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Ahbstract

Some fruit crops are monoecious in nature, while many others possess hermaphrodite flowers. On the contrary,
there are fruil crops which are dicecious in nature. There may be various kinds of sitwations which mar effective
pollination. Diploid plants produce abundant pollen, however triploid plants fail w do so. The Nowers some tme bloom
earher to critical period of receptivity of stigma and some tme it may ower bevond the receptivity of stigma. All these
contraventions distract the process of pollination and consequently, pollenization becomes inevitable. In present article
attempt has been made to cover all such related aspects of pollination and pollenization 5o as to have better

understanding of these phenomena towards betier froig set,

Key words: Pollination, pallenization, pollenizers, pollinator effective pollingtion period, transference of pollen, and

pollinator effectivity,

Introduction

Pollination is the act of transferring of pollen
prains from anther to the stigma of the flowers. It is one of
the first and most important steps in successtul fruit
production, and for almost 90 per cent of angiosperms
(OMerton et al. 200113 this vital ecological service is
facilitated throvgh insect vectors, mainly bees (Kevan and
Baker 1983; Michener 2007). When the pollen grains of
anther 15 ransferred o the stgma of same flower, or
different flowers on the same plant, the process s referred
to as selfl pollination or autogamy, e.g. citrus, guava,
grape, elo, Aulogamy occures within hermaphrodite
flowers or perfect flowers, Howewver, transfer of pollen
grains from anther of one flower to the stigma of the
another flower located on different plant of the different
cultivar of same/related species, is refermed o as cross
pollination or allogamy, e.g. apple, pear, mango, walnut,
aonla, etc, The mode of pollination is influenced by
several factors cleistogamy, homogamy and geitonogamy
are notable factors in sell’ pollination, In cleistogamy
condition the pollinaton and fertilization occur within the
closed flower. e.g. grape. The plants  expressing
homogamy have male and female gametes matured at
same time which favours self pollination, e.g. citrus,
peach. apricot, ete. Plants follow geitonogamy mode of
pollination.  Actually, geitonogamy is a greek word
derived from geiton which means neighbour and gamein
which means to marry. Thus, it is the process of
pollination of flower by another flower of same tlowering
plant. This process leads to reduce outcrossing, e.g.
orchids. Chasmogamy. self incompatibility, male sterility,
dichogamy are important determinant of cross pollination.
Some plants produce flower which possess either of male
of female sexes. It is also known as dichiny. This s of two
Typis a) monoecy- in this condition the male and female
flowers are produced on the same plamt ot ditferent

locations, g, walnut, jackituit, aonla, pecannut, hazelnut,
chestnut ¢te. b)) dioccy- in this condition the male and
female flowers are produced on different plants, ez, date
palm, papaya, kiwifruit, persimmon, pistachio nut, etc. In
case of chasmogagamy, the tlowers open and  their
reproductive organs are exposed to external environment
and subsequently they are cross pollinated (Simpson,
2006), These flowers are attractive so, they attract insccts
(like- bees, butterflies, moths etc.), birds, bats, squirrels
and animals for pollination. In  some  cases  sell
incompatibility is encountered. In this situation pollens
are unable to fertilize the ovule upon selt pollination. It is
found in important froits such as apple, pear, apricot,
almond, cherry. mango. pineapple. etc. It is mainly
classified as sporophytic self incompatibility- a kind in
which the incompatibility reaction of the pollen is
determined by the genotype of the plant on which i is
produced. ez, mango: and gametophytic  sell
incompatibility- a mechanism in which incompatibility
reaction of the pollen is determined by its own genotype
rather than the plant on which it is produced, e.g. apple.
pear, almond, cherry, loguat, pumelo, etc. Male sterility
makes the plant inclined to cross pollination. The plant
EXPTESRES failureness Lo produce functional
anthers/pollens, e.g. triploid banana, wiplowd  apple
varieties such as King of Topkins, Blenheim Orange, elc.
In some instance dichogamy leads w cross pollination.
The plants have differential in time of maturity of male or
female gamete, TUis of two types a) protoandry- in which
anthers mature before the pisul, e.g, walnut, coconuat, eic.,
and b)) protogyvmy- in which pistils mature before the
anthers, e.g.  banana,  annona,  pomegranate,  plum,
avocado, fig, sapota ele,

In control of these set of mechamsm plants
underzo self and cross pollination, The uncertainty of no
fruitfulnessfpoor  fruit set is more in case of cross
pollination which 15 very often susceptible to failure, But,
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it can be arrested talling preservation of pollen. Pollen
storage is a usetul technique to establish a pollen bank
which can be used to store genctic diversity and it can be
used by plant breeders for plamt improvement. This
tcchnique may be very helptul for monoccious plants to
avoid hybridization barricrs. Pollen bank can provide the
viable pollen 10 commercial growers of fruits.

Pollen storagc can bc considered as a new
cmerging technology (or genctic conscrvation (Roberts.
1975; Omura and Akihama. 1980; Akihama and Omwura,
1986). Also since pollen is available easily in large
quantity on most of the fruits trees and is a compact gene
material. variable gene pool representing species and
location can be stored. especially in crvogenic containcrs,
occupying a relatively smaller space. The National Seed
Storage Laboratory at Frot Collins, Kolorado, USA, has
started pollen storage as onc of thc componcnts of
germplasi preservation  (Standwood et al.,,  1986).
Cryogenic storage of pollen is easy and has been
considercd of grecat valuc in supplementing the usual
germplasm preservation techniques by sced and clonal
storage, and for enriching haploid gene pool.

Effective pollination period (EPP)

During every time and also at the very movement
of receptivity of stigma, availability of viable pollen is not
always assurcd. In order to help facilitate the pollination
especially during lean period ot availability of pollen
grains, preservation is inevitable. ‘The concept of elfective
pollination period (EPP) was developed by Williams in
1965 1o asses flower receptivity. Ltfective pollination
period is defined as the number of days during which
pollination is cffective in producing a fruit and is
determined by the longevity of the ovules minus the time
lag bctween pollination and fertilization. ff cffective
pollination period is longer, chances ot tertilization and
sced development are greater. Pollination must oceur
within 2 to 4 days aftcr anthesis otherwise the embryo sac
will degencrate before fertilization. EPP plays a very
important role in fruit set especially in temperate fruits
and can be as short as 3 days and as long as 12 days.
Williams developed a temperature response index for the
estimation of time required tor a pollen tube to grow and
reach to the embryo sac. The index is based on the daily
mean temperature over a period of time and when the
pollen tube growth index reach to 100 per cent or above,
the pollen tube should have reached the embryo suc and
tertilized the ovule,

Transference of pollen/technigues of potlination

A pollen grain produccd by the anther of the
male flower, must be transterred to a stigma of the female
flower, is very cssential for successtul pollination. In
crons pollinated plant species it requires some transference
agencies, It is affected by many of agencies like insects.
birds, animals, wind, water cte. ‘fransterence of pollen by
insects is also known as entomophily mode of pollination.
In Prunus, pollen is transterred by insects. mainly ot the
Apis genus. belonging to the family Apidac (Griggs.
1953).

tJ

It mainly includes bees pollination (melittophily
or hymenopierophily). butterllies pollination
(psychophily). moth pollination (phalacnophily). houscfly
pollination  (sapromyiophily). wasps ete. as  principal
agents of transterence of pollen grains. ¢.g. mango. guava.
ber. litchi. citrus, custard apple. apple. peach, plum,
almond, walnut. Goodman, (1994) observed the efficiency
ot honcybees in influcacing pollination in stonc truits and
in pome {ruits (Table 1). Sharmah er «l.. (2015) also
reported the impact ot honeybee (Apis cerana) pollination
on productivity of different fruit crops (lable 2).
Pollination by is also known as ornithophily mode of
pollination. It include parrots. bats (cheiropterophily) etc.
as agents ol transfecrence of pollen grains, It commonly
occurs in red, large and tubular flowers which secrete
nectar,  c¢.g. banana,  pincapple.  Pollination by
mammals/animals is trcated as zoophily mode of
pollintion. Elephant, monkey, squirrels etc. are very
potcnt agents ol pollen transterence. Wind represents
ancmophily modc of pollination, c.g. date palm. coconut,
cashewnut, pupaya, jacktruit, sapota, pomegranate cie, are
pollinated by wind. Wind pollinated plants produce pollen
grains in abundance. These plants devoid of showy
flowers and they don’t produce scent or nectar. Water is
potent way of transference of pollen. It is also known as
hydrophily mode of pollination. l.arge tlowers and leaves
of these plants are floating on the surtace ot water which
favours water pollination, c. g. lily. gaint water lily.

Pollinator effectiveness and efticiency

It is detined as the pollinator etticacy in relation
to floral resource consumption and pollen wastage. More
will be the pollinator eftectiveness and cfficiency more
will be the fruit set. For Successtul pollination pollinators
cftectivencss and its cfficiency arc utmost important.
Pollinator effectiveness is the total contribution to plant
reproductive  success, and  thus. it reflects  pollinator
ctticacy and intensity of visitation in a simple conceptual
model. It may refer 1o the contribution ot an individual or
population of a species of pollinator or a functional group
of pollinators (Fishbein and Venable, 1996; Avila and
Frettas. 20110). [t can be estimated directly from the seed
set. Pollinator efficiency is closely linked to pollinator
foraging strategics, and there is a clear dichotomy
between animal and plant expectations (Borrell, 2007:
Fishbecin and Venable, 1996).

Pollenization

Pollecnization is a process ot planting the varicty
which provides suflicient pollen tor pollination. The
plants which provides pollen grains for pollination arc
termed as pollenizer. Some plants are capable of self
pollcnization, but not all plants. FFor such plants which are
incapable in selt pollenization, pollentzers are required tor
good production of fruits. Many plants are dioecious. ¢.g.
kiwi, papaya. datc palm ctc. This situation ncccssitates
pollenization (Singh, 2017).

Pollenization depends upon various ability ot
pollinizer, such as rcgular its in its blooming habit,
flowering ecarly. overlapping tlowering with the main
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varicty, viability of pollen, compatibility of pollen, winter
hardiness in case of temperate pollenizers and pollen
production at relatively low iemperature ctc.

Warmund obeserved different ¢rab apple varieties as a
pollenizer according 10 their blooming period and also
found that the pollenizers often planted in between the
rows or within the rows in commercial orchards had better
production

Very often pollinizers are used in pollination
management such plants provide abundant. compatible
and viable pollen at the same flowering time as the
pollinatcd plant. In applec, diploid varictics procducc
abundant viable pollen. Triploid varictics are generally
fail to produce viable pollen. 1 is caused due o
abnormal cell division in triploid plants (c.g. Baldwin,
Rhode [sland Greentng. TomKkins King. Jonagold etc.).
The pollenizer varicty should have regularity in
bearing in order to have continuity in fruit production.
The muin variety fail to receive sufficient pollen if
there is oft year on the pollenizing varicty. Precocity in
bearing is worth consideration while selecting pollenizer
as it intfluences age at which plant is likely to come into
bearing. The very non precocious varicty of apple
Northetm Spy on non-precocious sededling root may
require 12 years to produce the first bushel ol lruit on a
tree. Although. Northern Spy is a good source of pollen

but it should not be planted as a pollinizer varicty for
precocious varieties such as Golden Delicious, Wayne and
Yellow  Newtown (Roger  1978).  Larly  bloomer
pollenizing varieties are beuer sources of pollen. This
carly typc of bloomer has further advantage of the fact
that the flowers that are pollinatcd carlicr get morc
available time to be fertilized due to available suitable
temperature (Singh, 2017) and thus fruit set hastens. The
pollenizer variety may be planted in complete block or
interplanted within row (Warmund.2002). With successful
pollcnization and pollination in plum yicld has been
increased to the tune of 23 per cent when Kala Amritsary
has been pollinated with Titron and in Kataru Chak plum
variety 13 per cent when pollinated with Kala Amritsari
(Bal. 2010)

Warmund (2002) reported that some reliable
pollcnizer varictics (Fig. 2) planted in apple orchard
for better production Pollination has been found to
enhance fruit set. fruit weight and fruit size. Pollination
uliimately leads to fertilization and sced development, and
influences the number and distribution of seeds within the
fruit. which has long been known to influcnce fruit quality
(Brault and dc Oliveira, 1995: Ward er «f., 2001: Drazeta,
2002) and quantity (Brain and Landsberg, 1981: Garratt e7
al., 2014).

Tablc 1: Rolc of honcybees in the pollination of stonc fruits and in pome fruits

Fruit | Variety [ Fruit s¢t (per cent) ] Yicld/tree (ki)
Stone fruits
Apricot Trevatt Open* 19 9y
| _ Encloscd®® 11 67
Cherry Moss Larly Open 36 35
Enclosed 2 2
Peach Gulden Queen Open 26 216
Enclosed 22 155++
Pcach Crawflord Open 28 47
Enclosed 10 18
Plum Satsuma Open 6 338
Enclosed 2 1S
Pome fruit
Apples Yates Open® 240 125
Encloscd®* 3 9
Pears Winter Nclis Open S5 38
Enclosed 5 12

* @pen trees: wees to which bees and other insects have access
*¢ Enclosed trees: trees enclosed during flowering in bee-proof cages to prevent bee pollination

++ Wcight of {ruit harvested not significantly different

Tablc 2: Impact ol honceybee (Apis|eerasa) pollination on Iruit productivily
Crop Increase in fruit | Increase in fruit Increase in fruit size (length. References
st (per cent) weight (per cent) diameier in per cent)
Apple 10 3 15. 10 Verma and Dutta, (1986)
Pcach 2 44 29,23 Patap ¢ al.. (2000)
Plum 13 39 11,14 Partap e/ al., (2000)
Citrus 24 33 9. 35 Partan. (20004
Strawbcerry 12 43 Misshapen fruits deercased by 50 | Partap, (2000b)
nereent

Source: Sharmah ef al., (2015)
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Fig.l a) Planting of policnizer in compact as well as inter-row. b) Bloom period of different varicty of crab apple

Varioty pollinated

BY mncIhar velaty 0 Hax? raso i

W Nt e satistociorny poinizor

Fig. 2 Pollenizer varicty for apple

Use of pollinator safe pesticides

Use of pesticides tor crop protection is harmful
for pollinators (bees). It is very important 0 understand
than what 1ype ol pesticide is to spray. when o spray o
assurc good pollination and fruit set in the fruit wees.
Gencerally pesticides which have warning labels on it arc
very harinful tor bees. To protect the pollinators some
safety measures like use of pesticide which have a low
extended residual toxicity, the use of pesticides that come
in the form of wettable powder. use of pesticide with very
low concentration which have low toxicity to bees ctc.
can be taken.

Some systemic insecticides which have low
toxicity for thc mammals can be uscd. Nceonicotinyl
systemic insecticides like inudacloroprid. dinotefuran.
thiamcthoxam and clothianidin cte.. arc Icast toxic to bees,
Its toxicity for bees also depends upon the type of

application and time ol application ol that insecticide. 1t is
advised to avoid the use of these neonicotinyl insecticides
at the time of flowering (Vera Krischik, 2014).

Pollination in different fruit crops

Most of the fruit crops require pollination to
cnsurc proper Lruit sct and conscquently better production.
In apple best fruit set is antained it it is largest or king
blossom is pollinated. Some apple varieties may be self
pollinated like Golden Dclicious. Liberty. [oda, LEmpire,
Jonathan, Jonagold. Rome and Granny Smith. Crab apple
is widcly used as a pellcnizer when it is planted at similar
distance to  early to mid blooming apple variety
(Warmund). The delicious apple shows cross
compatibility with Wincsap, while a different varicty is
required to pollinate it (Chadda and Pareek. 1993).

In casc of japancsc plum. it rcquircs cross
pollination to ensure fruit set  because of  self-
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incompatiblity and unable to bear fruit parthenocarpically
(Hartmann and Nceumuller, 2009). Some  pollenizer
varictics arc recommendcd for Japancse plum in dilfcrent
areas according to their lTuit set recorded under orchard.
Fortune acts as a pollenizer for Black Gold. likewise
Black Diamond and Larry Ann for Black Star, Black
Diamond for Black Amber. and Ambra, Black Diamond
tor Fortune and Angeleno, and Fortune for Golden Globe
(Guerra, 2011). Cultivar Santa Rosa is a good pollenicer
Tor Qishiwase. Soldam and White plum. while Beniryozen
is most suitable pollinizer for Formosa (Chung er «f,
1998).

The pear cultivars grown in plains ol’ northern
India are partially self truittul or pactially truittul but the
cultivars which arc grown in thc tcmpcratc regions arc
sclf-incompatible or sclf unfruitful so they need cross-
pollination. Fitzgerald (2008} reported some compatible
pollenizer varictics in European and Asian peary (Table
3). High bee populations in the crop will not only ensure
good truit sct, but will increase seed numbers in cach truit
in pear, The majority of pollinators of pear tre veare honey
bees. Three colonies of bees per hectare may be sutficient.,

Most pcaches and ncctarine arc sclt fruitful. In
these crops, single variety can be planted in compact
block. There is no need of pollenizer variety. However.
some varicty like J.H. Halc is sclf unfruitful. It rcquircs
another variety for pollination.

Most sour checry varieties are selt truitful.
Varictics likc Montmorency, Linglish Morcllo, Mctcor and
Northstar are self fruittul.

Sweet chervy varicties like Stella, Lapins, and
Sunbrust arc scll’ fruitful as wcll cross compatible with
other varieties. Most other varieties are sell’ unfruitful and
requires pollenization. Many are cross incompatible.
Incompatibility wisc, grouping of swecct cherry varictics
are as under:

1. Black Tartarian, Early Rivers

1. Venus, Windsor, Vam, MERTON Bigarrcan

1Il. Emperor Francis. Napolean. Bing. Lamber1.
Compact Lambert, Vernon

IV. Viva, Victor. Voguc

V. Gold

VI. Hedelfinger

VIiI. Schmidt

Vil1. Rainier, Hudson. Giant, Chinook

X. Ulster, Vic

Hence, these groups should not be planted. One group ol

varicty is pollcnized by another group of varicty.

In loguat many varictics are sell’ incompatible.
These require pollenization. Incompatible varicties are as
undcr:

Self incompatible  varieties: Golden  Yellow,
Impreved Golden Ycllow, Pale Yellow, Large Agra.
Partially sclt in compatible varictics: Large Round, Fire
Bll, Thames Pride, Calitornia Paride, Tanaka,

Variety California Advance is pollenizer lor
Improved  Golden  Ycllow. California  Advance and
Tanaka have been found pollenizers for many cuhivars in
loquat (Pathak, 1999).

In almond most varicties are self fruitful. It
necessitates cross- pollination. The varicties like Non-
parcil and 1.X.L.. Calilornia Papcr Shell and [X.L..
Jordanalo and Hacpareil are intersterile. They require
pollenization with some other varieties (Bal. 2010).

Many citrus cultivars are scedless and
produced parthenocarpically without pollination. Some
cuhivary may producc fruit either way. 11" pollinated. there
may have sceds in the scgments and no sceds if not (Vardi
et af.. 2008). Citrus that requires pollination may be self-
compatible, thus pollen must be moved only a short
distance from the anther to  the stigma by a pollinator.
Some ciunus, such as Meyer Lemons, are popular
container plants. When these bloom indoors. they often
sutfcr from blossom drop becausc ol no acccss
pollinators. Hand  pollination is a  solution. A few
citrus, including some tangelos and tangerines, are  sclt-
incompatible, and require cross pollination. Polienizers
must be planned when groves are planted. Managed
honcybee hives at bloom time are often used to ensure
adcquate pollination,

th date palm which is a dicecious fruit plant
pollination depends upon the pollenizer cultivars. Pollen
from different male pollenizer alfect the fruit set, weight,
pulp. and time of maturity of the fruit. as well as seed
characteristics such as wcight  (Igbal er al.. 2012;
Shafique er wf., 2011). When the trees are pollinated with
Madjool and Barakah pollen there is highest fruit set and
yicld. Whcreas, when the trees are pollinated with Jarvis,
pollen it gives carly maturity (Muhtased and Ghnaim
2007). Pollenization with Zahidi cultivar had the highest
fruit sct per cent 50.30, while bunches pollinized with the
Khadrawy cultivar had fruit set per cent 13.25 (Ricardo «
al.. 2017).

Pollination is uscful in mango. It produccs
thousands of small tlowers in single panicle which may be
male and bharmaphrodite. The percentage ol pertact
flowers may be 5 1o 50 per cent depending npon cultivars
(Chadda and Pareek. 1993). The pollination in mango is
mainly ¢ntomophilous (by house tlies and hover fly).
(Randhawa and Damodaran, 1961). Honcy bee plays an
important role in ity pollination. The cultivar Dasehari
was recommended as pollenizer for Langra (Ram and
Sirohi, 1994). Ber is also cioss pollinated truit crop, it
does not set any fruit by selt pollination (Bal. 2010). In
aonla the fiuiting depends upon the sufficient pollenizers.
Provision of 10 per cent pollenizers has been tound
optimum in aonla. It has been observed that NA7 is a
good pollenizer for NA6. Planting of 2-3 varicties in an
orchard solved the problem of pollenizer. In fig, the
Smytna type develops fruit only swhen receives pollen
from Capri lig. also known as caprification (Radha and
Mathew, 2007).

In majority of temperate and stone fruits. nuts,
tropical and subtropical truits honcybee is dominating
pollination agent. In most fruit crops pollenizer varicties
have been lound useiul (Table 4). Hence, while planning
orchard  both the processes  of  pollination  and
pollenization deserve to be taken into account. This is in
thc way ol successiul orcharding
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Table 3: Some compatible pollenizer vaneties in European and Asian pears

_Europ«an Pears

_Compalible Pollenizers

Bartleuw

d* Aniou. Bosc. Comice

Bosc Bartlett, Comice. d* Anjou, Seckel

Comice Barilett. Bosc. d” Anjou. Seckel

d"Anjou Bartlew, Bosc, Comice. Seckel
Scekel _Bose, Comice, (Bartlettis not compatible)
Asian Pears Compaltible Pullenizers

Chojuro Shinscike, Bartlett

Nijissciki { Twenticth Century)

Chojuro, Shinscike. Barileu

Hosui

Partialiy sclf-fruitful

Shinscike

Tablc 4: Account o

| Chojuro

[ pollinators ancl pollcnizers in [ruit crops

No. of bee " =
Nt Ay Ratio of pollenizers to
- P TFree(H] o . hives/ha for e
Fruit crops Pollination type Major pollinator main variety in the
- effective 5
3 s orchard
oollination
A. Temperate and stone fruits, nuts
. Honeyvbees and
Apple Largely cross-pollinated Y 4-5 33 percent
pple acly Far bumble bees P
. = . Inter-planting ot 3-4
Partly or entirely selt-sterile, Honeybees and ) S prantng .
Pecar L L 3-4 varicties in a block is
reguiring cross-pollination bumble bees
recommended
ADpricot Cross-pollination essential Honevbees 2-3 33 per cent
Mostly self-truittul, some Honeybees. rarely
Pcach varictics require cross- other insccts and 2-3 1:2
pollination wind
R ] Honeybees . u : u
Selt truittul to selt- H ; Every 4" tree in every 4™
Plum . . bumble bees and 2-3 ) ! y
incompatible S row
blow 1ljes
One row ot pollenizer for
Almond Cross-pollination essential Honeybees 6-3 cvery two rows of main
cultivar
Chernry Cross-pollination cssential Honeybees . 2-3 10 per cent pollenizers
A very unusual sex
distribution. Some varieties Honeybees, A special planis required
Persimmon are sell-pollinated and Bumble bees and 2-3 to plant A type and B
others require cross- wind type varietics
oollination
Walnut Cross-pollination essential Wind - -
Pecan nut Cross-pollination essential Wind - -
: A S . Wind, .
Pistachio nut Cross-pollination c¢ssential N - 1:8 (male: female)
Honeybees
Wind.
Chestnut Sclt-sterile Honcybccs. chafer - 1:1 or 1:2 (malc: femalc)
beetles
15-20 per cent inter-
Hazclnut Sclt-sterile Wind - planting of two cultivars
is reccommended
Blucberry Self-sterile 10 cross-sterile Honevbees 2.3 10 oer cent
- 11 percent, Sometimes
. S . R Wind. . . 5
Oflive Sclt-sterile to selt tertile i - inter-planting ot two
Honeybcees . .
cultivars is recommended
i . Honcybees, wild
. Seli-pollinated. cross- YIRS o No specific
Strawberry S . bees 10-25 .
pollination benceticial recommendation




PINL Sivalinga,, DundvaSing, Avyii Ciralwm, Esudvova, SivaP<7idavad R Bavgave, 1ilYium kumal of Avd Hovizukw, 2017, Vol 12 1 2):1 9

B. Tropical and sub-tropical fruits
Housctlies. Intcr-planting of 3-4
Mango Self 10 crass-pollination honeybees, hover 5-7 vatieties in 1 block is
flies useful
. § . S . 10-15 percentin selF
Citrus Sclf-sterile to selt fertile Honcybees 1-2 . per ¢
) { incompatible forms
Honeybees and
3 . Sy other No specitic
Grapes Sclf-sterile 1o self fertile [ ! .
By - <
hyimcnopterous rccommendation
insceet
No need of pollination.
Banana However, sometimes, cross- Bats and birlds - -
onollination takey place
Sphing moth. sun About 10 per cent male
: gird‘humm.il.l plants should be there in
Papaya Sclt to cross-pollinated bird b.ullcrﬂic\‘ ﬁml - an orchard in dioccious
'hun b \ varieties. but no need tor
cybees o .
y gynoedioecious varielies
5 S . . Inter-planting of dwarf
Coconut Sclit to cross-pollinated Wind - f . l‘_ Pl
_ | _and 1all cultivars is usetul
o PP Honeybees. hover .
. Sclt-fruittul, but cross- ney ) No specitic
Litchi S N flies, wasp and 4.5 ’
pollination is benelicial . reccommendation
. . Honeybees and No specific
Guava Sclt to cross-pollinated ) e - gt e
< b
hover flies recomnmendation
Inter-planting of 2-3
3 . oneybees and L .
Lugual Sclf to cross-pollinated - h::\cv)erc[clie\" - varicties in a block in
’ recommended
cllow wasp, nter-planting ot 2.
Yell p Inter-planting of 2.3
Ber Selt-incompatible housetlies and - varieties in a block in
Trigonu sp. rccommended
. Inter-planting o1 2.3
Both sclf and cross- Wind. wasp and Faanigk :
Aonla : . ; - varictics in a block in
incompatible houseltlies
recommended
Vi In some forms, planting
. . . some s, pla
Fig Both self to cross-pollinated (Blastophagu - 5 e p. L 5
psens) ot Capri figs is essential
e . Honeybees. hectles No specific
Pomegranate Self'to cross-pollinated y . pecit o
and wind recommendation
. . No specitic
Sapota Self-sterile Wind. honeybecsy - P .
rccommendation

Source: Sharma. 2006.
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Abstract

An attempt was made to assess the genctic diversity among the clite sclections collected from the natural
populations in semi-arid parts of Gujarat. A total of 10 accessions of mahua (Madhuca longifolia) were subjected 10
RAPD profiling using 10 primers (OPT). The data from all primers were pooled and subjected to analysis through Nei
and Li's coefficiem. The results demonstrated that a wide genetic variability exists in the natural population of mahua
growing in semi aricd parts of the Gujarat. This necds 10 be conserved and utilized for further improvement of this species,

Key words: Mahua, RAPD. Biadiversity. genctic diversiry

Intreduction

Mahua (Madhuca  longifolia)  of  tamily
sapotaceac is a multipurpose tree which is naturally
growing in the semi-arid parts of Gujarat. The Indian
subcontinent harbours two varieties of this species viz.
Muadimca  longifotia  var.  longifolia and  Madhnea
fongifolia var. latitolia (Roxb.) Cheval. Of the two
varicties. var. longitolia is distributed in Sti Lanka.
Southern India extending nosthwards to Maharashira an
Gujrat; var. latifolia is found in some parts of central and
noith India and Burma (Ramadan er al.. 2006: Akshatha
et al.. 2013). All the parts of the plants are of economic
value such as bark. flowers. sceds and Icaves arc used for
food. fodder and ftuel (Jayasree ef «f.. 1998). The
heartwood of the tree is used for construction of house.
tlowers are edible and fruits arc valued for its sceds.
which arc the largest source of natural fat known as
mahua butter (Yadav ¢ al., 2011, Sastri, 1962: Bringi,
1987 Singh and Singh. 1991). Ramadan et «f (2016)
have highlighted the nutritional value and industrial
application ol this crop. The crude oil extracted from the
seeds is pale yellow and remains as a semi-solid in the
wopical temperatures (Marikkar and Yanty. 2012).
According 10 Ramadan ef «f. (2006). about 46% of the
fauy acids present in A. fongifolia seed oil is saturated.
37.4% mono unsaturated. and 16.5% poly unsaturated.
Despite its immense economical value it still remains to
be fully wilized agriculturally since no staudard varictics
and agro-technigues are available for cultivation of this
species.

Being confined 10 the forests. it has not been
subjected to any genctic improvencat ¢fforts. F'he natural
populations are secedling populations. therefore they
cxhibit considerable anatomical, physiological,
morphological and genctic variability to survive under

10

varying cnvironmental conditions. As a result of this,
wide variations have been observed in sweetness, acidity,
size. shape and bearing habits in mahua under Uttar
Pradesh and Gujarm conditions (Singh er «l.. 1999;
Anonymous. 2002: Singh and Singh, 2005).

Asscssment of  genctic  diversity  based  on
phcnotype  has  limitations.  since most  of  the
morphological characters arc greatly influenced by

environmental factors and the development stage of the
plant. in contrast. molecular markers based on DNA
sequencee polymorphism. are independent of
cnvironmental conditions and show a higher level of
polymorphism. Several types of molecular markers such
as rcsuiction fragment length polymorphism (RFLP)
(Botstein er «l. 1980). random amplitied polymorphic
DNA (RAPD) (Welsh and McClelland et ol 1990,
Williams af. 1990). amplitied fragment length
polymorphism (AFLP) (Vos ¢t af. 1995) and simple
scquence repeats (SSRs) are available to assess the
genetic diversity and phylogenctic assessment of the crop
specics. In mahua. very limited work has been done to
cmploy molecular markers in varictal characterization and
assessment of phylogencetic kinship among germplasm
lines. Accordingly. the objective of the present stucdy was
to assess the genetic diversity among the germplasm lines
of mahua growing naturally in Gujarat. The results thus
obtaincd  constituted  the text of the  present
communication,

el

Materials and Mcthods

A total of ten germplasm lines collected from
semi-arid region of Gujarat and maintained at CHES.
Vejalpur. Godhra constituted the material tor present
study.
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Genomic BNA extraction, PCR
diversity analysis

Young Icaves from different genotypes of mahua
were collected separately and immediately fixed in cthyl
alcohol for 24 hrs. Total genomic DNA was extracted
from 100mg of le. afrom each sample seperately by using
thc DNcasy® Plant Mini kit (QIAGEN, India Pvt. Lid.)
following with some modilication. The lysis was achieved
by the addition of 400 ul warm (65° C) lysis solution
moditied by the addition of 10mg/ml PVP (polyvinyl
polypyrrolidonc), 10mg/ml  SDS (Sodium Lauryl
Sulphate) and 4 pl of Proteinase K stock solution
(100mg/ml) prior to grinding. Afier grinding the samples
were collected into the 1.5 ml eppendort tube separately.
The samples were centrifuged lor 30s at low speed
(4000g) and 4pl RNase A stock solution (100mg/ml) wax
added to cach tubc, followed by mixing until no tissuc
clumps were visible, Rest ol the protocol tollowed as per
standard procedure. To remove RNA, genomic DNA was
treated with RNase and stored at -20°C. The quality of
DNA was checked by clectrophoresis in 0.8 % agarose
gel.

amplification and

PCR conditions and DNA amplifications;

Kit FF comprising 20 dccamcer random primery
(Operon Technologies. Alameda. CA. USA) was screened
out for the present investigation. To optimize the PCR
amplification conditions. experiments were carried oul
with varying conccntrations ot DNA tcmplate. primers.
Taq polymerase, as well ax INTPs. A total of 10 primers
were used for PCR-RAPD analysis (Table 1), To
determine the optimunt amplification conditions and alsao
to ensure the reproducibility of the results, the reaction
conditions were standardized using a study and tested at
least twice. This study was carried out with two primers
(OPF-01  and OPF-02) using a range ol DNA
concentrations (1, 1.5, 2 and 2.5 pl from the diluted DNA
Stock of 200ng/uly and three different cyceles (35, 40 and

45 cycles). After ascertaining the optimum gquantity of

DNA. anncaling temperaturc and PCR cycles. all the PCR
reactions, with 10 primers(OPF 1 to OPF 10), were
carricd out in 25 ul varying conccntrations of tcmplatc
DNA, Ix TopTaq PCR butter, 1x Q-Solution, 200 «M of
cach dNTP, 1.25 U TopTaq DNA polymerasc, 10 pmol of
primer (QIAGEN. India Pve. Lid)) and the reaction
programmcs were sct at 94°C for 2 min [ollowed by 40
cycles ot 94°C for 30 Sec. 36° C for 1 min and 1| min
clongation at 72°C. and a tinal cxtension at 72°C tor 7 min
in a thermal cyeler Genemate Series (Analytica Biotech,
USA). After completion of the amplification, 2.5 ul
CoralLoad dye was added to the samples, and the
amplificd DNA was analyzed on 1.2% agarose gel pre-
stained with ethidium bromide in 1X TAE butler at 65 -
90 V for 2.5 h. along with O “GeneRuler 100 bp DNA
ladder Phus (Thermo Scientific. India Pvit. 1ad.) The gels
were observed on the pel documentation system (Gene
Genius Bioimaging System) and photographed.

RAPD data analysis:
All the ampliticd bands were counted manually

along with their size. Computer analysis of RAPD
patterns were performed as described by Halmschlager ¢t
al. (1994) in which thc band pattcen obtained from
agarosc gel clectrophoresis was digitalized by hand to a
two-discrete-characteematrix (0 and 1 tor absence and
presence. of RAPD-bands. respectively) The data of all
primers were combined. The analysis data was bascd on
thc Nci and Li's  cocfficient (Nci & Li, 1979).
Dundrograms were constructed by the unweighted paired
group method of arithmetic average (UPGMA) based on
Jaccard’s similarity coefficient by using NTSYSpe-2.02¢
version 2.0. 1.5 software (Applied biostatistics. Inc).

Results and Discussion

Optimization of the concentration of DNA tor PCR
reaction set-up:

Genomic DNA was successtully exmracted from
cthanol dried young lcaf of mahua (Madhuca longifolia),
using a modifications from the commercial the DNcasy®
Plant Mini kit procedure. The approximate DNA
concentration in the extracts was 1000 ng/pl. The original
concentration of the DNA cxtracts was too high for
reliable amplitication, showing poor amplification with
taint. smeared products. The optimal DNA concentration
tor amplification of Madhuca longifolia« DNA was found
to be 4.0 pl of 1:3 dilutions (approximately 200 ng),
whilst the optimum annealing temperature was 36° C and

the optimum no. ol PCR cycles was 40.

Polymorphism and Marker Iifficiency:

The largest fragment amplificd was in the range
ol 250 10 3000 bp swhile the smallest but easily
rccugnizablc fragment was approxitnately of 250 bp. Most
bands were concentrated between S00 10 2000 bp. An
example ot RAPD pattern, obtained with difterent primers
(OPF-0J o OPF-10). is shown in Fig. I. The number of
bands scorcd for cach primer varicd from 6 to 17. The
highest number of bands (17) was generated with Operon
primers OPF 2. OPF 6. and OPF 10, whilc the lowest
number (6) was obtained with Operon primers OPIY 3 and
OPF 8. The 10 primers yiclded a total of 129 fragments,
ol which 79 amplicons (61.24%) were polyinorphie, the
number ot polymorphic bands per primer ranged trom 2
1o 14 (Table 1). It was observed that the scored 50 RAPD-
PCR fragments were monomorphic (38.75%) The primer
OPF-6 is the highly polymorphic primer as 82.35% and
gel image of RAPD proliling ol this primer is given in
Figure I. However the five primers such as QOPF-1. OPF-
2. OPF-0S5. OPF-7, and OPF-10. were also infornative
primers as 60% or more of the amplicons weie
polymorphic. The results of the RAPD-PCR analysis
indicated that some pelymorphic RAPD bands arc present
were found to be shared among more than one genotype .

Qur results arc in agreement with those reported
earlier on other taxa. It has been demonstrated by Dangi et
al. (2004) that Trigonella foenmum-greacum shows 70.12%
polymorphism, Raa ¢z af. (2006) reported 77.8%
polymorphism in chick pca by using 10 deccamer primers,
Thomas et al. (2006) reported 78.8% in wheat by using 50
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decamer primers. Patra and Chawla (2010) recorded
76.5% in rice by using 12 decamer primers and Skaria ¢/
al. (2011) reported 72.27% polymorphism in rice
genotypes. This high level of polymorphism in mahua is
indicative of fact that during thc coursc of cvolution a
large number of genetic manipulations have taken place
such as single nucleotide change or insertion or deletion
of nucleotide or complete loss of complimentary sites. All
these have generated genetic variability and got fixed in
natural population since the specics is a perennial trec and
can be propagated by vegetative means,

Genotype ldentiflcation using RAPD profiles

The data generated on 10 germplasm lines of
mahua showed that the RAPD profiles developed by using
primers OPF 1 to OPF 10 can be employed tor cultivar
identification. This is illustrated by the fact that the line
MH 35 can be identitied by using OPF 2 profile. The line
has typical band combination being represented by 350,
2000 and 2200 bp. Similarly. line MH 6 can be identified
by using profile developed by OPF 4 having band
combination of 730 and 1900bp. Amung other lines, MH
1 can be ideniticd using band combination of 500 and
1700 bp in OPF 4, 1150 and 2000bp in OPF 6,
combination ol 550 and 1000bp  with OPF 1@ and sole
band at §30bp with OPF 9, Linc MH 2 can also be
identified using combination of bands at 400. 680. 7650,
1000, 1100 and 1500bp with OPF 10.

Our results are in line with those reported in
Mulberey (Bhattacharya and Ranade. 2001), Gyistnema
sylvestre (Bulamwrali Krishna et al.. 2012). Madlueca
longitolia  (Gavankar and Chemburkar, 2016 and
Trigonella {(Raja et al.. 2015).

Genetic relationships among accessions and cluster
analysis

Cluster  analysis bascd on  similarity valucs
(Table 2) classified genotypes into two distincet clusters (I
& 11, Figure 2), T'he first cluster () included only four
genotypes MH-14, MH-2, MH-6 and MH-1. whereas the
second cluster (11) included six genotypes (MH- 10. MH-3.
MH-15, MH-8, MH-5 and MH-4) and was further divided
into three sub-clusters (Figure 2). Both of the cluster 1 and
11 were further divided into two sub-clusters labeled (1-A,
I-B) and (1I- A, 11-B) respectively. The sub-cluster 1-B and
Il A are monophyletic branches including MH-1 and MH-
10 genotypes respectively. The sub cluster 11-B - was
further grouped into two sub-sub clusters 11-B, (MH-3.
MH-8 and MH-15) and I1-Bz (MH-5 and MH-4) Similarity
cocfficients between Madhuca longifolia ranged from
0.619 o 0900 (Table 2). Among the similarity
coctficicnts of the genotypes. the similarity coufficient
MH-2 and MH-6 was highest (0.900). which indicates
closer relationship among these accessions, while the
similarity coefficient of MH-1 and ME-4 was observed
lowest (0.619) (Table 2),

Similar work hax been carried out on other plant
spccies also. A wide genctic variability has been reported
by Rout and Das (2002) in Plumbago. Gilani et al. (2009)
in  Wathania  somnifera, Smita and  Keshvachandran
(2015) in Trigonella cultivars. Gavankar and Cheinburkar
(2016) also made an atempt 0 assess the genctic
variability in some accessions of Mahua. Our results
highlight that a wide genctic variability exits in the natural
population of Mahua in Panchmahal region of Gujarat.
This calls for a systematic collection, cvaluation and
conscrvation of this specics so that trait based breeding
programme can be initiated to develop an elite lorms for
commercial cultivation.

Table 1: List of primers and degree description of the polymorphism obtained among | ® mahua genoty pes.
S. No. Primer Scquence 5710 3° Sizes (bp) | Total Polymorphic Polymorphism | PiC
coxde min-max band bands ratio (%)
1 OPF-1 ACGGATCCTG 330-1800 15 11 73.33 0.391
2 OPF-2 GAGGATCCCT 290-2200 17 11 64.71 0.378
3 OPI°-3 CCTGATCACC 600-1300 6 3 50.00 0.406
4 OPF-4 GGTGATCAGG 450-2500 15 6 | 40.00 ).343
S OPE-5 CCGAAITCCC 400-1800 15 10 | 66.67 0.260
6 OPI-6 GGGAATTCGG | 280-2800 | 17 14 82.35 - 0.467
7 OPF-7 CCGATATCCC 600-2000 10 6 64).00 0.241
| OPF-8 GGGATATCGG 500-1500 6 D 33.33 0.153
9 OPFF-9 CCAAGCTTCC 550-3000 11 S 45.45 0.388
10 OPF-10 GGAAGCTTGG 440-2500 17 11 64.71 ).389
Table 2: Dice Jaccard’s similarity co-cfficient matrix of 10 dificrent penotypes of imahua.
Genotypas MUH-14 MU-10 MH-2 MUH-1 MIL-3 MIL-5 Mil-4 MIL-6 MIL-8 MU-15
MH-14 ®drs
MH-10 0.622 L LT~
MH-2 0.82() .66 e
MH-1 0.741 0.6%7 0.678 | trax
MIIL-3 0.636 0.670 0).689 0.630 2T
MIIL-5 0.678 0.684 0.718 0.644 0.730 R
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Abstract

Glossoncema variens is threatened plant species in the Indian desert. Duc to overgrazing and dcestruction of habitat. its
population is depleting in its natural habitats. It is being once of the important traditional foods cum medicinal plants for
desert inhabitants in Thar Desert. India. This paper describes its ethnic uses and potentials and highlights need for its in

sttee and ex situ conservation in arid rangelands.

Keywords: Glossonema variens, threatened, traditional food, conservation

Introduction

Plants of family Asclepiadaceae are both. economically as
well as ceologically very important in the Thar descrt. As
food cum medicinal plants these species play a vital role
in the life of the inhabitants of Thar Desert as compared to
other parts of the country. Examples include species like
Caralhuma edulis (Edgew.) Benth. & Hook., Ceropegia
bulbosa Roxb.. (flossonema variens (Stocks) Benth. ex
Hook.f.. and Lepradenia pyrosrechnica (Forsk.) Dcenc.
Parts of these specics used as lood are nutritious and have
traditional medicinal importance. As an important
endangered desert plant, Glossonema variens received
much attention recently in other regions (Phoboo ef «i..
2015. Al Hadidi et. al. 2017). Its in situe 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 ccological, economic importance
and conservation of Glossoncma variens in Thar Desert,
India.

