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it can be arrested flllling preservation of pollen. Polkn 
SlMage is n. useful technique to estaMish a pollen bank 
which can be used to store genetic diversity and it can be 
u�d by plant breedc:.rs for planl impr<>vement. This
cechnique may be ve1·y helpful fol' monoecious plants to
avoid hybridizalion barriers. Pollen bank can provide the
vjablc: pollen 10 ccmm1ei:<:ial gr(>wcr$ of fruits.

Pollen storage ca,1 be considered as a new 
emerging technology for genetic conservation (Robcns, 
1975; Omura and Akihama, 1980; Aldhnma and Omura, 
1986). Also since poLJen is available e.asily in large 
quaotity on most of the fn1its trees and is a compact gcnc 
material. variable gene pool J'epresenting species and 
location can be stored. especially in cryogenic contajners. 
occupying a relatively �malJer space. The;. National Seed 
Storage La.bonUOl'Y at Froc Collins, Kolorado. USA. has 
started pollen storage as one ol' the components of 
gcrmplasrn prcsci:va1 ion (Standw(x)d ct ti/., 1986). 
Cryogenic storage of pollen is c.isy and has been 
considered of great value in supplementing the usual 
gl!rmplasm pr1!$1!rvation tcchn.iqucs by s�c:d anti cllmal 
storage. and for enriching haploid gene pool. 

Etrective pollination period (EPP) 
During every time !anti nlso tit the very movem.ent 

of receptiviry of stigma. availability of viable pollc:n is not 
always assured. Ln order 10 help 1:1cilita1e the pollination 
especially during lean period of availability of pollen 
grains. preservation is inevitable. The concept of ellecti \'e 
pollination p1;riod (EPP) w"s dcvdop1;d by Williams in 
1965 10 as.�es flower receptivity. Effec1ive pollin:nion 
period is defined as the number of days during which 
pollination is 1;,:ftCc;tivc in producing a fruit 1md is 
determined by the 101,gcvity of che ovules minus the time 
lag between pollination and fcnilization. Lf effective 
J)Qllinmion period is longer. c.hanc.cs of fertilfaation and
seed devefopinent are greater. Pollinacioo must occur
within 2 to 4 days afccr anthesis other·wise the embryo sac
will clc:genera1e before fertilization. EPP plays a vc:ry
importam role in fruit set especiaUy in temperate fruits
rind crin b1;,: ns short us 3 dflys and {IS long ris 12 driys.
Williams developed a ternperalure response index for the
estimation of time required for a pollen tube co grow and 
r.:ach to the embryo sac. Th.: iodex is based on the daily
meao ccinperarurc over a pc:riod of time and when the
pollen lube growth index reach Lo 100 per cen1 or above.
Lhe pt)llc:-.n lube $hOulcl have reached the en:ibryo sac aod
fe11ilizc:d the ovule.

Tronsferencc of pollen/techniques of pollhuation 
A pollen grain prod\1ccd by the anther of the 

male flower. must be transferred to a stigma of the female 
t1ower. is very essenlial J'or successful pollination. In 
tro$S p<:>llfo:Hed plnnt i;pecies iL requires $<)me lr:\nsference 
agc=ncies. It js affected by many of agt11cies like= i11Sects. 
birds, animals. wind, water etc. Transference of pollen by 
insects is al$() knl)wn as ent()moph.ily m()dc: of po11in::11ion. 
ln Prtmus. pollen is Lransferrect by inse.cts, mainly of the 
Apis genus, belonging to the family Apidae (Griggs, 
1953). 

lt mainly includes bees polJin"tioo (mdhtophily 
or hymenopLernphily). bunerllie.� pollin:i.Lion 
(psychophiJyJ. moth pollinacion (phalaenophilyJ, housefly 
poll.inmion (sapromyiophjly), wa.,;pS, etc. as principal 
agents of t1·ansforence of pollen grains. e.g. mango. guava. 
ber. lilchi. citrus. custard apple. �,pple. pe.ach. plum. 
&lm(md, wal .nut. Goodman. ( 1994) ObSc.rved the: efficiency 
of honeybees in illflueocing pollinatio,1 in stone fruits and 
in pome froits (Table J ). Sharmah n al.. (20 I 5) a.lso 
reported the impac1 of honeybee (Apls ,:ermw) pollination 
on productivity of different fruit crops (Table 2).

Pollfoation by is also known as orn.ithoph.iJy mode of 
pollin:uion. It include parrots. bats (cheirop1erophily) eLc. 
as agems of transference of pollen grains. h commonly 
occur.; in red, large: and tubular flower.; which .secrete 
lll;'-Cta.r. e.g. banaoa, pineapple. PolJination by 
mammals/animals is trea.led as zoophily mode of 
pollinmion. ElcphanL, monkc.y. squim!I.$ etc .. arc ,,cry 
poten1 agents of pollen transfcl'ence. Wind represents 
anemophjly mode of pollination, e.g. date pa.Im. coconut., 
ca,.;;hc:wnul, pl:lpay&, j1:1ckfruil, sapota, pomcg;ranalc Cle. arc 
poUinat�d by wind. Wind pollinated plants produce pollen 
grains in abundance. These plan!$ devoid of showy 
ffowers and they don't produce scent or nectar. Wate,· is 
potem way of transtci:rencc: of pollen. h is aJso known as

hydrophily mode; of po1Jina1ion. Large- flowers and leaves 
of th�Se pla,us are tloa1ing on the surfoc<: of wat<:r which 
favours water pollinat.ion, e. g, Wy. gaint water lily. 

Pollinator effectivene-ss and efficiency 
11 is defined as the pollinator efficacy in relaLion 

to Ooral resource consumption and pollen wastage. More 
will b1; th� pollinator 1;,:ffcctivcncss and cffici1;ncy more 
will be the fruit set. F()1' Successful pollination pollinators
effectiveness and its efficiency are utmost imponant. 
Polljmuor dfec1h1cness is Lbe total con1ribu1.ion to plant 
reproductive succt::S..�. aod chus. it reflects pollinator 
cffic:lcy and intensity of visitation in a simple concept\lal 
model. ll may rc:for I.() Lhe c()ntribu1i()o of an individual or 
population of a species of pollinator or a functional group 
of pollinritors (Fishbein and Vcnnbk, 1996� Avil" nnd 
Fl'eirns, 2() 1 1  ). It c.an be es1jma1ed directly from the seed 
set. Pollinator efficiency is closely linked to pollinator 
foragi,.ng st.ratcgfos, 1md there is a clear dichotomy 
between animal aod plant expectations (Borrell. 2007; 
Fishbein and Venable. 1996). 

Pollenization 
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Poll1:ni1..ati<m is a process of planLing the varil;'t)' 
which pto\'ides suflicient pollen for pollinatio11. The 
plants which provides pollen grains for pollination arc 
termed as pollenizer. Some plants are capable of self 
polleniz.a1ion, but not all plants. For such plants which arc 
i.nc.np1)hlc: in self p()llc.ni:.!.ntivn, pollenfaers are rec:1ui.re<l for 
good productioo of frujcs. Many plants are djoeci()US. �.g. 
kiwi, papaya. date palm etc. This si1ua1ion necessitates 
p<>Ueniui1ion (Singh. 2017). 

Pollenization depends upon various ability of 
pollinizer, such as regular its in its blooming habit. 
flowi::ring �.arly, overlapping flowering with th!! main 
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variety, viability of polh.:n, compatibility of polJcn. winter 
hardiness in c::1,se of 1.empenHe pollen.izers and p0IJen 
production al relmivc.ly low 1cmperaturc c1c. 
Warmund obeserved different crab apple varieties as a 
pollenizer according to their blooming period and also 
found that the polJcnizers often planted in between the 
rows or within the rows in commercial orchards had beuer 
production 

Very ofLen poll.in_iz.crs are used in pollinat.ion 
manage.inc,u such plants provide abundam. compatible 
and viable pollen. at the same flowering time as 1he 
pollinated plant. ln apple. diploid varieties produce 
abundant viable pollen. Triploid varicti-.:s arc gcncraJly 
fail to produce viable: pollen. lL is caused due LO 
ttbnorrnal cell division in uiploid plnnlS (e.g. Baldwin, 
Rhode Island Greening. 'l'omkins King. Jonagold etc.). 
The pollenizcr variety should have regularity in 
b1.!aring in order to havi.: continuity in fruit production. 
The m::iin varie1y fail to recc:-ive $ufficienL pollen i f  
there is  off year on the pollenizing variety. Precocity in 
b�aring is worth consideration while sd�ctjng pollenizer 
as it intluences age at which plant is likely to come into 
bearing. The very non precocious variety of apple 
Nonhe-m Spy on non-pn:cocious sededling root may 
require 12 years to produce the first bushel of fmit on a 
l.ree. Allhough, Norlhem Spy is a good sourc.e of pollen 

b\it it should not be plamcd as a pollinizc.r varkty for 
precocious varieties such :'1S Golden l)c:ljcious, \VAyne :md 
Yellow Newtown (Roger 1978). Earl)' bloomer 
polleni1�ing varieties are beuer sources of pollen. 1"his 
eMJy type of bloomer has further advantage of the fact 
that the flowers that arc pollinated earlier get more 
av.:ai1ablc:- time to be ferLili�d due: to available i:;uilable 
Lemperai.ure (Singh, '20 l 7) and thus fruil se1 has1ens. The 
polleni:;,.er variety m:t)' be planted in complete block or 
interplanted within row (\Varnmnd.2002). With successful 
polleniz.:uion and pollination in plum yield has been 
increased 10 the tune of 23 pc;r cent when :Kala Amritsary 
bas been pQllioated wilh Titron and in Kat.aru Chak plum 
variety 13 pet cent when pollin:ued witJ) Kala Am.ritsa.ri 
(Bal. 2010) 

Warmund (2002) reported that some reliable 
pollenizer varieties (f'-.ig. 2) planted in apple orchard 
for better production Pollination has been found to 
enhance fruh $et, fruit weight and fruit siie. Poll.in:H.i<>n 
ulLima1el)' Jc.ad$ 10 fer1iliz.a1ion and �ced devc.lopment, .and 
influences the number a.nd distribution of seeds witllin th� 
fruit, which bas long b.:en known to intlu1;:nce fruit quality 
(Brault and de Oliveira, 1995� Ward et al .. 2001 � DraZCta, 
2002) and quantity (Brain and Landsberg. 1981 � Garratt er

al., 2014). 

Table 1: Role of honcvbces in the nnLJina,ion of stone fruits and in nr.me fruhs 
Fruit Vnrich' I I Fruit set (per cent) I Yield/tree (k�) 
Stone fruits 
Apricot Treva« Open• 19 99 

Enclosed•* 1 1 67 

Chen·y Moss Early Open 36 35 
EoclOSl.!d 2 2 

Pc:-ach Golden Queen Open 26 216 
Enclosed 22 155++ 

Peach Crawford Open 28 47 

Enclosed 10 18 
Plum Sal.o;umn. Open 6 38 

Enclosed 2 15 
Pomc l'ruit 
Applos Yat�S Opc,:n* 240 125 

Enc.Josed** 8 9 

Pears Winter NeLis Open 53 88 

Enclosed s 12 
* Open u·ees: lrees to which bees and other inseclS have access
iMo Enclosed trees: trees enclosed during flowel'ing in bee•proof cages to pr�wnt bee pollination
++ \\'eight of frull harvested not significantly different

1 ·able 2 : Lrno;,ct ol honey b cc (Anis cemna) nn1 hnauon on od ruH or ucuvuv 
Crop lncrt>U.'>t' in fruit lncrt',L,;c in fruit Increase in fruit size (k-ni;th. Rt'fercnccs 

se1 (oer cem) wei�ht foe,· cen1) diametCI' iJ} l)el' CClll) 
A1>1>lt 10 33 15, 10 Vi:'nna and Duna. ( 1986) 

Peach 22 44 2Q,23 Partap t•t <ti .. (2000) 
Plum 13 30 11. 14 Partap er <ti., (2000) 

Citrus 24 35 9.35 Partan. (20()()::,l 

Strawberry 112 4$ MissJmpen fruits clec�.nsed by so PnrtAp. (2000b) 
nerccrn 

Source: Sharmah n at.. (2015) 
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Fig. 2 Pollcnizcr variety for apple 

Use of pollinator safe pesticides 
Use of pesticides for crop pt'Olection is harmful 

(or pollinators (b�s). It is very importam to understand 
lh:u whin 1ype of pes1icidc: is to Spi::1y, when LO $pnly to 
assure good pollination and fruit set in the fruit croos. 
Generally pesticides which have warning l;,bels on it are 
very harmful for bees. To pr()lccl the poll.inmors some 
safety measures like use of pesticide which have a low 
extended residual Lox.icity. Lhc use of pesticides 1hal come 
in the form of weuable powder. use of pesticide with very 
low concentration which have low toxicity to bees etc. 
can be taken. 

Some systemic inseclicides which have low 
toxicity for th.; mammals can bi; usi:d. Neonicotinyl 
systemic. insecticides like imidacloroprid. dinotefuran. 
thiamethoxam and clothianidin etc., are least toxic to bees. 
lt.S tox.icity for bees also depe.ods upon the type of 

appl.ication ancl t.irne of Hpplica1ion of that ioi)ecticide. lt is 
advised lO avoid the use of these neonicoti11yl insecti<'ides 
at the time of flow1;:ring (Vern Krischik. 2014). 

Pollination in different fruit c.rops 
Most of the fruil crops require pollination ro 

ensure proper lh1it set and consequently better production. 
l_n npplc bcSI fruit Sci is auaincd if it is largcSI or king 
blossom is pollinated. Some apple varieties may be: self 
pol.lina1cd Ukc Golden Delicious. Ubcny, Loda. EmpiJ·c. 
Jonathan. Jonagold. Rome and Granny Smilh. Crab apple 
is widely used as a JX)llenizer when it is planted at simjJar 
di:,tanL� to early t() mjd bloom.ing, apple variety 
(\Varmund). The delicious apple shows cross 
compatibility with Winesap, whili; a diffori:nt varii;ty is 
required to pollin:ue it (Chadda and Pa.-eek. 1993). 

In case of japanese plum. it requfres cross 
polJination to ensure fruit Sot because of Self-
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inc.ompa1ibliry and unable lo bear fmit pa11hcnocnrpicully 
(Hartmann and Neumuller, 2009). Some polleoiz�r 
varieties arc recommended lbr Japanese plum in different 
areas according 10 t.heir fruit set recorded under orchard. 
Fortune acts as a polleni7..er for Black Gold. likewise 
Black Diamond nnd Larry Ann for Black Star. Black 
Dian,ond for Black Amber, and Arnbra. Black Diamond 
for Fol'tu11e and Angeleno. and Fol'rnne for Golden Globe 
(Guerra. 2011 ). Culti var Santa Rosa is a good pollcnizcr 
for Oishiwa.se. Soldam and While plum. while Benfryozen 
is most suitable pollinizer for formos.1. (Chung er at .. 
1998). 

The pear culli vars grown in plains of northern 
India are partially self fruitful or panially fmitful but the 
ct1ltivars which arc grown in the temperate regions are 
self.fr1compatible or self unfruitful so they need Cl'OSS· 
polljnation. Fitzgerald (2005) reported some compatible 
polleni-icr varieties in European and ASi:ln pc-Ar$ (Table 
3). High bee populations in the crop will nt)t only ensure 
good fruit St':t. but will increase seed numbers in each fruit 
in pear. The majority of polJi.nAtors of pear tn .. "CS arc honey 
bees. Three colo,,ics of b....-:es per hc.c.tare may be sufticieot. 

Mosl peaches and nectarine arc self fruicful. ln 
Lhc::se crops. sinile variely can be planted in compact 
bloc.k. 11\�te is no need of polleni2er variety. However. 
some variely like J,H. Hale is self unfruitful. ll requires 
a1u)lhcr variety for pollinati(m. 

Most sour chen·y varieties are self fruitful. 
Varieties Like Montmorency, English Morello, Meteor and 
North.Star arc self fruitful. 

Sweet cheny val'ieties like Slella. Lapins. and 
S1.mbrust are self fruilful as well cross compatible with 
other varietjes. Most other varieLies are self unfruitful and 
requires pollenization. Many are cross incompatjble. 
Incompatibility wise. grouping of sweet cherry varieties 
arc as under: 

I. Black Tanarian. Eatly Rivers
II. Ventis. Windsor, V�m. MERTON 8igarrca1,1

111. Emperor Francis. Napolean. Bing. Lambe11.
Compact Lamben. Vernon 

JV. Viva, Victor. Vogue 
V.Gold
VL Hedelfinger
VU. Schmidt
Vlll. Rainier, Hudson. Giaot. Chinook
X. Ulster. Vic

Hence, these groups should not be planted. One group of 
variety is pollenized by another group of variety. 

ln loquat many varieties lire self int-0mpa1ible. 
These rt-c.wire pollcnization. Jncompatjble vati�tic .s at'e as 
under: 

Self incomp:nible varieties: Golden YeUow. 
Improved Golden Yellow, Pale Yellow, L..1.rgc Agra. 
Partially self in compatible varieties: Large Round, Fire 
811. Tha,nc.s Pride, California P:1ridc, Tanaka.

Variety California Advance is polle11ize1· lor 
Improved Golden Yellow. California Advance and 
Tanaka have �en found pollcn.iurs for many cuhi"ars in 
loqua1 (Paohak. 1999). 

ln nlmoocl mos1 varieties are self fru.i1ful. It 
necessirntd cross- pollinacion. The vatieties 1ike Non. 
pareil and I.X.L .. Calitbrnfa Paper Shell and 1.X.L., 
Jordanalo and Marpareil are incersterile. They require 
pollenizat.ion wilh some 01her varieties (Bal. 2010). 

Many citrus cultivars are seedless und 
produced parthenocarpic-ally wi1hou1 pollinaiion. Some 
cuhivars may produce fruit either way. lf pollina1ed. lhere 
may have seeds in lhe scgmenls and no seeds lf not (Vardi 
el al .. 2008). CiLJ·us that requires pollination may be self­
compat.ible. thus poUen must be moved only a short 
distance from lhi;; anthi;;r to thi;; stigma by a pollinator. 
Some cilJ'us, �uch a.s Meye.r Lemons. are popular 
container plants. When these bloom indoors. they often 
suffer from blossom drop becatisc of no access 
pollinators. Joland pollination is a solution. A few 
citrns. including some tangelos and tangerines. are self­
incompatiblc, and require cross polJ.ination. PolJcnizcrs 
musl be planned when groves are planted. Managed 
honeybee hjves at bloom time arc often used to ensure 
adequate pollination. 

hl date palm whic.h is a dioec.ious fruit plant 
pollina1ion depends upon lhe pollenizer cul1ivars. Pollen 
fn">m difftrent male- pollc::njier affecl !he fru.il Sel. weighl. 
pulp. and tim� of maturity of the fruit. as wdl as seed 
characterislics such as weighl (Iqbal et al.. 2012; 
Shaftquc et al .• 2011 ). \Vhl!n lhc lrel!S arc pollinated with 
Madjool and Baraknh pollen there is highest fruit set and 
yield. Whereas, when the trees arc pollinated with Jarvis. 
pollen ii iivcs early maturity (Muhla..�<l �md Ghnaim 
2007). Polleni;,..ation with Zahidi cultivat had the highest 
fn1it- set per cem 50.30, while bunches pollinized wilh the 
Khadrnwy cultivar had fruit set per cent 13.25 (Ricardo e, 

al .. 201 7). 
PoHination is useful in mango. It produces 

thousands of small !lowers in sing.I� panid.: which mt1y be. 
rnale and harmaphrodite. The percentage of pel'fact 
flowers may be S to SO per cent depending opon cultivars 
(Chadda and Pareek. 1993). The pollination in tnang.o is 
mainly entomophilous (by house flies and hover fly). 
(Randhawa And Oamod,:iran. 1961 ). Honey bee plt1ys an 
importanl role in its pollina1ion. The culLivar Dn.�hari 
was recommended as pollenizer for L..1.ngra (Ram and 
Siroh.i. l994}. Ber i� also cross polljn:uc;d fro.it crop. il 
does not set any fruit by self pollinati()J\ (Bal. 2010). Jo 
aonla the fruiting dep�nds upon the suffici-tnl poll-tniz.ers. 
Provision of IO pcl.' cent pol.leniiers ha.� beeo found 
optimum in aonla. It has been obsel'ved that NA? is a 
good pollenizer for NA6. Plamjng of 2-3 varieties in an 
ore.hard Solved the pn)blcm of polleniicr. lo fig, the 
Smyrna type d�velops fruit only whc.11 r-.�c.iv.:s pollc:n 
from Capri fig. also known as caprific.ltion (Radh.l and 

Jlfolhew. 2007).
In m.ajority of tempe.rate and stone fmits. nuts. 

tropical and subtropical fruits honeybel.! is dom.in.lting 
pollination agcnl. Jn moSI fruil crops p(>llcnizcr variciics 
have been found useful (Table 4). Hence. while planning 
orchard both the processes of (X)llina1ion and 
pollc::n.i-z.a1it,n dc::.-tervc tO be 1akc::n into accounL This is in 
the way of successful orcharding 
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T bl 3 S ii e �: 'bl ome c-0moa11 II e DO en.izer ,,ane1.1c::s m E ·un.menn ::-inc IA . s,:,n oe�lrS 
Em·o•v-an Pears Comoatible Pollt-11ize1� 
BaJ'llen d '  Aniou. Bose. Comice 
Bose Bartktt, Comice, d' Aniou, Scckd 
Comice Banlen, Bose. d" Aniou. Sec-kel 
d'Aniou B;wtJeu, Bose. Comjec:. Sc::c.k,cl 
Seckel Bose. Comice. (Bartktt is not com1>atible.)
Asian Pears Comuatible PolleniZers 
Choiuro Shinsdke, Bart1ctt 
Nijisseiki (Twentielh Century) Choiuro, Shioseikc, Banleu 
Hosu.i PartialJv self-fruitful 
Shinseike Choiuro 

T bl 4 • e : A(X'OUJtl O DO mators and oo cmzers m rult CTODSf 11 · II . f . 

No. or bee 

hives/ha for 
truit crops PolUnatfon type Major pollinator 

effective 
nnllination 

A. Tcmoerntc and stone. fruits nuts

Apple Largely cross-poUinaled Honeybee$ f1ml 
4.5 

bumblebees 

Partly or entirely sclf-su:dlc, Honeybees Rnd Pear 3.4 requiring cross-pollination bumblebees 

Aorico1 Cross-nnllirn'llion csscnliaJ Honcvbt.-cs 2-3

Mostly self-fruitful. some Honeybees. rarely 
Peach varieties require cross- other insects and 2 -3 

oollination wind 

Self fruitful to self• Honeybees. 
Plum bumble bees and 2-3

incom.padblc blow flies 

Almond Cross-pollinat.ion essential Honeybees 6-8

Cherry Cross-nollinat.ion essential Honeybees 2-3

A very unusual SC·X 
distribution. Some varieties Ht)oeybees. 

Persimmon are self-pollinated and Bumble bees and 2-3
others r�quire cross- wind 

oolJimuion 
Walnut Cross•nolJination essential Wind .

Pecan nul Cross-n(')Hinm..ion essential Wind . 

Pistachio nut Cross-pollination css-.:ntial Wind, . 
Honcvbt-es 

Wind. 
Chestnut Self-sterile Honeybees. chafer . 

bcetk:s 

Hazelnut Self-sterile Wind . 

Blueberrv Self-sterile to cross-sterile Hoocvbees 2-3

'Wind, 
Olive Sdf-stcriJe m self forlile Honeybee."> 

. 

Self-pollinated, cross- Hvneybt:t:..S, wild 
St.rawbe.r-ry pollinatio1\ bend'icial bees 10-25
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Ratio of pollcnizcrs to 
main ,·ariety in the 

orchard 

33 per c.ent 

Inter-planting of '..'-4 
varieties in a block is 

�commendtd 
33 DCC ccnl 

1:2 

Every 4th tl'ee in every 411' 

row 

One row of poUen..izer for 
every two rows or main 

cuhivar 
IO per cent •>ollenizers 

A special plan is required 
to plam A type and B 

type varieties 

. 

. 

l :8 (male: fomaJ-.:)

1: I or I :2 (male; female) 

15-20 per cent inter•
pJ;mting of two cuHivars 

is recomm�ndi:d 
10 oer cent 

11 pei: cc:nL Sometimc:s 
irllel'-plamiog of two 

cultivars is recommended 

No specific 
recommendatioo 
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B. Trooical and sub-trooical fruits

Mn.ogo Self l(l croSS-p().IIJoation 

Citrus Self-sterile to self fertile 

Grapes Self-sterile to St!lf fortile 

No need of pollinntion. 
Banana Hc)wevcr. St)mctimcs, cross-

oc)llin:icion rak�s ntace 

Papaya Self to cros.s-polli.nated 

Coco11u1 Self lo cross-pollioa1ed 

Self-fruitful. but cross-
Litchi 

pollination is benelicial 

Guava Self to cross-pollinated 

Loqmu Self to cr()SS-pQllinatcd 

Ber Self-incomp,:nible 

B01h self and cross-
Atrnla 

inco111patihlc 

Fig Both self to cross-pollinated 

Pomegranate Self to cros. ... -pollinated 

Sapota Self•sLerile 

Source: Shanna. 2006. 
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Abstract 

An au.empt was made to assess the genetic diversity am(mg the eUte selections c0Uec1c:d from the na1Ural 
pOpulations in semj-arid pans of Gujarat. A toial of lO accessions of mahtia (Madlmca longifolin) were subjected to 
RAPO profiling using JO primers (OPF). The d.na from all primers wen: p00led and subjected LO analysis through Nc:i 
and Li's c.oefficien1. The results demons1rmed Lha1 a wide genetic "ariabil.ity exjs1s in the naiural population or rnahua 
growing in semi ;).rid pMtS of the Gujarn1. This needs to be con.$Cr\'cd })tul utitit.,cd for further improvcmenL or th.is species. 

Key words: ft1ahua. RAPD, Bi.c,diversity. RCnetic diversiry 

Introduction 

Mahua (Mmlhuca long({<,lia) of family 
sapotaec..ae is a multipurpose tree which is nanm:illy
growing ill tJ\e semi-arid p::u1s of Guj:.1rat. The Indian 
subcontjnent h:.1rbours two varietie.s of this species viz.. 
Matllmca longifoNa var. longifolia and Mad/mca 

tongijofia var. Jatifolia (Roxb.) Cheval. Of Lhe two 
varietic..-., var. longifolia is distribUled in Sri Lanka, 
Soutl\ern h\dia exteodiog no,·thwards to Maharashl.J•a aJ\d 
Gujrat; va1·. latifolia is found in some parts of cenu·al and 
north India aod Burma (Ramadao et al .. 2006; Akshatha 
et al .. 2013). All tl\e parL .. of the plaoL .. are of CC()Oomic 
value such as batk. flowers. seeds and leaves arc used for 
food. fodder and fuel (Jayasree d al.. l 99�). l11e 
hearrwood of the u·oo is used for COJl$U'UCtioo of house. 
tlowets an:: edible and ftuiL'- are valued for its se�ds. 
which :.1re the largest source of n:nural fat known as 
rnahua bunet (Yadav et al., 2011, Sasui, 1962; Bringi, 
1987: Singh and Singh. 1991). Ramadan et al .  (2016) 
have highJighled the 11uttitional value and industrial 
applkatioo or this crop. The cn,de oil exuactcd from the 
seeds is pale yellow and remains as a semi-solid in the 
1..1·opicaJ temperatures (Marikkar and Yancy. 2012). 
According to Ramadan e, al. (2006). about 46% of the 
fatly acids presem in M. lon�ifolio seed oil is saturated. 
37.4% mono uns.a.lurated. and 16.5% poly unsaturated. 
Despite its immense economical value it still remains to 
be fully utilized agriculturally since no srnudard vati�ties 
and agro-lechi\iqucs are availabk for cultivation of this 
species. 

Being confined to the forests. il has not been 
subjec,ed to aity geoclic improven1c111 dfol'ls. 1·11c na1Ural 
populatioit.� are seedling populatio11s. therefore they 
exhibit coJtSidernble anatomical. physiological. 
morphological and gcoetic variabiJity to sutvive under 

varying environmental conditions. As a result of thjs, 
wide variations have been obsc.rved in swee1..11css. acidity, 
size. shape and bearing habits in mahua under Uttar 
Pradesh and Gt\jarat conditions (Singh t>I al.. 1999; 
Anonymous. 2002; Singh and Singh, 2005). 

Assessment of genelic dh•ershy based on 
phenot)1,e has limitations. since mosl of the 
morphological characters are greatly influenced by 
environmental factors and the development stage of the 
plant. In contrast. molecular markers based on DNA 
SC;qul':nce polymorphism. are inde.pendent of 
environmental conditions and show a higher level of 
polymorphism. Several types of molecular markers such 
a-. rcsu·ict..ion fragment lenglh polymorphism (RFLP) 
(Botslein l'/ al. I 980). random amplified polymorphic 
DNA (RAPD) (Welsh and McClelland el t>/. 1990. 
William.$ et al. 1990). :.1rnplified fragment length 
pQlymorpbjsm (AFL,P) (Vos et al. 1995) and simple 
scqiu:.:ncc rcpctllS (SSRs) arc availab)c to l\SSCSS 1he 
gcnelic divcrsily and phylogenetic assessment of the crop 
Species. In rnahua. very limited work has been done to 
employ molecular markers in varietal characterization and 
assc.ssmcnt of phylogenetic kinship among gc rrnplasm
lines. Accordingly. 1h� objective of lh� present Sludy was 
to assess 1h� genetic diversi1y among the germplasm lines 
of mahua growing naturally in Gujarat. The; results thus 
obtained constituted the text of the present 
communication. 

Mah;rials and Methods 
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A total of t�ll getmplasm lin\!S collecced from 
scmi-atid l'egion of Gujarat and rnai,Hain�d at CHES. 
V�ja.Jput. Godhra con..,;citulcd the material for prescm 
smdy. 
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Genomic DNA extraction, PCR amplification and 
diversity analysis 

Young leaves from different genotypes of mahua 
were collected separately and immediately fixed in ethyl 
alcohol for 24 hrs. Total gi;nomic; ONA WflS cxtractc-d 
frotn 100mg of Jc . .lf from each sample seperatdy by using 
the ONeasy® Plant Mini kit (QIAG6N, lmlia Pvt, J...td.) 
following with some modification. The Jysis was achieved 
by the addition of 400 pl warm (65° C) lysis solution 
modified by t.he addition of J0mg/ml PVP (polyvinyl 
polypyrrolidonc), I 0mg/ml SOS (Sodium Lauryl 
Sulphate) and 4 µ1 or Proteina.w K :ilock solution 
( I OOmg/ml) prior to grinding, After grinding the samples 
were c-ollected into the 1.5 ml eppendorf tube sepftrntely. 
The samples were centri l'uged for 30s at low speed 
(4-000g) and 4µ1 RNa.sc- A Stock solution (IOOmg/ml) was 
added to each rnbc. foUo,vcd by mixing until no ,issue 
clumps were visible-. Rcs1 or the proioc.ol fol lowe-d as per 
standard procedure. To femove RNA. genomic DNA was 
trcat-.;d with R.Nasc- and stor._:d at -200C. The. quaJity of 
DNA was chcckt-d by decrrophortsis io 0.8 % agarose 
gd. 

PCR conditions and DNA amplifk.ntion.,;,: 
Ki� F comprising 20 dccamcr random primers 

(Operon Technologies. Alameda. CA. USA) was screened 
out for the presem investigation. To optimize the PCR 
a.rnplific:uion conditions. experiments were curried out 
with varying concentrations ol' DNA template. primers. 
Taq polymerase. as well as <lNTPs. A total of IO primers 
were used for PCR-RAPD analysis (Table I). To 
detem1jne- the optimum ampliJicati()n condi1ions and &IS'.> 
10 ensure the repfoducibility of the results. the reaction 
condition.,; were Standardized using a Study and tested &l 
least twice. This study was carried out with two primers 
(OPF--01. and OPF--02) u$ing a range of ONA 
conccotrations ( J. J .5. 2 ::uld 2.5 �• I from the diluted DNA 
Stock of 200nsfµ IJ and three diffi;.:rent cycli:� (35. 40 and 
45 cycles). After asccrtainiog the optimum quamity of 
ONA, anneaJi.ng temperature and PCR cycles. all the PCR 
re.actions, with IO prin)l;'.rs(OPF I to OPF I 0). were 
carried out in 25 ,LI varying concentrations of template 
DNA. Ix TopTaq PCR buffer. Ix Q-Solutjon. 200 u.M of 
each dNTP, 1.25 U TopTaq ONA polymerase, 10 pmol or

primer (QIAGEN. India Pvr. Ltd.) and the re.action 
programmes were set at 94C)C lor 3 min foHowed by 40 
cycles or 94(1C for 30 Sec. 36° C for l min and I min 
elongation at 72°C. and a final exlension a1 72-.>C for 7 min 
in it thermal cycler Ocncmfllc Series (Analy1ica 8io1t::c::h. 
USA). After compl�tion of the amplification. 2.5 u.l 
CoralLoad dye was a<ldcd h) the :rnmplcs, and the: 
amplified DNA was analyzed on 1.2% agarose gel pre­
stajned with ethidium bn.nnide in IX TA£ buf

f

er at 65 -
90 V for 2.5 h. along wiLli O "Gene Ruler I 00 bp DNA 
ladder Ph.is (Thermo Scientific. Tndia PvL Ltct.) The gels 
we,� observed oo the gd documeotatioo system (Gen� 
Gen.ius 8ioimagjng System) and photographed. 

RAPD data analysis: 
All the amplified band.s were counted manually 

along with their si7,c. Computer analysis of R.APD 
pan,.,.rns w..-1·e pc.rfonned as dcsc1'ibc.d by Halmschlagc, ct 
al. (1994) in which the band pattern obtained from 
agarose gel electropho1•esis was digitalized by hand LO a 
two-discrcti:-charnctcr -matrix (0 and 1 for absence and 
pre&e.nce of RAPO-bands. respeccivdy) The darn of all 
primers were combined. 1··he analysis dala was based on 
the N�i and Li's co�ffici�m (Nci & Li, l 979). 
D.:ndrnsram$ were cons1ructed by the unweightcJ pnirctl 
group method of arithmetic average (UPGMA) based on 
.Jaccard·s similari1y c-0effic.ien1 by using NTSYSpc-2.02c 
versioo 2.0.1.5 software (Applied biostatistics. Inc). 

Rl"sults and Discussion 

Optimj�afion of the concenfraf.ion of ONA for PCR 
reaction st-t-up: 

Genomic DNA was succc-s.sfully exlJ·Ut:tc-d from 
�thanol dried young leaf of mahua (Madlwca lougifolia>, 
using a m(>ditications from the commcrci.-ll the DNcasy® 
Plant Mini kit procedure. The approximate ONA 
concentration in the extn)cts wltS 1000 ng/µI. The originol 
concentration of the ONA extracts was too high for 
reliable amplificu1ion, showing p(>t)r amplification with 
fa.int. smeared products. The optimal DNA concentration 
for amplification of Mfulhll(:(1 longifolia ONA was found 
to be 4.0 µI of I :3 dilutioos (approximately 200 ng). 
whiJ$1 the optimum nnni:aljng: Le.mper:uure was �6° C and 

lhc optimum no. ol' PCR cycles was 40. 

Polym<,rphisrn and Marker Efficfoncy: 
Thi: largest frngmcnt amplified wns in the range 

or 250 to 3000 bp while the snlallest but easily 
recognizable frngmenl was approxhnaicly of 250 bp. Mosl 
bands were concentrated between 500 LO 2000 �p. An 
example of RAPD pattern. obtained with different primers 
(OPF-0 J l0 OPF-10). is shown in Fig. I. The number of 
bands scored for each primer varied from 6 to 17. The 
highest numb..:1· of bands (17) was g..:nc.ratcd with Opcn)n 
primers OPF 2. OPf 6. and OPF 10. while the lowest 
numt)(!r (6) was obtained with Operon primer$ OPP 3 and 
OJ->f: 8. The 10 primers yielded a total of 129 fragments, 
or which 79 arnplic<:ms (61.24%) were- poly1norphic, the 
number of polymorphic bands per primer ranged from 2 
to 14 (Tnbk l). It wns obsc-rved that 1be- scored 50 RAPD­
PCR fragrnents were inonomorphic (38.75%) The primer 
OPF-6 is the highly polylnorphic primer as 82.35% and 
gel image or RAPD proliling of this pdmer is giveo io 
F'igurc t. Hc,wcvcr Lbc tivc primers such as OPF'-1. OPF-
2, OPF-05. OPF-7. and OPF-10. were also infonnative 
primers as 60% or mon; of the nmplicons were 
polymorphic. TI1e results or the RAPD-PCR analysis 
indicated tha1 some polymorphic RAPD bands a.re prescnl 
were found h) be shal'ed among mol'e thao one genotype . 

Our results arc in agreement with those reported 
eal'lier on other taxa. fl has been demonstrated by Dang.i e1 

at. (2004) that Trigonella foem,m-greacum shows 70.12% 
polymorphism. Ra<> et t1l. (2006) reported 77.8% 
polymorphism in chick pea by using 10 decamcr primers. 
Ttmmas er ell. (2006) re.ported 78.8% in whef1l by using 50 
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dccamcr pdrnt:rs, Patra and Chawla (2010) recorded 
76.5% in rice by using 12 decarner prillle.t'S and Skaria e1

al. (20ll) rcponcd 72.27% polymorphism in rice 
genmypes. This high leveJ of polymorphisn, in mahua is 
indicative of fact that during 1he course of evoh.nfon a 
lafge numbc::r ,,f gc::ncLiC- manipulation$ have taken place 
such as single nucleotide change or insertion or dele,ion 
of nuclt.::otid"' or complete loss of complimcntnry sites. A II 
tl\ese have generated genetic variability and gOl fixed in 
natural pop\1lation since the species is a perennial l,rec and 
can be:. propagJ1h�d by vc:.gc:.tative mean.,;. 

Gcnotyp(' tdcntiflcation using RAP]) proflh.-s 
The dal.a generated on IO germplasm Lines of 

1no.hua sho .. ,1ed Lho.t lhe RAPD profiles developed by using 
primers OPF I to OPF IO can be employed for cultivar 
idcnt..ification. This ii:. illustrated by 1hc fact tha1 lhe line 
MH 5 can be identified by using OPF 2 profile. The line 
has typical band combination bdng repn:scnti;d by 350, 
2000 and 2200 hp. SimjJal'ly, line MH 6 can be identified 
by using profile developed by OPF 4 having band 
combination of 780 and 1900bp. Amt)ng other lines, MH 
I can be identified using band combination of 500 and 
1700 bp in OPF 4, 1150 and 2000bp in OPF 6, 
combination of 550 and I OOObp with OPF IO and sole 
band at 530bp with OPP 9. Linc MH 2 cnn also be 
identified using combination of bands at 400. 680. 7650. 
1()00, 1100 and ISOObp with OPF 10. 

Our resuhs are in line with lhose reported in 
Mulberry (Bhattacharya and Ranade. 2001 ). Gy,m,emo 
sylvestre (Balamuralj Krishna e, al., 2012), ,\1culluu,·f1 

lo11gifolia (Gavankar and Chcmburkar. 2016 and 
Trlgm,ella (Raja el al .. 2015). 

Table I: List of l)rimcrs and dc@:rcc descrin1,ion of the nolvmor 
S. No. Primer Sequence 5 · to 3 · Sizes (bp) 

code mi.o-mnx

I OPF-1 ACGGATCCTG 330-1800
2 OPF-2 GAGGATCCCT 290-2200
3 OPP-3 CCTGATCACC 600- l300
4 Ol'f-4 GGTGATCAGG 450-2500
5 OPF-5 CCGAATTCCC 400-1800
6 OPF•6 GGGAATICGG 280-2800
7 OPF-7 CCGATATCCC 600-2000
8 OPF-8 GGGATATCGG 500-1500
9 OPP-9 CCAAGCTTCC 550-3000
10 OPf-10 GGAAGCnGG 440-2500

Genetic relatiooships among accessions and cluster 
analysis 

Cluster analysis based on similarity values 
(Table 2) classified genotypes inlo two diiaincl clusters (I 
& Jl, Figure 2). The first cluster (l) included only four 
genolype:; M.H-l4, MH-2. MH-6 and MH-l. whereas 1he 
second cluster (II) included six genotypes (MH-10. MH-3. 

MH-15. MH-8, MH-5 nnd MH-4) and wras fur1hcr divided 
imo three sub-clusters (Figure 2). Both of 1he cluster I and 
U were fo,ther divided into l wo sob-clusters labeled (1-A. 
1-8) and (II-A, 11-B) r�spec:Livdy. Th� sub-du.Sler 1-B and
11 A are monophyletic branches including MH .. J and MH-
10 genotypes re;.Speclively. The sub cluSh:r U-8 was
ful'thc1· grouped into two sub-sub clusters 11-81 (MH-3.

MH-8 ond MH-15) ond 11·8,(MH-5 and MH-4)Similarity
coefficiencs berween Madhuca longifolia ranged from
0.619 to 0.900 (l":c1blc 2). Among the similarity
cocfficicnlS of the gcnOlypc-S, 1hc similnrity (.·odficicnl
MH-2 and MH--6 was highest (0.900). which indicates
closer rcli'ltionslup l'lmoog 1bese acccssions, whih; the
similal'ity coefticienl of MH-1 and Mli-4 was observed
lowest (0.6 I 9) (Tobie 2).

Similal' work has been carried out on 0lhel' plam 
species also, A wide genetic variabili1y has been reported 
hy Rom and Das (2002) in Plumbtlgo. Gilani e, M. (2009) 
in Wathania sonm{fcra, Smita and Kcshv:'lchnndrnn 
(2015) in Trlgouella cultivars. Gavankal' and Chernburkar 
(20 I 6) also made an attempt to assess the genetic 
variat,iljty in some oc.cc.sSi(ms of Mahua. Our results 
highlight that a wide genetic variabilily exits in Lhe namral 
population of Mahun in Panchmnha.1 region of Gujnrnt. 
This calls for' a systematic collection. evaluatioo and 
conservation of this species so 1ha1 lrait based breeding 
programme can be initia1ed to develop an elite forms for 
commercial cultivation. 

hism obtained amon@: IO mahua P:Cnotvncs. 
Total Polymorphfo Polymorphism PIC 

band bands ra1io (%) 

No. 
15 11 73.33 0.391 
17 11 64.71 0.378 
6 3 50.00 0.406 
IS 6 40.00 0.343 
15 10 66.67 0.260 
17 14 82.35 0.467 
10 6 6(1.00 0.241 
6 2 33.33 0.153 
11 5 45.45 0.388 
17 11 64.71 0.389 

Table 2: Dice Jaccan1's similaritv co--cfficienl macl'ix of 10 different �enotvpes of mahua. 
G�notvn,.o:,:_ MH-14 MH-10 MH-2 MH-1 MH-3 MH-5 MH-4 MH-6 MH-8 MH-15 

MH-14 **** 

MH-10 0.622 ...... 

MH-2 0.820 0.661 ........ 

MH•I 0,741 0,687 0.678 "'*•"' 

MH-3 0.636 0.670 0.6R9 0.630 **** 

MH-5 0.678 0.684 0.718 0.644 0.730 **** 
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MM-4 0.652 0.643 0.692 0.6 l 9 0.766 0.817 **** 

MH-6 0.763 0.681 0.900 0.669 0.681 0.754 0.669 "'�'** 

MH-8 0.681 0.734 0.650 0.675 0.783 0.750 0.691 0.669 u.:t·41 

MH-15 0.670 0.645 0.624 0.634 0.740 0.(,45 0.664 0.643 0.780 **** 
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Abstract 
Glossonema variens is threatened plant species in the lndian dese11. Due to overgrazing and destruction of habitat. its 
population is depicting in its natural habitats. It is being one of the important traditional foods cum medicinal planL'i for 
desert inhabitants in Thar Dc:sert India. This paper describes its c:thnic uses and potc:ntials nn<l highlights m�cd for i1,s in
situ and ex situ conserva1jon in arid rangelands. 

Keywords: Glossonema 11ariens, threatened, traditional food, conservation 

Introduction 
Plants of fo.mily Asclepiadaceae are both. economicaJly as 
well as ecologica.lly very important in the Thar desert. As 
food cum medicinal p)a.nts these spcdes play a vital role 
in the lifo of the inhabitants ofTtHtr Dc:sc:rt as oomparc:d co 
other pal'ls of the couniry. Examples include species like 
Can;lluma ed11/is (E<lgew.) Bemh. & Hook., Ceropegi,i 
bulbosa Roxh .. Glossonema variens (Stocks) Benth. ex 
Hook..f., and leptadenia pyroteclmict, (Forsk.) Dccne. 
Parts of these species used as food arc nutritious and hi'tVC 
traditional medicinal importance. As an important 
endangered desert plant. Glossm,ema vt,riens received 
much ,mention recc:ntly in other reg.ions (Phoboo et al.,

2015, Al Hadidi et. al., 2017). Its in sUu and ex situ 
conservation is vital to maintain its population and 
biodiversity in desert. In the present paper an attempt is 
made to highlight the ecological. ooonomic importance 
and conservalion of Glossonema varie11s in Thar Desert. 
l.ndia.

Re.sults and Discussion 

Oi.strihution, Botanical and Ecological Characteristics 
GU.,sscmema \!a,-ians (Stocks) Bcnth. ex Hook. f. 

(syn. Mastostigma vt1de11s Stocks) br;Jong!> to fan1iJy 
Asclcpiadace-0e. The plant is locally known as Dodtw and 
its follicles (fruit) are called as Khiroli in western 
Rajasthan. It is distrihuted in Arabia, Baharin Island, Iran, 
Pakistan (Sindh, Baluchistan) and India (Bhandari, 1990). 
In India it occurs in western Rajasthan, particularly. in 
Jaisalmer and Barmer districts. 

This is a small. 8 -20 cm high, erect perennial 
herb 1,vi.1h rniJky latex. 1, regenera1es from a perennial 
root-stock. 11 is much branched from near lhe base. Its 
s1em is 1erete or more or Jess a11gular. pul)escenL, woody al 
basl!. It has fle�o;hy, grayish-green and publ!scent leaves 
with J .. 2 cm long petiole. Its flowers are lcmon .. yelJow. 
fragrant on sessile. umbcllatc 2-8 flowere.d cymes. Fruits 
are 2.5-5.0 cm long, ellipsoid, beaked. attenuated at base. 
cove.red with short, soft. scauered, spine-like processes. 
Seeds al'e 5-6 x 3-4 nun, broadly ovaLe, with much 
flattened and witJ1 very thin membranous margins. After 
the dehisc.ence of the ripe fruits, the leaves and stems dry 
and only the perennial-rootstock remains in the ground. 
which rl;.!gcm:mttc.:.s in suilablc t!nvironmcntal conditions, 

Ali and Ali (1996a) repo,1.ed nndromonoecy 
condition i.e. pedCct (hermaphrodite) and male. 
(st.1minate) flowers on the same plant in G. variens. They 
observed that certain flowers had usual!)' small 
rudimentary ovaries without ovules. Ali and Ah (l 996 b) 
stu<lic:d the effc:ct of sugar conccntnnion on pollinium 
germinmion in eight members of Asclcpiad:=iceae 
iocluding Gtossoueuw varien.r. They found that in 
hermaphrodite (perfect) flowe� Qf G. v,)riens. 15% sugar 
concentration showed maximum pollinium germination 
and 20% concentration in male (stamina1e) llowers. 
Gr;ncrally. !lowering anc.l fruiting in G. o,;arit.-ns occurs 
during Augusl 10 November. Usually, it flowers once a 
year aild l'emai.ns in bloom fo1· abom one to two months 
depending on the avaiJability of moislure. However, if 
there is suf

f

icient rainfaJI during April and May, it may 
flower early. It usually produces 2-3 fruits per plant under 
sufficielll moisture condition. 
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G. variens appears usually along runnels 011
shallow sandy gravelly soils and in depressions ol' rocky 
and gr::1velly aret1$ of arid rangelands of Thar Desert. lo its 
naturnl habirnt. it fonns assoc.iation with grasses, 
leguminous and non-leguminous perennial herbs and also 
grows under the canc,lpy of under-shrubs and shrubs. le is 
assoc.ia1ed frequen1ly wi1h perennial grasses like 
Dactylocrenium sindicum Boiss., Ocluhoch/oa compressa 
(Forsk.) Hilu and also with Cymbopogon jwaruncusa 
(.lom:s) Schu_lL io the rocky si1ua1ions and wilh l,£1.'fiurns 

sindfr:us Henr ill sand deposition/sandy soils (Plate I). 
Among herbaceous leguminous species. it is very much 
associ�Hcd with 1'ephrosia uniflora Pers., which is a 

suffruOcose leguminous perennial herb that occurs 
ex.elusively on open rocky slopes. huligofe,·a <'Ordifolia 
Heyne- ex RoLh is one of the associ:H.ed annmd .leguminous 
spec.ies. Among the 11on-leguminous pere11nial hel'baceous 
species Baerluwfo diffuse, L .. Tribulus rerresrris L. are the 
main associatc.."d species. l>ipcadi erythrae,mr also noticed 
as associate or G. variens in rod .. -y-g:ravelly areas. The 
under--..o;hrubs like He/imropium rt,riflorum Stoc.ks and 
Seddera latf(olia Hochst. & Steud. arc also associated 
with G. variens on open rocky slopes. h �•ISt) grows under 
the canopy of the shmb spe.cies like Leptadenia 
pyrotedmk,� (forsk.) Decne. and Ziziphus numnmlaria 

(Bunn.f.) Wt. & Am. 

Plate I: Associated plam spec.ie.,; wilh Glos:sonema "ariens (Top lefl: Ochlhochloa compressa and Dactyloctenium 
sindicum: Top dght: Lasiuru.� sindicus: Below left: Teph1'osia unitlorn: below right: with Seddera latifolia 

In the protecced tangdands. Glo.uonema varit•ns exhibiLo; 
th� l'emarkabJe diversity in plant rypes. parricuJarly. in 
siz.t: and shape of h:aves. flower colour and also in size of 
fruit$. Generally pl&nl$ wi1h crisped margin leaves wi1h 
light yellow flowers are common in rocky wi1h less 
moislUre situ:ttion. 'fhesc l.ypes of plant have leaves with 
more lcng1h as compared to widLh. WiLh Huie bit h_igh 
n1oi.slUre with sand deposiLion or sandy conditions plan.Lo, 
with entire leaf margin with dark yellow flower were 
noticed in the r;mgclands. In this type, more width of 
lc:�1vc$ is observed a� compared to leng1h. 

