘ba‘ Balde Waghora
BHR 15 " Namdeaorao Bhise Ujani

BER 16 ¥ Gyandeorao Masgke Palwand
BHR 17 " 2&.@. ‘Bhople Bhir

BER 18 Smt . Sionabai Ghode Bhir

BER 19 Shri G.A: Mane Bhir

BHR 20 " ReM, Garam teacher Bhir

BHR 21 "  Maszid Samsthan Parli~Vaijnath
BER 22 n _A.l-;. Munde Pangri

BER 23 ¢ gk, Pharidsaab Khurdi

BER 24 *  Sheshrao Dhondiba Jagtap Karchundi
3. Nanded District :

ND 1 Shri Bhagwanrao Govindrao Mudkhed

Choudhari

N 2 "  Sambhaji Tukaram Ione Lahangaon -
ND 3 - " Manik Pundlik Bhise Jodgawala
ND 4 "  Sahebrao Jaywantrao Patil Rajwadi



APPENDIX-III (Contd.)

3. Nanded Dist. (Contd.)

Sfrain Wo.  Name of the cultivaror Place
5 Shri Ganeshraoc Govindrao Chidgiri
Kadam v .
D 6 *  Madbhavrao Ramchandra Dharmapuri
~ Lokhande :
W 7 %  Sheshrao Deorao Chavan Loha
1 B " Deorao Patil Karwadl
ND 9 *  Baburag JaYwantrao Talegaon
Patwari
D 10 *  Afsar Patel Talegaon
M 11 "  Dajlba Nagorao Mungal Ejali
ND 12 " Tapaji Manika Mungal Ejall
ND 13 "  Namdeorac Suryawanshi Talni
N> 14 ®  Eknathrao Pawar Naleshwat
N 15 #» gk, Pharid sk, Baban Bembra
4. Osmanabad District -
, OBD 1 $Hri Manikrao Fedar Rajwadi
OmD 2 " pundlikrao Kendre Patoda
OBED 3 " Udhav Sakharam Kachwe Kokangaon
OBD 4 " Venkatrao Sonerao Kadam  Tambatsinghi
OBD 5 w Bﬁagwanrao Bhadade Mavalgaon
OHED 6 *  Venkat Apparac Bhadade Mavalgaon
OBD 7 ®  pandharinath Patil HanmantJawlga
, Khendre ‘
OBD 8 "  Raosaheb Yeshwam:rao ' Malegaon
' : Khgkre
OBD 9 *  Tuljaraosingh Thakur Shivankhed
OBD 10 " Vilas Trimbakrao Kendre Patoda
OED 11 b Namdeorao Patil Kolwadi
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5. Parbhani‘Distric‘t :

s;?!;rgin Noe.  Name of the ‘cultiVato‘r' ?1308
PBN 1 Shril Haribhau Bgbarao Chatangra
PBN 2 %  Gyanba Santrapm Dahiphale Shendga
"~ PBN 3 % Baliram Siambhaji Munge Badwani
PBN 4 *  Eknath Bhaurao Phad Dhabwadi
PBN 5 " Namdec Manaji Latpate  RKodri
PBN 6 "  Handkumar Marotrao Dzke Malewadi
PBN 7 " Palaghe® Chaocudhari Suralwadi
- PBN 8 *  Dinkarrao More Deothana
PBN © " Bhagwahrao Lad Talni
| _ PBN 10 K vi_shwanathrao Deshrukh  Deothana
. PBN 11 "  Mahadeorao More Deothana
. PBW 12 "  Prghlad Khillare Deothana
PBN 13 " Vikram Rekhme$l Jadhav  Bhosar
PBN 14 "  Laxaman Yogaji Awtar Deolgaon
PBN 15 u Rahgnathfao Tulgiram Agola
Jawle :
PBN 16 *  shegshrao Namaji Jawle Asola
PBN 17 "  Layman Sambhaji Mungal  Margalwadi
PBN 18 *  Tukaram Vishwanath Margal Margalwadi
PEN 19 "  Paraji Patloba Phad Dhongarpimpla
PBN 20 Dépt. of Hort. (old orchard) Parbhani.
M.AWU. Parbhani, ~ :
PBN 21 Dept. of Hort. (new orchard) Parbhani,
M.AU . Parbhani,
PBN 22 Shri Govindrao Nanabhag Dhumal Shevga
PBN 23 % 5.6, Deshpande Partur
PBN 24 " Gangaram Lad Manwat .



APPENDIX = IV

Proformma of the General chservations recorded auxing
gurvey work _

1e Name of the viilaga Y

2. | Wame Gf‘ the ﬂtiltivatoz: 3
3. Soil conditiong of . ¢
. Fagzi iime orchasds
4, No., of plants in the = 3
orchard
5. Average o, of fruits 3
. pen 1'11{'3%, ‘ )

B Qnamity of fertilizam L
- and marares appli@a ,

7o - Condit ion of the plants- (malthy/unhealthy)
$ Age of ‘i:he plant

8. ‘ Pregence c'r absénce of éanker disease 1
" S, No, of xmta/sample ‘ -3 | ‘
10, Remarks of the c‘uit:waﬁar 2

znd hmaula”lw of 'k:ag&i
lime,