Results and Discussion

Distribution, Botanical and Ecological Characteristics

Glossonema varians (Stocks) Benth. cx Hook. f.
(syn. Mustostigma variens Stocks) belongs to family
Asclepiadaccac. The plant is locally known as Dodha and
its follicles (fruit) are called as Khiroli in western
Rajasthan. It is distributed 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,
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This is a small, 8-20 ¢m high, crect perennial
herb with milky latex. It regenerates from a perennial
root-stock. It is much branched from near the base. Its
stem is terete or morc or less angular. pubescent. woody at
base. It has fleshy. grayish-green and pubescent leaves
with 1-2 cm long petiolc. Its flowers arc lemon-ycllow.
fragrant on scssile, umbcllate 2-8 tlowered cymwes. Fruits
are 2.5-5.0 cm long, ellipsoid, beaked, attenuated at base,
covered with short, soft, scattered, spine-like processes.
Seeds are 5-6 x 3-4 mm. broadly ovate, with much
flattened and with very thin membranous margins. After
the dehiscence ol the ripe truits. the leaves and stems dry
and only the perennial-rootstock remains in the ground.
which regenerates in suitable environmental conditions,

Ali and Ali (1996a) reported andromonoecy
condition i.e. perfect (hermaphrodite) and male
(staminate) flowers on the same plantin G. variens. They
observed that certain  flowers had  usually  small
rudimentary ovarics without ovules. Ali and Ali (1996 b)
studied the effect of sugar concentration on pollinium
germination  in  cight members  of  Asclepiadaceae
including Glossonema variens. They found that in
hermaphrodite (perfect) flowers of G. variens, 15% sugar
concentration showed maximum pollinium germination
and 20% concentration in male (staminate) Ilowers.
Generally. Towering and fruiting in G. variens occurs
during August (o November. Usually, it flowers once a
year and remains in bloom for about one to two months
depending on the availability of moisture. However, if
there is sufficient rainfall during April and May. it may
flower carly, It usually produces 2-3 fruits per plant under
sufficient moisture condition.
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G. variens appears usually along runncls on
shallow sandy gravelly soils and in depressions ol rocky
and gravelly areas of arid rangelands of Thar Desen. In its
natural habitat. it torins association with grasscs.
lecguminous and non-leguminous perennial herbs and also
grows under the canopy of under-shrubs and shrubs. bkt is
associated  Irequently  with  percnnial  grasses  like
Dacivloctenium sindicum Boiss., Ochithochloa compressa
(Forsk.) Hilu and also with Cymbapogon jwaruncusa
Jones) Schult. in the rocky situations and with Jusivras
sindicus Henr in sand depositiosvsandy soils (Plate 1).
Among herbaceous leguminous species, it is very much
associated with Tephrosia uniflora Pcrs., which is a

suttruticose  leguminous perennial herb  that occurs
cxclusively on open rocky slopes, /ndigofera cordifolia
Heyne ex Roth is one of the associated annual leguminous
species. Among the non-leguminous perennial herbaccous
specics Boerhavia diffusa L., Tribwdus terrestris L. are the
main associated specics. Dipceadi erythraewn also noticed
as associale of (. variens in rocky-gravelly arcas. The
under-shrubs like Heliotropium rariflorum Stocks and
Seddera latifolia Hochst. & Steud. arc also associated
with G. variens on open rocky slopes. Tt also grows under
the canopy of the shmb species like Leptadenia

pyrotechnica (Forsk.) Decne. and Ziziphus nummuidariv
(Burm.t.) Wt. & Am.

Plate 1: Associated plant species with Glossonema variens (Top lelt: Ochthochloa compressa and Dactyloctenium
sindicum: Top right: Lasiurus sindicus: Below left: Tephrosia unitlora: below right: with Seddera latifolia

In the protected rangelands. Glossoncma variens exhibits
the remarkable diversity in plant types, particuiarly. in
size and shape of feaves, flower colour and also in size of
truits. Generally plants with crisped margin leaves with
light yellow tlowers are commmon in rocky with less
moisture situation. These types ol plant have lcaves with
more length as compared to width. With little bit high
moisture with sand deposition or sandy conditions plants
with entire leat margin with dark yellow Ilower were
noticed in thc rangclands. In this type, morc width of
leaves is observed as compared to length.

Economic importine cc:

Fuood: Its tender truits (follicles) are known as Khiroli and
are eaten raw by the inhabitants and supposed to have
nutraccutical propertics (Platc 2), The fruits collected

from the rocky rangelands by the villagers are for their
own consumption, however. rarely sold in the local
market, Unripe tender truits are caten raw also used as
vegetable and are very delicious. Tts tender leaves are also
used as vegetable. Its seeds are also edible and cooked by
native Quatari pcoplc (Batanouy, 1981, Al Hadidi ez «l.,
2017). Its fruits are reported 10 contain essential and non-
essential  amino-acids, carbohydrates, fatly  acids,
flavonoids having high nutritive value (Rizk et al., 1983,
1984)

Fodder: The plant is grazed by wikl and domestic animals
like sheep and goats, however, the plants are not generally
grazed by the cattle.
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Medicine: Traditionally. it is supposed one of the
important medicinal plant of Thar Desert. The fruits are
well known to be body tonic and energetic. The truit juice
is used in treating painful muscles, cough and sore throat.
In coastal areas of Pakistan. the infusion of leaves is given
for painful urination (Qasim ¢f ai.. 2014). Phoboo et al.

Plaic 2: Fruits of Glossoncma varicns

Conservation and People Participation

Most of the threatened plant species in western
Rajasthan are found in rungelands with sandy, gravelly
and rocky substratum, therelfore more attention is © be
paid to preserve the specitic niche i.e. micro and macro
habitat. There is need (o create the awareness among the
desert inhabitants on economic and ecological imporiance
of such type of species for their sustainable utilization and
canservation. It is vital to recognize the rangeland areas

with distinctive patches of  Glossonema  variens  as
Preservation  Plot/Protected  Areas particularly in its

natural distribution cover particularly in Jaisalmer district.

The cxistence of Glossunema variens in the arid
rangeland is threatened due to multitude of factors such as
low rainfall, over-grazing by domestic animals,
dcstruction of habitats, dilution in traditional conscrvation
practices and changes in climatic condition. These tactors
have created an increased pressure on the existing natural
populations of the species which tinally led to decrease in
the vegetation cover. Normally. it segenerates from the
perennial-rootstock in the  ficld after recciving  good
rainfall but it flowers in the less rainfall event. and again it
requires sufficient moisture for fruiting. 11 soil and water
conservation measures are used in its natural patches, then
required moisture will be available for its regenceration
and optimum growth for fruiting and availability of seeds.
Therelore, conservation measures like svil and moisture
conservation suitable to the habitat itre to be taken up on
priority to reduce soil crosion, a main cause of habitat
loss. Further. actual potential of this species as food cum
medicinal plant have not yet been realized. But its young
shoots and fruits have attained innnense nnporiance in the
recent years. The gray arcas of the species where rescarch
aitention required are nutritive value of s tender [ruits
and its medicinal aspects.

(2015) reported mederate levets of anti-oxidant potential,
soluble  phenolics and ACE inhibitory activity in
Glossonenia edule from Qatar, which may be usceful for
potentially managing hypertension and oxidation-linked
vascular complications
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Abstract

A ficld cxperiment was conducted during Aharif, scason 2012 to study the cffcct of organic manurcs and
difterent levels of NPK on growth and quality of Bottle gourd. The experiment consisting of 16 treatments viz.. four
levels ot NPK (control. 100:50:50, 80:40:40 and 60:30:30) and organic manures (control. vermicompost, poultry manure
and FYM) factorial designed in RBD with thrce replications. Results indicated that application of NPK (100:50:50) +
vermicompost (5.0 t/ha) was recorded minimum days taken to appearance of first female flower. maximum length of
main vine (m). number of primary branches per vine. length and width of leaf (cm) 45 days after sowing. minimum node
number at first temale 1Tower appeared. protein content in fruit. crude fibre content in fruit. nitrogen content in truit,
phosphorus content in fruit, potassium content in [ruit, yicld q/ha and return rupees investment.

Key Words: Boutle gourd, pouliry manure, vermicompost.

Introduction

Among, cucurbits, bottle gourd [Lagenaria
stceraria (Mol.) Standl.| is exiensively grown in India and
truits arc available throughout the year, Fruits at tender
stage are used as a cooked vegelable and for preparation
of sweers, (e.g. kheer, petha, buifi, and halwa.) and
pickles, ravia. Hard shells of mature fruits are used as
water jugs, domestic utensils, floats for tishing nets and
making musical instruments. cti¢. As a vegetable it is
casily digestible. It has cooling ¢ffectand has diurctic and
having cardio-tonic properties. Fruit pulp is used as an
antidote  against ccertain poisons and is  good for
controlling constipation. night blindness and cough. A
decoction made out ol leal is taken for curing jaundice
(Thamburaj and Singh, 2001). The fruit contain 0.2%
protein, 2.9% carbohydrate. 0.5% fat and Il mg vitamin
C of per 1M} g fresh weight. In the area, cucurbits are
growing extensively as kitchen garden especially during
kharif scason or as commercial scale throughout the year.
The tribal's of the arca are growing it and train the vines
on houndary of thc house 8nd on pandal. Among
cucurbits, bottle gourd is being 2rown by majority of the
farmer than other cucurbitaccous vegetahles In India.,
bottle gourd is grown in the arca of 111 thousand hectares
with annual production of 1836 thousand tonnc and
having 12.21 tonnes ha™' productivity. It occupies 3.20
Thousand hectares arca in Rajasthan producing 22.40
tonnc with a productivity of 3.48 tonnes ha”'(Anonymous.
2015). The effect of organic and inorganic fertilizers is
complcmentary to cach other in terms ot soil tertility
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improvement and sustainable agriculture. Theretore, it is
necessary to make their judicious use in right proportion
for harvesting better yield of different crops in cropping
scquence and for sustaining soil tertility. The integrated
nutricnt managecment helps in restoring and sustaining soil
fertility and crop productivity, It also helps inarresting the
emerging  deficiencies  of  macro.  sccondary  and
micronutrients tavorably by optimizing the physical,
chemical and biological environment of soil and achieving
cconomy and ctficicncy in fertilizer use. Hence. the
present study was undertaken to find out the combined
effect of organic manures and inorganic fertilizers on the
growth and quality ot hottle gourd.

Materials and Methods

The experiment was laid out at Horticultture
Farm. College of Agriculture, Bikaner. during Kharif
season 2012. The soil was loamy sandy with PY 8.2 and
contained 0.09% organic carbon, 80.19 kg ha'available
N. 17.34 kg ha'available P, 185.42 kg ha'available K.
The experiment was laid out Randommized Block Design
(factorial) with three replications, There were  sixteen
trcatment  combinations,  which  included  various
combination of NPK (control. 100:50:50. 80:40:40 and
60:30:30) and organic manures (control. vermicompost
poultry manure and FYM). The wecll rotten farm yard
manure (5.0 t ha™). vermicompost (5.0 t ha’) and poultry
manure (7.0 t ha') were applied and spread uniformly in
the plots as per wreatment. Three seeds per hill were sown
manually by dibbing method on 3" August 2012, The
sceds were svaked in cold water overnight betore sowing
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for better germination. The sowing was done in the row
keeping 2.5 m inter —row spacing and 0.80 m plant to
plant spacing. At cach hill and seed were sown at a depth
of 1.5 to 2.0 cm, Germination took place within six days
after sowing. Onc thind dosc of N, {ull dosey of
phosphorus and potassium were applied at the time of
sowing. The remaining doses ol nitrogen were applied 30
and 60 days altcr sowing into standing crop. The sources
of N. P and K were used as urea. single super phosphate
and muriate ol potash, respectively the rccommendced
doxe of NPK was 80:40:40 kg bha L (Anonymnous, 2010).
Data were taken five plants were scleeted yandomly from
cach plot and tagged, Minimum days taken to appcarancc
of first female flower. length of main vine (m), number of
primary branches per vine, length and width of leaf (¢cm)
45 days after sowing, minimum nodc numbcr at first
female Hower appeared, protcin, crude tibre, nitrogen,
phosphonus. potassium content in truit. yield g/ha and
rcturn rupees investment. Were recorded as per standard
methodology. Estimated yield per hectane was caleulated
by number of fruit vine™, yield vine' and total plant
density and retums ha'! caleulated by sale price of Rs 800
g and total yield g ha'. Where retums rupees investment
calculated by dividing net return to total cost of
cultivation ha'',

Results and Discussion

Eftect of organic manure: Yhe data presented in (''able
1 and Table 2). Organic manures, NPK levels effiect on
growth and quality aunributes of bottle gourd. The
application of vermicompost (5.0 t ha). Recorded length
of main vine (4.09), number of primary branches per vine
(11.85). protcin content in fruit (.262 %), crudc libre
content in fruit (1,136 %), nitrogen content in fruit (0,042
%), phosphorus content in fruit ().41 %), and yicld g/ha
(242.70 g "'). However application of FYM (5.0 t ha™),
recorded minimum node number at first female flower
appeared (11.64), length of leaf (18.16 cm) and width of
teal (27.2F cm). 45 days alter sowing. potassium content
in truit (1.52 %). and minimum days taken to appcarance
of first female flower (58.47), under pouliry manure (7.0 t
ha'). These finding clearly indicated that vermicompost
playcd a significant role on cnhancing the growth of bottle
gourd. hmprovement in plant growth attributes with that
application of vermicompost might be due to better not
only provided plant nutricnt but also improve the physical
condition of soil in respect of granulation. friability
porosity which interm provided a balance nutritional
cnvironment tfavorable both soil rhizosphere and in plant
system. Reddy er «f..(1998). These results are in close
conformity with the finding of Scnapati ¢z al.. (1985),
Pillai ¢r af., (1985), Sharhidhara et «f., (1998) and Tomar
et al.. (1998) This might be duc to improve nutrient
cenvironment in the rhizosphere as well as its utilization in
the plant system, leading enhanced translocation of
nutricnt, vitamins and protcins in fruits. Anothcr reason
might be the increased activity of nitrate reductase which
helped in synthesis sustains amino acid  proteins  as
reported by Chinaswamy and Marikulandi, (19606). L.opes
et al., (1996), Yadav and Vijayakumari, (2004). The

benelicial elfect of FYM/Verinicompost in increasing the
content of nitrogen in fruit might be attributed to its dircct
supply of nitrogen. Morcover, FYM/Vermicompost atter
decomposition might have released macro and micro-
nutrients, which increcases the availability of nutricnts 0
the soil. plant system and thus increased the nutrient in
fruit ete. The higher nutrient availability enhanced
photosynthesis and their transtocation to diflerent plant
parts resulting into higher concentration of nutrient
particularly. nitrogen. Similar linding have been obscrved
by Singh and Krishana (2007), Okonwu and Mensah
(2012). Ouda and Mahadccen (2008).

Effcct of inorganic fertilizers: Application of different
levels NPK significantly influenced the growth and yield
of bottlc gourd. The maximum number ot primary
branches per vine (12.55). length of leal’ (18.65 cm), width
of leal’ (27.54 cm) 45 days aller sowing, minimum node
number at first female flower appeared (11.27), protein
content in fruit (0.81 %). crude fibre content in fruit
(0.139 ). nitrogen content in fruit (0.045 %), phosphorus
content in truit (045 %), potassium content in truit (1.74
%) and yield (249.10 g/ha) were recorded under NPK
100:50:50 fertilizer. However the NPK fevels 80:40:40
tertilizers recorded maximum length of main vine (4.27
m). minimum days taken to appearance of first female
flower (58.22). This may bc duc to the better nutrition
covironment in the root zone for growth and development
ot the plant. Nitrogen is considered as one of the major
nutricnt requircd for proper growth and development ol
the plants. It also play an important role in plant
metabolism by virtue of being an essential constituent of
diverse type of metabolically active compounds  like
amino acids. proteins, nucleic acids, prophytins, flavins,
purine and pyrimidine. nucleotide, flavin nucleotides,
cnzymes, co-cnzymes  and alkaloid  Yadav, (2000).
Phosphorus is a constituent of nucleic acid, phytin and
phospholipids, The beneficial intfluence of phosphorus in
carly stages of growlth may be explained by cuarly
stimulation of root system through efficient translocation
to the root ol certain groewth stimulation compounds
formed on account of protoplasmic activity of tops in
phosphorus feed plants, when enhanced absorption of
nitrogen and other nutricnt and their ntilization, So an
adequate supply of phosphorus in carly stages of plant life
is important in laying down the primodia for the
reproductive part ot the cauliftower Kumhar, (2004). T'he
response of potassium  tertilization in tcrins of overall
improvement in growth characters are lurther supported
by the fact that the leaching losses of potassium was morc
in tight textured soil. Therefore. potassium fertilization
improved overall crop growth in term of plant minimum
day taken to the appcarance of tirst female flower,
minimum nodes no. at which lirst female flower appeared.
Icngth of main vinc. number of primary branches per
plant, length and width of leaf (cm) 45 day after sowing,
potassium hcelps in the protein and chlorophyll formation
ultimately the NPK arc used far beller vegelative growth.
As  fur cuase economic is  calculated the combined
application of (VF:) recorded maximum nesults revealed
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that organic manurc in form of vermicompost @ $§ tonnces
ha! recorded higher growth and yicld attributes as well as
gross return over rest uf (reatment. Fiuther in NPK levels
higher dose i.e 100:50:50 kg ha' respectively showed
better in growth and quality tones, The result of present
study in the agrecement his the carlier rescarches and
returns per rupees investinent The influence of nitrogen
fertilization of N. P and K content of fruil appeared to be
due o improvement nutritional environment both in the
root zonc in thc plant systcm. Thus. adequate supply of
NPK carly in the crop scason increascd the availability of
nutrient to the root zone coupled with increased metabolic
activity and at the cellular level probably might have

increased the nutrient uptake and accumulation in the
vegetative plant parts, ancl ruit highly nutrient contents in
fruit seems to be due to higher functional activity of rout
for longer duration under this weatment the increased
NPK in bulb also observed by Hilli ef «f., (2009),

On the basis of the results obtained in present
investigation. it may be concluded that the application of
NPK either alone or in combination with organic manures
enhanced the growth and yield attributes in bottle gourd.
Supplcmentation of 5.0 tonncs vermicompost combination
with NPK (100:50:50 kg ha') cnhanced growth and
quality as well as returns

_Tablel. Effect of organic manurey and different levels of NPK on growth and quality of Bottle goprd.
Treatment Days Leng [ No. of | Lengt | Width | Node Protei | Crude | Nitroge | Phos | Potas | Yield
taken th of [ primar | h of | of leal | no. at | n hbre n phor | sium | (g/ha)
to main v leat (cm) first conten | conten | content us conte
appear | vine branch | {¢m) 45 female | in ¢ mo|in it | conte | at in
ance (m) es per | 45 days flower | fruit truit (%) nt in | truit
of first vine days after appear | (%) (%) Truit (%)
femnle after sowin | e« (%)
flower sowin | g
2
Control 6085 | 3.66 11.38 17.41 26.60 | 1235 | 0.225 1.124 | 0.036 036 | 1.20 | 188.22
Vermicompost | §9.25 | 4.09 11.85 18.00 | 27.03 11.65 | 0.262 1.136 | 0.042 0.41 1.50 | 242.70)
Poultry manure | S8.47 | 3.85 11.61 17.87 | 2698 1203 | 0.256 1.127 | 0.041 0.34 1.45 | 225.17
FYM §59.62 | 4.05 11.58 | 18.16 | 27.21 1164 [ 0.256 1131 [ 0.04] 0.38 1.52 | 223.26
S.Emzx (.58 0.15 0.13 0.23 .29 0.23 0.007 0.003 0.001 0.01 O.1E 0.27
C.D. (P=0.05) 1.68 NS NS NS NS NS NS NS NS 0.03 | NS 0.78
Control 60.86 | 333 | 992 16.76 | 25.99 1278 | 0.218 1.113 | 0.035 0.33 1.08 | 176.08
NPK(60:30:30) | 5997 | 3.79 11.74 17.57 | 26.84 12.28 | 0.243 1.131 [ 0.039 0.40 1.19 | 211.96
_NPKr30:40:40) | 58.22 | 427 | 1221 | 1856 2746 | 11.35 [0275 | 1135 | 0044 [0.31 | 1.67 | 24220
NPK(10):50:50 | 58.81 4.25 12.55 18.65 | 27.54 | 11.27 | 0.28]1 | 0.139 | 0.045 045 1.74 | 249.10
)
S.Em= 0.58 015 |0.13 0.23 0.29 0.23 0.007 | 0.003 | 0.00] 0.01 0.1 0.27
C.D.(P=0.05) 1.61 045 | 0.38 .68 0.83 0.68 0.02! | 009 | 0.003 0.03 | 033 [0.78
Table 2: The cultivation cost of Bottle gourd including cost of individual treatment (  ha™")
Treatment Fruit Common cost | Treatment Total cost Gross Net  returns | B:C
Yicld of cultivation cost ( ha™) returns ( ha') ratio
(yha'") ( hahy ¢ ha"y ¢ hahy
Vo, 13493 | 49245 | M— 49245 107944 | 58699 | 2.19
VaF, 18296 49245 10500 59745 146368 36623 244
Vuk, 192.56 49245 2464.53 S1709.53 154048 102338.47 2.97
V.F. 231.56 49245 4107.58 53352.58 185248 1318Y5.42 347
V\F, 265.98 49245 18286.02 67531.02 212784 145252.98 3.15
VE, (21577 [ 49245 1296353 | 6220953 [ (72616 | 11040647 [ 277
V,F, 231.36 49245 14607.58 63852.58 185080 121227.42 2,89
V.:F, 238.44 49245 5786 .02 55031.02 190752 135720.98 3.46
V,Fa 195.11] 49245 1500€) 64245 156088 91843 2.42
ViFa 191.32 49245 2500 51745 153056 101311 2.95
Vb 193.83 49245 13286.02 525331.02 155064 10253.98 2499
V,F, 211.33 49245 17464.53 667(0).53 169064 102354.47 2.53
Vil 298.39 49245 19107.58 68352.58 238712 170359.42 3.49
V:F» 270.57 49245 13786.02 63031.02 216456 153424 98 343
ViF, 228.19 49245 4964.53 54209.53 182552 128342.47 3.36
V.l 235.09 49245 6607.58 55852.58 188072 132919.42 3.36
Sale price of Bottle gourd @ 800.0 44

=)
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Abstract

One of the most important things in successtul vegetable transplant production is 16 grow strong and healthy
transplants. The role of plant growing media is become important in modulating physiological responses that will
eventually lead to producing high quality seedlings. Aim of this study was to evaluate tomato (Lycopersicon escutentum
Mill.) and transplant growth in various soilless growing media. Seven growing media were formulated using peat moss
and cocopeat as the organic components and perlite as the inorganic components. To facilitate interpretations, seedling
height. stem diameter, number of true leaves, elative leaf chlorophyll content, stem fiesh weight, stem dry weight, root
fresh weight. and root dry weight of 6-weck old transplant grown in diffcrent growing media were compared. The results
of the study have shown that the use of different growing media highly affected growth and quality of tomato transplant.

Key Words: Tomato, cocopeat, perlite, transplant production, soilless

Introduction

Tomato (Solanmum Iycopersictun L) is an
important vegetable crop. 1t is botanically a beny fruit. it
is considcred vegetable tor culinary purposcs. The fruit is
rich in lycopene, which has beneficial health effects. The
plants typically grow 1o 1-3 meters in height and have a
weak stem that often sprawls over the ground.

Soiliess agriculture offer a way to overcome the
shortage of the normal amount of water needed to grow
plants. Agriculture without soil. in tact. historically dates
back to scveral hundred years BC since the civilization of
ancicnt Egyptian. the Chinese and other cultuees (Prasad
and Maher .2004), Soilless media is a valuable resource in
your greenhouse production management systems. It
supports plant life and is a source of water, wutriculs and
air. Growing media supports the plant from germination
10 the time of transplanting. The production of container-
grown vegetables plants has expanded in recent years, due
1o the advantages of this method with respect to direct
sowing techmiques or the production of scedlings in
uaditional nurseries (Castillo ¢1 af.. 2004). One method of
ensuring success in vegetable production is to cstablish
healthy and vigorous seedlings that do not deteriorate in
the ncw cenvironment but immediately  resume  their
growth. Growing quality transplants offers a number of
henefits. such as shorter growing season and more
cfficient use of land. improved crop uniformity, morc
accurate prediction of harvest dates. facilitating the use of
a wider range of herbicides, extends the growing season,
more efficient use of expensive hybrid seed. By using
transplants, producers can also insure a good stand of
vegetable plants without the uncertainty of direct seeding
or the added cost ol lield thinning (Hannan, 2016).The
lack of appropriatc cultural practices during growing
scason is onc ol the barricss to successtul vegetable

[ )

production. Mistakes, which made during transplant
production. arc multiplicd through the rest of the scason
and will significantly affect yield and quality. Production
could be much higher than the amount above if we can
reduce the losses due o0 poor growing media and poor
seedlings. The growth medium  used in  vegetable
transplants is a determining  factor given its close
corrclation  with plant development. Growing  media
inllucnces sced germination, scedling emergence. scedling
growth and yuality of seedlings in a nursery (Corii ¢f ol
199%. Wilson er al. 2001 Baiyeri .2004: Sahin er al.
2005: Agho and Omaliko. 2006).

Materials and Methods

Vegetative material

Tomato seeds (Lycopersicon escudentiun Mill.,
variety Pusa Ruby was used for the experiments.Pusa
Ruby is a indeterminate type tomato variety, An Cuarly
maturity (60-65 days) varicty suitable for autumn. winter
and spring suunmer.

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
Composition (ratio by volume

Growing Media

Pcat

Coconut peat

Pcrhite

Peat + Perlite (1:1)

Coconpeat + Perlite (1:1)
Coconut coir + Perlite +

® N d N —

Peat (1:1:1)
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7 Coconut coir + Perlite +
Peat(2:1:1)

The experiment was carricd out at an automated
and heated polycarbonate-covered  Greenhouse  in
University Campus Farm, Jasvoti Vidhyvapeeth Women's
University.  Jaipur.  The  greenhouse  experiment
investipated the effects prowing media on tomato. Tomato
sceds were sown (wa-sced/cell) into 45-cell plastic trays
(cell volume 75 ¢in') and poly bags filled with growing
media in different ratios of growing media.

Irrigation

Irrigation of seedlings was anually performed
using a sprinkler nozzle connected to a hose and
performed daily or twice a day according to the
environntental conditions using enough water to avoid
stress in the cultivated seedlings. Seedlings were fertilized
with§18-18-18 N-P-K soluble fertilizer at a rate of 100
mg.L"' N once a week. The growth period of the scediings
in the nursery was 6 weeks, until reaching commercial
transplanting size.

Fig 3. Six-week old tomato scedlings

Ohservation Determined in the Scedlings
Ten plants per treatment were randomly chosen

from cach replicate to  determine  seedling  growth

23

parameters. Plant growth measurements of the 6-weck-old
tomate plants included scedling height, stem diameler
(measured below  cotyledons), number of true  leaves.
relative leat chlorophyll content with a chlorophyll meter
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SPAD, leaf arca using L1-3100C portable arca meter . The
growing medium was then separated from the roots. and
plant organs (shoots and roots) were scparately weighted
o determine tresh weights. The samples were then dried
in a forced air oven (105 “C) for 24 h and recorded as dry
weights,

Results and Discussion
Scedling Teight (cm)

Effccr of different media on scedling height of
six-week old tomato seedlings are given in Table 1. The
data rclated 1o scedling height shows that the growing
media number |, 6 and 7 gave the tallest tomato seedlings.
Grunert et «l. (2008) reported that tomato plants grown in
the peat rooted morc casily than thosc grown in the peat or

Tablc 1.
scedlings under the greenhouse conditions

mincral wool but the 1otal yicld was similar tor all media.
The growing media number ¢4 gave the shortest tomato
seedlings, This might due 10 high bulk density of the
media according 1o Grunt et al. (2008).

Rout Length (cim)

Eftcct of different media on root length of six-
week old tomato seedlings is given in 1able |. The results
showed that the media number 7higher value that the
mixture media (peat moss + perlite + cocopeat) which is
12.04 cm compared other media exception for media
number  1,4,5and 6 (#1.23,11.89,1.18andl1.83 cm
respectively). The lowest root length value was obtained
from media number 2 and 3which were 9.37 and 6.85 cm
respectively.

Effccis of different growing media on sced ling height (cm) and root length (ecm) of six week-old tomato

Growing Mcdia Scedling Hcight | Root Length (em)
(cm)
| Peat 1noss 8.38 11.23
2 Cocopeal 5.54 92.37
3 Perlite 6.34 6.85
4 Pcat moss + Perlite (1:1) 6.07 1[.%9
| S Cocopeat + Perlite (1:1) 5.56 1118
| 6 Peat moss + Perlite + Cocopeat (1:1:1) 6.68 11.83
1
17 Pcat moss + Perlite + Cocopeat (2:1:1) 7.22 12.04

L.eaf Number

Eflccts of differcnt media on Ical’ number of six-
week old tomato seedlings are given in table 2. The
results of the study showed that media number | peat
moss and media mixture number 7 gave highest valuc of
the leat number (3.84 and 3.22. respectively). The lowest
root leat number value was obtained from media number
3 which is 293 These results were supported by the
findings of Raiz ¢/ «f. (2(X)8) who reported that maximum
numbcr of lcaves was obtained in thc media mixture. T'he
possible  reason  was  nutritional  contribution  of  the
treatment that produced maximum number of leaves.

Leaf Area (em)

Effccts of diffcrent media on leaf Arca of six-
week old tomato scedlings arc given in table 2. The
results of the study showed that media number 1 peat
moss and media mixture number 7 gave highest value of
the Icat number (37.65 and 38.89, respectively). Leat arca
value recorded in the medium number 3was the lowest
which is 25.02 cm2. This might bec the rcason that it
doesn’t hold moistures well as other growing mediums
(Anonymous 2017b).

Iable 2. Eftects of different growing media on leal’ number and leaf arca (em?) of six week-old tomato seedlings under

the ereenhouse condilions

Growing Meadia Leat Number Leat Arca (cni2)
| Peat moss 3.84 37.65
|2 Cocopeat 295 33.44
3 Perlite 293 25.02
4 Peat moss + Perlite (1:1) 3.02 29.24
S Cocopeat + Perlite (1:1) 3.15 36.91
6 Pcat moss + Perlite + Cocopeat (1:1:1) 3.15 37.00
57 “Peat moss + Perlite + Cocopeat (2:1: 1) 3.22 38.89
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Stem Diameter (mm)

Lttects of difterent media on stem diameter of
six-week old tomato seedlings are given in table 3. The
table shows that the media number 1 and 7 gave highest
stem diameter values (3.2 land 3.28 mmn, respectively).On
the other hand stiem diameter value eccorded in the
medium number 3 way the lowest which is 1.59 mm. This
might be the reason that it doesn’t hold moisture as well
as other growing mediums { Anonymous 2017b).

Relative leaf Chlorophyll Content (SPAD)

Lffects of different media on chlorophyll content
ol six-weck old tomato scedlings arc given in table 3. It
shows that the media number 3 and 4 showed highest
relative leat chloraphyll content values (36.40 and 42.79
SPAD. respectively). On the other hand. the lowest
relative  leaf  chlorophyll  content  (29.69SPAD)  was
obtained from the growing media number 2.

Chlotophyll level gives an indirect estimate of
the nutrient status, since most  of  the nitrogen  is
incorporated to the leaf chlorophyll (Filella er «i.. 1995:
Moran et ai., 2000).

Shoot Fresh Weight (g)

Eftects of ditferent media on shoot fresh weighi
of six-week old tomato seedlings are given in table 4. The
data shows that thc medium numbers land 7 werc
recorded in high shoot fresh weight values (3.14 and 2.638
g. respectively). The media number 3 had the lowest value
which was 2.47 g. It may be because the media 3 has low
nutrient and ion exchange capacity than the other growing
media. therefore would cause weak growth or severe
wilting in the crop (Anonymous 2016).

Shoot Dry Weight (8)

Eflccts of differemt media on shoot dry weight of
six-week old tomato sceedlings are given in table 4. The
data shows that the medium numbers 1 and 7 were
recorded in high shoot fresh weight values (0.18 and 0.16
g, respectively).On the other hand, the lowest shoot dry
weight (0.12) was obtained from the growing media
number 3. It may be because the media 3 has low nutrient
and ion exchange capacity than the other growing media.
theretore would causc weak growth or scvere wilting in
the crop (Anonymous 2016).

Table 3. Effects of different growing media on stem diameter (mm) and relative leat chlorophyll content (SPAD) of six

week-old tomato seedlimgs under the gecenhousc conditions

Growing Media Stem Diameter (mm) | Chlorophyll (SPAD)
l I Puat moss 32 36.40
12 Cocopcat 231 29.69

K Perlite 1.59 36.82

4 Peat moss + Perlite (1:1) 2.23 34.70

s Cocopeat + Perlite (1:1) 2.23 31.38

6 Peat moss + Perlite + Cocopeat (1:1:1) 2.46 29.75

7 Peat moss + Perlite + Cocopeat (2:1:1) 2R 42.79

Tahle 4. Effects of different growing media on shoot fresh weight (g) and shoot dry weight (g) of six week-old tomato

seedlings under the gecenhousce conditions

Growing Media Shoot Fresh Weight (y) Shoot Dry Weight (g)
l Peat moss KRE 0.13
= ' Cocopeat 2,62 0.15
3 | Perlite 2.47 0.12
4 Peat moss + Perlite (1:1) 2.56 0.14
5 Cocopcal + Perlite (1:1) 2.53 0.13
6 Peat moss + Perlite + Cocopeat (1:1:1) 2.58 0.14
7 Peat inoss + Perlite + Cocopeat (2:1:1) 2.68 0.16

Root Fresh Weight (g)

Litfects of ditferent media on root Iresh weight ol
six-week old are given in table Swhich shows in media
nuinber 7 had the highest value ot root fresh weight which

is 1.50 g. On the other hand. the lowest the root fresh
weight value was wccorded for medium number 3 which is
0.81 g. This might be duce to physically impact of the
media on the roots (Neelam and Ishtiag. 2001).
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Root Dry Weight (g)

Eftccts of ditterent media on root dry weight of
six-weck old tomato scedlings arc given in table Swhich
shows in mcdia number 7 had the highest value of root
fresh weight which is 0.11 g On the other hand. the
lowest the root fresh weight value was recorded for
medium number 3 which is 0.05 g. This might be duce to
physically impact of the media on the roots (Neelam and
Ishtiaq, 2001 ).

It can be clear that using different growing media
tor cultivation of vegetuble transplants is important, in
particular tor the first of growing stage which in this stage

the plant depends on the types of media 0 obtain
nutricnts, It soil based media used vegetable transplants
usually face many problems such as discascs and pests
affecting their growth, In additon. wilizing varicty of
growing media for different plant growing will give
diffcrent  result as  in the  rescarch  illusirated  that
combination of pceat moss + perlite + cocopeat (2:1:1)
media  has may be the greatest value than other media.
However, Only peat moss media also has the positive
impact as well. The reason is reler to many aspects one ol
them is water holding capuacity, pH, EC and other factors
such as easily be controlling with casy service.

Table 5. Effects ot different growing media on root fresh weight (g) and root dry weight (g) of six week old Tomato

seedhings undey the greenhouse conditions

Growing Media Roaot Fresh Weight (g) Root Dry Weight (g)
| Pcat moss 1.00 007
2, Cocopeat 0.9¥% 0.07
3 Perlite 0.81 0.05
4 Peat moss + Perlite (1:1) 1.15 0.0%
5 Cocopeat + Perlite (1:1) 091 0.06
6 Peat moss + Perlite + Cocopeat (1:1:1) 0.90 0.06
| 7| Peat moss + Perlite + Cocopeat (2:1:1) [ 1.50 [0.11
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Abstract

The research was carricd out at cxperimental field of Agricultural Rescarch Station, Mandor. Jodhpur during
April. 2016 to Fcbruary, 2017 to cvaluate the responsc of pruning time and scverity on fruit production, quality and
profitability of Ber cv. Gola. Six year old grafted wrecs of ber were pruncd at intervals. i.c. on 30 April. 15 May, 30 May.
15 June with two pruning severity levels i.e. 30 per cent and 50 per cent removal of previous season growth. The yield
improving growth paramcters viz.. comparatively less number of main shoots (21.43 plant™). maximum number of
branches (240.25 plant"). minimum shoot tength (117.60 ¢m) and girth of shoots (13.26 cm) have been markedly
promoted by the 15" June pruning with 30 per cent severity than rest of the treatments. Early pruning (30 April) with
highest severity (50%) has been found to increase the vegetative growih like shoot length and girth but yield has been
tormed inversely proportional supra-optimal level of pruning. IFlowering and fruit setting was delay by 15 days in tree
pruncd on 15" June, which was significuntly reduce flower and fruit drop. All the yield parumeter and fruit yield viz.,
fruit set per cent (29.409), ITuit retention per cent (29.95%). fruit harvest per cent (8.80%), number of fruits in 8q. meter
! canopy of plant (165). frit yicld plant' (72.09 kg) and fruit yicld ha' (200.41 q) was significantly highcr in Ts
trcatment_Highest cconomic performance viz., Gross return (Rs. 180368.85). net return (Rs, 134368.51) and B : C ratio
(2.92) was recorded maximum in trees pruned on 15" June with 30 per cent severity whereas quality characters of fruits
like highest Total Soluble Solids ( 15.40°Brix ). lowest acidity (0.13%). high ascorbic acid (61.41 mg 108g™'. highcst fruit
surface colour score (8.43), fruit taste score (8.20) and overall quality score of fruits (8.76) was reported in T'» treatment.
Minimum fruit fly infestation (3.93%) was reported in Ty Ureatment.

Kceywords: Ber, Day After Pruning, fruit set. fruit retention, growth, shoaots, taste score

tonnes and productivity of 9.42 tonnes per hectare

Introduction

Ber or Indian jujube (Ziziphits mauriticna Lamk)
is indigenous to India it belongs to the family
Rhammnaccac. Among the sub tropical fruits. it is onc of
the most common and ancient truits of India. In last two
decades area under ber crop is increased and farmers have
adopted its commercial culivation. It is grown
exlensively in the Madhy Pradesh, Rajasthan, Gujorat,
Uuar Pradesh. Haryana, Bihar. Maharashtra, Punjab,
Tamil Nadu and Andhra Pradesh  under rainfed and
irrigated conditions, in almost all the states covering an
arca of 0.49 million hectarcs with an annual production of
4.81 million tonnes and productivity of 10.0 tonnes per
hectare (Anonymous. 2016). Rajasthan alone covering an
arca ot' 714.2 hectares with an annual production of 6732

(Anonymous, 2015). The truits are rich in carbohydrate,
vitamin C. A. B complex and minerals. Its leaves coatain
5.6 per cent digestible crude protein and 49.7 per cent
wtal digestible nutrients, making it a nutritive fodder for
animals. Ripe fruits are eaten fresh and utilized in the
preparation of jam, jelly, prescrve and candy. Ripe fruits
can be dricd to prepare a preduct. stmilar to Chhuhara.
Ber juice can be prepared from the fresh fruit and can be
uscd for making squash. Annual pruning in ber is
essential to induce maximum number of new healthy
shoots which would bear good quality fruits. The ber trecs
being summer deciduous and are in deep dormancy during
May and June and level of reserve metabolites such as
carbuhydrates starch and sugars is higher during this
phase of dormancy. Pruning during this period led to more
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growth, higher fruit set, and greater yield, However
pruning done during the induction phase (April) and
breaking phase (July) resulted in lower yield. Pruning is
done during the hot and dry season when the tree sheds
leaves and enters into dormancy.

The ber flowers have borne in the axil of lcaves
on the young growing shoots ol the current year. Hence. o
repular annual pruning is necessary to induce a pood
hcalthy growth which will providc maximum {ruit bearing
arca on the tree. Pruning is an essential operation o
maintain vigour of trees, fruit productivity and yicld of
ber (Singh ¢r al., 2004), It is also cssential to remove the
undlesirable, weak. intercrossing,  discased and  broken
branches to avoid crowding and to encourage healthy
growth for maximum fruit bcaring. Morcover, annual
pruning required to replace old and unproductive wood by
ncw one, in unpruncd trees, the old wood goes on
accumulating ¢very year and leads to barren centre,
reduced productivity and poor truit yield owing to shading
and related problems. Theretore, in ber tree, it is csscntial
practice to maintain their vigour and productivity as well
as to improve the fruit size and fruit yicld. The objective
ol pruning is 10 producc morc numbcr of lruits with high
quality marketable {ruits at a low cost. Apart from these.
pruning also lead to rejuvenation. better ventilation. and
highcr penctration of sun light and also beccome Icasiblce in
application of plant protection chemicals and also reduce
insect pest inlestation. 1n last six to seven year's ber
producer of western Rajasthan face a scvere problem of
flower and 1ruit drop due to high temperature in the month
ol September which coincides with the time of (lowering
and fruit sctting, Duc to high tcmpcrature acceptability
duration of stigma was reduce and pollination and
fertilization of flower is fail and maximum flower and
truits are dry. it is nccessary to standurdized date of
pruning to minimize the eftect of high temperature which
was coinciding with the time of flowering and fruit
sctting.  [n case of unpruned tree canopy arca continue: to
eanlarge year after year. branch lets become very weak,
fruit  size  reduced and  trec  ultimately  become
unproductive whereas in case of judiciously pruned tree
vigor and shape is maintained and fruit size and quality is
improved (Singh and Bal. 2008). Therciore. it is very
much essential to ascertain the timing and extent of
pruning in particular cultivars, Hence. keeping in the view
the abovc, the presentinvestigation was undertaken.