Economic import.::1m .. -c: 
Food: IL� tender fruits (follicles) are known as Khiroli and 
are eaten raw by the inhabitants and supposed to have 
nutrace1.1tical properties (Plate 2). The fniits collected 
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from the rocky rangda.nds by the villagers are for their 
own consumption. however. rarely sold in the local 
market. Unripi; tl.!ndi;r fruits are eaten rnw also used ns 
vegc:lilblc and arc: very ddic.ious. hs 1c:mler lc:nves are also 
uSed as vegetable. Its seeds are also edibl� aJld cooked by 
nati\'e Quatari people (Batanouy, 1981. Al Hadidi el, al., 
20l7). Jts fruits are reported 10 conrnin c:ssent.ial and non­
essenLial amino-acids, c.arhohydrates, fauy acids, 
fla\'onoids having high nutritive value (Rizk et al .. 19831 

1984) 

Fodaer: The plam is grazed by wild and domestic animals 
Uke sht,;:t,;:p and goats, however. the plants are not generally 
grazed by the cattle. 
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:\lediciue: Traditionally. it is supposed one of lhe
impo11ant medicinal plant of Thar Desert. The fruits are 
wdl known 10 be; body tonic aml energetic. The frui1 juice 
is used in treating painful m\lScJes. cough and sore throal. 
In coastal areas of Pakistan. the infusion of leaves is given 
for painful urioation (Qasim et al.. 2014). Phoboo et al .

Plate 2: Fruits of GJossonema variens 

Conservation and People Participation 
Most of che threatened pl:tnt species in western 

Rojas1hon nre- found in rangelands with s�mdy. gravelly 
and rocky sub:marum, therefore more attention i.s to be 
paid co preserve the specific nkhe i.e. micro and macro 
habitat. 1'"here is need to create t.he awareness amoI1g the 
desen inhabilanlS on ec-0nomjc and ec-ologjcal ii:nporiance 
of such type of species for their sustainable utilization and 
conservation. It is vital to recogni7...e the r:ingeland areas 
with distinctive pate he.,; of Gh)ssom'nw w1rit•ns as 
Pre.�rvation Plo1/Protecte<l Areas particularly in its 
natural diSlribtllion cover particularly in Jaisalmer diSlricl. 

The existence of Glossonema varie11s in the arid 
rangeland is threatened due to multitude of factors such as 
low rainfall, over-grazing by domestic animals, 
dcstn1ction of habitats. dilution in traditional conservation 
practices and changes in climatic condition. These fr,ctors 
have. created an increased pressure on  che existing natural 
populations of the species which fi_nally Jed to decrease in 
lbc vcgCHlliOn cover. Normally. ii regcncnucs from lhe 
perennial-rootstock in the field after receiving good 
rainfall but it Oowers in the less rainfall event.. aJ\d again it 
require.'; sufficiem moisture for fmitiog. If soil ::aod water 
conservation measurc:s are usecJ in its natur:�I p;)ICheS, then 
required moisture will be available for its rcgcneratjon 
and optirnum growth for fruiting n.nd n.vailability of seeds. 
Therefore, conservation measures like soiJ and moislure
conservation �uit:lble 10 the • hnbirnl are to be taken tip on 
priority to n;duci: soil erosion. a main cause. of habitat 
loss. Further, actual potential of this species as food cum 
medicinal plant haw. JH)t yet be�n realized. But its young 
shoolS and fruits have auained inm1ense hnporiance in tbe­
re<.�ent years. The gray areas of the species where research 
attention required are nutritive value of its tender frnits 
and i,s medicinal aspects. 

(2015) reporced moderate levels of anti�oxidanf pocential. 
soluble r,henolics and ACE inhibitory activity in 
Glossonenu, edule from Qatar, which may tx useful for
potentially managing hypertension and ox.idat-ion-Jinkcd 
vascular complications 
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Abstract 

A field experiment was conducted during klwrij; sea.son 2012 to study the effect or organic manures and 
dift�.rent levels of NPK on growth and quality of 8ottJe gourd. The experiment consisting of 16 treatments viz .. four 
levels of NPK (contro1. 100:50:50. 80:40:40 and 60:30:30) and organic manures (control. vermicompost. poultry manure 
and FYM) faclOriaJ designed in RBD with three replications. Resulls indicated that application of NPK (100:50:50) + 
vermicompost (5.0 c/ha) was recorded minjmum days taken to appearance of first female flower, maximum length of 
main vine (m). numbe.r of primary branches J>er vine. length and width of leaf (cm) 45 days after sowing. minimum node 
number at first female tlower appeared, protein c,ontent in fmic, cn1de fib1·e content in fmit, nitrogen concem in fruit, 
phosphorus con1enl io fruit, pota�$ium content in fruit, yield q/ha and re1um rupee.� investment. 

Key \\fords: Bou.le gourd, pQuhry manure. vcnnicompost. 

Introduction 
Among, cucut'bits, bottle goul'd / /_,itgenaria 

skeraria (Mol.) S1ar1dl.] is c.x1ensively grown in India and 
fmiLS arc avniJablc th.roughoul the ye�lr. Fi:uits ::,t lender 
stage are used as n cooked vegc:-tablc:- ,lw.l for prepnrmion 
of sweets, (e.g. kheer, pethCl, burfi, and halwa.) •Hu.I 
pickles, rayw. Hard shells of rmHure fruits are used as 
water jugs, domestic utcnsiJs, floats for fo;hing nctS and 
making musical instniment.s. etc. As a vcget:,ble it is 
easily djgcstjble. h has cooling effccl and has diuretic and 
having c.ardio-tonic properties. Fruit pulp is used as an 
antidote against certain poisons and is good for 
controlling con.stipn6on. night blindness and cough. A 
decocLion made oul of leaf is taken for curing jaundice 
(Thamburaj and Siogh� 2()()1). The! fmit co1\taio 0.2% 
protein, 2.9% carbohydrate, 0.5% fal and 11 mg vitamin 
C of per I 00 g fresh weighL In the area. c11curbi1s are 
growing exce.nsivcly as kitchen garden especially during 
klrarif St:"ason or as c;om .mercif,I scaJc th.rougho11l lhc ye.fir. 
The tribi·,J's of the area nre growing it am.I lrnin 1he vines 
on boundary of the house and on pandaJ. Among 
cucurbits. bottle gourd is being grown by majority of the 
farmer than other cucurbit.accous vegetables In India. 
bottli, gourd is grown in tht: ari..:a of I 11 thousand hectares 
with annual production of 1 S36 thousand tonne and 
having 12.21 tonnes ha·1 productivity. lt occupies 3.20 
Thousand hectares area in Rajasthan producing 22.40 
tonne with a productivily of 3.48 tonnes ha.1(Anonymous.
2015). 1'•he effect or organic and inorganic. fenilizers is 
complcme,nary to each other in te.1•ms of soil fertility 

improvcmcnl and suSl.iinablc agriculture. Tl,c:n:forc, il is 
necessary t◊ make their judicious use in righ1 proportjon 
for harvcsling better yield of different crops in cropping 
sequence and for sustaining soil fortrnty. The intcgra1ed 
nutriem ma..nagemem helps in restodng and sustaining soil 
fertility and crop productivity, It al.so helps in arresting the 
emerging deficiencies of macro. secondary and 
micronutriems favorably by optimizing the physical. 
chemical and biological environment of soil and achieving 
economy and cfticieocy in fel'tilizc:r u�e. Hence. the
present study was undel'caker1 to find out the combined 
effec1 of organic manures and inotganic fortiliz.::rs on the 
growth and quality of hotde gourd. 

Materials �Hui Methods 
The! expetimcm was laid out ac Horticulnu--e 

Farm, College of Agriculture, Bikaner. durinf Khar(f

season 2012. The soil was loamy �andy with p1 8.2 and
contained 0.09% 0l'ganic carl)on, 80. 19 kg ha·1availat,le 
N, 17.34 kg htt.1ttVf1ifobk P, J 85.42 kg ha·1aw1ih,t,lc K.
The expeiiment was lajd out Rnndon:i.ized Block Design 
(faclorial) wilh Lhrce rcplicalions. There were sixteen 
treatment combinations. which includ�cl various 
combination of NPK (control. 100:50:50. 80:40:40 and 
60:30:30) and organic manures (control. v�rmicompost. 
poultry manure and FYM). The we)) rolten farm yard 
manure (5.0 t ha·1). vermicompost (5.0 t ha.1) and poultry
manure (7.0 t ha·') were applied and spread uniJbrmly in 
the plols 3$ pel' u·e.aLmeol. ''

fhl'ec seeds per hill we.re sown
manually by <libbing method on 3•1.1 August 2()12. The 
seeds wt:1'C soaked in et)ld wac�-1· overnight before sov.'ing 
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for beuer genninatfon. The sowing was done in the row 
keeping 2.5 m inter -row spacing and 0.80 m plant to 
plant Spt,cing. At c.nc::h hill tmd seed were sown a.I n dcplh 
of 1.5 to 2.0 cm. Germination took place within six clays 
after sowing. One third dose of N, full doses or 
phosphonis and pornssium wet'e applied at the time or 
sowing. The remaining doses of nin·ogen were applied 30 
and 60 days aflcr sowing into standing crop. The S<.lurccs 
of N. P nnd K were used as ureo.. single super phosphate 
and muriatc of potash, respectively the recommended 
dose of NPK was 80:40:40 kg ha 1 (Am)nymous, 20l0).
Data were takeo five platHs were select�d 1·andomly from 
each plot and tagged. Minimum days taken to appearance 
of fir$! female flower, length of main vine (o,), number of 
p1'irnary br:.rnchcs per vine. leogth :.wd widlh of leaf (cm) 
4.5 days after sowing, minimum node n\lmber ut first 
female llowe.r appeared, prolcin, crude fibre. nitrogen. 
phosphonis. polassium COJllent in fruit. yield q/ha and 
return rupees invcsh11ent. Were recorded as per standard 
methodology. Estimatc.<l yidd per hecum..- wa.s calculated 
by Jturnber of fruit vine·•. yield \•ine·' a11d total plaJ\l 
densily and relums h:f 1 cn]culn1e<l by sale price of Rs 800 
q and tota.1 yieJd q ha·•. \Vhere retums n1pees investment 
calcula1ed by dividing net return to total cost of 
cultivation ha·1•

RcsuJts and OiS<.·ussion 
£ffC'ct of organic manure: 1··he data presented in (Table 
1 and Table 2). Org_nnic manur�s. NPK lcv..:ls eff.:ct on 
£:l'Owth and quality auribute.� of bottle gourd. The 
appJication of vermicompost (S.0 t ha'1). Recorded length
of main vini: (4.09), numbt:r of primary branches per vine 
(I 1.85), protein content in fruit (0.262 %), crude fibre 
content in fruit ( 1.136 %), nitrogen content in fruit (0.042 
%), phosphorus conte.nl in fruit (0.41. %). and yield q/hn 
(242.70 q h;,•1). However applicati()l\ of FYM (5.0 t ha'1).
recordOO minimum node number at first female flower 
appeared (11.64), length of leaf (18. 16 cm) and width of 
leaf (27 .21 cm). 45 days after sowing. potassium content 
in fruit ( 1..52 %). and minimum clays taken to appearance 
()f fii:$1 fomak fl<)wcr (58.47 ), under poultry i:nanure (7 .O t 
ha·1).TI1ese finding clearly indicated that vermicompost
pl�lycd a significant role on enhancing the growth of bottJe 
gourd. hnpr()Vcmcnl in plnnl growth a11ribu1cs wi1h lhnt 
appJication of vermicompost mighl be due to better not 
only providOO phmt nutrient but 1'llso improve the physical 
condition of soil in respect of g;ranulation. friability 
porosity which intem1 provided a balance nutritional 
cnvin.mrnent favorable both soil rltirosphere 1md in plant 
syslem. Reddy el u/ .. (IC)9!$). TI1ese resul1s are in close 
conformity with tJn:. finding of Scnapari er at .. (1985), 
Pillai Pl al., (1985), Sharhidhara n al., (1998) find Tomar 
cl al., (1998) This mig,ht be due to improve 1lutrient 
environment in the rhizosphc:rc as well as its utili1_,..,1tion in 
Lhe plant sytaem, leading enhanced tran:'ilocat .ion of 
,1utl'icnt. vitamins a,ld proteins in fruits. A1lothcr reaso1l 
might be the increased activity of nitrate rcch1ctasc which 
hdpcd in synthl:'$i$ sus111ins amino acid proteins as 
reported by Chinaswamy and Marikulandi. (1966), Lopes 
et al., (1996), Yadav and Vijayakumari, (2004). The 
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beneficial effect of FYM/Vennjcompost in increasing the 
content of nitrogen in fn1it might be attriboted to its direct 
supply or nitrogen. Mon:.(,vcr, FYM/Vennicompos1 aflcr 
d�composition might have reJ\"..a&d macro and micro­
nutdcn1$, which increases the availabili1y <.lf nulrients 10 
the soiJ. plo.nt S)1Sten1 and thus increased the nutl'ient in 
fruit etc. The higher nutrient availability enhanced 
photo$yn1hc.sis and their 1ranstocation to diffcrcm plant 
parts resulting into higher concentration of nutl'ient 
particularly. niu·ogen. Similar finding have been observed 
by Singh and Krishana (2007), Okonwu and Mensah 
(2012). Ouda and Mahadcen (2008). 

Effect of inorganic fertilizers: Applica1ioo of djfforent 
levels NPK significantly iofluenced the grow,h and yield 
of bottle gourd. The maxim\lm number of primary 
branches per vine ( 12.55), leng:1h of lear (18.65 cm), wid1h 
of leaf (27.54 cm) 45 clays atler sowing. minimum node 
n\lmbcr at first female flower appeared ( 11.27). protein 
content in fruit (0.8 I %), tru<le fibre content in frujt 
(0.139 %). nitrogen content in fn1it (0.045 %). phosphorus 
cQnteot in fruit (0.45 %). potassium c()nlent in fruit (1.74 
%) and yieJd (249.10 q/ha) were t'eco1'Cled under NPK 
I 00:50:50 fertilizer. Ho\vevcr the NPK levels 80:40:40 
fer1ilfaers recorded mnximum _lenglh of main vine (4.27 
n1). n1inimum days taken to appearance of first femaJe 
Oower (58.22). This may be due to the better nu,rition 
c1wironmcn1 in the root ?' •• one for growth and development 
of the plant. Nitrogeo is considered as one of the major 
nulrient required for proper growth and development of 
the phmts. It also play nn important role in plant 
metabolism by virtue of being an essential constituent of 
diverse type of mctabolic:nlly active compounds like 
amino acids, prOlein.'), nucleic acids, prophytins, flavins, 
purine and pyrimidine. nucleotide. flavin nucleotides. 
enzymes, co-enzymes and nlkaloid Yadav, (2000). 
Phosphorus is a constituenl of nucleic acid, phytin and 
phospholipids. The beneficial influence of phosphorus in 
enr)y srnges of gr(lwlh may be explained by ef1rly 
stimularioo of root system through efficient translocation 
to the rool of certain growth slimulation compounds 
fon:ned <m :wcoum of pro1oplasmie 3Ctivity of 1opi; in 
phosphorus fec:d plants. whe11 enhanced absot'ption of 
nitrogen and other nutrient and their titil.iz.ation. So an 
adequah! supply of phosphorus in early stages of plant life 
is importam in laying down the pl'imodia fol' the 
reproductive part of the cauliflower Kumhar. (2004). The 
rcspOn$c of potassium fertilization in tcnns of overall 
impl'ovemem in growth charncten; are fun.her supported 
by 1hc fact that the leaching losses of potassium was rnorc 
in light texlured soil. Therefore. potassium fertilizalion 
improved ovcraU crop growth in term of plant minimum 
day taken 10 the appcarnoce of first female flower, 
minimum nodes no. at which first female flower appeared. 
length of main vine. number of primary branches per 
planl, length ond width of leaf (cm) 45 clay aflt:r sowin_g. 
potassium helps ill the protcio and chlorophyll fonnaciorl 
ultimalcly lhc Nl>K are usccl tOr belier vegclalive growth. 
As for c:i.se ec.<momk- is c.alcula1ed the con:ibioed 
application of (V 1F3) recorded maximum �suits revealed 
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tha1 organk rnaoure in form of vcnnicompoSl @ 5 tonnes 
ha·• rcc(>rdcd highc: -r grow1h and yield auribule$ as well as 
gross remrn over resc of treatmenc. Flu·lller in NPK levels 
higher dose i.t> 100:50:50 kg ha·• respectively showed 
bcucr in growth and quality tones. The result of present 
s1udy in the :itgrecmcnt his the earlier researches and 
rt!lums per rupees invt:Slmt:nt TI•e inJlut!;nCc of njtrogen
fercili1..ntion of N. P nnd K tonteru of fruil appeared to be 
due to improvement nuu·ilional environment both in the 
root zone in the pl;mt system. Thus, adequate supply of 
NPK carly in the crop scason incr.:ascd th.,; av:lilability of 
nu1rient 10 the root wne coupled with increased metabolic 
activily and at the cellular level probably might have 

incrc-&Scd the nutricnl uptake and Accumulation in the 
,1cg1.":18.tivc plan1 parL'), nntl fruil highly nutrient contents in 
fruit seems to be due 10 higher functional activity of root 
for longer duration undtr this treaun�nt the increased 
NPK in bulb also observecl by Hilli et al .. (2009).

On lhc b::lSiS of the rcsullS obtained in prcSCnl 
inve$1iga1it)U. iL ruay be C(mducl�I that lhc applic-ttt.i()n of 
NPK either alone or in combination with organic manures 
eohanc.ed the growth and yield attribute�,;, ill bottle gourd. 
Supplementation of 5.0 tonnes vermicompost combination 
with NPK (100:50:50 kg ha·') enhanced growth nnd 
quality as well as returns 

Table). Effect or or�anic manures and differem levels of NPK on �row1..h and ua1itv of Boule �ourd. 
Tri:-:itmcm Day� i,eng No. of l,eng, Width Node Pri)IC'i Crude Ni1roge 

taken th of primar h of or tear no. at n libre n 

10 main y knf (cm) first contc:n contc:n content 
:)ppcar vint l)rnndl (cm) 45 ftmalt t ii, t ;n in fruil 
anci: (m) es per 45 days tlowcr fruit fruit (%) 

of firs1 vine d.ays af1cr a1>1>ear (%) (%) 
fomo)e ltftcr sowin «I

flow,;:�· .$()Will 8 

• 
Control 60.85 3.66 I l.38 17.41 26.60 12.35 0.225 J .124 0.036 
Vt'.nnicomoOSl 59.25 4.09 11.85 18.09 27.03 11.65 0.262 1.136 0.042 
Pouhrv manure 58.47 3.85 11.61 17.87 26.98 12.03 0.256 1.127 0.041 
FYM 59.62 4.05 11.58 18.16 27 .21 11.64 0.256 1.131 0.041 
S.Em± 0.58 (l.15 0.13 0.23 0.29 0.23 0.007 0.CX>3 0.tX>I
C.D. (P=0.051 1.68 NS NS NS NS NS NS NS NS 
Concrol 60.86 3.33 9.92 16.76 25.99 12.78 0.218 1.113 O.o35 
NPK(60:30:30) 59.91 3.79 11.74 17.57 26.84 12.28 0.243 1.13 I 0.039 
NPK/80:40:40) 58.22 4.27 12.21 18.56 27.46 11.35 0.275 1.135 0.044 
NPK(I00:50:50 58.81 4.25 12.55 18.65 27.54 11.27 0.281 0.139 0.045 
I 
S.Emz: 0.58 0.15 0.13 0.23 0.29 0.23 0.007 0.003 0.001 
C.D. (P=O.0S) J.61 0.45 0.38 0.68 0.83 0.68 0.021 0.009 0.003 

T bl 2 a e : The culti ,,a1ion c.ost of Boule !:!Ourd includin£! cost or individual treatment ( ha') 

Treatrnem Fruit Com.rnon CO.SL 

Yield of cuJtivation 
(qha1

) ( hA'
1
) 

v.1'. 134.93 49245 
V2F<1 182.96 49245 
Vnf, 192.56 49245 
VoF, 231.56 49245 
V,F, 265.98 49245 
V,f, 215.77 49245 
V2F, 231.36 49245 
VJ', 238.44 49245 
V1Fo 195.11 49245 
VJ'n 191.32 49245 
v.rs. 193.83 49245 
V1F1 2 l 1.33 49245 
v.f, 298.39 49245 
V2F2 270.57 49245 
VJ', 228.19 49245 
V1.Ft 235.09 49245 

Sale price of Boule gourd @ 800.0 /q 

Trentment Total cost Gross 
COSl ( ha1 J l'CtUl'I\S 

( ha·') ( ha·') 
0 49245 107944 
10500 59745 146368 
2464.53 51709.53 154048 
4107.58 53352.58 185248 
18286.02 67531.02 212784 
12964.53 62209.53 172616 
14607.58 63852.58 J 85080 
5786.02 55031.02 190752 
15000 64245 156088 
2500 51745 153056 
3286.02 525331.02 155064 
17464.53 66709.53 169064 
19107.58 68352.58 238712 
13786.02 63031.02 216456 
4964.53 54209.53 182552 
6607.58 55852.58 188072 
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Pho$ Pot.a� Yidd 
ph0< �ium (q/ha) 
us OOntt" 

contt "' in 
'" in frui1 
fn,il (%) 
(%) 

0.36 1.20 188.22 
0.41 I.SO 242.70 
0.34 1.45 225.17 
0 .38 1.52 223.26 
0.01 0.11 0.27 
O.Q3 NS O.?S 

0.33 1.08 176.08 
0.40 1.19 211.96 
0.31 1.67 242.20 
0.45 1.74 249.10 

0.01 0.11 0.27 
0-03 0.33 0.78 

Net returns B:C 
( ha1

) ratit) 

58699 2.19 
86623 2.44 
102338.47 2.97 
131895.42 3.47 
145252.98 3.15 
110406.47 2.77 
121227.42 2.89 
135720.98 3.46 
91843 2.42 
101311 2.95 
10253.98 2.99 
102354.47 2.53 
170359.42 3.49 
153424.98 3.43 
128342.47 3.36 
132919.42 3.36 
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Abs'tract 
One of the mosl impommt things in successful vegetable transplant production is LO grow s1mng and healt.hy 

tmnsplants. The role of plant growing media is become important in modulating physiological responses that will 
evenmally le.ad to producing high quality seedlings. Aim of this study was to evaluate tomato (Lycopersicou esculenwm 

Mm.) and 1ra11spla111 growth in various soiJless growing media. Sc::ven growing media were formt1hued using peat moss 
and cocopeat as the organic components and perlite as the inorganic components. To facilitate interpretations, seedling 
height. Stem diarnc.::ter. num\>t!r of tf\1e lc;:aves, elaLivc.:: Jc;:.af d1lorophyll conh;nt, stem fresh weight. SI.cm dry weight, root 
fresh weight. and root dry weight of 6-week old transplant grown in different growing media were compared. The results 
of the Sll1dy have shown that the use of differc.nt growing medja h_ighly affected growth and quality of tomato transplant 

Key Words: Tomato, cocopeat, perlite, Jransplant production, soi/less 

Introduction 
Tomato (Solam,m lycopersicum L.) is an 

impo,1ant vegernble cl'OJ). If is botanically a be.n:y fniiL if 
is considered vegetable for culinary purposes, The fruit is 
rich in lycope1le, which has beneficial hl!al,h effl:!cts. The 
plants typically grow lo J-3 meters in height and have a 
weak stem that often sprawls over the ground. 

Soilless :1griculture offer :1 way to overcome 1he 
shortage of the normal amount of water needed lo grow 
planLS. Ag;ricu.lture \viLhout soil. in fact, hjstoric.alJy dmes 
back to several hundred years BC since the civilization of 
ancient Egyptian, tl1e Chinese and other cultures (Prasad 
�md Mah�r .2004). Soilless media is a valuable resource in 
your gree.nhouse production management systems. It 
suppor1s pJa111 life and is a source of wa1er, uutrieu1s and 
air. Growing media supports the plant from germination 
lO the.:: time.:: of ln'lnspla.nting. Thi:! production of cont.aint!r­
grown vegetables plants has expanded in recent years. dut· 
w the advnntage.$ of ,his method with rc,';pect ,o direct 
sowing techniques or the production of seedlings in 
u·aditional nurseries (Ca$tillo e1 al., 2004). One method or

ensuring success in vegetable production is to establish
healthy and vigorous seedlings that do not deteriorate in
Lhe new en\'iJonment but immediately resume their
growth. Growing quality transplants offers a number or

beoefits. such as shorter growing season and more
efficient use of land. improved crop uniformity. more
:iccur:ue prediction of harvest dates. facilitating the use of
a wider range of herbicides. extends the growing season,
more efficient use of �x�nsive hybrid seed. By using
Lransplants, producers can also insure a good si.and of
vegetable plants without the uncertainty of dire.ct seeding
or the added c-0st or .field lhinning (Hannao, 2016).TI\e
lack of appropriate cultural practices during growing
sc.aso,'l is one of the barricl's to successful vegetable

production. Mist.akes. which made during transplant 
production. arc multiplied through the rest of the season 
and wilJ significamly affect yield and qualiJy. Produc,io11 
could be much higher than the amount above if we can 
reduce the losses due lo pool' grnwing media and pool' 
scxdlings. The growth medium used in vegetable 
n·ansplants is a det�nnining factor given its close 
correlation with plaot devc.loprncnL Growing media 
influences seed germination. seedling emergence. seedling 
gl'Owth and quality of seedlings in a nursery (Co,ti e1 ul. 

1998: Wilson er al. 2001: Baiycri .2004: Sabin et al.

2005: Ag,bo and Omaliko. 2006). 

l\•faterials and l\1e.thods 

Vegetative material 
Tomato seeds (Lycoverskon esc11Je11r11m Mill.. 

variety J>usa Ruby was used for tl1e experime.nts.Pusa 
Ruby is a imleh:;nninate type rnmato variety. An Early 
maturity (60-65 days) variety suitable for autumn. winter 
and spring srnnmer. 

Growing Media 
Three growing media were formulated using peat 

moss and coconut pith as the organic components and 
perlite as the inorganic components. 

Growing Medium 
Cotnposilion (raliO by volume 
I 

2 

3 

4 

5 
6 
Peal (1:1:1) 
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Growing Media 

Peat 
Coconut peat 
Pcrl..ite 
Peat+Perlicc(l:1) 
Coetmpeat + Perlile (1: I) 

Coconut coir + Perlite + 
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7 Coconut coir + Pcrlih; + 

Peat (2: 1:IJ 
The experiment was carried out at an automated 

and heated polycarbonate-covered Greenhouse in 
University C'\mpus Fann. Jasyoti Vidhyapeeth Women's 
Un.ivcrs-i1y. Jo.ipur. The g:rt:enhousc- C·Xptriment 
investigaced the �ffc.-:cts growing media on to1naco. Tomato 
seeds were sown (two-seed/cell) into 45-ccll plastic trays 
(cdl volume 75 c,n=-') and poly bogs filled wi1h growing 
media in different ratios of growing media, 

Irrigat.io11 
ll'rig,ation of seedlings was ruanuaJJy pet'fonned 

using a sprinkler nozzle connected to a hose and 
pedonned dail)' or twice a day according rn the 
environmental conditions using enough wat�r to avoid 

Slrt:$$ in lhe cultivated seedlings. Seedling$ were fcrtilhed 
wilh 18-18-1 � N-P-K soJuble fertilizet at a rah:� of 100 
mg.C1 Nonce ::i week. The growth pe1iod of1he seedlings 
in lhe nurser)' was 6 wttkS, un1il n::1ching C(Hnmt!rcial 
transplanting size. 

Fig 3 . Six-week old tomato seedlings 

Oh!Wrvation OcLcrmincd in the Seedlings 
Ten plants per trcalmcnt were randomly chosen 

from ..:ach replicate to <.fotcrminc seedling growth 
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parameters. Plant growth measurements of the 6•week•old 
to01a10 plAotS included seedling hcighL, Stem diarnc-1 .cr 
(measuJ'ed below cotyledons), munbet' o f  true le.aves. 
rclat·ivc leaf chlorophyll conh.:nt with a chlorophyll mch.::r 
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SPAO. kaf area using Ll-3 lOOC portabh: fln:.a metl!r . The 
growing medium was then separated from the roots. and 
plant organs (shoo,s and roots) were separacdy weighted 
LO determine fresh weights. The samples were then dried 
in a forced air oven ( I 05 ''C) for 24 h and recorded as dry 
weights. 

ResuJts and OiS<.·ussion 
Set-dllug Height (cm) 

Effect of different media on seedling height of 
six-week old tomato s<:edlings are given in Table I .  The 
dala related 10 seedling height shows that the growing 
medja oumbtr I, 6 and 7 gave the tallest h)mttl{> seedlings. 
Grunert e1 al. (2008) repol'led 1ha1 tomato plants gmwtl in 
the peat rooted more easily than those grown in the peat or 

ntlncrn.1 wool but the total yidd WllS sirnilar for aU media. 
The growing media number 4 gave the shMlest tomato 
seedlings. ·n1is might due to high bulk density of the 
media according 10 Grunt n al. (2008). 
Root Length (cm) 

Effect of different media on root length of six­
week old tomato seedlings is given in table I. The results 
showed th.lt the media number 7higher value that the 
ITUxtun:: media (peat moss + perU1e + c,:,copeaL) which is 
12.04 cm compared other media exception for media 
numl,.,r 1,4.Sand 6 (11.23,l l.89,l.18andl 1.83 cm 
respectively). The lowest J'OOt Ieng.th value was obtained 
from media number 2 and 3which were 9.37 and 6.85 cm 
n::$pc::clivdy. 

Table 1. Effects of different growing media on seed ling hcigbc (cm) and root length (cm) of six week-old tomato 
seedlinJ?,s under the j?recnhouse conditions 

Growing Mcdii, 

I P..:at mOS$ 

2 Cocopi::aL 

3 Perlitc 

4 Peat moss+ Perlite ( l:lJ 

5 Coco peat + Perlite (I: 1) 

6 Peat moss + Perlitc + Cocopi:::)l (J: I: I) 

7 Peat moss + Perlitc + Coconrat {2: 1: 1) 

l..ci:tf Number 
Effects of diff'erent media on leaf number of six­

wed:: old tomato seedlings are gi\'en in table 2. The 
results of the study showed that media number l peat 
moss and media mixture number 7 gave highest value or

the leaf number (3.84 and 3.22, rcspec1ively). The lowesl 
root leaf number value was obtained from media number 
3 whkh is 2.93 The-Sc- resu_lLS were supp<.>rted by the 
findings of Raiz et al. (2008) who t'epo1•ted d\at maximum 
number of leaves was obtained in the media miXlure. The 
possible •�Wn was nutritional cvntribulivn of the 
u-e.1.tment that produced maximum number of lea\•e.s.

Sc:cdling Hcighl Root Length (cm)

(cm) 

8.38 11.23 

5.54 9.37 

6.34 6.85 

6.07 11.89 

5.56 11.18 

6.68 I 1.83 

7.22 12.04 

Leaf Arei-t (cnl) 
Effects of diffel'en, media on leaf Area of six­

week old tomato seedlings a.re given in table 2. The 
rcsulls of 1hc s1udy showed 1ha1 media number I peat 
moss and media mixture number 7 gave highest value of 
the leaf number (37.65 and �8.89, respectively). Leaf area 
value re-cordt!d in the 1nedium number 3was the lowest 
which is 25.02 cm2. This migh1 tie the reason that il 
dot!Sn't hold mOi.SLurcs well a$ Other growing mrdiums 
(Anonymous 2017b). 

Tabk 2. Effects of different growing media on leaf number and lc.af area (cm2) of six week-old tomato seedlings unde:r 
I I I' t 11: i;z:reen 1ousr com 1l1<)n.S 
Growing Mcdifl 

I Peat ITl(l$S 

2 Cocopeat 

3 Perlitt: 
4 Pet,t i:nOSS + Perlite ( t: l) 
s 0.)cOpcat + Pcrlilc (I: I) 
6 Peat moss + Perl ite + Cocopeat {I: I: I) 
7 Pc:at moss+ Perlite + Ct'>co�,t (2: I: I) 

l...caf Numbi;r Leaf Arcfl (cm1) 

3.84 37.65 
2.95 33.44 

2.93 25.02 

3.02 29.24 

3.15 36.91 
3.15 37.00 

3.22 38.89 
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Stem Di:mlctcr (mm) 
Effect� of differe.nt media on slem diametel' or 

s-ix-week old tomato seedlings n.re given in table 3. The
table shows that the media number I and 7 gave highest
Slem diameter values (3.2 land 3.28 m,m, respectivc;::ly).On
the. other hand stern diamc.ler value recorded in the
mc.<liurn flumber 3 was the lowest which is 1.59 mm. This
might be the reason that it doesn't bold moisture as well
.1.s other growing mediums (Anonymous 2017b),

Rclalh•c l.A.:llf Chlorophyll Content (SPAD) 
Effects of different media on chlorophyll contem 

of six-week old tomato seedlings are given in table 3. II 
shows that the media number 3 and 4 showed highest 
ri:hnjve li::af <.'hloi:()phyll a)otcnl valut!S (36.40 and 42.79 
SPAD, respectively). On the othc.1• hand. the lowe.�t 
relative leaf chlorophyll content (29.69SPAD) was 
obtained from the growing media number 2. 

ChJoi:ophylJ level gives rm indi.n;ct CSL.imate of 
1.hc nutri�nt srn1.us, sine� most of the: niLJ·og�n i$ 
incorporated to the leaf chlorophyll (F'ilella n al.. 1995; 
Moran er at., 2000). 

Shoot Fresh Weight (g) 
Effects of difforeni. media on shoot fresh we.igh1. 

of six-week old tomato seedlings are given in table 4. The 
data shows that the medium numbers I and 7 were 
n:corded in high shoot fresh weight values (3. l 4 and 2.68 
g, respectively). The media number 3 had the lowest value. 
which wa..� 2.47 g. It may be because the media 3 has low 
m.io·ient and ion exchange capacity than the ot11er growing 
media. therefore would cause weak growth or severe 
wil1ing io 1hc c.rop (Anonymous 2016). 

Shoot Ory Weight (g) 
Ef

f

ecis of different media on shool dry weight of 
si.x-weck vld 1omat0 seedlings &re: given in rnbl.: 4. The 
data sht)ws that the medium numbers 1 and 7 wel'e 
recorded in high shoot fresh weight values (0.18 and 0.16 
g. respectivi.:ly).On the other hand, the lowi.:st shoot dry
,veight (0.12) was obrniocd from !he growing niedia
number 3. It m::iy be because t..he n1edia 3 has low nutl"ient
and ion exchange capac-ily tha,1 the other g_l'owiog media.
therefore would cause weak growth or severe wilt.ing in
the crop (Anonymous 201.6). 

Table 3. EffeclS of different growing media on stern diameter (mm) and relative leaf chlorophyll content (SPAD) of six
Id d. h d'. 

wcek-o tomato sec lme.s under t c 2.reenhousc con 1t1ons
Growing Media Stem Diameccr (mm) Chlorophyll (SPAD) 

I Pc.at moss 3.21 36.40 

2 Cocopeat 2.31 29.69 
3 Perlice 1.59 36.82 
4 Pem moss+ Perlite (l: l) 2.23 34.70 
5 Cocopeat + Pe-rli1e (1: l )  2.23 31.35 

6 .Peat rnoss + Pc.:rlite + Cocopeat (l: I: l) 2.46 29.75 

7 Pe:u moss+ Perlite + Cocopeat (2; l: I) 3.28 42.79 

Ta.hie 4. Effects of different growing media on shoot fresh weight (g) :i.nd shoOl dry weight (g:) of six week-old tomato 
scedlio.e.s under the eJeeohouse conditions 

Growing Media 

I Peat moss 

2 Cocvpeat 
3 Perlile 
4 Peat moss+ Pc:rlite (l: I,) 
5 Cocopea1 + Perlite (I: I) 

6 Peat moss + Perlite + Coconeat ( J: I: J • 
7 Peat rnoss + Perli1.e + Coco�.at (2: I :  I) 

Root Fresh \.Vdght (g) 
Effccis of diffcrcnl media on rool fresh weight of 

six-week old :m: g_ivcn in table 5whic.h shows in mc:<lia 
munber 7 had cl1e highest value of !'00t fr�sh weight which 

Sl1oot Fresh \Veighl (g) ShoOl Dry Weighl (g) 

3.14 0.18 

2.62 0.15 
2.47 0.12 
2.56 O.l4
2.53 0.13 

2.58 0.14 
2.68 0.16 

is 1.50 g. On the oiher hand. the lowest the root fresh 
weight value was recorded for medium number 3 which is 
0.8 I g. This m.igJ11 be due LO pbysicall)' impac1 or 1he 
media on the roots (Neelam and lshtiaq. 200 I). 

 25 



P.N. Sira/inga,r, DhunndraSingh, Aryii Ci:a!ur,•,m, &huArora, ShiraP<7i/<.ar and R. Bhargara, lllYium k,uma/ of Arid Hortitu!tun, 2017, Vo!.12 ( 1 -2): J .}4 

Root Dry Weight (g) 
Effocts of different media on root dry weight of 

s-ix•wcck old tomato seedlings arc given in table 5which 
shows in mcdi::i. number 7 ht1d the highcsl value of root 
fresh weight which is 0.11 g. On lhc oihcr hand. 1bc 
lowcSl lhc root fresh wcighl value was recorded for 
mcdiom number 3 ,vhich is 0.05 g, This might be due to 
physica11y imp-'cl of lhc mcdi::i. on the roolS (Nc:..-clam and 
Ishtiaq. 2001). 

Jt can be clear that using difforeot growing media 
for cuhivation of veget.:1ble lransplanL'.i is impor,anL, in 
particular fot the first or growing srnge which in ibis siage 

the plant depends on the types of media to obtain 
nutricms. If soil based media \lsed vegetable transplants 
usually face 111,my problems such as disca.scs and pests 
.'lffccting their growth. In »ddition, uliHzing variety of 
growing media for different plant growing wiJl give 
different result as in the research illus1.rated that 
combination of pent moss+ pcrlile + cocopeat (2:1:1) 
media has may be lhc greatest vafoe thrt.n olher media. 
However, OnJy peat moss media nlso has the posilivc 
impact as \vell. The reason is refer lO many aspeClS one or 
Lliem is water holding capf1city. pH, EC and other fatLOrS 
such as easily 1,e controlling with easy service. 

T::able 5. Effects of dif
f

erent growing rnedi:1 on root fresh we.ight (g) and root dry weight (g) of six we.e.k old Tonl::ato 
.seedlin•is under the g.reenhouse conditions·-·· .

Growing Media 

I Peat moss 

2 Cocopeat 

3 Pcrlite 

4 Peal moss+ Perlite (1:1 ) 

5 Cocopeat + Perlite (I: I) 

6 Peat moss + Perlite + Cocopeat (I: I: I) 

7 Peat moss + Perlite + Coc oneat (2: I: l )  
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Abstract 
The research was carded out at experimental field of Agricultural Research Stadon. Manclor. Joclhpur during 

April. 2016 to February. 2017 to evaluate the response of pruning time and severity on fmit production. quality and 
profit.ability of Ber cv. Gola. Six ye..v old grafted U'ees of ber were pnmed al intervals. i.e. on 30 April. 15 May. 30 1'.•1ay, 
15 June with two pruning severity levels i.e. 30 per cem and 50 per cent removal of previous season growth. l1le yield 
impl'oving growlh parameters viz .. comparath•ely Je.ss number of ma.in shoots (21.43 plant'1). maximum number of
btanche.s (240.25 planf1). minimum shoOl h::ngth (I 17.60 cm} and girth of shoots ( 13.26 cm) have be.ell markedly 
promoted by the 15th June pruning with 30 per c.en1 severity th::in 1-e.1;1 of the tl'ea1ments. Eal'ly pruning (30 ApriJ) with 
hjghest severity (50%) has been found to increase the vegerntive growth like shoo1 length and girth but yielrl has been 
formed inversely proportional supra-op1imal Jevel of pnining. Flowering and fruit sening: was delay by J 5 days in tree 
pn.mcd on t5'h Jtane., which was significan1ly rcdtice tlower and fruit drop. AJI 1he yield p;\ramcter aud fruit yield viz.,

fruit set per cent (29.40%). fruit retention per cenl (29.95%). fn1i1 harveSl per cenl (8.80%), number of fn1j1s in sq. meter 
1 canopy of plant ( l65), fruit yield planf 1 (72.09 kg) and fmit yield ha·' (200.41 q) was significantly higher in Ts
lrcalment. Highest economic performance viz .. Gross relurn (Rs. 180368.85). nel return (Rs. 134368.5 I) and B : C nlljo
(2.92) was recorded maximum in trees pnmed on I 5111 June with 30 per c,ent severity whereas quality charactl'!rs of fmits 
like highest Total Soluble Solids ( 15.4008rix ). lowest acidity (0. l 3%). high ascorbic acid (61.4 l mg 100g' 1

• highest fruit 
surface colour score (8.43). fn1it rnste score (8.20) and overall quality score of fruits (8. 76) was reported in ·r2 treatmenl. 
Minimum fniil Oy infC$la1io1l (3.93%) was J'cported in TI) lJ'eatmeJ\1. 

Keywords: Ber, Day After Pruning, fruit set, fruil reten.rion, grow1h, shams, tas1e score 

Introduction 

Ber or Indian jujube (Zi:,iplms mauritia,w L1mkJ 
is indige11ous to India ii belong.� to the family 
Rhamnaceae. Among the sub tropic.al fmits. it is one of 
the mosc common and ancient fruits of India. In last two 
decades area under bercrop is increased and fortners have 
adopted its commercial culLivmjon. It is gr-Own 
exiensively in the Madhy Pradesh. Rajasthan, GujMal, 
Uttar Pradesh. Haryana. Bihar. Maharashtra. Punjab, 
Tamil Nadu and Andhra Pradesh under rainfcxJ and 
irrigated conditions. in almost all the states covering an 
area or0.4Q million hectares with an annual production of 
4.81 million tOIUh�S and productivity of 10.0 tonnes per 
hectare (Anonymous. 2016). Rajasthan alone covering an 
r,rc:a of 714.2 hectare$ with an anoual pnxluction of 6732 
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tonoes aod productivity of 9.42 tonoes p�r heetare 
(AnonynH)uS. 2015). The fruit$ are rich in c.arOOhydn1te, 
vitamin C. A. B complex and m.inerals. llS leaves co,u.ain 
5.6 pt:1· c-enl cligcj;lible cmde protein and 49.7 per c.cnt 
total diges1ible nutrients, making it a nu1.ritive fodder for 
animals. Ripe fruits are eaten fresh and utilized in the 
preparation of jam. jelly. preserve and candy. Ripe fmits 
can be dried to prepare a product. simiJar to Chhuhara. 
Brr juice can bl'! prepared from the fresh fruit and can be 
used for making squash. Annual pruning in her is 
essential to induce maximum number of new healthy 
shoots which would bear good quali1y fmits. T11e ber Lree$ 
being summer deciduous and al'e in deep dol'mancy dul'ing 
May and June and level of re-serve merab0Ji1es such as 
c.::irlx>hydraws starch and sugMS is higher during th.is 
phase or d0!'11,1ancy. Pruning <haring th.is period Jed LO more 
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growth, high1:r fruit set, and g.n:.ater yidd. .Howevi;r 
pruning done during the induction phase (April) and 
breaking phase (July) resulted in lower yield, Pruning is 
done during the h()I anti dry �eason when the lrec shed$ 
h:ave& alld enters into dormallcy. 

The ber t1owers have borne in the axil of leaves 
on the young gmwing �hot)l$ of the current year . Hence. 11 
regula.t anJlual pnmiog is n�cessary to induce a good 
heallhy growth which will provide maximum fruit bearing 
area on the tree. Pruning is iln csscntittl <>()Cration l() 
maintain vigour of trees, fruit produc1ivity and yield or 
b(•r (Singh et al .. 2004 ). lt is also essential to remove the 
umlcsirabk, weak. intcrcrossing, discas..::d and broken 
branches to avoid crowding and to encourage healthy 
growth tbr maximum fruit bearing. Moreover, annual 
pruning: required 10 replace old and unproductive wood by 
new one. in unpn.med trees. the old wood goes on 
accumulating t."Very year and .leads lo barren ccntri:, 
reduc.ed productivily and poor fruit yield owing: to shading 
and related problems . Therefore. in her tree. if is esscmial 
prncticc to maintain their vigour and productivity as well 
as 10 improv� the fruif size and fruit yield. Tlte objective 
oL' pn.ming is lo produce more number of fruits wi1h high 
qu::iljty ma1:kernble fruits :n a 1,l)w c-0:;L Aparl from 1hc::sc::. 
pl'uniog also lead to rejuvenation. bener velltilation. and 
higher penetration of SllO light and also beco1nc lbasiblc in 
application of plant pn'>tc(:Li()n chemicals antl ul:st) n!duce 
insect pest infestation. in last six to seven year·s bl?r

producer of western Rajasthau face a severe problem of 
tlower and fruit drop due t() high lempl!r&lure in the month 
or September which coincides with the time of flowering 
and fruit setting. Due to high temperature acceptability 
duration of stigma wa.s reduce and pollinatit)n :i.nd 
fertilization of flower is fail and maximum tlow�r and 
fruits arc d.ry. It is necessary to StttndArdfacd date of 
pruning co minimize the effect of high cemper:i.nu-e which 
was coinciding with the time of flowering and fn1it 
setting. (n case of unprun-cd tree canopy area coorinu-: to 
enlarge y'-'!ar af,cr yc.ar. bl'anch lets become vel'y weak. 
fniit size reduced and tree ultimately become 
unp1:odutli ve when:�.a$ in Ca$e ,,r jmljciously pruned lree 
vigor' a11d shape is maintained aod fruit si7.e and quality is 
improved (Singh and Bal. 2008'}. Therefore. it is very 
much essential to a:-;c�rtain Lhe timing and extent of 
pruning in parUcular cullivars. Hence. keeping in the view 
the above, the present investigation was tmdertaken. 

I\'fateriaJs and M'ethods 

A field -:xperimcnt was carri-:d out on tbe six 
year old ber orchard at Agricultural Research Station. 
Mandor. Jodhpur (Rajasthan). India during April. 2016 to 
February. 2017. The �oil of e.xperimc::ntal fidds wc::re 
ullifonn in f�rtility. saody loam in tt"-Xture. low in  or.garlic 
carbon ( 0.75%). medium in available P (25.5 kg ha'1) and
hjgh in K (270 . 0  kg ha·') wi1h satur:ned c::xLJ·action 
�lectrk.al cooductance of 2.0 ds.nf1 aod slightly alkalin� 
reaction (pH 8.5) during experimentation. The abiotic 
foctOrS viz., average minimum and rm,ximum 
temperatures were 25.0°C ± 5.(>'1C and 40.onc ± 5.onc, 
average relative humidity of 5S.0 ± 15.0 per cent and 350 
mm rf1infall per annum were recorded. Th\! expc1;menl 
was conducted in a completely randomized design having 
nine treatments comprising by different pnming time and 
severity vi�., T 1 (No pruning). T 2 (Pruning on 3(t" April ..-
30% removal of previous season growth), T3 (Pruning on 
1511• May+ 30% remov�I of previous season growth'}, T4 

(Pruning on 30th May + 30% t'emoval of previous season 
growth), 'fs (f"runing on 151

" June + JO% removal of 
previous sc.ason growth), T<, (Pruning on 30°' April + 50% 

removal of pl'evious season gro'A1h). T7 (Pruning on 15th 

May + 50% removal oL' previous season growlh). 1··3 

(Pruning on :10th May + 50% rem.ovnl t)f previous Sc::8$(,n 
growth). T 9 (Pruoiog on l 5l'• Jun� + 50% re.moval of 
previous season growth). All the observations were taken 
from 5 selected planl or each ln:.atrncnt throughout th\! 
investigation period at appropriate time by adopting 
standard method for growth. dcvelopmcn1. fruiting 
behavi<,ur, yield and quality. Days rnken for spn.>uling is 
calculated by couming the number of days taken for the 
pruned shoots to sprout. number of shoots emerged was 
recorded by counting the number of sprouts produced on 
each pruned tre�. shoot burning per cc:nt and number of 
bnl.nchcs pla.nf 1 calculate by simple counting method, 
shoot length is measured by the help of scale from base of 
shoot 10 highest ,ip of the shoot at the time of flower 
in_ith1tion, ginh of primary shoo1s at base is recordl!d by 
counting of five tandomly selec,cd pl'imary shoo,s at a 
marked point from base which was measured at 12 0 days 
after p.nming with the help of a vernic::r calliper$ tmd 
average was C-illculated. Days taken 10 til'st tlower 
ini1ia1ion. tlower density. number of fruils per square 
meh::r area of plant, days Laken from pruning to finu 
picking of fruit. last picking of fruits and duration of 
harvesting was cnlc:ulatcd by simple couutjng method. 
Fruit Set per C-ent. fruit rclention per c.cnt anti fruit harve..Sl 
per ceot were recorded by following formulas: 

Fruit $el pc::r t.c::nl = ..... . 
Total numb�r of fruits set planf 1 

....... X 100 
Total numbe1· of flowers planf1 

To1al number of fruiL'i gel$ maturiLy planf 1 

F1•uit retentioo pc.r cem = .... . .......... x 100 
Total m1mbcr of fruits set plant."1 (;\t initially stage) 

Total 11umber of harvested fruits plaot"1

Fruit harvest per cent= ............... ........................................ x 100 
Total number of normal llow..:rs plant"1
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The tornl fruit yic:.ld plflnl'1 r.tnd hc:crnre'1 wns caJculated by
weighing total marketable fruits on digital balance and 
average rruit yield of each plant was calculated and has 
been expressed in kilogram and quintaJ respectively. 
Market rate of fruits was taken from fruit market (Phal 
Sabji Mandi. Jodhpur) during the period harve-sting 
(Occc:(nbcr, 2016 t() February. 2017). The gross n::turn 
was colculated frol'll yield multiplied by average market 
rate during the period of i1westigation. further. the net 
return was calculated by subtracting cost of each 
treatment from gross rct\lm. The benefit cost ratio was 
ca.lcu.lated by dividing net return to 1.01.al cost or 
cultivation. Total soluble solids (TSS) vf 1he fruit pu1p 
was determined by Zeiss Halld Juice Brix Refractomecer. 
values con·ected to 20°

c and expressed as 0Brix. Acidiry 
(as citric acid) was determined by using standard N/10 
NaOH solution in the presencl;! of phcnolphthaldn as an 
indicator, AOAC ( 1984 ). The ascvrbic acid (virnn:Un C)

content of the juic.e was C-Sti_ma1ed by visual ti11·a1ion 
method with 2. 6-dichJorophcnol-indonenol dye solution 
(AOAC. 1984). The overall quality (pulp colour. pulp: 
seed ratio, skin coloor. size and shape of froits), colour 
score- and fn.til tas1c or conS\1mcr preference of rrui1s was 
done by a panel t)f five si::111j-1raiui;xl jmlgt:S using 10 point 
hedonic S('ale (Arnerine et al.. 1965). Per cent incidence 
of fruit fly was measured by visual inspection of five 
member team of crop experts at fruit harvesting. All data 
were subjected to analysis of variance (ANOV A) to 
detcrm.ine significanL difference..-:. followed by cri1ical 
diffen:m::e (CD) with in the treatment was cak.ulatcd in 
order to cornpare the u·eacment ac P 5. 0.05 level of 
significance only. 