Materials and Methods

Total number of fruits set plant™

A ficld experitnent was carricd out on the six
year old ber orchard at Agricultural Research Station,
Mandor. Jodhpur (Rajasthan). Iadia during April. 2016 to
February. 2017, The soil of experimental fields were
uniforin in fertility, sandy loam in texture, low in organic
carbon (0.75%). mcdium in available P (25.5 kg ha™') and
high in K (270.0 kg ha') with saturmed extraction
electrical conductance of 2.0 ds.m™ and slightly alkaline
rcaction (pH 8.5) during cxpcrimentation. The abiotic
faclors  wiz., average  minimum  and  maximum
temperatures were 25.0°C + 5.0°C and 40.0°C + 5.0°C,
average rclative humidity of 55.0 £ 150 per cent and 350
mm rainfall per annum were recorded. The experiment
was conducted in a completely randomized design having
ninc trcatments comprising by dittcrent pruning time and
severity viz., T, (No pruning). T» (Pruning on 3" April +
30% removal of previous scason growth), Tz (Pruning on
I15™ May + 30% rcmoval of previous scason growth), Ty
(Pruning on 30" May + 0% removal of previous season
growth), ‘I's (Pruning on 15" Junc + 30% removal of
previous scason growth), Tq (Pruning on 30% April + 50%
removal of previous scason growth). Tz (Pruning on 15"
May + 50% rcmoval ol previous scason growth)., Ty
(Pruning on 30" May + 509% removal of previous season
growth). Ty (Pruning on 15" June + 50% removal of
prcvious scason growth). All thc obscrvations were taken
from S sclected plant of cach treatment throughout the
investigation period at appropriate time by adopting
standard method for growth. devclopment.  fruiting
behaviour, yicld and quality, Days taken for sprouting is
calculated by couming the number ot days taken for the
pruncd shoots to sprout. number of shoots cmerged was
recorded by counting the number of sprouts produced on
cach pruned tree, shoot burning per cent and number of
branches plant' calculatc by simple counting mcthod,
shoot length is measured by the help ot scale from base of
shoot to highest tip of the shoot at the time of flower
initiation, girth of primary shoots at basc is recorded by
counting of live randomly sclected primary shoots at a
markcd point from basc which was mcasurcd at 120 days
after pruning with the help of a vernier callipers and
average was calculated. Days taken to  first  tflower
initiation, flower density, numbcer of fruits per squarc
meter area of plant, days taken from pruning to flirst
picking of truit, last picking of Iruits and duration of
harvesting was calculated by simple counting mcthod.
Fruit sct per cent, truit retention per cent and fruit harvest
per cent were recorded by following formulas:

Fruit Sel PerCenl = oot iiriiiiieeieieesieesiaianann e eanens x 100

Taotal number of flowers plant'l

Total number of fruits getx maturity plant’
Fruit retention Por COmt = .oui.iiunuiiiaiiieiaaaiiaaaiiraassicaasassasesnsnnecens cvoeoN 100
‘Total number of fruits set plant (at initially stage)

Total number of harvested fruits pl;mt‘1

Fruit harvest per cent = ........

P N I S R R LR

e X 100

Total number of normal flowers plant’!

27
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The total fruit yield plant”’ and hectare™! was caleulated by
weighing total marketable fruits on digital balance and
average Iruit yield of each plant was calculated and has
been cxpressed in kilogram and quintal respectively.
Market ratc of fruits was taken from fruit market (Phal
Sabji Mandi, Jodhpur) during the period harvesting
(December, 2016 to February. 2017). The gross return
was calculated from yield multiplied by average market
rate during the period of investigation. Further. the net
return  was calculated by subtracting cost of cach
trcatment from gross rctum. The bencfit cost ratio was
calculated by dividing net return to  total  coslt
cultivation. Total soluble solids (TSS) of the fiuit pulp
was determined by Zeiss Hand Juice Brix Refractometer.
values corrected 1o 20°C and expressed as “Brix. Acidity
(as citric acid) was dctermincd by using standard N/t@
NaOH solution in the presence of phenolphthalcin as an
indicator, AOAC (1984). The ascorbic acid (vitammin C)
content of the juice was estimated by visual titration
methad with 2, 6-dichlorophenol-indonenol dye solution
(AOAC, 1984). The overall quality (pulp colour, pulp:
sced ratio. skin colour. sizc and shape of fruits), colour
score and fruit 1asiec or consumer prelerence of Iruils was
done by a panel of five semi-trained jndges using 10 point
hedonic scale {(Amerine ¢r af.. 1965). Per cent incidence
of truit fly was measured by visual inspection of five
member (cam of crop experts at fruit harvesting, All dawa
were subjected to analysis of variance (ANOVA) 10
determine  significant  dilferences lollowed by critical
difterence (CD) wiath in the treatiment was calculated in
order to compare the veatment at /2 < 0.05 level of
signiticancc only.

Results and Discussion

Plant growth paramcters

Observations regarding number of days taken for
sprouting after pruning were recorded and data thus
obtained were analysed statistically it is clear {rom the
tablc-1 that SO per cent pruning of previous ycar shoot
growth on 15" June (Ty) showed signiticantly carlier
sprouting (21.60 days) which was at par with Tg (25.4
days) and Ty (24.7 days) treatments. whereas in control
(no pruning) took rclatively more number of days for
sprouting (40.17 days). Numbcr ot main shoots c¢merged
after pruning werc counted and data obtaincd the incan
values are summarized in table-l1 which indicated clearly
that maximum nmnber of main shoots emerged under T,
treatments (32.82). 1t was however noted that all the
trcauncnts other than control remained at par when
comparcd among themsclves. The number of shoots
ranged from 10.63 10 32.83 under different teeatments.
The lowest number of main shoots was emerged under
control (10.63). Shoot buming also eflect significantly by
time and intensity of pruning. Highest shoot burning
(10.47%) was reported in T treatment whereas minimum
shoot buming was obscrved in Ts trcatment (1.23) which
was signiticantly lower than all other treatments. It may
be dne o early sprouting concurring  with  high

of

temperature and hot dry wind with higb velocity (10-
30km h') in the month of May and June. Length of ber
shoots were recorded at time of flower initiation and data
obtaincd with thc mcan values displaved in tablc-1.
Trcatments Ts include significantly smaller shoots (117.6
cm) as compared 1o all other treatments whercas treatment
T:. Ty and T, are ar par with Tg trestment. The highest
length of shoot was repuorted in Ty tweatment. The mean
values of ber shoots girth presented in table | that all the
trcatments  produccd  significantly greater diamcter of
shoots when comparcd with control (8.33 cm) the
maximum vatues (16.63 cm) in this regards were noted
under T, treatment. Shoot length and  diameter  also
appreciably increased in early pruning 30" April) with
modcerate severity (30%) because it cause lower inter
branch compctition and have sufficicnt time for growth
before on set of reproductive phase. The days taken tor
sprouting, number of shoots emerged, shoot length, girth
ol shoots and Iruit yicld have been markedly promoted by
the 20 per cent pruning intensity (Harit Kumar ¢r af..
2014).

Fruit yicld and yicld parameters

The yield and yield parameters was strongly
influcnced by pruning datcs and severity. Pruning on 15"
Junc and 30 per cent removal of previous season growth
wus more productive over the other dates of pruning and
severity (Table 2). Minimum days required in fower
initiation aficr pruning (1154 days) was reported in Ts
treatment which was statically «¢ par with ') treatment
(121.46 days). Ts trcatment (120,30 days), Ty trcatment
(117.40 days) and Ty treatment (115.70 days) whercas
maximum days required For tlower initiation (137.13
days) in Ta treatment. The flower initiation started earlicr
in treatments where early pruning was done. The initiation
of flowering took place by 6™ September where pruning
was donc on J* May and flower initiation was dclaxcd by
30™ Seprember when pruning was done on 28 July
(Singh and Bal. 2008). Pruning was significantly eftective
for increasing the number of tlower clusters/prirnary.
secondary and tertiary branches. The maximum flower
density (3123.12 sq. meter” canopy) on cach type of
branches were observed under pruning on 15" May with
30 per cent intensity (T; treatment) whereas lowest
number of tlowers density (166226 sq. meter’! canopy)
was reported in Ty treatment. It was duc to that tlower
production in ber mainly takes place on the secondary and
tertiary shoots of optimum vigour. As 30  pcr  cent
pruning on 15™ May could induce more number ot hoth
types ol branches, it could thereby increase the number of
flower dusters on all type of shoots. Similar types of
results werc reported by Singh and Bal. (2008). Harit
Kumar ¢7 af.. (2014) in ber.

Maximum fruit sect (29.40%). highest Iruit
retention (29.95%). uppermost fruit harvest (8.8%) was
observed in Ty treatment which was significantly superior
tfrom all other treatments. whereas least fruit set (15.17%).
minimum fruit retention (7.46%) and lowest fruit harvest
per cent (1.13) was recorded in T arcatinent. Last
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number of fruits square meter™ arca of plant’! (20.24) was
reported in T, treatment, whereas mean highest number ot
truits square meter™ area of plant™ (165.0) was reported in
Ts treatment. which was signiticantly supcerior to all other
trcatment. Fruit sct and retention incrcased in  light
pruning trcatment than in scverely pruned shoots and
ohtained higher vield by light pruning since fruit set and
rerention decrcased with severity of the pruning. However
the early pruned trees retained less fruit as compared to
latc prumcd tree, The highest initial fruit sct cxhausted the
trees due 10 coincide with high temperature thus reducing
the final retention in early pruned trees. 1t might be due to
delay priming (15% June) of ber helps in delay emerging
new sprouts and tlower initiation which assist in avoiding
coincide with high temperature of late summer months
which major cause of flower and fruit drop. Similar
results were also reported by Singh and Bal (2008) and
Bhardwa) er al. (2015) in ber.

Minimum days required in start fruit picking
after pruning (200.17 days) was reported in Ts treatment
which was statically at par with T treatment (202.0 days).
whereas maximum days required for start fruit picking
after pruning (235.33 days) in T treatment. Minimum
days required for last fruit picking after pruning (237.0
days) was rcported in To trecatment which was statically
par with all other treatments other than T, treatment
(267.0 days). Maximum duration of fruit harvesting
(39.83 days) was reported in Ts treatment, which was ar
par with Ts treatment (37.83 days). Minimum duration of
truit harvesting (29.83 days) was teported in Tg treatment.
The possible cause of early frnt harvesting and longer
duration of fruit harvesting due to pruning of tee at
praper time (15™ June) with moderate severity  pruning
help in all over development of plant and fruits. which
helps in maximisc Iruit retention capacity and tinal yicld
of the tree comparatively higher those required longer
duration for harvesting than the lower yield produccs
trces. These results were also supported by Dhaliwal and
Rajwant (2003) in guava. Gill and Bal (2006) in ber.
Shaban and Hasccb (2009) in guava.

The maxinum fruit yield tree’' (72.09kg) and
ha' (200.41q) has been achieved by employing maderate
pruning (30%) intcnsity on 15® Junc which proved
significantly superior over all other treatments and
control. Minimum frvit yicld tree’ (25.35kg) and ha’
(70.46g) was reported in T, treatment. Significantly
higher fruit yield tiee’ and yicld ha'' might be attributed
to incrcascd pereentage of both sctting and retention of
fruit, and also increase Iruit harvest per cent. nuinber of
truits squarc meter arca of plant, duration ol harvesting
with the help of 20 per cent pruning intensity on 5™ June
L.e., all these yiclds attributing characters paved the way
for significant improvement in fruit yicld trec' of ber.
This increment in number of fruit. size, yield and fruit
quality at medium pruning level (30%) on later date (15"
June) might be due 10 the stimulation of optimum
vegetative and {loral growth. which might have brought
about bhalance between the fruiting wood and leat area,
Total yield was decreased by severe pruning. It is
admitted fact that reduction in the fruit yield is due to

reduction in number of the shoots which lead to the less
number of fruit per tree as bearing area gel reduced. Gill
and Ball (2006) reported, increase in fruit size and weight
might be attributed to better source-sink relationship and
lesser competition [or assimilates among the fruits in
pruned trees. Similar observations were also obtained by
Shaban and Haseeb (2009) during the study of effect
pruning scverily and chemical sprays on guava. l.ower
yield in dense pruning (50%) on R April. the flowering
and fruit sctting coincide with high tempcratarc which
cause lower pollen acceptability and higher flower and
truit drop at initial stage. Another scientific explanation
lor signiticantly increasing yield with moderate pruning
(30% severity) may be because ot more open tree canopy
with wider leaf arca resulted allowing more  light
penctration that led assimilation more photosynthetic
materials and also less competition for the growth of
individual fruit as comparcd to unpruncd tree under
optilnum time of pruning (15™ June) condition. The
present findings are in closed agreement with carlier
scientist viz., (Singh er al.. 2004 and Khan und Syamal,
2004) who reported that medium pruning of 30 per cent
produced higher yield in ber truit. As pruning iniensity
advanced that is severe pruning (50% severily) yield was
rcduced. The reduction in yicld which secverc pruning
(60%) might be due to admitied fact that reduction in
number of bearing shoot results. It is in accordance with
Gill and Bal (2006) who observed decreased yield by
severe pruning. It is from the data that all the treatments
induced significantly varying size of length of shoots
when compared among themselves the lowest length of
shoots were recorded under control. In case of unpruned
tree canopy arca coniinuc to cenlarge yeur alier year,
branch lct's become very weak. fruit size reduced and tree
ultimatcly become unproductive.

Economics

The economics ot ber production was strongly
influcnced by pruning time and scverity. Plant prunc on
15 June with 30 per cent severity was more profitable
over the other treatments (Table ). Highest gross return
(Rs. 180368.85), net reum (Rs 134368.51) and benefit:
cost ratio (2.92) was observed in Ts treatment which was
significanuly diffcrent from alt other wcatments, whercas
market rate of truits was highest in T treatment those ripe
earlier than all other treatments. Lowest gross return (Rs.
105695.6), net return (Rs 65695.6) and benefit: cost ratio
(1.64) was reported in T treatment. It is tact that in case
of judiciously timely pruned tree produces maximum fruit
yield than other treatment which was helptul in tetch
maximum gross and net return with highest benefit: cost.
Possible explanation of this fact that the annual operation
and judiciously pruned tree at proper time improved
vigour and fruiting arca. which increasing productivity,
guality of lruits and ultimately increase profitability of her
cultivation. Similar results of ber tree pruning on 2™ week
of Junc with modcrate severity (25 to 35%) helps in carn
more profit in ber preduction under arid condition of
western Rajasthan (Bhardwaj ¢ af., 2015), The present
study gets ample support trom the work Gill und Ball
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(2006), Singh ez al., (2012) and Hacit Kumar e7 al., (2014)
in ber.

Quality pnrameters

Data presented in Table 4 be cvidence for the
pruning of ber tree on 15" May with 30 per cent removal
ol previous scason growth cxhibited a signiticant cltect on
the fruit quality paraincter viz.. TSS, acidity. fruit colour,
taste and overall quality score of fruits but ascorbic acid
content ol fruits arc non significantly cficct by pruning
datec and intcnsity. In the present investigation, the
pruning of ber tree on 15" May with 30 per cent removal
of previous season growth exhibited superior 1Tuit quality
and had a tcndency to decrcase with delay in pruning
dates and increase inensity. The sweetness ol ber. mainly
assessed by TSS (total soluble solids) content and
maximum TSS (15.4°Brix) was reported in T treatment
which was statistically a7 par with T (15.29"Brix). T,
(14.39°Brix), Ts (14.78Brix). T
(14.90°Brin). and T,y (1418°Brix), and rest of the
trcatments was siguificantly different and lowest TSS
(11.34°Brix) was in T, trcatment, The minimum  acidity
(0.13%) was ohscerved in Ty treatment, which was af par
with T3 (0.14%) and T7(0.14%) treatments. and rest ol the
trcatments was significantly different and highest acidity
(021%) was in T, trcatment. Maximum ascorbic acid
(61.41%). highest colour score of fruit (8.43), fruit taste
score (8.60) and maximum overall truit quality score
(8.76) was also observed in Ti treatment. The unpruned
tree produced more truit this is because of the reduction of
shoots in pruned trees whereas fruit guality in terins ol the
TSS acidity and vitamin C content improved in
moderately pruned tree (30%) hence the quality of the
fruit improved due 1o pruning etfects.

This might be due to the fact that ber uve
pruning on 15™ May with 30 pcr cent removal of previous
season growth, which is positive for increased rate of
photosynthesis and accumulate mose dry matter in truits
which ultimately resuited in higher quality of the truits,
Noreover, lower 1otal soluble solid in late pruncd plants
may be due to low temperature in favour of less
conversion ol sugars from starch during fiuit ripening.
Higher acidity (0.21) in not pruncd tree (control) may be
due to shade eftect where sugar conversion from organic
acid is hampered due to lack of sufficient light at internal
part of tree. Gill and Ball (2006) reporied that low
intensity of pruning in &er improved the truit yicld and
quality. They lurther reported that early pruning advanced
bud sprouting and early harvest and improved fruit
quality. The deviation in time of pruning trom this phasc
of dormancy results in the tower yicld and poor quality
fruits. Similarly maximum TSS and ascorbic acid and
minimum acidity werc recorded in the truit of thosc trees
that were pruncd on 30" May. (Singh and Bal. 2008).
Delayed pruning is suitable for bud burst manipulation.
but it may have a ncgative ctlicct on grape maturation and
quality due to the shorter period lor ripening (Ratsep ¢
ald., 201.4). The present study gets ample support from the
work of Harit Kumar é1 «l., (2014) in ber and Singh er al.,
(2012) in peach. It is a well established fact that pruning
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at the right tiine and to the adequate extent improves the
size. colour and gquality ol fruits by making more sun
shinc fall on the leaves, fruits and on a larger portion of
the plant (Singh 2005). Higher and early yield of quality
ber fruit with higher total soluble solids. lower acidity and
morc intensc colourcd fruit trom carly pruning might be
due to increased nutrient uptake. it also encourages mote
flow of nutrients and water by the tree and consequently
morc synthesis of carbohydrates and other mctabolites
and their translocation to the frutt. Secondly the fruit load
is also reduced with medium severity ptuning at early
stage. These tindings arc in agrecement with those of
Dhaliwal and Rajwant (2003) in guava, Gill and Ball
(20006) in ber.

Occurrence of fruit fly infestation

Occurrence of (ruit 11y was detected in the month
of Scptember and first week of October the investigation
period. The minimum intestation of fruit 11y (3.93%) was
observed in Ty, wealment (Pruning on 15" June + S50%
rcmoval of previous scason growth), whercas maximum
infestation of fruit fly (11.43%) was reported in T,
treatinent (control). Late and heave pruning delay in fruit
setting  and provide more open area which was
signilicantly reduces fruit fly infestation as well as
population at initial stage of Iruit scting that is most
prone stage ol infestation. However. June month pruning
with 50 per cent was tound to be saler in eespect (0 Ituit
fly infestation because ai that time the fruit (Jy population
and activity was very low due to low temperature and
lower density of foliage. QOccurrence of fruit fly
infestation influenced by dilferent pruning time and
intensity was also reported by Singh and Bal (2008) in
ber. Similarly Bhardwaj er af.. (2015) was also observed
that, minimum infestation of fruit tly in der. when tree
was pruncd in thc month ol Junc with high intensity
(50%).

The time and sceverity of the pruning determines
the vegetative growth. trce canopy and advances the bud
sprouting, induccs lowering, fruiting and quality of fruits.
l.ow intensity of pruning improves the fruit yield and
quality. The ber pruning on 15" June with moderate
intensity (30%) gave betier growth rines and development
in concern to increase Ihuiting area and reduce shoot
burming ay compared to other treatment cmnbinations.
However. first flower initiation. maximum per cent truit
sct. fruit rctention, truit harvest, number ot truits per
plonts.  truit  picking duration have been markedly
promoted by the tree pruning on 15" June with 30 per
cent pruning intensity than rest ot the trcatments. The
carly pruning with moderate scverity (15" May pruning
with 30 per cent intensity) favour in advances bud
sprouting and carly harvest and improves [ruit quality
parameters such ax TSS. acidity, ascorbic acid. fruit
colour score, taste scote and overall quality score.
Maximum fruit yicld planl" and ha'' with highcst gross
return. net return and benelit: cost ratio also repoited in
the ber tree pruning on 15™ June with 30 pcr cont pruning
intensity than rest of the treatments combination. This
treatment combination is tnuch suitable tor arid agro-
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climatic condition of wustern Rajasthan but fruit {ly
infestation per cent was fewer in pruning on 15% June
with S0 per cent pruning intensity. From over all
experimental  results, it is concluded that moderate
severily ol pruning (30% pruning on previous season
growth) on 15% June has been adjudged as optimum level

of pruning and time in improving yicld of ber [ruils cv.
Gola. Highest severity of pruning (50%) on 15" May has
been found to increase the vegetative growth but yield has
been found inversely proportional supra-eptimal level of
pruning.

Table . Effect of pruning time and severity on vegetative parameter of her
Treatments | Days  taken | Number ot | Shoot Number  of | Shoot Girth of | Flowers density
tor sprouting | main shoot | burning branches length shoot (cm) (sq. meter’' canopy
% plant’! (cm) ol plant)
T, 3217 10.63 10.47 71.59 12197 | 8.33 1791.15
T, 34.97 30.73 7.37 181.97 129.27 16.63 1662.26
T, 30.57 2893 $.65 197.97 124.07 15.13 3123.12
Ty 27.80 25.03 248 22590 120.80) 14.60 2163.46
T 25.40 21.43 1.23 240.25 117.60 13.26 1875.00
T, 32.50 32.83 9.53 165.50 132.60) 14.90 1925.47
T, 27.50 31.80 6.37 164).20 128.40 12.50 3021.39
| T | 24.70 | 28.90 | 4.07 195.20 - 137.30 12,10 2407.05
To 21.640) 26.40 2.07 205.70 147.70 11.60 2346.238
S.Em. ¢+ 1.646 1.53 0.222 4.342 2.947 0.289 13.78
CD at 5% 4.871 4.556 0).658 12.850 8.724 ().858 40.800
Table 2. Effe ctof pruning time and severity on vield and yield attributes of ber
Treatments First flower | Fruit set | Fruit Fruit No of fruits | Picking of fiuits Duration
initiation (%) rctention harvest 9. meter’ |— of
(DAP) (%) (%) canopy  of | Finst Last harvesting
plant (DAP) (DAF) (days)
T, 121.46 15.17 7.46 1.13 20.24 235.33 267.00 | 31.67
T, 137.13 18.27 11.60 2.12 35.24 225.33 260.00 | 34.67
T, 130.83 22.07 17.43 3.85 120.24 215.33 252.00 | 36.67
T, 120.30 26.80 23.30 6.24 135.00 205.17 243.00 | 37.83
T 115.40 29.40 2995 8.80 165.00 200.17 240.00 | 39.83
Te 132.50 16.40 9.85 1.61 3100 215.17 | 245.00 | 29.%3
T, 126.50 20.59 18.14 3.74 113.00 210.00 243.00 | 33.00
Ty 117.40 25.10 20.37 S.11 123.00 207.00 241.00 34.00
T, 115.70 26.60 23.24 6.18 145.00 202.00 237.00 | 35.00
S.Em. + 2.541 ().845 0.541 0.251 2912 1.302 9913 0.976
CD at 5% 7.520 2.501 1.602 0.744 8618 3.854 29.337 | 2.889Y
DAP- Days alter pruning
Table 3. Effect of pruning time and severity on yield and viek! aunributes and cconomices of her
Treatments Yield  plant’ | Yield ha' | Murket Rate  of [ Gross Return | Net  Return | B C ratio
(kg) Q) fruits (Rs kg") (Rs.ha™®) (Rs.ha™")
T, 25.35 70.46 15.00 105695.60 65695.60) 1.64
T 33.45 9298 13,00 13017443 (8417443 | 180
T; 46.55 129.40 12.00 155279.68 109279.68 2.38
T, 63.39 176.22 10.00 176223 .87 130223.53 2.83
T's 72.09 20041 9.00 1830368.85 134368.51 2.92
Ty 35.19 97.83 14.00 136959.15 Y9S58 .81 1.98
Ty 42.90 119.25 12.00 143095.61 Y7097.95 2.11
Ty 52.70 146.49 10.00 146492.73 11$)492.07 2.18
 Te 60.10 167.07 9.00) 150358.19 104357.53 2.27
S.Em. + 1.736 3.869 0.133 6117.63 6117.63 0.112
CD at 5% S04 11.452 0.398 18105.16 18105.16 0.332
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Table 4. Effect of pruning time and severity on quality attributes and fruit flv intestation of ber

Treatments TSS of fruit | Acidity  of | Ascorhic acid | Colour score | Fruit  taste | Overall Fruit Ny
°Brix fruits (%) (mg 002" | of fruit (10 | score (10 | score of | infestation
' plup) marks) marks) fruits (%)
(T, 11.34 [ 0.21 57.65 7.43 7.90 7.91 1143
T, 15.29 0.14 60.11 R.23 8.20 .46 7.83
T, 15.40 0.13 61.41 8.43 8.60 8.76 9.06
T, 14.39 0.16 S58.14 B.A0) 8.00 8.00 6.05
T, 13.89 0.17 57.30 7.80 7.80 7.80 4.39
Te 14.78 0.17 55.28 8.23 8.(X) 8.§2 6.14
T, 14.90 0.14 60.00 8.30 8.40 8.35 8.50
Tg 14,18 0.t8 54.89 7.53 7.70 7.62 4.53
Ty 13.28 0.19 53.99 7.03 7.30 7.17 393
S.Cm. + 0.428 0.806 1.247 0.088 0.800 0.162 0.346
CD at 5% 1.26Y9 0.018 NS 0.263 0.237 0.480 1026
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Abstract

The present study was conducted in Bikaner, Nagaur and Churu districts of western Rajasthan during 2013 - 15,
Random method of sampling was used to make total sample size ot’ 108 respondents (snap melon growers) tor the study.
Further, the selected respondents were personally contacied and interviewed one by one to assess the determinants which
encourage (compel the farmers to adopt and grow snapenelon crop at large scale on their fields. Simultaneously. the
tactors which restrain adoption and production of snap melon crop at large scale were also collected to analyse and
drawing inferences of the study. There found deteteminats which lead to encourage farmers for adoption and production
of snap melon (Cucumis mele var. momordica) at large scale in hot arid regions of the western Rajasthan. Among such
determinants major were:" low water requirement of the crop. accessibility of drought escaping local varieties. very short
duration crop and easy in cultivation and harvesting. acute shortage of vegetables and substitution tor dwellers. likeness
of the dwellers as a tood stuft and daily dictary item. uscable throwghout the year in the torm of dehycdrated products (dry
slice) and easiness in preparation vegetable and other dishes, high demand in localities/ local markets/mandies, cheapest
source of vegetables for all, long shelf life of the fresh fruits at room temperature, the snapmelon is most suitable crop in
existing clisnatic conditions, it can grow with low soil moisture/very low rainfall, has high drought tolerant & escaping
capacity. it is a imporant component existing cropping system. etc. On the other hand. the major restraints (constraints)
which hindered the adoption and production of snap melon in hot arid regions were at Iarge seale scarcity of waler. very
low and erratic rainfail. vccurrence of drought very frequently. very deep and poor quality of ground water. unfamiliarity
with improved production technologies, lack of viable schemes and support system, poor marketing and markel
intelligence system and poor extension and information system, etc,

Kcey words: Snap melon, adoption of teclmology, Socio-psvchological determinants

Introduction western Rajasthan grow several traditional cucurbitaceous

Hot arid region of the western Rajasthan covers
12 district including Bikaner, Jaisalmer. Barmer, Jodhpur,
Pali, Nagur, Sikar. Jhunjhunu. Churu. Sri Ganganar,
Humunangarh and Jalor. It spreads over 61 % arca of
Rajasthan state and characterized by an annual raintall
between 100 — 500 mm with a coelficient of variation
(CV) varying from 40 — 70 %. low and crratic rainfall
combined with extremes of temperature (430-500
cal/cmzlday). low relative humidity. high sunshine and
abundant solar energy leading to high rate of evapo-
transpiration value ranging tfrom 1600 to 1800 mm in
castern and western part of the region respectively. Other
important characteristics of the hot arid region are hot
winds with high velocity. poor soil condition. poor ground
water with brackish and saline in reaction, poor
vegetation, {requent occurrence of drought and frost.
ditticult to excecute agro-technigques. ditficulty in post
harvest handling and marketing owning to limited and
inetficient transportation and marketing tacilities (Yadav
and Soni, 2008) . LEven in such hard and harsh climatic
condition, the larmers/dwellers ol the hot arid region of

vegetables for their own use and sale the surplus for
carning money and livelihood sccurity. Among such
vegetables, snap melon (Cucumis meto var. momordica)
is most favourite, most suitable and drought hardy
vegetable of study arcas of the hot arid region which
grown at large scale. particularly during the rainy season.
It belongs to family- Cucurbitaceae. genus- cucmis,
species-melo and var, - momordica. Itis locally known as
‘phoot  or photo kakadi,  kakadia. Snapnelon is a
monoecious. an annual climber. its stem are generally
covered with rough hairs and vines grow up to 1.3 m
which spreads on the ground. The flowers of the same are
small. yellow. solitary or rarely in pairs or threes. Initially,
the immature fruits ot the snap melon are green in colour
with hairy surface and have bittemess. As soon as the
fruits reach at maturity, their hairs and bitterness
disappear and become smwooth with relish acidic taste,
There is wide variability among the shape, size,
appearance and colour of the snapmelon fruits. Most of
the fruits of snapmelon are cylindrical, 10-22 cin length
with I8-32 cm central  girth, green-yellow/reddish-
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ycllow/crcamy-ycllow or green with  ycllow/grcens
strips/pots at maturity stage. After maturity. fruits rexch 10
over maturity stage and at this stage the fruits start to
crake automatically which are locally known as phoot.
These phooty are of sweet-sour in taste and eaten directly
as fresh fruit very eagerly by the local peoples ol the
region, [t is one of most liked vegetable of the hot region
of the western Rajasthan where it was consumed by > 90
G dwellers/tarmers of the region as Itesh vegetable, salad
as well as in different value added forms. It has high
nutritional value and work as a mean of tfood seasoning or
relisl/palatability of the dict of the dwellers of the study
arcas. The farmers of the hot and region of western
Rajasthan adopt and produce snapmelon at large scale
during kharif and summer scason and carn a lot of moncy
and other benefits from it. It is one of the major
component crop of their cropping system, patticularly of
th¢ mixed cropping systcm. Howcver, the actual
detriments which leads to grow to praduce snapmelon at
large scale in hot arid ccosystem of western Rajasthan are
not yct crystal-clcar, Keeping these facts in mind, this
study was under 1aken with the tollowing objectives:

I. To assess the determinants (factors) which
encourage the farmers lor adoption and
production of snapmelon at large scale in hot arid
region.

2. To analyze the restraints (constraints). if any
which lcad o restrain the  adoption and
projluction ol snap melon at large scale in hot
arid regions.

Methodology

The present study was conducted in Bikancer,
Nagaur and Churu districts of western Rajasthan during
2013 - 2015. Bikaner district consist ot 08 block/ Tehsils
(viz., Bikaner, Nokha, [.oonkaransar, Khajuwala, Shri
Dungargarh. Kolayat. Chhattargarh. Pugal) and 1498
villages. The Nagaur district consist 12 block/Tehsils

(vic.. Nagour, Kheenvsar, Jayal, Merta City. Degana.
Didwana, Ladnun., Parbatsar. Makrana, Kuchaman
City, Nawa,Mundwa) and 1607 villages. The Churu

district consist ot najor 06 block/Tehsils (viz.. Churu,
Ratangarh, Taranagar. Rajgarh. Sardarshahar.

Swjangarh) and 99 villages. Two blocks from Bikancr
distract (i.c. Bikaner and Sri Dungargarh). two blocks
trom Nagaur distract (i.e. Nagaur and Jayal). and two
Block from Churu dostrict (i.c. Raangarg and
Sardarshahar) were selecied purposively keeping the facts
in mind like majority ol the larmers of these block grow
snapmelon, have good transportation  facilities,
approachability, ete. 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 cach
selected blocks' headquarters, a list ol the total number ol
villages falling under these blocks were prepared
separaicly hefore during the swudy. On the basis of
population size. all villages fall under these bloeks were
catcgoriscd in three groups i.e. small, medium and big
villages. Further, three villages (1 small. 1 medium and |

big village) selected randomly trom cach block under
study (6). Thus, a total of 18 villages were selected for the
study. All snapmelon growing farmers of these sclected
villages were listed one by one during the study and
divided in three groups i.e. small. medium and big tarmers
(snapmelon growers). Amongst the so selected of 18
villages, two small farmers, two medium small farmers
and two big farmers were selected randomly. In this way.
6 respondents (snapmelon growers) were chosen from
cach category of so sclected villages by using random
method ot sampling to make total sample size of 10R
respondents (snap melon growers) for the study. Further,
the selected respondents were personally contacted and
interviewed one by one to assess the determinants which
cncourage (compel the farmers to adopt and grow
snapmeton  crop  at  large  scale  on  their  ficlds.
Simultancously. the factors which restrain adoption and
production of snapmclon crop at large scale were also
collected. To find out the rank order of different
determinant of” growing snapmcion. were assigned with
specilic scorc as per responsc of the individual respondent
(farmer) as was interviewed. The [wrst determinant was
assigned with highest score and last one assigned with
lowest score under different groups of the factors. To
measure the factors which resirain the adoption and
production ol snapmelon at large scale. a [ive-point
continuum viz:, strongly disagree, disagree, undecided,
agree. strongly agree. was developed and used. The score
1,2.34, and 5 was allotted in response of  strongly
disagree, disagree, undecided, agree, strongly agree,
respectively. The all respunses of the farmers during the
survey  were  recorded on  semi-structured  interview
schedulie. The statistical tools like frequencies, scoring,
ranking, percentage, etc. were used for analysis and
drawing infcrences of the study.

Results and Discussion

During the study. several determinants /lactors
were observed which encoursge the farmers of the hot
arid regions of the western Rajasthan to adopt and
produce the snap melon at large scale regularly. These
were grouped as cconomic, production and technological,
socio-religious determinants and the determinanis related
to storage and marketing. agro-ecological aspects. ctc.
The major determinants responsible for large adoption and
production of snapmulon in hot arid region as reported by
respondents (farmers) of the study were as follows.

1. Economical determinants.

During the study. the respondents  (farmers)
reported scveral cconomic dcterminants which Icad to
adoption and production of snapmelon at large scale in
hot arid regions western Rajasthan. The results of the
study rcvealed that “life sustaining carning from fresh
fruits of snapmeclon, substantial income from  dried
(khelre) slice ot snapmelon. plenty of land resource and
family labour/manpowcr and low cost of cultivation with
casy picking (harvesting)  were major  cconomical



determinants which encourage the farmers 10 grow
snapmelon for large on their ficlds in hot arid climatic
conditions which were ranked as 1% 2™ | 3% and 4" by

Table |, Economical determinants

the respondents with scores 584. S04, 456 and 444,
respectively as shown in Table (.

*PMS = Possible Maximum Scorcs.

‘The other economical determinants tound and leads to
large production of snapmelon in hot arid environment ol
western Rajasthan were “low or no loss due to the attack
of insccts and discases and substantial income from
selling of seeds, ctc. These results are similar to the
finding oI’ Meena. er.af. 2016.

2. Production and technological determinants

‘The other determinants which were found encouraging to
< cultivate the snapmelon at large scale in hot arid regions
were " low water requirement ol the crop, accessibility ol

Table 2. Production and technological detcimminants

S.N | Inspirational factors Score (PMS* = 648 ) Rank
\

l Lite sustaining caming (rom (resh fruits of snapmelon 584 !

2 Substantial income from dricd (khelre) slice of snapmelon 504 2

3 Low cost of cultivation with easy picking (harvesting) 444 4

4 Low or no loss due to the attack of insects and discases 332 5

S Substantial income from selling ol seeds 288 6

6 Plenty of land resource and family labour / manpower 456 3

drought escaping local varieties. very short duration crop
and casy in cultivation and harvesting”  which were
ranked as 1%, 2™ | 3" and 4™ by the respondents with
scores 696, 544, 506 and 468. respectively as shown in
Table 2.

The other economical determinants found and
leads to large production of snapmelon in hot arid

environment  of western Rajasthan were “high
productivity of the <rop. minimal land preparation

requirement, high seed germination capacity. eic. Similar
kin of findings were reported by Mcena. er.al, 2009.

S. No. Dcterminants Score (PMS?* = 7506) Rank
l High productivity of the crop 447 5

2 Easy in cultivation & harvesting 468 4

3 Minimal lund preparation requircment 412 6

4 Minimal recauirement ol intercultural operation 234 8

6 Accessibility of drought cscaping local varicties 544 2

7 Very short duration crap 506 3

7 Low watcr recauirement 696

& High seed germination capacity 314

*PMS = Possible Maxintum Scores.

3. Socio-psychological dceterminants

There were found several socio-psychological
determinants during the study which inspired the farmers
{respondents) to grow the snapmelon crop at large scale
on their fields in different secasons.  Among such
determinants major were “acute shortage of vegetables
and substitution tor dwellers, likeness ol the dwellers as a
food stuff and daily dietary item. useable throughout the
ycar in the torm of dehydrated products (dry slice) and
Easiness in preparation vegetable and other dishes which
were ranked as 1™ 2™, 3%, and 4® by the respondents
with scores 666, 5395, 513 and 484, respectively as shown
in Table 3. Maini (1997) also reported that the socio-
economic reasons of growing common vegetables were to
make value added products. They cited that pcople in
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dessert areas of Rajasthan grow vegetables (beans) and
fruits like cluster bean, kacliri. ker. khejri, lasodu elc. (o
makc their value added products and as the main source ol
vegetables  during  chronic  shortage  of  common
vegetables. Thus, they were inspired to grow these
vegetables to mect out their vegetable needs in adverse
climatic conditions.

The other socio-psychological  determinants
which compelled the farmers to grow snapmelon on their
fields at large scale in harsh climatic conditions of western
Rajasthan as revealed during the study were “consumers
were tond of its special test and tlavour, has high
digestive and health value. higher production viewed as
high social status. cte. The similar type of the lindings
also reported by Singh, ct.al. 2004,



Table 3. Socio-psvehological detenmnants

S.No. Inspirational tuctors Scorc (PMS* = 756) Rank
[ The likeness of the dwellers as a food stutt and daily dietary | 595 2
iem
Acute shortage ol vegetables and substitution tor dwecllers 666 |
2 Consumers werc fond of its special test and flavour 422 h}
3 _Easiness in preparation vegetable and other dishes | 484 4 I
4 “Has high digestive and health value | 332 6
3 Higher production is viewed as high social status 246 7
6 Uscable throughout the year in the form of dehydrated | S13 3
products (dry slice)

*PMS = Possible Maximum Scorcs.

4. Determinants related to storage and markceting
aspects.

The group of determinants was related to storage
and markcting aspcects as revealed in table 4, The Table 4
revealed that  * high demand in localities/ local
markets/mandies ( ranked 1™ with scorc 558, the cheapest
source of vegetables for all (ranked 2*! with scores 532).
long shelf life of the ftresh fruits at room temperature
(ranked 3™ with scores 478) and casy in packing, loading-
transportation-unloading (ranked 4™ with scorcs 333)
werc major determinants among this group which lead to
higher production of snapmelon at large scale in hot arid
climatic conditions of the western Rajasthan.

Morcover, the demand of  dehydrated  slice
(locally called Afietre) was observed high and they have
very long storage life at room temperature which also
considered  as  determiniats  {or  large  adoption  and
production ol snapmelon in hot arid climatic conditions
ol western Rajasthan, The (indings arc in conlormity of
the study of Zclleke er.af (1991) who revealed in their
stucdy that horticultural crop production can be promoted/
increased by  developing  effective  storage and
transportation facilitics, processing. marketing  system,
elc.

Table 4. Determinants related 10 storage and marketing aspects.

S.No. Detcrminants Scorc  (PMS* = 64%) Rank
{ High demand in localities/ local mackets/inrandies 588 1
2 Easy in packing. loading-transportation-unloading 333 4
3 Cheapest source of vegetables for ali 1532 2
4 Long shelf life ol the fresh fruits at room temperatuse 478 3
5 High demind ol dehydrated slice (khelre) ol snapmwlon 292 5
6 Very long storage life of dcehydrated slice  (khelre) of | 277 6
snapmelon at room temperature

#*PMS = Possible Maximum Scores .

S. Agro - ecological determinants
Duting the study. the respondents farmers
disclosed several agro- ccological determinants wich play
very impuortant role in high adoption and growing ol
snapiiclon at large scale in hot arid regions of the western
Rajasthan. Among them major detenminant factors  as
obscrved during the study were ** the snapmelon is most

Table 5. Agro - ccological determinants

suitable crop in cxisting climatic conditions. it can grow
with low soil moisture/very low rainfali, has high drought
tolerant & cescaping capacity, it is a important component
existing cropping system which were ranked asi®, 2"
3", and 4" by the respondents with scotes 705, 686, 667
and 502, respectively as shown in Table S,

S.No. Inspirational factors Scorc (PMS?® = 756 Rank
1 Most suitable crop in extsting climatic conditions 708 1

2 Has higi drought tolerant & escaping capacity 667 3

3 Helos in soil and nmuisture conservation 433 S

4 Important component of existing cropping svstem 502 4

S Can grow with low soil moisture/very low rinfall 686 2

6 Creates suitable micro-climate in crop tields KXB) 7

7 _Add organic mater and increase soil teniliny 208 |6

4

PMS = Possible Maximum scores.

The other agro-ccological determinants recorded
during the study were “snapmelon crop helps in soil and

moisturc conscrvation and it cerate suitable micro-climate
in crop ficlds Add  organic matter and increase soil



tertility as were viewed by the respondents. ‘The
restraints in adoptiun and production of snapmelon at
large scale in hot arid regions.

It is a well-known fact that the snapmelon is a
tremendous crop grown in hot arid region of western
Rajasthan at large scale and famers cam their livelihood
by this crop. The crop is highly suitable in harsh and hard
climatic condition of thc rcgion and the tarmers of the
region grow it casily with low investment. Howevey, the
farmers face some restraints (constraints) in successtul
quality production of snapmelon at large and commercial

(constraints) which hinder the  high adoption and
production of snapmelon  at large scale on their ficlds.
The major such restraints as reported by the respondents
during the study were: Scarcity of water, very low and
erratic raintall, occurrence of drought very Irequently.
very deep and poor quality of ground water, unfamiliarity
with improved production technologies. lack of viable
schecmes and suppert system, poor marketing and market
intelligence system and poor extension and information
system which were ranked as 17, 2", 3", 4% 5" 6", 7
and 8" by the respondents with scores 988, 967. 912,

scale in the cegion. Durving the present study, the 888, 756, 746. 634 and 600, vespectively as ieveals Table
respondent  farmers  reported  various  restraints 6.
Tahle 6: Major restraints in adoption and production of snapmelon at laygc scale
S.No. Restraining faciors Score (PMS*= 1296) Rank
1 Scarcity of water 98Y 1
2 Ovcurrence of drought very fl\:\!Uan'y 912 3
l 3 Very deep and poor quality of ground water 388 4
1 4 Verv low and earatic raintall 967 2
1S Lack of standardized techniaue of value addition 374 11
6 Comparilive nel income is fow ARX 10
7 Unftamilianity with improved preduction technoloyies 750 5
8 Paor eatension and information system G(X) | 8
9 Lack of viablc schemes and support system 746 6
110 Poor transpoertation and linkage svstem 523 9
ny Inadequate supnly of eleatricity 311 12
| 12 Poor marketing and market intelligence svsiem 634 7

*PMS= Possible maximum score.

The other restraints, obscrved during the study
were. poor transporiation and linkage system. comparative
net income is low, lack of standardized technique of value
addition, inadequate supply of clectricity, ete which were
considered responsible tor low adoption and production of
snapmelon in hot arid climatic conditions of the western
Rajasthan. These tindings arc in contormity of the
findings of Magray ct. al., 2014.