Results and Discussion 

Plant growth p arameters 
ObservaLions regarding number of days rnkc.n for 

sprouting after p1tming were recorded and data thus 
obla.ined were analysed statisLically it is dear from the 
t:,ble-1 that 50 per cent pruning of previous year shoot 
growth on 15th J\lne (T,) showed significantly earlii;r 
sprouting (21.60 clays) which was tJ/ ptir with T $ (25.4 
day.-.) and T11 (24.7 d::iys) lJ'e:atments, wherea.-. in conLrol 
(no pttuling) took relarive.ly 1nore numbe.r of days for 
sprouting (40.17 days). Number of main shoots emerged 
after pruning were counted and data obtained the rncan 
values arc summarized i,n tablc-l wh.ich indicated clearly 
that maximu1u nmnbcr of m,ajn stu,>e)t;i; emerged under T 6 

treatmentS (32.83). It was however noted thm all 1he 
treaunems othe.r chan control remained m por whe.Jl 
compared among themselves. The number of shoots 
rangixl from I 0.63 to 32.83 \mder different treatments. 
The lowest number of m::iin sh(M)t� was emerged uo<h:r 
contl'0I (10.63). Shoot burning also effect signilicantly by 
timt'! a!ld imeosity of pruning. Hight'!St shoot burlliJlg 
(10.47%) was l'eported in T 1 treatment whereas minimum 
shoot burning was observed in Ts treatment ( 1.23) which 
was significantly lower than all other t-rcatmcnts. Jt may 
be tine Lo early Sprouting concurring wilh h.ig.h 

tc::mpc::r;Hure and h()L dry wind witb hjgb vdocily ( I 0-
30krn h.1) ill the month of May and June. Length or her 

shoots were recorded at time of flower initiation and data 
obtained with the mean values displayed in rnble-l. 
Treatments Ts inc Jude significantly smaller shoots (117 .6 
cm) as compared 10 all other treatrnen1$ whereas treatment
T.t. T � aod T1 art: at par with T, trd1lmeut . The h .ighdt 
length of shoot was repnrted in T<:, treaunent. The tnean 
values of ber shoots girth presented in table I that all the 
treatments produced significantly greater diameter of 
shoots when compared with control (8.33 cm) the 
maxim\1m values (16.63 cm) in 1hjs regards were noted 
undel' T? treatment. Shoot length �md diameter also 
appreciably iocreased in eatly p11U\ing (301b April) with 
moderate severity (�0%) because it cause lower inter 
branch competition and have sufficient time for growth 
bdore on set of reproductive phase. Thi.: days taken for 
Spi:Outing, numbc::r vf ShOOLS emerged, shoot lengLh. g:irtb 
or shoots and fruit yield have be.en markedly promoted by 
the 30 per ccnc pruning intensity (Harit Kumar ct al .. 
2014). 

Fruit yield and yield parameters 
The yield and yield parameters was so·ongly 

intluenced by pruning elates and severity. Pmning on 151
" 

June and 30 per cent removal of previoos season growth 
was more productive over Lhi:: Olher dates or prunfrtg anti 
severity (Table 2). Minimum doys l'equired in 0t)wer 
initiation after pruning (115.4 days) was reported ill T, 
treatment which was statically at par with 1·· 1 treatmenl 
(121.46 days). T., treatment (120.30 days), T8 treatment 
(L 17.40 days) and T, trl!atmi.::nt (115.70 days) wht:ri.:as 
maximum days required for flower initiation (137.13 
days) in T2 1reatmenc. The flower initiation sta1ted eal'lier 
in treatments where early pruning was done. The initiation 
of flowering took place by 6lh September where prLming 
was done on I $I May and nowcr initiation ,vas delayed by 
30111 Scpti.:mbcr when pr\ming was don..,: on 28th foly
(Singh and Bal, 2()08). Pruning \\1llS significan1ly effective 
for i11crcasiog the nuo1bcr of tlowe,· cluscers/pl'i1nary. 
secondary and tertiary branches. The maximum flower 
density (3123.12 sq. m..;ter·1 canopy) on each type. of
branches were observed \lnder pnming on 15'" May with 
30 pt:-r ci::nl inLc::nsity (T J. trcalmcnl) whi::reas l<)wc::$L 
nutnber of flowers density (1662.26 sq. meter"' canopy) 
was reported in T2 tl'e.atment. It \.\'3S due to thal tlowe.r 
production in ber mainly takes pince on l11e secondary and 
teniary shoots or optimum vigour. As 30 per cent 
pnming on I 5th May could inducl! more nomber of both 
t)'pl.!S vf branChl.!;i;, it could thereby im::reasc Lhc number vf

flowe.r dusters Oil all type of shoots. Similar types of 
results were reported by Singh and Bal. (2008). Haril 
Kumar er aJ.. (2014) in ber.

Maximum fruit set (29.40%). highest fru.it 
n;tcnrion (29.95%). uppc.:rmost froit harvest (8.8%) was 
observed in T, treatment which was significantly superior 
from a.II otht'I' t1't'a.tments. whe1't'.;.ls lease fruit set (15.17%). 
minimum frui( retemion (7.46%) and lowest fruit harvest 
per cent (1.13) was recorded in T1 tr�aunem. Least 

 29 



P.N. Sira/inga,r, DhunndraSingh, Aryii Ci:a!ur,•,m, &huArora, ShiraP<7i/<.ar and R. Bhargara, lllYium k,uma/ of Arid Hortitu!tun, 2017, Vo!.12 ( 1 -2): J .}4 

number of fruits square meter·• area of pkmt"1 (20.24) was
reponecl in T1 treatment, whereas mean highest number of 
fruits squa,rc meter·' an:a of planf1 (165.0) was rcpoi:tcd in 
Ts trcaunent. which was significantly superior 10 all othcl' 
lrcatmcnt. Fruil set and retcnlion increased in light 
pruning treatmenL than in severely pruned shoots and 
obtained higher yield by light pruning since fn1it set and 
rch,:n1ion decreased with severity of 1hc pruning. However 
the early pruned trees retained less frui1 as compared to 
late pnmcd tree. The highest initial fn1it set cxhtwstcd the 
trees due Lo coincide wit.h high temperatun� thus n�ducing 
the final retention in early pruned trees. It might be due to 
dday p1un.ing (lS1h Jtinc) of bcr helps in de-lay cmc-rg:ing 
new sprouLc; and flower initiation which assist in avoiding 
coincide with high temperature of late summer month.'i 
which rnajor cause or flower and fruit drop. Similar 
results were also reported by Singh and Bai (2008) and 
Bhardwaj er al. (2015) in be,.,

Minimum days l'equired in stal't fruit picking 
after pnm.ing (200.17 days) was reported in Ts O\c:.atment 
whit-h was $1:Uically at par wiLh T9 trea1menl (202.0 days). 
whereas maximum days reqllired IOr stan fruit picking 
after pruning (235.33 days) in T, t.rcatmcnL M.inimum 
days l'equired for lasL fniit picking af1er pnining (237.0 
days) was rcponed in "f<i lrcatmcnl which was stalically at 
pnr wilh all. other 1rea1.men1i; olher Lhan T1 1J·eu1.ment 
(267 .0 days). Maximum duration of fruit harvesting 
(39.83 days) was n;portc::d in T, trc-atmcnt. wh.ich wa!; ttl 

par with T-1 treatment (37.83 days). Minimum duratio1l of 
fruit harvesting (29.83 days) was reported in T6 treatment. 
The l)(>SSibh: cause or early fruit harves1ing and lonser 
dul'i.Uion of fruit harvdtiog due to pl'uniog of u·ee. at 
propc-r time- (tS1h June) with mode.rate se,•cdty prun.iog 
help in all over developmenc of plant and fruits. which 
helps in maximise fruit retention cap;c1city and final yield 
of the tree comparatively h.ighcr lh()$e rcqui.rcd longer 
dunuion for harvcsring than the towel' yield pl'Oduccs 
trees. These results were also st1pported by Dhaliwal and 
Rajwanl (2003) in guava. Gill and Bal (2006) in l,cr.
Shaban and Haseeb (2009) in guava. 

The max.ii:num fruit yidd 1rc:e01 (72.(}9kg) and
ha·• (200.41q) has been achieved by employing moderate 
pruning (30%) intensity on 15t1, June which proved 
significantly superio1· over all othel' tl'e.atments a.,1d 
control. Minimum fruit yield crce·1 (25.35kg) and ha·1 

(70.46q) was reported in T1 treatment. Significantly 
hight'.'.r fruit yidd t1·ee·1 and yidd ha·1 might be: actl'ibuted
to increased percentage of both setting and retention of 
fruit, and also increase fruit harvest per cenl, nurnbc:1· of 
fruits square meler·1 area of plant. duration of harvesting
with !he help of 30 per <:.c.nt prunjng intcnsi1y on 151h June 
i.e., all these yields attribuling cha.raclers pa\'ed the way
for significant improvement in fn1it yield tree·' of he,.,

This increment in number of fn1 iL, size, yield nnd fruit
quality at medium pruning level (30%) on later elate (15'"
June:) 1n.ight be due 10 !he Stimulation of ()ptimum
vegetali\'e and lloral growlh. whkh might have hrought 
about balnocl! bt:tween lhc fruiting wood and leuf arc.a. 
Total yield was decl'eased hy severe pruning. h is 
admitted fact that reduction in the fruit yield is due to 
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rt.>duction in number of th.: shoots which lcn<l 10 Lhc les..,; 
number of fruic per tree as bearing area gel reduced. GilJ 
11nd B11U (2006) n:portcd, incn:asi: i.n fruit sfac and weight 
might be attributed to betlel' source.sink relationship and 
lesser competition for assimilates among lhc fruils in 
pruned lrces. Similar observations were also obtained by 
Shaban and Haseeb (2009) during the study of effect 
pruning se.veri1y and chemical sprays on guava. Lower 
yield in dense pl'uning (50%) on 30'"' Apl'il. the flowering 
and froic setting coincide with high temperature which 
c&use lowc::.r pollen uc .ceptability and highc::.r flowc::.r an<l 
fruit drop at initial stage,. Another scientific explanation 
for !>ig_njfjcantly incrca!>ing yidd with moderate pruning 
(30% severity) rnay be because of more open tree canopy 
with wider leaf area resulted allowing more light 
penetration 1hat led assit'nilalion more photosynthetic 
materials and also less competi,ion for the growth of 
individual fruit as compared to unpnmcd trec.:- under 
opti1num time of pruning ( I 5•b June) condition. The 
pri::sent findings are in closed agreement with earlier 
scientist viz .. (Singh et al., 2004 and Khan ::tml Syamal, 
2004) who reported that medium pruning of 30 per cent 
produced higher yield in ber rrnil. AS pruoing in1ensi1y 
advanced thal is severe pruning (50% severily) yield was 
reduced. The reduct.ion in yield which severe pruning 
(60%) m.ig.ht be tlue 10 admjued fact tba1 reduction in 
number of bearing shoot results. It is in accordance with 
Gill and Sul (2006) who obsc::rvc::d dccrc-a�d yield by 
severe pruning. It is from the data that aU the trea1me1Hs 
induced significantly varying size of length of shoots 
when compared among themselves the lowest length (>f

shoot'> were n::corded under conu·ol. In ca .. � of unpruoed 
tree cAnopy area con1Jnuc to enlarge year after year. 
branch let's become very weak, fruit size l'Cduccd and tree 
ultimately become unproducti\'e, 

.Economics 
The economics of ber producLion was strongly 

influenced by pruning time and severity. Plant prune on 
15"" June with 30 fWr c.:nt s�vcrity was more profitable 
over the other treatments (Table 3). Highest gross return 
(Rs. 180368.85), net return (Rs 134368.51) and benefit: 
cosl ratio (2.92) was obse1·,•ed in T:( treatmem ,vhich was 
significantly diffcrem from all other tNmments. whereas 
m:,rkel rme of fruits was highest in T1 1rca1ment those ripe 
earlier than all other treaunems. Lowest gross rerurn (Rs. 
I 05695.6), net return (Rs 65695.6) and benefit: cost n,tio 
( 1.64) wns reported in T I tl'eatment. h is fact lhnt in case 
of judiciously timely pruned 1ree produces maximum fruit 
yield than olhcr lrelllment whkh wa$ helpful in fc1ch 
maximum gross and net relurn wilh highest benefit: cost. 
Possible explanation of this fact that the. annual opc,,:.ration 
and judiciously pnmed tree ill proper time improved 
vigour and fruiting area. which increasing productivity, 
quaLiLy of fruiLS and uhimatcly increase pr<)fltabiJity of ber 
cultivation, Similar results of ber tree pruning on 2ni.1 week 
of June with 11Jodcratc severity (25 to 35%) helps in c,1u11 
more pl'Ofil in ber production under ill'id condicion of 
western Rajasthan (Bhardwaj er al .• 2015). The present 
Study gelS ample $UpJ)Qrt from the work Gill nnd Ball 
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(2006), Sin.gh et ctl,, (201.2) and Hl'l.rit K.uinar et al., (20l4) 
in her. 

Quality pnrnmcters 
Data presented in Table 4 be cviclcncc for the 

pruning: of bcr tree on 1st11 May wi1h 30 per cent removal 
or previous season growth exhibited a significant effect on 
the froit qoality par�unetcr v;z,.. TSS. acidity. fruit coloor. 
1as1c and overall quali1y sc,,rc of (rui1s bul asc-orbic acid 
comelll or fruits are non signilicaJllly effect by pl'uoing 
date and in1cnsity. In the present invcs1iga1ion. the 
pruning of her tree on 15th Mlly with 30 per cem removal 
of previous season growth exhibited su�rior fruit quality 
and had a 1cndc-ncy 10 decrease wi1h delay in pn,ining 
dates and increase in1ensity. The sweetness or her. mainly 
assessed by TSS (total soluble solids) content and 
maxjmum TSS (15.4°Brix) was rcporLecl in TJ treatmeol 
which was statiscicaJly 111 par with T2 ( I 5.29"' Btix). T4 

(14.39°8rix), T6 (14,78°8rix). T7 

(J4.90°8d.x), and Ts (14.J8°8ri.x), and rc$l of the 
tteatmems wa.."i sigoificamly different a1id lowe ... ,;c TSS 
( l  I ,34°Brix) was in T 1 n·catmcnt. ·t11.,; minimum acidity
(0.13%) wtts ohs�rw<l in T, lreatm1.mt, which wtts cit par 

with T2 (0. 14%) and T7 (0. L4%) treatmeJlls. and rest or the 
treatments was significantly different and hjghcst acidfry 
(0.21 %) wa.,; in T1 Lrc.atmcnl. Maximum ascorbic acid 
(61.41 % ). highesl colour score of fruit (8.43). fruit tasle 
score- (8.60) and o,a_xjmum overall fruit quality score 
(8. 76) was also observed in T1 treatmenL The unpruned 
tret;: produced more fruit this is OCcause of the reduction of 
shooLs in pruned trees where-as fruil quality in tcmns of the 
TSS acidity and vitamin C coment improved in 
moderately pruned tree (30%) hence the quttJJty of the 
fn.tit improved clue lo prunintt effoc.t�. 

This might bl! due 10 the fact chat ber tree 
pruning on 1511' May wilh 30 per cem removaJ of previous 
.season growth, whit.h i5. positive for increased i:me of 
photosynthesis aod accumulate mote dry rnanet in fruits 
�vhich uhim;Hcly resuJtcd in hig,hcr quaLily of the fruits. 
Moreover, lower Lornl �oluble solid in lme pruned plants 
,nay be due to low temperature in favour of less 
conv.:rsion of sugars from starch during fruit ripening. 
l-ligher acidily (0.21) in nol pn:ined tree (co,urol) may be
due to shade effecl where sugar cooversion from organic
acid i� hampered due! Lo luck of sufficienl Jig:ht :u intern:)!
pa,1 of t.ree. Gill and Ball (2006) rt:.po,1ed that low 
intensity of pruning in ber improved the fruit yield and 
qu::11.ity. They further rept'>rted that early pruning: advanc.cd
bud sprouting and ea.t"ly harvest and impn.wed fn.1it
quality. The deviation in time of pnming from this phase
or dormancy result;-; in the lower yield an<l poor quality
fruits. Similady maximum TSS aod ascotbic acid a1id
minimum acidity were recorded in lhe fruit of lhosc trees
thaL were pruned on 30l11 May. (Singh ttnd Bal, 2008).
Ddayed pruning is suitable fot bud bul'st mallipulatioo,
bul it may have a negative effect on grape maturation and
qu:.1licy due to the shoner period for ripening: (R:iuep el 

al .. 201-').The present study gets ample suppon from the
work of Harit Kumar el al., (2014) in ber :md Singh er al .•

(2012) in peach. It is a well esrnblished face that pmning

at lht." right tirnt." and to the adequate extent h:nprov.:s the 
si2e. colour and quality or fruits by making more sun 
shine fall on the leaves. fruits and on a larger portion of 
the plant (Singh 2005). H.ighcr anti early yield of quality 
her fruic with higher cotal soluble solids, lower acidity arid 
more intense coloured fruit. from early pruning might be 
due to incre:L�I nulrienl up1ake. it also eoC-(mrages more 
flow of nutrients aod watet by the t.re� aod coost!queotly 
more synthesis of carbohydrates and other metabolites 
and their translocation to the fruiL ScC.(,ndly the fruit )();\d 
is also reduced with medium se.verity ptuning at e.arly 
stage. These findings ..ire in �greement with those of 
Dhaliwal and RajwanL (2()03) in guava. Gill and Ball 
(2006) in ber.

Occurrence of t'rult fly infestation 
Oc-c:.urrenc:e of fruil tly was clete<:t.ecl in lhc month 

of September and first week of Octobe1· rhe iovestig_atioo 
period. The minimum infost.ation of fruit tly (3.93%) was 
obsc:rved in T,, trt!almcnl (Prun.ing. on 151b June + 50% 
removal of previous sca.sorl growth). whereas maximum 
infestation of fruit tly ( 11.43%) was reported in T 1 
trc.;.\lm.:nt (conLrol). Late and hc.;.W� pruning dday in fruit 
setting and provide more open area which was 
significantly rcdticcs fruit fly infestation as well as 
populf1tion at initial srng:c of fruit seuing that is m0SL 
prone stage or infestatioo. Howe\•er. June month prur1ing 
with 50 per cenl wos found to be safer io respect lo fruil 
fly infe!>tation because a1 that lime the fruit Oy population 
and activity was very low due to low temperature and 
lower dcmsity of foljagc- . Occurrence c,lf fruit Jly 
infesrntion in0uenced by differenl pl'llning: 1ime and 
intensity was also report�d by Singh and Bal (2008) io 
ber. Similarly Bhardwaj et al., (2015) was also ob.sc-rvcd 
that. minimum info.station of fruit tly in ber. wherl tree 
was pruned in the month of June with high intensity 
(50%). 

The ti1ne and seve1•ity of che p1•uniog detetmioes 
the vegetative growth, lrce canopy and advances the bud 
Spl'0uting, induces !lowering, fnaiting and quality of fruits. 
Low intensity of pruning improves the fruil yield and 
quality. Th.: ber proning on 151h June with moderate 
intensily (30%) gave beuer growth nnes and development 
in concern co increase fruiting area and reduce shoot 
burning as compared Lo other t(c:)lmeot cmnbination:,. 
Mowevet. first flower initiation. rna.ximum per cent fn.iit 
set, fru,it retention. fniit harvest, number of fruits per 
plnn1s. fruil pick.ing duration have been markedly 
promoted by the tree pruning on I 5th June with 30 per 
cent pnining intensity than rest of the treatments. The 
early pruning with m()(lerate severity (15lh May pruning 
with 30 per ceot imeosity) f..wour io advaoces bud 
sprouting and early harvest and improves fruit quality 
parameters .�uch as TSS. acidity, ascorbit. acid, fruil 
colout scol'e. tasce sco1•e and ovetall quality sco,·e. 
Maximum fruil yield planf 1 and ha·' with highest gross 
return. net relUm and t,enefit: cost ratio also repo11ed in 
the bcr tree pruning on 15111 June with 30 per cent pruning 
intensity than r.:st of the treatments con:ibinfltion. This 
treatment combination is rnuch suirnble tOr arid ag:ro-
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dim.atic. condition of western Rajasthnn but fruit tly 
infesta1ion per cent was fewer in pruning on 15th June 
with 50 pctr cent pruning intensity. From over all
experimenwl resulLs. it is c.oncludcd that mode.rate 
severity of pnming (30% pruning on previous season 
grow1h) on 15" June has been adjudged as op1imum level 

of pruning and time in improving yield of ber (mils cv. 
Gola. Highe-st seve-rity of pruning (50%) on 15th May has 
been found to increase the vegetative growth but yield has 
been found inversely proponional supra--0ptinrnl levc.l or 
pruning. 

Table I. Efft.ct of prunio� time and St:vcril1' on vcttetath•e parameter of ber

Treatnlents Days taken Number of Shoot Number or Shoot Girth of Flowers densi1y 
for sprouting main shoot burning branches length shoot (cm) (sq. meter'' canopy 

% olant'
1 

(cm) ofolani) 
T, 32.17 10.63 10.47 71.59 121.97 8.33 1791.15 
T, 34.97 30.73 7.37 181.97 129.27 16.63 1662.26 
T, 30.57 28.93 5.65 197.97 124.07 15.13 3123.12 
T, 27.80 25.03 2.48 225.90 120.80 14.60 2163.46 
T' 25.4() 21.43 1.23 24().25 117.(,() 13.26 1875.(X) 
T,. 32.50 32.83 9.53 165.50 132.60 14.90 1925.47 
T, 27.50 31.80 6.37 160.20 128.40 12.50 3021.39 
T. 24.70 28.90 4.07 195.20 137.30 12.10 2407.05 
T, 21.60 26.40 2.07 205.70 147.70 11.60 2346.28 
S.Em.+ 1.646 1.53 0.222 4.342 2.947 0.289 13.78 
CDat5% 4.871 4.556 0.658 12.850 8.724 0.858 40.800 

1 ·able_ ... e.cL o onm11H! umc and sevent ? Effi f 'l on v1eld and vie.Id attribmes of •,e,·

Tteatmems Firs1 flower Pmit set Fruit Fl'Uit No of fruits Picking of fruits J)utation
initiation (%) retention harvest sq. rocter 1 of
(OAP) (%) (%) ca,lopy of 

f"irst Last harvestiog
plant (OAP) (OAP) 

(days) 

T, 121.46 15.17 7.46 1.13 20.24 235.33 267.00 31.67 
Ti 137.13 18.27 11.60 2.12 35.24 225.33 260 00 34.67 
T, 130.83 22.07 17.43 3.85 I 20.24 215.33 252.(Kl 36.67 
T, 120.30 26.80 23.30 6.24 135.00 205.17 243.00 37.83 
T. 115.40 29.40 29.95 8.80 165.00 200.17 240.00 39.83 
Te 132.50 16.40 9.85 1.61 31.00 215.17 245.00 29.83 
T, 126.50 20.59 18.14 3.74 113.00 210.00 243.00 33.00 
Ts 117.40 25.10 20.37 5.11 123.00 207.00 241.00 34.00 
1\ 115.70 26 60 23.24 6.18 145.00 202.00 237.00 35.00 
S.Em.+ 2.541 0.845 0.541 f).251 2.912 1.302 9.913 0.976 
CD at 5% 7.520 2.501 1.602 0.744 8.618 3.854 29.337 2.889 
OAP- Days after prunmg 

f Table 3. Effe.cl o nrunin2 time and scverilv on vield and vicld nuribu1es and economics of be,.

TreatmenlS Yield plant'' Yield ha·• Markel Rate of Gross Recurn Net Ri:;turn BC ratio 
(kg) (q) fruiL� (Rs kg.1) (Rs.ha'') (Rs.ha') 

T, 25.35 70.46 15.00 105695.60 65695.60 1.64 
T, 33.45 92.98 14.00 130174.43 84174.43 1.80 
T, 46.55 129.40 12.00 155279.68 109279.68 2.38 
T, 63.39 176.22 10.00 176223.87 130223.53 2.83 
T, 72.09 200.41 9.00 180368.85 134368.51 2.92 
T • 35.19 97.83 14.00 136959.15 90958.81 1.98 
T, 42.90 119.25 12.00 14309�.61 970'>7.95 2.1 I 
T, 52.70 146.49 10.00 146492.73 100492.07 2.1� 
T, 60.IO 167.07 9.00 150358.19 104357.53 2.27 
S.Em.+ 1.736 3.869 0.133 6117.63 6117.63 0.112 
CDat5% S.140 11.4S2 tU95 18105.16 18105.16 0.332 
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Table 4. Effect of otunin2. time and scveritv on auaJitv arrributcs and fruit tlv infestation of her 
TrcatmenLS TSS of fmit Acidity of Ascorbic acid 

0Bl'ix fruics (%) (mg 
1 olun\

IOOg' 

T, 11.34 0.21 57.65 
T, 15.29 0 .14 60.31 
T, 15.40 0.13 61.41 
T, 14.39 0.16 58.14 
T, 13.89 0.17 57.30 
T,. 14.78 0.17 55.28 
T, 14.90 0.14 60.00 
T, 14.18 0.18 54.89 
T,, 13.28 0.19 53.99 
S.Em. ± 0.428 0.006 1.247 
CD at 5% 1.269 0.()18 NS 
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Abstract 

The pl'esenl study was conducted in Bikantr. Nagaur ::ind Chun..t distriCL'- of WeStern Raj:.1stlu111 duriog 2013 - 15. 
Random method of s:i.nlpling was used to make toll.ll s::uuple size o f  108 responde.nts (sn:lp melon growers) for the study. 
Further, the selected respondems were personally conu1c1ed and interviewed one by one to a.s...�ss the detem1inants which 
enc-ourage (c-ompel the farmers to adopt and grow snaprnelon crop at large scale on their fields. Simultaneously, the 
factors whic.h resu·aio adoptioo and production of �nap melon crop al large scale were also collected to analyse and 
d..awing ioferences oft.he study. There found deteteminat� which lead to encourage farmers for adoption and production 
or snap melon (Cm:,m,is melo var. uu,mortlic:a) at large scale in hot arid regions of llle westem Rajasthan. Among such 
detemiinant� major were:" low water requirement of the Cl'Op, accessibility of drought escaping local va1·ieties, very �hort 
duration crop and easy in cultivation and harvesting. acute shortage of vegetables and substitution for dwellers. like.ness 
of thl.! dwellers as a food .-;Luff and daiJy clicIary i1em. uscabll.! Lhro11gJu:,u1 Lhe year hi Lhe fonn of dehyclra1cd products (clry 
slic,e) and easiness in prepal'ation vegetable and other dishes. high demand in localities/ local markecs/m,mdies. cheapesc 
source of vege-Lable-s for au. long shelf life or the fresh fruits a1 room 1empera1ure, the snaprne.lon is mos1 sui1t1ble crop i_n 
cxjs1iog clfrna1ic conditions. i1 can grow with low soil moisture/very low rainfall, has high drought tolerant & escapi_ng 
capacity, it is a imponanI component ex.isting cmpping sys1em. e1c. On the other hand, the major resIraiotS (constrain1s) 
which hindcn:-d Ibc adoption arnl production of snap melon in hot t1rid regions Wl.!l'c at IMgc SC�l_l� sc.nrcity of wall.!r, very 
low and erra1ic rainraU. occurrence of drought very fret1uently. very deep and poor quality of ground water, unfamiliarity 
with improved producLion technologies. lack of viable schemes aod support system., poor markeLing and market 
intelligence system and poor ex1.ension and ioformation system. etc. 

Key words: Snap melon, adoption of 1ecl11wlogy, Socio-psychological determinan1s 

Introduction 

Hoc arid region of the western Rajasthan covers 
12 dis1rict including Bika11er. Jaisahner, Barmer. Jodhpur. 
Pali, Nagur, Sikar, Jbunjhunu. Churu. Sri Canga11a.r, 
Humunangarh and JaJor. It sptc.ads ovi:r 61 % area of 

Rajasthan state and ch:i.ractcrized by an ;1onu:1l rairtfaH 
between I 00 - 500 mm with a coeffic.iem of variation 
(CV) val'ying from 40 - 70 %. low and en-alic rainfall
combined with e.xtremes of temperature (450-50()
cal/cm2/day). low rt!lative humidity. high sunshine and
abundant solar energy leading to high rate of evapo­
transpiratiou value ranging from 1600 to 1800 mm in
c.istel'n .:tnd wcslern pate of the region respectivl.!ly. Other
inlpottant characceristics of the hot arid regio11 are hot
winds with high velocity, poor �oil condition, poor ground
wacer with brackish and sali11e io reac.tioo, poor
vegetation. frequent occun·ence of drought and frost.
difficult to execuce agro-technique..,;,. difficulty in posl
harves1 handling and mal'keting owning to limited and 
inefficient 1ran�pOl'tation and mal'keting focilitie� (Yadav
and Soni, 200�J Even in such hard and harsh climatic
condition. llle- rarmers/dwcllers of the hot arid region or

western Rajasthan grow several traditional cucurbi1aceous 
vegetables for their own use and sale the surpJus for 
earning money and lh•e.lihood security. Among such 
vegetables, snap melon (Cucumis meld var. momordica)

is most favoutitc, most suitable and drought hardy 
vege.tabk of study are.ns of dle ht)t a.rid region which 
grown at large scale. particularly during the rainy season. 
h beJongs LO family- Cucurbiwceac. ge.nus- cucmis.

species-me/o artd �•ar. - momordica. It is locally known as 
•phmit or phorn kakudi. kukudiu. Snapn)t"(Orl is a
monOt"cious. an annu::il climbtr. its stem are. gent'-rally
covered with rough hairs and vines grow up to 1.5 m
which spl'ead� oo dle ground. The t1owc1·s of che same are
small, yellow, solitary or rarnly in pair� 01· thJ'ees. Initially.
the immature fruit� of the snap melon are green in colour
wilh hairy surface a11d have bitten1ess. As soo11 as the 
fruil'S re:ich al maturity, Lheir hairs :ind bitterness 
disapp\!ar aod be.com!! Slllt)Oth with rdish ncidic taste. 
There is wide variability among che �hape., size, 
appenl'ance and colour of the �n:1pmelon fruits. Most of 
the fruits of snapmelon al'e cylindric.al, 1()-22 crn length 
with I �-32 cm cenual girth, green-yellow/reddish-
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ycllow/creamy•ycllow or green with yellow/greens 
Slrips/p()L$ at maturity srnge. Afh::r m1Hurlly. fruilS reach l() 
OWi" rnarurity stage aod at this stage the fruits start to 
crnke automatically ,vbich are locally known as phoot. 
The.',,e phoots are of sweet-sour ln 1as1e and eaten direc1ly 
as fresh fruil very eagerly by the local peoples of the 
n.::gion. It is oni.: of most liked v..-g:etuble of th� hot n;g.ion 
of 1he wes1em Rajasthan where it was consumed by > 90 
% dwellers/fanners of the region as fresh vegetable. salad

as wc:11 as in diffc:reot value added forms . lt hai; h.igh 
nmritional value and work as a mean of food seasoning or 
relish/palatability of the diet of the dwellers of the study 
a.rc;ai;. The: farmen; of the hot add region of western
Rajasthan adopt and produc.e snapmelon at lal'ge scale
during kharij'and summer season and earn a lot of money
and other benefits from it. II is one (>f the major
compooe.rlt crop of thcil' c1•opping syscc111, particulal"ly of
1..he mixed cropping system. However. lhe actual
dc1riments which Jc.ads 1,, gmw 10 prvducc snapmelon a1
larg� scale. io hot arid ecosysrcin of wcstel'n Rajasthao arc. 
not ycL crystal-clear. Keeping lhcsc facts in mind, this
study was undet taken with the following objectives:

I. To assess the dctermin�nts (factors) which
encourage the farmers for adoplion and
production of snapmelon a1 large scale in hot al'id

2. 
region.
To analyze the resttaiors 
which lead to restrain 
production or snap melon 
arid regions. 

Methodology 

(constraint.'-). if aHy 
the adoption and 

at large scale in hoL 

The pr..::sent study was conduct..::d in Bikan�r. 
Nagaur and Churu disLJ·icts of western Rajasthan during 
2013 .. 2015. Bikaner district consist of 0g block/ Tehsils 
(vi:;., .8ika.ncr, Nokha,, Loonknransar, Khajt1wala. Shri 
Dungargarh, Kolaym, Chhauarg_al'h, Pugol) ond 1498 
villages. The Nagaur districl cons isl J 2 block/Tehsils 
(vi::.. Nagnur, Kheen\!$:lr, Jnyal, Mena CiLy. Qe .g,\ntt, 
Oidwana. Ladnun. Parbatsar. Makrana, Kuchainan 
Ciry, Nawa,Mundwa) and 1607 villa.g.cs. ·n11.! Churu 
dis1rict consis1 or rotajor 06 block/Tebsils (vii.. Churn, 
Racangarh, Ti.lranagar, Rajgal'h. SaJ'daJ'shahar. 
Sujangarh) and 899 villages. Two bJocks from Bikancl' 
<.lis1rac1 (i.e. Bikancr and Sri DungJ1rg.Hrh). two bloc.ks 
from Nagaur distract (i.e. Nagaur and Jayal). and two 
Block from Churu dostTict (i.e. Ra1angarg and 
Sar<lan;haht,r) were sdectc<l purposively keeping the facts 
in mind like m;_'\jori1y of the fal'mers of these block grow 
snapmelon, have good transportation faciJitici;, 
approachnbility. etc. Thus. a total of six blocks. among all 
three districts of the study areas were selected for the 
study. With the help of secondary data available at each 
se.Jected blocks' headquarters, a list of the total number of 
viJlages falling under these blocks were prepared 
separately before during 1he Study. On the basis of 
populatioo size., all villages fall u11dc.r these blocks we.rc 
categorised in three groups i.e. small, medium and big 
villages. Further, 1h.ree vilJages (1 small. 1 medium ancl I 

big village) selected randomly from each block under 
study (6). Thus. a 1.ornJ of)$ vilfages were .selected for the 
srudy. All snapmdon growiog farmers of these sclecfed 
vilJagi;s wi;re listed oni: by one during th.; study and 
divided in three groups i.e. small. medium and big farmers 
(snapmelon growers). Amongs1 the so selected of 18 
villagi:s. two small farmers. two medium small farmi:rs 
and two big farmers were selected randomly. In this way. 
6 respondents (snapmeJon growers) were chosen from 
each category of so $elected villages by u$ing rttndom 
method of sampling to make total sample size of I 08 
respondents (snap melon growers) for the study. Further, 
the �eh;cted n;i;pondent� were pcn;onally contacted and 
imerviewed one by one lo assess the dete.rminants which 
encourage (compel the farmers to adopt and grow 
snapmclon crt>p at hu:gc scale on 1bcir fields. 
Simultaneously, the factors which resttain adopcion and 
production of snapmelon crop at l:lrge scale were also 
Ct.>Ucc1ccl. T(> find (>Ul the rank (mlcr of different 
de1erminaot of grnwiog soapmdon. were. assigned wi1h 
specific score as per response of the individtial respondcnl 
(farmer) as was imerviewed. The lirsl determinant was 
assigned with highest score and last one assigned wi1h 
lowest score under different groups of thi; faciors. To 
measure the factors which restrain the adoption and 
production of snap melon a1 la1'ge scale. a fi \•e-poim 
continuum vii:, $trongJy cUsagree, disagree, undecided, 
agree. strollgly agree. was developed aod used. The score 
1,2.3,4, and 5 was allotted in ri:sponse of strongly 
disagree, disagree, undecided, agree. SLrongly agree, 
respectively. The all l'esponses of the. farmers dutiog: the 
survey were recorded on semi-structured intervil.!w 
schc:clulc:. The s1atiSLic.al l(>OIS li_ke frcqUt:.ncics, scoring. 
ranking. percemage, etc. were used for analysis and 
drawing inferences of the study. 

Results and Discussion 
During Lhe study, several determinants /factors 

were observed which encourage the fanners of the hol 
n1;d regjons of Lbe western R<)ja,s1han to adopL and 
produce the snap melon at large scale l'egulatly. These 
were grouped as economic, production and technological, 
socio-rdigiou.s determ.intmLS and the determ.in:'tnL� relah::d 
to storage and marketing, agro-ecologica.l aspects. etc. 
The major detcnninants responsible for large adoption and 
production of snapmd(rn in hot ari<l region as r.:por1cd by 
respo11den1s (tanners) of the study wel'e as follows. 

t. Economknl determinants.
Ouriog the study. 1hc. rc.spo11dcnts (farmers) 

reported several economic determinants which lc:ld to 
adopLiOn and pr()cluc1ion of snr1pmelc)n OL la.rge sc.ule in 
ho, a.1·id regions wcstC.1'11 Rajasrha,1. The 1·csults of the 
study rc\'ealcd that .. life sustaining earning from fresh
fruits of snapmelon, subs1antial income from dried 
(khelre) slice of snapmelon. plen1y of land resource and 
family labot1r/manpowcr and low cost of cultivation with 
c.;.\:;y picking (hflrvcsting) were major l!conomica.J 
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determin:ints which encourage the fatmers ro grow 
snapmelon for large on their fields in hot arid climatic 
condjtions which were- ranked as r't. zt11.1 • 3'"', and 4th by 

Table J Economical deterrninams 
S.N Inspirational factors
0

the respo,ldenLc; with scores 5�4. 504. 456 :ind 444, 
respectively as shown in Table 1. 

Score (PMS• = 648 ) Rank 

I Life sus1ainimt earnimz from fresh fruits of snaomdon 584 I 

2 SubstantiaJ income from dried (khelre) slice of snapme]on 504 2 
3 Low cost of cultivation with easv oickine (harvestine:) 444 4 
4 Low QI' 11() loss due to the attack of insects and diseases 332 5 
5 SubsLantial inc-0rne from sellin� of seeds 
6 Plcntv of land resource and farnilv labour/ manoowcr 

*PMS= Possible Maximum Scores.

The other economic.al detenninams found and leads to 
large production of snapmelon in hot arid environment of 
western Rajasthan were "low or no loss due to the anack 
of insects and diseases and suhstantial incoml! from 
sclJing of seeds, er.c. These re-suits ru·e similar to the 
finding of Meena. eud. 2016. 

2. Produc.tion and technological determinants
The other determinants which \1/ere found encouraging to
c cultivate Lhc snapmclon at large scale in hot arid regions
were" low water requirement of the crop. accessibility of

T bl 2 P d a C ro ucuon an tee no 021ca ctcmunantsd h • J d 
S.No. Determinant,; 
I High productivity of the crop 

2 Easv in cultivation & hM,•estine 
3 Minimal land preparation requircme.nt 
4 Minimal reQuiremem of interculturnl operation 

288 6 
456 3 

drought escaping local varieties, very shon duration crop 
and easy in cultivmion and harvesting" which wen.::
ranked as l s.s. 2*1 , 3'd, a.nd 4•h by the respondent._ with
scores 696. 544. 506 and 468. respectively as shown in 
Table 2. 

The other economical determinants found and 
leads 10 Jarge pr(Xh1ctivn of snapmdon in hvt arid 
environment of western Rajasthan were "high 
productivity of the crop. m..inima.1 land preparation 
requirement, high seed germination capacity, etc. Similar 
kin of findings were reported by Mccna. et.al. 2009. 

Score (PMS''= 756) Rank 
447 5 

468 4 
412 6 
234 8 

6 Accessibilitv or drou1i?.ht escal)in!i'.! loc.al variet.ics 544 2 
7 Very short duration crop 

7 Low water reauirement 
8 Hiiz.h seed eermination caoacil v 

*PMS = Possible Maxmmm Scores.

3. S0<:.lo-psychological dctcnnlnants
There were f<.mnd several socio-psychological 

determinants during the study which inspired the farmers 
(respondents) to grow tbl! snapmdon crop at large scak 
0,1 theit fields in di l'fere11t season�. Among such 
detenninants major were ;<acute shortage of vegetables 
nnd s:vbs1iw1jon for dwellers, likeness of the dwellers ris a 
food stuff and daHy dietary item. use.able throughout the 
year in the form of dehydrated products (dry slice) and 
Easiness in preparation ve!etable and other dishes which
were ranked as I"". 2""'. 3 • and 4•h by thl! rl!spondents 
with scores 666, 595, 513 alld 484, re-spectively as shown 
in Table 3. Maini (1997) also reported that the socio­
economic reasons of growir\g common vegetables were- to 
make value added products. 'fhey ciLed that people. in 

506 3 

696 1 
314 7 

dessert areas of Rajasthan grow vegetables (beans) and 
fn1ils I ike duster bean. kachri, ker. khejri.. la soda e1c. 10 
make theit value added products and as the main source ol' 
vegetables during chronic shortage of common 
vegetables. Thus, they were inspired to grow these 
vegetable.,; to meet out their vegetabk. needs in adverse 
clima1jc condi1ions. 

The other socio-psychologicaJ determinanL� 
which compelled the farmers to grow snapmclon on their 
fields at large scale in harsh climatic conditions of western 
Rajasthan as rcvl!akd during the study were "consumers 
were food of its special tes1 and flavour, has high 
digestive and health value. highe.r production vie.wed as 
higJ, social status. etc. The similar type- of tl1e findings 
also repo1'led by Singh, eLal. 2004. 
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Table 3. Socio- svcholo1o?ical dctcnninants 
S.No. lnspiration�I factors Score (PMS*= 756) R:ank 
I The likeness of the dwellers as ::i. food stuff and daily die,a..1·y 595 2 

item 
Acute short..12c of vee:ctablcs and substitulion for dwellers 666 I 

2 Consumers were fond of its soecial test and flavour 422 5 

3 Easiness in oreoaration ve.l!etable and 01..her dishes 4�4 4 

-I Has hil!.h di.l!estivc and hcahh value 332 6 
5 Mi!?.her oroduction is viewed as hi!:.!h social st..11t1s 246 7 

6 IJscablc throughout the year in the form 
oroducts (dr,, slice) 

' *PMS = Possible Maximum Scores. 

4. OeterminanL� related to storage and marketing
aspects.

The group of decermioants was relat..:d co storage 
and marketing. aspects as revealed in table 4. The Table 4 
revea.led 1ha1. •· high demand in Ioc.alities/ local 
markct.slmandies ( ranked I \>I with score 558, lhe cheapest 
S(,urcc of vegetables for all (rankc<l 2�1 with St'.Ores 532),
long shelf life of the fresh fl'l.lits a1 room cemperature 
(n'lnk� 3.:d with scorc:s 478) and c:asy in pucking, Jouding­
transpona,ion�unloading (ranked 4,t, with scores 333) 
were major <leterminan1$ among this gf'()up which lead 1() 
higher production of snapmelon m large scale in bol arid 
cljmatic conditions of the western Rajasthnn. 

of <.lchy<lra1ed 513 3 

MoJ'cover. che demand of dehydrated slice 
(Jocally called khelre) was observed high and they have 
very long storage life at room tcinpc.rature which also 
considered flS deicrmimmls for large fldop1ion and 
production of snapmeJon in hot arid climatic conditions 
of western Rajas1han. The findings arc in conformity of 
the Study of Zellek..:: et.al ( /991) whn revealed in their 
sn1dy that horticultural crop production c..1.n be promoted/ 
int.:r(!as(!d by <levdoping. dfcctive storage and 
transportation facilities. processing. marketing system. 
etc. 

Tallie 4. Oetc:rrninant$ related Lo s1onuze- and ronrketinsz ns ..... .cL�. 
S.No. Determinants Score (PMS'' =648) Rank 

I Hieh demand in localities/ local marketsluumdies 588 I 

2 Easv in nackine-. loadinP-�transl)ortation•unloadini:o: 333 4 

3 Cheane..�l source of veJ?,etabJes for au 532 2 

4 Lon.e, shelf life ofth� fresh fruit.s at room temperature 478 3 
5 Mi�h demand or dehydnued slice (khelre) of snapmelon 292 5 

6 Very Ions Storage life .,r dehydrated slice 
snuunelon at room tem"""rature 

*PMS = Poss1hle Maxunum Scores .

5. Agro • ecological determinants
During the stu<ly, Ute respondents farmers 

disclosed several agro� ecological determinants wich play 
very important r()lc in high adoptil)n and growing of 
snapmelon at large scale in hot arid regions of th� western 
Rajasthan. Among thi:m ,m.�jor <lctcnnim)nt factors as 
observed during the study were " the snapmelon is most 

Table 5. AQro • ecoJooical delerminaots 
S.No. Jnsoir:nionnJ faccors 
I Most suit,ible cron in existinlc' climatic conc.litioru 
2 Has hion (lt'oua.ht 11)ler.uu & escaoini;: c.10:icit\' 
3 Heins in �ii and moisture conservation 

4 lmoonant com,,onc:nt of cxistinc. cro ine sv.stem 
s Can erow with low soil moisture/very low m.infall 
6 Cremes suiw.bte nlicro-clim:1.1e in ctop fields 

7 Add or�a,1ic mauct ond increa� soil f�11ili1v 

*PMS= Possible Mnximum scores.

The other agro-ccological determinants recorded 
<luring the Study were "snapmdon crop hdps in S-Oil and 
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(khclrc) of 277 6 

suitable crop in existing climatic conditions. it can grow 
will, low soil moistun.4v..::ry low rainfall, has high drought 
tolerant & escaping capacity, it is a important component
existing cropping system which were- ranked a.-,1"'. 2"d, 
3"1, and 4•t• by the rc.spondems with scores 705, 686, 667
})nd 502, rc,spcctivdy as shown in Table 5.

Score (PMS•= 756 Rank 

105 I 

667 3 
433 5 

502 4 

686 2 

334 7 

298 6 

moisture conservation and it cerate suitable micro-climate 
in crop fields A<lJ organic nunter an<l increase soil 



fcnility as were viewed by the respondents. The 
n:straintS in adoptfrm and production of sm-,p1ndon nt 
large scale in hot arid regions. 

It is a well-known fact Lhat the �napmelon i$ a 
u·emendous crop grown in hot arid regio11 of western
Rajasthan at Jargc .SC,l'lle and famers c.an1 th�ir livelihood
by this crop. The crop is highJy suirnble in harsh and hard
climatic condition of the region and the frtrmers of the
region irt.>w ii en:.:;ily wilh low inveSLmenl. However. the:
farmers face some restraints (constraints) in successful
qualjty pn)duction of s-napmelon at large and commercial
scnlc. io c.he regioo. Outing 1.he preseot study, the
respondent farmers reported various restraints 

(constraints) which hinder the high adoption and 
pr(><luction of $nApmcfon Al large S(: .;)11! on their field$. 
The major such restraints as l'eported by the respondents 
during the �tudy were; St-nrcity of water, very low and 
erratic rainfall. occuri·ence of drought very frequently. 
wry dC-C-P and poor quality of ground wat�r. unfamiliarity 
wilh improved production 1echnologies. lack of viable 
schemes and support system. poor marketing and market 
intelligence S)' $lc:-m anti pc)()r exlcmsion anti jnformmion
system which were ranked as ,�•. 2"'1• 3"'. 4'1'· 51". 611'. 7"'.
nod glh by the: responrlenLS with scores 988, 967, 91.2, 
1!88. 756. 746. 634 and 600. t'c.spocrively as reveals Table 
6. 

T able 6 : Ma·or restramts in adootion and oroduction o f snaomclon at Jar)?c scale. 
S.No. Resln,ininn fac:1ors Score (PMS"= 1296) Rank 
I Se.'trcitv of w.:tll;!.J· 988 I 
2 Qceurr�1\C� 1)f dn--.uoh1 v�1•v (1�1u�1ulv 912 3 
, Vcrv dccn and n.)t)r ouaU1" of {!"mund water 888 4 
4 Vcrv low and cm,tic rainfall 967 2 

s La.ck of standardized tec:hnie1ue of value addilion 374 11 
6 Comoara1ive n�t income is low 488 10 
7 Unfamiliaritv willl imnroved t:tn)duc1i1.)ll 1ecllll1.)looies 756 5 

8 Poor cxten�ion and infom\ation sv!i.tem 
9 Lack of viable l-C.hcmes and sunnnrt svstcm 
JO Poor trans~�nntion and linkn!?.c svstcm 
I I lnade<:1uale sunnlv of ek(·trkil\' 
12 P(H)r matke1irrn ;;and ma.tke1 in1elli�ence S\'Slem 

The other restraints, obscr-,•ed during the study 
were. poor transporcation and linkn.ge syscem. comparative 
net income is low, lack of stand:uclized technjque of value 
addition, inadcqua1c supply of clcctric.ity, clc which were 
COJtsidered responsible for low adoption aJtd production of 
snapmclon in hot arid climatic conditions of the western 
Rajasthan. 11tese findings are in conformity of the 
findings of Magray el. aJ., 2014. 

The presem SLudy revealed that 1here were 
several economical. production and technological. socio­
p$yc.hologkal. l:ilOragc and marketing anti ngn'>-ecologk::il 
determinants factors which encourages the farmers for 
adoption and productioo of ,;napmolon at la.rgc scale in 
hoc a1·id agro-e.cosystem of Wc��tern Rajasthao. During the 
study it was also fo\lnd that the farmers face some 
restraints in succcssrul quality production of snapmdon nt 
large and commercial scale in the l'egion. During the 
prcsc:-nt study. the respondent funncn; reported various 
restraints which hinder the high adoptiOJt and production 
of snapmdo.1.1 at lnrgc scnlc. These rcstrnint factors should 
be kept in mind while preparing ant research and 
developmental programme for large scale production of 
snap1nclon in ho1 arid climAlic c�mdili(mS (>f the counlry. 
Therefore. suitable strategies and action plan should be 
prepared t() c()mblll Lhc harn:i.ful re�tra.in1$ $() 1ha1 farrner.;
can able to pl'Oduce snaprnelon ac large scale. 
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Abstract 
Biology and morphomatrics studies of lemon bune.rtly. Papilio dcmolcus L. were carried out on bael. Adu)( 

fornak laid eggs siogly on the under surface of cendcr leav�s and also on tender twigs. The pookd mean duration of the 
diffe.rent stnge� of lemon bunertly viz.. 1he incuhntion period of2.80 day�, larval period of9.23 days, pre-pupal period of 
0.99 days, pupal period of 8.11 day�. female adult longe,,i1y period of 6.95 days and male longevity period of 3.85 days 
respcc1ively. The ave.rage leng1h, width and wing expanse of male hunerfly were found 10 be 27.961 mm. 5.997 mtn and 
88.518 nun while fcnullc huu.:r.tly was found to be 29.0 LS inm, 6.327 m.m and 9 L.072 n:un, respccLivcly. The 
morphomctric varialions of differem life stages of 1he ciLrus buucrfly have been recorded. 