The present study revealed that there were
several economical. production and technological, socio-
psychological. storage and marketing and agro-ecological
determinants factors which encourages the farmers for
adoption and production of snapmelon at large scale in
hot arid agro-ccosystem of Western Rajasthan. During the
study it was also found that thc farmers fuce somc
restraints in successtul quality production of snapmelon at
large and commercial scale in the tegion. During the
present study, the respondent farmers reported various
restraints which hinder the high adoption and production
of snapmeion at large scale. These restraint factors should
be Kept in mind while preparing ant research and
developmental programme for large scale production ot
snapmelon in hot arid climatic conditions of the country.
Theretore, suitable strategies and action plan should be
prepared to combat the harmiul restraints so that farmers
can able to producc snapmelon at large scale.
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Abhstract

Biology and morphomatrics studies of lemon buttertly, Papilio demoleus .. were carricd out on bacl. Adult
temale laid eggs singly on the under surtace of tender leaves and also on tender twigs. The pooled mean duration of the
different stages of lemon buttertly 1iz.. the incubation period ot 2.80 days, larval period 019.23 days, pre-pupal period of
0.99 days. pupal period of 8.11 dayx, female adult longevity period of 6.95 days and malce longevity period of 3.85 days
respectively. The average length, width and wing expanse of male buttertly were found to be 27.961 mm, 5.997 nun and
88.518 nun while female butterfly wias found to be 29.015 mm, 6.327 mm and 91.072 nun, respectively. The
morphometric variations of difterent lifi stages of the citrus buttertly have been recorded.

Key words: Papilio demoleus, Aegle marmelos, biology. morphomatrics.

Introductien

Buael (Aegle neannelos Correa) belongs to family
Rutaceae is an important indigenous fruit crop to dry
forest in hills. plains of central and southem parts as well
as arid and scmi arid regions of India. Tt also called as
Bengal quinee or Indian quince. Fruits are lamous for its
miedicinal values as well as edible fruit quality. The
different parts ol bael are used for various therapeutic
purposes, such as for treatment of asthma. auaemia,
tractures. healing of wounds, swollen joints and diarthoea.
The unripe dricd fruit of bacl is astringent. digestive.
stomachic and dysentery. Sweet drink prepared from the
pulp of fruits producc a soothing cffect on the patients
who have just recovered trom bacillary dysentery. The
bael is gaining popularity among the farnters of arid and
semi arid arcas for cconomic cultivation. Howcever, the
quality ol fruits and productivity is not obtaincd up to the
standard (Samadia and Haldhar, 2017).

One of the reasons tor it is infestation of insect-
pests on the vegetative as well as developing fruits which
ultimately leads to significant yield loss and quality
attributes ol the fruits. About 30 species of insect and
mites have been reported feeding on bwel in India (Lakra.
2004). Various types of insect-pests arc tfound to he
infesting bael in which /. demoleus is major one which
defoliate the plant. Pathak and Rizvi (2002) reported that
the P. demolens is a serious citrus pest in India. Among
various insects of bael lemon butterfly commonly known
as the lime or citrus swallowtail, has a successful dispersal
and becoming a major pest of citrus plants throughout
Asia. The infestation of . demaleus appeared from
August to lcbruary. The highest cgg, larval population
and plant infestation were observed 1275, 6.15/ 10
brinches and 65.0 %, respectively. The relationship
between lemon butterfly c¢gg. larval population and
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maximum temperature was negatively correlated whereas
the maximum relative humidity was positively in arid
region (Haldhar e al.. 2010). P. denoleus feeds on the
foliage of citrus trees and is regarded as a major citrus
pest especially in nurseries the larval forms cause serious
damage to citrus family by devouring large quantity of
toliage during the later stages ot their developmient. The
biology and developmental period is niinly dependant on
the climate, lecation and plant species on it feeding. The
defoliation was observed 83 per cent in sweel oranges
grown in the Southern zone of Andhra  Pradesh
(Narayanamma er al.. 2001). Scvere infestation results in
defoliation of the tree and lcads to retarding of plant
growth and dccereases fruit yield. Keeping in view its
cconomic importance, the study has been carried out for
biology and morphomatics of lcmon buttcrfly, #.
demoleus on bacl to develop a tool for cco-Iriendly
management.

Materials and methods

The larval populitions of lemon butterfly were
collccted on bael plants from entomological experimental
ficld of ICAR-Central Institute for Arid Horticulture,
Bikaner (N 28° 06" E 73° 217) situated in western parts of
Rajasthan and brought to entomology laboratory to study
the biology and morphomatric of lemon buttertly. The
biology of lemon butterily on bacl was studicd during
September to November of 2015-16 and 2016-17 in the
entomology laboratory by collecting fifth instar larvae
regularly from the bael plants from entomological
experimental field. The larvac were rcared in glass jars by
providing fresh bacl Icaves daily. The male and temale
adults obtained were released in cages for egg laying. The
adult moths were provided with 10 per cent honey
solution in cotton swabs that were lett suspended in the
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cages throughout the period of cgg laying in which tender
bacl twigs wen: phiced in conical {lasks conlzining wuter.
The twigs were changed after one day. The cggs were
transterred 1o petridishes containing tresh tender teaves in
petridishes at room temperature (2822°C). A moistened
filter puper was Kept in cach petriplate o prevent the
drying of leaves. The caterpillars were maintained in
petridishes  upto  third  instar.  Later on  they were
transterred and reared in scparate glass troughs and
allowed to complete tirst generation.

Ten samples (cgg. larval stages, pupa and adult)
were uscd for observation and mecasurements. ‘The larvac
were reared under laboratory condition for measurement
of difterent stages. The average lincar measurements of
various body' parts of male and female butterfly were
obtained under a sterco binoculars microscope (Radical
Instruments, Ambala, Haryana, India) using Jenopiic Pro
2.8.0 sottware. The terminclogy used to denote different
parts of the body of the bunterfly (Haldhar, 2012: Haldhar
and Singh. 2014: Haldhar ¢ «l.. 2015, Haldhar er «l..
2016). Transtormations were used as necessary to achiceve
normality in the data betore analysis. The data on biology
and morphomatrics of lemon buttertly were analyzed
through one-way ANOVA using SPSS software. The
standard t':srror of thc mcan was calculated by this

formula \/7_1 where, ‘s’ is the sample standard deviation
and 'n’ is the size (numbcer of obscrvations) of the sample.

Results and discussion

The ficld experiments were conducted  during
2015-16 and 2016-17 with bael (Argle wmarmelas) 10
determine the biology and morphomatrics studies of
lemon butterlly, Papitio demnlens 1.. On thc basis of
poolud data of 2015-16 and 2016-17. adult female laid
cggs singly on the under surface of tender Icaves and also
on tender twigs by curling its abdomen. The freshly laid
cggs mecasured 0.91 mm to 1.04 mm with an avcrage of
0.98 mm and smooth, spherical creamy yellow in colour
and they turned to grayish with brown streaks all over the
chorivn before hatching. Incubation period ranged from
2.38 to 3.25 days. There were only five larval instars
which the average duration of first to fifth instars were
2.21. 1.03, 1.55, 1.93 and 2.51 Jays respectively. Newly
hatched caterpillars were less spiny, cylindrical in shape,
light brown 10 brownish black in colour with thorax
thicker than rest of the body having dirty white mark on
dorsal side showing resemblance to birds excreta (Table 1,
2, 3 & 4). Rcsham er al. (1986), Singh and Gangwar
(1989). Radke and Kandalkar (1989) and Ramakrishna
Rao (2015) reparted that the incubation periods varying
from 3-7 days. 4-7 days. Sdays and 2.90 days.
respectively, The difterence in the incubation period was
due to variations in the weather lactors of ditferent
reeions.

“The first instar larva recorded an average length
and width ol 5.56 mm and 1.55 mm respectively. The
average duration of first instar larva was 2.21 days with
range of 1. 63 to 3.13 days. The second instar larvae were
lesy spiny and durk brown in colour with a dirty white line
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present obliquely along lateral sides of the abdomen and
with a break on the dorsal side. The average size of the
sccond instar larvac in length and width was found to be
9.05 mm and 2.71 mm. respectively. The average second
instar larval periad was found to be 1.03 days with a range
of 0.75 1w 1.38 days. Third instar lanvae were resembled
the second instar larvae except in size. Third instar larvae
was recorded an average length and widih of 13.25 min
and 3.659 mm. respectively. The average third instar
larval period was 1.85 days with rage of 1.25 to 1.88 days.
The fourth instar larvac were black in colour with a litedle
greenish tinge and whitish bands could be secen on meso
and meta thoracic segments laterally., anterior part ol
abdomen and on last anal scgments. The average fourth
instar larval period was tound to be 26.56 mm in length
and 5.74 mm in width. The average tourth instar larval
period was found to be 1.93 days with a range of 1.63 to
2.25 days. Fifth instar larva were ycllowish green or green
in colour. The average length and width of the fifth instar
larva was tound to be 42.86 mm and S5.74 mm
respectively. The average duration of tifth instar larva was
2.51 days (Table 1. 2. 3 & 4). The results of the present
investigation arce also comparable with Madansuri er al.
(1979) who recorded the mean head capsule width of first.
sccond, third, fourth and fifth instars of P. demolens as
0.61. 0.95. 1.49, 2.33 and 3.64 inm respectively. Sharil et
al. (1989) rccordced the durations for cgg, larva and pupal
stages as 3.24. 18.24 and 11.7 days respectively and the
butterfly had tour generations ina ycar with a life cycle of
33.19 days ind similarly  Jahnavi ¢f af. (2018) reconded
duration of total larval period varied from 17.16 to 17.66
days with an average of 17.53 days on acid lime.

Before changing to pre-pupa the caterpillar
shrunk in side and it hangs from the 1wig with the help of
a silken girdle. The pre-pupal period was observed to be
0.75 to 1.25 days with an average of 0.99 days. Pupac
were naked and varicd in colour from green. straw (o
brown majority being green in colour with several black
markings on the bady. The average length and width of
the pupal period was found to be 30.48 mm and 8.88 mm,
respectively. The duration of the pupal period was
obscrved to be 7.38 days and 8.50 days with an average of
8.11 days. Adult butterflies were large and beautiful with
wide wing spread, Head. thorax and legs were black with
creamy yellow streaks on either side, whole abdomen.
The average length, width and wing expanse of male
butterily were found to be 27.96 mm, 6.00 mm and 88.52
mm while female buttertly was tound t be 29.02 mm.
6.33 mm and 91.07 mm, respectively. The female adults
were lived longer than the male adult. The longevity of
malc and female was 3.38 0 4.25 and 6.38 to 7.38 days
with an average of 3.85 and 6.95 days when provided with
dilute honey as a food (Table 1, 2, 3, 4 & Platc 1), The
variation in adult longevity was in agreement with the
finclings of Ramakrishna Rao (2015) and Jahnavi ¢r al.
(2018). Singh and Gangwar (1989) reported the longevity
female and male was 5.80 and 5.10 days. Smith ¢« «l.
(2008)  studied  the taxonomy and mworphological
characters of 5 species ol P. demaolens. P. demodocus. P.
erithonioides, P. grosesmithi, and P. morondavana based



on tcaturcs of the wings, malc and temale genitalia. The
results revealed that the tail on hind wing vein M3 s
rudimentary or very short, less than twice as long as those
of neighbouring veins in P, demaleus.
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Papitio demolens in 2015-16

S. Life stages Duration in days

No. Minimum Maximum Muan S SEm
1 | Incubation veriod | 2.250 3.250 2.75¢0) 10.312 0.09Y
2 1" inwtar larva 1.500 3.000 2.150 0.444 0.141
3 2" inxtar larva 0.750 1.250 0.975 0.219 0.069
4 3 instar farva 1.250 1.750 1.500 .204 0.065
S 4™ instar larva 1.750 2.250 1.900 0.175 0.055
6 5™ instar larva 2.250 2.750 2.475 0.219 0.06Y
7 Pre.nupal period 0.750 1.250 0.95) .197 0.062
B Pupal period | 7.500 8.500 8.050 0.329 0.104
9 Male adult longevity 3.250 4.250 3.800 0.307 0.097
10 Female adult longevity 6.250 7.250 6.9(X) 0.337 0.107

Mean of ten samples
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Table 2 Biology of diffcrent life stages of the lemon butter fly, Pupitiv demolews in 2015-16
S. Life stages Duration in days

.”N“' “Minimum Maximum “Mcan | SD | SEm
| Incubation periud 2.50 3.50 2.85 0.34 0.11
2 I’ instar larva 1.75 3.25 2.28 046 0.15
R 2™ instar larva 0.75 1.50 1.08 0.29 0.09

4 I instar larva L I25 2.00 160 10.27 10.09
5 4% instar larva 1.50 2.50 1.95 .28 0.09
6 S™ instar larva 225 3.00 2.55 0.238 0.09
7 Pre-pupal period 0.75 1.50 1.03 0.25 0.08
b PPupal penod 7.25 8.25 8.18 0.41 0.13
9 Malc adult longcvity 3.50 4.50 3.90 0.32 0.10
10 Female adult tongevity 6.50 7.50 7.00 0.33 0.11

Mean ot 1cn samples

Table 3 Pouled data ol biology of dilterent lite stages ol the lemon butter tly. Pupilio demaolens in 2015-16 and 2016-17
S. Life stages Duration in days
No. Minimum Maximum Mean SD SEm
] Incubation period 2.38 3.25 2.30 0.31 0.10
| 2 | 1" instar larva 1.63 3.13 2.2] 0.45 0.14
3 2™ instar larva 1 0.75 1.38 |03 0.25 0.08
4 2 instar larva 1.25 1.88 1.55 0.23 0.07
5 4™ instar larva 1.63 2.25 1.93 0.21 0.07
6 | S™instar larva 235 275 1251 0.23 0.07
7 Pre-pupal period 0.75 1.25 0.99 0.21 0.07
3 Pupal perind 7.38 8.50 8.11 0.35 0.11
9 Malc adult longevity 3.38 4.25 185 0.20 0.10
10 Female adult longevity 6.38 7.38 6.95 (.33 0.10

Mean ot ten samples

Table 4 Lincar morphometric measurenients of different life stages of the lemon butter fly, Papilio demoleus

S. Life stages Measurement in ‘mm’

No. Minimum Maximum Mcan SD SEm
Egg diameter 091 1.04 0.98 0.04 0.013
Length of [Minstar larva 4.78 691 5.56 0.63 0.199
Width of 1™ instar larva 1.47 1.65 1.55 0.07 0.021
Length of 2™ instar larva 8.45 9.78 9.05 0.51 0.16l
Width of 2™ instar larva 2.44 2.01 271 0.20 0.063
Length of 3" instar larva 12.05 14.89 12.25 0.84 0.266
Width of 3™ instar larva 312 4.01 3.65 0.27 0.085
Length of 4" instar larva 24.59 27.89 26.56 1.06 0.334
Width of 4" instar larva 545 6.02 5.74 0.15 0.049
Lengthol $" instar larva 40.15 45.78 42.%6 1.95 0.616
Width of 5™ instar larva 6.52 7.14 6.78 0.22 0.06%
Length of pupa 29.58 31.25 30.47 0.55 0.175
Width of pupa 8.45 9.25 8.88 0.21 0.066
Length of adult male 25.36 29.68 27.96 1.24 0.392
Width of adult male 5.88 6.12 5.10 0.09 0.028
Width of adult male with wing | 86.99 90.25 88.52 1.17 0.369
cxpansc
Length of adult femate 27.28 30.89 29.02 1.08 0.342
Widih of aduli female 6.01 6.55 6.33 0.19 0.060
Width of adult temale witli | 88.97 93.58 91.07 1.62 0.511
wing cxpansc

Mean ol ten samples




Plate 1 Ditferent life stages of the lemon butter fly, Papifio demeoleus on bael
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Abstract

Chilli (Capsicum annunt L.) is one of the most important vegetable crops of the country and used as a spice. The
development of the agriculture primarily depends on the application of the science and technofogy by making the bust
use of available resources. One of the major constraints of traditional chilli farming is low productivity due to non-
adoption of recommended improved production technologies. To overcome these constraints, KVK-Panchimahals was
conducted Front Linc Demonstrations at various farmers ficlds to show the difference between improved production
technology and existing technology. During the study period. it was observed that in front line demonstrations, the
improved Chilli variety Gujarat Vegetable Chilli- 121 recorded the higher average yield (95.60 ¢/ ha) as compared to
local check cv. G-4 (70.30 ¢/ ha). The per cent (35.98) increase in the yicld over local check was recorded. The
technology gap (25.30 g/ha) and the technology index values (26.26%%) were recorded. It is concluded that wide gap
existed in potential and demonsitation yield in high yielding chilli varicties due 10 technology and extension gap in
Panchmabhals district of Gujarat. By conducting front line demonstrations of proven technologics. yicld potential of chilli

can be increased to a great extent. It is not only increasing the income but also livelihood of the farming community.

Kcy words: FLD (front line demonstrations), local check (G-4), chitli, technology, yield

Introduction

Chilli (Capsicum annwum L.) also known as hot
pepper was introduced in India tfrom Brazil in 16 century
by Portuguese and it is onc of the most important
vegetable crop of the country and used in culinary adding
flavor. colour, vitamins and pungency (Thamburaj and
Singh, 2001). It is widely used in preparation of cury
powdecr. curry paste and all Kinds of pickles and preparing
sauces. soups. salad etc. The total arca. production and
productivity of chilli in India is 8.45 lakh ha. 21.26 MT
and 2.51 MT/ha. respectively. In Gujarat. arca, production
and productivity of chilli is 43.40 (000 ha). 64.53 M'T and
1.57 MT, respectively (Anonymous, 2016).

In Panchmahals district of Gujarat Chilli is one
of the most important vegetable crops. The area and
production of chilli of the district are 2211 ha and 2260.65
M.T (Anonymous. 2016).

‘The Gujarat Vegetable Chilli <121 is one of the
most important varicty of the area. A fickl rial was
carricd out at ten farmer’s ficld at Panchmahals district of
Gujarat under tront line demonstration during 2009-2010.
it can be grown throughout the year with ensure irrigation
facility. havever. the large numbers of {armers grow chilli
during season. The climatic conditions of the

Panclunahals district of Gujarat is characterized as hot
semi-arid ccosystem.

The  main  objective  of  Front  Line
Demonstrations  (FLLD)  are  popularizing  the  good
Agriculture  practices (GAP) like as  high yiclding
varieties. seed treatment. spacing. integrated nutrient
management  (INM), integrated pest and  disease
management ctc among the farmers, It is also involve in
orgamzimg extension programmes (ficld day) for
horizontal dissecminating the technologics. FLLD is playing
a very important role in proper transfer of technologics
and changing scientific temperament ot the farmers.

Generally, the agricultural technology is not
accepted by the farmers completely in all respects. As
such there always appears to be a gap between the
recommended technology Ly the scientist and its modificd
forin at the tarmer's level. The technological gap is thus
the major problem in the efforts of increasing agricultural
pradnciion in the country. A neced of the day is to rednce
the technological gap between the agricultural technology
rccommended by the scientist or rescarcher and its
acceptance by the farmers on their ficld. In view of the
above factors. frontline demonstrations were undertaken
in a systematic manner on farmers’ field to show the
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worth of a new technology and convince the farmers 10
adopt the same.

Materials and Methods

The present study was conducted in Panchmahals
district of Gujarat during 2009-10. The genuine or
truthfully labeled sceds of chilli cv, Gujarat Vegetable
Chilli -121 (GVC 121) was procured from Anand
Agricultural University, Anand (Gujarat). The healthy
seedlings were raised under keen supervision of KVK
experts at farm and distributed to ten selected farmers of
various villages viz. Ghoda., Manipur. Bhalania, Richhiya
and Sureli under FLD programme. All the participating
fariners were trained on various aspects ol chilli
production technologies. The field was prepared by one
deep ploughing during May and two harrowing before
transplanting. A one tifth arca was also devoted to grow
local check (cv. G-4). All the reccommended practices i.e.
seed treatment. spacing, recommended dose of manure
and fertilizers, wced managecmcent,  inscct  pest
management have been adopted by the farmers in both
trcatments G-4 as local check and Gujarat Vegetable
Chilli -121). The data rclated to cost of cultivation,
production, productivity, gross return and net rcturn were
collected in both treatments time to time trom all
participating farmers. An average of cost of cultivation
yicld. net returns of different tarmers was analyzed by the
formula.

(FL+F2......
N

...Fm)

Average =

'l = Farmer
N=No. of farmers (10)

In the present study, technology index was
opcrationally detined as the technical feasibility obiained
due to implementation of Front Line Demonstrations in
Chilli. To estimate the technology gap. extension gap and
technology index following formula used by Samwi er al.
(2000) huve been usesd:

Technology gap = Pi (Potential yield) - Di (Demonstration
yicld)
Extension gap = Di {(Demonstration Yield) - Fi (Farmers
yicld)

Potentlal vield — Demonstration vieid
Potential vield

Technology incex =

Result and Discussion

Performance ot FLLD

A compression  of productivity levels between
demonstrated variety and local check (G-4) is shown in
table-1. During the period of study. it was recorded that in
tront line demonstrations. the improved chilli ¢v, GVC
121 recorded the higher average yield (95.60 g/ ha) as
compared to local check (70.30 ¢/ ha). The per cent
increase in the yicld over G4 was 35.98. It is clear fromn
the study that the performance of improved varicty was
found better than the local check under same management
and environment conditions. Similar yicld enhancement in
diffcrent crops in front line demonstration has been
documented by Kumar e al. (2014) in okra, Hiremuath ¢f
al. (2007) in onion and Mishra er al. (2009) in poiato.
The farnwers were motivated by results of  agro
technologies applied in the FLDs trials and it is expected
that they would adopt these technologies in the coming
years.

Technology gap

The technology gap shows the demonstration
yield over potential yield and it was 25.30 g/ ha. The
Front Line Demonstration was laid down undcr the keen
supervision of KVK Specialist at the farmer’s field. There
cxist a gap between the potential yield and demonstration
yield. This may be due to the soil fertility and weather
conditions. Henee location specitic recomme ndations arc
neeessary to bridge the gap. These findings are in line as
reported by Samwui ¢7 al. (2080) in ground nut and Sharma
and Sharma (2004) in oilseeds.

Technology index

Technology index shows the feasibility of the production
technology at the ltarmer’s field. The lower the value of
technology index more is the feasibility. Result of study
depiction in Table- 1. revealed that the technology index
values were 26.46 The results of the present study are in
consommce with the tindings of Kumar e «f. (2014) in
okra. reported 9.10 g/ha. The similar findings are also
reporied by Singh ¢ al. (2007). Hircmath and Nagaraju
(2009) in onion .

Table 1. Yield. technolozy eap and technoloey index of demonstration

Variables Yield (q/ ha) Increase (%) over | Technology gap- (q/ | Technology index
L.ocal check ((G-4) ha) (%)

[.ocal check (G-4) 70.30 - = =

Demonstration  (GVC- | 95.64) 3598 25.30 26.46

121)

Economics of frontline demonstrations
The cconomics of chilli cultivation undcr tront
line demonstration was caculated and 1he results of the

study have been presented i(n Table- 2. The front line
demonsiration recorded higher gross returns (Rs. 53200 /
ha) and ner return (Rs. 27700 /ha) with higher cost benefit
ratio (2.08) as compared to local check (gross return
42500, net rewurn 18500 and cost benetit ratio 1.77).



These results are in accordance with the findings of
Kumar ¢r «d (2014) in okra, Hiremath ¢r «f. (2007) in
onion and Hircmath and Nagaraju (2009) in onion.
Further. additional cost of Rs.1500 per hectare in
demonstration has increased additional net returns Rs.

Table 2. Eeconomics of froniline demonsirations

10700 per hectare with incremental benefit cost ratio 6.13
suggesting its higher protitability and economic viability
of the demonstration. More and less similar results were
also reported by Hiremath and Nagaraju (2009) in onion.

Variables Cost of cultivation (Rs/ ha) | Gross rectum Net rcturn (Rs | Benetit: cost ratio
tRs/ ha) ha)

Local check 24(%)0 42500 18500 1.77

Demonsiration 25500 S32(N) 27700 2.08

Additional in | 1500 10700 9200 6.13*

demonstration

% Incremental benefit cost ratio

The tindings of the study revealed that wide gap existed in
potential and demonsuation yield in high yielding chilli
varicty duc to technology and extension  gap in
Panchmabhals district of Gujarat. By conducting tront line
demonstrations of proven technologies, yield potential of
chilli can bc increasced to a great extent. This will
substantially increase the income as well as the livelihood
of the farming community,
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Abstract

The present study on distribution of nicronutrient cataions in arid irrigated acid lime orchard soil protiles in
Sikar district ol Rajasthan was conducted during March 2007-2008. The study included analysis ol soil profiles with
respect to micronutrients. The available iron ranged between 3.54 to 6.38 mg kg™'. available zinc between 0.247 to 1.017
mg kg'*. available copper between 0.103 to 0.420 mg kg™ and available mangancse between 1.37 to 5.15 mg kg™ Al the

micronutricnts were found to be low to medium in range.

Key words: Acid Lime. Orchards, Micronutrients

Introduction

India has large arid sone covering an area of
317090 sq. km scattered mainly in the North-West party
of country and Rajasthan alone covers 62.00 per cent of
arca under arid zone. In Rayjasthan, fruit cultivation is
practised over an arca 19795 ha and total production is
238475 tonnes (Anonymous 20105).Thc arca of Sikar

district forms a part of Thar desert which covers an area of

774244 squarc kilomctres situated in the North Eastern
Rajasthan. The district has moderate climate with seasonal
temperature  variation with  scunty rainfall o the
magnitude of 450-500 mm per annum during normal
rainfall years. The high temperature (up to 45°C) along
with high wind velocity, low soil fertility status. low
water retention capacity of soil, high soil pH. salinity,
calcium carbonate concrction in sub soil ctc. are hard
impediment in successful cultivation of many fruit crops
in arid region. Increasing the production of fruits thus has
sufticient scope in arid region of Rajasthan. In Sikar
districl, the arca under truit crops is 0.002 lac ha with
production ot 0.02 lac metric tonnes (Anonymous 2005).
There is a vast potential of increasing area under fruit
cultivation in arid region of Rajasthan provided irrigation
facilities are available. These areas are suitable for
cultivation of fruit crops such as aonla, ber, beal citrus,
pomcgranate cte. Presently Sikar district has ncarly
2,12.096 lac hectares irrigated area through tube
wells/wells. Irrigation facilities has opened great avenues
for cultivation of fruit crops likes ber, aonla, bacl, lime.
pomegranate. datepalm. guava. jamun. karonda. phalsa
clc.  besides  traditionally  grown  fruits such as Ker
(Capparis  decidua). Gonda (Cordia myxa). Pilu
(Salvadora oleiodes), Khejri (Prosopis cineraria) ctc.
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Inspite of all vagaries. the farmers ol Sikar district has
shown tremendous response towards truit cultivation
particularly of ber. bacl. lime and aonla fruits.

In Indian fruit industry. poor nutrition is the major cause
of low orchard efficiency resulting poor productivity and
poor Iruit quality. Sutficient intformation on nutricnt
management in fruit crops has been gencrated. but
response and reguirement of nutrients ol perennial fruil
crops vary markcdly in a particular arca depending on soil
and climatic conditions and also depend on growth,
bearing habit, age, root stock and management practices.
Balanccd nutrition of fruit crops is paramount importance
particularly in arid areas having largely sandy soils of
poor fertility status. For knowing the ¢xact status of
mineral nutrition in the fruit trees. survey of the orchards
for their fertility status is donc. Studics on nutritional
survey of arid fruits in Rajasthan are mcagre inspitc of
their great importance and relevance. With this aim. the
present  study was undertaken to evaluate the
micronutrient tertility status of different orchards in Sikar
district.

Malerials and Methods

A detailed soil survey during the year 2007-2008
was conducted in Sikar district of Rajasthan. Orchards
were selected in such a way that these can represent
general conditions of arca under study. Eight orchards
were selected covering different tehsils viz. Danta
Ramgarh. Piparali, Laxmangarh and Srimadhopur.The
dctails of locations and namc of the fruit growers are
given in table below.
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S.No. | Name of fiuit | Village location
grower
1. Shri Prahalad Raghunathgirh Raghunathgarh
2. Shn Panna | Pachar Pachar-1V
Ramn
5 Shri Ram Decv | Purohit Ka Bas Purohit Ka Bas-
Sinezh 11
4, Shri Raopchand | Pachar Pachar-V
Pipliwal
S. Shri Hanunmna | Sanwalod Sanwatod
Ram
6. Shn Pokhar | Purolut Ka Bas Purvhit Ka Bas-
Mal LI
7. Shri Guljan | Jorawar Nagar Jorawar Naxar
Kumawat
8. Shri Harlal | Palsana Palsana-111
Singh
Soil samples were collected from eight fruit
orchards, on the basis of variability and orchard
performance  at  different locations of Sikar district.
Thercalicr, from cach sclected orchards, three  soil

proliles. based on soil fertility variation and plant
pertformance were taken up. Onc hundred nincty two
representative composite soil samples at different soil
depths viz., 0-15, 15-30, 3045, 45-60, 60-75, 75-90, 90-
105 and 105-120 cm. were collected. After processing. the
soil samples were analyzed for micronutricnts. The
availuble Fe, Cu, Zn. and Mn were extracted with DTPA
solution as per procedure of Lindsay and Norvell (1978)

and were  determined by  atomic¢  absorption
spcctrophotometry.
RESULTS ANP PISCUSSION

The  distribution of DTPA  extractable

micronutrients ax depth wise in & acid lime truit orchurds
in Sikar district of Rajasthan was studied.

DTPA extractable Ilron:

Distribution of’ DTPA cxiractable iron content
showed a regular decreasing trend with increasing depths.
The DTPA cxtractable iron content of soil depths viz. 0-
15, 15-30. 30-45. 45-60. 60-75. 75-90, 90-105 and 105-
120 cm varied from 3.81 to 6.38, 3.79 to 6.36. 3.76 to
6.33, 3.71 10 6.31, 3.69 tu 6.25, 3.64 10 6.20, 3.58 t0 6.15
and 3.54 to 6.10 mg kg 'with theiv mean value 4.71, 4.69,
4.65, 4.61. 457, 4. S3. 448, and 443 my kg,
respectively. On overall mean basis according to soil
depths, the maximum DTPA cxtractable iron (4.71 mg kg
'Y was recorded at 0-15 cm soil depth and it decreased
progressively at inercasing soil depths and was recorded
minimum {4.43 mg kg') at 105-120 cm soil depth. The
mean DTPA extractable iron on the basis of location wise
was found maximum (6.26 mg kg') a1 Jorawar Nagar and
it was recorded minimum (3.69 mg kg') at Pachar-1V.
Data in table 1 revealed that SO per cent soil samples
drawn from surlace soil depth ol acid lime orchurds were
deficient and remaining wetre sullicient in DTPA
extractable iron in the present study.
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Axs per the ratings given by Tandon (1992a). the
soils having <4.5 mg kg’ falls under deficient category
and those having >4.5 mg kg' falls under sufficient
category. The delicient to sufficient status of iron tound in
the soil might be duc to calcarcousncss. low organic
carbon content. light textured coarse sandy soils. Similar
obscrvations were reported by Bhatnagar and Chandra
(2003) md Kumawat (2005). These finding are in
conformity to the results of present investigation.

DTPA extractable zinc:

Data related to DTPA extractable zinc content in
acid lime orchards is presented in the 1able 2. From the
data preseated in the table. it is evident that the DTPA
extractable zinc content of soil depths viz. 0-15. 15-30.
3045. 45-60. 60-75. 75-90. 90-105 and 105-120 em
varied from 0.393 10 1.017. 0.367 to 0.997. 0.347 to
0.970. 0.317 to 0.947, 0300 to 0.917. 0.273 to 0.897.
0.253 to0 0.867 and 0.247 10 0.780 mg kg™' with their mean
value 0.796. 0.775. 0.753, 0.728. 0.705. 0.682, 0.656 and
0.609 mg kg', respectively, On ovcrall mcan basis
according ro soil depths. the maximum DTPA extractable
zinc (0.796 myg kg'') was rccorded at 0-15 cm soil depth
and it decreased progressively at incn:asing soil depths
and was rccorded minimum (0.609 mg kg™ ) at 105-120
cm soil depth. The mean DTPA extractable zinc on the
basis ol location wisc was found maximum (0.909 mg kg’
'y at Pachar-V and it was rccorded minimum (0.312 mg
kg'') at Raghunathgarh. Data in 1able 2 rcvealed that 25
per cent soil samples drawn from surtace soil depth of
acid lime orchards werc dcticient and 75 per cent were
sufficient in DTPA extractable ieon in the present study.
Distribution of DTPA extractable zinc content exhibited a
regular decreasing wend with increasing depihs.

As per the ratings given by Tandon (1992a). the
soils having less than 0.6 mg kg falls under deficient
category. those having 0.6 to 1.2 mg kg' falls under
sufficicnt category. This range ol zinc in soils might he
due to the presence of quartz. feldspar or the exchange
complex being such ax to have sites saturated with Co/Mg
under alkaline soil reaction. Calcarcous nature and low
organic matter arce some ol the other properties where low
levels of zinc arc anticipated. These results are in
accordunce with the findings of Bhatnagar and Chandra
(2003) and Kumawat (2005),

DTPA cxtractable copper:

Daua related to DTPA extractable copper content
in acid lime orchards are presented in the table 3. From
the data presented in the table, it is evident thar the DTPA
cxtractable copper content of soil depths viz, 0-15, 15-30,
30-45. 45.60. 60-75. 75-90. 90-105 and 105-120 cm
varicd from 0.157 to 0420, 0.140 w0 0.397. 0.137 t©o
0.370. 0.130 to 0.340. 0.120 1© 0.317, 0.117 to 0.310.
0.113 to 0.290 and 0.103 to 0.270 mg kg’ with their mean
value 0.285. 0.269, 0.250. 0.229, 0.218. 0.204. 0.194 and
0.173 mg kg'. respectively., On overall mean  basis
according o soil depths. the maximum DTPA cextractable
copper (0.285 mg kg'') was recorded at 0-15 cm soil depth
and it decreased progressively at increasing soil depths



and was recorded minimam (0.173 mg kg') at 105-120
cm soil depth. The mean DTPA extractable copper on the
basis ot  location wise was tound maximum (0.339 mg kg’
'y at Palsana-111 and it was recorded minimum (0.127 mg
ke at Jorawar Napar. Data in table 3 revealed that 25
per cent soil samples drawn from surface soil depth of
acid lime orchatds were deficicnt and 75 per cent were
sufficient in DTPA cxtractable iron in the present
study.Distribution of DTPA extractable copper content
showed a regular decreasing trend with increasing depths.
As per the ratings given by Tandon (1992a). the soils
having <0.2 mg kg falls under deficient category. those
having >0.2 mg kg falls under sufficient category. The
deficient to sufficient available copper status ol orchard
soil might be due to high pH. calcareousness. lower
organic carbon and light textured coarse sandy soils. The
present results are in accordance with those reported by
Baser and Lodha (1971) who reported that available
copper status in sandy soils of Rajasthan varied trom 0.05
10 2.38 ppm. Similar types of results have also been
reported by Bhatnagar and Chandra (2003) who reported
available copper status in sandy soils of Rajasthan varicd
from 0.0.0% to 0.51 ppm.

DTPA extractahle manganese:

Distribution of DTPA extractable mangancse
content showed a regular decreasing trend with increasing
depths. The data presenicd on DTPA  extractable
manganese content of orchard soils showed a regular

decreasing trend with increase in depths. Data related to
DTPA extractable manganese content in acid lime
orchards is presented in the table 4. From the data
presented in the table. it is evident that the DTPA
extractable mangancse content of soil depths viz. 0-15,
15-30. 30-45. 45-60. 60-75. 75-90. 90-10S and 105-120
cm varied from 1.88 to 5.15. 1.74 1o 5.07. 1.68 o 5.00.
1.62 10 4.95. 1.57 10 4.90. 1.51 10 4.83. 1.43 10 4.79 and
1.37 1o 4.74 mg kg with their 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 according to soil depths. the
maximum DTPA extractable manganese (3.25 mg kg'')
was recorded at 0-15 cm soil depth and it decreased
progressively at increasing soil depths and was recorded
minimum (2.81 mg kg') at 105-120 cm soil depth. I'he
mean DTPA  extractable manganese on the basis of
location wise was found maximum (4.93 mg kg') at
Sanwalod and it was recorded minimum (1.60 mg kg') at
Raghunathgarh. Data in table 4 revealed that 25 per cent
soil samples deawn from surtace soil depth of acid lime
orchards were delicient and 75 pet cent were sufficient in
DTPA cxtractable iron in the present sttdy. Resuits of
DTPA extractable manganese in all the orchards clearly
indicate that deficiency of manganese in the acid lime
orchards is now coming. The deficiency of DTPA
cxtractable manganese might be due to the presence of
high CaCQO; content and low organic carbon content.
These results are in accordance with those reported by
Bhatnagar and Chandra (2003) and Kumawat (2005).

Table 1: DTPA Extractable Iron (mg kg'') in Acid lime Orchards at Different Soil Depths in Sikar District

Soil depths (cm)
L.ocation of orchards

0-15 15-30 30-45 45-60 60-75 75-90 90-105 105-120 |Mean
Raghunathgarh 4.5510.9014.52 £0.09(4.49 10.10(4.44 £0.09[4.42 £0.72|4.37 £1.554.32 £1.624.26 10.5114.42 £0.92
Pachar -1V 3.81£0.09(3.79 £0.09|3.76 £0.09|3.71 £0.08(3.69 £0.08 3.64 +0.08(3.58 £0.06|3.54 £0.48(3.69 +0.21
Purohit Ka Bas-Il  |13.92 £0.04|3.89 £0.04(3.83 10.01/|3.79+£0.01{3.77 £0.04/3.73 £0.05|3.68 $0.06|3.64 £0.43|3.78 £0.18
Pachar — V 4.91 £0.0514.88 £0.05/4.84 £0.04(4.80 £0.84/4.78 £1.60/4.75 £0.04[4.69 £0.04/4.66 £1.1114.79 +0.75
Sanwalod 4.44 £0.34/4.41 £0.10/4.39 #0.09/4.36 £0.09|4.30 £0.08/4.25 +0.09(4.20 +0.094.16 +00.31/4.3 1 £0.20
Purohit Ka Bas-111 |5.82+£0.82/5.79 £0.75(5.69 +0.08|5.67 £0.085.61 £0.08|5.57 £0.08(5.50 £0.09/5.46 £0.365.64 £0.43
Jorawar Nagar 6.38 10.04/6.36 £0.04/6.33 10.03(6.31 £0.02/6.25 £0.02(6.20 £0.02/6.15 £0.02(6.10 £0.41/6.26 £0.18
Palsana — 11T 3.88 £0.52(3.85+0.03[3.85 +0.01|3.82+0.01/3.78 £0.02/3.73 £0.03/3.68 £0.02(3.64 £0.3%/3.78 £0.24
Mean 4.71 )4.6‘) 4.65 4.61 4.57 [4.53 4.48 {4.43

+ indicates standard deviation
Deticient — S0%
Sufticicnt — 50%
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Table 2: DTPA Extractable Zine (mg kg'") in Acid lime Orchards at Different Soil Depths in Sikar District

Suil depths {em)

Location ol orchards

0-15 15-30 30-45 45-60 60-75 75-90 00-105  |105-120  |Mean
Raghunathgarh 0.393 10.()2‘)‘0.367 $0,025]0.347 0,025/0.317 +0.033]0.300 £0.022(0.273 H).026]0.253 +0.026/0.247 *0.045(0.312 0063
I
Pachar - 1V 0.867 +0.053[0.843 $0.062/0.827 10.058/0.800 £0.062{0.783 £0.057(0.767 £0.061{0.740 £0.057|0.670 £0.028(0.757 £0.081

Purohit Ka Bas-1I  |0.837 £0.0250.5 17 £0,025/0.797 £0.025/0.777 £0.024/0.750 £0.028/0.727 £0.09 1{0.700 £0.022/0.647 $0.074/0.756 £0.076
Pachar - V LO17 £0,025(0.997 20.025(0.970 £0.016(0.947 20.012(0.917 £0.009(0.897 30.012/0.867 £0.019|0.663 +0.037(0.909 *0.106
Sanwalod 0.950 £0.029]0.930 £0.020(0.907 +0.026/0.883 +0.024/0.863 +0.024/0.837 +0.0190.813 £0.017[0.777 +0.033(0.870 +0.061
Purohit Ka Bas-H1 [0.937 £0.041|0.917 0.041/0.897 £0.031(0.870 0.037[0.847 +0.039(0.823 £0.042[0.787 £0.037(0.780 +0.036(0.857 £0.067

Jorawar Nagar 0.507 £0.039[0.490 2£0.036/0.460 £0.128(0.430 £0.120[0.410 £0.042/0.390 £0.042[0.370 £0.(:12/0.370 £0.042/0.428 £0.087

Palsana — II1 0.863 :£0.0251.843 20.0250.317 £0.026]0.800 20.014]0.767 20.026/0.743 £0.184]0.720 £0.022|0.717 10.009]0.754 10.086

Mcean 0.796 0.775 0.753 0.728 0.705 0.682 0.656 0.609

+ indicates standard deviation
Deticient — 25%
Suflicient — 75%

Table 3: DTPA Extractable Copper (me ke'') in Acid lime Orchards at Ditterent Soil Depths in Sikar District

Soil depths (cm)

Location ol orchards

0-15 15-30 30-45 45-60 60-75 75-90 90-105 105-120 lMcan
Raghunathgarh 0.190 £0.016/0.177 £0.017(0.167 20.009(0.147 20.005(0.157 $0.012/0.147 +0.012(0.140 £0.008(0.123 10.005/0.156 +0.023
Pachar - [V 0.320 £0.003]0.300 £0.008/0.277 +0.012(0.250 +0.014(0.230 +0.014]0.210 +0.014]0.193 +0.009(0.160 +0.014/0.243 +0.053

Purohit Ka Bas-1I  |0.390£0.014]0.367 20.009/0.343 $0.012(0.317 30.009(0.300 $0.008(0.273 +8.012]0.257 £0.009|0.223 £0.012(0.399 $0.054

Pachar -V 0.193 £0.012]0.173 20.02 1{0.157 20.012[0.143 20.017(0.137 20.012(0.127 20.012]0.130 20.014/0.120 120.01.1(0, 148 0,028

Sanwalod 0.210 £0.041{0.210 £0.028(0.183 20.021/0.173 20.021]0.163 20.012(0.157 £0.017(0.153 £0.012/0.140 £0.008(0.173 1£0.033

Purohit Ka Bas-HI1 [0.400 20.016[0.387 £0.012[0.363 20.009(0.333 20.017/0.317 £0.012(0.293 +0.017(0,273 £0.012/0.240 +0.014|0.326 +0.054

Jorawar Nagar 0.157 20.012[0.140 £0.014[0.137 20.012/0.130 £0,0080.120 £0.008(0.117 £8.005(0.1 13 £0.005(/0.103 %0.005/0.127 10.019
Palsana - [II 0.420 3:0.024[00.397 $£0.025/0.370 +0.016/0.340 £0.016/0.317 £0.005/0.310 £.0.008[0.20 £0.008/0.270 £0.008/0.339 £0.052
Mecan 0.285 0.269 0.250 0.229 0.21% 0.204 0,193 0.173

+ indicates standard deviation
Deficient = 25%
Sufficicnl — 75%
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‘Table 4: DTPA Exugetable Manganese (mg kg™ in Acid lime Orchards at Different Soil Depths in Sikar District

Soil depths (cm)
Laocation ol orchards

0-15 15-30 30-45 45-60 60-75 75-90 90-105  |105-120  [Mean
Raghunathgarh 1.88 i0.02|;l .74 £0.05(1.68 £0.07|1.62 £0.08|1.57 £0.09|1.51 £0.09|1.43 £0.10(1.37 +0.1§/1.60 0.18
Pachar — IV 1.95::0.03/1.7920.06(1.75 10.03|1.69 ::0.04|1 .64 £0.04|1.57 £0.04|1.52 £0.05|1.48 10.05[1.67 £0.15
Purohit Ka Bas-11 - [2.31 £0.23|2.23 £0.03|2.16 £0.05|2.09 £0.05/2.05 £0.05{1.99 £0.05|1.94 +0.06(1.89 +0.07|2.08 £0.17
Pachar -V 4.68 £0.02{4.57 £0.85[4.53 £0.04(4.46 0.05/4.42 £0.05|4.34 £0.03(4.39 £0.144.24 +0.03|4.45 +0.33
Sanwalod 5.15+0.01/5.07 £0.82|5.00 +£0.01/4.95 +0.02/14.90 £0.01|4.83 +0.02/4.79 £0.02(4.74 +0.02/4.93 +0.32
Purohit Ka Bas-1I1 (3.45 £0.03/3.35 £0.01{3.29 £0.81{3.21 +0.013.18 £0.00[3.11 £0.01|3.02+0.03(2.97 +0.04/3.20+0.33
Jorawar Nagar 2.82+0.02(2.74 £0.03|2.68 #0.03|2.62 +0.02|2.57 £0.03|2.51 £0.01(2.44 0.02/2.39 +0.01}2.60 +0.14
Palsana - 111 3.790.03|3.71 3.0.02[3.63 £0.03|3.59 +0.023.54 $0.033.48 £0.03/3.4]1 $0.04(3.38 +0.05(3.57 1.0.14
Mcan 3.25 l3.15 3.09 3.03 2.98 2.92 2.87 2.81

4 indicates standard deviation
Deficient — 25%
Sufticicnt - 75%

References

Anonymous. 200S. Horticultural Data Basc. National

Horticultural  Board, Ministry  of Agriculwire,

Govt. of India.