Key words: P<1pUio demoleus, Aegle numne/os, biology, morphomatrics. 

lntroducUon 
Bad (Aeglt• manm•los Correa) bdong..'i co family 

Rul.lceae is an important indigenous fruit crop to dry 
forest in hills. plains of c.entral and southem parts as well 
as ar,id and .semi arid regions o.f India. 11 also called as 
Beng;tl quince: Qr Indian quince. FntiLS an: fa.Lm)11S for i1s 
medicinal vnh1c:s as wc:11 as edible frui1 qu:�lily. The 
diJferc:nt parts or hac:I are usi;:d for various therapeutic 
purposes, sucb as for treatmc:nL of asthma. auac:mfa, 
fractures. healing of wounds, swol lc;:n joinl.S and diarrhoea. 
Th� omipe dried fn1it of bac1 is a.stringent. digestive. 
stomachic and dysentery, Sweet drink prepared from the 
pulp of fruits produce a soothing effect on the p;,tients 
who havi.: ju.st rccovcn:d from bacillary dysentery. The 
bael is gaining popularity among the farmers of arid and 
semi arid areas for economic cultivation. However, the 
quality of fruits and productivity is not oblained up lo the 
standard (Samadia and Haldhar, 2017). 

One of the reasons for it is infestmion of insect­
pests on the vegetative as well :is developing fmiL� which 
ult:imatc:ly leads to significant yield loss and quality 
attributes of the fruits. About 30 species of insect and 
mites have been reported feeding on bael in lndia (Lakra. 
2004). Various types of insect-pests are found to be 
infesting bael in which /'. demoleus is major one which 
defoliate the plant. Pathak and Rizvi (2002) r�po1·ced thm 
the P. demoleus is a serious ciu·us pest irl llldia. Amollg 
various insects of bael lemon butterfly commonly known 
as the lime or citrus swallowtail, has a succe.�sful dispersal 
and t>c.c0(rUng a major pc.st of citms planL� ttm)ughouL 
Asia. The infestation of P. Jemoleu.) · appeared from 
Augus1 10 Febmary. The highest egg. larval popula1ion 
and plant infosunion wl.!n:. observed L2.75, 6.l5/ l0 
brr-inches an<l 65.0 %, rc;:Spectivc:ly. The: re-la1ionship 
between lemon but1erfly egg, larval popula1ion and 

maximum tempe!'arure was negacively cMrela1ed whereas 
the maximum relacive humidity wa.s positively in add 
region (lhldhar e, al .. 20 I 0). P. de11u)lt'11s feeds on the 
foliage of citrus trees and is regarded as a major citrus 
pest especially in nurseries the lal'val rorms cause serious 
damagt: to ciLruS fam.ily by t'lt:.vouring large quantity of 
foliage du,;ng the later s1ages of their developmc:nL The 
biology rmd devi::lopmental pc:riod is mainJy di::pc:ndanL on 
1he climate, l◊t;:ition and plant specie�.:; on it feeding. The 
dc;:folia1ion was observc;:d 83 per cent in swee-l orangc;:8 
grown in the Southern ionc of Andhra Pradesh 
(Narayanamma er al .. 2001). Severe infestation res\llts in 
defoliation of the tree and leads to retarding of plant 
growth and dccrc.a.5(:S fruit yield. Keeping in vkw its 
economic importance. the study has been carried out for 
biology and morphomatics of lemon butterfly, P.

denwleus on bael to develop a tool for eco .. friendly 
management. 

Materials and methods 
The larval popuhHions of lemon butlcrfly were 

colJcctcd on bacl plants from cntomologic-al experimental 
field of ICAR-Ccntral lnstitutc for Arid Hortic\llturi.:. 
Bikaner (N 28 ° 06' E 73° 21 ') situated in western parts of 
Rajasthan and brought to entomology laboralory to study 
the biology and morphomatric of lemon butt-trtly. The 
biology of lemon butterfly on bael was studied during 
September lo November of 20 I 5� 16 and 2016� 17 in the 
entomology laboratory by collecting fifth instar larvae 
regularly from the bael plants from entomological 
experimental field. '11le larvae were J'eared in glass jars by 
providing fre.sh bael leaves daily. 'fhe male and temale 
adults obtained were released in cages for egg laying. The 
adult moths were provided with I() per cent honey 
solution ill conon swabs that we,·e left suspend�d in the 
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cages 1,hroughoul the period of egg laying in which tender 
bad lwigs wcrl! phlct:d in c(mical llasks c.onrnining Wf1te.r. 
"fhe twigs were changed after one day. The eggs were 
transferred 10 petridishes containing fresh 1ende.r leaves in 
petridishes at room temperature (28:t2"C). A moistened 
fihcr paper was kepi in each pe1ripla1.e l() prevenl the 
drying of leaves. The c:uerpillars were maintained in 
pctridishcs upt(l third instar. Later on they \Vere 
transfor1-ed aod reared in separate glass ,roughs a,ld 
aJlowed to complete first ieneration. 

Teo samples (egg. larval stages. pupa and adull) 
were used for obscrvn.tion and measurements. 'fhe larvae 
were reared under laboratory condition for measuremenl 
of different stages. The average Line-ar measu1·emcnts of 
various body parlS or male un<l re.male buucr0y were 
obtained under a stereo binoculars microscope (R;,dical 
lnSLrumcntS, Amb:da, Haryana, India) using Jcnoplic. Pr<> 
2.8.0 software. ·n1e 1crminology used to denote different 
parts of 1he body of the buuertly (Haldhar, 2012; Haldhar 
and Singh. 2014; Haldhar e, al .. 2015. Haldhar n at..

'20.16). Transformf'lti.ons wi:re used as ncccssftry to f'lcbfovc 
normalily in 1he data befol'e analysis. The data on biology 
and morphomatrics of fomon butterfly were- analy:icd 
through one-way ANOV A usiog SPSS software. The 
standard error of 1he mean was caJculmcd bv this 

s 

formula -fo. where, •.f is the sampk s1amfanJ <lcviiuion
3nd ·n· is lhe size (number of observ;1.1ions) 0L'1bc sample. 

RcsuJts :md discussion 
The fhdd experiments were conducted during 

2015-16 anti 2016-l? with bael (Aeg/e nuu·11u,los) I() 
de1ermine Lhe biology and ll\Ol'phomatrics s1Udies of 
lemon buucrlly. Papi/in demnleus L. On lhc basis of 
pooled data of 2015-16 aod 2016-17. adult fem,,k laid 
eggs singly on lhc under surface of lender leaves and also 
oo teoder twigs by cul'liog il,; abdomen. The freshly laid 
eggs measured 0.91 mm to 1.04 mm with an average of 
0.98 mm and smooth. spherical creamy yellow in colour 
;rnd they turned to grayish with brown streaks all over the 
chorfon before hatching:. lncubat..ion pcrivd ranged fmm 
2.38 to 3.25 days. There were only five larval instars 
whid1 lhe avcrage <lurnlion of fin,1 tO fiflh ins1ars were 
2.21. 1.03, 1.55. 1.93 and 2.51 clays respectiveJy. Newly 
hmcht!d c.Rlt!rpillars Wt!re It!$$ $piny, c.ylinclricnl io Shi'1pt!, 
light bl'Own lO brownish black in colour with thorax 
tbicki:r than rest of th.; body havi1.1g di.rty wh.iti: mark on 
dorsal side showing l'esemblance co birds excreta (Table I. 
2. 3 & 4). Rcsham et al. ( 1986), Singh and Gangwar
(19K9). Radke and Kandalkar (1989) and Ramakrishoa
Rao (2015) rcJX)rted lha� the incubation periods varying:
rrom 3-7 days. 4-7 days. 5days and 2.90 days.
rcs�ctivcly. The difference in the incubation period was
due to vo.rintions in the weatJ\er factors of different
regions,

�The first ins1ar larva recorded an average length 
and widlh of 5.56 mm and 1.55 mm respectively. The 
average duration of first instar larva was 2.2l day$ with 
range of I. 63 to 3.13 days. The secood iostat latvac were 
le:$$ Spiny and dnrk bn,wo in colour with a dirty white line 

present obliquely along lateral sides of the abdomen and 
wilh a break on the dorsal side. The avcr.tgc size of lhc 
second instar Jarw1c in length and width was found to be 
9.05 mm and 2.71 rnm. respectively. The average second 
instar larval period was found to be 1.03 days with a range 
of 0.75 l() l.38 days. Th.ird in$Ulr larvae wc:re re$embled 
the second instar larvae except in size. Third instar larvae 
wa$ recorded an average lcnglh ancl wid1h of 13.25 m.m 
and 3.659 mm. tespectively. The average thil'd instar 
larval pc;:-dod was l .55 days with rage: of 1.25 to l .88 days. 
The fom•th insrnr larvae were black in tl)lour with a liule 
greenish tinge and whitish bands could be seen on mcso 
and me1a lhoracic segmenL'> laterally. anlerior parl or

abdomen and on Jast anal segments. The average fourth 
inSLar larval period was founc.l l() be 26.56 mm in length 
and 5.74 mm in width. The average founh instar lar,•al 
period was foun<l to be 1.93 days wilh a r:mgc of 1.63 tO 
2.25 days. 'f'iffh instar Jarva were yellowish green or green 
in colour. The average lenglh aod width of lht! fif1h in$tar 
larva was found to be 42.86 mm and 5.74 mm 
ri:spcctively. The l'tvcn1gi: duration of fifth instar larva was 
2.51 days (Table I. 2. > & 4). The re. .. uhs of the present 
investigation arc also comparable. with Madansuri et <ti.

( 1979) who �corded the mean head capsule wid1h of firsl. 
second, third, fourth and fifth instars of P. demoleus as 
0.61. 0.95. 1.49. 2.33 nnd 3.64 rnm re.-.pec1ively. Shnrir et 
aJ. (1989) recorded the durntions for egg, Jarva and pt1pal 
stages as 3.24, 18.24 and 11.7 days respectively and the 
but-te-rfly had four generations in a ye-ar with a Lifo cycle of 
33.19 days fm<l simih1rly Jr1hn:1vi ct al. (2018) recorded 
duration of total larval period varied from 17 .16 to 17 .66 
ctays wi1h an average of 17.53 day$ on acid Ume. 

Before changing to pre .. pupa the caterpillar 
sb.runk in side and it hangs from the Lwig wiLh the help of 
a silken gitdle. The pre-pupal pe-riod was obsel'ved to be 
0.75 to 1.2.5 <fays with an avi:rage of 0.99 days. Pupae 
were naked and v::i.ried in coloul' from green. straw Ct) 
brown majority being green in colour with several black 
ma.l'k..ings on lhe body. The average length and width of 
the pupaJ period was found to be �0.48 mm :md 8.8� mm. 
respectively. The duration or the pupal period was 
observed to be 7 .38 days and 8.50 days with an average of 
8. l l  days. Adult bullerfiies were larie and beautiful with

wide wing spread. Head. thorax and legs "vere black with
cretlmy yellow Streaks l)n either side, whole abdomen.
The average length. width and wing expanse of male
butterfly were found to be 27.96 m.n:i, 6.00 n:u:n and 88.52
mm while female butterfly was found to be 29.02 mm.
6.33 mm and 91.07 mm, respectively. The female adults
were lived longe,r than the male adult. T1h�- longevity of
male and female was 3.38 to 4.25 and 6.38 to 7 .38 clays 
with an ave.rage of 3.85 and 6.95 days when provided wirh
dilute honey as a food ('I';,ble I, 2, 3, 4 & Plate I). The
va.ri:1tion in o<lult longc.vity was in ngrccme-111 with the
findings of Ramakrishna Rao (2015) and Jahnavi c, al.

(2018). Singh and Gangwar (1989) reponed the longevity
female and male was 5.80 and 5.10 clays. Smjth er al.
(2008) �LU(lied !he l::lx(mt)my and n:K>rphol<>gic.al
characters of 5 species or r. demoleus. P. demOllocus. r.

eri1honinides. P. grosesmithi, and P. morondawnw based
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on features of the wings. male and female gcnjtalia. The 
result$ n-Vdllc<l that the mil on hin<l wing vein M3 is 
rudimentary or very short, less than twice as long as those 
of neighbouring vc:ins in P .  d,:molt:IJ.$. 
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T a· able I 1oloc"·' of different life Stat!t:S of the lemon buUt:r th·, Paoilio demoleus in 2015-16 
s. 

No. 
I 
2 
3 
4 
s 

6 

7 
8 
9 
10 

Life slagcs 

incubation neriod 
1-" iostar Jarva 
2"u instnr la!'va 
3"' insuu: Jarva 
4111 instar larva 
5111 instar larva 
Pre�1,unaJ r1eriod 
Pupal ~riod 
Male ::adult lon2.evirv 
Fe.male adult longcvirv 

Menn ol Len snmple� 

Duration in cl.avs 

Minimum Maximum Mi;an SD SEm 

2.250 3.250 2.750 0.312 0.099 
1.500 3.000 2.150 0.444 0.141 
0.750 1.250 0.975 0.219 0.069 
J.250 1.750 1.500 0.204 0.065 
1.750 2.250 i.900 0.175 0.055 
2.250 2.750 2.475 0.219 0.069 
0.750 1.250 0.950 0.197 0.062 
7.500 8.500 8.050 0.329 0.104 
3.250 4.250 :umo 0.307 0.097 
6.250 7.250 6.900 0.337 0.107 
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T:tblc 2 Biolo .. -u of different life st�H!eS of the lemon butter flv, Panilio <lemoleus in 2015-16 
s. 

No. 

I 

2 
3 
4 
5 

6 
7 

8 
9 
10 

Life stages 

loeubatioo period 
J 51 iusrnr larva 
2nu instar larva 
3�' instar larva 
4 "1 inst at larva
511 insrnr larva
Pre-pupal period 
Puoal rw--1iocl 
Male adull l0J12.evil v 
Female a<lull I0m!eVilv 

Mean ol ten samples 

Duration in days 

Minimum Maximum Mean SD SEm 

2.50 3.50 2.85 0.34 0.11 
1.75 3.25 2.28 0.46 0.15 
0.75 1.50 1.08 0.29 0.09 
1.25 2.00 1.60 0.27 0.09 
1.50 2.50 1.95 0.28 0.09 
2.25 3.00 2.55 0.28 0.09 
0.75 1.50 1.03 0.25 0.08 

7.25 8.25 8.18 0.41 0.13 
3.50 4.50 3.90 0.32 0.10 
6.50 7.50 7.00 0.33 0.11 

Table 3 Pooled Lima or bioh)•h, of different life srn!::!es or Lhe lemon butter flv. Pam'lio demaleus in 2015-16 ancl 2016-17 
s. Life: SL.'lge$ Dumtion in dnys 
No. 

M.in.imum Maxjmum 
I Incubation ncriod 2.38 3.25 
2 1,$' instat larva 1.63 3.13 
3 2n"' ins1:1t larva 0.75 1.38 
4 3ra insuir larva 1.25 1.88 
5 41 

-instar larva J.63 2.25 
6 51

" instar larva 2.25 2.75 
7 Pre-ouoal oeriod 0.75 1.25 
8 Punal --dod 7.38 8.50 
9 Male aduh lon�evitv 3.38 4.25 
l0 Female adult longevity 6.38 7.38 
Mean or len samples 
T bl 4 L' " C mcar morohomctnc measurements o < crcnt 1 c sta�es o f liff f 
S. Life stages Measurement in ·mm· 
No. Minimum Maximum 

Egg diarnecer 0.91 1.04 

Leogrh of l &l iostat larva 4.78 6.91 

Width of I 111 instar larva 1.47 1.65 

Length of 2n11 instar larYa 8.45 9.78 

Width of2D(I it'ISl3J' larva 2.44 3.01 

LengLh of 3rv insLaJ' larva [2.05 14.89 

Width of 31
..., iostat larva 3.12 4.01 

Length of 41
' instar larva 24.59 27.89 

Width of 4"' insmr larva 5.45 6.02 

Lengthof'5' instar larva 40.15 45.78 

Widt..h of 51
.1• instar larva 6.52 7.14 

Leng1h of pupa 29.58 :11.25 

Widt.h of pupa 8.45 9.25 

L.::ngrh of adult male 25.36 29.68 

Widt.h of adult male 5.88 6.12 

Width of adult male with wing 86.99 90.25 
expanse 

Leogrh of adult female 27.28 30.89 

Wich.h or adult female 6.01 6.55 

Widdl of adult female with 88.97 93.58 
wing expanse 

Mean 01 Len samples 
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Mean SD SEm 
2.80 0.31 0.10 
2.21 0.45 0.14 
1.03 0.25 0.08 
1.55 0.23 0.07 
L.93 0.21 0.07 
2.51 0.23 0.07 
0.99 0.21 0.07 
8. l I 0.35 0.11 
3.85 0.30 0.l0
6.95 0.33 0.10 

the cmon b utter IV. PtJOi ;o emc eusfl I d 

Mean SD SEm 

0.98 0.04 0.013 

5.56 0.63 0.199 

1.55 0.07 0.021 
9.05 0.5[ 0.161 

2.71 0.20 0.063 

13.25 0.84 0.266 

3.65 0.27 0.085 

26.56 1.06 0.334 

5.74 0.l5 0.049 

42.86 1.95 0.616 

6.78 0.22 0.068 

:10.47 0.55 0.175 

8.88 0.2[ 0.066 

27.96 1.24 0,392 

5.10 0.09 0.028 

88.52 l.17 0.369 

29 .02 1.08 0.342 

6.33 0.19 0.060 

91.07 1.62 0.511 
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Abstract 

Chilli (Capsicum ammm L) is one oflhc mos1 impor1an1 vegcwblc crops of the co1.1111ry ;lnd used as a spicc. The 
development of the tlgriculture primarily depends on the application of the scicnci; and technology by making tht.: bi;:st 
use of available resources. One of the major constraims of traditional chilli farming is low productivity due to non­
adopt .ion of n::commcnded impi:ovc:d production Ledmologies. To overC(n:ne 1Ju:se constrainLS. K.VK-Paochmahals Wf1S 
conducted Front Line Demonstrations at various farmers fields to show the difference between improved production 
lechnology and c.xisting technology. During d,e study period, it was observed that in front line demonstrations, d1e 
improved Chim varie1y Gujarat Vegelable ChilJi-12 l rec<mJc;d lhe higher average yfold (95.60 q/ ha) as compared 10 
local check cv. G-4 (70.30 q/ ha). The p'-!r cent (35.98) incrcaw in the yield over locaJ check was r'-!corded. The 
technology gap (25.30 q/ha) and the technology index values (26.46%) were recorded. Jt is concluded that wide gap 
�xis1e-<l in po1entinJ and demous1rntiou yield in high yielding chilli vMic.::-ties due 10 tech.uology and �x.1ensiou gtlp in 
Panchmahals district of Gujarat. By conducting front line. demonstrations of proven technologies. yield potential of chilli 
c.an be iJlC-reased to a great extem. le is not only increasing tJ,e income but also livelihood of che farming community.

Key words: FLD (front line demonstrations), local check (G·4). chilli. technology. yielcl 

Introduction 

ChjJli (Capsicum tumum L.) also known as hot 
pepper was introduced in India from Brazil in 16th century 
by Po,tuguese and jt is one of the n1osr imporc.anc 
Vl!getabfo crop of the country and used in culinary adding 
Oavor. colour. vitamins and pungency (Thamburaj and 
Singh, 2()()l). It is widely used in preparatjon of curry 
powder. curry paste and all kinds of pick.Jes and preparing 
sauces. soups. salad etc. The total area. production and 
producliviLy of chiUi in India jg 8.45 lakh ha. 2 1.26 MT 
and 2.51 MT/ha. respectively. In Gujarat. area. production 
and producci,11y of chilli is 43.4() (000 ha). 6�.53 MT and 
J .57 MT, resp<!clively (Anonymous, 2016). 

ln Panchmahals district of Gujarat Chilli is one 
of the most important vegetable crops. 'fhe area and 
production of chillj of the dis1ric1 are 221 l ha and 2260.65 
M.T (Anonymous. 2016).

The Gujarat Vegetable Chilli -121 is one of the 
most imporrnot vMiety of the area. A fie.Id c.rial was 
c.1rried out at ten farmer's field at PanchmahaJs district of
Gujarat unde.r front line demonstration during 2009-2010. 
.II can be grown throughout the year with ensure i.rrigntion 
facility. havever. the large numbers of Canners grow chilli 
during season. ·111.e climatic conditions of the 

Panclunahals district of Gujal'at i .'; characterized n.s lu)r 
semi-arid ecosystem. 

The m.1in objective of Front Line 
Demonstrations (FLD) arc- populnri.zing the goorl 
Agricullure practices (GAP) like as high yielding 
varieties. seed treatment.. spacing. inlegrated nutrient 
management (INM), ituegrmed pest and disease 
management etc among the farmers. ll is also involve in 
orgamz.mg extension programmes {field day) for 
horizonia1 disseminating Lhe tecb.nologies. FLO is playing 
a very important role in proper n·ansfor of technologies 
and changing scientific temperament of the fam'k".rs. 

Generally, 1he agric.ultural technology is not 
accepted by thi; farmers completely in all respects. As 
such there ahvays appears to be a gap between 1he 
recommended technology by the scienList and itS modified 
fonn at lhe farmer's Jevel. The technological gap is thus 
the major problem in the eft'ons of increasing agric.ulturaJ 
prodnc.c.ion io the country. A need of che day is to rerlnc.e 
the technologict,l gap between the agricultural technology 
recommended by the scientist or researcher and its 
ncceptance by 1he. farmers on lhcfr field. In view of the 
above raclors. frontline dcmonslrations were undcrlaken 
in a systematfo manner on farmers' field to show the 
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worLh of a new technology and convince t.he fatrne.rs LO 
adopt the same. 

Mat�rials and Methods 
The present study was conducted in Pnncbml'lbnls 

district of Gujarat during 2009-10. The ge.nuine or 
tn.nhfuJly labeled seeds of chUlj cv. Gujnnit Vegetable 
Chilli -121 (GVC 121) was pn:>cut'Cd from Anand 
Agriculrund Univi:rsity. Anand (Gujnrnt) . The healthy 
So;"-t"-dlings were raised u,ld..:r k'-"'-�n supervisioo of KVK 
ex.perL.:. at fam1 aod di$Lributed tO ttm $elC:CLed farmers of 
various vilJages vit. Ghoda. Manipur. Bhalania. Richhiya 
and Surdi under FLO program.me:-. AU Lhe pmticipa1ing 
tanners were trained on various aspects of chmi 
pmducli(m technologie?). The field was preparcJ by one 
deep ploughing during May and two harrowing before 
transplanting.. A om· fifth an:·u was o.lso <.kvoled lO grow 
local check (cv. G·4). All the recommended practices Le. 

seed Lre.aLment. spacing, recommended dose of manure 
and fcnilizers. weed managcmcm, in.sect pest 
mana.gement have been adopted by the fanners in bmh 
treatments G •4 as local check and Gujarat Vegetable 
Chilli -121). The data n.!lated to cost of cuhivation, 
production, productivity, gross return and net rc-tun.1 wen: 
collected in both tre.umcots tin-.c to time from all 
participating farmers. An average of cos:l of cultivation 
yield. oct returns of diffotem fatrncrs was analyzed by the 
formula. 

Average = 

(F1 + F2 ............ Fn) 

N 

Pl= Fanner 

N=No. of fa,mers ( I 0) 
In d1e pl'esent study, technology index was 

operationally cfofi.ned as the technical feasibjljty obi.ained 
due to implementation of front Line Demonstrations in 
Chilli. To c-Stirm\lc the technology gap. <.'Xlt:nSion gap and 
technology index following formula used by Samui er <11. 

(2000) hove been uS,cJ: 

Technology gap = Pi (Po1en1ial yield) - Di (Demons1ra1ion 
yield) 
Excension gap = Di (Demonstl'ation Yield) - Fi (Fa.-mers 
yield) 

. , Potential yield -Demonstradon yle.i:d 
T�chnology lDCi.H -

p 
. 

I • Id 
x 100 

•tentia yie 

Rt.-sult :'md Discussion 

Performance of FLO 
A <:ornpr<."��sion of pr(xlut:.Livity l�vds b�tw��n 

demonstrated variety and local check (0-4) is shown in 
tlible-J. During th�Jk.riod of study. it was n!COrd�I that in 
front tine demonstrations. the improved chilli cv. GVC

12 I r�or<led the higher average yidd (95.60 qi ha) as 
co11:1par1;d to local ch1;ck (70.30 q/ hn). Thi.: pi.:r oi.:nt 
incre.n .s.e in th� yield over G-4 was 35.98. It is clear fro1n 
the study that the pcrfonnaoce of impro,1ed variety was 
found bettc.r than the local check under same managcmeot 
and environment conditions. Sim.ilar yield enhancement in 
differeot crops in front line demonstration has been 
d(K'.umentec.l by Kumar ,a al. (2014) in okra, Hi.rermllh el

al. (2007) in onion and Mishra er aJ. (2009) in polato. 
The farmer$ were molivntc:c.l by rc:::;uhs of agm 
technologies applied in the FLOs trials and it is expected 
tha1 lhey ,v,>Uld a<lop1 these technologies in the coming 
}'\":MS, 

T�chnology gap 
The 1echnology gap shows lhc demonstration 

yield over pOlential yield nod ii was 25.30 q/ ha. 11,e 
Fronl Linc Demonstration was laid down under lhe keen 
supervision of KVK Specialist a, the farmer's field. TI\ere 
cxht a gup b<:twecn the• potential yield and dcmom;t.ration 
yield. This may be due to the soil fertility aod weathc,· 
conditions. Hence location specific rccommc .ndation.s arc 
necessary to bridge d1e gap . These findiogs are in li1lc as 
re.ported by Samui er aL (2000) in ground nut and Shanna 
a1ld Sha1•ma (2004) io oilSeeds. 

Technology index 
Technology index shows the feasibility of the productjon 

techn().logy a1 lhe farm�r·$ field. The lower the value of 
technology index more is lhe feasibilhy. Result of study 
ch:piction in Table• 1, rev�nled that the technol<)f!Y index 
,.,alues were 26.46 The 1·e .sults of the present study are in 
consonfmcc with the findings of Kumar er ct/. (2014) in 
okra. reported 9. 10 q/ha. The similar findings are also 
rcpon.ed by Singh et al. (2007). Mirernalh and Nagantju 
(2009) in onion 

Table I. Yield, technolo" !'.!an and Lechnolo ... index of demonstration 
Variables Yield (q/ ha) lnctease (%) oveI· Technology gap- (q/ Technology index 

Local chock (G-4) ha) (%) 
Locnl check (G-4) 70.30 . 

Ocmonstration (GVC- 95.60 35.98 

121) 

Ecooom.ics or frontlinc dcmom;trutions 
The economics of chiHi cul1iva1ion under fron1 

line dernonstr:uion was cacula1ed and Lhe resuJls of Lhe 

 45 

. . 

25.30 26.46 

Sludy have been presented 1n Table- 2. The front ltne 
demonsmuion recorded higher gross: rcwms (Rs. 53200 I
ha) and nel l'eturn (Rs. 2TT00 /ha) wilh highe.- cosl benefi1 
ratio (2.08) �$ compared to local check (gn,$S return 
42500. net l'erurn 18500 and cosl benefit ratio I. 77). 



These J'Csuhs are in accordance with the findings of 
Kumar cr al .  (2014) in okra. Hiremath cr al. (2007) in 
onion and Hircm.ath and Nagtuaju (2009) in onion. 
Fu1thet. additjonaJ cost of Rs. J 500 pt:r hectilf� in 
demonstrntion has incre.ased addition;.! net returns Rs, 

Table ? E,x.mom.ics of fn">nLline dem(mS1ralions -· . . 

I 0700 per heccare with incremencaJ benefit cost ratio 6.13 
suggesting its higher profitability and econom.ic viability 
of the demonstration. More and less similar results wen; 
also reported by loliremath alld Nagaraju (2009) io ooion. 

Variables Cost of cultivation (Rs/ ha) Gross return Net return (Rs Benefit: cost ratio 
(Ro/ hll) 

Local check 24000 42500 
Demons-11·ation 25500 53200 
Additional in 1500 I 0700 

demonstration 

* Incl'emental benefit cost ratio

The tindings of Lhc .-.Ludy revc.aled 1haL wide gap exfatcd in 
potemial and demonsu·aLion yield in high yielding chilli 
variety due to technology and extension gap in 
Panchmahals district of Gtijarat. 8y con<h•cting front Jin-: 
di:m(m$Ln)Li()nS of proven lc:chn(>logies, yield potential of 
chilli can be increased to a great extent. This will 
substantially incn.:ast: th-: income as well as th-: livt:tihood 
of Lhc- farming community. 
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Abstract 

The presem su1dy on distribution of ,njcronutrienL cataions in arid irrigmed acid li.rne orchard soi.I profiJes in 
Sikar districl of Rajas1han was conduc1cd d\lring: March 2007-2008. The St\1dy inch1dcd analysis of soil profiles with 
respect to micronutrients. The available iron ranged between 3.54 to 6.38 mg kg°1

• available zinc between 0.247 to 1.017 
mg kg"'. available copper between 0.103 to 0.420 mg k.g·' and available manganese bcnvecn l.37 to 5. J 5 mg kg:'1

• AJI the 
micronutricnts were found to be low to medium in range. 

Key words: At"itl lime. Orchards. Min<mu1rien1s

lntroduclion
India has large arid zone covering an area or 

317090 sq. km scattered mainly in the No,th-West parts 
of country and Rajasthan alone covers 62.00 per cent of 
area under ::lrid zone .• ln Rajaslhtm, fruil ctill.ivation is

practised over au area 19795 ha and total production is 
238475 tonnc.s (Anonymous 2005)."'fhe area of .Sikat 
distri<:l f<.mns a part of Thar desert which covers an an;;a or 
774244 square kilometres situated in the NorLh Eastern 
Rajasthan. The distticl has moderate climate with seasonal 
temperntun;; variation with SCfmty rainfall lo the 
magnitude of 450-500 mm per annum durinr, nonnal
rai,,fall year'$. The high temperarure (up to 48 C) along 
with high wind veloci1y. low soil fortili1y s1atus. low 
water retention capac.ity of soil, high soil pH. salinity. 
calcium cal'bonate concretion in sub soil etc. are- hal'd 
impediment in successful cultivation of many fruit crops 
in ii.rid region. Increasing the production of fniits thus has 
sufficient scope in arid 1·egion of Rajasthan. ln Sikar 
district the area under fruit crops is 0.002 lac ha with 
productjon of 0.02 lac metric tonnes (Anonymous 2005). 
There- is a vast poLemial of increasing area under Jh1it 
cultivmion in arid region of Rajasthan provided irrigation 
facilities are available. These area..� are suitable for 
cultivati.on of fruiL C·f'OPS such as aonla, ber. beal citn1s, 
pomegranate etc. Presently Sikar district has nearly 
2, 12,096 lac hectares irrigaled area through tube 
wells/wells. Jrrigation facilities has opened great avenues 
for cultivation of fruit crops likes bcr, aonla. bacl. lime. 
pomegranate. datepalm. guava. jamun. karonda. phalsa 
e1c. besides lf:lditionally gi:own fru.its such as Ker 
(C<1pparis decidua). Gonda (Cordia myxa). Pilu 
(SalvadtJra tJ!eil>des), Khejri (Pro.t0pis cinemria) etc. 

Inspite ot' aJI vagaries. the farmers ol' Sikar district has 
shown tremendous response towards fruil cullivmion 
partkularly of ber. bael. lime and aonla fruits. 
rn Indian fruil industry, poor nutrition is the major cause 
of low orchard efficiency restilting poor productivity and 
poor fruit quality. Sufficient information on nutrient 
managc.ment in fruit crops has been generated, but 
response and requirement of nu1rien1..s of pen:;nnial fn.ii1 
crops vary markedly in a particular area depending on soil 
and clirnacic conditioos and also depeod on gn)wtll. 
bearing habit, age, root stock ::"md management practice.s. 
Balanced nutrition of fruit crops is paramount importance 
p:u1iculatly in arid nrcas haviog largdy sa1\dy soils of 
poor fcr1ili1y status. For knowing 1hc cxac1 stal\ls of 
mineral nutrition in the fruit trees. survey of the orchards 
for their fertility status is done. Stud.ics on nutritional 
survey of arid fruits in Rajasthan arc meagre inspite of 
their great importance and relevance. With this aim. lhe 
present srudy wns undertaken to evaluate the 
mlcronutricnl fertility Status of different orchards in Sikar 
disu·ict. 

Mal.erials and M�t.hods 
A detailed soil survey during the year 2007-2008 

was conducted in Sikar district of Rajasthan. Orchards 
were selected in such a way that Lhese can represent 
general conditions of area under study. Eight orchards 
were selecLed covering different Lehsi1s viz. Dant.a 
Ramgarh. Piparali. La)(mangarh and Srimadhopur.The 
dciails of locations and name of the frnit growers arc 
given in table below. 
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S.No. Name of f
r

uit Village location 

grower 

I. Shri Prahalad Raghun:11hgarh Rag.hun.Uhgarti 

2. Sllri Panna Pachar Pachar-IV 
R:un 

3. Shri Ram Dev Purohit Ka Bn..-i Purohil Ka Ra.-.-
Sin••h II 

4. Shri R()opchaml Pachar P:ichar-V 
Pinliwal 

s. Shri Hanumana Sanwalod Sanwalod 
Ram 

6. Shri f'okhar f'urohit Ka Ba.,; f'urohit Ka B,L .. • 

Mal Ill 
7. Shri Ouljari JOnlW.tr N,·1g;·1r forowar N.1gl'tr 

Ku,nawal 
8. Shri Harlal PtLlstmi\ Pals.w,,-m 

Sinoh 

Soil samples wel'e collecced from eight fruit 
orchards. on the basis of variability and orchard 
performance al diffeteot locations of Sikat district. 
Thcrcn.fler. from cl'lch selected orchards. th.rec soil 
profiles. based on soil fenili1y ,•ari:uion and plant 
performance were taken up. One hundred ninely 1wo 
represen1mi ve composile soil samples Ol different soil 
deplhs viz., 0-15, 15-30. 30-45. 45-{j(), 60-75, 75-90. 90-
105 and 105-120 cm. were collected. After processing, the 
soil samples were :malyzcd for micronulricn1s. ·the 
avnilnble Fe. Cu, Zn. &nd Mn w�re �xlracted with DTPA 
solution as per procedure of Lindsay and Norvell ( 1978)
and were delermincd by att)mic:: Ub$t.>rptil,n 
spectrophotometry. 

RESULTS AND DISCUSSION 

The distribution of OTPA extractable 
m.icrQnutrient$ 3$ dc:plh wise: in 8 acid Jimc fruit orchards 
in Sika1· disu'lct of RajasthaJ\ was studied. 

OTPA extractable lron: 
Oislribution ol' D'rPA ex1rac1able iron con1ent 

showed a reg,ulo.r decreasing trend with increasing depths. 
The DTPA extractable iron content of soil dcplhs viz. 0 -
15, 15-30, 30-45. 45-<;0. 60-75, 75-90, 90-105 and 105-
120 cm vari•d from 3.81 to 6.38, 3.79 to 6.36. 3.76 to 
6.33, 3.71 10 6.31. 3.69 lO 6.25, 3.64 IO 6.20. 3.58 LO 6 .15 
and 3.54 to 6.10 mg kg'1v.'lth tlu�ir mean value 4,71, 4.69.
4.65, 4.61. 4.57. 4. 53, 4.48, find 4.43 mg kg' 1,
respectively, On overall mean basis according to soil 
clc:pth$, the rnaximum DTPA extractable iron (4.71 mg kg·
1) was recorded al 0-15 cm soil depth and il decreased
progresfi.ively at increasing. soil depths and was rt:.eordc:d
minimum (4.43 mg kg'1) at 105•120 cm soil depth. The
mean OTPA ex1ractablc: iron on 1hc: ba$i$ of h)ca1ion wi$c:
was found rnaxiinum (6.26 mg kg·') at Jorawar Nagar and
it wa$ recorded rninin:n.u:o (3.69 mg k.g.1) at Pach Ar-JV.
Daca in lablc I revealed that 50 per cent soil samples
drawn fmm, surface soil depth of add Lime orchard$ were
deficient and remai11ing wel'e sufficien1 in DTPA
extractable:- iron i.n lhe prt:$enl s1udy.
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As per the ratings given by Tandon ( 1992a), ,he 
soils having <4.5 mg: kg:·• falls under deficient cate• .. ory 

• 
0 

and those havmg >4.5 mg kg·• falls under sufficient 
category. The deficiem to sufficient status of iron found in 
the soil mighl be due co caJcarcousncss. Jow organic 
carbon conLenL lig.h1 lextured coarse sandy soils. Similar 
ob�rvations were reported by Bhatnagar and Chandra 
(2003) tmd Kunmwat (2005). These fine.ling arc in 
conformity to 1he results of presen1 investigation. 

OTPA extractable 7,inc: 
Data related to DTPA extrac1able z.inc comem in 

�cid lhne orchards is presented in the tuhle 2. Fmm Lbc: 
data preseoted io the rnble. it is eviderl.l thal the DTPA 
c)CtrncLablc. zinc c(mlcnl of soil depth$ viz. 0-lS, _IS-30.
30-45. 45-60, 60-75. 75-90. 90-105 and 105-120 cm 
\•&.rit:d f«)m 0.393 L() 1.017, 0.367 I() 0.997. 0.347 to
0.970. 0.317 to 0.947. 0.300 to 0.917. 0.273 to 0.897. 
0.253 to 0.867 and 0.247 to 0.780 mg kg·' .,.,th their mean 
value 0.796, 0.775. 0.753. 0.728. 0.705. 0.682. 0.656 and 
0.609 mg kg·', respectively. On ovcrnl I mean basis 
according ro soil depths, the maximum DTPA e.xtractable 
zinc (0.796 mg kg' 1) was recorded at 0-15 cm soi1 <kpth
a1ld it decreasl!d progressive!)' a, increasin� soil depths
and was recorded m.inimom (0.609 mg kg· ) at 105-120 
cm soil deprh. TI1e me.an OTPA exrraccable zinc on che 
basis of location wise was fo\ind maximum (0.909 mg kg' 
1) at Pachar-V and it was recorded minimum (0.312 mg
kg'1) nt Rng.hum,1hgarh. Dnta in table 2 revealed thal 2S
per cent soil samples drawn from surface soil depLh of 
acid lime orchards were dcficienl and 75 per cent were
sufficienl in OTPA ex1rac111Me iron in the present study.
Distribution of OTPA extractable zinc content exhibited a
regular decreasing ll'E'nd wit.J-\ increasing dept.J-\s.

As per the ra1ings given by Tandon ( l 9<>2a). the 
soils having I�$..-; t.J-1an 0.6 mg kg'1 falls umkr <lcficic.-111
category. those having 0.6 to l .2 mg kg:'1 falls under
$ufficicnl catcgl>ry. This range of zinc in $oils might be 
due to the presence of quartz. feldspar or the exchange 
complex being such as t<> hnvc. $itt:S $lclturatec.l wit.J-1 Cft/Mg 
under alkaline soil reaction, Calcareous nature and low 
orgtmic matter arc .some of lhc Other pr<>pcrt.ics whc-rc l<>w 
levels of zinc are amicipated. These results are in 
act-ordance with the finding$ of Bha1na_gar anti Chandra 
(2003) and Kumawat (2005). 

DTPA cxtr..lc.t.nble copp\":r: 
Oal3 1·elated to DTPA extractable coppel' content 

in acid Umc- orchards ari: presented in the- table- 3. From 
the daca presenced in the cable., it is evidem thar the DTPA 
cxtractabJc copper content of soil depths viz. 0-lS, 15-30, 
30-45. 45-60. 60-75. 75-90. 90-105 and 105-120 cm 
varied from 0.157 to 0.420, 0.140 to 0.397. 0.137 to 
0.370. 0.130 to 0.340. 0.120 to 0.317, 0.117 to 0.310.
0. 1 I 3 to 0.290 and 0.103 to 0.270 mg kg·' with their mcnn
,,aJue 0.285, 0.269. 0.250. 0.229. 0.2 I 8. 0.204. 0. 194 and 
0.17 3 mg k.g'1, respectively. On ovcra1J mean basis
according co soil depths, the maximum DTPA extractable 
copper (0.285 mg kg·') was recorded at 0-15 cm soil depth 
and it decreased progressively at incre.ising, soil dept.J-\s 



and was r1Jcordcd minimum (0,173 mg kg"1) at 105-120
cm soil depth. ·n,e mean DTPA extractable copper on the 
ba,':>is of location wise was found maximum (0.339 mg kg·
1) al Palsana-111 aod il was recorded m.injm,um (0.J27 mg

kg" 1) at Jorawar Nagar. Dala in table 3 revealed that 25 
per cent soil samples drawn from surface soil depth of 
acid lime 01·chat·ds were deficiem and 75 per cent were 
sufficient in OTPA exLract.able i.ron in 1he present 
study.Distribution of DTPA cxlraclablc copper content 
showed a regular decreasing trend with incrc;\Sing depths. 
As per the ratings given by Tandon (1992a). the soils 
having <0.2 mg kg,'1 falls under deficient category, those 
having >0.2 mg kg" 1 falls under sufficfont ca1egory. The 
deficienl to sufficient available copper slatus of orchard 
soil mjght be due to high pH, calcareousne$S, lower 
organic catbo1) aJld light cextured coarse saody soils.The 
present resulls {m: in accordanc<: with thosi:. r�pOrt<:d by 
Boser and Lodha (197 I) who reported that available 
copper status in sandy soils of Rajaschan varied from 0.05 
co 2.38 ppm. Sim.Hnr types of results have also been 
repo11e<l by Bhaonagar and Chandra (2003) who reporoed 
available copper status in sandy soils of Rajasthan varied 
from 0.0.08 to 0.51 ppm. 

DTPA extractable manganese: 
Distribution of DTPA extractable manganese­

<:ontent showe;;d a regular decreasing trend with increasing 
depths. The data prcscnlcd on DTPA extractable 
manganese content of orchard soils showed a regular 

decreasing trt.:nd with incrcasi; in depths. Data related to 
OTPA �xtractable manganese content in acid lime 
orchal'dS is p1'e,Se.nted in the cable 4. From the data 
presented in the Lable, it is evidenl lhat the OTPA 
extractable manganese content of S-Oil depths viz. 0-15. 
15-30. 30-45. 45-60. 60-75. 75-90. 90-105 and 105-120
cm varied from 1.88 to 5.15. 1.74 to 5.07. 1.68 Lo 5.00.
J.62 to 4.95. 1.57 to 4.90. 1.51 10 4.�3. 1.43 LO 4.79 and
1.37 to 4.74 mg kg'' wioh <heir mean value 3.25. 3.15,
3.09, 3.03, 2.98. 2.92. 2.87 and 2.81 mg kg·'. respectively.
On overall mean basis ac,cording to soil de.pths, the
maximum OTPA extractable manganese (3.25 mg kg'1)
was recorded at 0-15 cm soil depth and it dc;;cn:ascd 
progressively at increasing soil depths and was recorded
minimum (2.81 mg kg.1) at 105-120 cm soil depth. 1'•he
ineao DTPA extractabli:. m:,nganeSe oo the basis of 
location wise WflS found nrnximum (4 .93 mg kg"1) at 
Sanwalod and h was recorded minimum (l.60 mg kg.1) at 
Raghunachgarh. Data in rnble 4 revealed chat 25 per cent 
soil samples dl'awn from surface soil depth of acid l.ime 
orchards were deficfon1 and 75 pe.r cent wvri:. sufficfont in 
DTPA extractable iron in the present Slttdy. RcsuJts of 
DTPA extractable manganese in all the orchards clearly 
indicate thm de.ficie11cy of manganese in the acid lime 
ore.hards is now coming. The deficiency of DTPA 
extractable m3nganese might be due to the presence of 
high CaCO3 content and low organic carbon content. 
The...e results are in accordance with those reported by 
Bhatnagar and Chandra (2003) and Kumawat (2005). 

Table 1: DTPA Extractable Iron (m� k�·') in Acid lime Orchards at Different Soil Depths in Sikar District 

Soil deplhs (cm) 
Location of orchards 

0-15

Raghunathgarh 4.55±0.90 

Pachar-IV 3.81 ±0.09 

Purohit Ka Bas-Ii 3.92±0.04 

Pacht).r- V 4.91 ±0.05 

Sanwalod 4.44 ±0.34 

Purohio Ka Das-lJJ 5.82±0.82 

Jorawar Nagar 6.38±0.04 

Palsana -JU 3.88±0.52 

Mc1)n 4.71 

± indicates s1andard deviation 
Dcticicnt -50% 
Sufficient -50% 

15-30

�.52±0.09 

3.79±0.09 

3.89±0.04 

f!.88 ±0.05 

� .41±0.10 

5.79±0.75 

6.36±0.04 

3.85±0.03 

�.69 

30-45

4.49 ±0.10 

3.76 ±0.09 

3.83 ±0.01 

4.84 ±0.04 

4.39 ±0.09 

5.69 ±0.08 

6.33 ±0.03 

3.85 ±0.01 

4.65 

45-60 60-75 75-90 90-105 105-120 Mean

4.44±0.09 4.42 ±0.72 �.37 ±1.55 4.32 ±1.62 4.26±0.51 �.42±0.92 

3.71 ±0.08 3.69±0.08 3.64 ±0.08 3.58±0.06 3.54 ±0.48 3.69±0.21 

3.79±0.01 3.77 ±0.04 3.73 ±0.05 3.68±0.06 3.64±0.43 3.78 ±0.18 

4.80±0.84 4.78±1.60 �.75±0.04 4.69±0.04 4.66±1.11 4.79±0.75 

4.36±0.09 4.30±0.08 �.25±0.09 4.20±0.09 4.16±0.31 4.31 ±0.20 

5.67±0.08 5.61 ±0.08 5.57±0.08 5.50±0.09 5.46±0.36 5.64 ±0.43 

6.31 ±0.02 6.25±0.02 6.20±0.02 6.15±0.02 6.10±0.41 6.26±0.18 

3.�2±0,01 3.n±o.02 3.73±0.03 3.68±0.02 3.64 ±0.38 3.78±0.24 

4.61 4.57 fl.53 4.48 4.43 
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Table 2: DTPA Extractable Zinc (mg kg·) in Acid lime Orchards at Different Soil De1>tJ1s in Sikar District 

Soil depd1s (cm) 
Location of orch,uds 

0-15

Raghunathg,rh 0.39.l ±0.029 

Pachar-IV 0.867 t0.058 

Purohit Ka Bas-II 0.837 ±0-025 

Pachar- V 1.011 ti).()25 

Sanwalod 0.950 ±0.029 

Purohil Ka Bas-Ill 0.937±0.041 

Jorawar Na.gar 0.507 ±0.039 

Palsana - Ill 0.863±0.Q25 

Mean 0.796 

± indicates standard deviation 
Deficient - 25% 
Sufficient - 75% 

15-30

�-367±0-025 

�.S4li0.062 

�.8 I 7 i0.025

�.997 ±0.025 

�-930 ±0.029 

� .917±0.041 

P.49(> ±0.0,6 

1'1.$43 :t.0.025 

�.775 

30-45 45-60 60-75 75-90 90-105 105-120

0.347 ±O.o2S 0.317 ±0.033 O. l-00 ±0.022 0.273 ±0.026 0.253 ±0.02( 0.247 ±0.00 

0.827 i0.058 0.800 i0.062 0.783 i0.057 0.767 i0.061 0.740±0.057 0.6 70 i0.028 

0. 797 t0.025 0. 777 i().024 0.750 ±0.028 0. 727i-0.09 I 0. 7(1() ±0.(Yl2 0.647 ±0.074

0.970 ±0.016 0.947 ±0.012 0.917 ±0.009 0.897 ±0.012 0.867±0.019 0.663 ±0.037 

0.907 ±0.026 0.883 ±0.024 o.863 ±0.024 0.837 :11),QIC) 0.813±0.017 0.777 ±0.033 

0.897 ±0.041 0.870 ±0.037 0.847 ±0.039 ().323 ±0.042 ().787±0.037 0.780 ±0.036 

0.460 i().128 0.430±().120 0.4 IO i().()42 0.390 ±0.042 0.370 ±0.()42 0.370 ± 0 .042 

o.s 17 :t.0.026 0.8<)1) ±0.014 0.767 ::t.0.026 0.743 ±<l.184 0. 720 ±0.()22 0.717 ::t.0.009 

0.753 0.728 0.705 0.682 0.656 0.609

1 3 D1P 'able.: A Extr-Jctable C O""""l' (mu. kg· lO Acid ime . l 0 rc:hards at 1fferen1 S D 01I emhs 111 1kar 1str1ct 

Soil depths (cm) 
Location of orchards 

0-15

Raghuna1hgarh 0.190±0.016 

Pachar- JV 0.320 ±0.008 

Purohit Ka Bas-II 0.390 ±0.014 

Pachar- V 0.193 ±0.012 

Sanwalod 0.210±0.041 

Purohil Ka Bas-I II 0.400±0.016 

Jorawar Nagar 0.157 ±0.01; 

Palsana -Ill 0.420 ±0.024 

Mean 0.2$5

± md1catts standard deviauon 
Deficient -25% 
Sufficient - 75% 

15-30

0.177±0.017 

�-300 :!c0.008

�-36H0.009 

�.173 ±0.<)21 

�.210 ±0.028 

�-387 ±0.012 

�.140 ±0.014 

p.397 i0.025

�-269 

30-45 45-60 60-75 75-90 90-105 105-120

0.167 ±0.009 0.147 ±0.005 0.157 ±0.012 0.147±0.012 0.140±0.008 0.123 ±0.005 

0.277 :!c0.012 0.250±0.014 ().230 ±0.014 0.210±0.014 0.193 ±0.009 0.1(,0 ±0.014 

0.343 ,t().012 0.317 ,t(),009 0.'.)00 ,t(),008 0.273 ,t(),012 0.257 ±0.009 0.223 i0.012 

0.157 ±0.()12 0.143 %0.017 0.137 ±0.012 0.127 :t0.01'2 0.130±0.014 0.120 :1-0.01<1 

0.183 ±0.02 I 0.173 :i-0.02 I 0.163 ±0.012 0.ISH-0.017 0.153±0.012 0.140 ±0.008 

0.363 ±0.00<) 0.333 ±0.017 0.317 ±0.012 0.293 ±0.017 0.273±0.012 0.240 ±0.014 

0.137 :10.012 0.130 ±0.008 0.120 ±0.008 0.117 ,t().005 0.1 IJ ±0.005 Q.IOJ ,t0,005 

0.370 ,t().016 0.340 ,t0.016 ().317 ,t().005 0.3 IO ,t().008 0.290 ±().00$ 0.270 ::t0.008 

0.250 0.229 0,218 0.204 0.194 0.173
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Mean 

0.312 ±0.063

0. 787 i0.081 

0.756 ±0.076 

0.909 ±0.106 

0.870±0.061 

0.857 ±0.067

0.428 ±0.087

0.7$4 ±<l.0$6 

Mean 

0.1 56 ±0.023

0.243 ±0.053 

0.3-09 ,t().054 

0.148 ±0.028 

0.174 :i-0.0.U 

0.326 ±0.054

().127 ,t().019

0.339 ,t().052



Table 4: DTPA Extractable Mane:anese (me kif') in Acid lime Orchards at Different Soil Deotbs in Sikar District 

Soil deplhs (cm) 
l.,<lcalion of orchards 

0-15

Raghonathgarh 1.88±0.02 

Pachai- - IV 1.95 :!.-0.03 

Puroh.i1 Kn Oas-U 2.31 ±0.23 

Pachar- V 4.68 ±0.02 

SaJlwalod 5.15 ±0.01 

Purohi1 Ka Oas-Ill 3.45 ±0.03 

Jorawar Nagar 2.82±0.02 

Palsana-111 3.79±0.03 

Mean 3.25 

± indicates standard deviation 
o�lic.ic.'.01 - 25% 
Suflicient - 75% 

RcfcrcnC('S 

15-30

1.74 ±0.05 

1.79±0.06 

2.23±0.03 

14.57 ±0.85 

5.07±0.82 

3.35±0.0J 

2.74±0.03 

3.71 :t0.02 

3.15 

30-45

1.68 ±0.07 

1.75±0.03 

2.16±0.05 

4.53 ±0.04 

5.00±0.01 

3.29±0.81 

2.68 ±<).03 

3.63±0.03 

3.09 

45-60

1.62±0.08 

l.69 :!.-0.04 

2.09±0.05 

4.46±0.05 

4.95±0.02 

3.21 ±0.01 

2.62±<).02 

3.59±0.0l 

3.03 

60-75 75.90 90-105 105-120 Mean 

1.57±0.09 1.51 ±0.09 1.43 ±0.10 1.37 ±0. I I 1.60±0.IR 

1.64 ±0.04 1.57 ±0.04 1.52±0.05 1.48 ±0.05 1.67 ±0.15 

2.05±0.05 1.99 ±0.05 1.9-1±0.06 1.89 ±0.07 2.08±0.17 

4.42±0.05 4.34±0.03 4.39 ±0.14 4.24 ±<I.OJ 4.45 ±0.33 

14.90 ±0.01 4.83 ±0.02 4.79±0.02 4.74 ±0.02 4.93 ±0.32 

3.18±0.00 3.11 ±0.0J 3.02±0.03 2.97 ±0.04 3.20±0.33 

2.57±0.03 2.51 ±0.01 2.44±0.02 2.39 ±<I.OJ 2.60±0.)4 

3.54 :t0.03 3.48 :t0.03 3.41 ±0.04 3.38 ±0.05 3.57 :t0.14 

2.98 2.92 2.87 2.81 
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Abstracl 

Wood apple is an underutilised indigenous fruil tree and helongs to RuLaceae family. h is slow growing lree. 
Owing 1.0 its slow growLh in nursery. seedlings auain graft.ab.le stage in looser duration. Therefore. an attempt was rnade. 
1.0 find out 1.he effect of GA3 on gcnnimnion and scedUng vigour at oursery of Centra_l Horticultural Experiment Station 
(lCAR-ClAH). V...-!jalpur during June. to Novcmbc,._ 2016-17. Sc.eds were treated with various concentrations of GA, (0.
25. 50, 75. 100. 125. 150.175, 200, 225, 250 and 275mgL'1) which were soaked for 4S hours under labora1ory condilion.
·experiment was laid out in Complete Randomized Design (C.R.D) and which was replicated thric.e. A total of 50 seeds
wen:: tt'l.'!ated with GA:. io each co,lce-otratit)ll. Results of smdy reVt!aled that the differeot levds M� GA., cnhaJlced che
germination and quick growth of seedling than control. Among lhe different c-0ncentrmions of GA_,, JSO m_g:L·1 GA3 

exhibited beucr response in see-d gc.nnina1ioo l.e .• I .l.86, 28.54, '.34.75, 10.34, 6.52 and 0.00 % a1 5th
• 7th, 9'\ I J'h 13th and 

!Sb <lays after sowing, respec1h11;:.ly. The seeds treated wi1b 150mgL"1 GA3 showcx.l lhe highest germination (91.98%)
among different treatments. Thi.: maximum seedling shoot length (23.94 cm). root length (24.53 c:m), seedling diamctc.:r 
(5.21 mm). number of leaves/seedling (21.23). primary branches/seedling (4.52) and vigour index (4458.27) were 
recorded with GA3150 mgL·1 after six month of sowing. Based on the observations. it may be inferred from the study 
that the GA:i150mgL·1 is tOund more effective to improve the seed germination and vegetative growth of seedling in 
nursery, whereas GA3 concentr:ltion more th:ln 150rngL·1 decJined the seed germination buc the vigour of seedling is not 
affected by higher conc.en1ra1.ion of GA1 a her germ.inaiion. 

Key words: GA.,. Genni,uaion, See,/Jing Vigour huLex, Wood Apple

lntroduction 
The wood apple (Fc>ronid limonic� L.) is bc:-longs 

10 family Rutaceae. Wood apple ha..� the cornmon names 
like as elephant apple, mon.ky fruit, cmd fruit and kaith 
bcl (Singh ct al., 2016). The origionl home of wood npplc 
is south India and SriJanka (Lande et al .. 2010). 11 is 
subtropical fruit species which prefers dry climatic 
condition during flowering and fruit selling. It has very 
deep and penetrating root system, which makes it highly 
drought tolerant (Vaidayaratnam et ul .. 1995). Ge11eralJy 
wood apple requires 8-17 days for seed germination in 
norm;�I comlition (Hiwah:;, 2015). So far. liuJc work has 
been carried ou1 on lhis �Spe<:L in wood apple particularly
under dry land condition. Therefon;. seed treatment of 
wood apple with GA� is required to improve germination 
and seedling vigour and such seedlings could be attained 
graft.able stage io short duratioo. The.refote, this study was 
condtic.ted to find ouL lhe effect of GA, on seed 
gennjnation and seedting g.rowth of cus1ard apple under 
hol semi arid condition. 

Malerial :lnd Melhods 
The present study was can·icd out at m1rsery unh 

of Central Horticultural Experiment Station (lCAR­
CIAH), Vejalpur, Panchmahals during 2016-2017. The 
experiment was Jaid our in CompJc.te Randomized Design 

(C. R.D) with three replications. ·rhere were twelve 
treatments like T 1 : seed soaking in tap water for 48 hours 
(c.ontrol). 1''1: seed soakh1g in GA3 25 pp,n for 48 hr. T3: 
seed soaking in CA3 50 ppm 72 hr, Ta: seed soaking in 75 
ppm GA:1 for 48 h.r, T,: sc:c:d SO::lkiog in 100 ppm GA1 for 
48 hr, T6: seed soaking in 125 ppm GA, for 48 hr, T7: 

seed soaking in 150 ppm GA3 for 48 hr, Ts: seed soaking 
in 175 ppm GA, for 48 hr, T9: seed soaking in 200 ppm 
GAJ for 48 hr. T 1o: seed soaking in 225 ppm GAJ for 48 
hr. T11: seed soaking in 250 ppm GA:1 tOr 48 hr and T12: 
seed soaking in 275 ppm GA, for 48 hr. The seeds of 
wood apple wc;:.re collc;:Ch:.:d from fully maturt.! fniilS of 
wood apple. P\llly soak�! sec;;ds were se.lected and sown in 
151h Jun� 20l7 at uniform distanc� in polythcn� bags. The 
size of polythene bag is 45 x 15cm and each polythene 
bag c-.onsists of 10 seed. Every polythene bag was filled 
witll a composite media, which con.siSL"I of soil, FYM and 
sand in rmio or J:l:,1. The pc-rc-en1ages or germ.inm.ion of 
seeds were c-alculated according LO 1.he rules for seed 
testing (lSTA, 1996). The scccllingS were allowed to grow 
for six months (June to November. 2017). After .six 
months, IO st':edlings for e.ach treatment were selected for 
mca.<.1uring growth parameters: shoot and root length. 
seedling diameter and number' of leaf. TI1e dma on 
germination and seedling gn)wth under various treatments 
wi;;re st.:nistic♦llly analyzc.:xl. Vigour index was calculatc::d 
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according to Abdul-baki and Anderson (1973) as 
germination per cent x seedling total Jengrh (total shoot + 
root length). The data was analyzed by statistical 
significant at p<0.05 level. S.E. and C.D. :.ll 5 per cent 
level by the procedun, given by Gomez and Gomez 
(1984). 

Result and discussion 

The. g:crm.inali()n pc-rtcnlflgl:.' ()f Wood tlppk $1:'cd 
rreaced with GA3 are summarized in Table & fig (I). the 
djffc:n.-mc..:s bi;twccn tn:atm1;:nts and control wcn:­
signific.an1 5. 7, 9, I I, 13 anU 151h dr1y after sowing. 
Results showed lhat u·ealment of seeds with GA3 had 
markedly improved germination from 51.20 to 91 .98% 
whc:n c(>mpr.m: ()ul wilh t(>otml 6 l .24%. IL is dc:::,r from 
t.he Table I Lh:u seeds u·ented with I 50ppm GA;;, the
germination percentage at 5. 7, 9. J I. 13 and 15th day after
sowing was recorded :is l 1.86, 2l!.54, 34.75, 10.34, 6.52
and 0.0% respectfully. while in control il was I 0.42,
18.42. 16.40, 6.52. 5.00 and 4.48 (Fig.I). The maximum
and e.a.rly gerrn.iuntion percent�gc for wood �pplc seed
was found in GA3 treated seed, It may be due to GA3 

honnone increase cell size of embryo by stimulating the 
cell wall to release and transmit its calcit1111 in tbc
t:y1oplasm which makes fov,,urablc comlition for
absorptioo of wacer a1ld cdl growth and accivacioo of
hydrolytic enzyme ('faiz & Z.Ciegcr, 2002). The highest
gc:rmjna1ion per et;nl was ru)tt::d in T7 (91.98%) followc:d
by T2 (72.72%). T3 (66.10%) and T,o (62.42%) while

lowesc (61.24%) was observed in T1 (control) a.c 15 days 
after sowing (DAS) of seeds. In Table <l) results arc 
shown the positive dfocts of GA3 1$0ppm n·catmcnt on 
shool and root length. seedling dinme1er. no. of ]e.;l.f/
young s�edling, primary branch<:s/seeclling and vigour 
index of wcdling. it wns 23.94cm. 24.53cm, S.21 nun, 
21.23. 4.52 and 4458.27. respectively. \Vood apple seeds 
ll'ealed wi1h 150 ppm GA3• enhance early and quickly 
germinalion which ac-celcnuc lhc difference in seedling 
grt,wth, it may be due t(l growth pn)rtu)ti,)naJ effect of 
GA3: it s1i01ula1es aod accde1•atc:s c.ell divisioo. i1lcreased 
cell elongation :md enlargement or both (Hartmann e1 nJ,,

1990). early gcn:nination caused by gibberellic acid 
which provided enough lime to 1..he plant for proper 
growth and development. These finding more or less 
similar wiLh finding of V:m:,ngnmudi and Van:mgamudi 
(2()03) in tamarind and Swamy n «I. (1999) noticed 
highest germination per cem. shoot length and root length 
when jmmm seeds. ln thjs sflldy, we increase period of 
soa.king seed hct.ausc. ((mg time $.()akc<I sc:cd gave highc:r 
g�1·minatioo due to maximum removal of ge.rmioacion 
inhibi1or (Dzayi, 2010). 

Frtun the foregoing dist:ussion ii can be 
co1lcluded 1hat among the differenl 1rea1mem, T1 (seed 
soaking in 150 ppm GA3 for 48 hours) is lbund superior 
:l.n<l mo.SL effoclive for Sre<I genn.in:uion :as well :JS hc::uer 
growch of wood apple seedliogs ovc.1• the ,·es1 of the 
O\:atmcnt combinations. 

Tahle I. Efficncy of GA3 1)n seed gc:rmJnation and sc::c::.dling vigour <,lf W<,)()<l apple (Fenmiu Jimonic, L.) 

TOLal 
Seedling Seedling 

Seedling Number of Primal')' 
Vigour 

Shoo1 Root indt'!X 
Treatments germination 

kngth kngth 
diaroeter leaf/seedli branches/s 

(%) (t:m) (cm) 
(mm) ng ccdling 

T1,r.>n1n·,I 61.24 10.52 11.23 3.41 10.26 3.21 1331.97 
T�GA,.-..nom 72.72 15.23 14.26 4.IO 16.18 3.54 2144.51 
TJ.:GAJ.!,(Jnnm 66.10 16.58 15.23 4.23 17.23 3.48 2102.64 
T4 GA17�nnm 54.38 16.43 17.20 4.42 15.23 3.75 1828.8 
T�.GAt ....... nnm 57.80 19.63 17.36 4.47 18.10 3.82 2138.02 
T 6. GA'.l ll:'i nnm 51.20 19.78 18.23 4.40 17.75 3.92 1946.11 
T1.GA:11�>""lll 91.98 23.94 24.53 5.21 21.23 4.52 4458.27 
T"=GA1m""m 60.74 18.34 20.63 5.10 20.24 3.96 2367.04 
T ... GA - ·''"Ill 52.72 17.24 18 .65 4JG 19.46 3 .37 1892.12 
T,o: GA:. ?2$ nnm 62.42 rn.23 18.10 5.12 20.23 3.27 2267.72 
T11. GA.12 . �onnm 55.92 17.83 17.67 4.73 18.23 2.87 1985.16 
'f ..... .  GAt·n� nnm 41.50 16.85 17.21 4.63 17.56 2.92 1413.49 
C.D. (P=<l.05) 4.32 1.52 1.21 0.35 1.87 0.27 202.65 
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Fig, I: Effoc1 of GA) on scccl gcrmin;,ition {%) of wood apple 
(Fertmia limm1it1 L) 
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Abst.racl 

S1Udics were• conducted lO deienni.nr:- lbc:. effects of poly <:onrnincr size- on 1he seedling anJ r-001 grow1.h and lheir 
ef

f
ect on budding success in jamun at experimental fnnn of CHES. Vejalpur. Godhra. Gujarat� Four size of polythene

bags (25x 15 cm. 25x IO cm. 30x8 cm and 20x8 cm) were used with a polling medium that consisted of sand soil and 
FYM in the ratio of I: I: I. OveraJI growt.h of jamun seedling.lo afler 8 momhs ot' seed sowing in terms of seedling hcighL. 
c.ollar diameter, number of leaves/plant., budda))le root S,toc.k percent.age. r()()l length, root diameter, number of SC<:-Oodary 
and tertiary roots were best in 25x 15 cm size of p0lylhcnc bags which was followed by 25x lO cm p◊lythcnc bags. Good 
quality seedling root slOcks for budding purpose with seedling height above 80 cm and collar diameter above 2.0 cm 
along with higher number of se<:ondary and tertiary and secondary roots in 8 months in 25x 15 cm polyth�ne bags. Most 
of the parameters of quality seedling root stocks wel'e also ptoduc�d by 25x 10 cm polydlel\e bags. Highest budding 
success pc:m::curnge was rccordc:X! in 25xl5 cm size roUo\vcd by 25x lO cm poJyLhcne bags. Thcsi:: findings suggest uSc: of 
25x 15 cm polyth�nc bags for speedy s�edling root stock grov.1h and high budding success in jamun, 

Key words: Building success. polythene bags .. seed/in.� .�rowth. Syzygium cuminii 

lntrodm.�tlon 
The .fAmun (Syzygium tumiuii Sk.eels) is one of 1he 

imporL8nl minor fn1i1 crops bclongin,g 10 lhe family 
Myrtaccac which is widely distributed throughout the 
tropic and sub�tropics. Jes ripened fruics are eaten fresh 
::ll)d c:rn be proces.sed imo bevet'ages like jelly, jarn, 
squash and vim;gar. Fruits are u.sc:ful againSL various 
lifestyle ailments as diabetes. heart and liver troubles 
(Singh. 2001). A wide range of variability occurs with 
regard to frujt size and quality owing to its seed 
propagmion, whjc.h needs to be conser,•e<I an<I exploited 
(Devi el al. 2002). For the conservmk-.n and ex.ploirntion, 
standardiz.a.tion of fasler multiplication prolocols is 
requfred in jamun. Trnditionally seedlings of jamun are 
raised by di.reel sowing seed in the nursery beds whi.ch 
produce seedlings witJ-l poor rooL aod shoot growth. As a 
consequence. it takes more time to produce a seedling 
plant for budding purpose and also poor survival under 
field condition. Owing to tl1is coocaiJ1edze.d �eedling 
production is now widely used for produc1ioo of nursery 
swck (Saroj e1 al .. 2000 and Lal e1 al .. 2004). Poly1henc 
b;tgs are conventionally used for large-scale production 
seedling root stocks of fruit plants as they :.ue easy to 
handle and rranspOl1. Opti.rnum container si1,,e depends on 
facwrs such as species. planl stocking in the nursery, size 
of the seedling desired type of growing medium and 
length of the. growing se.ason (Jinks. 1994). It is therefore 
importam to select the be.o;t size of polytl1ene bags which 
c.an contajn sufficient quantily of growing medium to 
support optjmum root and shoot growth of seedlings in 
lesser time so that buddable size root stocks are ready for 
grafting in minimum time with high success percentage. 
The sysrc.maric srudy is lacking wirh regard to size of 

polythene bags tOr raising seedling l'OOt stocks in jamun: 
therefore-, r>re ... �01 inves1iga1ion was uoderrn.k.en wi1h an 
objcclivc lo determine lhc oplimum container size for lhe 
rapid large-scale production of quality seedling root 
stocks of jnmun. 

Material and Methods 
Seeds of jamun cv. Corna Priyanka were 

<:ollc.."<:lcd from freshly harvested fn1ils during lhe first
week of June from experimental fann of CHES. Vejalpur. 
Godhra. Gujaral. Extracled seeds were collecte.d in bucket
filled with fresh water and after grading. heahl1y seeds 
were di.rec11y used for sowing in 1he different size or 
polythene bags. The sand. silt and FYM were used an 
potting medium in the ratio of I: I: J. (The potting medium 
used was sand. soil and FY fvf in the raLio I: I: I.) The 
differeor size of polythene bags viz., 25x 15 cm, 25x I() cm, 
30x8 cm and 20x8 cm were used for testing. A tvtal vf 
100 seedlings used in each treatment. arranged in four 
replicate each of 25 seedlings in a randomized block 
design (RBD). The experirne11L w;:is co11ducted io a.11 open 
condi1ion And during Lhe expel'irnenrnl pel'iOd, nol'mal 
management practices were adoplcd. but no fcrlilizcr was 
applied. Various growth characters were laken afler 8 
tllOOlhs of seed sowing. however. fol' J'ccording the data 
on i:001 ch;1mc1crs. three randomly-selected seedlings from 
each replicate were carefully ttprootccl withoul disturbing: 
the root system and washed in running tap water and then 
data on root length. diameter and number of secondary 
and tertiary rooLS were recorded. After this, 8 montlls old 
si;x:;,lling from c�)ch 1rc::a1mcnt wc-n: used for budding wi1h 
scion shoots of Goma priyanka for recording the data on 
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budding success (%). The data were statistically analyzed 
as per method or Gomez and Gomez ( 1984). 

Result� and dlc;cussion

Effect of differe.nt size of polythene bags on 
seedJing gro\\rtb and percentage of budclablc rootstocks 
were pn:!Sented in rablel. In gentral. seedliog height. 
collar diameter. number of leaves per plant and percentage 
buddable l'()OtSl()CkS sig,lific.antly i1lCrt:ased with increas� 
in polythene bag size. The maximum seedling height 
(85.50 cm). collar diameter (2.50 cm). number of le.aves 
per plant (25.10) an<l bu<ldable roo�stocks (98.0 % ) were 
recorded with 25x 15 cm polythene bag followed by 25x I 0 
cm polytlu.:.me bag. The Sc1;;XHing hi;;ight variation in 
different containers can probably be attributed to the size 
of con1:1ine.rs. Sirnifar rel:uiooships have been reponed 
between container volume: and seedling height and 
bio01as.,; in Creville,, mbusta (Misra and JaiswaJ. J993) 
and in aonla (Saroj ct al .. 2000). The nlinimum seedling 
height (52.() cm). collar diamecer (.1.50 cm), munber of 
leaves (12.50) and buddable root stock percentage (JO.SO 
%) were. noted with 20x8 cm polythe,1e bag. The poor­
grow1h in 20x8 cm polythene bag. compared 10 1ha1 in the 
25x 15 cm and 2Sx L 5 cm sizes. can be attributed to the 
poor root sys1c:m dc:velvpmc:nL due lO small voJumc: area 
available for root development which ultimately affected 

the aerial growth of plant and photosynthetk activity too 
as growth nue of shoots and rootS are interdepcndenL 
(Tomllli and Giulivo, 1990). 

Among various sizes of polythene b:.gs, 25x 15 
cm size recorded the maximum root diameter (1.10 cm). 
numbel' of secondary (34. I 0) and teniary roots (83. I 0) 
follo,ved by 25x 10 cm polythene bag. Hov.tever. the 
maximum root lenglh was recorded with 30x8 cm 
polythene bag (60.10 cm) followed by 25x 15 cm size 
(40.50 cm). \Vh!!rea.s the minimum root l�ngth (30.50 
cm). root diamch:r (0.58 cm). numtxr of secondary 
(19.50) and teniary roots (41.10) were observed in 20x8 
cm polythene bag. Seedlings with relatively large rooL 
system generally suffer Jess post plant shock after planting 
1ha.n the plants wi1h small rooL system. Our rc-sulls 
confirm thi.: findings of Misra and Jaiswal (1993) who 
observed better roor nrchitecture ill Grevillea n)bustu 
seedlings when raised in different size of polythene bags. 
Highest budding success was obrnined with 25x  15 cm 
polythene bag (80.50%) followed by 25xl0 cm size 
(75.10 %) while 20xl0 cm polytheoe bag recorded OJ\ly 
5 6.0% budding success which was having seedling girth 
of 1.50 cm➔ It is imponant to note that the girth of 
rootstock should be more than 2.0 cm during budding for 
beuer success. Similar kind of observations were made by 
Saroj e1 <11. (2000) in aonla. 

Table I. Effect of size oCoolythene bags on .sccdlin� �rowlh and budding success in iamun after 8 months of seed sowin 
Size of Seedling Seedling No. of Buddable 
polythene height gi_rth leaves roorstoc.ks 
bag,< (cm) (cm) planr1 

(%) 
(cm) 
25xl5 85.50 2 .50 25.10 98.00 
25xl0 75 .00 2.00 20.00 94.50 
30x8 60.10 1.70 16.00 40.00 
20x8 5 2.00 1.50 12.50 10.50 
CD 3.55 0.15 1.20 8.50 
(P=iJ.05 ) 
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Ahstract 
Ber. the king of arid fruits is an ancient fruit crop grown in arid and semi arid regions of India. 'Ille powde.ry 

mildew caused by Oidium nysiplu>ide.\ · f :tp. ziziphi Yen and \Vang. is an impottanl limiting factol' in the successful 
cullivation of ber. To know the effect of diHerent abiotic environmental lilcto� on the development of disease. a field 
experiment was conducted from 1998 to 2015 on her cul ti var Gt)la. Based Oil che epidemiofogical studies on be.r powdery 
mildew, il is c.oncluded that the disease initiation took plac.e during 35th or 36th standard meteorological weeks and was 
sigu.if

i

,cantly ant.I 11ega1ively correhned with ntin.i.mum h::mperau1re (< 23.60 °C) and raiuJ.-�U (< 24.76 mm) and positively 
correlated with rela1ive humidity(> 76.32%) and sunshine h<.nirs (> 5.39). 

Key words: Ber, cpidc1n.io .log:y, p-0wdery nUltl�w. pathogen 

Introduction 
7.,hiphus nwuritimw Lamk., also known 

as Chinese date , a poor man·s fn1it crop belonging to the 
family Rhamn?ceay gro\Vn in semi-arid and :}rid regions 
of lndin. II .is quiLe nutritious and rich in viUlrnin C, used 
in Ayurveda for IJ'eating bleeding disorders. excessive 
thirst, fevel', burniog :-.ensation etc. Its seed:-. pos:-.es:-. anti 
cancer properties. In India, it is a minor fruit but or late 
th� bc.r became an impor1anL cash crop in some. areas and 
its acreage and production are increased. The crop is also 
affect.ed by diff�rent biotic :;ind abiotic su-ess.:s including 
p&lhogcns causing many serious diseases. Among lhc 
diseases, powclt;.ry mildew. caused by Oidi.um 
erysiphoi<les var. zh.iphi Yen and Wang. is a prime 
limiting factor in the successful cultivation of ber. causing 
great losses in quantity and quality of fruits. Jl is a regular 
feature on th�. crop from �ason to sc:ason and the loss in 
fruit yield roughly accounts for 50• 60 per cent. 'Even 
though many fu11gicides and resistant sources are 
available, me.teorological factors play a major role in the 
developmeot, spread aod :-.everity of powdety mildew 
disease (Chavan et al .. 1995; Balamuralikrishnan and 
foyarajan, 1997; Jahagirdar et al .• 2001 rmd Vc-nka1.c.sh 
and Jamadar, 2001) on ber. However, !here ;1re very few 
studies to confirm the rclatjonship of weather in the. 
development and severity of powdery mildew, Therefore. 
th� presem sn1cly was cond\1cted during 1998-20 I 5 on th..: 
above aspects with an aim to develop the forecasting 
models to reduce the cost of fungicide application in the 
effective management of this disease. 

Materials nnd k\fethods

The experiment was initiated at Jolorticultutal 
Rc.sc.arch SLation. A.nanLapurarnu on five. year old bc.r w:c.c.s 
(variety Gola). The experiment was laid out in 
Randomized Block Design with three replicatjons 
consisting of two trees per replication and observations 
were r..:corclc.cl on occ,1rrcnc..: and scv..:rity of dis..:as� at 
weekly interval from initial appearance. The data of 
meteorological parameters viz.. tempcrarure. rainfall. 
relative humidity and sunshine hours were collected from 
Agrometeorological Observatory, Agricultural Research 
Station, Aoa.11tha.puramu. The inte1lSity of powde.ry 
mHdew of ber was recorded by having five rati11gs 

Grade % infection 
0 No infection 
1 1�10% fruit/leaf area covered 
2 l J-25% fruit/leaf area C(lvcrc.d
3 26-50% fruil/leaf atea covered
4 SL-75% fmit/lt:.af an;a coven;d 
5 76-100% fruit/leaf area covered

Nearly twenty fru .its per pla,u were random.ly 
selected and fiued into different c.aLegories or ratir\gS and 
the disease. intensity wf1S c-alculated using 1he fonnula 
defined by Mc Kinney (1923). 

In this way. 19 years of data were r1-!corded and 
the relationship of the disease incidence and spread was 
worked out with meteorological clements. The coefficient 
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of correlation of disease build up wit.h :ill the 
rm:1eoi:olog_ical elcmeo1s was cah::ul:ned by considering 
the disease as dc.p�ndcnt variable and the. inerco1·otogicaJ 
clements as independent variables. Thus. the 
meteorological elements having high and significant 
correlation with the disease were idemified. The 
procedure of the multiple rcgn:.ssion 1malysis was then 
followed for evaluating lhe various combinations of 
in.dependem variables for forecasting of this disease. 

Results and dis<.'ussion 
The expcrittk!-nlal results bnsi::cJ (m ninlcc:n year.s 

pooled data revealed that disease initirned during 35th or 
36th Sl3ndard meteorological weeks wi1h fovo\lr.:ib1c T 
(min) < 23.6()°C, Rainfoll <24.76 mm, Rdmivt! humidi1y 
> 76.32% and Sunshine hout's > 5.39 and incl'eased from
Scpternber to December each year with it.,; peak in the
month of Octt)ber. This clearly indic:.ued that wealher
parameters played a crucial role in development of the
powdery mildew.

The data were poole.d for all the nineteen years 
and was subjected for regression analysis. to selcct the 
bcSI weather clements for forcc.as1ing the di,sca,;e 
incidt!ncc in ber. The co�fficiems of correlation obtained 
l:'letween various meteorological parameters and powdery 
mildew disease build up Sh0\Vcd considerably h.igh 
rdationship. 11le darn in Tabk J showed that che weath�r 
p:\rami;;ters exhibited significant negative correlation with 
minimum lernpenuure (- 0.57). rninfal1 (-0.71) while. 

positive with relative humidity (0.66) and sunshine hours 
(0 .5'..'). Simjlar results of suirnble wcnthcr fat.h)rS for 
devdopint.m of powdt-J'Y mildew was repo1·,cd by Pare.ek 
•nd Nath (I 996) •nd ThillCI et «I. (2004) when the 
maximum temperature is between 24-35°C. minimum 
lemperalure between 4 .. 22

°
c. morning RH 64•91% and 

ev..::ning .RH 24-57%. Thi; dis..::asc occurs with incn..:as1;:d 
virulence during high rninl'all years (Sharma. 2003). 
Similar temperature range of 20,.25°c and relati \'e 
humjdity of 80-1.00 pcr cenl were found to bc moSL 
favoutablc for maximum cooidial germination of powdel'y 
mild.,;w in various crops as reported by many workers 
(Shah.ri et al .  2006, Joc:ob "' al.  2008, Sankar and 
Srecramula. 2008a and aod Rakhonde er al. 201 IJ. 

Pandey er al. (2004) also investigated the effect 
of Wt!Ulher varillhli:s on outbreak tmd Spread of p<,w<lc.ry 
mildew in her and found high humidity (85.90 per cent). 
moderate temperature (maximum temperature 33-:,4'1

C 
un<l minimum tl!1np..:rature, 23-25°C), low sunshine. hours 
(4•7 h/day) and low wind speed (3•5 km/h) were 
favourable for disease initiation. 

The experimental findings aJ'e also in accordance 
with the rest1 Its of Jat and GoyaJ (2009) who recorded 
<lh•e:1sc ini1ia1ion during :19-46 SU\nd:wd rncteQrOlogk:tl 
weeks wilh peak PDI al an avera_ge maximum and 
minimum temperature of 24.7 and 4 .9()C. average morning
;\nd evening relative humidity of 82.6 an<l 35.7 per cent 
respectively. 

Fig I: Ber fruits infec.ted wi1h powder)1 mjldcw discl-lse 

Based on the regression coefficients obtained for 
POI of 19 years pooled data, linear equations were 
derived to prcdicl 1he disease depending upon weather 
t.(mdj1i()ni:,: prevailing during cr()p $Cll$()n. 

Reg1-essil)J\ eoefficie,us for PDI were obtaio�d 
for independent variables viz., maximum temperature 
(°C). o:Unjmum tcmpe.Jttturc (°C). re.lative hum.idi1y (%). 

rainfall (mm) and sunshini.: hours as the depi.:ndcnt 
variahle for disease incidenc.c. 
The n11.1l1iple linear regression equa1ion was filled to the 
dtt1a ::.ml lhe cqua1i()n arrived for the: we:nhcr pi:tr.:imelcr� 
was: 

  57 

v = -440.61 + (9.83> x, + (0.31) x, + (1.56) x,+ (0.42)
X,+ (-1.65) X, + (6.40) X,, 



R
1 

= 72%

Where. X, = maximum temperatu1'e (<tC). Xi = minimum
len:iperALurc (0C). X., = relative huinidily - 1(%). X4 =
relacive humidiry -11(%). X.s = rainfall (mm) and X0 = 
sunshine hour.:. 

lt wa$ observed Lh::tt when there was incrc.asc in 
one unic of maximum cempel'arurc., relarive humidity and 
sunshine hours. the per cent disease index was increased 
by 9.99. 1.77 and 6.15 units respectively. whereas 
increase in one unit of minirm,nn tcmpc-ratun; the per cent 
disease index decreased by 1.5 units. The weather factots 
inllucnccd the disease inciclcncc to the extent of 72.0 per 
cent. 

Table J. Correlation coefficient of POl (Per cent Disease Index) with weather oaramctcrs from (I() Years nri.c,Jcd) 
S. No. \Vemher Pararnete1·s Per ce.111 Disease Index (POD 
I. Maximum Temoenlture -(J..!3 
2. Minimum Temoerature -0.57•
3. RHI +0.66**

4.  RH2 -0 .32
s. RainfalJ -0.7 L **"'

6. Sunshine hours +0.5�·

*indicates significant at 5%
** in<.lict1tc-S significant <H I%

,u .. indicates sienificant at 0.05% 

Fig 2: Graph dcpic1ing the in.f1ucncc of sign.iticanl weather pari:11:octcr$ (m POI of bcr powdery mildew .in d.iffcrcnt 
sraodard meteorological weeks 
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Abstract 

The Spiny brinjal (S. melonge,u,) var.VRM-1 is a familiar and promising variety in Vcllore district and also 
main dish to make a Ennai Kathirik.li for briyani side dish purpose. The spines in the stalk is a major constraints for 
picking and handling of brinjal fruits. A breeding initiative was undertaken at Agricultural Research Station & Krishi 
Vigyan Kc.ndra. Virinjipuram to mask the spiny trails through crossing programme. 

Tht: CfOSS('S were anempted to develop non.spiny brinjal wi1h spiny quality. The bolh parems are pure for 
respective spiny and non spiny. A tocal of 18 crosses were made with spiny brinjal and non-spiny brinjal progenies. 
The true Fl was tagged in both crosse.s combination. In Fl plant population of Spiny x Non spiny. 100 percent of the 
plants expressed spiny nature. In FI plant population of non spiny x spiny reduced percentage of p3.1tiaJ spiny plants were 
observed. from this study in both cases spiny pJants are observed in 'fl generation which indicates spiny is expressed as 
dominant characters. 

Further generation studies we.re made with continuous selfing programme and the results revealed that 100 
percent non-spiny plants were obtained with high yield from cross derivative of non-spiny x spiny 3rd cross and 511

� cross 
during fourth g�neration. Comparative trials Wl':re canied out during kharif2015 and Rabi 2015-16 with spiny brinjal 
VRM•l. Mean performance showe.d that genotype non-spiny x spiny 3'd cross (I .43 kg/plant) registered the highest fmit
yield per plant followed by non-spiny x spiny 5•b cross ( 1.56 kg/plant). ·n1ese genotypes could be used for further 
breeding programme for the improvement of fruit yield and non-spiny trait. 
Key words: Briujal. breeding, nun spiny

Introduction 
Brinjal (Solmwm me/ongena L.) is an important 

and widely consumed Solanaceous vegetable of lndia 
grown round the )'e.a.r. The crop is extremely variable in 
India subst3.lltiatcd by the pre.sencc of wild relatives of 
Sohmwu mt>lm,ge,w which :.ue perennial herb or shrub 
with bitter fruits (Bhaduri. I 951 ). Though the principal 
method used for improvement of this c.rop in India is 
selection from indigenous germplasm. yel comprehensive 
characterization of lhis c.rop ha"- nol been done 
(Choudhury. 1976). Tik� spi11c-s in the staJk is a major 
constraints for picking and handling of brinjal fruits. 
Spiny brinja.l (VRM-IMullukathiri) is a pure line 
selection from Elavambadi village of Vellore distl'ict. 
Spines are pl'esent in the leaf. stem a11d Cill)'X of d1e fruit. 
VRM-1 Mullukachiri is high yieldi11g (30-35 l/ha·1) and 
most suitable for North-Eastern Zo11e or Tamil Nadu. 
Selection for non-spiny plants from the spiny bl'injal 
population was made a11d Crossiog work was attempted to 
develop non-spiny fmics. The fruic set was ranged 
from 80-90 per cenc. An attempt has been made in the 
preSent srudy co develop non-spiny brinjal with spiny 
quality for 1.� geoo,ypc.s. Two crosses (i.e., Spiny x 
Non.spiny and Non.Spiny x Spiny) were 
nttempted to study the inheritance of non-spiny 
character from Spiny brinjal. ln both the crosse.s 
Non-Spiny cha racier was  obtained. Cross Cl 
(i.e., Spiny x Non-spiny) expressed more number 

of non-spiny plants . However, spiny nature was 
observed in both the crosses indfoating the panial 
dominance of spiny nature in both crosses. 

I\1atcrials and I\•lethods 
The experiment was laid out in a rnndomi7.,cd 

block design (RBD) wi1h two rcplicalions. Ten genotypes 
(nine non-spiny genotypes and one spiny genotypes) were 
used for crossing programme. The crosses were attempted 
between spiny x non-spiny and non-spiny x spiny 
.1cccssions. Nine non-spiny local accessions were crossed 
with VRM•l spiny brinjaJ and reciprocal crosses were 
also mack. Totally eighteen crosses were obtained. The 
generations were also forwarded from Fl to F5. The 
genotypes were evaluated and characteri7..cd for spinyncss 
and yield. Each plot consisted of 50 plants spaced at 60 x 
75 cm. Five random plants per replication were selected to 
record observations on these characters. 

Results :\nd Discussion 
i)Performance of Non-spiny character in F3
generation

Two croSS.c:S i.e .. Spiny x Non-spiny ;)nd Non­
Spiny x Spiny was stu<lic;d for the inhe,;t.:lnce of non­
spiny leaf, .�1.1.!Jl'.I and fruits in bri.njal (Table l )  in five 
accessions. l.n both 1he crosses Non-Spiny charuc1.er was 
obrnincd. Cross C2 (i.e., Non-Spiny x Spiny) cxpn:ssed 
more number of non-spiny plan1s in .F2 genc:r;uion. 
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ii) Performance of Non-spiny cluuacter in 1"'4
generation -

The F3 was found to be non -spiny in the cross 
Non-Spiny x Spiny. followed by Spiny x Non-spiny but 
onJy upto a certain extent. E,•cnthough. Spiny nature was 
observed in both the crosses (i.e .. Spiny x Non-spiny 
and Non-Spiny x Spiny) indicating the partial 
dominance inheri tance of spiny. But. lwo cross 
from Non-Spiny x Spiny (C2 and CS) was found 
LO be;:, 100 per cent n(n1-spiny nature indictlling the 
dominance of non-sp iny. 
iii) Perfornumce of Non-spiny c.haracter in FS
generat.ion with yield characters

.In 1his generation Sl\ldy. the 100 per<:eot non­
spiny plants were obrnined from cross deriwu.ive of non­
spiny x spiny 3rd cross and 5th cross during fiv1h 
gencra1ion. These 1wo Crosses we.re compared wilh spiny 

brinjal VRM-1 as yi eld trials in RBD during Kharif 2015 
and Rabi 2015-16. 

Out of 18 enujc.'i tested only two entries were 
selected based on single plant yield with non-spiny 
character. Among these two cross combination. the cross 
C2-5 recorded best yield performance (34.6 t/ha) on par 
with VRM-1 Spiny Brinjal (34.2 t/ha) (Table 3) .. 
The comparative lrial was repeated a.gain during Rabi 
2015-16 lo check the non-spiny nature in Rabi 2015-L 6. 
The: selec::Led entries revealed l00% non-spiny nature and 
the cross C2-5 recorded best y.ield pc.rform::ince (33. l I/ha) 
(T,blc4). 

Non-Spioy was observed in tbe present 
Sl\ldy was simihH to that obtained by dorninance 
inheritance of spiny. Simjlar paueni or inheriiance- in 
brinjal ror spiny Jc.af was rc.po11cd c.arlicr by Nimt,al.kar & 
More ( 1980) and More et ,u. ( I 982). 

Table I. lnheri1anc.c of Non-soi_nv character in oare.nts and crossc.s of VRM-1 Mu11ukathiri in F3 �enc.ration 
I Non-soinv nnturc. (%) 
I Ace.I I Acc.2 I At.-c.3 I Acc.4 I Acc.5 Mean 

Pat·ents 
Soinv Brinial I Nil I Nil I Nil I Nil I Nil Nil 
Non-Soinv Brinjnl I 100.00 I I 00. 00 I l00.()() I 100.00 I 100.00 100.00 
Crosses 

Cl (Sniuv x Non-Snin\•) I 95.00 I 95.83 I 99.16 I 95.83 I 95.83 96.33 
C2 (Non-Soinv x Soinv) I &&.33 I 79.16 I 75.83 I 86.66 I 85.83 83.15 
' Ave, age of three ,ephcauons conta1rung 50 plants 

Table 2. Inheritance of Non-soinv character in oarents and crosses of VRM-1 Mullukalhiri in F4 e:enetation 
S.No. CrOSSci Non-Spiny plants(%) Nc.l.of spinci in kaf No.of spines in kaf 

midrih vcin.s 
Crosses 
Cl (Spiny X Non-Spiny) 
I Cl-I 0 3.0 2.0 
2 C I -2 0 4.0 2.0 

3 Ci-3 0 2.5 3.0 
4 Cl-5 0 3.0 1.0 
5 Cl-6 0 3.5 1.5 
6 Cl-7 7.69 4.0 4.0 
7 Cl-8 0 3.0 3.5 
8 Cl-9 0 4.2 3.0 
Mean 0.961 3.275 2.5 
C2 fNon-Sninvx Spinv) 
9 C2-J 81.42 LO 0.5 

10 C2-2 85.20 1.5 1.2 
II C2-3 l00  0 0 

12 C2-4 88.24 1.3 1.5 
13 C2-5 JOO 0 0 
14 C2-6 87.15 1.4 1.7 
15 C2-7 80.46 1.4 2.1 
16 C2-8 80.53 1.5 2.5 
17 C2-9 85.27 I.I 1.7 

18 C2-I0 88.34 1.7 2.2 
Mean $7.66 1.()9 1.34 
Parents 
I Soinv Brinia1 10 I 4.5 I 3.5 
2 Non-SpinyBrinjal I 100 10 10 
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Table 3 Yield of selecced two entties in Kharif ?Q 15 -

s. Enlries Non-spjny Fmit vield/olanl (ke) 
No nature(%) RI Rll 

I C2-5 100 1.52 1.63 
2 C2-3 lOO (.72 1.65 
Check 
I VRM-1 () 1.57 1.65 

Spiny 
Brinial 

Table 4 Yield of selecced two entries in Rabi 2015-16 
s. Entril!S N(m-spiny Fruit yidd/pfant (k�) 
No narure (%) RI RI! 

I C2-5 100 1.61 1.51 
2 C2-3 100 1.23 1.34 
Check 
I VRM-1 0 1.44 1.52 

Spiny 
Brinial 
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Abstrnct 

The study on biochemical changes in date palm (Phoenix dt1c1yl(fera L.) cultivars was conduc,ed at ICAR­
Central JHs:titute for Arid Honkulture. Bikaner during the year 2014. The observations on the growth of frui,s were 
rccol'ded from 15th Apl'il till harvesting at 15 days intervals. 1''hc assessmc111 of biochemical cha11ges in date palm 
cultivars Halawy. Khalas. Khadrawy and Shamran at diffeJ'e.nt stages of growlh and maturity differed significantly 
among the cultivars. The qualitalive characters such as sugar comems (total. reducing sugars and non-reducing sugars) 
and ascorbic acid coocent increased from initial stage to doka stage of harve.�ting wheteas. acidity. protein. ta,min conte.,u 
and anti-oxidant activity increased at initial stage but exhibiled a decre...'t.�ing trend at 1/oka slage of fruit malurity. Per 
cent acidity was found minimum in c,•. Halawy and Khalas (0.150 %). Ascorbic acid c,ontent was highest in cv. 
Khadrawy (11.22 mg/L00g pulp) foJlowed by KhalM (10.61 mg /100 g pulp) at harvesting stage. Sugar coments 
accumulated gl'adually eluting fruit development in all cultivars were also varied arnoog four cultivars. Cultivar Halawy 
fou1ld highesL in sugar content (36.30% tot.al sugars. 5.96% 1H)o-reducing sugars and 30.34% reducing sugars). Protein 
conte,n varied from 1.49 % in cv. Khalas Lo J .73 % in cv. Khadtawy. Tannin contem vatied from ().72% in cv. Hala"vy LO 
1.00% in cv. Khalas. Anti-oxidallt activity wa.,; recorded maximurn in c .v. Halawy (3.50 mmolTE/g) followed by. Khalas 
( 3.2-1 mmolTE/g). Tile results revealed that cultivar Halawy is beuer in respect of quaJity parameters followed by cv. 
Khalas under hot arid conditions. 

Key words: Dale palm, cu/tivars. wtli-oxitlant m:Jivily. sugars, t>rmein. tmmin. 

[ntroduction 

Date palm (Phoenfa· 1lac1ylifer<1 L.; Family 
Arecaccae) also known as khajoor, klumtk is a basic 
dietary component of people living in semi arid and arid 
regions in the world, Date palm is the most successful and 
exlremely important subsislencc crop in many of the hot 
arid n.:gions of the world (Zaid er al.2001, Chandra e1 

a/, 1990) , ln lndia. maximum an:a of date cultivation is 
about 17,072 ha with production of I, 37,476 million 
tonne in Kachchh region of Gujarat. ln Rajasthan, its 
cultivation has great potential in Jaisalmcr, Barmer, 
Blkancr, Jodhpur and some parts of Churu. Sri Ganga 
nagar. Haaumangarh. Na.gaur districts. which falls under 
arid climate and provided with irrigation facilities. rt is a 
drought hardy fruit plant species and tolerates salinity. 
Date fruit is used for fresh consumption as well as for 
processed products such as wine. starch vinegar, arak.

jam. chutney, beverages. juice and toffees. It is highly 
nutritioos fruit and contains high calorific value (3150 
calorics/kg of fresh fruits). 60-65% sugar, fair amount of 
fibre (2.5%). protein (2.0%). fat (2.0%). vitamins (vitamin 
A = 220 I.U .. vitamin 8 1 = 0.35 mg. vitamin 82 = 0.38

mg). minerals up to (2.0%) i.e. iron, potassium. calcium. 
copper. magneshnn. chlorine, sulphur, phosphonis. etc. 
(Gopalan �, <1I.. 1985). Caramel colour produced from 
dates which can be used in food tmd pharmaceuticals 
industries (Zaid et al., 2007). The elate fruit goes through 
five distinct growth and ripening stages (Shobana et al .. 
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1981)). These five stages are usually referred to in terms 
derived from Iraqi Arabic as "H(lbabouk", "Kimrt',

"Klui/t,f', "Rutah" and '"Tamer'". "Hab,1bouk" stage which 
starts soon after fertilization and is charactcri7...ed by loss 
of two unfertilized carpels. The Kimri or ga,u/.<,ra 
represent the pea stage and immature green colour. doka 

or Kha/al - matun; full coloured and Rotab o,· da,,g -soft 
br0\.\.'11. Tamer or pind- hard raisin like (Chandra t>t a( .. 
1992), Jn our country, maximum elates arc harvested at 
hard ripen doka or Khalttl stage because of early rains in 
July month. However in Gulf countries, fruit maturity 
goes up to pind or T.lmer stage. The growlh and 
clcvelop1nent of the fruit follows a unique pattern in thl! 
date palm cultivars (Al-Qureshi. 2010: Iqbal etc,/., 2012). 
Although. \vork has been reported by djffcrent workers on 
physical and biochemical attributes in dif

f

erent elate palm 
cullivars (Chandr.1 and Parcek. 1992; Osman. 2008 and 
EI-Agamy et al .. 2001). Keeping in view. the present 
study was undertaken to assess the biochemical changes 
in date palm cultivars during fruit growth under hot arid 
conditions. 

Mat�rial :l.nd M�thods 

The presenL study was carried out at ICAR­
Central lnstitule for Arid MorLiculture Bikaner, Rajasthan 
during the year 2014 having four replications. The four 
commercial elate palm cullivars vi:., Halawy. K.halas, 
Khadraw)' and Sham.ran wt:rc taken for fruil g_r(>wlh and 
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bioche1ltical study. The fruit samples W\!rc collected ac 15 
days inh::rval (I5w April. 30th April, LSlh May, 30'" Mlly, 
15•h June. 30th June, 15th July and at harvesting) in the 
month of April to July 2014 for a�ssment of 
biochemical changes during fruit growth period of dme 
palm fruits. Percem acidity and ascorbic acid and sugars 
wi;;re observed in fn.tit samples as per standl'lrd methods 
described by Ranganna. (200 I). 

Total sugars ,vere estimattd by Anthrone reagent 
rm:.Llu)d desc.ribe<l by Thayurnf1navrm tmd Sadasivam ( 
1984). The absorbance was ,·c:cot"ded at 6301lln against a 
reagent blank in the UV-VlS spectrophotometer (Decibel. 
Delhi, India). The <.:(mccnLrations of t<)la] soluble sugan, 
were calculated according to the glucose standard curve. 

The tannin content wns nnalyz.cd using Folin-Oenis 
method described by Schander. ( 1970) on dty weight 
basis. The absorbance w;c1s recorded at 700 nm against a 
reageot blank in the UV-VIS SpectrOphOLOmeter (Decibel. 
Delhi. llldia). The srnndil.l'd graph was made by using O­
J OOµg of tann.ic acid and the concentration ol' tannin was 
eNprcssed as pcrc.cnrngc of fresh weight. 

The soluble proteins were estimated by Lawry·s 
rm:1hod ( J 95 l ). The absorba.nce wa$ recorch:d al 660nm 
against a reagent blank in the UV-VIS spec1rophotome1er. 
The concentrations of soluble proteins were calculated 
acc(mling l(l the S-ll)nda.rd bovine i;entm alhun:Un t-un·e. 

Total antioxidant activity was analysed by 
CUPRAC (cupric reducing antioxidant capacity) assay 
rec.entJy developed by Apn.k et a/.(2004) which me.asure.d
the cupper (UJ ion reducing ability of polypbenols. 
viwmjn C and viumtln E. The 2 g of fruit material wat; 
extracted using 20 ml mixture of ethanol and dislilled 
water (80:20, v/v ) by ceno·ifoging at 10000 x g tor 10 
mi.n. The sup..:rnatnnt was usc<l for am,lysis. The
absorbaJtce was recorded at 450 nm in the UV. VIS
spectrophotometer (Decibel, Delhi, India), The \1nits were
expressed in µmol Trolox/ JO(}g.