B.L. and Lodha. PS. 1971. Available

micronutrients  in - sandy  soils  of  Rajasthan.

Anncals Arid Zone.. 10 : 93-94.

Bhatnagar, . and Chandra, A., 2003, Distribution of
micronutrient cations in arid irrigated orchard

Baser,

51

soil proliles ol western Rajasthan. Jouwrnal of
Eco-physiology. 6(3-4): 93-101).

Kumawat, R. 2005. Nutricnt status of soils of ber (Zizphus
maaratinag L) orchard in Jaipur district of
Rajasthan. M.Sc. Thesis, RAU, Bikaner.

Lindsay. W.L. and Norvell. W.A. 1978. Developmenr of

DTPA seil test for zinc, mangancse and copper.

Snil Sci. Soc. Am. J., 42 : 421-428.

H.L.S. 19924. Fertilizcer Development and

Consultation Organization, 202-204, A Bhanot

Corner, 1-2 Pompers Enclave, New Delhi.

Tandon.




INDIAN JOURNAL OF

ABID RORTIGULTURE
2017, Vol. 12 (1-2):1-13

Efficacy of GA; on seed germination and seedling vigour of
wood apple

Vikas Yadav. A. K. Singh. V.V. Appa Rao. D.S. Mishra and Sanjay Singh
Central Horticultural Experiment Station (ICAR-CIAH), Vejalpur- 389340, Panchmahals, Gujarat
Corresponding author’s ¢ mail: vikasvadav.hot@ pmail.com
(Received: 16.04.2018: Accepted: 8.05.2018)

Abstract

Wood apple is an underutilised indigenous fruit tree and belongs to Rutaceae family. 1t is slow growing tree.
Owing 10 its slow growth in nursery. seedlings attain grattable stage in longer duration. Therefore, an attempt was made
10 1ind out the ettect of GAj on germination and seediing vigour at nursery of Central Horticultural Experiment Station
(ICAR-CIAH). Vgjalpur during June to November. 2016-17. Sceds were treated with various concentrations of GA. (0,
25. 50, 75. 100. 125. 150.175., 200, 225, 250 and 27SmgL") which were soaked for 48 hours under laboratory condition.
Experiment was laid out in Complete Randomized Design (C.R.D) and which was replicated thrice. A total of 50 seeds
were treated with GAz in cach concentration.  Results ot smdy revealed that the ditferent levels of G Az enhanced the
germination and quick growth of seedling than control. Among the different concentrations of GA;. 150 mgL" GA,
exhibited better response in sced germination r.e., 11.86, 2¥.54, 34.75, 10.34, 6.52 and 0.00 % a1t §*. 7%, 9™, 11™ 13" and
15" days alter sowing, respectively. The seeds treated with 150mgL "' GA3 showed the highest germination (91.98%)
among different treatments. The maximum seedling shoot length (23.94 ¢m), root length (24.53 ¢m), scedling diameter
(5.21 mm). number of lcaves/scedling (21.23). primary branches/scedling (4.52) and vigour index (4458.27) were
recorded with GA3150 mgL'* after six month of sowing. Based on the observations. it may be inferred from the study
that the GA:150mgL™" is lound more effective to improve the seed germination and vegetative growth of seedling in
nursery, whereas GA4 concentration more than 150mgL declined the seed germination but the vigour of seedling is not

aftected hy higher concentration of GAj after germination.

Key words: GA;, Germination, Seedling Vigour Index, Wood Apple

Introduction

The wood apple (Feronia timonia L.) is belongs
1o family Rutaccac. Wood applc has thec common names
like as elephant apple. monky fruit, curd tiruit and kaith
buel (Singh ¢t al.. 2016). The original home of wood apple
is south India and Srilanka (Landc e/ a/. 2010). It is
subtropical fruit specics which prefers dry climatic
condition during flowering and fruit scuing. It has very
deep and penetrating root system, which makes it highly
drought tolerant (Vaidayaratnam ¢¢ a«f.. 1995). Generally
wood apple requires 8-17 days for seed germination in
normal condition (Hiwale, 2015). So far, little work has
been cuarried out on this aspect in wood apple particularly
under dry land condition. Therefore. seed treatment of
woad apple with GA: is required to improve germination
and seedling vigour and such seedlings could be attained
grattable stage in short duration. Therefore. this study was
conducted to find out the ctlcct of GA; on seed
germination and scedtling growth of custard apple under
hot semi arid condition.

Matcerial ard Methods

The present study was carricd out at nursery unit
of Central Horticultural Experiment  Station  (ICAR-
CIAH), Vejalpur, Panchmahals during 2016-2017. The
experiment was laid out in Complete Randomized Design

(C.R.D) with three replications, There were  twelve
treatments like Ty sced soaking in tap water for 48 hours
(control). ‘I'y: seed soaking in GA3 25 ppm for 48 hr. Ts:
seed soaking in GA3 50 ppm 72 hr. T4 seed soaking in 75
ppm GA; tor 48 hr, Ts: sced soaking in F00 ppm G Aa for
48 hr, T¢: sced soaking in £25 ppm GA; for 48 hr, Ty
sccd soaking in 150 ppm GA=: tor 48 hr, Ts: sced soaking
in 175 ppm GA: for 48 hr, Ts: sced soaking in 200 ppm
GA: for 48 hr. T seed soaking in 225 ppm GA; for 48
hr. T,;: seed soaking in 250 ppm GA; for 48 hr and T,»:
seed soaking in 275 ppm GA: for 48 hr. The seeds of
wood apple were collectied trom fully mature fruits of
wood apple. Tully soaked seeds were selected and sown in
15™ Junc 2017 at uniform distance in polythene bags. The
sizc of polythene bag is 45 x 15cm and cach polythene
bag consists of 10 seed. Iivery polythene bag was filled
witli a compuosite media, which consists of soil, FYM and
sand in ratio ot 1:1:1. The percentages of germination of
sceds were calculated according to the rules for sced
testing (ISTA, 1996). The scedlings were allowed to grow
for six months (Junc to November, 2017). After six
months, 10 scedlings for cach treatment were sclected for
mcasuring growth paramcters: shoot and root length,
seedling diameter and number of leat. The data on
germination and seedling growth under various treatments
were statistically analyzed. Vigour index was calculated



PX: Sivalingam, Dhurerdra Singh, Arjit Chanurved, Eshu Arora, Shiva Parihar ond R Biovgava, indi Journal of Arid Horzicultwre, 2017, Fol. 12 11.2): 1-14

according to  Abdul-baki and Anderson (1973) as
germination per eent x scedling total length (total shoot +
root length)., The data was analyzed by statistical
significant at p<0.05 level. S.E. and C.D. at 5 per cent
level by the procedure given by Gomez and Gomez
(1984).

Result and discussion

The germination percentage of Wood apple sced
treated with GA4 are summarized in Table & fig (1). the
differences  between  treatments and  control were
signiticant 5, 7. 9, 11. 13 and 15" day after sowing.
Results showed that treaument of sceds with GA; had
markcdly improved germination from 51.28 to 91.98%
when compure out with control 61.249%. Tt is clear from
the Tablel that seeds treated with 150ppm GA; the
gcrmination percentage at 5. 7. 9. 11, 13 and 15" day atter
sowing was reconded as 11.86, 28.54, 34,75, 10.34, 6.52
and 0.0% respectfully, while in control it was 10.42,
18.42, 16,40, 6.52, 5.00 and 4.48 (Fig.1). The maximum
and carly germination pereentage for waod apple sced
was found in GA;z treated seed, 1t may be due to GAs
horinone increase cell size of embryo by stimulating the
ccll wall to rclcase and transmit its calcium in the
cytoplasm  which  makes  favourable  condition  tor
absorption of water and cell growth and activation of
hydrolytic cnzyme (Taiz & Zcicger, 2002). The highest
germination per vent was noted in Ty (91.98%) followed
by Ta (72.72%). T: (66.10%) and Ty (62.42%) while

lowest (61.24%) was observed in T, (control) at 1S days
after sowing (DAS) of sceds. In Table (1) results are
shown the positive cttects of GAz 150ppm treatment on
shoot and root length. seedling diameter. no. of leaf/
young seedling. primary branches/seedling and vigour
index of scedling, it was 23.94cem. 24.53c¢m, 5.21Inun,
21.23. 4.52 and 4458.27. cespectively. Wood apple seeds
trcated with 150 ppm GA, cnhance carly and quickly
germination which acccleraie the difference in scedling
growth, it may be duc to growth promotional cifect of
GAz: it simulates and accelerates cell division, increased
ccll clongation and cnlargecment or both (Hartmann er «f.,
1990). Eurly germination caused by gibberellic acid
which provided enough time to the plant lor proper
growth and development. These finding more or less
similar with tinding of Vanungamudi and Vanangamudi
(2003) in tamarind and Swamy e «l. (1999) noticed
highest germination per cent. shoot length and root length
when jaimim sceds. In this study. we increase period of
soaking sceed hecause long time soaked sced gave higher
germination duce to maximum remeval of germination
inhibitor (Dzayi. 2010).

Fromm the  ftoregoing  discussion it can  be
concluded that among the dilterent treatment. T, (sced
soaking in 150 ppm GAj; for 48 hours) is found supcrior
and most elfective for seed germination as well as hetter
growth of wood apple scedlings over the test of the
treatment combinations.

Tahle 1. Efficacy of GA; on seed germination and seedling vigour of wood apple (Feronia timonic 1..)

Total S,c"'("mg Scedling Secdling Number of | Primary .v'g"ur
Treatments germination Slivel Roog diameter leat/seedli | branches/s e

) Iength Iength ol ng wdling

(¢m) (cm)d

Th . coment 61.24 10.52 11.23 341 10.26 3.21 1331.97
T2 GAz s ppm 172,72 15.23 | 14.20 [ 4.10 16.18 3.54 2144.51
Ty GA,  ppm 66.10 16.5% 15.23 4.23 17.23 .48 2102.64
Ts GAyzspDM 54.38 16.43 17.20 4.42 15.23 3.75 1828.8
Ts. GAz 100 PpM 57.80 19.63 17.36 4.47 18.10 3.82 2138.02
Ts: GAx s ppm 51.20 19.78 18.23 4.40 17.75 3.92 1946.11
Ty GA s PRI 91.98 2394 24.53 5.21 21.23 4.52 445827
Tx GAx 26 ppm 60.74 18.34 20.63 5.10 20.24 3.96 2367.04
To. GA 3 ppm 52.72 | 17.24 | 18.65 4.33 19.46 3.37 1892.12
Tio. GA; 25 prM 62.42 18.23 18.10 5.2 20.23 327 2267.72
Tiy GAvaso ppm 55.92 17.83 17.67 4.73 18.23 2.87 1985.16
Ti- GAxys bem 41.50 16.85 17.21 4.63 17.56 2103 1413.49
C.D. (P=0.05) 4.32 1.52 1.21 0.35 1.87 0.27 202.65




Fig, t: Eftect oI’ GAy on sced germination (%) of wood apple
(Fermnia timonia L)
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Abstract

Studies were conducted 10 detenuine the effects of poly contiiner size on the seedling and root growth and their
cticct on budding success in jamun at experimental fann of CHES. Vejalpur, Godhra. Gujarat. Four size of polythene
bags (25x15 cm. 25x10 cm. 30x8 cm and 20x8 c¢m) were uscd with a potting medium that consisted of sand soil and
FYM in the ratio of 1:1:1. Qverall growth of jamun scedlings after 8 months of seed sowing in terms of seedling height.
collar diameter. number of leaves/plant. buddable root stock percentage. root length. root diameter. number of secondary
and tertiary voots were best in 25x18 ¢m size of polythene bags which was followed by 25x10 cm polythene bags, Good
quality scedling root stocks for budding purposc with scedling height above 80 ¢m and collar diameter above 2.0 cm
along with higher number of secondary and tertiary and secondary roots in 8 months in 25x15 cm polythene bags. Most
of the parameters of quality seedling root stocks were also produced by 25x10 ¢cm polythene bags. Highest budding
suceess percentage was recorded in 25x 15 em size followed by 25x 10 cm polythene bags. These findings suggest use of
25x 15 cm polythene bags tor speedy seedling root stock growth and high budding success in jamun,
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Introduction polythene bags tor raising scedling root stocks in jamun:
The Jamun (Syzygium cuminii Skeels) s one of the therefore. present investigation was undertaken with an

important minor fruit crops belonging 1o the family objective 10 determine the optimum container size for the

Myrtaccae which is widely distributed throughout the rapid large-scale production of quality seedling root

tropic and sub-tropics. Its ripened fruits are eaten fresh stocks of jamun.

and can be processed into beverages like jelly. jan,

squash and vinegar. Truits are useful against various Material and Methods

litestyle ailments as diabetes. heart and liver troubles Sceds of jamun cv. Goma Priyanka were
(Singh. 2001). A wide range of variability occurs with  collected from fieshly harvested fruits during the first
regard 10 fruit size and quality owing to its seed week of June trom experimental farm of CHES., Vcjalpur,
propagation, which needs 10 be conserved and exploited Godhra. Gujaral. Exuracted seeds were collected in bucket
(Devi er al. 2002). For the conservation and exploitation, tilled with fresh water and after grading. healthy seeds
standardization of faster multiplication protocols is were directly used for sowing in the different size of

required in jamun. ‘I'raditionally seedlings of jamun are polythene bags. The sand. silt and FYM were used an
raised by direct sowing seed in the nursery beds which potting medium in the ratioof 1:1:1. (The potting medium
producce scedlings with poor root and shoot growth. As a used was sand. soil and FYM in the ratio 1:1:1.)) The
conscquence, it takes morc time 10 produce a scedling ditferent size of polythene bags viz., 25x15 ¢m, 25x10 cm.
plant for budding purposc and also poor survival undcr 30x8 ¢m und 20x8 ¢m were used for testing. A ol of
ticld condition. Owing to 1his containerized scedling 100 scedlings used in cach treatment. arranged in four
production is now widcly used for production of nursery replicate each of 25 seedlings in a randomized block
stock (Saroj et al., 2000 and Lal et al., 2004). Polythene design (RBD). The experiment was conducted in an open
bags arc conventionally used for largescale procluction condition and during the experimental period, normal
seedling root stocks of fruit plants as they are easy to management practices were adopted. but no fertilizer was
handle and transport. Optimum container size depends on applicd. Various growth characters were taken after 8
tactors such as species, plant stocking in the nursery, size months of sced sowing. however, for recording the data
of the scedling desired type of growing medium and on root characters. three randomly-sctected seedlings from
length of the growing scason (Jinks. 1994). It is therefore cach replicate were carcfully uprooted without disturbing
importamt to sclect the best size of polythene bags which the root system and washed in running tap water and then
can contain suflicient quantity of growing medium to data on root length, diameter and number ot secondary
support optimum root and shoot growth of scedlings in and tertiary roots were recorded. After this, 8 months old
lesser time so that buddable size root stocks arc ready tor seedling from each treatment were used for budding with
grafling in minimum time with high succcss pereentage. scion shoots of Goma priyanka for recording the data on
The systematic study is lacking with regard to size of
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budding success (%). The data were statistically analyzcd
as per method ol Gomez and Gomez (1984).

Results and discussion

Lffect of different size of polythene bags on
scedling growth and percentage of buddable rootstocks
were presented in tablel. In general. seedling height,
collar diameter, number of leaves per plant and percentage
buddable rootstocks significantly increased with increase
in polythene bag size. The maximum scedling height
(85.50 c¢m). collar diameter (2.50 cm). number of leaves
per plant (25.10) and buddable rootstocks (98.0 %) were
recorded with 25x15 cm polythene bag followed by 25x10
cm polythene bag. The scedling height variation in
different containers can probably be attributed to the size
ol containers. Similar relationships have been reported
between container volume and scedling height  and
biomass in Grevillea robusta (Misra and Jaiswal, 1993)
and in aonla (Saroj ct al., 2080). The minimum scedling
height (52.0 cm), collar diameter (1.50 c¢m), nunber of
lcaves (12.50) and buddable root stock pereentage (10.50
%) were noted with 20x8 cm polythene bag. The poor
growth in 20x8 cm polythene bag. compared 1o that in the
25x15 cm and 25x1S ¢m sizes. can be attributed to the
pour root system devclopment due 10 small volume area
available for root development which ultimately affected

the acrial growth ol plant and photosynthetic activity too
as growth ratc ol shoots and roots arc interdependent
(Tonutti and Giulivo, 1990).

Among various sizes of polythene bags. 25x15
cm size recorded the maximum root diameter (1.10 cm).
number of secondary (34.10) and tertiary roots (83.10)
1ollowed by 25x10 cm polythene bag. Howcever, the
maximum root length was recorded with 30x8 cm
polythene bag (60.10 ¢m) tollowed by 25xES cm size
(40.50 c¢m). Whereas the minimum root length (30.50
cm). root diameter (0.58 cm). number of secondary
(19.50) and teniary roots (41.10) were observed in 20x8
cm polythene bag. Scedlings with relatively large root
system gencerally suffer less post plant shock after planting
than the plants with small root system. Qur results
confirm the findings of Misra and Jaiswal (1993) who
observed better root architecture in Grevillea robusta
scedlings when raised in different size of polythene bags.
Highest budding success was obtained with 25x15 cm
polythcne bag (80.50%) followed by 25x10 cm sizc
(75.10 G2) while 20x10 cm polythenc bag recorded only
56.0% budding success which was having seedling girth
of 1.50 ecm. It is important to note that the girth of
rootstock should be more than 2.0 cm during budding for
betler success. Similar kind ol observations were made by
Saroj ¢+ <. (2000) in aonla.

Tablc |. Eftect ol size ot polvthene bags on sccdling growth and budding success in iamun alter 8 months ol sced sowing
Size  of | Seedling | Seedling | No. ol | Buddable | Root Root No. of | No. of | Budding
polythene | height girth leaves rootstocks | length diameter | secondary | tertiary success
bags (cm) (cm) pl'clnt'l (%) (cm) (cm) roots roots (%)
(cm)
25xI1S 85.50 2.50 25.10 98.00 40.50 1.10 34.10 83.10 80.50
25x10 75.00 2.00 20.00) 94.50 38.00 0.70 32.00 79.50 75.10
30x8 60.10 .70 16.0¢) 40.00 60.10 .60 22.00 635.00 63.00
20x8 52.00 1.50 12,50 10.50 30.50 | 0.58 19.50 14110 1 56.00
CD 3.55 0.1 1.20 8.50 3.80 0.11 113 2.52 350
(P=03.05)
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Abstract

Ber. the king of arid fruits is an ancient fruit crop grown in arid and semi arid regions of India. The powdery
mildew caused by Oidinnt erysiphoides f. sp. ziziphi Yen and Wang. is an important limiting factor in the successful
cultivation ol her. To know the eflect of different abiotic environmemal tactors on the development of disease, a field
experiment was conducted trom 1998 (0 2015 on her cultivar Gola. Based on the epidemiological studies on ber powdery
mildew, it is concluded that the disease initiation took place during 35th or 361h standard meteorological weeks and was
siguiticantly and negatively correlited with minimum temperauire (< 23.60 °C) and raiufall (< 24.76 mm) and positively
correlated with relative humidity (> 76.32%) and sunshine hours (> 5.39).

Key words: fer. cpidemiology, powdery mildew, pathogen

Introduction
Ziziphus
as Chinese date , a poor man’s fruit crop belonging to the

maunrttiana  Lamk., also known

tamily Rhamnacese grown in semi-arid and arid regions
of India. It is quitc nutritious and rich in vitamin C, used
in Ayurveda for treating bleeding disorders. excessive
thirst, fever. burning sensation etc. Its seeds possess anti
cancer properties. In India. it is a minor [ruit but ol late
the ber became an important cash crop in some arcas and
its acreage and procduction are increased. The crop is also
aftected by ditferent biotic and abiotic stresses including
pathogens causing many scrious discases. Amang the
discases,  powdery  mildew, caused by  Qidinm
enysiphoides var. zZiziphi Yen and Wang. is a prime
limiting factor in the successful cultivation of ber, causing
grcat losscs in quantity and quality of fruits. H is a rcgular
teature on the crop trom season to season and the loss in
fruit vield roughly accounts for 50- GO per cent. Lven
though many fungicides and resistant sources are
available. meteorological factors play a major role in the
development, spread and severity of powdery mildew
disease (Chavan er «/f., 1995; Balamuralikrishnan and
Jeyarajan, (997; Jahagindar ef of., 2001 and Venkatesh
and Jamadar, 2001) on ber. However, there are very few
studies to confirm the relationship of weather in the
devclopment and scverity ot powdery mildew. Therctore,
the present stinly was conducted during 1998-2015 on the
above aspects with an aim to develop the forecasting
modecls 10 reduce the cost of fungicide application in the
etfective management of this disease.

Matcrials and Mcetheds

The experiment was initiated at Horticultural
Rescarch Station, Anantapuramu on five year old ber tices
(variety Gola). The experiment was laid out in
Randomized Block Design  with  three replications
consisting of two trees per replication and observations
were recorded on occurrence and severity of discase at
wcecekly interval from initial appcarance. The data of
mctcorological paramcters  viz.. temperaturc. rainfall,
relative humidity and sunshine hours were collected tfrom
Agromceicorological Observatory, Agricultural Rescarch
Station, Ananthapuramu. The intensity of  powdery
mildew of ber was recorded by having five ratings

Grade % infcction
0 No infection
1 1-10% fruivicaf arca covered
2 11-25% fruit/lcat arca covered
3 26-50% fruit/lcat arca covered
4 §1-75% fruit/leat arca covered
5 76-100% fruit/leaf area covered

56

Nearly twenty fruits per plant were randomly
selected and fitted into different categories of ratings and
the discase inensity was calculated using the tormula
defined by Mc Kinney (1923).

In this way. 19 years of data were recorded and
the rclationship of the discasc incidence and spread was
worked out with mcicorological clements. The cocfticicnt
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of corrclation of discasc build up with all the
metearological elements was calculited by considering
the discase as dependent variable and the meteorolopical

¢lements  as  independent  variables. Thus, the
meteorological elements having high and signiticant
correlation with the disease were identified. ‘The

procedure of the multiple regression analysis was then
followed for evaluating the various combinations of
independent variables for forecasting of this disease.

Results and discussion

The experitnental results based on ninteen years
pooled data revealed that disease initiated during 35th or
361h standard metcorological wecks with favourable T
(min) < 23.60°C, Rainfall <24.76 mm, Relative humidity
>76.32% and Sunshine hours > 5.39 and increased trom
Scptember to December cach ycar with its pecak in the
month of October. This clearly indicated that weather
paramctcrs played a crucial role in development of the
powdery mildew.

The data were pooled for all the nineteen years
and was subjccted for rcgression analysis, to select the
best  weather  clements  tor forecasting  the  discase
incidence in ber. The covltticients of correlation obtained
between various metcorological paramcters and powdery
mildew  discase build up  showed considerably  high
relationship. The data in Table 1 showwed that the weather
paramcters cxhibited significant negative corrclation with
minimum temperaure (- 0.57). rainfall (-0.71) while.

positive with relative humidity (0.66) and sunshine hours
(0.53). Similar results of suituble weather factors for
development of powdery mildew was repotted by Pareek
and Nath (1996) and Thiud er «f. (2004) when the
maximum temperature is between 24-35°C. minimum
temperature between 4-22°C. moming RH 64-91% and
cvening RH 24-57%. The disecase occurs with incneased
virulence during high raintall years (Sharma. 2003).
Similar temperature range of 20-25°C and relative
humidity of B0-100 per cent were found to be most
favourable for maximum conidial germination of powdery
mildew in various crops as repotted by many workers
(Shahri et al. 2006, Jocob et al, 2008, Sankar and
Srecramula. 2008a and and Rakhonde ¢t «id. 201 1).

Pandcey et af. (2004) also investigated the ctfect
of weather variahles on outbreak and spread of powdery
mildew in ber and tound high humidity (85-90 per cent).
moderate  temperature (maximum  temperature 33-34°C
and minimum temperature, 23-25°C). low sunshine hours
(4-7 hfday) and low wind speed (3-5 knvh) were
favourable for discasc initiation,

The experimental findingy are also in accordance
with the results of Jat and Goyal (2009) who recorded
disease initiation during 29-46 standard meteorological
weeks with peak PDI at an average maximum and
minimum temperature of 24.7 and 4.9°C. average morning
and cvening relative humidity of 82.6 and 35.7 per cent
respectively.

Fig |: Ber fruits infected with powdery mildew discase

Bascd on the regression cocfficients obtained for
PDI of 19 ycars pooled data, lincar equations were
dcrived 1o predict the discasc depending upon wcather
conditions prevailing during crop season.

Regiession coefticients tor PDI were obtained
for independent variables viz., maximum (cmpetature
(°C). minimum temperature (°C). relative humidity (%),

rainfall (mm) and sunshine hours
variahle tor discasc incidence.

"The multiple lincar regression cquation was fitted to the
data and the equation arrived for the weather parameters
was:

Y = -440.61 + (9.83) X, + (0.31) X; + (1.56) X;+ (0.42)
Xa+ (-1.65) Xs + (6.40) X,

as the dependent



R* = 72%

Where. X, = maximum temperature (('C). X2 = minimum
temperature °C). X, relative humidity - 1(%). X4 =
relative humidity -F(%). X< = rainfall (mm) and X, =
sunshine hours

It was obscerved thit when there was increase in
one unit of maximum twmperature, relative humidity and
sunshinc hours, the per cent discase index was increcased
by 999. 177 and 6.15 units respectively. whereas
increase in one unit of minimum temperature the per cent
disease index decreased by 1.5 units. The weather factors
influcnced the discase incidencce to the cxient of 72.0 per
cent.

‘Table 1. Corrclation cocliticicnt ol PDI (Pcr cent Discasce Index) with weather paramcters lrom (19 Ycars paoled)

S. No. | Weather Parameters | Per cent Disease Index (PDI)
1. Maximum Temuperature -0.43

2. Minimum Temperature -0.57*

3. RHI +0.66%¢

4. RH2 -0.32

5k Rainfall -0.7 | w4

6. Sunshinc hours +0.53*

*indicates signilicant at 5%
** indicates signiticant at 1%
** * inclicates significant at 0.05%

Fig 2: Graph depicting the influence of signiticant weather parameters on PD1 ol ber powdery mildew in different

standard meteorological weeks
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Abstract

The Spiny brinjal (S. melongena) var.VRM-1 is a tamiliar and promising varicty in Vcllorc district and also
main dish to make a Ennai Kathirikai for briyani sidc dish purposc. The spincs in the stalk is a major constraints for
picking and handling of brinjal fruits. A brecding initiative was undcrtaken at Agricultural Rescarch Station & Kirishi
Vigyan Kendra. Virinjipuram to mask the spiny traits through crossing programmc.

The crosses were attempted to develop non-spiny brinjal with spiny guality. The both parents are pure for
respective spiny and non spiny. A total of 18 crossvs were made with spiny brinjal and non-spiny brinjal progenics.
The truc F1 was tagged in both crosscs combination. In Fl plant population of Spiny x Non spiny. 100 percent of the
plants cxpresscd spiny nature. In F1 plant population of non spiny x spiny rcduced percentage of partial spiny plants were
observed. From this study in both cases spiny plants are observed in F| generation which indicates spiny is expressed as
dominant characters.

Further generation studies were made with continuous selting programme and the results revealed that 100
percent non-spiny plants werc obtaincd with high yicld from cross derivative of non-spiny x spiny 3* cross and 5™ cross
during fourth generation. Comparative trials were camvied out during Kharif 2015 and Rabi 2015-16 with spiny brinjal
VRM-1. Mean performance showed that genotype non-spiny x spiny 3 cross (1.43 kg/plant) registered the highest fruit
yield per plant followed by non-spiny x spiny 5™ cross (1.56 kg/plant). These genotypes could be used for further
breeding programme for the improvement of fruit yield and non-spiny trait.

Key words: Brinjal. breeding, non spiny

Introduction ot non-spiny plants. However, spiny nature was
Brinjal (Solanim metongena L.) is an important observed in both the crosses indicating the pactial

and widely consumed Solanaceous vegetable of India dominance of spiny nature in both crosses.

grown round the ycar. The crop is extremely variable in

India substantiatcd by the presence of wild relatives of  Materials and Methods

Solanum melongena which are perennial herb or shrub The cxperiment was laid out in a randomized

with bitter fruits (Bhaduri, 1951). Though the principal block design (RBD) with two replications, Ten genotypes

method used for improvement of this crop in India is (ninc non-spiny genotypes and one spiny genotypes) were

sclection from indigenous germplasm. vet comprehensive uscd for crossing programme, The crosses were attempted
characterization of this crop has not been done between spiny x non-spiny and non-spiny x spiny
(Choudhury. [976). The spines in the stalk is a major acccssions. Ninc non-spiny local accessions were crosscd
constraints for picking and handling of brinjal fruits. with VRM-1 spiny brinjal and reciprocal crosscs were
Spiny brinjal (VRM-1Mullukathiri) is a pure line also made, Totally cighteen crosses were obtained. The
selection from Elavambadi village of Vellore district. generations were also torwarded from Fl to FS. The
Spines are present in the leat. stem and calyx of the fruit. genotypes were cvaluated and characterized {or spinyness
V RM- I Mullukathiri is high yielding (30-35 t/ha”’) and and yicld. Each plot consisted of 50 plants spaced at 60 x
most suitable for North-Eastern Zone of Tamil Nadu. 75 cm. Five random plants per replication were sclected to
Sclection for non-spiny plants trom the spiny brinjal rccord obscrvations on these characters.

population was made and Crossing work was attempted to

develop non-spiny fruits. The fruit set was ranged Results and Discussion

from 80-90 per cent. An attempt has been made in the iYPerformance of Non-spiny character in  FJ3
present study (e develop non-spiny brinjal with spiny generation

quality for 18 genotypes. Two crosses (i.e.. Spiny x Two crosses i.e.. Spiny x Non-spiny and Non-
Non-spiny and Non-Spiny x Spiny) were Spiny x Spiny was studicd tor the inheritince of non-
attcmpted to study thc inheritance of non-spiny spiny leaf, stem and truits in brinjal (Table 1) in five
character from Spiny brinjal. In both the crosses accessions. In both the crosses Non-Spiny character was
Non-Spiny character was obtaincd. Cross C1 obtained. Cross C2 (i.c., Non-Spiny x Spiny) expressed
(i.c., Spiny x Non-spiny) cxpressed more numbcer more number of non-spiny plunts in F2 generation.

60
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it) Performance of Non-spiny character in Fd4
generation

The F3 was found to be nonspiny in the cross
Non-Spiny x Spiny. followed by Spiny x Non-spiny but
only upto a certain extent. Eventhough. Spiny nature was
observed in both the crosses (i.e.. Spiny x Non-spiny
and Non-Spiny x Spiny) indicating the partial
dominance inhceritance of spiny. But. two cross
tfrom Non-Spiny x Spiny (C2 and C5) was found
to be 100 per cent non-spiny nature indicating the
dominance of non-spiny.
iii) Performance of Non-spiny
generation with yield characters

In this gereration study, the 100 percent non-
spiny plants were obtained from cross derivative of non-
spiny x spiny 3™ cross and 3" cross during fivih

generation. These two Crosses were compared with spiny

character in F3

brinjal VRM-1 as yicld trials in RED during Kharif 2015
and Rabi 2015-16.

Oul of 18 cnurics tested only two cntrics were

sclected based on single plant yicld with non-spiny
character, Among these two cross combination. the cross
C2-5 recorded best yicld performance (34.6 tha) on par
with VRM-] Spiny Brinjal (34.2 vha) (Tablc 3)..
The comparative trial was repeated again during Rabi
2015-16 10 check the non-spiny nature in Rabi 2015-16.
The selected entries revealed 1009% non-spiny nature and
the cross C2-S recorded best yield pertormance (33.1 ¢/ha)
(Table 4).

Non-Spiny was observed in the present
study was similar to that obtained by dominance
inheritance of spiny. Similur pattern ol inheritance in
brinjal for spiny leaf was reported carlier by Nimbalkar &
More (1980) and More etal (1982).

Table 1. Inheritance of Non-spiny character in parents and crosses of VRM-1 Muliukathiri in F3 generation

[ Non-spiny nature ($5)
[ Acc.l | Acc.2 | Ace3 | Acc.d | Acc.s Mean
_Parents - - | | i

Spiny Brinjat Nil Nil Nil Nil Nil Nil
Nan-Sainy Brinjal 100.00 100.00 100.00) 100.00 100.00 10000
Crosses
C|1 (Spiny x Non-Spiny) [ 95.00 95.43 99.16 Y5 83 u5.83 96.33
€2 (Non-Spiny x Somv) | 88.33 79.16 75.83 86.66 85.83 3315

T Average of three replications containing S0 plants

Table 2. Inheritance of Non-seiny characler in parents and crosses of VRM-1 Mullukathiri in F4 eeneration

S.No. Crosses Non-Spiny plants (%) Noof spines in leaf | No.of spines in  leaf
midrib veins
Crosses
C1 (Spiny x Non-Spiny)
| Cl-I 0 2.0 2.0
2 C1-2 0] 4.0 2.0
3 C1-3 0 25 3.0
4 CIl-§ 0 2.0 1.0
S Cl-6 0 3.5 1.5
6 Cl-7 7.69 4.0 4.0
7 Cl-% 0 3.0 3.5
8 Cl-9 0 4.2 3.0
Mean 0.961 3.275 209
 C2 (Nun-Spinyx Spiny) _
9 C2-1 81.42 1.0 0.8
10 C2-2 85.20 1.5 1.2
L1 C2-2 100 0 (V]
12 C2.4 88.24 1.3 1.5
13 C2-5 100 o [0
14 | C2-6 87.15 1.4 1.7
IS C2-7 80.46 1.4 2.1
16 C2-8 80.53 1.8 2.5
17 C2-9 85.27 1.1 1.7
18 C2-10 88.34 1.7 2.2
Mean 87.66 1.09 1.34
_ Parents _ )
[ Spiny Brinjal 0 4.5 3.5
2 Nun-SpinyBrinjal 100 0 0
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Table 3. Yield of selected 1wo ent

ries in Kharif 2015

S. Entries Non-spiny | Fruit vicld/plant (kg) Fruit vield [ % of yicld
No nature (%) | RI Rl Rill Mcan (Vha) increase over
check
| C2-5§ 100 1.52 1.63 1.54 1.56 34.6 1.15
2 C2-3 100 1.72 1.65 1.82 1.43 1.7 - 788
Check
| VRM-| 0 1.57 [.65 [.42 1.54 342 -
Spiny
Brinjal
Tablc 4. Yicld of sclected 1wo entrics in Rabi 2015-16 S
S. Entries Non-spiny | Fruit vicld/plant (ky) Estimated % of  yicld
No nature (%) | Rl RII RII1 Mcan fruit vield | increase  over
(Uha) check
1 C2-5 100 1.61 1.51 1.36 1.49 33.1 422
2 C2-3 100 1.23 .34 1.41 1.32 203 -8.19
Check
| VRM-1 0 1.44 1.52 1.34 1.43 2.7 -
Spiny
Brinial
References More D.C. S.B. Palil and V.S. Nimbalkar. 1982.
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Abstract

The study on biochemical changes in date palm (#hoenix daciyiifera L.) cultivars was conducted at ICAR-
Central Institute for Arid Horticulture. Bikancr during the ycar 2014. The observations on the growth of fruits were
recorded from 15™ April till harvesting at 15 days intervals. ‘The assessment of biochemical changes in date palm
cultivars Halawy. Khalas. Khadrawy and Shamran at diflerent stages of growth and maturity differed signilicantly
among the cultivars. The qualitative characters such as sugar contents (total. reducing sugars and non-reducing sugars)
and ascorbic acid content increased from initial stage 10 doka stage of harvesting whereas. acidity. protein. tannin content
and anti-oxidant activity increased at initial stage but exhibited a decreasing trend at doka stage of fruit maturity. Per
cent acidity was found minimum in cv. Halawy and Khalas (0.150 %). Ascorbic acid content was highest in cv,
Khadrawy (11.22 mg/100g pulp) followed by Khalas (10.61 mg /100 g pulp) at harvesting stage. Sugar contents
accumulated gradually during truit development in all cultivars were also varied ammong tour cultivars. Cultivar Halawy
found highest in sugar content (36.30% 101al sugars. 5.96% non-reducing sugars and 30.34% reducing sugars). Protein
content varied from 1.49 & in ¢v. Khalas to 1.73 % in cv. Khadrawy. Tannin content varied tfrom ().72% in cv. Halawy to
1.00% in cv. Khalas. Anti-oxidant activity was recorded maximum in cv. Halawy (3.50 mmolTE/g) followed by. Khalas
( 3.22 mmolTEsg). The results revealed that cultivar Halawy is better in respect of quality parameters followed by cv.

Khalas under hot arid conditions.

Key words: Date palm, cultivars. anti-oxidant activity, sugars, profein. tannin,

Introduction

Datic palm (Phoenix ductylifera L., Family
Arccaccac) also known as khajoor, kicirek is a basic
dictary componcnt of pcople living in scmi arid and arid
rcgions in the world. Date palm is the most successtul and
cxtremely important subsistence crop in many of the hot
arid regions of the world (Zaid ¢ al.2007, Chandra ¢t
«l,1990) . In India. maximum area of datc cultivation is
about 17,072 ha with production ol 1, 37,476 million
tonnc in Kachchh rcgion ot Gujarat. In Rajasthan, its
cultivation has grcat potcntial in Jaisalmer, Barmer,
Bikancr, Jodhpur and some patts of Churu. Sri Ganga
nagar. Hanumangarh. Nagaur districts, which falls under
arid climate and provided with irrigation tacilitics. [t is a
drought handy fruit plant specics and tolerates salinity,
Datc truit is used for fresh consumption as well as for
proccsscd products such as wine. starch vincgar, arak,
jam, chutney. beverages. juice and totfees. 1t is highly
nutritions fruit and contains high caloritic value (3150
calorics/kg of fresh fruits). 60-65% sugar, fair amount of
libre (2.5%). protcin (2.0%). fat (2.0%). vitamins (vitamin
A = 220 L.U.. vitamin B; = 0.35 mg, vitamin B; = 0.38
mg), mincrals up 10 (2.0%) i.c. iron, potassium, calcium,
coppuer, magnesium, chlorine, sulphur, phosphorus. cic.
(Gopalan er al., 1985). Caramcl colour produccd trom
dates which can be used in food and pharmaccuticals
industrics (Zaid ef «!., 2007). The datc fruit gocs through
five distinct growth and ripening stages (Shobana er al.,

1981)). These five stages arc usually referred to in terms
derived from lragi Arabic as “Hababouk™, “Kimri',
“Khalal', *“Ruab” and “Tamcer”. “Hababouk™ stage which
starts soon alter fenilization and is characterized by loss
of two unfertilized carpels. The Kimri or gandora
represent the pea stage and immature green colour, doka
or Khala! — mature tull coloured and Rutab or dung -sott
brown, Tamer or pind- hard raisin like (Chandra er af..
1992). In our country, maximum datcs arc harvested at
hard ripen doka or Khalal stage because of carly rains in
July month. Howcver in Gult countrics, fruit maturity
gocs up 1o pind or Tamer stage. The growth and
development of the fruit follows a unique pattern in the
date palm cultivars (Al-Qureshi, 2010; Igbal ¢r af.. 2012).
Although, work has bcen reported by different workers on
physical and biochcmical attributes in difterent datc palm
cultivars (Chandra and Parcck, 1992; Osman, 2008 and
El-Agamy er al.. 2001). Kecping in vicw, the present
study was undcrtaken 10 asscss the biochemical changes
in datc palm cultivars during fruit growth undcr hot arid
conditions.

Material and Methuds

The present study was carried out at ICAR-
Central Institute for Arid Horticulture Bikaner, Rajasthan
during the year 2014 having four replications. The four
commercial date palm cultivars viz., Halawy. Khalas.
Khadrawy and Shamwran were taken for froit growth and
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biochemical study. The fruit samples were collected ac 15
days interval (15® April. 30" April, 15" Muy. 30™ May,
15" June, 30" June, 15% July and at harvesting) in the
month of April to July 204 for assessment of
bhiochemical changes during [ruit growth period of date
palm ftruits. Percent acidity and ascorbic acid and sugars
were observaed in truit samples as per standard nxthods
described by Ranganna, (2001).