The experimental values were analysed 
staliSLically by using Comple1ely Randomfaed De$ign 
(CRD). Means were compar..:d using soft ware. Stat 
package CCSHAU. Hisa.r al 5% level of significance. 

Results and Disc.ussion 
The biochemical mu·ibuLes viz... total 

soluble solids. acidity percenlage, ascorbic acid, tannin. 
prt)lein c-t)otenl. sugars anti an1i-ox.iclan1 activi1y of 
dif

l'Cl'ent date cultivars were assessed at I Sdays intervals 
from kimri to dot«, slagc of fmit growth and malurity. 
Fruits were hr,rvcstcd a1 tfokt1 stag\! in all cuhivars. The 
significant diffel'ences in biochemical change.,; were 
ob$erved among the cul1ivar$ io a.U Lhe $Lage$ of fruil 
growth aod developiner\t. 

Tot•I Soluble Solids (TSS " Brix) 
The results clearly showed that an increasing 

LJ'end in TSS of fruiLS al all fruit development srnges was 
recorded in date palm cu Iii vars sludied (table •I). TSS of 
fruiL-. in date palm variety Halawy wa.-; 41.28 °Brix at 
hatvcsting stage which was 13.85 °Brix at initial st.1ge of 
fnait development that gradually increased on 15111 May to 

harvesting stilge. It  is due to accumulation of 
carb<:>hy<lra1ei; aoct c-lecrea$e in tannin$ in fruiL�. The 
highest TSS was recorded in Halawy (41.28 "Brix) 
followed by Khalos (39. 17"Brix ), Shanuan (39.13"Brix) 
while it was lowest in cv/ Khadrawy (37.3 9 °Brix %). A 
significant difference in TSS of' fruits was recorded at fruit 
growth, dcvclopmcnl l-'lnd harvesting SU'lgcs. The findings 
is similar to earlier wo!'kers reported by Halder et al

(2014) .Bacha et"' (1987). 

Acidity(%) 
The acidity content followed a decreo.sing, trend 

as the fruit develops in all cultivars (Table•2).The 
significant difference was noticed in acidity conlcnL in 
fntits among cultivai·s. lt is indicated that acidity of rniits 
in date palm on fresh weight basis in cv. Halav.,y 0.150%
was at harvc,.:,ting Stage which wa.,; 0.160% at initial srnge 
of fruit de\'elopment tJ1at gradually incre..ased on 30"' April 
to 30th May and decreased from I 5th June to Harvesting 
stage. The .-.ume pauc:m of incn::ase �\nd decrease in acidity 
was notjced in all cultivars during fmit growth. The 
highi;st acidity pcr<."'l.:nt in fruits was recorded in Shamran 
(0.168%) followed by Khadrawy (0.160 %) and it was m 
par in cultivars Halawy and Khalas (0.150%). The acidity 
pcrcc.nrngc in C\' . .Hnlawy nnd Khala.,; was found lcsS,. It 
may be due to less astringency aod more sweetness at 
fully matured fn1its in these cultivars in comparison to 
other culth•ars. Similar findings have been 1'epot1ed by 
Abbas et al .. (2002) and Ebtehal and Al-Tamin (2014). 
Moreovl!r. ii mtty possibly be due l(l nccumul1)1ion and 
metabolism of o,·ganic acids io the frui1 durjng their 
growth and devclopmenl. 

Ascorbic acid (mg/100 g fruit pulp) 
The darn pt'e.Sc.1\t� in cable 3 revealed 1hat 

ascorbic acid conlcm of frui1s in dale palm on fresh 
,veight ba.'iii; increased fn:m1 initiation of fruit 
developmeni 10 harvesting stage. ). Diffei·cnce among the 
cultivars in ascol'bic acid con1cn1 was signilicant al all the 
fruit developn�nl Singe. ln cv. Malawy t1SC<nbic acid 
content was 8.04 mg/100 g at harves6ng stage which was 
l.04 mg/lOO g at initial stage of fruil devdopment that
gradually increased Oil 301h April to I 5•h July and it was
highest at Harvesting stage. The same paucrn of increase
in ascorbic acjd wa.'i no1iced in oiher varii::ties aL clifforenL
stages.

The highi;st ascorbic acid content was ri;cordi;d 
in cuh..ivar Khadrnwy ( 11.22 mg/lOO g) followed by
Khalas (10.61 mg/100 g), Sltamran (10.37 mg/100 g) and 
lowest in H1'llawy (8.04 mg/lOO g. Ascorbic acid content 
increased frorn initj:.11 st.age of fruic g:,·ov.1.h and was 
highest at dot«, stage of ripening. Sawaya et al .. (1983) 
reported tluu vitamin C c.(,nlc:nl was highl!r at Khalaf

stage. Marbet et al. (2008) reponed vitamin C coJ1te11t 24 
to 46 mg/100 g whereas, Ebtehal and AI-Tamin (2014) 
reported 10.52 mg/IC)() viiamin C in Saudi Sukhari and 
Egyptfan Sewi date palm samples. Similar resulls have 
been reported by Chandra and Choudhary ( 1.990). 

Total sugars(%) 
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The lotal sugar content of fruits in date palm 
cultivar Halawy was 36.30% at dokfl stage of harves1ing 
which was 4.25% at initial srnge of fruit developJ:nent that 
grndul'llly increased on 15

th May to Harvesting. On 15111 

May the magnitude of sugar was 6.32%. which increosed 
to 12.60% by JO" May. lt neady doubled (24.48%) by 
15th June and then slightly incrcl'lsed to 28.2.'>% by 30th 

June and reached LO the level or 34.40% by 15th July. 
Tota] sugar coment in culti var Khalas 34.40% at 
h:1rvesting St.a_ge wbjch was 4.05% a1 initiaJ kimri Stage of 
fruit dcvelop.-ncot which subsequently illtl'eased from 15m 

May to 1511i July and highest :,t han•esting stage, Increase 
in tornl sugar was observed fron:i Kimri to dokc1 srnge of 
hatvest. The highest toU\I sugars contem was l'eco,·ded in 
Halawy (36.30%) followed by Kh:tlas (34.40%), Sh:tmran 
(34.06%) while lowest in Khadrawy (32.49%). A 
significant difference in total sugars content in different 
date palm cultivars was found at froit devdopmcnt stages( 
table-4). Total sugars are a varieLal characLer and its 
quantity depends on cuJtivar. Total sugars increased from 
initil'II stag-: of fruit devdopmcnt which Wl'IS highest I'll 
doku stage of hal'vcsting. Elahmer et ul .. (2007) ,-eported 
total sugars were found highest in Ammi (49.49%) 
foll()wed by Tabmmj (38.54%) and lowc:$1 in Bnmsi 
(35.87%). Muhhamad e, al (201 I) reported the total sugar 
content was much higher in date paJm grown in Ocr..1: 
Ismail Khan (71.05%). Similar resuhs were obse!'ved by 
Gasim et al .. (1994): Awad et al .. (201 I): Taain et al ..

(2013); .Ebtchal and Al-Tamin (2014). 

Reducing sugars(%) 
h is clearly indicat�d ,hat highest reducing sugar 

content of fruits in date palm cullivar Halawy was 30.34% 
at harve,•aing sLage which w&s 3.91 % at initial stage of 
lruit development that gradually increased on 15th May to 
Harvesting (table -S).

Reducing sugarS conlent was highe..�t in Malawy 
(30.34%) followed by Khalas (29.05%) and Shamran 
(29.03%) while it was lowest in J<hadrawy (27.52%). 
Difference among ,he cultivars was significant in relation 
to reducing sugar content at all the fruit de\<elopment 
s1age.s. Carb-Ohydrr.1te me.uboHsm i$ Lhe m<>SI activated 
pathway at C.\<ery sirlgle stage of the fruit development arld 
ripening in date palm with in this also, the genes directly 
associated with sugar mernbolism are much more 
ac1ivated at the later stage of fruiting. This pattern 
accounts for grndunlly incn:.asing reducing sugar content 
in date palm. The high level of total sugars in date fruits 
are due to the up gradation of sucrose phosphate symhase 
and inverts l'lt the later stage of fruit growth. 

Protein content(%): 
The soluble protein contelll decreased from kimri

to doka stage of maturity. Data clearly showed that 
pro1ein c.,mtcnt of fruits on f�sh weight b:1sis in cv. 
Halawy was 1.67% at harvesting stage which was 1.5% at 
initial stage of fruit development that graduaJly increased 
on 30'h April to 30111 May and decreased from 15th Juoe to 
Harvesting stage (table 6). ·r11e significant difference 
a.rnong cul1ivars in n:spe:ct of pro1.ein cootc:nl was 

recorded. The highest protein contenl was recorded in 
Khadrawy (1.7:;%) followed by Hala.wy (1.67%) and 
Shamran (1.56%) while it was lowest in cv. Khalas 
(1.49%) .T'hi; finding is siinilar to the re.suits reported by 
linider e, cJ/ (2013). 

Tannin conLcnt (%) 
Th�re is .'I signjficant difference in rnnnin content 

of ct:ue pnl.m fmits at gn,wth and devc:lopmeot Stages. 
(Table 7). The ,a.nnin content was estimated in fn1it 
samples from 15

th Muy onwards in date palm cultivars. 
Tannios c.onient of frui1s in date palm on dry weight basis 
in cv. Halawy was 0.72% at harvesting which was 1.4% at 
initial stag._: of fruit di;velopmcnt th.al groduaJly incrca�d 
on 30th May 10 I Sui June and decreased from 301b June to 
Harvesting stage. Jncrease in tannin content was noted at 
in.i1fol Srn!f:e of fmiL growth wh.ich showed the: d�rea$ing 
treod of tallJtin content al la,e1· stage of fruit development 
during July month. II is because of breakdown of tannins 
and pi.-01.ein compounds in to simple:. $olublc: sugars due:. to 
the role of enzymes in fruit devclopmeot p1•ocess. 

The high-0s:t tannin content was recorded in 
cultivar Khala.,; (1.00%) followed by Kha<lrawy (0.95%), 
a11d Shamra11 (0.82%) while il was lowesl in cv. Halawy 
(0. 7'2). This is in general agreement with findings of 
Mougthith et t1l ( I 976). 

Anti-(,x:idiml �,eth·ity (mmol'J'E/g) 
There is a significant difference in anti-oxidant 

aclivity an,ong dale palm Cullivan; a1 di(fcrcnl fruil 
growth and development stages (table--8). The maximum 
anti-oxidant activity was recorded in Halawy (3.505 
inm<>ITE/g) fol.lowed by KJ1alas (3.225 mJn.o1TE/g) and 
Shamran cuhivar (3.158 rnmolTE/JOO g). Lowest anti­
oxidant was observed in Khadrawy cv. (3.083 mmol'T.E/g) 
a1 hai·,•esting st.age. The t'esuhs showed the increasing 
tnmd in anti�oxidant activity. tannins cont�nts from kin,,.; 

to dolw $tage in all cullivars. The tan.nin conte-nl an<l Lotal 
phenols are the major contributors to the antioxidant 
activity. An increas\': in auti•oxidant activity may due to 
high tannin and phenolic C(>"1p()umJs during fruit 
devdop,nent stages. Howeve1•, gradual decreasing in anti­
oxidant activity possibly is d\le to decreasing trend in 
tannin and other phcm)lic c-Ompounds at col<>ur turning 
and matul'ity in li·uits. 

The finding is in Accordaocc to results reported 
by Al-Farsi e1 al. (2005) in date palm cultivats. 

In the present swdy, the changes in m�tabolite 
compo$iLion were assessed t'rQm k.im.ri to dokn srngc of 
date fruirs. h was observed that majority of ,he 
mctaboli,es increases with ch\': advancem1.:!nt of growrh 
srng:c.. Those sud1 changes <>ccur in ti.Uc- fruits has been 
demonstmted by Abbas and Fandi (2002). Ehtehal and Al­
Tamin (2014), etc. In the present sludy too, it was 
rcportl!d tha1 mctaboli1cs such f1S iota! sugars aml reducing 
sugars increased with 1he stage of development. This is on 
account of fact that fruit acts as sink ond accumulates the 
cal'bohydrates produced in the leaves. This accumulation 
then leads to changes in TSS. which is also apparent in 
our $1udy. Thus. our Study shows t.hat fruit$ &re h_ighly 
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active sinks which accumulates lhe carbohydrates in the 
form of reducing and non reducing sugars which are lhen 
converted into other complex forms with the growth and 
development of the fruit. Among the varieties studied. cv. 

Halawy was found to be best since it has more number of 
berries. high TSS. sugar content. anti-oxidant activity and 
minimum acidity. 

Table I. TSS ("Brix) of different Date palm cultivars clurin.i?: fruit growth and maturity stages. 
Treatments Aoril Mav June JtiJv Harvcstinsz. 

30 15 30 15 30 15 Final 
Halav.rv 13.85 15.26 16.68 19.72 30.41 39.00 41.28 
Khala.� 11.45 13.84 14.()(, 17.33 24.06 36.()4 39.17 
Khadrawv 11.23 12.51 13.67 15.90 23.43 33.75 37.39 
Sbnmnln 12.45 13.17 13.75 1 6 .09 19.86 34.03 39.13 
CDat5% 1.512 1.054 0.908 1.184 2.232 1.807 1.489 

T bl � a C -· ACI( llV ( m lruus ol < 11 crcnt . r %) . . . D I ate oa m cu llvars unn2 lrmt irrowt. an d h d matunt 

Trcalmcnts Anril Mo,• June July Honest 

15 30 15 30 15 30 15 FinaJ 

Malawy 0.160 0.268 0.330 0.343 0.320 0.270 0.265 0.150 
Khalas 0.170 0.200 0.:140 0375 0.:120 0.285 0.270 0.150 
Khadrawv 0.180 0.188 0.353 0.563 0.360 0.293 0.285 0.160 
Shamran 0.170 0.180 0.595 0.615 0.428 0.320 0.310 0.168 
CD (P=0.05) 0.013 0.048 0.061 0.154 0.068 0.018 0.017 0.013 

Table 3. Ascorbic. acid (me!/ I 00 !:!) in fruit,; of diffe.rent Date oalm cultivat'S 
Treatments Anrll 1\'la,• .June Julv Harn•st 

15 30 15 30 15 30 15 Fina) 
Halawv 1.04 J.28 1.70 2.14 3.65 6.34 7.19 8.04 
Khalas 0.59 1.07 1.58 1.64 5.85 9.27 10.24 J0.61 
Khadrawy 1.22 1.37 1.82 2.29 4.51 8.7K 10.73 I 1.22 
Shamran 0.49 1.04 1.34 2.19 6.09 7.07 10.00 10.37 
CD (P=0.05) 0.09 0.16 0.20 0.16 0.65 ().96 0.92 1.60 

Table 4. Total suears (% in fruits of different D.1te nalm cuhivars 
Treatments April Ma\' June. July Harvest 

30 15 30 15 30 15 final 
HaJawv 4.25 6.32 12.60 24.48 28.25 34.40 36.30 
Kl1alas 4.05 5.44 10.71 21.81 23.72 32.49 34.40 
Khadrawv 4.17 5.88 12.29 23.72 24.48 28.91 32.49 
Shamra.o 3.41 5.36 9.91 19.49 21.81 31.54 34.06 
CD IP=0.05) 0.48 0.59 0.23 0.39 0.42 0.24 0.23 

I • 'able 5. educin� � ·ugars ( o) in fruits ot di terent R s f. D a1e oalm culli vars 
Treatments April Mav June Julv Harvest 

30 15 30 15 30 15 Final 
HaJawv 3.91 4.99 9.47 21.00 23.72 29.57 30.34 
Khalas 3.76 4.26 7.55 18.10 18.88 27.55 29.05 
Khadrawy 3.69 4.32 9.57 19.83 19.94 24.1 I 27.52 
Shamran 3.09 4.17 7.14 16.50 17.82 27.37 29.03 
CD (P=0.05) 0.07 0.04 0.06 0.06 0.14 0.06 0.08 

1 ·able 6 p rotein content(%) in ruus o d1 · erent D ate oahn culuvars 
Tn:atmcnts Acril Mav June Julv Harvcsc 

15 30 15 30 15 30 15 Final 
Halawv 1.50 2.64 4.76 5.21 3.94 2.88 2.23 1.67 
Khala$ 1.25 2.33 4.(,1 5.03 3.84 2.78 2.08 1.49 
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Khadrawv 1.56 2.74 4.86 5.32 4.20 3.11 2.30 1.73 
Shamran 1.31 2.41 4.67 5.13 �.89 2.79 2.12 1.56 
CO (P=0.05) 0.07 0.14 0.10 0.06 (1.18 0.09 0.13 0.05 

Table 7. Tannin content (%1 in fruits of different Dace oalm cultivats 
Tre.atmenLS Mav fone lulv Harvest 

15 30 15 30 15 Final 
Halawv l.42 1.64 2.23 2.08 l.07 0 .72 
K.hRlas 1.77 1.99 2.70 2 .45 l.41 1.00 
Khadrawv 1.61 1.74 2.40 2.22 1.29 0.95 
Shamran 1.47 1.64 2.00 2.17 1.20 0.82 
CO (P-0.05) 0.06 0.05 0.07 0.05 0.05 0.04 

Table 8. Ami-oxidant activiry (mmolTE/.e.) in fruits of differe.nt Dace palm cultivars 
TreatmenLS April May 

15 30 15 
Halawy J.395 3.043 5.535 
KhRlas J.263 2.970 5.310 
Khadrawv 1.203 2.365 5.203 
Shamran 1.230 2.515 5.170 
co 0'=0 .05) 0.089 0.479 0.081 
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Abstract 
The objective of chis study was to determine che effect of GA3 and cow urine on seed gennination :ind seedling 

grow1h of cusrnrd apple. The. results of prcScnt s1udy showed the signitican, diffon:.mcc:s with respc::c1 lO cffc:cl of Sc;c;:d 
soaking in dif

f
erent concentration or GA3 i.e .. 200. 400. 600 ppm and cow urine with 15% and 20% also and in

combination. Seeds were soaked fol' 72 houl's in all treatments. Resull of' study t'evealed the positive effect of GA3 alone 
and in combination wi1h cow t1rine. in gc;rmimuion pcrcent;lgc.: •. s.c;c;:dling growth. Sc::c::<lling <.li::unc.:tc::r. no. of fc::;wc.:s ;lnd 
vigour index. Among the various treatments. GA3 (400ppm) in combination v.'lth cow urine (15%) exhibited the 
germina1ion (92.405). whereas it was showed lowe.st in control (50.07%). However. GA3 alone had also positive effect 
on its genninarion and seedling growth. 

Key \\1ords: Annona squamosa. Cow urine, GA3, Seed germinmion 

Introduction 

Custard apple is successfully growing in humid 
to atid and semi atid region. It is highly suicable for the 
u1ilizruion of dry waste• Jand areas do� 10 its droog:h1 hardy 
nature and less water requirement. The custard apple have 
very short fruiting season about six month, tlowering stan 
with onset of monsoon nnd ftnjt harvest in end of 
October-November, The plant rcl'ffilins in dormant 
condition from Dec.embe.r to May in hot semi arid 
conditioo. Therefore. custard apple can be successfully 
grown in these areas under natural delayed monsoon rain 
only. The propagatjon of custard apple through seed is 
dilllcull due lO seed dormancy. which shows low uneven 
and irregular ge.rt'ninmion of seed. Jn many plants. viable 
seeds unabli;:, to germinate after sowing in right time and 
even under favourable environmental conditions. This 
seed condi1ioo is known as seed dormancy (Taiz., Zeie.ger 
2002). Seeds are mos, important for easy propagmion and 
fun,re bree.ding programme of particular fmit crops. There 
are numbers of imen1al factors responsible for seed 
dormancy Jike hard seed coat fa,c1ors. �mbryo factors or 
inhibitors (Agrawal and Dadlani 1995). Fe.w methods arc 
be.ing commercially utilized co overcome dormancy, 
which vnry from species to spec.ies. like hca1ing. 
str�ltification, scarification ;;lnd gibbcrellins applic�ttion 
(Black. 1980 and Narb<ma et al. 2003). ln abow status 
mechocls. GA3 rre.a11nent of seeds were found most 
effective to break dormancy and infl\1ence the seed 
germination but it concenu·ation vary from species to 
species (Karam. Al��alem 2001). 

Generally Custard apple requires 25-40 days for 
seed germination in normal condition (Hernandez, 1983).

So far. little work has been can·ie<I out on this aspect in 
cusiard apple particularly under dry land c-0odi1ion. 

Theri:.:fore, seed treauncmt of custard apple; wi1h organics is 
required to improve germination. ln  order to avoid the 
problem of irregular ge1·mination and also to reduce 
germimuion period, Sc::ed trea1ment of cus1ard apple seed 
is very important. Therefore. this study was conducted to 
find out the effect of GA:i and organics on seed 
germination and seedling grov-1h of cus1ard apple under 
hot semi Mid condition .

Material and Methods 

The present study was carried out at oursery unit 
of Central HortkuJ1uraJ Experiment Siation (ICAR­
CIAH). Vejalpur. Pauclunahals during 2016-2017. The 
e.xperimem was laid out in randomized block design with
three repljc.mions. There were twelve 1.i:catmeots like T1: 

S(.."Cd soaking in tap water for 72 hours (control), T 2: seed 
soaking in 15% cow urine for 72 hours. T 3: seed soaking 
in 20 % cow urine for 72 hours. T4: seed soaking in 200 
ppm GA.� for 72 hours. T,: seed soaking in 400 ppm GA3 

for 72 hours. T 6: seed soakini; in 600 ppm GA, for 72 
hout's. 1··,: seed soaking in 200 ppm GA'.\+ 15% cow urine 
for 72 ho1.1rs, T 8: seed so:,king in 200 ppm GA3 +20% cow 
urine for 72 hours. Ts,: seed soaking in 400 ppm GA3 

+15% cow urine for 72 hours, 'f1o: seed soaking in 400
ppm GA,yt-20% cow urine for 72 hours. T11: seed soaking
in 600 ppm GA� +15% cow urine for 72 hours and T12: 
se.e.d soaking in 600 ppm GA3 +20% cow urine for 72 
hours. 
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Collection of Cow Urine 
l�resh cow urine of local varie.ty of cow was collected
from a local animal rarm. Tile urine was l11tc.red through
Whatman No. I filter paper to get rid of debris and
prec.ipjcated material was used as seed soaking.
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Collection of Seeds 
The seeds of custard apple were cvllecled from fully 
m:1ture fruits of Balanagar custard :.1pple variety :ll Central 
Hol'ticulru1·al Expel'ime,u Sta.tioo (lCAR-ClAH) farm. 
Vejalpur. J'>anchmahals. 

After treatntents. and completion of soaking 
period (72 hours) fully soaked seeds were selected and 
sown in 10'" June 2017 at uniform distance in polythene 
bags. The Si.7..e of polythem: bag i:, 1 1  x 9 cm and each 
polythene hag C(msiSLS of 5 se,e(I, means c:.;)Ch treatment 
has 10 polythene bags. Every polythene bag was filled 
with a composite media, which con.siSL"- of .soil, FYM and 
sand in l'iltio of I: I: l .  The pei·centage..� of gc.rm..inarion of 
seeds were calculated nccording to the rules for seed 
testing (TSTA. 1996). The seedlings were aJlowcd to grow 
for six months (Jone to November, 20 17). After s-ix 
months, 10 seedlings for each treatment were selected for 
mc-:�suriog growth pMnmeters; shoot and root length, 
$t!cdliug dia1:ndcr and uombt:r vf leaf. TI1c d&ia (m 
gerrnina1ion and seedling growth under various tremments 
were statistically a11a.lyzed. Vigour index wa.s cakulated 
according to Abclul-baki and Anderson ( 1973) as 
germination per cent x seedling total length (1otal shoot + 
root length). The data was analy·.red by statistical 
significant at p<0.05 level. S.E. and C.D. at 5 per ci:nt 
level by the pn:,cedure gjvc:.n hy Gomez and Gomez 
(19114). 

kesull and discussion 
Effect on �trmination 

The germin:nion per-cen1agc or cust.1rd apple 
Seed 1n:a1ed with GA:;. C-()w urine and its combination arc 
summarized in Table & fig ( I}. the differences between 
treatments and control wel'e significant 25. 30 and 35 day 
after sowing. Results showed that treatment of seeds with 
GA3 and its combination with cow urine had markedly 
improved germination from 62.08 % and 92.4% when 
compare out with conn·ol 50.07%, It is clear from the 
Tnble I Lh:n seeds treated with GA3 A.lone and with 
combina1ion of cow urine hasteo the g:crm.ination 1han 
untre.lled seed (control). The GA3 :ind in combination 
with cow urine, rhe gcnninarioll pe1·ecotage at 25. 30, and 
35 days after sowing was recorded as 10.56-18.42 %. 
23.87-45.23 % and 26.85-34.62 %. respectfully. While in 
conu·ol and cow urine alone l,.reatcd seed germination 
percentage was 6.23-10.23 %. 15.28-22.21 % and 28.56-
31.23% in 25, 30 and 35 days art.er sowing. resp«tivc;ly. 
Result of Study revealed that cow urine is: n()l. effec-tive in 
hasten of seed germinaiion. 11 may be due to presence or 
rlutl'ients in cow urine (Phrimanto«). 1995) aod very less 
amount of auxins subs1ances (Palani et. n.l .. 1995) which 
are unable to break the seed dormancy. High and early 
germination percent.age for custard apple seed was t'ound 
in GA;l and in combination with cow urine treated seed. It 
may bi;,: dui;,: to syn�rgic i;ffcct of cow tirin� and GA3. The 
GA:; hormone jncrease cell size of embryo (Black, M., 
1980) by s1imuln.cing the cell wall to release and transrnit 
its caJcium in the C)'lOplasm which make.,; favourable 

condition for absorption of water and cell growth and 
activation of hydrolytic enzyme (Taiz & Zcicgcr. 2002; 
Roy, l974) and cow urine m.ighL have pro\fided essential 
ele,nenL,; that are needed by seed at time of gern1ination 
such as N. P. K Ca. aod Na aod scimulatt'- ti� hydrolycic 
enzyme. 'll1e highest germination percent wa.s noted in 1\1 

(92.4%) followed by T7 (87.94%). T11 (75.24%) and Ti, 
(73.03%) while Jowest was observed in 1··1 (control) at 35 
d:l)'S after sowing ( DAS) of seeds. 

Effect on growth of seedling 
In Table & Fig (I) resulls are shown the posi1ive 

effecL-. t)f GA3 and cow urine creatment on shoot and l'0t)l 
length, se..:dliog, di:une.ter, no. of lt'-af/ youog: seedliog aod 
vigour index after germinated. The treatment T� gave the 
highest values ranging from 47.23 cm. 42.36 cm, 8.12 
mm. 26.42 and 8278.1 16 comparing with the conn·ol
25.12 cm, 22.18 cm, 7.38 mm, 20.32 and 2368.311
respectively. Cuswrd apple s:c:eds t:reated with (400 ppi:n
GA.J + 15 % cow urine) gcrrn.inmc.d early tmtl grown
quickly which accelerate the dirferenc.e in seedling
growth. seedling diameter. numbel' of leaf' and vigour
index. The present resulL,; are in a.greed with Lhe findings
of Dzayi (20 10). le may be due to growth promotional
effect of GA3; it stimulates and �tccclerates cell division.
incnrnsi:d c..:11 elongation and �nlargem..:nt or both
(Hartmrum c:t al. 1990). Early germination c.aused by
gibberellic acid which provided e-nough time 10 the plant 
for proper g.rowch and development. However, cow urine 
gave positive effect on young seedling. may be due 
presence of essential plant nutrient and auxin substances 
and which uJtima.tely resulted in increased length of root 
and shoot-, diameter of seedling and leaf numbers. These 
finding more or less similar with finding of 
Stmkaranan,y:)nao et r,I. (1994); Van;lgnnmdi (2003) in 
1amarincl, llango ct al. ( 1999) in Albizia lcbbeck, 
Ramachandrndu and Thangam (2007) in gladiolus and 
Swamy ec al. ( 1999) noticed highest germination pel' cent. 
shoot length and root length when jamun seeds. 

In this study. we increase period of soaking seed 
because long time soaked seed gave higher germin.1tion 
due to maximum r..,moval of gi:rmination inhibitor (Dz.ayi. 
2010; Al-Hawe-.ty, 2013). These finding closely related to 
1he Kose ( 1998), which n:p()rtcd 1hu1 A. unedo sc:c:cl gave 
maximum gel'mination when Lre::aced with 400 ppm GA;1. 

From the foregoiog discus..,;ioo ir can be 
concluded that among Lhe diflerem treatment. Ty (seed 
soaking in 400 ppm GA3 + 15 % cow urine for 72 hours) 
is found superior and most eff..:ctive for sei:-d germination 
and better growth of custard apple seedlings over the rest 
of the 1rea1men1 combina1ion.s. 
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Table I. Effect of GA3 and cow urine on seed 1i:c.nninatil)n and �rov.'1.h of cuscan1 1.v.,nle scedlin2. 

Tremmems Germination % Total LenJ?.th (cm) Seedling No. of Vigour 

25 30 35 gcrmina1ion Shoot Root diameccr le:lflsecdling index 

Davs Davs Oavs % (mm) 

T, 06.23 1.5.28 28.56 50.07 25.12 22.18 7.38 20.:n 2368.311 

T, 08.26 22.21 31.23 61.7 31.27 34.23 7.42 21.56 4(141.35 

T, 10.23 22.18 29.45 61.86 26.45 24.16 7.32 16.25 3130.735 

T, I 1.89 27.56 28.12 67.57 28.12 22.45 7.62 17.38 3417.015 

T, 12.36 24.12 34.62 71.10 41.35 35.26 7.56 20.45 5446.971 

T• 10.56 24.63 26.89 62.08 32.25 36.85 7.60 21.45 4289.728 

T, 15.56 40.12 32.26 87.94 44.12 40.18 8.09 22.63 7413.342 

T, 11.58 23.87 33.26 68.71 38.26 40.23 8.00 24.00 5393.048 

T. 18.42 45.23 28.75 92.40 47.23 42.36 8.12 26.42 8278.116 

Tm 15.23 30.54 26.l,5 72.62 42.56 40.23 7.63 20.47 6012.210 

T,, 12.83 34.86 27.56 75.25 38.62 39.75 7.78 21.62 5897.343 

T,� 12.46 32.45 21U2 73.03 37.42 38.16 8.10 17.56 5519.607 

C.D.
0.44 2.50 7.15 3.22 0.04 l.l7 0.26 1.34 22.06 

(P=0.05)

Fig, I: Effect of GA3 and cow urine on seed germination % of custard apple 
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Fig. 2: \Vcmhcr data ofCHE'.S in 2016-17 
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Abstr,1ct 
Moth bean (Vigna ac.:onitifi,Na l. ), clusLer bean (CywmJpSis tetmgon<,/qba l.Taul).) and sonamukhi (Cas.sia 

angust(follu Yahl) were grown as iniercrops under agri-honi-silv_i sysLem wiLh 7-year-old plaotmions of ciLrus I Citrus 

auralllifolia (Cristm.) .Swinglel. bael £Aegle marmelos (L.) Correa) and gonda (Cordia myxa L.) at research f'arm of 
Cemral Ariel Zone Research Institute, RcgionaJ Research Station. Bikaner, during two consecutive yea.rs of 2008 and 
2009. Highest seed and sto,•er yield of moth bean (460 & 1881 kgha 1 in 2008 and 320 & 1304 kg/ha in 2009) and cluster 
bean (623 & 2146 kgha'1in 2008 and 533 & 1838 kgha1 in 2009) as well as, the leaf and seed yield of sonamukhi (323 & 
53 kgha·' in 2008 and 415 & 80 kgha·' in 2009) was recorded in intercropping with citrus, Among the different levels of 
irrigation applied to fruit trees. irrigation at 80% of potentiaJ crop evapotranspiration (E·rc) gave the highest yieJd and 
water use. efficiency in all the crops. while the lowest was recorded at 40% El"c. It was also observed that cluster bean 
intercropped with citrus recorded the highest WUE (3,76 (kgha·1mm·1),

Key words: Agri-horti sy:uen,. drip irrig,Hion, imer cropping. westem R<(idsthan 

.lntroduclion 
The lndi:m al'i<l zone which covers around 12% 

of country·s geographical area is charactc.riz.cd by low and 
erra1ic rainfall wilh ex1rernes of ternpera1ure (1-48'-'C), 
high wind velocity and strncture less sandy .soil with low 
wmer holding capaci1y and poor nu1rien1 s1a1us (Kaushik 
N al., 2014). These arc compounded by unsusiainab1c- use 
of land and incn::.asing lmo:i:m p<>puh)1ion. placing 
unprecedented demand for food and natural n:::sources, 
chalJenging mosl of the arid and semi-arid regions with 
the task of producing more per un.it faud w.ith 1he ium1Le 
lirnitaiions associated with them. Arable cropping in the 
arid region is oflen risky and crop yields are meagre- and 
onstable: and cons�quently th� incom� from ..::xisting 
cropping alone is insufficient to sostain the farmers' 
family. Therefore, to mitigate lhc risk and uncertainty of 
the incomi;: from conv..::nriona.l cropping, it is crocial to 
integrate various agricultural enterprises in the production 
prograuunc and develop location specific land use 
inanagemenl systems which can improve total land 
productivity and give susrninable agriculturaJ production 
and provide economic stability to lhe fanncrs throughoul 
the whole year. 

An integrated approach of land management in 
arid areas is essential tor c:ft1cient utiliz:itjon of natural 
resources, to meet 1he requirements of farmers without 
dete.rlOrnting lhe land productivity and also to s1abilize the 
income, \\'ith their modest rainfall. arid regions are 
characterized by relatively i'ewer species than the better­
watel'ed biomes but are endowed with app,·eciable agro­
ecological div..::rsity aod hence various components viz. 

crnp . .-inirnal. m�e. grass, fruit tre� can be incegrated in 
productjon system for live.lihood security. Perenniat�­
bascd pl'()ducljon systems: ag_ri-ho1·ticulture and agro­
forcstry are considered eff

ec1ive smncgy for improving 
productivity, employment opportuni1ies, econornic 
condi1ion and nu1ri1ional security (Pareek, 1999; Chadha. 
2002). They arc essenlial ror meeting the rcquircmeo1s of 
the t:Vt:-r-iJ1Crt:asing populali()n anti manf1gjng nfJtural 
resour<:e,S, AgroforeSlry systems can enhance; Lhe I.Qt.al 
production by improving soil fertility (Singh, 2010). 
conll'olliog erosion ;)nd replen.ishing uutricnts removed 
through biomass harvest (llany et al., 2010). improving 
microbial population (Yadav et al., 2008; Vallejo et al., 
2012). economic benefits (Jianbo 2006; Fad! & Shdkh 
2010), and notrient and water-use efficiency (Anderson Rt 

al. 2009; Pinho er al., .201 l), The objcc1ivc of introducing 
woody perennials in funning system is not only to cover 
the risk of crop failures but also to meet the denrnnd for 
fuel. food, fruit. fodder and small timber, Trnditional n·ce� 
integrated farming syslems are adopted since lime 
immemorinl for security of food. fodder and fuel wood in 
drought-prone ;U'id regions (Ndayambajc and Mohrcn. 
2011: FAO. 2013). but are unable to meet the requirement 
of the ever increasing biotic pressure. Also. in most of lhe 
re.gions. pe.ople are unenthusiastic to adopt agrotbrestry 
bec.ause of lesser short term benefits from tree species. 

Ag.J'i.JtoniculturaJ systems which integrate 
horticultural species with arable crops ensure income to 
the farmers much earlier. Integration of horticultural 
specie.(; pl'ovidc.(; incorne at l'egular intervals to the 
fa.rmt:rs. in additioo to pl'Oductio1l obtained from 
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agricultural ctops during the early stages Qf tree
establishmenc (Kaushik and Kumar. 2003). Ag:ri­
horticuJturnl systems can provide increased income
1hroughou1 1he year and minirnizc lhe risk of 1otal failure
or the system productjvity as in tr:1ditional agriculture.
Keeping in view these findings, fin cxpcrimi;nt was 
conducted a.t research fam1 or JCAR-Central Arid Zooe
Research rnstitute. Regional Research Station, Bikaner
during 2008 nn<l 2009 wilh the objectives of ll$St:.S$in_g the
performance or difl'erent trees and crops in agri--horti
system in arid part of western Rajasthan ;it the higher flgc
of trees eve.n (up to 8 yearS).

Material and method$
The present investigation wns carried out at the

Rc:sc:arch Farm of Centr.tl Arid Zone Rcsc:m:h lnstitulc,
Regional Research Station. Bikaner (latjtude 28.03°N, 
longitude 73.19°E), lodia during kha_rif 2008 and 2009
with the existiog 7 year old plantation of citrus !Citrus
aurantifolia (Cristm.) Swingle). bacl (Aeglc marmelos
(L.) Corre.al and goncfa (CorditJ myxa I.. . )  maintained
under drip irrigation system. The total rainfall during the
year was 273. l mm & was 352.5mm (Jan-Dec) in 2008
and 2009. respectively h was 7.05 and 62.74% higher
than normal average rainfall (255 mm)durin.g 2008 &

2009 ,re.spcctivdy. During the cropping SC,ftSOO (Ju)y­
October) the total ,·ainfall was 97.5mm in 2()()g 256.4 inm
in 2009 (Fig. I). ·111e soil of the experim�ntaJ site was
alkaline (pli 8.3), non-saline (EC, 0.22 dS m"1), loamy
sand wilh organic carbon. LO g/ kg. available N 89.7
kg/ha, available P 8.0 kg/ha and available K 234.1 kg/ha
and can store moislure 112 mrn n\'1 soil profile. The plan1s
were grown at three irrigMion levels i.e. l' 1 (40%E'Tc). 12
(60%ETc) and I, (80%ETc) on the ba;is of 
evapotranspiraLion. Moth bean ( Vigna acouitifo/ia L.),
clusterbcan (Cyamopsis retragonoloba L..'Tat1b.) and
sonamukhi (Cas.,·ia angu.,·tifi)/la Yahl.) were g .. own a�
intercrops under rain�fed condition during kharif season.
Recommended ugronl)m,ic practicci; and plant protection
measures were followed for iodividuaJ crops and trees.
The trees viz. citn.1-S, bael and gonad were planted at 6 m x.
5 m disrnnce in which the intercrops were grown in the
tree row spacing of' 6 m. FertiJizers were applied as per
t,hc recomn11;ndations of tree species and inter crops.
Experiment was taken under strip plot design with three
replications. AJI growth parameter of fruit trees were
iaken during the month of November. Data was
statisticaUy analyzed by the procedure described by
Gomez and Gom�i ( 1984).

Rainfall pattern during 2008 & 2009 
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ReiulL'S and Discussion
Gl'owth of fruit tl'ees 

Oiffen:ml i_rriga1ion levels significantly affected
the growth param.eters (plant hdg.ht. set·m gird1 and tree
canopy) t.lf fruit trees (Table I). The highest plant hc-ight
for all the tl'ees was recorded at 80% ETc irrigation level.
which was higher by 2.1 and 13.69 % in citnis: 5.14 and
9.29 % in bcu-1 and l.37 and 4.4:1 % in grmda C.(>mpared
to the other two treatme,ns ie. 60% a11d 40% ETc
inigation levels. rc-spcctivcly. The same trend was 
observed in case or stem ginh a.od lJ·ee. canopy which was
highest in 80% E'lc irrigation level but was at par with 60
% E'Tc i_rrig:a1ion level (Table I).
Rainfod ime1·cropping; sigoifica.ntly affected the growth of
all the fruit trees. Highest tree height of cim.is and bacl
was recorded in intet'cropping with moLh bean whereas

highest tree height of goncla was recorded in. intercropping
with clust�r bean. The stem girth and tree canopy of all
the rruit 1rees were ill pnr under in1ercropping wit.h mOLh
bean and cluster bean, but it wt1s significantly higher
comp&rccl t(> tree.,; which \1/crc gr(lWU with no
intercropping (Table I).
J:i'ruit yield 

Aboul 4() % planls were in fruiLing nnd me.an
highest fruit yield of citrus (235.0 kg/ha and 248.28 kg/ha
in 2008 ii.ml 2009, respectively) was recorded in c.ilru$
inlercropped with moth bean giving ntaximum fruit yield
(350.0 kglha in 2008 and J87.75 kglha in 2009) al 80%
ETc in-igation level. This was 8.6 and 16.0 percent and
89.2 and 124.3 per cent higher compared to intercropping
with cluster bcao and .sooamuk.hi, in the years 2008 and
2()()9, respectively (Table 2).
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Yield of intercrops 
In 2008. moth bean and clusler bean did not 

perform wdl and plant popuhltion as well as grain 
fonna1i,m was impm�r and unsatisfactory, due to p(x>r 
rainfall and long dry spell after sowing. During lhe crop 
season of 2009, even though total rainfall was normal, ilS 
dis1ribu1ion was skewed resuhing in poor yield of rainfod 
mOlhbea.n and clusterbean, The highest seed and stover 
yit.:ld of both moth b...:an and cluster bean was recordt.:d 
with citrus which was significaotly higher thao chat with 
bael and gonda. Sonamukhi gave s.1risfr1ctory yields and 
during l;x)1h the years, Lhe higheSI dry leaf yield (323 k.gha 
1 in 2008 and 415 kgha·1 in 2009) was ,�corded with ciu·us 
which was 7.3 and 28.9 % higher over intercropping with 
bacl and 68.2 and 48.2 % higher over intcrcmpping wi1h 
gonda in 2008 and 2009 respt;:ctively (Table 3). At 
d.iffercnt irrigation level$, irrig:uion :;tl 80% ETc of fruit 
cree.s gave the highest leaf and seed yield and lowest was 
ot the level of 40% ETc (Table 3). 
The beuer perform::-.nce of al I 1he in1.ercrops t1ssocia1.ed 
with citrus ,night be due to lcSS co,npetiti<>D from citrus 
tn;.;s for moistur.; :md nulrii:nts in cornparison to ba.;I and 
gonda. Along similar lines. Yadava e, al. (20 13) reporled 
ll1a, the highest iota! bioJogical yield and seed yieJd or 
mung be-an and cluSlcrbcan was recorded in inlcrcropping 
wiLh citms compared 10 that with mopane 
(Colophospermum move.me) and shisham (DalbergU,
sissoo) in Bikaner. Further. Dwivc<li ct al. (2007) tilS<) 
repol'ted the highest wheat yield under citrus plantation 
followed by aonJa and mininn1m crop yield under guavH 
plantation. 
\Vatcr lL�C efficiency 

Wah::r u$e effic.iency (WUE) of different cmps 
val'ied from 0.62 co 3.76 kgha' 1mnf1 (Table 3). Antt)og 
lhe different levels of irrigaljon. irrigation at 80%£Tc 
gave the h.ighe$l waler use efficiency in all the in1crcr()p$. 
This suggcs1s chat \VUE increas�d with the incre.ase in 

lcvds of b:rigfltion. Th.is 11Jight be du-: to the fact thflt 
biom:ass produced by crops increased propo1·lionately with 
the total water used by 1be crops. The WUE was highest 
with cluSlt:r bean fr>IIOwt:d by molh bean, while 
s011amukhi recorded the lowest \VUE. The highest \VUE 
in aH the intcrcrops was recorded in intercropping with 
ci1rus followed by bael and 1he lowest was observed wi1h 
gonda. ln contrasl. Kaushik et al. (2011) reporied that 
irrigfltion at 40% ETc for tl\!:t..: spt.:des (shisham + aonla. 
shisham + guava. khejri + guava. khejri + aonla) gave the 
highest WU'E in intcrcroppcd tomato. Irrigation water use 
efficiency (IWUE) in an ag:ri-siJvi-horLi pn)<luc1j()n ,,;ysLem 
of umi-arid �cosyscems in Hal'yaoa was found to iocJ'eas,,e 
with the use of drip irrigation. without any loss of yield in 
the cliffcrcnt Cr()p components (Ki,ushik ct al., 2014). 

It is evident from the data that the highest yield 
And \VUE of all Lhe intcrcrops was ob$crvcd in 
irHercropping with cirrus. This ,night be due to less 
competitive effect of citrus on intt.:rcrops compared to bael 
nnd gonda . .BeoiwaJ "' al. (2008) observed 1hm lhe root 
biomass (lc.nsity of citrus a1 a radial distaoc.t of 1.0-2.5
meter Wl'IS very less (16.7 g m--') cornpared to shisham 
(74.7 g m'3) and mopane (134.8 g m·J). They ful'lher
reporied tha1 as the root biomass and soil moisture 
ex1rac1ion by citrus in the cropping zone (i.e. 2.5 m radial 
dist:ance) wa.� less. it could perfom1 well in agri-honi 
syslern with minimum effect on crop growth and yield. 

The Stud)' rcvc.alc<l that intcrcn:>pping: ()f cluster 
bean. moth be.an and sonamukhi in agri-horti system c.an 
successfully be clone in drip irrigated 7-ycar old citrus 
plantations without any r�<luclion in productivily of 
imercrops as well as the growth and yield of ciu·us trees, 
Selc:cl ion of horticultural tind f.1gricul1ura.l crop$ is very 
crucial fot 1he success of the iotegratcd system. Hence, 
location specific agtolOrcslry system models have to be 
developed for increased yield, waler use efficiency and 
subsequcmly higher cota1 income. 

Table I. Growth or fruil trees as affected by imercrops & inigation levels under drip irrigation sys1em (Mean of lwo 
vears 2008 & 2009) 

Tn:e h..:i�hl (cm) 

Trtc.11; 
Irrig:t1ion levels (%ETc) hH('1'Cr◊pS 

80 60 •o Moth bean Cluster bciin Sonnmukhi f't() Cl'C)[) 

Citms 275.61 257.52 23l.54 n2.4s 2.'7.07 207.87 214.75 

Bae/ 333.92 297.48 278.35 406.l-t9 2.83.19 263.85 237.20 

Gond<J 204.28 211.90 172.57 176.45 199.38 256.71 190.40 
Mean 271.29 255.62 227.37 302.80 266.34 242.81 214.12 

CD5% lrri= 19.8 lrri x trec-=34.31 Trc-c�,;= 19.8 Tree- x crop=3V.62 

Siem i1.Ll'th (cm 

Citrus 345 31.83 30.17 34.78 30.78 28.78 24.33 
Bae/ 31.17 29.25 25.83 28.22 30.89 28.33 27.56 
Gm,da 25.67 30.75 23.25 28.89 30.78 22.56 24.0 

Me.'\n 30.45 30.61 26.42 30.63 30.82 26.56 25.3 
CDS% Itri= 2.52 lrri X lre<:=4,37 Trees= 2.52 Tree � crop=.5,05 

in·c ctmo ...... (m2
) 

CitJ'llS 7.39 I 6.21 I 6.04 I 1.96 I 6.49 I s.31 5.45 
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81.tf'( 8.01 6.12 5.50 7.03 7.33 5.65 5.76 
Gonda 6.09 6.23 4.46 6.03 4.90 4.43 4.59 

f-'kan 7.17 6.17 5.32 6.99 6.24 5.11 5.02 
CD5% lni= 0.90 lni x tree= 1.56 Trecs=0.90 Trcexc:rop=l.81 

T bl 2 M a C e:)n lnnl VIC ( ( i:. a 11 k b "1) um er t rm 1n·1),l,:'ll1(m SYSlem t unni:. _ I. ?008 & 2009

Irrhzallon levels(% ETc) 2008 Infaation levels (% ETc) 200<) 

Au-ri�horti S\'Slem (drio irrie:ation) 80 60 40 Mean 80 60 40 Mean 

Citl'US +Moth 350 253 102 235.00 387. 75 263.87 93.24 248.29 
Citrus+ Guar 322.4 235.8 90.5 216.23 334.33 258.27 53.28 215.29 

Ci□'US + Sonamukhi 185 199.5 86.33 156.94 172.89 125.87 79.92 126.23 

Mean 
285.80 229.43 92.94 -- 298.32 216.00 75.48 --

C05% 30.64 28.63 

Table 3. Yield and water use efficiency of r-aintCd intercrops m1der a.gri�hol'ti system (fruit trees in drip il'rigation system) 
d . 2008 & 2009 unne. 

Y ielcl of rainfed intercrops (qlha) with fmit 
tn.,"Cs(drin irri11ation) 

Fn1it Moth bean Cluster bean Sonamukhi trees 
See Stover Seed Stover Leaf Seed 
d vicld vield 

2008 

Citrus 4.60 IS.SJ 6.2.l 21.46 3.23 0.5.l 

B:1el 3.63 14.85 4.87 16.76 3.00 0.65 

Gonda 2.93 L 1,97 3.60 12,J? 1.92 0.53 

CD5% 0.80 2.40 0.80 2.60 2.72 0.57 

2009 

Citrus 3.20 13.04 5.33 nus 4.15 0.80 

8a�I 2,78 11.37 3.32 11.41 3.22 0.68 

Gond:;i 2.49 10.16 2.10 7.19 2.80 0.:14 

CD5% 0.18 J.42 0.32 4.20 2.93 0.55 
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Abstract 
Rough lernoo fruit-; are hig.hJy ac.idic and possess greater nulraceutical value S1udies were conducLcd to 

(()rmulaLc and <lSScSS ac<:c-pta.bility of squash of rough lemon .The varying juice: concentration 50. 40, 30. 20 & 10 per 
cent were used for preparing squcsh and stored al ambient tcm(X!rnturc (28 :t 3"C). Pc1iodicaJ observation were recorded 
at fresh (0). 3 and 6 month interval. Squash prepared with 40 per cent juice was found to be the best recipe with rcspt;et 
to organolcptic qualities viz, colour. flavour, taste and overall accept.ability till l 80 days of storage under ambient 
conditions. 

Key words: R,,ugh Lenu)lt. Citm.�· jambhiri, Squa.\'h, fommlatit,n, Jen.tory m:cepmbility 

Introduction 
Rough lem(ln (Citms jambhin' Lush.) is che nioSl 

commonly used citrtts rootstock belonging to the family 
Rutaceae. It is considered to be native to Assam state of 
India. It is considcr\;"d as a hybrid between the citron and 
the Jemon. with character traiL,;; similar to rangpur lime 
or 11w1ulariu ora,rge (Bhuyan e, al .. 1998). The fruits are 
yellow colored. rough skinned and generally used as a 
roo1Sh')Ck l�)I.' 01her citrus fruits. This is widely used 
roo1sc<>c.k for Kinnow m:lndarin crop and popular in 
Punjab, Rajasthan and Haryana belt of India. Amon,g 
various commercial citrus spc:cies, this is non-1raditionaJ 
due to high acidic nature and poor appearance. Hence. the 
fruits of this plants arc of negligible use inspite of its high 
yield potential (more than one quintal tree·'). This species 
of citms hardy enough and profuse in fruiting and could 
act as ao alternate source of income for the farmers. The 
fruits are perishahle in nature and are availahle during rhe 
winter mon1hs (Lndaoiya, 2008). 

Citrus fruits and their juices hnve vnrious health 
benefits owing to the presence of biottctivc and nutritive 
components. They are basicaUy free of fat. sodium and 
cholesterol. In addition they possess rich amounts of 
polassium. calcium. folate. thiamin. niacin. vitamin B6. 
phosphorus. magnesium and copper. They might also 
l'educe the l'i.sk of hean diseases and certain kinds of 
cancer. They are also known to help in reducing the risk 
for pregnant ladies 10 have chiJdren wilh neonatal 
diseaasi:s. Rough lemon fruit pn,cessing genc;n'IWS va1;ous 
byproducts with significant value. These by-produc1s are 
known to act as a rich sourct: of edible and health 
promoting agents as polymcthoxylated flavonoids. many 
of which were found exclusively in citrus pe.el 
(Hatamipour et al .. 2004). The rnugh lemon peel contain 
sugars. edible liber and many other compone11ts that offer 

exce1Jen1 opportunities as value-ndded proch1c1s, 
particularly those: componc:nlS lhat have bioJogic�I 
activitic;s (antioxidant. anti-cancer. cardio-protcctivc, and 
foocVdrug�interacdons) or other attributes that are useful 
in tht development of high-value food products from 
citms peel (\Vidmer and Montanari. 1994). Hence. the 
morphological characteristics. juice extraction of rough 
lemon and storage study of squash at room and 
refrigerated 1ernpera1ure were carried out. Hence, an 
aueu1pL was made: to su.,dy the nHJrphologiC-:ll 
characteristics. joicc extraction and standardize lhe 
procedure for pre-par:ltion of squash from the juice: of 
rough lemon harvested at fully mature stage. 

Material and .Methods 

Raw 1:ru1te.ial and Squash preparation 
·the fruits were procured from che research plots 

of !CAR-Central Institute for Arid Honic.ulture. Bikaner. 
Rajasthan. fully matured, uniformly developed fruits of 
rough lemon wete harve..•aed io the early motning hours 
using secateurs and transported to the Pos1han•est 
Laboratory for fur1her use. ln Lhc: laborawry, the fruits are 
washed thoroughly ,mder 1hc running tap waler 10 remove 
the adhering soil and dus1 par1iclcs. Lttlcr che frui1s arc 
peeled manually and juice is extracted from the sliced 
halves using citrus juice press. The juice was filtered and 
kept at ambient temperature for 24 hours for 
sedimentation. The supe.rnacant was siphoned out wichout 
disturbing the debris and used fol' the prcparaLion of 
squash. The protocol standardized for preparation or 
squash from the rough lemon f.n1i1s was .illus1ra1.ed here 
\Imler: 
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Fig 2: Rough lemon frujt bearing branch 

Physical anal,-·sis 
The fruit measure,ncnts viz. length, width. cavity 

r:'.ldius. 0:)vc:do th.itkne$s etc. we.re 1:-.ken with the hdp 
Vemier calipers. Weig.ht of the fruits was taken using a 
precision balance. ·the weight of the pulp and peel was 
recorded separately and expressed in g and pulp peel ratio 
wa$ detcrrn.ined ac.conlingly. 

--

Fig 3: Rough l�mon Squash 

Chemical analysis 
F-·reshly exrracted juice was used for analysis of

prox.imme composi1ion inili3lly. T1)1al soluble soi.Id� 
(TSS) was determined using digital refr::ic1ome1er nnd is 
expressed as " Brix. 1"itratable acidity (%) and ascorbic 
acid conLcn� of fresh juice was cs1ima1ed using lhc 
$1:tntlard procedure$ described by R::ing.a.noa ( 1986). 
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Sensory analysis 
Organoleptic evaluation was done for the 

developed rough lemon products by a semi-trained panel. 
For c:ath $en$0ry parameler, such Q$ colour & appearance, 
body or texture. flavour. rnste and overall acceptability. 
I 00 marks were allotted and lhc products were given to 
Lhe panelist in coded form (Auri et ct/., 1998). The: 
panelists washed their mouths with wa1e1· intermittently 
during evaluation of the samples. 

Results and Discussion 
The obervaccion regarding mo,phological and 

biochemical composition of lhe rough lemon fntils were 
depicted in Lhe Table l. The morphological p::.tramelers 
viz. average whole fruit weight ( J 48.6 g) avc:=rage fruit 
length (78.6 mm) and v.'ldth (66.4 mm). Were recorded the 
flave<l,, wcighl was observed 59.13 s with r, thickness or 
0.36 mm. The intemal fruit cavity radius was recorded 
1.96 mm. The pulp nnd peel conte111s accoonted for 34 
tmd 67 per Cent, n::,'ipec:tivdy whik the:. average pulp: ped 
rntio was observed 1.97. The a\•erage biochemical 
parameters were observed 9.5, 5.86 and 20.45 for total 
soluble solids ("B). lit1·atable acidity(%) and ;.\SC0l'bic acid 
(mg/JOOg), respectively (Table J). 

The $q1.u,she$ were p1:e.piwed from fresh juice­
afcc.r diluting it in lieu of maimaining strong acidity of 
juice 1·it .. 50 % ("f1 ), 40 % (T,). 30% (l\l, 20% (T,)and 
JO % (T.\) as per s1andard methodolosy rnen1ioned in 
now chan(Figure l ), 11,e prepared squashes were 
cvalual�cl organiokptically by a panel of dght jugcles by 
following nine point hedonic scale (Amerin et al .• 1965). 
Serving ratio maimained I :3 for alJ the squashes. 

The squf'lsh was ston:d at room tempen,turc and 
Ille senSOI')' a.c.cep1at,ilily was checked :.ll theree month 
imevaJ vit. 0, 3"' and 6'" month during storage. The 
orgnaoleptic scores were depicted in the Hable$ 2. 3 and 5
at three mooth intervals. Among various u·carments. the 
scnosry acceptabili1y of che rough lemon squash prepared 
with 40 per cenl juice (T 2) ha$ nuaiocd greater score for 
all the sensol'y atcributes as well as the overall 
acceptability score followed by T 1 (50 per cent juice) and 
T, (30 per cent juice) (Table 2).

During storage at ambiem conditions, the sensory 
acceptability of tho rot1gh lemon squash has declined 
gr:.1du::ally with time irrespective of Lhe lre.alment imposed. 
However. among various coucenn·atious used. the squash 
prcpart:d using 40 p1;rccnt juic1; has scon:d rc.lativcly 
higher sensory scores compared 10 other trearnk.flts (Table. 
3 & 4). 

The gradual decline in lhc SCn$ory n11ribulc$ wilh 
scornge petiod was ck.al'ly illusu·ated io the l'adar chart 
(Fig. 4) where in the colour. n,wor and 1.a.stc decreased 
significanlly bul 1hc ()vcra11 nc-<:cprnbilily of the rough 
lemon squash remained relatively higher. Similar decline 
of sensory �1tribu11;s wi1h storage was also observed in 
Assam lemon squash (Siogh et ul .. 2015). Swee, orange 
squash (Syed e1 al .. 2012) and Lime (Laci et of .. 2013). 

Thu$, it can be c(rncludcd that, among $quashes 
prepal'ed from various juice conccinratioos of rough 
lemon juice, the squash prepared with 40 per cent juice 
has recorded higheSl $enso1·y score.<, and the rough lemon 
fruits has the greater potential for value additioo aod 
commercializ:ltion. 

Table I. Mol'pholt)gical and biochemical composilion of the rough lemoo fruits. 

S.No. Pllr-l:}mctcr.,:; Menn value(± SE) 
I P-ruil wei�ht (,:t) 148.6 ± 2.078 
2 Fruit len2th {mm) 78.6"' I.IOI 
3 Fruil wid�h (mm) 66.4 :t 1.744 
4 Flavedo wei2.ht (e) 59.13 • 1.607 
5 Flavedo Lhickness (mm) 0.36•0.023 
6 Cavilv radiu$ (m.m) l .96 "'0.060
7 Pomace weillht ('1) 20.14;; 1 . 136 
8 Peel weii!ht l%l 34 ,t 1.155 
9 Pulp wei)'.!:hc (%) 67 ± 1.000 
10 Pulp : Ped ralfr) 1.97 "'0.100 
11 TSS ( BJ 9.5"' 0.208 
12 Aciditv titrable (%) 5.86 "'0.226 
13 Ascotbic acid (m'i!/100 ml) 20.45 + l.134 

T bl 2 0 • C r).tano eottc sc-0rcs o f fr hi cs " [ I I hrcoarcc rou� 1 cmon smms 
1'rt:atment Squashes Sensorv evaluation of fresh ...-iuashes 

snecificn1ion Colour (9) Taste (9) flavour' (9) Owrall (9) 
T, .luicc 50% 8.5 8.5 8.0 8.3 
T, Juicc.40% 8.5 8.5 8.5 8.5 
1', Juice 30% 8.5 8.0 8.5 8.3 
T, Juice 20% 8.0 8.0 8.0 8.0 

Ts Juice JO% 8.0 7.5 7.5 7.7 
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Table 3. Onumole >tic scon:s ofrou1':h kmon snuash nftcr 3 month swni.i!i: 
'treatment Squashes Sensorv evaluation after 3 month of stora)te 

spccificntion Colour (9) Ta.<1e (9) Flavour (9) Overall (9) 
T, .Juice 50% 7.5 8.0 7.0 7.5 
·r

., Juice 40% 8.0 8.0 7.5 7.8 
T, Juice 30% 8.0 8.0 7 .5 7.8 
T, Juicl! 20% 8.0 8.0 7 .0 7.6 
T., Juiccl0% 8.0 7.5 7.5 7.6 

Thi 4 0 a e r�ano CDIIC $C(ll'C$ Q,1 mu h I emon sciuas , c:r h Ii 6 m()nt h $l<)l'8lite 

Treatment Squashes Scnsorv evaluation after 6 month of storae::e Total of overall 
$pt:cification Colour (9) Taste (9) Flavour (9) Overall (9) month of 

T, 
T, 

T, 
T, 
T, 

Juice 50%

Juice 40% 
Juicc30% 
JujCt! 20% 
Juice-JO% 

O\'ttall 
ac«ptablll�· 

6.5 

7.0 
7.0 
7.5 
7.5 

7.0 6.0 6.5 
7.0 6.5 7.5 
7.0 6.5 6.8 
7.0 6.0 6.8 
6.5 6.5 6.8 

SIOnl/?.C (27) 
22.3 
23.8 
22.9 
22.4 
22.1 

......... o,nonth 

_.,.._3monlh 

�- -6montb 

Fig 4: Radal' charc de.piecing che changes io se.nsory atttibutes of the best t1·eatmt:1lt (T2) over tl\� storage. cime. 
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Abs·rrnct 
Correlation at genotypic and phenotypic levels along with path coefficient analysis were studied for various 

yid<l and _it$ cor:op()nenl cht1rac1er:s in twenty gcnoLype$ of pt-n (Piyum sativr,m L.) <luring ra.bi. 2009-10. Annlysis of 
variance J'evea.led significant difference for all the characters indic.nting the presence of good amount of variability in the 
genotypes studied. Correlation studies revealed that green pod yield per plant was positively and significantJy associ:ued 
with pod length, pod weight ;md number of grains per pod. Path coefficient analysis revealed that traits like number of 
pc)dS per plttnl. pod weight, number of g:nlins per pod, number of pit-kings noel protein content were the imporrnnL 
characters for selection of high yielding genotypes as they exened high positive direct effect as well as positive 
conelation wilh green pod yield per planl. The result suggested lha1 lhesc traits could be considered as nn�jor yield 
conLTibuting Lrai1s in pe3. 

Key words: Pea. (·orrelatiou. path aualysis. 

Introduction 
Pea (Piswu smiwuu L.) is an imporl:}ot crop 

grown Lhl'Oug,hout the world. In lndin, it is grown mainly 
as winter vegetable in the plains of NorLh ln.dia and as 
summer vegetable in the hills. PcA is used as fresh 
vegetable, canned, processed or deh)•drnted and seeds are 
consumed as pulse. Green pods a.re highly nutrilive. 
containing high percentage of digestible prolein (7.2%). 
ca,-bc,bydn11cs (19.8%) nn<l rnincraJs (0.8%) (Ayk,-oy<l, 
1963). Col'relation cocrficiem is a s1atis1ical rneasure. 
which is used lo find out 1he degree and direction of 
rela1ion$hip bc1wccn two or more variables. ll measure$ 
1he tnulual relmionship be1ween various plant characters 
and determines the compoo.ent characters 011 which 
select-ion can be exercised for genc1ic improvcmen1 in 
yield. Path C<:>l!ffic::il!nt analysis is an important ll)OI for 
partitioni1lg the correlation coefficients into di,·ect and 
indirccl effects of independent variables on dependent 
variable;::. h ha� �-n widely used to idc;ntify traits that 
have signillcant effect on yield fol' potential use in 
selection. Keeping in. view the. swdy w3s conducted to 
find out correlation at genotypk and phcnotypic kvcls 
and path cocffit:ic-111 analysis for yidd and its c()ntributing 
tl'c.lits ill S,)('il. 

Mat�rinls and Meth0<L� 
''

f
he present investigation was can·ied out at

Expc;rim1;:ntal farm, Oc-partm1;;nt of H.orticultun;:., S.K.N. 
College of Agricuhure. Jobner. Rajasthan during raf,i 

2009-10. The experimencaJ material consisted of twenry 
diverse pea genotypes nameJy, AP-1. AP-�. Arkcl. VRP-
5, VRP-6, VRP-7, VRP-16, VRP-22, VRP-90, VRP-135, 

VRP-J38, VRJ'-147, VRJ'-158, VRP-179, VRP-216, 
VRP-219, VRP-238, VR.P-330, VRP-343 and EC-9126. 
Experimem was laid out in randomized block design wilh 
three replicalion.s, The seeds were sown al a spacing of 30 
cm x LO cm, Recommc-ndcd agronor:nic prac1iccs and planl 
protection measures \Vere followed to maintain optjmun1 
plant stand. The observatjons were recorded on five 
randomly selected compelitive plants from each plot in 
every repl.icatic)n for Lhe traiLS viz. phlnt height (cro), cfoy$ 
10 lirst llowe1'i,1g. days to SO % llowel'ing. days to firs1 
fruit setting, days to first pod picking. number of pods per 
plant, pod lcng1h (cm), pod weight (g). number of grains 
per pod, numbel' of pickings, pod >•ield pe,- plnnt (g), pod 
yield per hec,ai·e (q), TSS of g,·een seeds (%) and protein 
contcm in pods (%). The data were averaged and 
�Httistic.ally analy?.t:d for analysis of va1·ianc.c as pt:r the 
lllethod sugge..�ted by PaHse and Sukhatme ( 1995). The 
genotypic and phcnotypic co1Tclation coefficients were 
calculated from the; gcnotypic and phcnotypic covariance;$ 
and varianc.es as de,�cl'ibed by Singh and Choudhary 
(1977) ;l.Od as per formul;l. given by Johnson et ,d. (1955). 
The 1;:stimates of clir1;:ct and indirect effect w1;:rc cakulatcd 
by the Jlfttb cocftit:icnt analysis a-; ftl bOth phc:m)typic and 
gc.notypic lcvds. 

Result and Discussion 
''fhe analysis of variance indicated significant 

cliffcrcnccs among the genotypes for all the obS<;:.rvcd 
characters which indicated that high amoun, of genelic 
variability was pre.sent in the genetic material. 

The correlation sl\ldies revealed that in general 
�s1imatc-S of gcm)l)'pic c.t)rrclnt.icm t:ocftit:icnLS we� 
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higher than the corresponding phcnotypic correlation 
coefficients. which indicated a strong inherent association 
nm(mg different traits under s1udy (Table 2). The lower 
phenotypic values might be due to environmental 
interactions. A significant positive COJ'relatioo of pod yidd 
per plam was observed wilh pod weight (0.469). pod 
length (0.395) and number of grains per pod (0.393) at 
phenotypic level and with number of grains per pod 
(0.764). pod length (0.664), pod weight (0.542) and 
number of pickings (0.377) at gcnotypic h.:vcl. which. 
suggested tha1 these characters could be considered as 
major grcco pod yield contributing characters in pea. 
Similar n:!lulls Wl! .. c c.arlic .. Obtained by Chaudhary and
Sharma (2()()3), Sureja and Sharma (2()()4J, Choudhary e1 

al. (20()4). Singh and Singh (2005), Nawab er al. (2008) 
and Guleria. Chongtham and Dua (2009). 

Pod yield per plant registered significant and 
negative correlation with days to first flowering (·0.326) 
and d.-ys to first pod picking (-0.369), which. indicated 
that selection should be practiced for less days to 
flowering and fo·st fruit seuing (earliness). The results 
were in ac<-ord:mce with Lhe findings of Chaudh;1ry and 
Shanna (2003). Choudhary t'/ al. (2004) and Sureja and 
Sharma (2004). 

Therefore. it can be <-onduded that. during 
selection of high yielding genotypes in p�a major 
emphasis should be given on pod weight. pod length, 
m1mber of grains per pod. days to first fruit setting and 
days LO fin,1 flowering as �hese a.re significantly associa1ed 
with Pod yield hense, 1hese character:'; could be coosidered 
n:::liablc indices for selection, to enhance the p(>d yield. 

Path coefficient analysis revealed that., day$ 
laken to lirsl pod picking exhibiled maximum positjve 
djrect effect on green pod yield per plant (2.113 I) at 
genotypic level foUow,:d by average pod weight (1.5140). 
number of pods per plant ( 1.2720). protein content 
(0.3887), avcr�tgc number of grains per pod (0.1141 ), days 
taken to 50 per cent flowering (0. l l37) and average 
number of pick.ing:s (0.0905). Tile highest negative direct 
effect was exerted by days t,1ken to first nowering, 
followed by days to first fruit stning. plant heighL 
average pod leng1h and TSS of green seeds. Thc..,;c resuhs 
were in partial agreemem with those or Sureja and Sharma 
(2004) for appearance of first flower. by Sharma et al. 
(2007 J for TSS and by Sard:ma et al. (2007) for plant 
hdght. 

t)ays to 50 per cent Oowedng exhibi1ed
maximum positive indireCL effect on pod yield per plant 
via dt1y:, 10 first pod picking, number of pods per plant., 
pod lenglh and prntein co11lc1H at ge1H)typic lcv�I. Days to 
first pod picking had positi\'e indirecl effect through 
number of pods per plant. pod length, clays to 50 per cent 
flowering and pro,ein content, Average number of pods 
per plant had posidve indirect effect on pod yield through 
<foys to first pod picking. pod 1cngth and days to 50 per 
cent ll()w(!ri_ng. Av(!r:lgc pod W(!ig:ht exhibited p<:>SiLivc 
indi_recL effect via days 10 lirs1 nowcring. days LO firsL fruit 
seuing. plant heighL, number of grains per pod, prOLein 
comeot. munbtr of pickings and TSS of greeJl seeds. 

A vcragc munber of pickings had positive indirect 
effect on pod yield through days to first flowering, 
nveroge pod weigh,, days to li.r$1 .fruil selling:, phmt height, 
proLein content ::and nmnber of grains per pod. Whereas, 
protein conterll exel'ted positive'! indirect effect via day to 
first pod pie.king average pod weight. pla11t height 
number of grains per pod. days to 50 per cent 0owering. 
number of pickings and ·rss of green seeds. 

Keeping in view the estimates of correlation 
codficknt and direct and indirect cont:ribt1rion of
component LraiLS toward pod yield per planl, iodirect 
selection prf1CLices on the basis of days taken 1.0 first pod 
picking, average pod weight, number of p(>()s per planl, 
proLein con1ent, nun1ber or grains per pod. days to 50 per 
cent flowering and number of pickings would be 
rewarding in the genotypes under study enhancing the pod 
yield per plant as well as per hectare. 
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Table I. Phen<>Lypic t-t)m:lation coc:flicit!nl$ (upper diagonal) and gc:1101ypic C()rrclaLiOn c(>d'
f

icit:nl$ (low(!r diagonal) 
between diffore,u tn1its in pea 
S.No. Tt:tits PH DPP 50%F DPPS OF'PP PIP PL PW GIP PicldM TSS Protci1, YtP Ylh• 

I PH 1.000 () . .S59*- ).6570 ().(,JJU 1).71 ?"♦ (),7J\JU 
0A77•• 0,649•• .().265 -0.(!()?<H l)Al.SU .().136 ..fl.0'>6 •0,03'> 

2 DF'I' 0.597 1.000 1).933"'* 0.&96•" 0.91.14,.,. 0.274 -0.200
0.483•· -0.081 J •0,699-.t< 0.36<13"' 0.221 •0,32&- .Q.251 

3 50%-P 0.694 0.935 1,000 0.961° 0.953-♦ 0.437♦-< -0.299
().S\14""' 

•0,142 •0,614° 0.324" 0.166 -0.318 -0.'.?43

4 OFFS 0.686 0.912 0.977 t.000 0 936·• 0.47) ♦-< .0,349-+ 
0.649 *"' 

.Q,220 ·0,665° 0 437•• 0 136 ·0,369• -0,292 

5 OFPI' (),7,SI (),949 0,9.S.S (),951 l.(H)O 0,4.S9° ..(1.304 
o,.s95u 

.(). I 16 • (),759.0 0.43-S .. 0.130 .. {1,271 .Q,182 

6 P/l) 0.933 0.3(,4 0.561 0 . .573 0.57S 1.000 0.517"* 
0,785 .. -0.345'" ·-0.38<)"' Q.342 .. ·0.tS2 0.070 0.106 

7 PL >0,(#) .0.293 �).415 . o.499 ..(1.421 .(>,779 1.000 0,602 .. 0,664 .. 0.JJ$ • (>.259 0.342 .. 0 ,395• (>,Jlj()• 

8 r•w -0.$28 ·0.6<11 -0.739 •0,791 -0.734 ·0.835 0.966 U)(N) 0.4SS*"' 0.475° ·0.36$* 0.177 0.469"* 0.438"'" 

9 GIP -0.475 ·0,140 -0.236 -0.351 -0.19.S -0527 0.815 0.776 l.O(N) 0.225 -0.306 0.182 0.3')3• 0.4-00• 

10 Pi-.•king •0,6(,il ·0.735 -0.643 ·0 .693 -0.792 ·0.d'21 0.363 0.587 0.'285 1.000 
0632 .. 

0.10'2 0.2<16 0,1():1 

II 
'l'�S 0.583 0 .4.S4 o.:vn 0.528 o . .S4J O.Srl6 ..t).325 -0.576 •0 .41'> 0 .74.S 1.000 .(),()13 ..tU.SI •O.lflO 

12 P1'0l!!in •0,255 0.100 0.216 0.IQ,1 0.172 •0,163 0.517 0.168 0.231 0.092 -0,()(,5 1.0(10 0.234 0.246 

13 Y/P ·0,211 -0.488 -0.440 -0..Sll -0,378 -0.017 0.664 0542 0.764 0.377 -0.271 0.296 u,oo 0,986 ..

14 Y/ha .. o.12s -o.:i29 -0.331 •O.:J98 ..(1.2..52 0.043 0.599 OASS 0.76() 0.2.S7 •0.188 0.3 IC) ().977 1.000 
- -

.. 
- ' -PH - Plant hcJgh1 (cm), OFF - Days rnk,cn Lo fiJsl Oowcnng, 50% F - Days 10 50% nowcnng. OFFS - D::tys to fin,1 fru11 

senillg. DFPP = Days to fil'Sl !)(XI picking, P/P = Number of pods/plam, PL = Pod length (cm). PW = Pod weight (g). G/P 
= Number of grains/pod, Pickings= Number of pickings, YIP= Yield/plant (g), Y/lta = YielcVhectare (q). TSS = 1".S.S. 
of green ::;ccds (%), Protein= Protein content in PQd$ (%). 
"'� Significant at P = 0.01 l�vel ofsigoificance 
'"Significant at P = 0.05 level of significance 
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Table 2. Direct (dia.gonaJ) and indirect effects of different characters on pod yield per plant in pea at ge.notypic and 

ohenotvmc level 
Cha1'tl�lers PH OJ-+"V 5()'JfP 1-FS (.pp P/P PL PW GIP Piliki.llS,-'< TSS Protein YIP 

PH p 0 .◄51'8 -0.J�UI 0.0209 -0.16n O .J76'1 -0.0)5.S -0.1261 -0.1JS6 -0.0149 0."""6 -0.0087 -0.o)SI -0 .(1964 

C --0.4(153 ..().14J3 0.0790 ..()_'i402 1-'i8� 1.1873 0.1924 .1.1.'i3l .O.O.'i-'l .().01)01 .O,()J.17 .().1.)993 .0:21()8 

OFF p <>-.2�)..'I -0.9:ltX> 0.0297 -0.2.Jn 07(144 -0.orn .().0..'128 -0.11,2 -0.(X»(J O,CXl9? .(1.()073 0 0..'171 .() )2(,J" 

C --0.2'11'9 .1.244·1 0,l(tr.,I --0. 7JIS4 �= l.)A(i.M) 0.0847 .().i)IO:! .C).Olf,O •l).l)(,<i6 -0,()Jl.$ 1).11% --0,4l'.IIS2',. 

SO% F I' o.i.•ns .().lj85') 0.()318 .().254,lj 0.1121 .().0210 .().07R9 -0.2151 -0.0000 o.oos, -0.0flM o.Ot� -OJl'N 

G -O.J2J2 •l.1636 0.1131 .0.1698 2.011.tl 0.7131 0.1200 •l.1196 .0.0270 •.OSII .0.0284 OJ)S4() .o.4402••

l•FS p 0 2857 -O.ll.513 0.0300 -0.2652 0.757fl -0.0226 -0.0921 -0.?357 -OJ)l24 OJX>95 ·O.OOIIS 0.0352 ·OJ69,f,• 

G --0.)1Q2 ·l.135) 0.1111 -0.7876 '·°""' o.ns5 0.1444 •l.1076 -0.4)400 -0.0627 -0.0}78 0.0755 -0 . .5113 .... 

(.pp p 0.3223 --0 8966 0030) --0_2432 08099 --00221 -00802 -0.2161 -0006S 0 0108 -0 0088 OOJ:l6 -0171.5 

G -0.34'11 •1.1$01 0. 10$6 -0.146'9 2.1131 0.1355 0.1218 -1.1119 .0.0222 .0.0117 ,0,0389 OJ>668 ,0,.3783 .. 

P/P p 0..33<17 -0.2608 0.0139 -0.1249 0.3721 -OJ�SI 0.1365 .0.2851 -0.019<1 0.0054 •0,0069 -0.0-69 0.0705 

G -0.4;\4) -0.◄SJI 0.063.8 -0.4SIO l.�118 l.�710 o.�.1s1 ·1.16;\$ -OJ)601 ·O.o'.1$1 -0.03<>2 -0.063.5 -0.0175 

Pl. p -0.2162 0.1� -0.00')5 o.on5 -O.Z460 -0.0248 0.2641 o.mn 0.0375 ·0.0045 (I.OOH 0.08$4 0.)�52'" 

G 0 3(1?9 0 )<,49 -0 0472 0393<> -0 8907 -0,?910 -0,288? 1.4<>27 0,09JI 0-03:l? (1,(12)3 0.2010 (l,6t,)(yl•· 

PW p .. 0.2,,39 OA$1S,,:1 .CMHIS") o.1·n:2 .C)..Q(ll O.OJTI 0.1$'JI O.J(t,,.�) 1).027$ .l).l)O<ilS O.(M/14 0.1).:ifil (l,Aro<)"Ju 

C 0.3852 0."148.3 .0.()841 0.()230 •l-5519 .1.cx-11 .().211)1 1.51.io 0.()88() o.os,1 0.(1-112 O.OMl o.s.iioo 

GIP p -0.1199 0.0770 .0.0045 0.0SIW .0.0939 0.0166 0.17.SS 0.1172 OJ)56:I .0.00:32 0.0061 0.0469 0.3926• 

G o.:ws 0.1746 -0.0269 0.2764 -0.4112 -0Ji699 -0.2JS6 1.1750 OJ 141 0.0258 0.0300 0.0!199 0.76)7•• 

Pic.·kin�,; p -0.2726 0.66<13 -0.0JQS 0.176) -0.6146 0.016) o.ono 0.1727 0.0117 -0.014? 0.0127 0.026'-I 0.2•164 

G 0.)0?1 0.91'.>2 -0 0731 O.HSS •I 6740 -0 53'.>9 -0,1049 0.3895 0.0.325 omo:; -0.053 .. 0.03'.>8 0.3769'" 

TSS p 0,IQMI -0:-4(>1 0<01 0) -0 1158 0<)� -OOlt,<, .ooos, -0,l'.(�ll. -00172 O.OOQO .(1,(12'0I -0tx1n .() , 1)1(1 

C ..().2'/12 ..().$(i$(; 0.0'$2 -OAJ$<) 1.147C, o.6SJ1 0.0-,40 -o.3'721 -0.�18 o.o(m -0,071(i -0-02$-1 -0,211$

Pn.lC..:iu p .().()01.:i .().1100 0,0053 .().()3()2 0.1054 C).(X»\"7 C).()903 0,()1).18 0,01(12 •0,0015 o.OOOJ o.l..'i�J 0,2)-12 

G O.IIK:k ..O.JKN 0.02"'6 .C>.15JO O.J(iJO .CU077 .C).149-1 O.l..54.S 1Wl6J O.OOKl 0.(�7 cugin o:2%1 

PH = Average phuH hcighl (cm). OFF= Day:;, taken co tin-t lfow..:ring. 5()% F = Day� 1t) 5()% tlt,wcring. 1-FS = Day:;, to llr$I fruil 
stni1:tg, l•PP = Days 10 fitSl pod 1>icki1lg, PIP= /\\'l:l'llgt numb-er c)f J)t'>ds per pfant. PL= Ave1�e pods l�ogth (cm), PW= J\Vt:tnge 
r>Ot:l wdght (g). GIP• Average number of grains (X'r J)()d, Picldngs • A\•erag..:. numbt'-r of piddug,s. Y/P • Average yi..:.ld p..:.r plru11 (g). 
Y/ha = Average yield per hcc1are fq), TSS = T.S.S. of green �co;:d.s (°B). Protein= Prc\lcin content in pod$(%) 

.,. $ignifictull al P = 0,01 1¢\'¢1 of signific� • i;ignificant at P = 0,05 level c)f i;ignifi\.'.aooe, R¢-iduol eff«.t.": l)hcnc>lypk"" 0.51 I. gem>lypic. = -
0.358. (NOTc: Dfago11al valu¢S ate dinx:1 ¢ffC\.'t .. ) 
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The walt'.r 1·esourcc�'; on dte earth ,11·e limited, wich 
freshwater being estimated at 37 million km3

• Only 0.3% 
of this amount can be used as renewable resource. The 
lack of w:11er i s  ,be mnjor lim.i.1.ing foc1or on expansion of 
irrigated agriculture in the arid and semi-arid land of the 
world. Establishment of watc.r-savjng irrigation 
technology for irrigation is considered to be one of the 
efficient ways co impl'ove and to develop agriculture in ,he 
2 f' century in lhcsc regions. Fcrligalion - a modern agro­
technique provides an excellel\l opportunity to maximize 
yield and minimize t.:nvironmcntaJ pol1ution (Hagin et al.

2002) by increasing fertHizer use efficiency. minimizing 
fenjlizer a.pplic::uion :rnd increa.sing relllrn on 1he feniHzer 
invested. The application of fertilizers is highly site• 
specific, depending on soil rype, clim:uic conditions and 
water quality. Fertilizer demand in intensive plant. 
production systems is pa1ticularly variable, changing 
rapidly during 1hc season and the year. The nutrient 
requirements of Kinnow mandarin tre.es are very much 
depc.ndent on the biolog:ica1 suige of growth and varying 
from vegetative lo fruiting periods. Using micro irrigation 
system for K.innow production has g.i.·emly .increased ,he 
adaptation of fertigation products. Bravdo et al. ( 1993) 
stated 1har shooc growth extension varied considerably 
according to inigation system. EI-Wazzan et al. (2001) on 
Valencia orange improved that irrigation system had 
tumot1ncc::d c::ffoct on lhc yield. Assumin,g that frc::quc::111 N 
fertigation over most of the growing season stimul:.ite 
vege1:11ive growlh d\1e 10 lhe cons1::an1 ;wailabilily of N to 
plant. This \VOrk aimed lo investigate the effect of varying 
arnount of drip irrigat.jon and N fenigaLion on the 
vcgetativ..: growth and the yield of Kinnow mandarin 
trees. 

A Stlldy was carric:.d out for invc:stigating the 
varying N fertigation rntes 400, 600, 800 and I 000 gm NI

tree and annuaJJy added •• 2 I, 23, 30 and 34 equal doses 
on the vegetative growth and yield of Kinnow orchards of 
six yca.r old in Kandi are.a located in foorhms of ShivaUk 
(Punjab) during four successive years from 20L l-14. The 
amQun1 of waler applied via drip it1·igarion was 16. 20. 24 
and 30 m3

/ tr� per year and different combinations 
between them were nlso studied. A vernge spring shoot 
length (cm) - number of lcavc;s pc;-r spring sltoo1- kaf area 
(cm1)-percentage of N and P of the leaves. fruit yield were 

detc.rmint'd according to staodat"d methods. Th� dac.a was 
statistically analyzed according to Pansc and Sukhatmc 
(2009). The difforent combinalions of (a) = quantity of 
water applied ::ind (b) = N fcrtiga1ion frequencies we-re as 
a1b 1, a,b2. a,b3. a 1b4. a2b1 . a2b2. a2b3. a2b,. . a3b1 . a3b2. a3b3. 
a3b,., a.ib1 , a,.b2, 8.tb3 and a,.b,. 

Varying quanthies of water applied via drip 
i,,.igation from J 6-30 rn3 water /tree/year had a positive 
effect on shoot lcnglh. number or lcavcs/shool and leaf 
area of Kinnow mandarin. The vegetative growth was 
stinmlalcd wilh incn:asing Qtianlilics of water per trct.: ( J 6-
30 nl water/tree/year). Higher differences in these growth 
aspects were cJe.lected among :1JJ !eve-ls excep1 1he 1wo 
higher ones. The maximum and minimum values ,vere 
detected on the rrees it1'igaced with wa1er ar 30 alld 16 m3 

per tree, respectively (Figure 1-3). Results indicated that 
growth parameters of Kinnow mandarin trees were 
gradually stimulated wilh increasing levels of nitrogen 
re.rtigation from 400-1000 gm/u•ee. Maximum differences 
or the.sc growth tra_its were observed between a.lJ levels of 
N except between 800 and 1000 gm N/trec. The results 
arc in Agl'eemc.nt with those. of Shara\\,Y (2005) on Bttlady 
lime trees. Increasing nitrogen frequencies from 2 I to 23 
affec, in posi1ive manner these vegera1ive parameters 
(shoot length, Number of leaves per shoot and Jc.a{ area). 
Increasing nitrogen frequencies from 30-34 had in mosl 
cases a sJight ef

f
ect Combinmions b�cwccn <]\lanticfos of 

water and nitrogen fenigatjon levels and frequencies had a 
gre31 effec1 on growth ch:lract.ers of Kinnow m3nd:ll'in 
trees (fig 1-3). The maximum values were oblained with 
jrrigation the- 1rees wi1)) 30 rn3 water and added 1000 gm 
N at 23 doses. These results arc. in harmony with the 
results of Koulka et al. (2000) on Balady orange crees. 
There was a progressive incrca..:;.c: on the percentages or N 
and P in the leaves of non- fruiting shooL,; of Kinnow 
mandarin trees with increasing wa1c:r quan1j1fos applfod 
via drip irrigation from 16 to 30 m3/tree/years. The 
imporrnnt role of watel' in .incn�asing nutritional stams of 
lhc trees was cmphash,ed by Nakhlla er al. (I 998) on 
Navel ora.nge trees. l_ncrt::asing njrrogen fortigation from 
400 10 1000 gm Nflrcc was followed by a gradual 
promotion on percentage of N in the lenves. These results 
were supporled by 1hos,;, of Sharnwy (2005) on Bal>dy 
lime trees. lncre;:ising qu:.,nti6es of water applied via drip 
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irrigftt..ion from 16 10 30 rn3 wa1cr/lrcdycar CtluScd o 
gradual pro1notion on 1..he yield expressed as kgs (Fig IQ. 
L 2). The two higher rates of applied water (24 and 30 ni3 

water/tree/yeal') did not conceming their influence on the 
yield per tree. T'hcref'ore. the recommended amount of 
wa1c::r :ulded I◊ Kinn()W mand:)rin tree:$ for gaining ::m 
oc.onornic.al yield at 24 Ill'� water/h'et"/year (Fig. 10). 
Increasing N fcnigation from 400-1000 gm N/Lree 
resulled in increa.se in lhe yidd/Lrc:e (Fjg. I l). Sintilar 
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irrig.1nion is recomroenclc:�d. 

19.5 

� 19 
.,. 18.5 
i 18 

17.S

l 17

16.5
l 16 

15.5 

1 2 3 4 

N fertlcotlon freq ... ncl•• 

Fig. 2. 

■ 400 g N/trwyr

S 600gN/ trff/yr

II 800 I N/trtt/yr

'.1.1000 g N/lrff/yr

■ 2ldosti
!'!ill doses
11130doses
� 34 dost-S

Fig. 3. 

19 . .S 

l 
16 

19 8 15 

18..5 ■ 16 m3 Wlilet/trH/vr 'li 

I f
14 

18 &-'21 do'-es
,. 

.11.5 ,, 20 ml wat,:,.r/tr� ll 
E 17 

&23dos..-s 
11 

.... 
• 24m3w•ter/tre./vr

'II 10 

i
&30doses • 

10 z • 

lS . .S 
�no 0\3w•t«/tree/vr 

8 & 3-4dosies 
1 l • • 1 l 3 • 

OoM-1ofwat•r_,,.,..d N fitf'UptiOft hqv.nde:1 

Fig. 4. Fig. 5. 

 88 



:FerdpdoaJ're4'1ntadH 

I �l,,1r 101111111!11
t 

2 
1.ts

us 

l 1.8

-" L7S

L7 

z L6S 
L6 

LSS 
LS 

l 

i 1.S 

.r; 1 

z o..s

0 

30 

u 

10 

1S 
I 

,. 

, ol: 
s 

0 

1 2 3 

1 

' l 

' 

Fig. 9.

s 6 7 8 g 10 11 u 13 .. 16 

Fig.6. 

l 

1,95 

: us 

! u

L7S

l 1.7 

z t.6$
L6 

1.55 

J.S
l • • 1 l 3

Quantity of wat•r 

Fi .7. Fi . 8. 

Fertigation Frequencies 

3 • s • 7 • • 10 1l 11 J1 " 

Comblnatlom of N Mrtlptlton l...,.Js & Quantity of wet.., 

3S 

30 

as

Is 
]o 

s 

l 3 

Quantity of w•t•r 
1 N .. �rr.quo\,.;., 

Fig. lO.

 89 

■Ucloffs 

¥13-

• :,o clo$:es 

,. 34dos:es

• 

I.S " 

•



35 

30 

:as 

,JS 

lo 
5 

0 
1 

Fig. 11 

30 

:tS 

i 10 

2 
" 

i 10 .. 
0 � 

J 1 3 

14.00 
12.00 
10.00 

f 
8.00 
6.00 

� 4.00 
., 2.00 

0,00 
1 

1 • J 

• 5 6 1 a 9 10 11 12 1.3 14 :IS 16 

■ 2l dottt 

M.Udosfl 

ll 10 doses 

H F.tttpuon on eomWMtlon 

2 3 4 

QundtyolwM« 

Fig. 13. 

• • ' • 

Fig. 12. 

• 

)4.00 
12.00 

110.00 
• 8.00 
., 6.00 
I'-: 4.00 

2.00 
o.oo

In 

10 u 

__ ............ . 

Fig. 14. 

 90 

l 

u 

2 3 

Nl'trl!JldGll l'ttqaffldtf 

1l 

Fig. l4. 

,. u 1G

• 

■ u­

•2.1d0Mt 

■lOdOHt; 

tllll!Adotes 



Short Communication 

INOIAN JOUINll OF 

ARID IOITICUlTIIE 

2017, Vol. 12(1-2):1-15 

Efficacy of bioagents and fungicide in controlling of her 
powdery mildew 

Sha.shj Kanl Goyn_l *. Sh�,ifosh Godika, Ram Phool Ghasoti:,, tmd Ji1c:mdra Shanna 

Oep:)rtment of Plant Pa1hology. S.K. N. College of Agriculture (SKNAU) Jobner -303329 Jaipur, Rajasl.han (Jntli:;t) 
*Corresponding author's Email: shashikam69@grnail.com 

(Received: 23.()4.2016, Accepted: 12.()9.2017) 

Ber ( Zi:iphus m,ruriticmet Lnm.k.) is an ancient aod p<x,r 
man fruit CrQp. ooe of lhc mQSt i11:1p(n:t.aut undcruliliz.:d 
fruit owing to its hardy nature and gn)wn in semi-arid and 
arid regions of India and l)ther few coul\tries. Powdery 
mildew of ber incited by Oittium erysiplwide.,· f. sp :J�iphi 
is a serious prnblcm ill ber growing areas io India (Kapoo1· 
ec al 1975: Gupta et al 1978 : Yadav ct al l98l) causing 
g.i·car loss in pl'oductivity a.nd quaJity of fruil� ( Prakash, 
1984 : RawaJ. I 988). Th\;'; disease was first reported from 
Allahabad (Mitter and tandon 1930). Kumar et al (1978) 
noted the occurrence of powdery mildew of ber ( Zit.iphi 
spp.) in Indian arid zones. ·0

1

-e fungus produces whitish 
powdery mass of spores on all the aerial plant p,ut.s 
rcsolting in pre-mature drop of flower buds and t'n1ics 

(Rawal, 1988). fnfec1ed fruits show discolouration, 

cracking and become mummified and foil to develop. 
Owing to expansion of ber orchards. working out of 
management strntegics are also equaJly important to 
sustain the yield and quality of bcr fruits. The bio control 
method against powdery mildew is very limited in most of 
the crop plants, Therefore. an attempt was made for 
management of the disease through bioagents alon,g whh 
c:ffective fongicide. 

A field experimenl was conducted on susceptible: 
local ber ct1ltivar•Kati· a1 farmer's orchard at Udaipuria 
vi11age (Chonm) in Statistically randomized block design 
in the s.ix coosecutive yeal'S (2006-2007 to 2011-20[2).
Each treatment was replicated thrice by keeping si.ngJc 
lree per l'eplication. An equal ntunber of unsprayed planLS 
were kept as contl'OI. The natjve isolates of Tridwdermu 
rind Pseudo11uJ1ws were provided by CJAH. Bikaner to 
compare theil' efficacy afong with kal'athane fungicide 
which is found most i::ffocri ve against the pathogen (Gupfa 
et al 1977: Redcly et al 1990: Vaclav and Singh 1985). 
Under th� study different bioagents alone and aJongwith 
eftective fungicide ( T 1= 1% P .. /l1«)rescens (CJAH .. 196)+ 
0.05% karaLl,ane. T, = 1% /'. Jluorescens (NR)+ 0.05% 
karnthane. T,= 1%Trichoderma (CIAH-240) )+ 0.05% 
karathane. T.1= 1%rricho1lerma (NR)+ 0.05% karnlhane, 
Ts= 0.05% karathani; and T 6= 0.1 % karatha.111; wen; 
tested against bcr powdery milde,v . Three foliar sprays 
were- given at 15 days interval and disease intensity was 
recorded after 20 days of last spray. Fina spray was given 
just to St..'lrl initiation of the disease symptoms. The da1a 
on lhe development of powdery mildew on ber fruits wen: 
recorded on 1he randomJy four marked fruiling 1wigs a1 

c f1th tlin:c1iou J)t:!r plant. Oise.-)S,cd fmitS were gradc:d int() 
six catc:gories of tlisc:ase i_ncidtmcc i.e. 0 = healthy. I = L­
IO, 2 = 1 0. 1-25, 3 = 25.1-50,4 = 5 0. 1-75, 5 = >75 % fruit 
area covered with powdery mildew. 
The per cent disease index (POI) and per c.eot disease 
coottoJ (POC) were c.alcuJated according co the following 
formula: 

Sum of all numerical rt1tings 
PD! = ----------------------------------------- X 100 

Tomi number of fmils e.x:o.ini.ncd X 5 

PO[ in control - PDT in treatment 
PDC - ------------------------------------------ X 100 

POl U.1 ceJllral 

Fl'uit yield of the tree was a1so recorded in each 
trcatmcn1 a1 lhe time of fn1its h::irvesting. 

Six yc:ars pooled da1a presc:nled in Table. I 
reve-aled that all the- 1.re-atme.nls te-5ted against hc:r powdery 
m.ildew wc:rc reducc:d the disease and intensi1y and also
increased the fruit yield significantly in comparison 10
control. Karathane (0. I%) reduced t..he disea,,se inten$ity
signific.nntJy in compnrison to control and other
lrea.cments. Minimum disease inten.si1y (13.74%) was
obtained in katathane (0. 1  %) folh)wed by 1% P.

Jluoresce11s (NR) + 0.05% k.1ra1hane (19.94 PD!).
Whereas, in control POI was 55.14. Maximum per cent
disease control (75.06 ) was obtained in karathane (0.1 %) 
followed by I% P. J7uoresce11s (NR) + 0.05% karathane
(63.80) and also increased fruit yield significantly in
comparison to other treatments. To circumvent poJlution
h�•zard due to injudicious use of agrochemicals and �,lso to
avoid devclopmi.:nt of resistance in pathogenic fungi to
commonly os�d fungkich:s. use of biocontrol agents for
the management of plant diseases has been tremendously
increased in n ... --cent years. Keeping in view lhc bioagentS
were applied againSl ,he bcr powdery mildew. In many
t.f1ses. hypc:rpara,.;i1c:s like AmpP/omyrPs qulsquali:; has
l>t:co exploited in 01hc.r horticultura.1 Cl'()p,.;. Hofstein c:l al. 
(1996) h&ve dc.vdoped new produtl known as 'AQIO' for 
Lhe management or powdery mildew!: with suggestions 
Lhat il c-0uld be included as preventive control agent. The 
oative isolates of Tridrodcrmu (ClAH-24()) and 
Pseudomonasj1uore.tcens (CJAH-196) along. witJ1 50 per 
ce11t less co11ce111ra1io11 lhan J'ecommended dose of 
fungicide (karathane) were fou11d effective agaillst the her 
powdery mildew ( Nallathambi et al. 2007). During the 
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The lndian jujube c.o,nmonly known as her

(ZhJphus mcmritiana Lamk.) is one of 1he impo1tan1 fn.1it 
crops of the hot arid regions in India as it forms an 
integral p;ut of the life of the Joe.a.ls as a source of 
nutrition and other purposes (Krishna and Parashar. 
2013). The tree is an example of extremely drought hardy 
species which cao bl! grown ill dry land areas aJld oo 
degraded, eroded, gravelly, saljne and sodic wastel,a11d. 
The jt1jube tree has great commercial importance owing h) 
the usefulness of almost all its parts (Krishna et al .• 2016 
a). A wide range of variabilily exists in her in India for aH 
important char.tcters suggesting substantial scope for 
improvement; however. such genetic diversity need to be 
identified a11.d cooservcd as plant btt'eders require gene.tic 
variation (geno1ypes) for crop improvement (Trivedi et

al., 2013). Fur1her, rc::duc1fon in genetic \'l-'lriflbili1y makes 
a er-Op increasingly V\1lnerable to dis.eases and adverse 
climatic changes (Saran et ,,1 .. 2006). Therefore. proper 
attention for exploration. collecLion. conservation and 
characterization of genetic resources of ber is the need of 
hour. e.�pecially. in view of dynamism irl market demand 
for irnr,rovcd varie1ic-s and necessity for development of 
climate re!ii Lient va_rieties. 

Most of 1he presc::nL day comme-rcial cultivars 
were developed through seedling selection only by the 
farmers depending upon their economic characters 
(Awasthi and More. 2009). Therefore. with the view to 
identify suitable! ge1l0t)'pc!(S) having dc!sirable charncte1·s. 
a survey followc!d by colleccion of dc:sirable gerlotypes 
wns ,nnde in selected districts of Ha.-yann and Rajaslhlln. 

An exploration tolir during 1he fruiting season in 
February, 2017 was conducted in four districts of Haryana 
and Jhunjunu district of Rajasthan to collect available 
genetic diversily of her. Formal and informal convers.a .tion 
with local farmers was adopted as a strategy to colJect the 
ioformatjoo about the her germplasm :i.vailable in the area. 
At each location. three-four fanners \verc consulLed before 
iden1ification of a genolype for collection. Accessions 
were selected r.mdomly at fniit maturity stage from 
twenty sites across the four districts (Hisar. Bhhvani. 
Mahendragarh and Rewari) of Haryana and on-.,: site in 
Chidawa. Jhunjhunu. Rajasthan (Fig. I) during survey. 
The available diversity was collected from populath)n 
through sdcc.ti vc sampling Lcchnjque along with passport 
informa1ion (Table I). Only disease.-free- plants bearing 
fruilS with \miquc trai1s of horticultural importance were 
identified for collection. PJant vigour, fruit size. frnit 
colour. fruit weight etc. were the main parameters for 
identifying a genotype for collection. ·the quaniitative 

data c-oHected were subjected lo sla1istical analysis 
following nnalysis of variance. Thi: differc::nce be-tween 
the two groups was assessed by compulation of lea.Sl 
signilicam difference taking ·f values for error at the 5%

level of significance. 
The resulL'i clearly indic:i.ted a wide genetic 

va,�ability ainollg all d\e collecced acccssioos. A wide 
variaLion was observed among Lhe c0Uec1ed acc,essions for 
1he SLttdied Lrai1s (Fig.2� Table 2 & 3). Frnit weight varied 
from 1.3-16.2 g, while.: stone weight varied from 0.42-1. 15 
g. Fruit size (length x breadth) vary in relation to fruit
weight (Krishna e1 al., 2016 a). ln the present study.
highest fruit weight was noted in HR Coll 15 (16.2 g)
follmved by the collection HR Coll. 18 (14.45 g). while.
larges, fruil size was recorded in f<LR Coll. 15 (34.9 x 27.8
mm) followed by HR Coll. 18 (36. 7 x 22.2 mm) "°'' HR
Coll. 17 (32.3 x 22.3 mm). Ukewise. pulp weigh1. which
is an important observation for getting more amount of
pulp for value addition. was highest in HR Coll. 15 (15.32
g) followed by HR Coll. 18 (13.67 g) and lowest in HR
Coll. 10 (0.8 g) (Table 2). Lowest stooe weight was noted
in Chidawa Coll. 2 (Table 2). FrnilS or fl'l◊SL of the
accessions were round in shape; however, oval and ovme
were also found. Frui1 f..:f.lvities were• either presc:nt 
exclusively on stem end or <it both stem and stylar ends in 
collected accessions (Table 2). Three types of stone 
shapes namely. round. oval and ovate were noted in the 
co1lc!cted accessions. Hov.rever, round Slone shape was che 
dominating one (Table! 2). Amongst fruil charactel'S, Styl:i.r 
and sLern end cavi1ic-s and fruil and stone shnpcs nre the 
most dc:pendable characlers for classifica.1ion (Bal. 1992; 
A,Asm-Ali ,r al .• 2006; Krishna ,r al .. 2016a), The TSS in 
differenl accessions as noted to be highest in Chidawa 
Coll. I (21.6 "8) followed by 20.8 "8 in HR Coll. 19 and 
HR Coll. 13.while the lowest TSS content (I 1.2 °8l'ix) 
was ooted in ►IR Coll. 4. Similarly, t11e highest contents of 
ascorbic acid was no1ccl in MR Coll. 15 (220.37 mg/lOOg) 
followed by HR Coll. 14 (201.5 mg/lOOg) und HR Coll. 7 
(201.S mg/l00g.) (Table 3). 