Total sugars were estimated by Anthrone reagent
method  describedd by Thayumanavin and Sadasivam (
1984). Thce absorbance was recorded at 630nm against a
rcagent blank in the UV-VIS spectrophotomceter (Dccibel,
Dclhi, India). The concentrations of total soluble sugars
were calculated according to the glucose standard curve.

The tannin content was analyzcd using Folin-Denis
method described by Schander.  (1970) on dry weight
basis. The absorbance was recorded a1 700 nm against a
reagent blank in the UV-VIS spectrophotometer (Decibel.
Dclhi, India). The standard graph was made by using 0-
100pg of tannic acid and the concentration ol tannin was
expressed as pereentage of fresh weight.

The soluble proteins were estimated by Lawry's
method (1951). The absorbance was recorded at €60nm
against a reagent blank in the UV-VIS spectrophotometer.
The concentrations of soluble protcins were calculated
according to the stundard bovine serum alhumin curve.

Total antioxidant activity was analysed by
CUPRAC (cupric reducing antioxidant capacity) assay
recently developed by Apak er «/.(2004) which measured
the cupper (l1) ion reducing ability of polyphenols,
vitamin C and vitinmin E. The 2 g of fruit material was
extracted using 20 ml mixture of ethanol and distilled
water (80:20, v/v ) by centifuging at 10000 x g for 10
min. The supernatant was  used  for  analysis. The
absorbance was recorded at 450 nm in the UV.VIS
spectrophotometer (Decibel, Delhi, India ). The units were
expressed in pmol Trolox/ 100g.

The experimental values were analysed
statistically by using Completely Randomized Design
(CRD). Mcans were compared using  soft ware. Stat
package CCSHAL!, Hisar at 5% lcvel of signilicance,

Results and Discussion

The biochemical attributes viz.. total
soluble solids, acidity percentage. ascorbic acid. tannin.
protein  content, sugars and anti-oxidant activity of
ditterent date cultivars were assessed at 13days intervals
from kimri to doka stage of fruit growth and maturity.
Fruits were harvested at doka stage in all cultivars. The
significant difterences in biochemical changes were
observed among the cultivary in all the stages ol truit
growth and devclopment.

Total Soluble Solids (TSS © Brix)

The results clearly showed that an increasing
trend in TSS of (ruits at all fruit development stages was
recorded in date palm cultivars studied (table -1). TSS of
fruits in date palm variety Halawy was 41.28 “Brix at
harvesting stage which was 13.85 “Brix at initial stage of
fruit development that gradually increased on 15™ May to
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harvesting  stage. It is due (o accumulation of
carbohydrates and  decrease in tannins in  fruits. The
highest TSS was recorded in Halawy (41.28 “Brix)
followed by Khalas (39.17°Brix). Shamran (39.13°Brix)
while it was lowest in cv/ Khadrawy (37.39 °Brix %). A
significant difference in T'S$ of fruits was recorded at fruit
growth, development and harvesting stages. The tindings
is similar to earlier workers reported by Haider er af
(2014) .Bacha er al (1987).

Acidity (%)

The acidity content followed a decreasing trend
as the fruit develops in all cultivars (Table-2).The
significant diftcrence was noticed in acidity contcnt in
fruits among cultivars. It is indicated that acidity of [ruits
in date palm on fresh weight basis in cv. Halawy 0.150%
was at harvesting stage which was 0.160% at initial stage
ot fruit development that gradually increased on 30" April
to 30" May and dccrcased from 15" Junc to Harvesting
stage. The same pattern ot increase and decrease in acidity
was noticed in all cultivars during teuit growth. The
highest acidity pcreent in truits was recorded in Shamran
(0.168%) tollowued by Khadrawy (0.160%) and it was at
par in cultivars Halawy and Khalas (0.150%). The acidity
percentage in cv. Halawy and Khalas was found less. It
may be duc to lcss astringency and more sweetness at
fully matured fruits in these cultivars in comparison (0
other cultivars. Similar findings have been repotted by
Abbas ¢z «f., (2002) and Ebtchal and Al-Tamin (2014).
Moreover, it muy possibly be due o accumulation and
metabolism of organic acids in the truit during their
growth and development.

Ascorbic acid (mg/100 g fruit pulp)

The data presented in table 3 revealed that
ascorbic acid contcnt ol fruits in datc palm on frcsh
weight  basis  increased  from  initiation  of  fruit
development to harvesting stage. ). Ditference among the
cultivars in ascorbic acid content was signiftcant at all the
fruit developnwnt stage.  In cv. Halawy ascorbic acid
content was 8.04 mg/100 g at harvesting stage which was
1.04 mg/100 g at initial stage of ftruit development that
gradually increased on 30™ April to 15® July and it was
highest at Harvesting stage. The same pattern of increase
in ascorbic acid was noticed in other varicties at difterent
stages.

The highest ascorbic acid content was recorded
in cultivar Khadrawy (11.22 mg/100 g) followed by
Khalas (10.61 mg/100 g), Shamran (10.37 mg/100 g) and
lowest in Halawy (8.04 mg/100 g. Ascorbic acid content
increased from initial stage of truit growth and was
highest a1 doka stage of ripening. Sawaya ¢r «l., (1983)
reported that vitamin € content was higher at Khalal
stage. Marbet et al. (2008) reported vitamin C content 24
10 46 mg/100 g whercas. Ebtchal and Al-Tamin (2014)
reported 10.52 mg/t00 vitamin C in Saudi Sukhari and
Egyptian Sewi date palm samples. Similar results have
been reported by Chandra and Choudhary (1990).

Total sugsrs (%)



The total sugar content of fruits in datc palm
cultivar Halawy was 36.30% @t doka stage of harvesting
which was 4.25% at initial stage of truit development that
gradually increased on 15™ May to Harvesting. On 15"
May the magnitude of sugar was 6.32%. which increased
to 12.60% by 30" May. It nearly doubled (24.48%) by
15" June and then slightly increased to 28.25% by 30"
June and reached 1o the level of 34.40% by 15" July.
Total sugar content in cultivar Khalas 34.40% a1
harvesting stage which was 4.05% at initial kinri stuge of
fruit developnent which subsequently increased from st
May to 15" July and highest at harvesting stage. Incrcasc

in total sugar was observed from Kimri 10 doka stage of

harvest. The highest total sugars content was recorded in
Halawy (36.30%) lollowed by Khalas (34.40%). Shamran
(34.06%) whilc lowest in Khadrawy (32.49%). A
significant difference in total sugars content in ditferent
date palm cultivars was found at fruit development stages(
table-4). Total sugars are a varictal character and its
quantity depends on cultivar. Total sugars increased from
initirl stage of truit development which was highest at
doka stage of harvesting, Elahmer ¢¢ «f.. (2007) reported
total sugars werc found highest in Ammi (49.49%)
followed by Tabouni (38.54%) and lowest in Brunsi
(35.87%). Muhhamad e¢ a? (201 1) reported the total sugar
conticnt was much higher in datc palm grown in Dcra
Ismail Khan (71.05%). Similar resuhs were observed by
Gasim ez al.. (1994). Awad er al.. (2011); Taain er «l.,
(201 3); Ebtchal and Al-Tamin (2014).

Reducing sugars (%)
It is clearly indicated that highest reducing sugar
content of Iruits in datc palm cultivar Halawy was 30.34%,

at harvesting stage which was 3.91% at initial stage of

fruit development that gradually increased on 15" May to
Harvesting (1ablc -§).

Reducing sugars content was highest in Halawy
(30.24%) followed by Khalas (29.05%) and Shamran
(29.03%) whilc it was lowest in Khadrawy (27.52%).
Diffctence among the cultivars was significant in relation
to rcducing sugar content at all the fruit devclopment
stages. Carbohydrate metabolism is the most activated
pathway at every single stage of the fruit development and
ripcning in datc palm with in this also, the genes directly
associated with sugar metabolism are much more
activated at the later stage of Ituiting. This pattern
accounts for gradually increasing reducing sugar content
in date palm. The high level of 1otal sugars in date fruits
are due to the up gradation of sucrose phosphate synthase
and inverts at the later stage of fruit growth,

Protein content (% ):

The soluble protein content decreased trom kiriri
to doka stage of maturity. Data clecarly showed that
protein content of fruits on fresh weight basis in cv.
Halawy was 1.67% at harvesting stage which was 1.5% a1
initial stagc of fruit devclopment 1hat gradually increased
on 30" April to 30" May and decreased from 15" June to
Harvesting stage (table 6). The significant ditference
among cultivars in  respect of protein  content  was
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rccorded. ‘The highest protcin content was recorded in
Khadrawy (1.73%) followed by Halawy (1.67%) and
Shamran (1.56%) while it was lowest in cv. Khalas
(1.49%).The finding is similar to the results reported by
Haider et af (2013).

Tannin content (%)

There is a significant difference in tannin content
of cie palm fruits at growth and development stages.
(Table 7). The tannin content was ostimated in fruit
samples from 15™ May onwards in datc palm cultivars.
Tannins content of fruits in datc palm on dry weight basis
in cv. Halawy was 0.72% at harvesting which was 1.4% at
initial stage of fruit development that gradually increased
on 30" May to 15® Junc and decreased from 30™ June to
Harvesting stage. Increase in tannin content was noted at
initial stage of fruit growth which showed the decreasing
trend of tannin content at later stage of fruit development
during July month. It is because of breakdown of tannins
and protein compounds in to simple soluble sugars due to
the role of enzymes in fruit development process.

The highest tannin content was recorded in
cultivar Khalus (1.00%) lollowed by Khadrawy (0.95%),
and Shamran (0.82%) while it was lowest in cv. Halawy
(0.72). This is in gencral agreement with findings of
Mougthith ez al (1976).

Anti—oxidant activity (mmol'TE/g)

‘There is a significant diftference in anti-oxidant
activity among date palm cultivars o1 different  fruit
growth and devclopment stages (table-8). The maximum
anti-oxidant activity was rccorled in Halawy (3.505
nmoiTE/p) followed by Khalas (3.225 mmolTE/g) and
Shamran cultivar (3.158 mmolTE/I00 g). Lowest anti-
oxidant was obscrved in Khadrawy cv. (3.083 mmolTIE/g)
at harvesting stage. The results showed the increasing
trend in anti-oxidant activity, 1annins contents from Kimvri
to doka stage in all cultivars. The tannin content and total
phenols are the major contributors to the antioxidant
activity. An increase in anti-oxidant activity may duc to
high tannin  and phenolic compounds  during  fruit
development stages. However, gradual decreasing in anti-
oxidant activity possibly is duc to dccrecasing trend in
tannin and other phenolic compounds at colour turning
and maturity in Iruits.

The finding is in #ccordance to results reported
by Al-Farsi er «f, (2005) in date palm cultivars.

In the present study, the changes in metabolite
composition were assessed trom kimri to doka stage of
date fuits. It was  observed that majority of the
mctabolites increases with the advancement of growth
stage, Those such changes occur in date truits has been
demonstrated by Abbas and Fandi (2002), Liehal and Al-
Tamin (2014), ctc. In the present swudy 100, it was
reported that metabolites such as total sugars and reducing
sugars increased with the stage ot development. This is on
account of fact that fruit acts as sink and accumulates the
carbohydrates produced in the leaves. Thiy accumulation
then leads to changes in TSS. which is also apparent in
our study. Thus, our study shows that fruits are highly



active sinks which accumulates the carbohydrates in the Halawy was found to be best since it has more number of
form of reducing and non reducing sugars which are then berries, high ‘T'SS. sugar content. anti-oxidant activity and
converted into other complex forms with the growth andl minimum acidity.

development of the fruit. Among the varictics studicd, cv.

Table 1. TSS (“Brix) of difterent Date palm cultivars during truit growth and maturity  stages.

Treatments April May June July Harvesting
30 15 30 'S 30 15 Final

Halawy | 13.85  ]15.26 | 16.68 19.72 3041 39.00 41.28

Khalas 11.45 13.84 14.06 17.33 24.06 36.04 39.17

Khadrawy 11.23 12.51 13.67 15.90 23.43 33.75 37.3Y

Shiamran 12.45 13.17 13.75 1609 19.86 34.03 39.13

CD at 5% 1.512 1.054 0.908 1.184 2.232 1.807 1.489

Table 2. Acidity (%) in fruits of dilferent Date palm cultivars during (ruit growth and maturity.

Trcatments April May June July Harvest
15 30 15 30 15 30 15 Final
Halawy 0.160 | 0.26%8 0.330 0343 | 0320 | 0270 0.265 0.150
Khalas 0.170 0.260 0.240 0.375 0.320 0.2%5 0.270 0.150
Khadrawy 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
CB (P=0.05) 0.013 0.048 0.061 0.154 0.068 0018 0.017 0.013
Table 3. Ascorbic acid (mg/100 2) in fruits of different Date palm cultivars
Treatments April Mav June July Harvest
iS5 30 15 R{)) 15 X0 15 Final
Halawy 1.04 128 | 1.70 2.14 365 | 6.34 7.19 | 8.04
Khalas 0.59 1.07 1.58 1.64 5.85 9.27 10.24 10.61
Khadrawy 1.22 1.37 1.82 2.29 4.51 R.7¥ 10.73 11.22
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 0.96 0.92 1.60

Tablc 4. Total sugars (%) in truits ot different Date palm cultivars

Treatments April May June July Harvest
30 15 30 15 30 15 Finat
Halawy 4.25 6.32 12.60 2448 28.25 3440 36.30
Khalas 4.05 S.44 10.71 21.81 28572 32.49 34.40
Khadrawy 4.17 5.88 12.29 23.72 24.48 28.91 32,49
Shamran 341 5.36 9.91 19.49 21.81 31.54 34.06
CD (P=0.05) 0.48 0.59 0.23 0.39 0.42 0.24 0.23

Table 5. Reducing Sugars (%) in fruits of different Date palm cultivars

Trcatments - April = May I | Junc | July | Harvest
30 15 30 15 30 IS Final
Halawy 391 4.99 .47 21.00 23.72 29.57 30.34
Khalay 3.76 4.26 7.55 18.10 18.88 27.55 29.05
Khadrawy 3.6Y 4.32 9.57 19.83 19.94 24.11 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
‘Table 6. Protein content (%) in fruits of di_ferent Date pahn cultivars
Treatments April May Junc Julv Harvest
15 30 15 30 15 30 15 Final
Halawy [ 150|263 | 476 | 521 | 3904 | 28 | 223 1.67
Khalay_ 1.25 233 4.61 5.03 3.84 278 | 208 | 149
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Khadrawy 1.56 2.74 4.%6 5.32 4.20 3.11 2.30 1.73
Shamran 1.31 2.41 467 5.13 3.8y 2.79 2.12 1.56
CD (P=0.05) 0.07 0.14 0.10 0.06 0.18 0.09 0.13 0.08
Table 7. Tannin content (&) in fruits of different Date palm cultivars
Treatments May June July Harvest
15 30 1S 30 15 Final
Halawy 1.42 1.64 223 2.08 1.07 0.72
Khalay 1.77 1.99 2.70 245 1.41 1.00
Khadrawy 1.61 1.74 2.40 2.22 1.29 0).95
Shamran 1.47 1.64 2.00 217 1.20 0.82
CD (I’=0.05) 0.06 0.08 0.07 0.0 0.08 0.04
Table ¥. Anti-oxidant activity (mmolTE/g) in fruits of different Date palm cultivars
Treatments April May June July Harvest
1S 30 15 30 1S 30 1S Final
Halawy 1.398 3.043 S.835 6.015 4.443 4.123 3.683 3.508
Khulay 1.263 2970 5.310 5.793 4.195 3.703 3.508 3.225
Khadrawy 1.203 2.365 5.203 5.670 3.79% 3.593 3.230 3.043
Shamran 1.230 2515 S.170 5.643 3.%90 3.663 3.393 RA R
CD (’=0.05) 0.0%9 0.479 0.081 0.071 0.073 0.074 0.099 0.153
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Abstract

The objective of this study was to determine the effect of (iAx and cow urine on seed germination and seedling
growth ol custard apple. The results ol present study showed the significant differences with respect 1o effect of seed
soaking in different concentration ot GAj ie.. 200. 400. 600 ppm and cow urine with 15% and 20% also and in
combination. Seeds were soaked for 72 hours in all treatments Result of study revealed the positive effect of GA3 alone
and in combination with cow urine in germination percentage. seedling growrh, seedling dicuneter, no. of leaves and

vigour index.,

Among the various treatments, GA3 (400ppm) in combination with cow urine (15%) cxhibited the

germination (92.405), whereas it was showed lowest in control (50.07%). However. GA3 alone had also positive effect

on its germination and seedling growth.

Key Wards: Annona squeamosa, Cow urine. GAs, Seed germination

Introduction

Custard applc is successfully growing in humid
to arid and semi arid region. It is highly suitable for the
utilization of dry waste Jand arcas due o its drought hardy
nature and less water requirement. The custard applc have
very short fruiting season about six month, flowering start
with onset of monsocon and frnit harvest in cnd of
October-November.  The  plant  remains  in dormant
condition from December to May in hot semi arid
condition. Therefore. custard apple can be successfully
grown in these arcas under natural delayed monsoon rain
only. The propagation ol custard apple through sced is
difticult duc to seed dormancy. which shows low uncven
and irregular germination of seed. In many plants, viable
seeds unable to germinate after sowing in right time and
even under favourable environmental conditions. This
seed condition is known as seed dormancy (Taiz, Zeieger
2002). Seeds are mos!l important for casy propagation and
future breeding programme ot particular fruit crops. There
are numbers of internal factors responsible for seed
dormuncy like hard seed coat factors, embryo factors or
inhibitors (Agrawal and Dadlani 1995). Few mcthods arc
being commercially utilized to overcome dormancy.,
which vary from species o species, like heating.
stratification, scarification and gibberellins  application
(Black. 1980 and Narbona et al. 2003). In above status
methods. GA3 treaunent of seeds were found most
cffective 10 break dormancy and influcnce the sced
germination but it concentration vary Irom  specics o
specics {Karam. Al-Salem 2001).

Generally Custard apple requires 25-40 days for
sced germination in normal condition (Hernandez, 1983).
So far. linle work has been carried out on this aspect in
custard apple particularly under dry land condition.

Y

Therefore, seed treatment of custard apple with organics is
rcquircd to improve germination. In order to avoid the
problem of irregular germination and also to reduce
germination perivd, seed treatment ol custard apple seed
is very important. Theretore. this study was conducted to
find out the elfect of GA; and organics on seed
germination and scedling growth of custard apple under
hot semi arid condition,

Material and Methods

The present study was carried out at nursery unit
ol Central Horticullural Experiment  Station (ICAR-
CIAH). Vcjalpur. Pauchmnahals during 2016-2017. The
experiment was laid out in randomized block design with
three replications. There were twelve reatments like Ty:
sced soaking in tap water for 72 hours (control), T sced
soaking in 15% cow urine for 72 hours. T;: seed soaking
in 20 % cow urine for 72 hours. T,: seed soaking in 200
ppm GA: for 72 hours, Ts: seed soaking in 400 ppm GA;
for 72 hours. T sced soaking in 600 ppm GA; for 72
hours. T5: seed soaking in 200 ppm GAz+15% cow urine
for 72 hours, Tx: seed soaking in 200 ppm GA; +20% cow
urinc for 72 hours, Tg: sced soaking in 480 ppm GA.
+15% cow urine tor 72 hours. Tya: seed soaking in 400
ppm GA +20% cow urine for 72 hours, Ty,: seed soaking
in 600 ppm GA: +15% cow urine [or 72 hours and T;:
secd soaking in 600 ppm GA; +209% cow urine for 72
hours.

Collection of Cow Urine

Fresh cow urine of local variety ol cow was collected
fram a local animal farm. The urine was filtered through
Whatman No. | filter paper to get rid of debris and
precipitated material was used as seed soaking.
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Collection of Seeds

The seeds of custand apple were collected from fully
mature truits of Balanagar custaad apple variety at Central
Horticultural Experiment Station (ICAR-CIAH) tarm.
Vejalpur. Panchmahals.

Atter treatments, and completion of soaking
period (72 hours) fully soaked sceds were sclected and
sown in 10™ Junc 2017 at unitorm distance in polythene
bags. The size of polythene bag is |1 x 9 cm and cach
polythene bag consists of’ § seed. means each treatment
has 10 polythene bags. Every polythene bag was tilled
with a composite media. which consists of soil. FYM and
sand in ratio of L:1:1. The parcentages of germination of
seeds were calculated according to the rules tor seed
testing (ISTA, 1996). The scedlings were allowed to grow
ter six months (Junc to November. 2017). Aflter six
months, 10 scedlings for cach treatment were selected tor
measuring  growth parameters; shoot and root length,
sceedling diameter and number of leaf. The dama on
germination and scedling growth under various treatments
were statistically analyzed. Vigour index was calculated
according to Abdul-baki and Anderson (1973) as
germination per cent x scedling total length (lotal shoot +
root length), The data was analyzcd by statistical
significant a1 p<0.05 level, S.E. and C.D. at § per cent
level by the procedure given by Gomez and Gomerz
(1984).

Result and discussion
Effect on germination

The germination perventage ol custard apple
seed treated with GAs, cow urine and its combination are
summarized in Table & fig (1). the differences between
treatments and control were signiticant 25, 30 and 35 day
after sowing. Results showed that treatment of seeds with
GA: and its combination with cow urine had markedly
improved germination from 62.08 $% and 92.4% when
comparc out with control §0.07%. It is clcar from the
Tuable| 1thut seeds treated with GA; alone and  with
combination of cow urine hasten the germination than
untreated seed (conwrol). The GAix and in combination
with cow urine, the germination percentage at 25, 30, and
35 days atler sowing was recorded as 10.56-18.42 %,
23.87-45.23 % and 26.85-34.62 %. rcspectfully. Whilce in
conttol and cow urine alonc trcated sced germination
percentage was 6.23-10.23 %. 15.28-22.21 % and 23.56-
31.23% in 25, 30 and 3§ days after sowing, respectively.
Result of study revealed that cow urine is not effective in
hasten of seed germination. 1t may be due to presence of
nutricnts in cow urine (Phrimantoro. 1995) and very less
amount of auxins substances (Palani et. al.. 1995) which
arc unable to break the sced dormancy. High and carly
germination pereentage for custard apple sced was tound
in GAz and in combination with cow urinc trcated sced. It
may be due to syncergic effect of cow urine and GAz. The
GiA3 hormone incrcase cell size of embryo (Black, M.,
1930) by stimulating the cell wall to release and transinit
its calcium in the cytoplasm which makes tavourable
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condition for absorption of water and cell growth and
activation of hydrolytic enzyme (Taiz & Zeieger, 2002;
Roy, 1974) and cow urine might have provided essential
elenients that are needed by seed at time of germination
such as N, P. K Ca. and Na and stimulate the hydrolytic
enzyme. ['he highest germination percent was noted in Ty
(92.4%) tollowed by T; (87.94%), 'TI'|| (75.24%) and T,
(73.03%) while lowest was observed in T (control) at 35
days after sowing ( DAS) of sceds.

Effect on growth of scedling

In Tabte & Fig (1) results are shown the positive
effects of GA4 and cow urine treatment on shoot and root
length. seedling diauncter, no. of leat? young scedling and
vigour index atter germinated. The treatment Ty gave the
highest valucs ranging from 47.23 cm, 42.36 cm, 8.12
mm. 26.42 and 8278.116 comparing with the control
25.12 cm, 2218 cm, 7.38 mm, 20.32 and 2368.311
respectively. Custard apple seeds treated with (400 ppmn
GAs + 15 % cow urine) germinated carly ixl grown
quickly which acccleratc the difference in scedling
growth, seedling diameter. number of leatl and vigour
index. The present results are in agreed with the tindings
of Dzayi (2010). It may be duc to growth promotional
cifcct of GAa it stimulates and itecclerates cell division,
increased  cell clongation and cnlargement or  both
(Hartmwum et al. 1990). Early germination cansed by
gibberellic acid which provided enough time 1o the plant
for proper growth and development. However. cow urine
gave positive cffeet on young scedling, may be due
presencc of essential plant nutrient and auxin substances
and which ultimately resulted in increased length of root
and shoot, diameter of scedling and Icat numbers. These
tinding more or less  similar  with  finding  of
Sankaranaraynnan et al. (1994); Vanagamudi (2003) in
tamarind, lango «  al. (1999) in Albizia Ilcbbeck,
Ramachandrudu and Thangam (200?) in gladiolus and
Swamy et al. (1999) noticed highest germination per cent,
shoot length and root length when jamun seeds.

In this study. we increase period of soaking sced
becausc long time soaked sced gave higher germination
due to maximum removal of germination inhibitor (Dzayi.
2010; Al- Hawezy, 2013). These finding closcly related to
the Kose (1998), which reported that A, unedo seed gave
maximum germination when treated with 400 ppm GAa;.

From the fercgoing discussion it can be
concluded that among the ditterent treatment. Ty (seed
soaking in 400 ppm GA; + 15 % cow urine for 72 hours)
is found superior and most cftective tor seed germination
and better growth of custard apple scedlings over the rest
of the treatment combinations.
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Table 1. Effect of GAxand cow urine on sced germination and 2rowth of custard apple  seedling

Treatments | Germination % Total Length (cm) Seedling No. of | Vigour
25 30 AS germination | Shoot Root diameter leat/seedling | index
Days Days Days % (mm)
T, 06.23 15.28 28.56 50.07 25.12 22.18 7.38 20.32 2368.311
T, 0%.26 22.21 31.23 61.7 31.27 34.23 7.42 21.56 04135
T, 10.23 22.18 29 .45 61.86 26.45 24.16 7.32 16.25 3130.735
T, 11.89 27.56 28.12 67.57 28.12 22.45 7.62 17.38 3417015
T« 12.36 24.12 34.62 71.10 41.35 35.26 7.56 20.45 5446.971
Te 10.56 24.63 26.89 62.08 32.25 36.85 7.60 21.45 4289.728
T3 15.56 10,12 32.26 ¥7.94 44.12 40.18 8.8 22.63 7413.342
Ts 11.58 23.87 33.26 68.71 38.26 40.23 8.00 24.00 5393.048
To 18.42 45.23 28.75 92.40 47.23 42.36 8.12 26.42 8278.116
T 15.23 30.54 26.85 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
Tha 12.46 32.45 28.12 73.03 1742 3R.16 R.10 17.56 5519.607
e o |04 250 [71s [322 004 |117 [0.26 .34 22.06

Fig. 1: Effcct of GAx and cow urine on sced germination % of custard apple
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Fig. 2: Weather data of CHES in 2016-17
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Abstract

Moth bean (Vigna aconitifotia 1..). cluster bean (Cyamapsiy tetragonoloba 1. Taub.) and sonamukhi (Cassia
angustifolia Vahl) were grown as intercrops under agri-horti-silvi system with 7-year-old plantations of citrus | Citries
auranmtifolia (Cristm.) Swinglel, bael [Aegle marmelos (l..) Correa] and gonda (Cordic myaa 1..) at rescarch farm of
Central Arid Zone Rescarch Institute, Regional Rescarch Station, Bikaner, during two consccutive ycars of 2808 and
2009. Highest sced and stover yicld of moth bean (460 & 1881 kgha'' in 2008 and 320 & 1304 kg/ha in 2009) and cluster
bean (623 & 2146 kgha'in 2008 and 533 & 1838 kgha™' in 2009) as wecll as. the Icaf and sced yicld 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 truit trees. irrigation at 80% ot potential crop evapotranspiration (E'l'c) gave the highest yield and
water use efticiency in all the crops. while the lowest was recorded at 40% ETc. It was also observed that cluster bean

intercropped with citrus recorded the highest WUE (3.76 (kgha'mm’?).

Key words: Agri-horti svstem. drip irrigation, inter cropping, western Rajasthan

Introduction

The Indiin arid zone which covers around 12%
of country’s gecographical arca is characterized by low and
crratic rainfall with cxtremes of temperature (1-48°C),
high wind velocity and structure less sandy soil with low
walcr holding capacity and poor nutricnt status (Kaushik
et al., 2014). These are compounded by unsustainable use
of land and increasing humman  population, placing
unprecedented demand for food and natural resources,
challenging most of the arid and semi-arid regions with
the task of producing more per unit land with the innate
limitations associated with them. Arable cropping in the
arid region is often risky and crop yiclds are meagre and
unstable: and conscquently the income trom  existing
cropping alonc is insufficient to sustain thc tarmers'
tamily. Therefore, to mitigate the risk and uncertainty of
the income from conventional cropping, it is crucial to
integrate various agricultural enterprises in the production
progranunc and dcvelop location specific land usc
management systems  which can improve total land
productivity and give sustainable agricultural production
and provide cconomic stability to the fariners throughout
the whole ycar.

An integrated approach of land management in
arid areas is essential tor efficient utilization of natural
resources, to meet the requirements of tarmers without
deteriorating the land productivity and also to stabilize the
income. With their modest raintall, arid regions are
characterized by relatively {ewer species than the better-
watered biomes but are endowced with appreciable agro-
ceological diversity and hence various components viz.

crop, animal. tree, grass, 1ruit tree can be integrated in
production system tor livelihood security, Perennials-
based production systems: agri-horticulture and agro-
lorestry are considered cffective strategy lor improving
productivity. employment  opportunities,  economic
condition and nutritional sccurity (Parcck. 1999: Chadha.
2002). They are essential for meeting the requircments of
the ever-increasing  population and managing natural
resources. Agroforestry systems can enhance the total
production by improving soil fertility (Singh, 2010).
controlling crosion and replenishing nutrients removed
through biomass harvest (llany er «f., 2010). improving
microbial population (Yadav ct «l., 2008; Vallcjo et al.,
2012). cconomic bencetits (Jianbo 2006; Fadl & Sheikh
2010), and nutricnt and watcr-usc cfficiency (Anderson s
al. 2009; Pinho er «l.. 2011). The objective of introducing
woody perennials in fanning system is not only to cover
the risk ot crop tailures but also to mect the demand tor
fucl. food, fruit, fodder and small timber, Traditional trec-
intcgratcd farming sysiems arc adopted since time
immcmorial for sccurity of food. fodder and fucl wood in
drought-pronc arid regions (Ndayambajc and Mohren,
201 1: FAQ. 2013). but arc unablc to mect the requirement
of the ever increasing biotic pressure. Also. in most of the
regions. people are unenthusiastic to adopt agroforestry
because of lesser short term benefits from tree species.
Agri-horticultural ~ systems  which  integrate
horticultural species with arable crops ensure income to
the farmers much earlier. Integration of horticultural
specics  provides income at regular intervals to the
farmers.  in addition to  production obtained from
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agricultural crops during the carly stages of tree
establishment  (Kaushik and Kumar. 2003). Agri-
horticulturaf systems can provide increased income

throughout the ycar and minimize the risk of total failure
ol the system productivity as in traditional agriculture.
Keeping in view these findings, an experiment  was
conducted at research farm ot ICAR-Central Arid Zone
Research [nstitute. Regional Research Station, Bikaner
during 2008 and 2009 with the objectives ol assessing the
pertormance ol dilterent trees and crops in agri-horti
system in arid part of western Rajasthan at the higher aige
of trees even (up to § years).

Material and methods

The present investigation was carticd out at the
Rescarch Farm of Central Arid Zone Rescarch Institute,
Regional Rescarch Station. Bikaner (latitude 28.03°N.
longitude 73.19°E), India during kharif 2008 and 2009
with the existing 7 year old plantation of citrus |Citrus
aurantifolia (Cristm.) Swinglel. bacl [Acglc marmclos
(I..) Correa] and gonda (Cordia myxa 1.) maintained
under drip irrigation system. The total rainfall during the
year was 273.Imm & was 352.5mm (Jan-Pcc) in 2008
and 2009. respectively . It was 7.05 and 62.74% higher
than normal average rainfall (255 mm)during 2008 &

2009 ,respectively. During the cropping scason (July-
Qctober) the total rainfall was 97.5mm in 2008 256.4 inm
in 2009 (Fig. 1). Ihe soil of the experimental site was
alkaline (pH 8.3). non-saline (EC, 0.22 dS m ) loamy
sand with organic carbon 1.0 g/ kg. available N ¥9.7
kg/ha, available P 8.0 kg/ha and available K 234.1 kg/ha
and can store moisture 112 mm m' soil protile. The plants
were grown at three irrigation levels ie. 1) (40%ET¢). 1>

(60%ETe) and 13 (80%ETce) on  the basis  of
evapotranspiration. Mothbean (Vigna aconitifotia  L.).
clusterbecan (Cyamopsis  rctragonoloba 1. Taub.) and

sonamukhi (Cassia angustifolia Vahl.) were gar rownas
intercrops under rain-fed condition during kharif season.
Recommended agronomic practices and plant protection
measures were followed tor individual crops and trees.
The trees viz. citrus, bacl and gonad were planted at 6 m x
5 m distance in which the intercrops were grown in the
tree row spacing ot 6 m. Fertilizers were applied as per
the recomniendations of tree species and inter crops.
Experiment was taken under strip plot design with three
replications. All growth paramcter of fruit trees were
taken during the month ol November. Data  was
statistically analyzed by the procedure described by
Gomez and Gomez (1984).

Rainfall pattern during 2008 & 2009

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

- = 2008 2009

Months

Fig 1: Rainlall patiern during crop season

Results and Discussion
Growth of fruit trees

Different irrigation levels significantly affected
the growth paramcters (plant height, stem girth and tree
canopy) of truit trees (Table ). The highest plant height
for all the trees was recorded at 80% ETc irrigation level.
which was higher by 2.1 and 13.69 % in citrus; 5.14 and
9.29 % in haef and 1.37 and 4.43 % in gonda compared
to the other two treatments ic. 60% and 40% ETc
irrigation levels, respectively. The same  trend  was
observed in case of stem girth and tree canopy which was
highest in 80% ETc¢ irrigation Ievel but was at par with 60
% ETc irrigation level (Table [).
Rainfed intercropping significantly atfected the growth of
all the fruit trecs. Highest tree height of cittus and bacl
was recorded in intercropping with moth bean whercas

74

highest tree height of gonda was recorded in intercropping
with cluster bean. The stem girth and tree canopy of all
the (ruit trees were al par under intercropping with moth
bean and cluster bean, but it was signiticantly higher
compared  to  trees which  were  grown  with  no
intercropping (Table 1).
Fruityield

About 40 % plants were in fruiting and mean
highest fruit yield of citius (235.0 kg/ha and 24K.28 Kkg/ha
in 2008 and 2009, respectively) was recorded in citrus
intercropped with moth bean giving maximum fruit yicld
(350.0 kg/ha in 2003 and 387.75 kg/ha in 2009) at 30%
ETc irigation level. This was 8.6 and 16.0 percent and
89.2 and 124.3 per cent higher compared to intercropping
with cluster bean and sonamukhi, in the years 2008 and
2009. respectively (Table 2).



Yield of intercrops

In 2008. moth bean and cluster bean did not
perform well and plant population as well as grain
formation was improper and unsatistactory. due to puor
rainlall and long dry spell after sowing. During the crop
scason of 2009, cven though total rainfall was normal, its
distribution was skewed resulting in poor yicld of rainfed
mothbean and clusterbean. The highest seed and stover
yicld of both moth bean and cluster bean was recorded
with citrus which was significantly higher than that with
bacl and gonda. Sonamukhi gave satisfactory yiclds and
during both the years, the highest dry leaf yield (323 kgha
"in 2008 and 415 kgha™' in 2009) was recorded with citrus
which was 7.3 and 28.9 % higher over intercropping with
bacl and 68.2 and 48.2 % higher over intercropping with
gonda in 2008 and 2009 respectively (Table 3). At
diffcrent irrigation levels, irrigation at 830% ETc ol Iruit
trees gave the highest leaf and seed vield and lowest was
atthe level of 40% ETe (Table 3).
The better performance of all the intercrops associaled
with citrus might be due to less competition from citrus
trees for moisture and nutrients in comparison to bael and
gonda. Along similar lines. Yadava er «f. (2013) reported
that the highest total biological yield and seed yield of
mung bean and clustcrbean was recorded in intcrcropping
with  citrus  compared to  that  with  mopane
(Colophospermum  mopane) and  shisham  (Dalbergia
sissoo) in Bikancr. Further. Dwivedi ¢f af. (2007) also
reported the highest wheat yield under citrus plantation
followed by aonla and minimum crop yicld under guava
plantation,
Water use efficiency

Water use elticiency (WUE) of different crops
varicd from 0.62 to 3.76 kgha'mm™' (Table 3). Among
the dificrent Ievels of irrigation. irrigation at BO%ET¢
gave the highest water use etficiency in all the intererops.
This suggests that WUE increased with the increase in

levels of irdigation. This might be duc to the fact that
biomass produced by crops increased proportionately with
the total water used by the crops. The WUE was highest
with  cluster bean  tollowed by moth bean, while
sonamukhi recorded the lowest WULE. The highest WUE
in all the intercrops was recorded in intercropping with
citrus lollowed by bacl and the lowest was observed with
gonda. In contrast. Kaushik ¢r ul. (2011) reported that
irrigation at 409% ETc for tree species (shisham + aonla,
shisham + guava. khejri + guava. khejri + aonla) gave the
highcst WUE in intercropped tomato. Irrigation water usc
elficiency (IWUE) in an agri-silvi-horti production system
of semi-arid ecosystems in Haryana was tound to increase
with the usc of drip irrigation. without any loss of yicld in
the different crop components (Kaushik erad.. 2014).

It is evident from the data that the highest yicld
and WUE of all the intcrcrops was obscrved in
intercropping with citrus This might be duc to less
competitive etfect of citrus on intercrops compared to bacl
and gonda. Beniwal es «f. (2008) observed that the root
biomass density of citrus at a radial distance of 1.0-2.5
meter was very less (16.7 g m™) comparcd to shisham
(747 ¢ m™) and mopane (134.8 g m™). They fusther
reported that as the root biomass and soil moisture
cxtraction by cilrus in the cropping #zone (i.c. 2.5 m radial
distance) was less. it could perform well in agri-horti
system with minimum citect on crop growth and yicld.

The study revealed that interceopping of cluster
bean, moth bean and sonamukhi in agri-horti system can
successfully be done in drip irrigated 7-ycar old citrus
plantations  without any reduction in productivity of
intercrops as well as the growth and yield of cilrus trees.
Selection of horticultural and agricultural crops is very
crucial for the success of the integrated system. Hence.
location spccilic agrolorcstry sysicm modcls have to be
developed for increased yicld, water use efficiency and
subscyuently higher total income.

Table 1. Growth of fiuit trees as affected by intercrops & imvigation levels under drip irrigation system (Mean of two

vears, 2008 & 2009)

Tree hetehi ()
Trees Trrigation levels (%ETe) lnercrops
8]0 60 10 Moth bean Cluster bean | Sonamukhi Na crop
Citrus 275.6} 257.52 231.54 32245 237.07 207.47 214.75
Bael 33392 297.48 373.35 406.8Y 3¥3.19 263.8S 237.20
Gonda 204.2% 211.90 172.57 176.45 199.3% 256.71 190.40
| Mcan | 271.29 1255.62 127.37 302.80 266.34 242,81 | 214.12
CD 5% Irri=19.8 Irri x trec=34.31 Trees= 19.8 Tree x crop=3v.62
Stem girth (em}
Citrus 345 31.83 30.17 34.78 30.78 28.78 24.33
Buel 31.17 29.25 2583 28.22 30.89 23,33 27.56
- Gondu 25.67 30.75 23.25 18.89 30.78 22.56 | 240
Mcan 30.45 30.6l 2642 3063 30.82 26.56 253
CL 5% Irn= 2.52 Ieni % wee=4.37 Trees= 2.52 Tree a crop=5 05
Tree canopy (m?)
Citrus 7.39 | 6.22 [ 604 [ 7.96 | 649 | 5.3 5.45




Betel R.O1 6,12 5.50 7.03 7.33 5.65 5.76

CGonda 6.(0 6.23 4.46 6.03 4.9 4.43 4.59

Mcan 7.17 6.17 $.32 6.99 6.24 5.11 5.02
CD 5% Ini= 0.90 ki x tree=1.56 Trees= 0.90 Tree x coup=1.81

Table 2. Mean (ruit yield (kg ha ") under drip irrigation system during 2008 & 2009

Irrigation levels (% ETe) 20038 Irrigation levels (% ETc) 2009
Acgri-honti svsicm (drip irrigation) | 80 60 40 Mcan 20 60 40 Mcan
Citrus +Moth 350 253 102 23500 | 387.75 | 263.87 | 93.24 | 248.29
Citrus+ Guar 3224 2358 90.5 21623 | 334.33 | 258.27 | 53.28 | 215.29
Ciuus + Senamukhi 185 199.5 86.133 15694 | 172.89 | 12587 | 79.92 | 126.23
285.80 229.43 92.94 - 298.32 [ 21600 | 7548 | --
Mcan
CD 5% 130064 | — | | 2863 | o - — N

Table 3. Yicld and watcr use eflicicney ol rainfed intercrops under agri-horti system (fruit trees in drip irrigation system)

during 2008 & 2009
Yield of rainfed intercrops (yMha) with feuit | WUE (kgha 'mm™”) of crops intercrop with fruit trees
) treesidrip irrigation) grown at different jrrigation levels (%ET¢)
5::: Moth bean Cluster bean Sonamukhi Mothbcean Clusterbean Sonamukhi
:CC Stover | Sced | Stover '::’:j:’ \S:i_clfl 80 60 40 80 60 40 80 | 60 40
2008
Citrus 4.60 1881 6.23 21.46 323 0.53 287 | 250 | 185 | 3.26 | 3.30 | 261 1.37 1 1.26 [ 1.0
Bael 3.63 14.85 4.97 16.76 3.00 0.65 219 | 203 146 | 292 | 2.50 | 2.19 1.33 1.20 1.13
Gonda .2.93 11.97 3.60 12.39 1.92 0.53 1.72 1.56 1.30 . 224 | 209 1.30 | 090 0384 | 0.82
CD 5% 0.80 240 0.80 2.60 2.72 0.57
2009
Citrus 320 | 1304 533 | 1838 415 o030 | 137 [12s [ a3 | 254|205 |16 | 40 [ 136 | 132
Racl 278 | 11.37 332 | N4 322 o6 |125 | rnn [o90 | 138 ez [133 | |o9s |ose
Gonda |249 |10a6 | 210 | 709 280 | 053 |13 [ 100 [075 [078 | 098 | 070 | g0s |05 |06
CD 5% .18 342 0.32 4.20 293 0.55
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Abstract

Rough lemon Iruits are highly acidic and possess greater nutraccutical value Studies were conducted to
tormulate and assesy aceepiability ol squash of rough lemon . The varying juice concentration 50, 40, 30, 20 & 10 per
cent were used for preparing squesh and stored at ambicent temperature (28 = 3°C). Periodical 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 respect
to organoleptic qualities viz. colour. fMavour, taste and overall acceptability till 180 days of storage under ambicnt

conditions.

Key waords: Rough Lenmon. Citrus jambhiri. Squash. fornudation. sensory aceeptability

Introduction

Rough lemon (Citrus jarmbhiri Lush.) is the most
commonly uscd citrus rootstock belonging to the tamily
Rutaccac. It is considered to be native to Assam state of
India. It is considered as a hybrid between the citron and
the lemon. with character traits similar to rangpur lime
or mandarin_orange (Bhuyan et af.. 1998). The fruits are
yellow colored. rough skinned and gencrally used as a
rootstock lor other citrus truits. This is widely used
rootstock for Kinnow mundarin crop and popular in
Punjab, Rajasthan and Haryana belt of India. Among
various commercial citrus species, this is non-traditional
duc to high acidic naturc and poor appcarancc. Hence, the
fruits of this plants arc of negligible usc inspite of its high
yield potential (more than one quintal tree’'). This species
of citrus hardy enough and profuse in fruiting and could
act as an alternate source ol income tor the tarmers. The
fruits are perishable in nature and are available during the
winier months (Ladaniya, 2008%).

Citrus fruits and their juices have various health
benefits owing to the prescence of bioactive and nutritive
componcnts. They arc basically tree of fat. sodium and
cholesterol. In addition they possess rich amounts ol
potassium. calcium. folate. thiamin. niacin. vitamin Bé.
phosphorus. magnesium and copper. ‘They might also
reduce the risk of heart diseases and certain kinds of
cancer. They are also known to help in reducing the risk
tor pregnant ladies toe have children with neonatal
discases. Rough lemon lruit processing generates various
byproducts with significant value. These by-products are
known to act as a rich source of cdible and hcalth
promoting agents as polymcthoxylated flavonoids. many
ol which were tound exclusively in citrus peel
(Hatamipour ¢7 ul.. 2004). The rough lemon peel contain
sugars, edible fiber and many other components that olfer
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cxcellent  opportunities  as  value-added  products,
particularly those components that have biological
activitics (antioxidant, anti-cancer. cardioprotective, and
food/drug-interactions) or other attributes that arc uscful
in the development of high-value lood products trom
citrus peel (Widmer and Montanari. 1994). Hence. the
morphological characteristics. juice extraction of rough
lemon and storage study ot squash at room and
relrigerated temiperature were carried out. Hence. an
attempt  was  made o study the  morphological
characteristics,  juice  extraction and  standardize the
proccdure for preparation of squash from the juice of
rough lemon harvested at fully mature stage.

Material and Methods

Raw material and Squash preparation

The fruits were procured from the research plots
ot JICAR-Central Institute tor Arid Horticulture. Bikaner,
Rajasthan. Fully matured. uniformly developed fruits of
rough lemon were harvested in the early morning hours
using secateurs and transported to the Postharvest
[.aboratory tor turther use. In the laboratory, the fruits arc
washed thoroughly under the running tap waler 10 remove
the adhering soil and dust particles. Later the [ruits are
pecled 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 supernatant was siphoned out without
disturbing the debris and used for the preparation ol
squash. The protocol standardized lor preparation of
squash trom the rough lemon fenits was illustraied here
under:
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Physical analysis

The fruit measureincnts viz. length. width, cavity
rudius. flavedo thickness ete. were 1aken with the help
Vermier calipers. Weight ol 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
wis determined accordingly.

Fi 2: Rough lemon truit bearing branch

Fig 1: Flow chart showing the procedure for pre
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aration of Rough lemon squash
= =z — =5 Tz -

Fig 3:)ugh temon Sqush

Chemical analysis

Freshly extracted juice was uscd for analysis of
proximute composition initially. Total soluble  soilds
(TSS) was determined using digital refractometer and is
expressed as © Brix. Titratable acidity (%) and ascorbic
acid content of fresh juice was cstimaied using the
standard procedures described by Rangunna (1986).



Scasory analysis

Organoleptic evaluation was done for the
developed rough Iemon products by a semi-trained pancl.
For each sensory parameter, such as colour & appearance.
body or texture, flavour. taste and overall acceeptability.
100 marks werc allotted and the products were given to
the panelist in coded form (Atrt of «f., 1998). The
panclists washed their mouths with water intermittently
during cvaluation of the samplcs.

Results and Discussion

The obervaction regarding morphological and
biochcmical composition ol the rough lcmon fruits were
depicted in the Table t. The morphological parameters
viz. average whole huit weight (148.6 g) average fruit
Icngth (78.6 mm) and width (66.4 mm).Wcrce recorded the
tflavedo weight was observed 59.13 g with a thickness of
0.36 mm. The internal fruit cavity radius was recorded
1.96 mm. The pulp and pecl conteuts accoonted for 34
and 67 per cent, respectively while the average pulp: peel
ratio was observed 1.97. The average biochemical
paramcters were obscrved 9.5, 5.836 and 20.4S for total
soluble solids (“B). titratable acidity (%) and ascorbic acid
(mg/100g), respectively (Table 1),

The squushes were prepared from tresh juice
after diluting it in licu of maintaining strong acidity of
juice viz., S0 % (1), 40 % (T3) . 30% (1), 20% (T's)and
10 % (Ts) as per standard methodology mentioned in
flow chart(Figure 1). The prepared squashes were
evaluated organioleptically by a pancl of eight jugdes by
following nine point hedonic scale (Amerin er ¢f., 19635).
Serving ratio maintained |:3 tor all the squashes.

The squash was stored at room temperature and
the sensory acceptability was checked at theree month
inteval viz. 0, 3 and 6" month during storage. The
orgnaoleptic scores were depicted in the tables 2.3 and S
at three month intervals. Among various treatments. the
scnosry acceptability of the rough lemon squash prepared
with 40 per cent juice (T2) has atlained greater score for
all the sensory attributes as well as the overall
acceptability score tollowed by T (SO per cent juice) and
T; (30 per cent juice) (Table 2).

During storage at ambient conditions, the sensory
acceptability of the rough lemon squash has  declined
gradually with time irrespective of the treatment imposed.
However, among various concentrations used, the squash
prepared using 40 purcent juice has scored relatively
higher sensory scores compared to other treatments (Table
3 & 4).

The gradual decline in the sensory attributes with
storage period was clearly illusoated in the radar chart
(Fig. 4) where in the colour. flavor and taste dccrcascd
significantly but the overall accepiability of the rough
lemon squash remained relatively higher. Similar decline
of scnsory attribuies with storage was also observed in
Assam lemon squash (Singh et «f.. 2015). Sweel orange
squash (Syed er «f.. 2012) and Lime (Lad er ef.. 2013).

Thus, it can be concluded that, among squashes
prepared  from  various juice concentrations of rough
lecmon juice, the squash prepared with 40 per cent juice
has recorded highest sensory scores and the rough lemon
fruits has the greater potential for value addition and
commcrcialization.

Table 1. Morphological and biochemical composition of the rough lemon fruits.

S.Nu, Paramcters Mean value (2 SE)

1 FFruit weight (g) 148.6 + 2,078
2 Fruit length (mm) 78.6 £ 1.101
3 Fruit widih (mm) 66.4 = 1.744
4 Flavedo weight (g) 59.13 = 1,607
3 Flavedo thickness (mm) 0.36 = 0.023
6 Cavity radius (mm) 1.96 = 0.060
7 Pomacc weight {g) 20.14 £ 1.136
3 Peel weight (%) 34 = 1.155
9 Pulp weipht (%) 7 = 1.000
10 Pulp : Pecl ratio 1.97 £ O0.100
11 TSS(B) 9.5 = ().208
12 Acidity titrable (%) 5.86 £ 0.226
13 Ascorbic acid (mg/100 ml) 2045 = 1.134

Tablc 2. Organolcptic scorcs ol freshly preparcd rough lemon sauash

Treatment Squashes Scnsory evaluation of fresh squashes
specification Colour (9) Taste (9) | Flavour (9) Overall (9)
T Juice S0% 8.5 8.5 | 8.0 8.3
T, luice 40% 8.5 8.5 | 8.5 8.5
T Juice 30% 835 8.0 | 8.5 8.3
T, | Juice 20% | 8.0 8.0 8.0 8.0
T, Juice10% 3.0 7.5 1 7.5 7.2

R0




Table 3. Ocganoleptic seores of rough lemon squash atter 3 month storage

Treamment Squashes Scnsary cvaluation after 3 month of storage S
specification Coulour (9) Tasle (9) Flavour (9) Overall (9)
T, Juice 50% 7.5 %.0 7.0 7.5
T, Juicc 40'%. 8.0 8.0 7.5 7.8
Ty Juice 30% 8.0 3.0 7.5 7.8
T, Juice 20% 8.0 8.0 7.0 7.6
Ts Juice 10% 8.0 7.5 7.5 7.6
Table 4. Organolepric scores ol rough lemon Squash atter 6 month storage
T'reatment Squashces Sensory cvaluation atter 6 month ot storage Total of overall
specitication Colour (9) Taste (9) Flavour (9) Overall (9) inonth of
storase (27)
T, Juice S0% 6.5 7.0 6.0 6.5 221
T, [Juice40% |70 170 163 175 23X
T Juice 30% 7.0 7.0 6.5 6.8 229
Ty Juice 20% 7.5 7.0 6.0 6.8 224
T Juice 10% 7.5 6.5 6.5 6.8 22.1
Colour/ Appearance
8,
o
-=¢--0month
Overall Taste —¢— 3 monlh
accep tability
—e- — 6 monlh

Flavour

Fig 4: Radar chart depicting the changes in sensory attributes of the best treatment (T2) over the storage time.
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Abstract

Correlation at genotypic and phenotypic levels along with path coefficient analysis were studied for various
yield and its component characters in twenty genowypes of pea (Pissmn sativam 1) during rabi. 2009-10. Analysis of
variance revealed significant difference tor all the characters indicating the presence of good amount of variability in the
genotypes studied. Correlation studies revealed that green pod yield per plant was positively and significantly associated
with pod length. pod weight and number of grains per pod. Path cocfficient analysis revealed that traits like numbcer of
pods per plant, pod weight. number of grains per pod. number of pickings and protein content were the important
characters for selection of high yielding genotypes as they exerted high positive direct eflect as well as positive
correlation with green pad yicld per planmt, The result suggested that these traits could be considered as major yicld

contributing trails in pea.

Key words: Pcua, correlation, path analysis.

Introduction

Pea (Pistan sativesn 1.) is an important crop
arown throughout the world. 1n India, it is grown mainly
as winter vegetable in the plains of North India and as
summer vegetable in the hills. Pea is used as tresh
vegcetable. canned, processed or dehydrated and sceds are
consumed as pulse. Green pods are highly nutritive,
containing high pcrcentage of digestible protein (7.2%),
carbohydemes (19.8%) and minerals (0.8%) (Aykroyd,
1963). Corrclation cocificicnt is a slatistical mecasure,
which is used to find out the degree and dircction of
rclationship between two or more variables. It measures
the mutual relationship between various plant characters
and determines the component characters on  which
sclection can be exerciscd for genctic improvement in
yicld, Path cocfficicnt analysis is an important tool for
partitioning the correlation coctticicnts into direct and
indirect cffects of independent variables on dependent
variable. Tt has been widely used to identify traits that
have significant effect on yield for potential use in
selection. Keeping in view the study was conducted to
tind out corrclation at genotypic and phenotypic levels
and path cocfticient analysis for yicld and its contributing
traits in pea,

Matcrials and Mcthods

The present investigation was canicd out at
Experimental farm, Department of Horticulture, S.K.N.
College of Agriculture, Jobner, Rajasthan during rubs
2009-10. The experimental material consisted of twenry
diverse peca genotypes namely, AP-1, AP-3, Arkcl, VRP-
5, VRP-6, VRP-7, VRP-16, VRP-22, VRP-90, VRP-135,
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VRP-138, VRP-147, VRP-158, VRP-179, VRP-216,
VRP-219, VRP-238, VRP-330, VRP-343 and 1EC-9126.
Experiment was laid out in randomized block design with
three replications. The seeds were sown at a spacing of 30
cm x [0 cm. Recommended agronotnic practices and plant
protcction mcasures were followed 1o maintain optimum
plant stand. The observations were recorded on tive
randomly sclected competitive plants from cach plot in
every replication for the teits viz. plant height (cm). days
to first {lowering. days 1o 50 % llowcring. days to firsi
fruait setting. days 1o lirst pod picking. number o’ pods per
plant, pod length (cm), pod weight (g), number of grains
per pod, number of pickings. pod yield per plant (g). pod
vield per hectare (q). TSS of green seeds (%) and protein
content in pods (%). The data were averaged and
statistically analyzed for analysis of variance as per the
method suggested by Panse and Sukhatme (1995). The
genotypic and phenotypic correlation coctficients were
calculated trom the genotypic and phenotypic covariances
and variances as described by Singh and Choudhary
(1977) and as per formula given by Johnson ez «d. (1955).
The estimates of direct and indirect etfeet were calculated
by’ the puth coctlicient analysis as al both phenotypic and
genotypic levels,

Result and Discussion

The analysis of variance indicated signiticant
differences among the genotypes tor all the observed
characters which indicated that high amount of genetic
variability was present in the genetic material.

The corrclation studies revealed that in genceral

estimates  of  genotypic  corrclation  cocflicients were
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higher than the corresponding phenotypic  correlation
coctticients, which indicated a strong inherent association
among different traits under study (Table 2). The lower
phenotypic  values might bhe due to environmental
interactions. A signiticant positive correlation of pod yield
per plamt was obscrved with 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 wecight (0.542) and
number of pickings (0.377) at genotypic level. which,
suggested that these characters could be considered as
major green pod yield contributing characters in pea.
Similar results wer reearlicr obtained by Chaudhary and
Sharma (200)3), Sureja and Sharma (2004), Choudhary «:
al. (2004). Singh and Singh (200S). Nawab er af. (2008)
and Guleria. Chongtham and Dua (2009).

Pod yield per plant registered significant and
ncgative corrclation with days to first flowering (-0.326)
and days to first pod picking (-0.369), which. indicatcd
that sclection should be practiced ftor less days to
flowering and first fruit sewting (carliness). The results
were in accordance with the findings of Chaudhary and
Sharma (2003). Choudhary ¢r «f. (2004) and Sureja and
Sharma (2004).

Therefore. it can be concluded that, during
selection of high yielding genotypes in pea major
cmphasis should be given on pod weight, pod length,
number of grains per pod. days to first fruit setting and
days to {inst flowering as these are significantly associated
with pod yicld hense. these characters could be considered
reliable indices tor sclection, to enhance the pod yield.

Path coefficient analysis revealed that. days
1aken to lirst pod picking exhibited maximum positive
direct effect on green pod yield per plant (2.1131) at
genotypic level Jollowed by average pod weight (1.5140),
number of pods per plant (1.2720), protcin content
(0.38R7). average number of grains per pod (0.1 141), days
taken to SO per cent tlowering (0.1137) and average
number of pickings (0.0905). The highest negative direct
effect was exerted by days taken to first flowering,
followed by days to tust fruit setting. plant height.
average pod length and TSS of green seeds. These resulis
were in partial agreement with those of Sureja and Sharma
(2004) for appcarance of first flower, by Sharma er «f.
(2007) for TSS and by Sardima er «l. (2087) for plant
height.

Days to S0 per cent {lowering exhibited
maximum positive indirect effect on pod yield per plant
via days to first pod picking, number of pods per plant,
pod length and protein content at genetypic level. Days to
tirst pod picking had positive indirect effect through
number of pods per plant. pod length. days to 50 per cent
tflowering and prolein content. Average number of pods
per plant had positive indirect cffect on pod yicld through
days to ftirst pod picking. pod length and days to SO per
cent {lowering Average pod weight exhibited positive
indircct effect via days to hirst flowering. days to first fruit
setting, plant height, number of grains per pod, protein
contemt. munber of pickings and TSS of green seeds.
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Avcrage number of pickings had positive indirect
cftcct on pod yicld through days to first tlowering,
average pod weight, days to first fruit setting, plant height,
protein content and nuinber of grains per pod. Whereas,
protein content exerted positive indirect effect via day to
first pod picking average pod weight. plant height,
number of grains per pod. days to SO per cent flowering,
number of pickings and T'SS of green seeds.

Keeping in view the cstimates of corrclation
cocfficicnt and direct and indireet  contribution  of
component traits toward pod yield per plant, indirect
selection practices on the basis of days taken 10 first pod
picking, average pod weight, number of pods per plant,
protein content. number of grains per pod. days to 50 per
cent flowering and number of pickings would be
rewarding in the genotypes under study enhancing the pod
yicld per plant as well as per hectare.
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Table [. Phenotypic correlation coetlicients (upper diagonal) and genotypic correlation coefficients (lower diagonal)

between ditferent traits in pea

S. No.| Teaits ri DFF |S0% F | DFFS | DFPP P/ PL. PW /P Picking TSS |Prowin|  Y/P Y/ha
1 PH 1008 [0.559%% ) AST*#[0.631%*|(1.7] 24%|0.739+* 0,477+ [0.640%¢ .265 | -0.602%% [1.435%% | .0.136 | LM 0039
2 DFF 0.597 | 1.000 P.933%210.8396**[0.9417*| 0.274 | -0.200 0%:3” -0.08E1 | -0.699** |0.36:13%| 0.22] [-0.326* 9231
3 50% I 0.694| 0.935 | 1.000 [0.961**[0.953**(0.437**| -0.299 5 ‘.;4“ -0.142 |-0.614** | 0.324* [ 0.166 | -0.318 0.243
4 DI'FS 0.686| 0912 | 0977 | 1.0 |0936°+[0.471+%|-0.349¢ ()6-;9'"' -0.220 |-0.665+% |0.437+* | 0.136 [-0.369+ -0.292
S nDIPP 0751 0949 | n9SS | 0081 | 1.000 [0.459+&| (1304 059'5“ 0116 | -D.7594¢ (14384 | 0,130 | -0.271 L0182
(8 PP 0,933 0364 [0.561 | 0573 | 0.578 | LM |0.517** 0’2;5” -0.345* | Q.380* | 0.342% |.0.£82 | 0.070 0106

. {

7 PL -0.660| -0.293 [-0.415 | -0.499 | -0.420 | .0.779 | 1.000 [0.602%2]|0.664%%| 0.3I% | -0.259 [1.3424 | 0.3ys* 0.366¢
X "W <0.828] -0.601 [-0.739 | -0.79) [ «0.734 | -0.335 [ 0966 | 1.000 [0.488%* | 0.475%= [.0.368* | 0.477 |0469* | 0.438=x
9 G/P -0.475] -0.140 |-0.256 | -0.351 | -0.195 | -0.527 | 0.845 | 0.776 | 1.000 0.225 .0.306 | 0.182 | 0.393¢ 0.400*
10 Picking  |-0.661( -0.735 [-0.643 | -0.693 | -0.792 | -0.121 | 0.363 | 0387 | 0285 | 1000 | . |0.102 | 0.246 0.161
11 TSS | 0.583] 0454|1397 [ 0.528 | 0.543 [ 9.506 | 1325 | 0576 | 041 | 0.745 LD | -0.013 | -0.151 0. 00K)
12 Protein -0.255| 0.308 [0.216 | 0.194 | 0.172 | -0.163 | 0517 | 0.168 | 0.231 0.002 -0.065 | 1.080 | 0234 0.246
13 Y/P -0.211] 0.458 |-0.440 | -0.511 | -0.378 | -0.0t7 [ 0.664 | 0.542 | 0.763 0.377 -0.271 [ 0.296 | 1.000 0.986%*
14 Yiha <0125 -0.329 | 330 | -0.39% | «0.252 | 0043 | 0.599 | 04%S | 0760 0257 | -0.8K | 0310 | 0977 1.000

PH = Plant height (em). DFFF = Days taken to first flowering, 509% IF = Days to 509% flowering. DFFS = Days to firsi fruit
setting, DFPP = Days to tirst pod picking, P/P = Number of pods/plant. PL = Pod length (em). PW = Pod weight (g). G/P
= Number of grains/pod, Pickings = Number of pickings, Y/ = Yicld/plant (g), Y/ha = Yicld/hectare (g). 1TSS =T.8.S.

of green seeds (%), Protein = Protein content in pods (9%).

% Significant at P = 0,01 level of significance
* Significant at P = 0.05 level of significance




Table 2.
phenotypic level

Dircet (diagonal) and indirect offects

of different characters

on pod yicld per plant in pea at genotypic and

Characlers PH DFF 50 F |I-FS 1-Pp P/P PL. PwW G/P ll’ickiugs ‘I'SS [Protein |Y7P
PEI [ 04538 ‘05K |00209  [4.1673 [0.5761 00355 |0.12a1 [-0.2355 [00140 [0.0086 <0087 [4035% [-00964
G 0.4633 02433 100790 [0.5:02 [t S8R0 1873 (01924 [-1.2932 [-0.054)  [-0.0601 -0.017 [0.0993  [-0.2108
DFF 14 02533 095  10.0297 “0.237? 02644 0.0]32 [008528 |-0.0752 [OXM6  O.0XWY -0, (073 |0 05TL -0.32617
4.2779 212337 Jora6s 07713 |20048 0ac [00xs? [-00102 [H 0160 |-0.0566 0.0325 [01196  [4pags2ve
S(¥S F r 02078 .0.8%59 o318 |.€.2548 [0.7721 00210 [-0.0789 [.0.215T7 [4).0080 [0.D0K7 -9.0068 (00320 [.0.31T)
G 103232 41,1636 [0.1137  |.02698 [2.01R2 02137 [0.1200 [-1.1196 [-00270 |-.038 00284 [0.0S30  [.0.a302°¢
1-FS P» 0 2857 08513 [00306  [€2652 [0757R 00226 [9©0921 |-0.2357 [00124  [0N09S 00088 [00352  [-0369.4+
G -0.3192 -1.0353  foarir [«0.2876 [2.0004 07285 [0.1434 [-1.ta76 [O.ngan  [4.0627 08 [0.0255  |«4S113+¢
1-0p P 0.3223 -0K966 [0.0303 |-02482 [0BO 00221 [4.0802 |-02161 |[D00GS [00I0R -00088 [00336 [€.2715
G .0.3497 -1.1807  [0.1086  [-02389 [2.t131 023355 01218 [-0.0119 [0.022Y o012 0.0389 [0.0668  |.037R3%
P/ P» 0.3347 -0.2608 [0.0139 [0.1219 [0.3721 -0.0481 [0.1365 |-02851 |-0.0194 [0.0054 0.0069 [0.0462 [0.0705
G -0.4343 04531 [0.0678  [a510 [1.2218 1.2720 [0.2281 |-1.2638 |0.0601  [-0.0381 00362 [-00615 [«.0175
PL [ 02162 0.1000  |-0.0095  [ooR2s 02360 00248 02641 [0.2187 00375  [-0.%HS 00052 [0.0884  [0.3952%
G 0.30% 03649 [0.0472 [03936 [-0.89D?7 010 [0.2689 [14627 [o.w31  [0.032y 00233 (02010 [4.0n36**
PW P 203 045K ooy o722 [oax21 00577 [oisel [os6 Jo.o2rs  [oaxax R3S [D0IGL [.36997
G 0.3852 0.7483  [-0.0%41 [0.6230 [-1.5519 -1.001? [0.2791 [1.5130 [0.0880  |0.0532 00312 [n.0053  [0.54207
GrP P 0.1199 00770 |-0.0845 [0.0584 [.0.0939 0.0166 [0.1755 [0.1772 [0.0564  |-0.0032 00061 [0.469 [0.3926*
G 0.2215 0.1746  |0.0269 [0.2764 [0.4112 0.6699 |0.2356 [1.1750 [o.114t  [0.025R 0.0300 [0.0899 [0.7637~*
Pickings P 02726  [06613 00195 [0.1763 |0.6146 00183 [0.08s39 [0.1727 [o0127 [-00142 00127 [00261 [0.2164
G 0 3021 09152 [00731 [05455 |-16740 ©0.5359 [-0.1049 [0.8895 [0.0325 0905 -00534 [00358 |0.3769%
'TSS P 0.196% 06l Joortd |0 L1sE |05 00166 [00685 [-0.1338 [00t72  |0.0000 10,0201 [00033  [o.1510
G 02712 05656 [003s2 |08 [1L1476 V6237 [omdo [[VE21 [0U978 JouveTs 00716 [0.0254 |0.2715
Protean (I -0.0615 -9.2108  |0.6033 .0.0362 0.t034 0087 [0.0003 [0.0048 [o.0102 0.0915 00003 [0.2581  |0.2342
G TR D82 00246 015 [0.36W £.2077 [0.1399 (02548 Jo.026d |u.ous? 0.0047  [0.0857  [0.2061

PH = Average plant height (cm). DEF = Days taken

*e signiticant a1t P = 0.01 Jevel of sipnificance. * significant at P = 0.05 level of significance, Rexidual eftects :

0.338. (Note - Diagonal values are Jirxt cifece.)

to first llowering, S0% [ = Days to S0% tlowering. I-FS = Days to first fruit
setting, L-PP = Days o first pod picking, P/P = Average number of pods per plant, PL = Average pods length (em), PW = Average
pud weight (2). G/P = Average number of griins per pod, Pickings = Average number of pickings, Y/P = Average vield per plant ().
Y/ha = Average yield per hectare (q). TSS = T.S.8. of gicen seeds (°B), Protcin = Protein content in pods ()
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The water resources on the carth are limited. with
freshwater being estimated at 37 million km". Only 0.3%
of this amount can be used as renewable resource. The
lack of waler is the major limiting factor on cxpansion of
irrigated agriculturc in the arid and semi-arid land of the
world.  Establishment  of  water-saving  irrigation
technology for irrigation is considered to be onc of the
efficient ways to improve and to develop agriculture in the
21" century in these regions, Fertigation - a modern agro-
technique provides an excellent opportunity to maximize
yicld and minimize ¢nvironmental pollution (Hagin er «l.
2002) by increasing fettilizer use efficiency. minimizing
fertilizer application and increasing return on the fenilizer
invested. The application of lertilizers is highly site-
specitic, depending on soil type. climatic conditions and
water quality. Fertilizer demand in  intensive  plant
production systems is particularly variable, changing
rapidly during the scason and the ycar. The nutrient
requirements of Kinnow mandarin trees are very much
dependent on the biological stage of growth and varying
from vegetative to fruiting periods. Using micro irrigation
system for Kinnow production has greatly increased the
adaptation of fertigation products. Bravdo er al. (1993)
stated that shoot growth extension varied considerably
according to irrigation system. El-Wazzan ¢t al. (2001) on
Valencia orange improved that irrigation system had
aumounced effect on the yield, Assuming that frequent N
fertigation over most of the growing season stimulate
vegetative growth due 10 the constant availability of N to
plant. This work aimed to investigate the etfect of varying
atnount of drip irrigation and N fertigation on the
vegetative growth and the yiceld of Kinnow mandarin
trees.

A study was carried out lor investigating the
varying N fertigation rates 400. 600, 800 and 1000 gm N/
tree and annually added at 21, 23, 30 and 34 equid doses
on the vegelative growth and yield of Kinnow orchards of
six year old in Kandi area located in foothills of Shivalik
(Punjab) during four successive years from 200 1-14. The
amount of water applied via drip irtigation was 16. 20, 24
and 30 m¥ tree per year and ditferent combinations
between them were also studicd. Average spring shoot
length (¢m) - number of leaves per spring shoot- leaf arca
(cm”)-percentage of N and P of the leaves. fruit yield were

determined according to standard methods. The data was
statistically analyzcd according to Panse and Sukhatme
(2009). The different combinations of (a) = quantity of
water applied and (b) = N fertigation frequencics were as
(l[bl. a.bl. ﬂlb_'t- ﬂ[ba. agbl. azbg. ﬂzb;. azb... a;b.. ajbl. 03b3.
aby, asby, asha. aby and agby

Varying quantitics of water applied via drip
irrigation from 16-30 w' water /tree/year had a positive
cffcct on shoot length. number of Icaves/shoot and lcaf
area ol Kinnow mandarin. The vegetative growth was
stimulated with increasing quantities of water per tree (16-
30 m® water/tree/year). Higher ditferences in these growth
aspects were detected among all levels except the two
higher ones. The maximum and minimum values were
detected on the trees irrigated with water at 30 and 16 m}
per tree, respectively (Figure 1-3). Results indicated that
growth parameters of Kinnow mandarin trees were
gradually stimulated with increasing levels of nitrogen
tertigation from 400-1000 gnviree. Maximum differences
of these growth 1raits were observed between all levels of
N except between 800 and 1000 gm Nfrce. The results
are in agrecement with those of Sharawy (2005) on Balady
lime trees. Increasing nitrogen trequencies from 21 to 23
affect in positive manner these vegetalive parameters
(shoot length, Number of leaves per shoot and leaf arca).
Increasing nitrogen frequencies from 30-34 had in most
cases a slight effect. Combinations between (uantities of
water and nitrogen fertigation levels and frequencies had a
great effect on growth characters of Kinnow mandarin
trees (Fig 1-3). The maximum values were obtained with
irrigation the trees with 30 m* water and added 1000 gm
N at 23 doses. These results are in harmony with the
results of Koulka e/ af. (2000) on Balady orange uees.
There was a progressive increase on the percentages of N
and P in the leaves ot non- fruiting shoots of Kinnow
mandirin trees with increasing waler quantities applied
via drip irrigation from 16 to 30 m3/ireefyears. ‘the
important role of waler in increasing nutritional starus of
the trees was cmphasized by Nukhlla er af. (1998) on
Navel orange trees. Incieasing nitrogen fertigation from
400 to 1000 gm Nfree was followed by a gradual
promotion on percentage of N in the leaves. These results
were supported by those of Shuarawy (2005) on Balady
lime trees. Increasing quantities of water applied via drip
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irrigation trom 16 o 30 n’ water/tree/ycar caused a
gradual promotion on the vield expressed as Kgs (Fig 10-
t2). The two higher rates of applied water (24 and 30 m’
water/tree/year) did not conceming their iniluence on the

yicld per tree. Therelore. the recommended amount of

water added o Kinnow mandarin trees for gaining an
economical yield at 24 m' water/treefyear (Fig. 10).
Increcasing N ferligation trom 400-1000 gm N/irce
resulted in increase in the yieldaree (Fig. 11). Similar

results were reported in navel orange by Thompson ez af
(2002): Schumann er «! (2003). The difterence beiween
800 and 1008 gm Nitrec was mcaningless. Fruit TSS
(Brix) was recorded highest 24 m* water/tree/year and
800gm N/rce and 23 doscs (Fig 13-15). Similar rcsults
were reported by the Alva et al. (2006) in Valenciu
orange. As a conclusion. one can state that adding water at
24 m" /tree annually and nitrogen at 0@ gm via drip
irrigation is recommenclid.
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Ber ( Ziziphus mauritiana 1anmk.) is an ancient and poor
man fruit crop, one of the most important underutilized
truit owing to its hardy nature and grown in semi-arid and
arid regions of India and ether few countries. Powdery
mildew ot ber incited by Qiditan erysiphoides t. sp ziziphi
is a scrious problem in ber growing arcas in India (Kapoor
ctal 1975 : Gupta et al 1978 : Yadav ct al 1981) causing
great loss in productivity and quality of fruits ( Prakash,
1984 : Rawal. 1988). Thu discasce was first reported from
Allahabad (Mitter and tandon 1930). Kumar ct al (1978)
noted the occurrence ot powdery mildew ot her ( Ziziphi
spp.) in Indian arid zones. ‘The fungus produces whitish
powdcry mass ol spores on all the acrial plant parts
resnlting in pre-mature drop of flower buds and truits
(Rawal,1988). Infected  fruits  show
cracking and become mummitied and foil to develop.
Owing to cxpansion of ber orchards. working out of
management  strategics  arc also equally important o
sustain the yicld and quality of ber fruits. The bio control
mcthod against powdery mildew is very limited in most of
the crop plants. Therclore. an attempt was made lor
management of the discasc through bioagents along with
ellective fungicide.

A ficld experiment was conducted on susceptible
local ber cultivar’Kali' at farmer’s orchart at Udaipuria
village (Chonmy in statistically randomized block design
in the six consecutive years (2006-2007 to 2011-2012)
Fach treatment was replicated thrice by keeping single
tree per replication. An equal ntinber of unsprayed plants
were kept as control. The native isolates ot Trichoderma
and Pseudomonas were provided by CIAH. Bikaner to
compare their ctiicacy alung with karathane tungicide
which is found most cttective against the pathogen (Gupta
et al 1977: Reddy et al 1990: Yadav and Singh 1985).
Under the study ditterent bioagents alone and alongwith
eltective tungicide ( 'I'y= 1% P. fluorescens (CIAH-196)+
0.05% karathane, Ty = 1% P. fluorescens (NR)+ 0.05%
karathanc. T:= 1S¢1richoderma (CIAH-240) )+ 0.05%
karathanc. Ti= 1% 7 richoderma (NRY)+ 0.05% karathanc,
Ts= 0.05% karathane and Te= 0.1 % karathane were
tested against ber powdery mildesw . Three foliar sprays
were given at 1S days interval and disecase intensity was
recorded after 20 cdays of last spray. First spray was given
just to start initiation ol the ciscase symptoms. The data
on the development of powdery mildew on ber fruits were
recorded on the randomly four marked lwiting twigs a

discolouration,
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cach directiou per plant. Discased fruits were graded into
six categories of disease incidence i.e. 0 = healthy, | = |-
10. 2 =10.1-25, 3 =25.1-50. 4 = 50.1-75, 5 = > 75 % fruit
area covered with powdery mildew.
The per cent disease index (PDI) and per cent disease
control (PDC) were caleulated according to the tollowing
tormula:
Sum of all numerical ratings
PD1 =

X 180

Total number ol fruits examined X §

PDI in control -- PDI in trcatment

PDC =

Dl in central

Fruit yicld of the trec was also recorded in each
treatment at the time of fruits harvesting.

Six years pooled data presented in Table |
revealed that all the teatments tested against ber powdery
mildew were reduced the disease and intensity and also
increased the fruit yield signilicantly in comparison to
control. Karathane (0.1%) reduced the disease intensity
significantly  in  comparison to control and other
treatments. Minimum disease intensity (13.74%) was
obtained in Kkarathane (0.1%) followed by 1% 1.
(NR) + 0.05% karathane (1994 PDI).
Whercas, in control PDI was 55.14. Maximum per cent
disease control (75.06 ) was ohaincd in karathane (0.1 %)
tollowed by 1% FP. fluorescens (NR) + 0.05% karathane
(63.80) and also increased fruit yicld signiticantly in
comparison to other treatments. ‘T'o circumvent pollution
hazard duc to injudicious use ot agrochemicals and also to
avoid development of resistance in pathogente fungi to
commonly used fungicides. use ot biocontrol agents for
the management of plant discases has been tremendously
incrcascd in recent ycars. Keeping in view the bioagents
were applied against the ber powdery mildew. In many
cases. hyperparasites like Ampelomyces quisqualis has
been exploited in othas horticultural crops. Hofstein et al.
(1996) have developed new product known as ‘AQ10" for
the management of powdery mildews with suggestions
that it could be included as preventive control agent. The
native  isolates ot Trichoderma  (CIAH-240) and
Pscudomonas fluorescens (CIAH-196) along with S0 per
cent less  concentration  than  recommended  dose  of
tungicide (karathane) were found effective against the ber
powdery mildew ( Nallathambi et al. 2007). During the
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present studies  for the management of this  discase,
karathane 0.1 % was found most effective. These findings
are 1n close agreement with results of Jain and Jat 1985,
Reddy et al 1990; and Reddy et al 1996) who reported
that karathane was most effective fungicide against the
ber powdery mildew. Thind et al (2007) also reported thet
Bayleton and karathane was found most effective n
controlling the ber powdery mildew. In the present

investigation economic of different treatments applied
against the powdery mildew discase was also tind out and
the results revealed (Table 23 that maximum cost: benetit
ratio was found with karathane (0.1 %). Three foliar
spravs of karathane (0.1 %) at 15 davs interval is
recommended for control of ber powdery mildew, The
prophvlactic spray rmust be given just o start imtiation of

dizeaze symploms.

Table 1: Effect of different bioagents and fungicide against ber powdery maldew (Pooled 2006-2001 1)

5.N. Treatments Percent disease index Percent disease | Fruit yield
(P} controd (PIDC) (Kgfiree)

1 1% P fTluerescens{CIAH-196  0.05% | 30013 (33.27) 45.33 G8.73
karathane

2 1% P, fluorescensiNRM (0,05% karathanc 19,94 (26.48) 63,80 T6.96
L9 Frichoderma(CLAH-240) I+ 0.05% | 23.16 (28.76) 5796 T186
karathane

4 1% Frichodermal MR+ 0.05% karathane 26.40 (30.92) 52.07 TO.56

5 0L05% karathane 3016 [(33.31) 4526 T1.36

[ (1.1 9 karathane 13.74 (21.72) T5.06 HO.40

8 LUnspraved check 55.14 (47,95 - A9 86
5.Em. + ((L.266) 0.529
C.D. at 5% {1 B 1 .606

Figures in parentheses are angular transformed values
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The Indian jujube commonly known as ber
(Ziziphus mauritiana 1.amk.) is one of the important fiuit
crops of the hot arid rcgions in India as it formy an
imcgral part of the lite of the locals as a sourcc of
nutrition and other purposes (Krishna and Parashar,
2013). The tree is an example of extremely drought hardy
species which can be grown in dry land areas and on
degraded, eroded, gravelly, saline and sodic wasteland.
The jujube tree has great commercial importance owing to
the usctulness of almost all its parts (Krishna er a/., 2016
a). A widc rangc of variabilily cxists in ber in India for all
important characters suggesting substantial scope lor
improvement: however, such genetic diversity need to be
identitied and conserved as plant breeders require genctic
variation (genotypes) for crop improvement (Trivedi e
al., 2013). Funiher, reduction in genctic variability makes
a crop increasingly vulnerable to discases and adverse
climatic changes (Saran ¢t al.. 2006). Therctore, proper
attention for cxploration. collcction. conscrvation and
characterization of genetic resources of ber is the need of
hour. especially. in view of dynamism in market demand
for improved varieties and necessity for development of
climate resilient varicties.

Most of the present day commercial cultivars
were developed through scedling sclection only by the
farmers  dcpending upon  their  cconomic  characters
(Awasthi and More, 2009). Thereture, with the view to
identity suitable genotype(s) having desirable characters,
a survey followed by collection of desirable genotypes
was made in selected districts of Haryana and Rajasthan.

An exploration tour during the {ruiting season in
February, 2017 was conducted in tour districts ot Haryana
and Jhunjunu district of Rajasthan to collect available
genctic diversity of ber. Formal and informal conversation
with local farmers was adopted as a strategy to collect the
information about the £er germplasm available in the area.
At cach location. thrce-four farmers were consulted before
identification of a genotype for collection. Accessions
were  selected randomly at truit maturity stage from
twenty sites across the four districts (Hisar. Bhiwani.
Mahendragarh and Rewari) of Haryana and one site in
Chidawa. Jhunjhunu. Rajasthan (Fig. [) during survey.
The available diversity was collected from population
through svlective sampling technigue along with passport
informalion {Table ). Only disease-Iree plants bearing
fruits with unique traits of horticultural importance were
identitficd tor collection. Plant vigour, fruit size, fruit
colour. fruit wcight ctc. wcre thc main paramcters for
ideniifying a genotype for collcction. The gquantitative

data collected were subjected to siatistical analysis
following analysis of variance. The ditference between
the two groups was asscsscd by computation of Icast
significant diffcrence taking “t" values for crror at the 5%
level of significance.

‘Fhe results clearly indicated a wide genetic
variability among all the collected accessions. A wide
variation was observed among the collected accessions for
the studied traits (Fig.2: Table 2 & 3). Fruit weight varied
from 1.3-16.2 g, while stonc weight varicd from 0.42-1,15
g. Fruit sizc (length x breadth) vary in rclation to fruit
weight (Krishna et «f.. 2016 a). In thc present study.
highest fruit weight was noted in HR Coll. 15 (16.2 g)
tullowed by the collection HR Coll. 18 (14.45 g). while.
largest fruit sizc was recorcded in HR Coll. 15 (34.9 x 27.8
mm) {ollowed by HR Coll. 18 (36.7 x 22.2 mm) and HR
Coll. 17 (32.3 x 22.3 mm). Likewise, pulp weight. which
is an important obscrvation for getting more amount of
pulp for valuc addition. was highest in HR Coll. 15 (15.32
g) followed by HR Coll. I8 (13.67 g) and lowest in HR
Coll. 10(0.8 g) (Table 2). LLowest stone weight was noted
in Chidawa Coll. 2 (Table 2). Fruits of most of the
accessions were round in shape; however, oval and ovate
were  also  found. Fruit cavities were  cither present
cxclusively on stem end or at both stem and stylar cnds in
collccticd accessions (Table 2). Three types of stonc
shapes namcly. round. oval and ovate were noted in the
collected accessions. However, round stone shape was the
dominating one (Table 2). Amongst fruit characters, stylar
and stem end cavities and fruit and stone shapes are the
most dependable characters lor classification (Bal, 1992;
Azam-Ali et al., 2006; Krishna e7 af., 2016a). The TSS in
different accessions as noted to be highest in Chidawa
Coll. 1 (21.6 “B) followced by 20.8 “B in HR Coll. 19 and
HR Coll. 13.while the lowest I'SS content (11.2 “Brix)
was noted in HR Coll. 4. Similarly, the highest contents of
ascorbic acid was noted in HR Cotl. 15 (220.37 mg/100g)
followed by HR Coll. 14 (201.5 mg/100g) and HR Coll. 7
(201.5 mg/100g) (Table 3).

Variations in physico-chcmical attributes  of
collected accessions may be due to ditferences in their
genetic make-up and prevailing agro-climatic conditions.
Such variabilitiecs among accessions had earlier been
reported by Ghosh ¢f al. (2012) and Krishna ¢f ad. (2016
b) in wood apple, Trivedi er af. (2013) in pear and Singh
et al. (2015) in bael.
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Fig. 1: Site of ber germplasm collection.  Fig. 2: Genetie varisbility in ber aceessions collected from Haryana and Rajasthan,

Table 1. Passport data of ber germplasm collected during exploration.