Variations in physico-chcmical attributes of 
coll�cted accessions may be due to differences in their 
genetic make-up and prevailing agro-climatic conditions. 
Such variabilities among accessions had eal'lier beeo 
n;ported by Ghosh el ul. (20L2) anti Krishna ct ul. (20J6 
b) in wood apple, Triv(;(li el al. (2013) in p(;a,r and Singh
et al. (2015) in Imel.
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Table 2 Fruit ·md stone ch·nactcristics of collected accessions of ber . 

s. 

No. 

co,,,,c 

Acce.ssion 

H.RColl.-1 
HR Coll.-2 
HRColl.-3 
HRColl.-4 
HR Coll.-5 
HR Coll.-6 

H.R Coll.-7 
HR Coll.-8 
H.R Coll.09 
HRColl.-10 
HRColl.-1 I 
HR Coll.-12 
HR Coll.-13 
H.R Coll.-14 
H.R Coll.015 
HRColl.-16 
HRColl.-17 
HR Coll.-18 
HRColl.-19 
HR Coll.-20 
f-lR Coll.-21. 
f-lR Coll.-22 

Fruit ch:u:ic-tcrs 
Fmit Fruil 
shape cavity 

Round P1-esc,u 
Round Pre.sent 
Ov:Ll Ab:k:ul 
Round Prc.s,·.nt 
Round Absent 
Round Absent 
Round Prescn1 

Round Absent 
Round P1>t.se1n 
Ruun<l Absent 

Q\•al Prc.�c.nt 
Round Absent 
Round Abs.cnt 
Ovnte Present 

OvaJ P1\::.StJU 

O\•al Pl'<".SeJU 
Oval Present 
Oval f>rc.scnl 
Oval Absent 

Oval Pre.'-t.::lll 
Ov:d PrC-$Clll 

O\•al Pre.sem 
. .

Trible 3. Fruit uualil v anribu1es or her colJeclions. 

S. No. Accession TSS ('Brix) 

I. HR Coll.-1 11.6 

2. HRColl.•2 13.7 

3. HR Coll.-'.l 13.8 
4. HR Coll.-4 11.2 

5. HR Coll.-5 19.l
6. HRColl.-6 18.8 
7. HRColl.-7 13.2 
8. HR Coll.-8 14.2 
9. HR Coll.-9 16.6 
10. HR Coll.-10 19.4 
11. HR Coll.-11 17.4 

12. HR Coll.-12 16 

13. HR Coll.•13 22.8 
14. HR Coll.-14 16.4 

15. HR Coll.-15 17.8 
16. HR Coll.-16 13.2 

17. HR Coll.-17 17.6 

18. HR Coll.-18 14.2 
19. HR Coll.•19 20.8 
20. H.R Coll.-20 17.8 

21. Chidawa Coll.• I 21.6 
22. Ch.id:'.lw:\ Col.1.-2 17.2 

CDn.~ 2.17 

Weigh! Pulp 

(g) weight

3.62 3 
4.56 3.49 
5.81 5.33 
12.2 11.41 

1.43 1.01 
4.81 4.27 

2.5 1.99 
15.13 14.08 
4.86 4.18 
1.30 0.78 
6.92 6.33 
5.25 4.67 
4.37 3.35 

10.03 9.44 
16.2 15.32 
9.32 8.56 
7.83 6.9$ 
14.45 13.67 
11.62 10.47 
12.37 11.76 
l0.79 9.91 
4.56 4.06 
2.04 1.27 

Acidity(%) 

0.34 
0.57 
0.44 
0.39 

0.54 
0.47 
0.42 
0.38 
0.43 
0.37 
0.34 
0.38 
0.51 
0.38 

0.32 
0.4-0 

0.32 
0.31 
0.48 
0.47 
0.54 

0.58 
0.08 
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Stone charne-tcrs 
Length Widlh Shape Weigh! Length Width 
(mm) (mm) (g) (mm) (nun) 

18.72 17.01 O\·al 0.62 I 1.93 7.01 
18.43 18.19 O\·aJ 1.07 12.77 9.84 
22.73 16.42 Club 0.48 16.55 6.89 
21.85 24.47 Ovol 0.79 12.3 10.22 
13.9 12.97 OvnJ 0.42 9.69 6.84 
20.14 19.85 OvaJ 0.54 13.(19 9.83 
16.23 17.29 Oval 0.51 11.42 8.88 
28.77 26.93 Oval 1.05 16.83 10.36 
22.06 21.15 Oval 0.68 13.17 9.38 
12.86 13.48 Round 0.52 9.67 7.91 
23.29 21.26 Q\·al 0.59 11.91 6.01 
21. 7 20.16 Uw1J 0.58 14.47 8.47 
17.39 17.46 Round 1.112 10.59 9.69 
27.25 21.85 Club 0.59 16.4 6.84 
34.89 27.79 Club 0.88 18.64 8.1 
29.63 23.38 Club 0.76 19.41 7.44 
32.33 22.35 Q\·al 0.85 17.96 1.55 

36.69 22.20 Club 0.78 22.65 6.72 
23.55 22.21 OvnJ I.IS 16.76 9.48 
28.31 19.45 Club 0.61 18.1 6.1\6 

27.35 22.89 O\':d 0.88 15.09 8.18 
19.97 14.72 Club 0.5 14.21 6.4 
2.63 1.87 . 0.18 1.92 0.49 

TSS: Acid rnrio Ascorbic Acid 

(mu 100•·') 
34.12 186.34 
24.04 172.48 
31.36 83.16 
28.72 189.42 

35.19 1.41.13 
40.00 ISO.IS 

31.43 202.14 

37.37 189.42 

38.60 170.94 
52.43 147.07 
51.18 164.78 
42.11 156.31 
40.78 175.56 
43.16 201.74 

55.63 209.44 
33.00 143.99 

55.00 154.31 
45.81 140.14 

43.33 181.72 
37.87 124.74 
4-0.00 201 .43 

29.66 180.95 
3.58 20.71 
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Jamun (Syz.ygium cuminii Sk_eels) is one of the imponant 
frnit crops belonging to the family Myrtaccac. It is 
indigenous to India, Burma and to lhe Andman lslaods 
(Zcvcn and clc \Vet, 1982) nnd avaih,blc throughout Indian 
plains as well as in Kumaon hill up Lo 1,600 m (Mishra et

,,/., 20L5), Fruits are used as an effective medicine against 
diabe.Les, hea1'l and liver trouble. Owing to its varied uses, 
it has now emerged as a potential fruit crop of country 
(Singh et al .. 2016). In Gujarat. it is grown commercially 
in Vadodara, A.n:md. N:wsari, Kheda :md Junagarh 
districts. Most of the plantations of jamun in these areas 
are esrnblished through planting of seedling 1ypes. 
However. now farmers are showing much interest in the 
plantation of grafted planting material of Gorna Priyanka 
developed by the station. Jamon trees whether seedlings 
or grafted grow e.rect and reaches to a height of 25-30 rn 
due to which harvesting and other management practices 
become difticulL In the abseoc.e of proper canopy 
management practices orchards become overcrowded 
which pose problem for orchard aCCC�'>S and for adequate. 
light interception nc.."Cded for optimum photosynthesis, 
tloweriog, fruil set and qualily (Mishra and Goswami, 
2016). Pruning has tx..-cn used as a tool to regulate tn.-c size 
and shape co achieve a de.sired architecture of the canopy 
and also to reduce the foliage density by removing the un­
productive branches of the tree. To maintain the dwarf 
framework of the jamuo tree. toping of main stem (4-6 
meters) is needed which also facilitates easy harvesting of 
the fruits. 11 is also observed that pruning of 50 % annual 
extension growth after harvesting was effective 10 reduce 
the plam canopy a.nd 10 improve 1he frui1 qt1ali1y :mribtites 
(Singh et al .. 201 I). Pnming is a practice which 
performed in a manner to provide the plant such a shape 
and size so that its marketable yield can be enhanced. 
There was an increase in marketable yield in Konkan 
Bahdoli jamun trees when subjected to difforcnt pnmjng 
intensities (Lawande ,., al., 2014). The fruit bearing 
branches: in jamun arc prcSCnl on the periphery of canopy 
throughout iL� height. Also all fmits on a tree do not 
mature at once. Therefore, at least 3-4 pickings arc 
required for harve.scing of fully ripened firm fruits from a 
lrec. The ja.mun fruits: arc also delic�te and have very thin 
peel: therefore. fruits are to be essentially harvested by 
hand picking. For this. i1 is necessary 10 climb up 1he 
jamun tree. Thus. harvesting in jumun becomes tedious 

atld 25 to 30 % fruits .1re spoiled due to mechanical 
damage during harvesting. The jamun being a non• 
climacteric fmiL, fully ripened fruits essentially has to be 
plucked for getting desirable fmit quality. As hand 
picking is the only way lO harvest fruit�, managing tree 
c.anopy at suitable height is the only lasling option to hnve
cleaJl harvest of ripe fruiL'> ill economical manner. Pruning
in jamun has not been considered as a regular practice to
contain the tree canopy so far. ln  view of this. different
imensi1ies of pruning were imposed on m:u\lre bearing
tree of jamun cv. Goma Priyanka to see its effect on fruh
yield and quality.

Uniformly grown. 8 years old grafted plants of 
ja.mun cv. Goma Priyanka spaced at 5x5 m were selected 
at CHES. Godhra experimental farm and all the trees were 
maintained under lHliform culnaraJ practices. The soiJ is 
mcctium black and the climate is semi-arid with a rainfall 
of 700-800 m.tn annually. Sele.cLed jamun trees were of 
average 6.15 m height with an average sprea.d of 5 m. The 
experimem was conducted in Randomized Block Design 
with four treatments viz. Tl - 2.5 % shoot pruning. 1'2 - 50 
% shoot pruning, TJ- 75 % shool pruning of annual 
extension of growth and T4 • control (no pruning). All 
tJ'eatmcnts were replicated four times wilh a unit of two 
trees per treatments per replication. Each reSpi.."Ctivc 
treatment was pruned by the heading back in month of 
September. The observations on flowering. fruit yield 
(kg/tree) and physico•ehem.ical characters were recorded 
using s1andard procedures. From e::ich tre:ument, 1wen1y 
five fruits were randomly selected from all the directions 
for r.xording the do10 and brought to •he labor,uory of 
Central Horticultural Experiment Station, Vejalpur. 
Pa1lchmahal (Oodhra). Gujarat . TSS of fruits was 
measured with the help of hand rcfractrometer while 
cit.-atable acidity, asc.orbic acid, protei,\, a1uhocyanin and 
sugar contents were determined by AOAC (1990) 
melhods. The data were statistically aJlalyzed as per 
method of Gomez and Gomez ( 1984). 

Different levels of pnming recorded significant 
variation in per cenl of llowcring shoots and other yield 
attributing characters except fruit retention percetltage. 
The maximum percentage of flow·ering shoots (70.33 %), 
panicle length (13.97 cm). number of flower/panicle 
(46.25). pollen viobili1y (93.80 %). pollen gennino1ion 
(37.29 %). fruit set (45.74 %). fruit length (3.84 cm). fruit 
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width (2.96 cm) and fruit weight (20.50 g) with 25 % 
shom pnmjng. Ir was followed by 50 % slH)()t p1uning _in 
which 60.17 % shoots flowered with 13.12 cm paniclc 
length. 43.91 Oowers/panicle. 92.27 % pollen viability. 
36.01 % pollen germination, 42.27 % fruit set, 3.80 <:nl 
fruit length, 2.90 cm width and 20.25 g weight (Table I). 
Whereas in case of pulp percentage. the maximum value 
was recorded with 50 % shoot pruning (88.50 %) non­
significantly followed by 25 % shoot pnming (88.0 %) 
and the mjnimum pulp content (84.20 %) was observed 
with conu·ol (fable. 2). l_n conu:ol, 42.12 per cem shoots 
recorded flowering with the m.inimum panicle length 
( 12.43 cm), number of flowers/panic le (35. 70), pollen 
viabilily (88.57 %). pollcm gc;:rmina1ion (34.05 %). fruil 
set (38.23 %). length (3.69 cm). width (2.73 cm) and 
weight ( 18.06 g). This increment in yield att.ribucing 
<:hnr.,clers al 25 % level of pnming migh1 bnve been 
resulted in the stimulation of optimum vegetative and 
flor:1I growth at this imcosiry. which m.igbt have brought a 
balance between fruiting wood and leaf area. Earlier 
workers also rec.orde.d higher flowering and yield 
:iutibuting characters in c.itrus (Goswami et al., 1993), 
litchi (lvlishra et til .. 2013) andjamun (Lawande er al.,

2014} through imposition of various levels of pruning. 
Also. Serrano et al. (2008) reponed that the light pruning 
increased the . number of produc1ivc branches and number 
of fruits per branch of guava cv. Paluina. 

The fruit yield was reduced with the increase in 
intensity of prunjng. however, all the levels of pmning 
recorded significantly higher yield than the control tree 
(Table. 2). This may be attribmed to the reduction in 

concentration of vital substances from severely pruned 
shooLS. The maximum fmj1 yic.ld was obtained in the. trees 
with 25 % level of pnming (42.70 kg/tree) followed by 50 

% level of pruning (38.33 kg/tree). The non-pruned trees 
produced signiticanlly lower yield (25.05 kg/t.ree), 
however, it was found at par with 75 % level of pnming 
(27.02 kg/tree). Misu-y and Patel (2009) also found 
beneficial effecL of heading back on earliness and yield in 
mango cv, Alphonso. This finding is also in agreement 
with the reports of L:iwande e1 M. (2014) and Singh et al.

(2011) for getting higher yield in jtLmun. 
Fruit chemical quality charactcn; were also 

significantly affected by various levels of shoot pnming 
(Table 2). lrl respect lO chemical parameters of frujl 
quality, significant improvements h:we been observed in 
TSS ( 18.20° Brix), TSS/acidity mio (49.18). pulp protein 
(0.70 g/100) and an1bocyanin content (1.90) with 25 % 
shoot pruning:. However, 1he maximum w1:d sugar ( 14.0 
%), reducing sugaJ (7.12 %) and vitamin C (51.40 mg/100 
g pulp) wern l'eCOl'dcd with 50 % pruning of aonual 
e.x1ension grow1h. The minimum values for these
chemical quality parameters were recorded in comrol.
Improvement in fruic quality pal'amecers may be due to the
improved ligh1 pc;netra1ion inside;; lhe canopy and
assimilation of more pholosymhates. These results are in
agrt::en)cnt with Mishra et al. (2013) in Ucchi and Mistry
and Patel (2009) in mango. In conclusion. 25 % shoot 
pruning may be :idopted to increase yield with improved 
fruiL weight and qualily .in jamun. 

Table l: Effccl of shOOl [ run.in� on icld auributin� charn.cte-rs or iamun cv. Goma Privanka 
Trea1mcnLS Flowering Pan.icle No. of Pollen Pollen Fruit Fruit Fn.til Fruit 

shoot(%) lc11gth flower viability gcrmim:uion Set retention Length Frult wcighl 
(cm) panic1e·1 

(%) (%) (%) (%) (cm) width (g) 
(cm) 

25% 70.33 13.97 46.25 93.80 37.29 45.74 30.01 3.84 2.96 20.50 

50% 60.17 13.12 43.91 92.27 36.01 42.27 28.48 3.80 2.90 20.25 

75 % 45.66 12.65 42.48 90.33 35.45 39.98 27.33 3.77 2.84 18.23 

ContTOI 42.01 12.43 35.70 88.57 34.05 38.23 27.02 3.69 2.73 18.06 

CD (P= 6.12 0.33 4.28 1.22 0.62 4.14 NS 0.04 0.07 0.64 
0.05) 

Table 2: eel o shoot 01·uoine oo f1'U1t Vlt'-ld aod auahtv attrtbutits of ·ainuo cv. Eft f ,oma P1·lvanka G 
TreatmenLS Yield Pulp TSS Acidity TSS:acidily Total Reducing Vitamin C Protein A111hocyanin 

tree·• (%) 6 8rix (%) sugar sugar (mg/JOOg) (g/100 (OD) 
(kg) (%) (%) J! ouJn·) 

25 % 42.70 88.00 18.20 0.37 49.18 13.50 6.50 49.00 0.70 1.90 
50% 38.33 88.50 18.00 0.39 46.15 14.00 7.12 51.40 0.65 1.83 
75 % 27.02 85.10 17.00 0.39 43.58 13.00 6.00 47.20 0.60 1.80 
Conlrol 25.05 84.20 16.50 0.40 41.25 12.00 5.42 46.50 0.59 1.76 
CD (P= 4.22 1.10 1.12 NS 0.05 0.14 0.15 1.25 0.05 0.02 
0.05) 
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Significant differences were also obsen•ed among the 
1rc:umcn1s for fruil yic-1<1 pc-r phrnt in bcr. Highest fruit 
yield per plant was recorded in lndoxacarb 14.5 EC @ 
I ml/I (80.91 kg/plant) followed by Spinosod 2.5 SC @ I 
ml/I (70. 71 kg/plant). Lowcsl fmit yield per plant was 
(>bserved with a�adir.tchLin LOOOO ppm (62.45 kg/pl&nl) 
and 30()() ppm (63.8 I kg/plant) and NSKE 5% (65.38 
kg/plant) treated plots �ind were significantly differed with 
control. With regard 1.0 cc)Sl:bc:nefit n'lLio, highe-$t 
cost:be11efit ratio was t'ecorded with lodoxacatb 14.5 EC 
@ lml/1 (1:1.54) followed by NSK£ 5% (1:1.13) and 
wi;re significantly dift't;red with conh·ol ( I :0.79). 

The per cem infestation or ber fniit borer was decreased 
(21 .40 to 14.41) (lVCf )'CM$ from 2008 lo 2015 ·with 
lndoxacarb 14.5 EC @> I ml/I followed by spinosad 2.5 SC 
@ lml/1 (2>.13 to 17.91). Highest hotel' infestation was 
l'C(,'Ordcd wi1h co111rol 1rea1men, (48.0�) in 2011 than other 
years. 

Spraying of llldOXil.CaJ'b 14.5 EC @ I m.l/1 at 
t went}' days inlerv;,1 sl.:.trting: from marble size fruits w�,s 
found effective in managemenl of fruit borer in ber. The 
Cost:Beoefit l'atio was also high in lodoxacarb 14.5 EC 
@ I ml/I treatet..1 fruits. 

Fig, 1: Efcct of different insecticides flgainst ber fruit borer over yc.::Ms 
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Fig 2: (A) Fruit borer typic:,J symptoms on fruit (B) Larvae inside the fruit when split open (C) Accumulated faecal frass 
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The tuber crops are among oldest on eanh. In many areas. 
especially in the wet 1ropics. they were the only staples 
and fed exlensivc pop11la1ions before the introduction of 
ccr(:.als, Today, they represent th1;: second most important 
set of food crops in dt:veloping counn·ies. closely 
followed clle cereals (Rathore, 2016). They are produced 
wi1h k>w inputs bu! an� an imporrnnt source of income and 
employment in marginal areas. These crop arc mostly 
consumed by th� poorest, they contribut� greatly co food 
security a.nd are held in high e.stee1n culrura.Uy (Lebot. 
2009). Sweet potato [lpomoc•a bawu,s (L). lam.)
belonging to the fnrnily c,mvolvulat.·e,w is an important 
luberous roo1 crop having tremendous p()h:mti{tl for 
utilization in food. feed and industrial sectors. especially 
for the. production of starch. flour. glucose and alcohol. 
They are good sources of vitnntin A. C. B2, 86 and E as 
wi.:;11 as dietary fibre;;. K, Cu. Mn :lnd f"(;. The: high nu1rii.:;nt 
content coupled with its anti-carcinogenic and cardio­
vascular disease pre\'enting propertie$ has gained 
rccogni1ion for 1he crop as a hcalLh food (John. 2011). 
They .arc widely grown in the tropics and warm temperate 
regions of the worJd. In developing countries, it is ranked 
fifth in economic value. sixth in dry mauer production. 
se.vcnLh in energy production and ninth in protein 
production (Lobcnstein. 2009). ln lndia. it is the third 
most important tuber crop after potato and cassava. 
Globally. tndia occupies rwelfth, eighth and fifth rank jn 
nrc-a, production an<l productivity rc-spec1ively. 1L is 
cultivat�d predominantly as a rainfcd crop in Ea.st�rn 
India. especially in Orissa. \Vest Bengal. Uttar Pradesh. 
Bihar and Jhark.hand. accounting for 77% of area and 82% 
of production (Edison cl aJ., 2009). Sweet po1a10 can be 
grown in a wide range of soils and climale. Sweel potato 
can be grown on a wide range of soil types but sandy or 
sanely loam soils having good porosity and aeration with 
reasonably high organic maucr conlcnl anc.l permeable sub 
soil are ideal (Jansson and Ramon. 1991. Bouwkamp 
( 1985). 

Swee1 pow10 is not a new crop for 1he s1a1e of 
Rajasthan but mostly confined to the areas with better soil 
and good rainfall ('Onditions like: Ajmer, Barmer, Bundi. 
Dholpur, Jodhpur. Jalor, Jhalawar. Nagaur, Sikar. 
Udaipur . .In Rajasthan, swc:eL potato is grown in 693 ha 
with a production of 2629 t. (Directorate of Horticulture. 
2014). Rajasthan being the largest state of India and 

blessed with various ecological zones but maximum area 
(49.61%) is under hot arid zone. The Iwelve di.strict of 
north-wes1.ern Rajasthan (Banner, Oikancr, Churu, Sri 
Ganganagar, Hanumangarh. Jaisalmcr. Jalor(!. Jhunjhunu. 
Jodhpur, Nagaur. Pali and Sikar) accounts for 63.4% area 
of the hm arid realm of che country (Saroj et al. 2()04), 
when: very neg)jgiblc: an:;a is under swei.:;1 p()ltllO 
cultivation. The main reasons of non-adoption of sweet 
potato in hot arid region are: sandy soils with poor fertility 
and subjected to wi_nd erosion. very low (avernge of about 
213 mm/ annum) and t:muic rainfall. ex1rc:mes of 
ternper.tture and frost during winter. poor waler resource. 
lack of situation specific knowledge about scientific 
cultivation of sweet p()taco etc.

Therefore. in or<ler to increase: the area under 
sweet potato. there is need lo vemure non-traditional areas 
like hot arid zone under sweet potato cultivation through 
better scientific man:.gernen1 as per e<faphoclim:ttic 
conditjons. Kci.:;ping above facts in view. at auc:mpl was 
made to assess the performance of s,veet potato varie.ties 
at ICAR-Cc.ntral lilstitut� for A,·id H()rcicultur�. Bikaotr 
(Rajas1hr1n). 

An investigation was carried out at Experimental 
f'ann of lCAR-Central Institute for Arid HonjcuJture, 
Bikancr (Rnjasthan) to assess the performance of sweet 
p<.1rnto cultivars under hot arid region <luring consecutive 
year 2017. The expcrhnent was laid out in factorial 
randomized block design and replicated six time�"-. The 
analysis of vAriAncc was done. The roOLiog cunjngs of 
th.n.:e sweet p0ta10 c1.1llivtus v;z_. Sree Bh,ulra. CO 3-4,
Sree Aru11. Local-I and Local•2 were procured from 
AICRP on tuber crop and lWO strain local-I and local-2 
were collected from farmer's fiel<l. Cuuings were planted 
in the I uJ week of July during the years under with 
recommended management practices. in this experiment. 
113"' of N was applied through neem coated urea and DAP 
in side-band f1long with a uuiform dose of 80 kg P2O5 
1hrough di-ammonjum phosphaIe and 100 kg/ ha K.zO

through 1nurim� of pot.ash during ploutiug tim� while Jf.3n1 

of N wi1s applied as through neem coated urea at 35 days 
after planting i.e. at the 1ime of eanhing up and che 
l'emaining 113'\I N was applied tlltough neem coated urea 
a1 50 days afler planting i.e. at the Lime of bulking st.age. 
The vines were cut :\I 160 days. Irrigation was applied 
through sprinklers a1 weekly intervals. 1''he obsei·,•ation on 
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growrh pan:une,crs viz .. vine length, number of vines/planl 
and number of leaves/plant at 35 days was recorded. The 
yidd and yield an-ributing characters of tubers were 
recorclt'<I afccr harvesting of the swet.c potato. 

Various growth para,neters viz .. initiation of buds 
fmm culling�, vim: lenglh (c:m). number of leave$/pl::ml 
and numbctr of vines/plant fol' a.JI the varieri�s grown has 
been recorded at different clays after planting. Data 
presented in table I and fig no. I ::md 2 dl'lta indicMcd that 
as days of planting advanc.cs in diffcren1 days, all 
vegetative growth parameters were increased im.�spective 
of vadc;ty. The; mean vine lc-ngth at 60. 70. 80 and 90 days 
aflc.r planting in Sr� Bhudra, CO 3-4, Sr� Arun, L(X:-fll-1 
and Local-2 were 108. 96. 100. 91. 97 respectively .. 
Mc:mwhilc, ,he mean of days to initiation buds, number 
of leaves at 3.5 OAP find number of vine$/ planL a1 3.5 
OAP were 13.4. 63.8. 2. 78. Ainong different sweet potato 
varieties, maximum mean vine len,gth was J 08 cm and 
rc:c.orcled in Src:� Bhrulr::1 followed hy Sret: A.run (99.75 
cm) followed by Loca.1-2 (97 .25 cm). while minimum in
Local-I (91.25). However. the number vines and number
of lcav-:s/ plant did not follow the sam1; trend. which is
obvious thm these variations are due to t..h.eir oenetic 
nature of the vari�ty. 

� 

Oatfl prcscnh;,:d in tflbh.: 2 n.:gflrding yidd and 
yield a11ribu1ing charac1crs of differen1 swee1 po1a10 
cuhivars 1·evealed that mean number tuber yield/plant was 
3.3 irrespeccivc of cvs, thoughl lhc tuber yield/plan1 varied 
significantly giving highest number tuber/plant in L<)C.al-2 
(3.9) followod by Local- I (3.8). CO 3-4 (3.6) wh;Je 
lowesl number of tuber yield/plant was recorded in Srcc 
Ohadra (2 .2). As far as ::lverage tuber weight is concemc:d 
more c.hail I OOg lube.rs were obtained in Co-3-4 ( 126g) 
and Local-2 (129 g) while minimum average weight of 
Luber w:-1s obsc-rved in Src:e 8h:,drn (28g). The - mel'ln 

n1ber yieJd/pJa.nt was recorded 317g with highest 
yiel<Vplant in LocaJ-2 (502g) followed by CO-3-4 (454g) 
and low ... st tubl!r yidd/plant Wl'IS recorded in Sr._.c Bhadra 
(62g). Thi! tubt:r yiel<Vha also varied significantly aml)J\"' 
difterent cuJt.ivars. ·r11e highest tuber yield was recorded i� 
Local -2 (277 q/ha) followed by C o -3 -4 (249 qlha). I.,><:al-
1 ( 175 q/ha) and minimun, yield in Srce Bhadra (34 q/ha). 
These ohservations suggest that Co•3-4 were high yielder 
while Srec Bhadra was low yielder under ho1 arid region. 

Swed P<>lfllo culLivars diffc:r in Lhc:ir growth and 
yield potemial: hence there is a diflerential response to 
;lgro-climatic conditions and bulking r:lte even if they 
belong to i:.ame rnaturiLy group. Ouynisveld el al., (1988) 
alld Sharifi et al .. (2007) ha,re also repo,·ted that differem 
cultivars of sweet potato behave different in tern1 of yield 
tmd buJk.ing rnte. 

Jc can be concluded from lhe present study thar 
yield of swe..tt potato can be improved markedly by 
exploiting varietal differences in swc._., potato. Sweet 
pouuo cultivnr$ showed wide varimjon in yield in western 
Rajasthan. LocaJ•2 and CO 3-4 was the highest yieldet 
and ag:ronomicfllly most -:fficicnt variety. These variety 
were rnore suitable than the 01her mos1 common varieties 
of lhe region and co11vert. it ioto yield most economically. 
Swccl pot.ato has grea1 polcntial in the state in 1he arid part 
of R:)jas1hnn. Presently I.he: m.ajor conSLr:'lint is the 
rwailability of quality planting material. As rhe ruber 
crops are vegetalive prop:1gatcd. using quality disease free 
plan1ing ma1c:rial_ i:,:; jmponanL to reap good harveSL of 
crops. Beside$. tuber crops require.,; huge amount of 
mother corms which necessitate huge transportation cost 
and logistic facilities. Extremity in wca1h,cr is another 
factor responsible for the low productiviry of tuber Cl'Ops. 
Rajasthan. state is having highest rainfall variation in the 
country. Extrcm-.: wi;.ath-:r c.'Onditions can adversely affect 
tuber produc1ion. 

rablel. Sweet notato ....... rformance in the non•tradirional areas of western Raiasthan 

Varilic-s/g..:rmpla�an No. of tubcr/planl Avg. weight of lubcr (g) Yidd/plant (g) Yidd (q/ha) 

Sree Bhadra 2.2 28 62 34 

C0-3-4 3.6 126 454 249 
Srce Arun 2.8 89 247 136 
Locol-1 3 . 8  84 318 175 
Local-2 3.9 129 503 277 
Mean 3.3 91 317 174 

 104 



.,, 
-

., 
-

., 

E 
� 
� 
a. 
..,,, 

<!I 

• Days to initiation of buds
r,<;lu ur vim, /µldfll dl 35 OAP

70 
60 

so 
40 
30 

20 
lU 

0 

Sree 

Bhadra 
C0-3-4 

• No. o" leaves iplant at 35 OAP

Sree 
Arun 

Local-1 Local-2 

Sweet potato 
-��� Fig. l: GrQwth paral'J'.k:tcrs sweet potato performance j n the noo-trndirional areas of wcsh:ro Rajasthan 

Fig.2: Vine lcnglh sweet p01ato pcrformfmcc in the- non-triltlitional tin:.os of western Rajt1Sth1-)n 

Referem .. -.:-.s 
Bouwkamp. J.C. 1985. Production requirements. In: 

Sweet Pouuo Products: A Natural Resource for 
the ·rropics. Bouwkamp. J.C. (Ed.). CRC ·Press. 
Boca Raton. FL. pp.1-33. 

Directorate of Honicuhurc. 2013. Honicullure Statistics. 
Oirccwratc. of Ho11iculture. Pant Krishi Bhawun. 
Govcmmc:nt of Rajasthan. Jaipur, 

Ouynisveld WHM. StJ'ebel O and Bonchel" J .1988. Are 
nitrate le.aching from arable land and nitrate 
pollution or ground waler avoidable. Ecol Bull. 

39: 116·25 
Edison. S .. Heg.de. V .. M::i.kesh Kumar. T., Srinivas. T., 

Suja, G. and Padmnja, G. 2009. Swc�t potato in 
the Indian sub concinent. In: The Swc.ct Potato.
l...obcnstein, G. nnd Thottappilly, G. (Eds.). 
Sptingcl' Science Publishc.rs. pp.391-414.

Jans.son. R. K. and Ramon, K. V. 1991. Sweet potato pest 
management: A global over view. In: Swee, 
Pot:llo Pe$1 t,.,1Jmagc:menL: A Glot,al Pci:$peclivc. 
Jansson. R.K. and Ramon. K.V. (Eds.). West 
view prc$S lnc .. Boutdcr. Co. pp. 2-12.

K. Sus.an John. 2011. Soil-Plnn1 Nu1rition of Sweet Potato
and Minor Tuber Crops: A Review. Journal of
Rom Crl)p.\·. 37 (2): 111-124 

Le.bot. V. 2009. Tropical Root and Tuber Crops: Cassava. 
SweeL Porn10. Yams. Aroids. CARI. UK. pp. 1-
413. 

L:)bcnsticn. G. 2009. Origin. distribuLion and C(·(momic 
imponance. ln: The Sweet Potato. Lobcnstein. G. 
aod Thouappilly. G. (Eds.). Springer Science 
Publishers. pp. 9-12. 

R.S. Rathore. Sunil Paree.k. Manish Kalal. Jame�i. Geol'ge.

2016. Tober Crop Cultivation in Me war Region 
of Ro.jn$lJ-)::i.n: Oppo1tunitie.s and Strategies. 
Jounwf of Roo, Crops, 42 173-176. 

Saroj PL. Vashishtha BB and Ohandat DG.200-i. 
Chnugjng Scen{lrio ln Arid Horticulture Editors 
Saroj PL. Vashishtha BB and Ohaodar DO. 
Advances in Arid Horticulture, Vol. 1. pp. l -28. 

Sharifi M, Bcmie JZ and Coleman \V.2007. Screening for 
nitroscn-usc efficie-ncy ln poUllo with a 
recirculating hydroponic system, Commun Soif 

Sc; Pla11. 38:359-70 

  105 



INOIAN JOUINll OF 
ARID IOITICUlTIIE 

2017, Vol. 12(1-2):1-15 

Two New Leaf Spot Disease of Bael (Aegle marmelos 

Correa_) From Uttar Pradesh. 
Sanj�ev Kumar-*, Sa.ntosh Kumar, S.K. Pandey and Pl'ashant Mishra 

Dr.parhn.cnt of Plm11 Pathology. N.D. U.A. & T. Kumarganj. Faiz,abad, Uttar Pmd,:sh.
R<-ccivcd 14.03.2017; Accepted: 11.12.2017) 

*Corresponding author's Email-drsanjecv44@gmail.com.

Aegle manuelos Correa is one ot' the most ulilitarian 
medicin;:il plants of Jndia; it grows under :i.dver.s,e ag,·o 
clima1ic c-oo<litions. h has capacity to adapt successful.ly 
to a wide range of habitat from arid. semiarid to 
mesophyfic conditions ancl a wide temperature toler:mcc 
(from .. t->c to 48<1C). The imponance of Aegle marmel.os 
lies in its curative properties. whic.h make the tree one of 
d\e most useful medicinal plant<,; of lndia. 
Myrothecium rorldum This species is respQnsible for 
causing leaf spot disease in Aegfe nwrmelos, this is first 
report from Utcar Pradesh, The symptoms \vcrc fo\lnd on 
leaves as small. circular in shape which arc brown in 
colour but later on these spots enlarges and cover the 
more area. Chlorosis around the lesions may be seen and 
concefltl'ic l'iogs api:>c.ars ill the middle of tl\c spot are 
cha1:acLeds1 ic syrnpLoms. Disease syrnr,1orns recorded firs1 
during nliny season (July- Augusl). 15-20 days after 
symplOm produc1ion concentric rings a.re produced. 

Charac1eristk symp1on1S of this dise.a.� are Jbrmation oJ' 
shol hole due to shedding of necrotic tjssue...� of lhe le::ives. 
In severe condiLion number and size of lesions .increases, 
sporodochia may be seen on older lesions which are 
black in colour (Fig, I), 

Fungus produces creamy white colonies on PDA 
which are 1.5 cm diameter after 3 days at 25• 2°

c.

Concentric pattern of sponxtochia of Myrothecium 
mridum which are black in colour as seen in fig. 2 formed 
on P.DA afler 10-15 days ofhux:ulation. Coo.i<lia were rod 
shaped (Fig.2). Pathogcnicity were tested. using M.

roridum culture isolated from bael leaves and inoculated 
on healthy seedlings. The inoculated plants produced 
symptoms within 7-10 days period. Symptoms produced 
on im)culated plallts are similar to dlosc observed in tl'ie 
field. Cullu1·al charac1ers of the tes1 organism \\lhjch were 
reisolmed and grow on PDA were:. sim.iltir l◊ the previous 
cuhure. 

Fig. I: Leal' spot on Aegle marmel<,�· caused by M,vrmhedum rnridum 

Fig. 2: Myrmhecium roridum mycelium. sporodochia and conidia 
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Fusarium p<1llidoroseum (Cooke) Sacc. The fungus 
Fusarium pallidoroseum c.nusing h:nf SpOLI b.light on 
t\egle marmelos has been 1·eponed lil'st ti1ne fro1n India. 
The disease appeared during post rainy season 
(Sc:pLember) a� irreg,ul:'tr pm;tulet- which ,vere brown in 
colour. illcr�ased very fast and covered the nH)St of d1e 
leaf area, affected leaves become dry and faJJ off (Fig. 3). 
Much vegetative lo::;s have been recorded in the nursery 
with thjs disease. The l'eview of litetatute showed that i t  is 
a new record on Aegle nwrmclos from India. 

f'usarittm palful-0,·osl'um produce smooth and 
crei\my while t-Olony. The fungus produces bt'Jlh mac.ro 
and micro conidia which a1'e hyalioe. septme and ends al'e 
also hook shaped. Mycelium arc 1hin and sept.lie (Fig. 4). 
Mac.m conjdja wc:re pr()ducc:d from phia)jdt$ l)n 
unbranched or branched cooidiophpres. Macro cooidia 
borne in sporodochia were curved, possess a foot cell. 3-5 
$cprn1c. Micro conidia arc single celled, smo<.lth, hy::ilinc, 
ovoid m cylindrical. 

f'ig.3: Leaf spo1 and dieback caused 
by Pttsariwu pallidamseum 

fig.4: MYceJium and conidia of Fusarium pallidoroseum 
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Karonda (Cari.ssa cara,ulas L.) is an undcn1tiJizcd 
indigenous fruit crop of India. It bears wider adaptibility 
and thrives well 1hroughot1t arid and semi-arid areas of the 
country. Being astringcnl in taste. il is not popular as 
dessert fruh but iL is ric.:h source of c:ssential "i1amj11s and 
rnjnen�ls required for adequate hurn;m health. The ripe 

fn.1it have iHuio;,:idaot properties and rcport.ed to be use.fol 
in curing cerrnio diseases like bilious (\Vau. 1972) aud 
intestinal worrnjng (Vas\l, l986). 

Besides, 1he karonda fruit also has good potential 
of processing and has potentfal for exporr as fresh fruits 
and processed product� such :t.$ pre.serve, jam, candy. 
juice.r,, pickles etc (Chandra and Jindal, 2()()1). Further, 
huge harve.r,t of the produc.e during peak harvesting season 
creates glut and the growers are compelled to sale their 
pl'oduc.c al low prices which reduces lhe markets value of 
the fruit The post harvest losses in karonda vary from JO.
40%. Besides. being acidic in nature karonda is not 
consumed as fresh :md not popular as table fruit. Hence, 
value addition through processing would be lhe only 
effective tool for economic utilization or karonda. Since. 
karonda is a seasonal fruit. its preservation in different 
products is necessary to avoid its spoilage and to make its 
availability round the year (Parvathi and Anby. 1997). 

'fhe storage of fresh karonda fruits tor longer 
time is not quite feasible: therefore, its processing into 
difterent products is essential. Also. longer sheJf Jjfo of 
value added products of karonda is important from 
consumers and marketing point of view. Very little 
attempts have been mad.,; to study the st..1.ndardization of 
processing t.,;chniqoes of karonda in to ,•arioos products. 
K.,;.,;ping these points in view, the present investigation 
was \lncJerlakcn LO study the standardi�ation of pmcessing 
techniques for karonda products (candy. sqt1:-tsh, jelly and 
j:\m) for ensuring the longer stor.tgc: lifo and bc:uer 
org;moleptic acceptihility. 

The pre-sent investigation was can-ied o\lt a1 the 
Post-h;wvest Technology L;)bor,nory. Department of 
Horticulture and Food Processing, Uuar Pradesh. 
Saharanpur, India. during .lune to November, 2007 and 
2008 to �tandardize the proce,�sing techniques ror karonda 
pl'oducLr, for commercial processing. Heahhy and matured 
karonda fruits of 'Green witl) Purple blush' genot)•pe were 
used for the experimentation. Four pr()duc.L') viz., candy, 
squash, jelly and jam w�re made from karonda. Th� five 

recipes each of candy and squash; and six recipes each of 
jelly and jam were prepared (Table 1-4). The method of 
preparation of various products was common for all 
recipes. Different n .. ·cipcs of the products were taken for 
estiJ-naling hiochern.ical parameters Hke tolal soluble solids 
(TSS ()Brix) and acidity (%) by hand n::fn\Ctometer and 
Standard sohJtjons of pH 4.0 and 7.0, respectively. 
Organoleptic analysis of difforeot recipes of karonda 
pl'0d111.:L'J was done by the panel or 9 judges on a 9 Point 
hedonic sea.le co assess che acceptability of the pl'oducts 
based on rhe various sensory attributes like colour and 
appearance, cexrure, tlavour, caste, afcer rasce and overall 
accepcability. The data of the various recipes' of karonda 
products were analyzed statistically in Completely 
Randomized Design witJ\ three replic.a.cions. 

Table I. Dille.rent recipes of candy pl'epared from karo11da 
fruits 

Recipe 
Fn1il: 

Contents sugar Additives No. 
ratio 

I. Fl'llits blanched wirh ware.1· I : 
i.e. (co111ro/) 1.5 

-

2. 
\Vholc fruit without pectin I : Citric 
coatin!.! 1.5 acid 

3. 
Sc-ginemcd fruit without I : Cittic 
Ot'.ctin coatin� 1.5 ac.id 

4.
\Vholc frui1 with pectin I : Pectin coatini?: 1.5 

5. Segmen1ed fruilS with I : Pee.tin ""'L"Lin coatinl'..! 1.5 

Table 2. Different recipes of squash prepared from 
karonda fmits 
Reci,._ No. Juice: Stuz:tr ratio Acidilv (%l 
I I : 1.0 I.OJ
2 I : 1.2 1.21 
3 I : 1.5 1.00 
4 I : J.6 1.21 
5 I : 1.7 1.01 

Table 3. Different recipes of jelly prepared from karonda 
fruits 
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Recipe No. Joice cxlract : sugar pH 
r.tli<> 

I I :  1.0 3.0 
2 I : I. I 3.2 
3 l: 1.2 3.4 
4 I : 1.3 3.0 
5 I : 1.4 3.2 
6 I: 1.5 3.4 

Table 4. Diffe.rent recipes of jam prepared of karonda
frni1s 
Recipe- No. Pulp : sugar rmio 
I I : 1.0 
2 I : .1.4 

3 I 1.5 
4 I 1.6 
5 I : 1.7 
6 I: 1.8 

Candy 
Oma rc\'cals thm kanmd!l candy prepared of 

'whole fruil with pectin coating· having TSS of 78.8 °Brix 
and 0.42% acidity scored sign_ificantly highest for 
organolcptic quality (Table 5). Organolcptk sco1·e (7.57) 
of this recipe wAs differed sigoificantly witb all other 
1-c.cipes. AU che recipes were with acceprnble Ol'ganokpcic
score i.e. like moderately. Kt11nar ( 1990) and Deen ( l 992)
were also suppo11ed this contention for candy prepal'alion.

Squash 
Results indicate that a composition of juic,,-c and 

sugl}.r .in lhe ra1io o( 1 :J.5 con1ai.ning: 5l.8 °Brix TSS and 
0.23% acidity was found sui1able for preparation of 
quality squash of karonda (Table 6). Organoleptic scon; 
(7 .74) of this recipe was dif

f
ered significantly with all

other recipes. All 1he- recipes were with acceptable 
organoleptic score i.e. like moderacely. The illcrease or 
decrease in acidity and TSS beyond this leveJ reduced the 
organolcplic quality of kan)nda .�uash. Similarly. Ashraf 
( 1987) suggested ideal recipe of jamun squash containing 
40% juice, SO% TSS and l.2% acidity when:as, Waskar 

and Khurdiya, (L987> reported that S:35% juice. 40 °Brix 
TSS is ideal coroJ)QSitic,n for phaJsa squash. 

.Jelly 
Data indicates that jelly prepared of using juice 

i:xtrncts rind sugar rntio of I: I .3 with 70.8 °Brix TSS and 
0.31 % acidily was recorded significantly highest 
organolcp1ic score (8.0Q) (Table 7). Though. i1 was round 
a1 pnr with rccipic c.onrniningjuic.c ex1rac1s nn<l sugttr r.t1io 
of J: 1.4 v.'lth organoleptic score of 8.02. All the, recipc,s 
were with tu::.(;eputblc l>rgfmolcptic score i.e. like 
moderately and like very much. A good quality jelly can 
be prepared from karonda fruits because its' juke is rich 
io bod\ pectin aod acidiry. Juice aod sugai· ratio of I: 1.3 
with 70.8 °8rix TSS and 0.31 % acidity were found 
suitable for making an excc. llent qualiry of jelly. Sioce,
only �• particular proporlion of sogar for particular fruit 
juice con1..aining: pecLin can produce best jc.lly. Sug:ar aids 
in forming hydrogen bonds betwe.:n p�ctin molecuJes 
(Speiser et fJI., 1947) hence, 1hcsc bonds foci1jla1.cs the 
ideal seuing of jelly. The rate or jelly selliJtg is also 
modified by hydrogen ion concenll:m.ion. The pn:senl 
resuh is suppol'ted by the findings of AshJ'af (1987), 

,Jam 

Jam prepared or using karonda pulp and S\1gar 
ratio nf 1:1.6 with 75.2 °Brix TSS and 0.23% acidity was 
recorded signilicantly highest organoleptic score (8.0 I) 
followed by and considered a.,; an ideal rccipl! for making 
jam from karonda fruits (Table 8). All the recipes were 
with accep1able ()rtz,anole-plic �core i.e. like rnoderatdy. 
Many wo1·kers pointed out that higher the suga1· 
concenlrmion higher is Lhe jam $Lrength. 

The present invcsdgatlon suggests that karonda 
candy prepared of 'whole fruit wiLh pectin coating· having 
TSS of 78.8 flBrix in fruit to sugar ratio of I: J .5 scored 
significantly highc.$1. for organuk·.ptic t1uali1y. A 
composilkin of jt1ice and sugar in che ratio of I: J .5 
cc"mrnining 51.8 °Brix TSS was found suirnblc for 
preparation of karonda squash. 1t c.an also be concluded 
lhnt jelly prepared of using ju.ice cxlrncts and sugar nuio 
of I: 1.3 with 70.8 °Brix TSS artd Jam prepared of using 
ka.ronda pulp and �ugar ratio of 1: l.6 with 75.2 °Bri.x TSS 
wel'e recon:led sigrtificaHtly highest orgarloleptic score of 
8.09 und 8.01. respectively. 

Table 5. Biochemical and or�anohmtic anaJvsis of different reci~,c- of karonda candv (me..1.11 of 2 ve..1.rsl 
Recipe Recipe TSS Aciclily Organoleptic qualily 
No. ("Brix) (%) Score Rating 
I. Fn1its blanched with water 72.8 0.41 7.23 Like moderately 
2. Whole fruil without pectin coating 74.2 0.4 1 7.45 Like moderately 
3. St."gmentcd fruit wi1hout pccti.n coating 75.7 0.4 .1 7.36 l,ikc m0<kratdy 
4. Wholl! fruit with pi;ctin coali11g 78.8 0.42 7.57 l,ike- modcrah;ly 
5. Scgmenlec.l fruil wilh pcclin coming 77.6 0.42 7.21 Like m(xl�ra1dy 
S.E<l. 1.17 0.04 0.034 
CDat5% 2.6 NS 0,07 

. .  Table 6. B1ochein1c.a.l aild 01·ganolept1c analysis ot d1ttere,u recipes ot karooda squa.�h (mean ot 2 years) 
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Recipe No. Juice : sugar Ratio TSS ('>Brix) Acidity Ol'gatt()leplic quaJity 

(%) Score Raling 

I. I: 1.0 45.8 0.24 7.51 Like mt)derately 

2. I : 1.2 51.2 0.24 7.54 Like rnode.rately 

3. I : 1.5 51.8 0.23 7.74 Like rnode.rately 

4. I : 1.6 53.8 0.24 7.47 Like moderately 

5. I : 1.7 56.J 0.24 1.¼ Like cnoderatcly 

S .Ed. 0.77 0.03 0.093 

CD m 5% 1.7 NS 0.21 

Tablc 7, Biochcmical and ornanok:ntic analvsis of dif
f
ercnt rccincs of karonda icllv (mean of 2 vi:ars) 

Recipe No. Juice : sugar ratio TSS (0Brix) Acidity(%) 
Ort�anolentic qualitv 
Score Ratintt 

J. l:J.0 66.88 0.29 7.26 Like- m<xternLcly 
2. I :I.I 67.29 0.29 7.11 Like moderateh• 
3. 1:1.2 67.72 0.31 7.13 Like mode1•atelv 
4. 1:1.3 70.83 0.31 8.09 Like verv much 
5. I: J.4 69.88 0.32 8.02 Like very much 
6. 1:1.5 68.86 0.32 7.27 Like moderately 
S.Ed. 1.102 O.o3 0.171 
CD at 5% 2.38 NS 0.37 

T bl S a· h • 0 10C ern.ica On d or2:lm> e t1c ana1,,s1$ o 1Jh;rent f"CClnt!-'i. 0 ·:woo a 1am me:-moJI 
. 

f d"' fk d . 
( ) ve:'.l.rS 

Recipe No. Pulp sugar TSS ("Brix) Acidity (%) Onzanoleotic Cl ualil v 
r:tlio 

I. 1:1.0 74.26 0.23 
2. 1:1.4 74.29 0.24 
3. I: 1.5 75.28 0.24 
4. 1:1.6 75.23 0.23 
5. I :(.7 77.21 0.23 
6. l:1.8 81.22 0.25 
S.Ed. 1.121 0.04 
CD a, 5% 2.42 NS 
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