5. No. Accession Flace of collection Latitude Longitude Altitude (m)
1 HR Coll.-1 Mothsara N 29" 15.119 E 075" 34.471 199
2 HR Coll.-2 Malapur N 29" 15.159 E 075" 34.471 212
3 HR Coll.-3 Malapur N 29" 15119 E 075" 34.789 212
4 HE Coll.-4 Sishwal N 26" 14.420 E 075" 30.559 205
5 HE Cull.-5 Loharu canal M 28 28.200 E 075" 59.335 259
6 HR Coll.-6 Loharu canal N 28" 28.222 E 075" 50,362 268
7 HR Coll.-7 Loharu canal N 28" 29,155 E 075" 59.982 260
B HE Coll.-8 Dhanasari N 28" 26.858 E 075" 58.320 273
9 HR Coll.-9 Barda N 28" 19.631 E 075" 59.627 36
10 HR Coll.-10 Balwadi N 28"12.874 E 076" 25.210 235
11 HR Coll.-11 Khaleta N 28" 13.339 E 076" 25.042 261
12 HR Coll.-12 Khaleta N 28" 13.339 E 076" 25.042 261
13 HR Coll.-13 Dhawana N 28" 13.965 E 076" 22.478 268
14 HR Coll.-14 Bawal N 28" (4,176 E 076" 35.341 257
15 HR Coll.-15 Bawal N 28" 4,176 E 076" 35.3%1 257
16 HR Coll.-16 Fakirawala N 28" (4.363 E 076" 35.473 253
17 HE Coll.-17 Fakirawala N 28" (4.363 E 076" 35.473 253
18 HE Coll.-1% Addahedi N 28" 04.429 E 076" 35.146 261
19 HE Call.-19 Maotlakalan N 28" 17.921 E 076" 27.952 228
20 HR Coll,-20 Bashirpur N 27" 50.%54 E 76" (12,842 325
21 Chidawa Coll.-1 Chidawa N 28" 13.905 E 075" 39.015 322
22 Chidawa Coll.-2 Chidawa N 28" 13.905 E 075" 39.015 322




Table 2. Fruit and stone characteristics ot collected accessions of ber,

S. | Accession Fruil chapacters i | Stone characters |
No. Fruil Fruit Weight | Pulp length | Width | Shape | Weight | Length | Widlh
shape cavily (e) weight (mm) nm) (g) (mm) {mm)
(g)
HR Coll.- | Round Present 3.62 3 1%.72 17.01 Oval 0.62 11.93 7.08
HR Coli.-2 Round Yresent 4.56 349 18.43 18.19 | Oval 1.07 12.77 9.84
IR Coll.-3 Oval Absent 5.81 5.33 22.73 1642 | Club 0.48 16.55 6.89
IIR Coll.-34 Round | Present 12.2 11.41 21.85 2447 | Owal 0.79 12.3 10.22
HR Coll.-5 Round Absenlt 1.43 1.01 13.9 1297 | Owval .42 9.69 6.84
HR Coll-6___ | Round | Abscul | 41 4.7 2013 | 1985 | Oval | 0.54 1309 | 983
HR Coll.-? Round Present 25 1.99 16.23 17.29 | Oval Nn.Sl] 11.42 .88
1IR Coll.-3 Round Abscnt 15.13 14.08 23.77 26.93 | Oval 1.035 16.83 10.36
HR Coll.-9 Round | Present 4.86 4.18 22.06 21.15 | Oval 0.68 13.17 9.33
HR Coll.- 1N Roumd | Absent 1.30 Nn.78 12.86 1348 | Round | 0.52 9.67 7.91
HR Coll.-11 Oval Present 6.92 6.33 23.29 21.26 | Ovul 0.59 11.91 6.01
| HRColl-12 | Round | Absemt | 5.25 467  [217 2006 [Oval | 0538 1447 | 847
HR Coll.-13 | Round | Absent 4.37 3.38 17239 17.46 | Round | 1.02 10.59 | 9.69
HR Coll.-14 Ovaee Present 10.03 9.44 27.25 21.85 | Club 0.59 16.4 6.%4
HR Coll.. 13 Oval Present 16.2 15.32 34.39 27.79 | Club 0.83 13.64 8.1
HR Coll.-16 Oval Prosent 9.32 %.56 29,63 23.38 | Club 0.76 19.41 7.44
1IR Cull.-17 Onval Present 7.83 6.9% 32.33 22.35 | Oval 0.85 17.96 7.588
HR Coll.-13 Oval Present 1445 13.67 36.6Y 22.20 | Club 0.78 22.65 6.72
THRCoI-19 [ Oval | Absem | 1162 | 10.37 | 2355 | 2221 |Owval | 1.15 16.76_| 9.43
HR Coll.-20 (val Present 12.37 11.76 2%.31 19.45 | Club 0.61 138.1 6.66
HR Coll.-21 Onval Present 10.79 9.91 27.35 2289 | Oval 0.838 15.09 3.18
HR Coll.-22 Ohval Present 4.56 4.06 19.97 1472 | Club 05 14.21 6.4
CDaae - - 204 1.27 2.63 1.87 - 0.13 1.92 0.49
Table 3. Fruit quality attributes of her collections.
S. No, Accession TSS (“Brix) Acidity (%) TSS: Acid ratio Ascorbic Acid
(g 1002")
1. HR Coll.-1 11.6 0.34 34.12 186.34
2. HR Coll.-2 13.7 0.57 24.04 172 48
3. HR Coll.-3 138 044 31.36 83.16
4. HR Coll.-4 11.2 0.39 28.72 189 .42
S. HR Coll.-5 19.] 0.54 35.19 14113
0. HR Coll.-6 18.8 047 40.00 15015
7. HR Coll.-7 13.2 042 31.43 202.14
8. HR Coll.-8 142 0.38 37.37 189.42
9. HR Coll.-9 16.6 0.43 38.60 170.94
100, HR Coll.-10 19.4 0.37 52.43 147.07
1. HR Coll.-11 174 0.34 S1.18 164,78
12. HEK Coll.-12 16 (.38 42,11 156.31
13, HR Cull.-13 228 051 40.78 175.56
14. HR Coll.-14 16.4 0.38 43.16 201.74
15. HR Cull.-15 17.8 0.32 55.63 209,44
16. HR Coll.-16 13.2 0.40 33.00 143.99
17. HR Coll.-17 17.6 (.32 55.00 154.31
18. HR Coll.-18 14.2 0.31 45,81 140, 14
19, HR Coll.-19 20.8 0.48 4333 181.722
20 HR Coll.-20 17.8 0.47 37.87 124,74
21. Chidawa Coll.-1 21.6 0.54 40.00 201 43
22, Chidawa Coll.-2 17.2 0.58 29.66 180.95
Chnoe 2.17 0.08 3.58 20,71
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Effect of shoot Pruning on Yield and fruit quality of Jamun
cv. Goma Priyanka
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Cenwal Horticultural Lxperiment Station (ICAR-CIAH). Vejalpur-389340. Godhra. Gujarat
(Received: 28.01.2018; Accepted: 12.03.2018)

Jamun (Syoygium cuminii Skeels) is one of the important
truit crops belonging to the family Myrtaccac. It is
indigecnous to India. Burma and to the Andman Istands
(Zeven and de Wet, 1982) und available throughout Indian
plains as well as in Kumaon hill up to 1.600 m (Mishra ¢¢
al., 2013). Fruits are used as an effective medicine against
diabctes, heart and liver trouble. Owing to its variced uscs,
it has now cmerged as a potential truit crop of country
(Singh e al.. 2016). In Gujarat. it is grown commercially
in Vadodara, Anand. Navsari, Kheda and Junagarh
districts. Most of the plantations of jamun in these areas
are established through planting of seedling types.
However. now tarmers are showing much interest in the
plantation ot gratted planting material of Goma Priyanka
dcveloped by the station. Jamun trees whether scedlings
or gratted grow erect and reaches to a height of 25-30 m
duc to which harvesting and other management practices
become  difficult. In the absence of proper canopy
management  practices  orchards bccome  overcrowded
which pose problem for orchard access and for adequate
light interception needed tor optimum  photosynthesis,
flowering. fruit sct and quality (Mishra and Coswami.
2016). Pruning has been used as a tool to regulate tree size
and shape to achicve a desired architecture of the canopy
and also to reduce the toliage density by removing the un-
productive branches of the trce. To maintain the dwarf
framework of the jamun tree. toping of main stem (4-6
meters) is needed which also facilitates easy harvesting of
the [ruits. It is also observed that pruning of 50 % annual
extension growth after harvesting was effective to reduce
the plant canopy and to improve the fruit qualily attributes
(Singh ¢t al.., 2011). Pruning is a practice which
pertormed in a manner to provide the plant such a shape
and sizc so that its markctable yicld can be cnhanced.
There was an increase in marketable yield in Konkan
Bahdoli jamun trees when subjected to ditferent priming
intensitics (Lawande e al.. 2014). The lruit bearing
branches in jamun are present on the periphery of canopy
throughout its height. Also all fruits on a trec do not
mature at once, Therefore, at least 3-4 pickings are
required tor harvesting of ftully ripened tirm fruits from a
tree. The jamun fruits are also delicate and have very thin
peel: therefore. fruits are to be essentially harvested by
hand picking. For this. il is necessary 10 climb up the
jamun tree. Thus. harvesting in jumun becomes tedious
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and 25 to 30 % fruits are spoiled due to mechanical
damage during harvesting. The jamun being a non-
climacteric fruit, fully ripcned fruits cssentially has to be
plucked for getting desirable fruit quality. As hand
picking is the only way to harvest fruits, managing tree
canopy al suitable height is the only lasting option to have
clean harvest ot ripe fruits in economical manner. Pruning
in jamun has not been considered as a regular practice to
contain the tree canopy so far. In view of this. different
intensities of pruning were imposed on mawre bearing
tree of jamun cv. Goma Priyanka to see its effect on fruit
yield and quality.

Uniformly grown. 8 years old grafted plants of
jamun cv. Goma Priyanka spaced at 5x5 m were selectcedl
at CHES. Godhra experimental farm and all the trees were
maintained under wniform cultural practices. The soil is
mcdium black and the climate is semi-arid with a raintall
of 700-80¢0 mm annually. Selected jamun trees were of
average 6.15 m hcight with an average sprcad of S m. The
experiment was conducted in Randomized Block Design
with four trcatments viz. T1- 25 % shoot pruning, T2 - 50
G shoot pruning, T3- 75 % shoot pruning of annual
extension of growth and T4 - control (no pruning). All
treatments were replicated four times with a unit of two
trees per treatments  per replication.  Each  respective
treatment was pruned by the heading back in month of
September. The observations on flowering. fruit yield
(kgftree) and physico-chemical characters were recorded
using standard procedures. From each treatment. twenty
five fruits were randomly selected from all the directions
for recording the data and brought to the laboratory of
Central  Horticultural  Experimnent  Station.  Vejalpur.
Panchmahal (Gaodhra), Gujarat. TSNS  of  finits - was
mcasurcd with thc help of hand refractrometer while
titratable acidity, ascorbic acid, protein. anthocyanin and
sugar contents were dectermined by AOAC  (1990)
mcthods. The data were statistically analyzed as per
mcthod of Gomez and Gomez (1984).

Difterent levels ot pruning recorded significant
variation in per cent of tlowering shoots and other yield
attributing characters except fruit retention percentage.
The maximum percentage of tlowering shoots (70.33 %),
panicle length (13.97 cm). number of flower/panicle
(46.25). pollen viability (93.80 %). pollen germination
(37.29 %). fruit set (45.74 %). fruit length (2.84 cm). fruit
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width (2.96 cm) and fruit weight (20.50 g) with 25 %
shoot pruning. 1t was followed by S0 % shoot pruning in
which 60.17 % shoots flowcred with 13.12 cm paniclc
length, 43.91 flowers/panicle. 92.27 % pollen viability.
36.01 % pollen germination, 42.27 % fiuit set. 3.80 cm
fruit length, 2.90 cm width and 20.25 g weight (Tablc 1).
Whereas in case of pulp percentage. the maximum value
was recorded with 50 % shoot pruning (88.50 %) non-
significantly followed by 25 % shoot pruning (88.0 %)
and the minimum pulp content (84.20 %) was observed
with control (Table 2). In control, 42.12 per cent shoots
recorded flowering with the minimum panicle length
(1243 cm). number of flowers/panicle (35.70), pollen
viability (88.57 %). pollen germination (34.05 %). truit
set (38.23 %). length (3.69 cin), width (2.73 cm) and
weight (18.06 2). This increment in vield attributing
characters at 25 9 level of pruning might have been
resubted in the stimulation of optimum vegetative and
floral growth at this intensity, which might have brought a
balance between fruiting wood and leal arca.  Earlicr
workers also 1ecorded higher flowering and  yield
attributing characters in citrus (Goswami ¢f «l., 1993),
litcht (Mishra ef af.. 2013) and jamun (Lawande er al..
2014) through imposition of various levels of pruning.
Also, Serrano et al. (2008) reported that the light pruning
increased the number of productive branches and number
of truits per branch of guava cv. Paluina.

The fruit yicld was reduced with the increase in
intensity of pruning. however. alt the levels of pruning
recorded significantly higher yicld than the control tree
(Table 2). This may be attributed to the reduction in

Tablc |: Cffect of shoot pruning on

concentration of vital substances from severcly pruned
shoots. The maximum fruit yield was obtained in the trees
with 25 % lcvcel of pruning (42.70 kg/tree) followed by SO
% level of pruning (38.33 kg/tree). The non-pruned trees
produced  signiticantly lower yield (25.05 kp/tree),
howcver, it was {ound at par with 75 % level of pruning
(27.02 kgftree). Misuy and Patel (2009) also feund
beneficial effect ol heading back on earliness and yield in
mango cv. Alphonso. This finding is also in agrcement
with the reports of Lawande es «f. (2014) and Singh ez al.
(201 1) for getting higher yicld in jamun.

Fruit chemical quality characters were  also
significantly affected by various levels of shoot pruning
(Table 2). In respect 10 chemical parameters of fruit
quality, significant improvements have been observed in
TSS (|8.2OOBI'iX). TSS/acidity ratio (49.18). pulp protein

(0.70 g/100) and anthocyanin content (1.90) with 25 %
shoot pruning. However, the maximum total sugar (14.0
%), reducing sugat (7.12 %) and vitamin C (51.40 mg/100
¢ pulp) were recorded with 50 % pruning of annual
exiension growth. The minimum values for  these
chemical quality parameters were recorded in control.
Improvement in fruit quality parameters may bhe due to the
improved light penctration  inside  the  canopy  and
assimilation of more photosynthates. These results arc in
agreenkent with Mishra et al. (2013) in litchi and Mistry
and Patcl (2009) in mango. In conclusion, 25 % shoot
pruning may bc adopted to increase yield with improved
fruit weight and quality in jamun.

icld auributing characters of jamun cv. Goma Privanka

Trecatments | Flowering | Panicle | No, of | Pollen Pollen Fruit Fruit Fruit Fruit
shoot (%) | length flower viability | germinwtion | sct rctention | Length | Fruit | weight
(cm) panicle”’ | (%) (%) (%) (%) (cm) width | (g)
(cm)
25 % 170.33 | 1397 [ 46.25 93.80 37.29 45.74 | 30.01 | 384  |296 | 2050
50 % 60.17 13.12 4391 92.27 36.01 42.27 | 2848 3.80 290 | 20.25
75 % 45.66 12.65 42.4% - 90.33 3545 | 3998 | 27,33 [3.77 | 284 18.23
Control | 42,01 1243 |35.70 ¥8.57 34.05 3823 | 27.02 [ 369 | 273 [ I8.06
CcD (P=16.12 0.33 4.28 122 0.62 4.14 NS 0.04 0.07 0.64
0.05)
Table 2; Effect of shopt pruning on fruit yield and quality attributes of jainun ¢v. Goma Privanka
‘I'reatments | Yield | Pulp | TSS | Acidity | T'SS:acidity | Total | Reducing | Vitamin C | Protein | Anthocyanin
trec™ (%) "Rrix | (%) sugar | sugar mg/100g) | (100 | (OD)
(k) (%) (%) £ pulp)
25 % 42.70 | 88.00 | 18.20 | 0.37 49.18 13.50 | 6.50 49.00 0.70 1.90
50 % 3%.33 | 88.50 | 18.00 | 0.39 46.15 1 14.00 | 7.12 S1.40 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
Control 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 25 0.05 0.02
0.05)
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Management of fruit borer, Meridarchis scyrodes Meyrick
(Carposinidae: Lepidoptera) in ber, Zizyphus mauritiana
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The Ber, Zzvphus manritiana belongs o family
Rhamnaceae is an important arid zone  fruit  crop
cultivated all over India. The major ber growing states are
Madhva Pradesh, Bihar, 1. P, Panjab, Harvana.
Rajasthan, Gujarat, Maharasira and Andhra Pradesh. Ber
is most drought hardy fruit tree which can stand salinity
and saline water, Some of the xerophytic characters and
its ability to stand drought makes it as a “king of fruits” of
arids. Among  insect-pests  belonging to 33
families attacking ber ({MNair, 1986), Fruit borer
Meridarches seyrodes Meynck 15 a major pest cansing 70
per cent vield loss under severe infestation (Karuppaiah.
2013). The borer damage was mainly observed in
southemn and western India (Pareek and Nath, 1996 and
Sonawane and Dorge. 1971). A field survey in Karnataka
indicated fruit borer is a major pest in ber (Balikai, 1999,
The reddish larvae of fruit borer bore into the Fruit and
feed on the pulp and accumulate faccal frass which are
visible when fruit is opened, within affecting the fron
cquality., The moths are small, dark brownish in colour,
Keeping in view the severe losses, the present study is
conducted to  evaluale the mnewer insecticides and
botanicals which are effective against the fruit borer.

Field experiment was laid out in randomized
block  design with  six  treatments  comprising  both
synthetic and botanical insecticides viz, Spinosad 2.5 5C,
Indoxacarh 14,5 EC, 5 % NSKE, Aradirachtin-3000 ppm,
Azadirachtin-10000 ppm and one untreated check and
each treatment replicated four times. The ber cultivar Gola
was selected for the study. The treatments were imposed
by spraying chemicals on marhle sized fruits when the
moth activity was observed in the orchard. A total of thiee
sprays were given al twenly days interval. Al each
harvest, hundred fruits were collected randomly (covering
four sides of the tree) and per cent borer infestation was
recorded. Data were subjected by analysis of vanance
(ANOVA).

sum of damaged fruits —
total aumber of fruits collected

Per centborer infestation =

The results of the field experiments revealed that
application of different treatments can provide control of
larval population which is comparable with untreated
check. Observations were recorded Tor eight years from
2008 o 2015 amd data presented in Table. 1. The mean
pooled data of eight years revealed that, all the treatments
differed signiticantly with control in reducing the per cent
borer infestation in ber. However, significant differences
between ecofriendly management strategies and synthetic
chemical insecticides were observed with respect to fruit
damage and yicld. Lowest per cent borer infestation with
significantly higher vield (8091 kg/plant) was recorded
with Indoxacarb 145 EC @ 1ml (18.068) followed by
spinosad 2.5 SC @ 1ml/d (22.02). Highest per cent borer
infestation was recorded with control (43,720 followed by
agadirachun 10000 ppm @ Iml/l (34.58). azadirachtin
3000 ppm @ 2.5 ml/l (32.41) and NSKE 5% (32.11). The
present findings are also in agreement with findings of
Sudheer and Subramanyam (20001), who reported  that
hotanicals were less effective for fruit borer contral in ber.
The biwelficacy  of  syothetic  insecticides  in the
management of froit borer was superior to botanical
insecticides,

The wvariation in fruit damage and vyield in
different treatments might be due to the slow rate of kill in
ccofriendly management strategies compared to synthetic
insecticides. The efficacy of spinosad in the control of
[ruit borer on ber has been reported earlier by Adiroubane
and Raghuraman, 2008, These results are in agreement
with the findings of Ravi ef af, (2008). The mean per cent
borer infestation was relatively high in all the treatments
as compared to  Indoxacarb 145 EC @ 1ml/.

Table 1. Effect of different insecticides against ber fruit borer during 2008 o 2015 {pooled for 8 years)

1. Spinosad 2.5 SC @ Lml/ 2202 | (27.08)* T0.71 1:0.7%
P Indoxacarb 14.5 EC @ 1 ml/l 1806 | (2515 B0.91 1:1.54
3, NSKE & 5% 3zl (34,500 63,34 1:1.13
4, Acadirachtin 3000 ppm @ 2.5 ml/l 32.4] (34,68 G381 1:1.09
5. Aczadirachiin 10000 ppam @ 1milfl 3468 | (3aE) n2.45 1:1.0%
f, Control 43,72 | (41.38) 54,42 1:0.79
SE.m+ 0,21 0,49

CD at 5% 0.64 1.48

*Figures in the parentheses indicate the arc-sine transtformed values
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Significant difterences were also observed among the
treatments lor fruit yickl per plant in ber. Highest fruit
yicld per plant was recorded in Indoxacarb 14.5 IIC @
1ml/1 (8091 kg/plant) followed by Spinosad 2.5 SC @ |
ml/l (70.71 kg/plant). Lowest fruit yicld per plant was
abserved with azadirachtin 10000 ppm (62.45 kg/plant)
and 3000 ppm (63.81 kg/plant) and NSKE 5% (65.38
kg/plant) trcated plots and were significantly diftered with
control. With regard to costbenefit ratio, highest
cost:benetit ratio was recorded with Indoxacarb 14.5 EC
@ Iml/l (1:1.53) tollowed by NSKE 5% (1:1.13) and
were significantly differcd with control (1:0.79).

The per cent infestation of ber fruit borer was decreased
(21.40 o0 14.41) over years from 2008 to 2015 with
Indoxacarb 14.5 I:C @ 1ml/ followed by spinosad 2.5 SC
@ Iml/l (23.13 1o 17.91). Highest bater infestation was
recorded with control trecatment (48.03) in 2011 than other
years.

Spraying of Indoxacarh 14.5 EC @ Iml/l at
twenty days interval starting from marble size fruits was
found effective in management of fruit borer in ber. The
Cost:Benefit ratio was also high in Indoxacarb 14.5 EC
@ 1 ml/l trcated fruits.

Fig. 1: Efcct of different insccticides against ber fruit borer over years
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Fig 2: (A) Eruit horer typical symptoms on fruit (B) Larvae inside the fruit when split open (C) Accumulated faecaf frass
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The tuber crops are among oldest on earth. In many areas.
especially in the wet tropics. they were the only staples
and fed cextensive populations before the introduction ol
cereals. Today, they represent the second most important
set of tood crops in developing countries. closely
tollowed the cereals (Rathore, 2016). They are produced
with Jow inputs but are an important source of income and
employment in marginal arcas. These crop arc mostly
consumed by the poorest. they contribute greatly to lfood
security and are held in high esteein culturally (Lebot,
2009). Sweet potato  |fpomora  batatas (L)  Lam.)
belonging to the famity convolvidaceae is an important
wberous root crop having wemendous potential  for
utilization in food, feed and industrial scctors. especially
for the production of stareh. flour. glucose and alcohol.
They are good sources of vitamin A. C. B2. B6 and E as
well as dietary fibre, K, Cu. Mn and [Fe. The high nutrient
content coupled with its anticarcinogenic and cardio-
vascular disease preventing properties has  pained
recognition lor the crop as a hcalth food (John. 2011).
They are widcly grown in the tropics and warm tempcerate
rcgions of the world. In devcloping countrics, it is ranked
fifth in economic value. sixth in dry matier production.
seventh in energy production and ninth in protein
production (Lobenstein, 2009). In India, it is the third
most important tuber crop atter potato and cassava.
CGlobally. India occupies ewelfth, eighth and titth rank in
ared, production and  productivity respectively.  Iu s
cultivated predominantly as a rainfed crop in Eastern
India. especially in Orissa. West Bengal. Utar Pradesh,
Bihar and Jharkhand. accounting tor 77% of area and §2%
ol production (Edison ¢t al., 2009). Swcel potato can be
grown in a wide range of soils and climatc. Sweel polato
can be grown on a wide range ot soil types but sandy or
sandy loam soils having good porosity and aeration with
rcasonably high organic matter content and permeable sub
soil are ideal (Jansson and Ramon. 1991. Bouwkamp
(1985).

Sweet polalo is not a new crop for the state of
Rajasthan but mostly confined to the arcas with better soil
and good raintall conditions like: Ajmer, Barmer, Bundi,
Dholpur, Jodhpur. Jalor, Jhalawar. Nagaur, Sikar.
Udaipur. In Rajasthan, swect potato is grown in 693 ha
with a production ot 2629 t. (Dircctorate of Horticulture,
2014). Rajasthan bcing the largest state of India and

blessed with various ecological zones but maximum area
(49.61%) is under hot arid zone. The twelve district of
north-western Rajasthan (Barmer. Bikaner, Churu, Sri
Ganganagar. Hanumangarh, Jaisalmer. Jalore, Jhunjhunu,
Jodhpur. Nagaur. Pali and Sikar) accounts for €3.4% area
ot the hot arid realm of the country (Saroj et «al. 2004),
where  very negligible area is under sweel  potato
cultivation. The main rcasons of non-adoption of sweet
potato in hot arid region are: sandy soils with poor fertility
and subjected to wind erosion, very fow (average of about
213 mm/ annum) and <rratic rainfall, extremes  of
temperature and frost during winlcr, poor walcr resourcc.
lack of situation specific knowledge about scientific
cultivation of sweet potato ««c.

Therefore, in order to increase the arca under
swcct potato. there is nced to venture non-traditional arcas
like hot arid »zone under sweet potato cultivation through
better scientific management as per edaphoclimatic
conditions. Keeping above flacts in view, at attempl was
madc to asscss the performance of sweet potato varictics
at ICAR-Centrat Institute for Arid Horticulture, Bikaner
(Rajasthun).

An investigation was carricd out at Experimental
Fann of ICAR-Central Institute for Arid Horticulture,
Bikancer {Rajasthan) to assess the performance of sweet
potato cultivars under hot arid region during consccutive
year 2017. The cxperiment was laid out in factorial
randomized block design and replicated six times. The
analysis of variance was done. The rooting cuttings of
three sweet potato cultivars viz. Sree Bhadra, CO 3-4,
Sree Arun. Local-l and Local-2 were procured from
AICRP on wber crop and 1wo strain local-1 and local-2
wcre collected from farmer's ficld. Cuttings were planted
in the 1" week of July during the ycars under with
recommended management practices. In this experiment,
173% ol N was applied through neem coated urea and DAP
in side-band along with a uniform dosc of 80 kg P2Og

through di-ammonium phosphate and 100 kg/ ha K50

through nuriate of potash during planting time while 1/3*
of N was applicd as through neem coated urea at 35 days
after planting ie. at the time of eacthing up and the
remaining 1/3'* N was applied through neem coated urea
at 50 days after planting /.¢. at the ume of bulking stage.
The vines were cut at 160 days. Irrigation was applied
through sprinklers at weekly intervals. The observation on
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growth parameters viz., vine length. number of vines/plant
and number of leaves/plant at 35 days was recorded. The
yield and yickl attributing characiers of tubers were
recorded after harvesting of the sweet potato.

Various growth parameters vizZ.. initiation of buds
from cuttings. vine length (¢m), number of leaves/plant
and number of vines/plant for all the varieties grown has
been recorded at different days atter planting. Data
presented in tabte | and fig no. 1 and 2 data indicated that
as days of planting advances in different days, all
vegetative growth parameters were increased inespective
of varicty. The mean vine length at 60, 70, 80 and 90 days
after planting in Sree Bhadra, CO 3-4, Sree Arun, Local-1
and Local-2 were 108, 96. 100, 91. 97 respectively..
Mcanwhilc, the mcan ol days to initiation buds. numbcr
of leaves at 35 DAP and number ot vinex/ plant at 35
DAP were 13.4, 63.8, 2.78. Among different sweet potato
varictics, maximum mcan vinc Ilcngth was 108 ¢m and
recorded in Sree Bhadra tollowed hy Sree  Arun (99.75
cm) followed by Local-2 (97.25 cm). while minimum in
Local-1 (91,25). However, the number vines and number
of leaves/ plant did not follow the same trend, which is
obvious that these variations are due to their genetic
nature of the variety.

Data presented in table 2 regarding yicld and
yicld attributing characters of different sweet potato
cultivars revealed that mean number tuber yield/plant was
3.3 irrespective of cvs, thought the tuber yicld/plant varicd
significantly giving highest number tuber/plant in Local-2
(3.9) tollowed by Local-1 (3.8). CO 3-4 (3.6) while
lowest number of wber yicld/plant was recorded in Srce
Bhadrs (2.2). As far as average tuber weight is conceened
more than 100g tubers were obtained in Co-3-4 (126g)
and Local-2 (129 g) whilc minimum avcrage wcight ol
tuber was ohserved in Sree Bhadra (28g).  The mean

tuber yickd/plant  was recorded  317g  with  highest
yieltplant in Local-2 (502g) followed by CO-3-4 (454g)
and lowest tuber yicld/plant was recorded in Sree Bhadra
(62g). The wber yield/ba also varied significantlly among
difterem cultivars. The highest tuber yield was recorded in
Local -2 (277 q/ha) followed by C 0-3-3 (249 g/ha), Local-
1 (175 q/ha) and minimum yicld in Sree Bhadra (34 g/ha).
These observations suggest that Co-3-4 were high yielder
whilc Srce Bhadra was low yiclder under hot arid rcgion.

Sweet potato cultivars difter in their growth and
yield potential: hence there is a differential response to
agro-climatic conditions and bulking ratc cven if they
belong to same maturity group. Duynisveld er al., (1988)
and Shariti et «f.. (2007) have also reported that ditferent
cuhtivars of swcct potato behave different in term of yicld
and bulking rate.

It can be concluded from the present study that
yiclkl of sweet potato can be improved markuedly by
exploiting  varictal differences in sweet potato. Sweet
potato cultivars showed wide variation in yicld in western
Rajasthan. Local-2 and CO 3-4 was the highest yiclder
and agronomically most ctticient varicty. These varicty
were more suitable than the other most common varictics
ol the region and convert, it into yield most cconomically.
Swecct potato has great potential in the state in the artd pan
of Rajasthan. Presently the major constraint is  the
availability of quality planting material. As the tuber
crops arc vcgetative propagatcd. using quality discasc frec
plinting material is imporiant to reap good harvest of
crops. Besides, tuber crops requires huge amount of
mother corms which necessitate huge transpottation cost
and logistic facilitics. Fxtremity in wcather is another
factor responsible for the low productivity of tuber crops.
Rajasthan state is having highcst rainfall variation in the
country. Extreme weather conditions can adversely atfect
tuber production.

‘Tablcl. Swect potato performance in the non-traditional arcas of westcm Rajasthan

Varitics/germplasim No. of tuber/plant Avg. weight of tuber (g) Yicld/plant (g) Yield (¢/ha)
Srec Bhadra 2.2 28 62 34

CO-3-4 3.6 126 454 249

Srce Arun 2.8 89 247 136
laxcal-1 338 84 318 178
Local-2 | 3.9 129 503 277

Mean 22 91 27 174
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Fig.2: Vine length sweet potato performunce in the non-traditional arcus of western Rajasthun
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Aegle marmelos Correa is one of the most utilitarian
medicinal plants ot India: it grows under adverse agro
climatic conditions. It has capacity to adapt successfully
to a4 wide range ol habitat Irom arid, semiarid 10
mesophytic conditions and a wide temperature tolerance
(from -7°C 10 48°C). The importance of Aegle marmelos
lies in its curative properties, which make the tree one of
the most uscetul medicinal plant: of India.

Myrothecivm roridun: This species is responsible for
causing leal spot disease in Aegle marmelos, this is birst
report from Uttar Pradesh. The symptoms were found on
Icaves as small. circular in shape which arc brown in
colour but later on these spots cnlarges and cover the
more atea. Chlorosis around the lesions may be seen and
concentric rings appears in the middle of the spot are
characteristic symploms. Discase symptoms recorded first
during rainy season (July- August), 15-20 days alter
symptom production  concentric  rings  are  produced.

Characteristic symptoms of this disease are formation of
shot hole due to shedding of necrotic tissues of the leaves.
In severe condition number and size ol lesions increases.
sporodochia may be seen on older  lesions  which are
black in colour (Fig. 1).

Fungus produces creamy white colonies on PDA
which are 1.5 cm diameter alter 3 days at 25*2°C.
Concentric  pattern of  sporodochia  of  Myrothecitm
roridum which are black in colour as seen in fig. 2 formed
on PDA atter 10-15 days of inoculation. Conidia were rod
shaped (Fig.2)., Pathogenicity were tested, using M,
roridum culture isolated from bacl leaves and inoculated
on hcalthy scedlings, The inoculated plants produccd
symptoms within 7-10 days period. Symptoms produced
on inoculated plants are similar to those obscerved in the
ficld. Culwural characiers of the test organism which were
reisolaled and grow on PDA were similar 1o the previous
culture.

Fig. 1: Leaf spat on Aegle marmelos caused by Myrothecium roridum

Fig. 2: Myrothecium roridum mycelium. sporodochia and conidia
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Fusarium  pallidoroseum (Cooke) Sace. The fungus
Fusarium  patlidoroseim causing leul spot blight on
Aegle marmelos has been reported lirsi time troin India.
The discasc appcarcd during post rainy scason
(September) ax irregular pustules which were brown in
colour, increased very tast and covered the most of the
teaf area, atfected leaves become dry and tall off (Fig. 3).
Much vegetative loss have been recorded in the nursery
with this disease. The review of literature showed that itis
a new record on Aegle marmetos from India.

Fig.4:

Fig.3: Leat spot and dicback causcl
by Fusarnon pallidoroseum
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Karonda (Curissa carandas L.) is an underutilized
indigenous truit crop of India. It bears wider adaptibility
and thrives well throughout arid and semi-arid arcas of the
country, Being astringent in taste, il is not popular as
desvert fruit but it is rich source of essential vitamins and
mincerals required tor adequate human health. The ripe
fruit have antioxidant properties and reported to be usetul
in curing certain discases like bilious (Watt, 1972) and
intestinal worming (Vasu, 1986).

Besides, the karonda fruit also has good potential
of processing and has potential for export as tresh fruits
and processed products such as preserve, jan, candy.,
juices, pickles ete (Chandra and Jindal, 2001). Further,
huge harvest of the produce during peak harvesting season
creates glnt and the growers are compelled to sale their
produce at low prices which reduces the markets value of
the fruit. The post harvest losses in karonda vary from 30-
40%. Besides. being acidic in nature karonda is not
consumed as fresh and not popular as 1able fruit. Hence.
value addition through processing would be the only
effective tool for economic utilization ol karonda. Since.
karonda is a scasonal fruit. its prescrvation in difterent
products is nccessary to avoid its spoilage and to make its
availability round the ycar (Parvathi and Anby, 1997).

The storage ot fresh karonda fruits for longer
time is not quite fcasible: therefore. its processing into
ditferem products is cssential. Also. longer shelf life of
value added products of karonda is important trom
consumers and markcting point of view. Very little
attempts have been made to study the standardization of
processing 1echniques of karonda in to various products.
Keeping these points in view, the present investigation
was undertaken 10 study the standardizittion of processing
technigues for karonda products (candy, squash, jelly and
jam) for ensuring the longer storage life and better
organoleptic acceptibility.

The present investigation was carried out at the
Post-harvest  Technology Luboratory.  Department  of
Horticulture and lood Processing, Uuar  Pradesh,
Saharanpur. India, during June to November, 2007 and
2008 to standardize the processing techniques for karonda
products for commercial processing. Healthy and matured
karonda fruits of ‘Green with Purple blush® genotype were
used for the experimentation. Four products wvic., candy,
squash, jelly and jam were made from karonda. The tive

recipes cach of candy and squash: and six recipes cach of
jelly and jam were prepared (Table 1-4). The method of
preparation of various products was common for all
recipes. Ditferent recipes of the products were 1aken for
estimalting biochemical parameters like total soluble solids
(TSS “Brix) and acidity (%) by hand retractometer and
standard sohitions ot pH 4.0 and 7.0. respectively.
Organoleptic analysis ot dilferent recipes ot karonda
prodicts was done by the panel ol 9 judges on a 9 poim
hedonic scale to assess the acceptability ot the products
based on the various sensory attributes like colour and
appearance, texture, flavour, taste, after taste and overall
acceprability. The daia of the various recipes’ of karonda
products  were analyzed statistically in  Completely
Randomized Design with three replications.

Table 1. Dilfercnt tecipes of candy prepared from karonda
fruits

Recipe Fruit:
Nt) P | Contents sugar | Additives
) ratio
I Fruits blanched with water | 1 :
: 1.e. (control) 1.5
2 Wholc fruit without pectin | | Citric
) coating 1.5 acid
3 Segmented  fruit  without | | Citric
- oectin coating 1.5 acid
Wholc  fruit  with pectin | | :
4. ; p Pectin
coating 1.5
= Segmented  truits  with | | .
5. &1 . Pectin
pectin coating 1.5

Table 2. Different recipes of squash prepared from
karonda fruits

Recioe No. Juice : sugur ratio Acidity (%)
1 1:1.0 1.0]
2 1:1.2 1.21
3 l1:1.5 1.00
4 1:1.6 1.21
5 Ll 1.01

‘Table 3. Difterent recipes of jelly prepared from karonda
fruits
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Recipe No. .luigc cxtract sugar pH
ratio
| 1:1.0 3.0
2 1:1.1 3.2
3 1412 34
4 1:1.3 3.0
5 1:1.4 3.2
6 1:1.5 34

Table 4. Differcnt recipes of jam prepared of karonda
truits

[ Recipe No. Pulp : sugar ratio

il 1:1.0
| 2 1:1.4
i3 1:1.5
|4 1:1.6
5 1:1.7
6 1:1.8
Candy

Data reveals that karonda candy prepared  of
*whole fruit with pectin coating’ having TSS of 78.8 "Brix
and 0.42% acidity scored signiticantly  highest  for
organoleptic quality (Table 5). Organoleptic score (7.57)
ot this recipe was ditfered significantly with all other
recipes. All therecipes were with acceptable organoleptic
scorc i.c. like modceratcly. Kuinar (1990) and Dcen (1992)
were also supported this contention tor candy preparation.

Squash

Results indicate that a composition of juice and
sugar in the ratio of 1:1.5 containing 51.8 “Brix TSS and
0.23% acidity was {ound suitable for preparation of
quality squash of karonda (Table 6). Organoleptic score
(7.74) of this recipe was differed significantly with all
other recipes.  All the recipes were with acceeptable
organoleptic score ie. like moderately. The increase or
decreasce in acidity and T'SS beyond this level reduced the
organoleptic quality of karonda squash. Similarly. Ashraf
(1987) suggested ideal recipe of jamun squash containing
40% juice, S0% TSS and 1.2% acidity whereas, Waskar

and Khurdiya, (1987) reported that S35% juice. 40 "Brix
TSS is ideal composition tor phalsa squash.

Jelly

Data indicates that jelly prepared of using juice
extracts and sugar ratio of 1:1.3 with 70.8 °Brix TSS and
0.31% acidity was  recorded significantly  highest
organolcptic score (8.09) (Tablc 7). Though. it was lound
at par with recipic containing juice extracts and sugar ralio
ot 1:1.4 with organoleptic score of 8.02. All the recipes
were  with  acceeplable  organoleptic score  ie.  like
moderately and like very much. A good quality jelly can
be prepared from karonda fruits because its’ juice is rich
in both pectin and acidity. Juice and sugar ratio ot 1:1.3
with 70.8 "Brix TSS and 0.31% acidity were found
suitable for making an excellent gquality of jelly. Since.
only a particular proportion of” sugar tor particular fruit
Juice containing pectin can producce best jelly. Sugar aids
in forming hydrogen bonds between pectink molecules
(Speiser ¢ al., 1947) hence, these bonds facilitaies the
ideal seuing of jelly. The rate ol jelly setting is also
muodified by hydrogen ion concentration.  The present
result is supported by the tindings of” Ashrat (1987).

Jam

Jam prepared ol using karonda pulp and sugar
ratio of 1:1.6 with 75.2 “Brix TSS and 0.23% acidity was
rccorded signilicantly highest organoleptic score (8.01)
tollowed by and considered as an ideal recipe for making
jam froin karonda fivits (Table 8). All the recipes were
with acceptable organoleptic score ie. like moderately.
Many workers pointed out that higher the sugar
concentration higher is the jam strength.

The present investigation suggests that karonda
candy prepared of ‘whole Iruit with pectin coating” having
T$S of 78.8 "Brix in fruit to sugar ratio of 1:1.5 scored
signiticantly  highest  for  organoleptic  quality. A
composition of juicc and sugar in the ratio of I:1.5
containing S1.8 “Brix TSS was found suitable for
preparation ot karonda squash. It can also be concluded
that jelly prepared of using juice exiracts and sugar ratio
of 1:1.3 with 70.8 °Brix TSS and Jam prepared of using
karonda pulp and sugar ratio of 1:1.6 with 75.2 °Brix TSS
were recorded significantly highest organoleptic score of
8.09 and 8.01, respectively.

Table 5. Biochemical and organoleptic analysis of different recipes of karonda candy (mean of 2 vears)

Recipe Recipe TSS Acidity Organoleptic quality

No. (*Brix) (%) Score Rating

1. Fruits blanched with water 72.8 0.41 723 Like moderately
2! Whole truit without pectin coating 74.2 0.41 7.45 Like moderately
3 Scxmented truit without pectin coating 75.7 0.41 7.36 Like moderawcly
4. Whole fruit with pectin coating 78.8 0.42 2.57 lik¢ moderately
$ Segmented fruit with pectin coating 77.6 0.42 7.21 Like molerawely
S.Ed. .17 0.04 0.034

CD at5% |26 NS 0.07

Table 6. Biochemical and organoleptic analysis of ditfereat recipes of karonda squash (mean of 2 years)
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Recipe No. | Juice : sugar Ratio TSS (“Brix) (A(;')d"y ;)Cli::“lcpm qu:{]:nll)ifng
1. 1:1.0 45.8 0.24 7.51 Like moderately
2] I:1.2 51.2 0.24 7.54 Like maderately
3. 1:1.5 S18 0.23 7.74 Like meoxderately
4. 1:1.6 53.8 0.24 7.47 Like meoderately
5. F: 1.7 56.1 0.24 7.46 Like moderately
S.Ed. 0.77 0.03 0.003
CD at 5% 1.7 NS 0.21
Tahle 7. Biochemical and organolentic analvsis of ditfferent recines of karonda jelly (mean ot 2 vears)

. = . o . ie. Organvleptic quality
Recipe No. | Juice : sugar ratio | TSS  (°Brix) Acidity (%) SOt et e R‘mg_
1. 1:1.0 66.8% 0.29 7.26 Like moderately
2. b:1.1 67.29 0.29 7.11 Likc modcratcly
3. §:1.2 67.72 0.31 7.13 Like moderately
4. £:1.3 70.83 0.31 £.00 Like very much
5. 1:1.4 69.38 0.32 8.02 Like very much
6. 1:1.5 68.86 0.32 7.27 Like moderately
S.Ed. 1.102 0.03 0.171
CD at 5% 2.3n NS 0.37

Table 8. Biochemical and organoleptic analysis of difterent recines of karonda jam (mein ot 2 vears)
Recipe No, Pulp sugar | TSS ("Brix) Acidity (%) Organol¢otic quality
ratio Score Rating

I. 1:1.0 74.26 .23 7.46 Like maderatel v
21 1:1.4 74.20 0.24 7.59 Like moderately
3. D] 75.2% 0.24 7.82 Like moderately
4. 1:1.6 75.23 0.23 3.01 Like moderately
Sh 117 7721 0.23 7.67 Like mexderaucly
6. 1:1.8 81.22 0.25 7.8% Like mederately
S.Ed. 1.121 0.04 0.092

CD at 5% 2.42 NS 0.20
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