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‘Abstract

| Agricultural production systems have so far successfully addressed the national requirements of agricultural products

achieved by transition from mixed farming to specialized far

through increasing productivity by the large scale use of nrﬂn—rﬁnewable resources and simplification of production system
ing. This intensification of agricultural production systems has le

fto many negative environmental consequences like loss of bipdiversity, degradation of soil and water resources, enhancing the
greenhouse gas emission, declining profitability, increasing rsfsks and inadequate employment and has thus raised the concern

‘about the economic, environmental and social costs of this

uccéss. Therefore, it is imperative to design and implement ne

lagricultural production systems, to enhance farm productivity &|profitability, environmental quality, resource use efficiencies
along with improving household nutritional security. These segmingly diametrically opposed objectives could be simultaneously

achieved by implementation of integrated farming systems ap

roach (IFS). This paper describes the significances of IFS in terms

of enhancing productivity, profitability, employment generation, resource conservation and adaptation and mitigation tq
anticipated climate change with special reference to arid and semi-arid regions of India. The major constraint in implementation of

IFS, and suggestion for enhancing their large scale adoption aré distussed. |

| . . . N
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Introduction
Worldwide, agriculture has become increasingly
Epecialized in response to political, regulatory and economic|
ressures (Russelle etal., 2007; Hendrickson et al., 2008). The‘
intensification and specialization of agriculture productivity
has also left negative environmental consequences and has!
prought into question the economic viability of large number‘
of farms (Wilkins, 2008) and has further led to an array of
hegative impacts on the environment (Tilman et al., 2002) like|
Loss of biodiversity, soil erosion & dysfunction, depletion of
round water levels, contamination of water, and increasing
concentration of greenhouse gas in atmosphere
ﬁFranquebbers etal., 2011). Therefore, the concerns about the‘
conomic, environmental and social costs associated with
specialization and intensification driven gains in productivity|
Eas been increasing. Furthermore, increasing uncertainties of
limate and commodity prices have put into question the‘
f'specialization higher productivity” as a path of development|
ﬁEvans, 2009). Hence, it is necessary to evolve and migrate
owards agricultural production systems which will not only
improve productivity and farm income but will also protect|
and improve environmental quality, and the ecosystem
ervices on which agriculture depends (Barrett, 2010; Godfray‘
et al., 2010; Garnett et al., 2013; FAO, 2014; DeFries et al.,|
2015;).
\ Diversified agricultural production systems such as!
Fntegrated farming systems (IFS) systems appear to be‘
Fromising alternative and way forward for agricultural‘

development in the face of shrinking land and water resources
for agriculture, climate change, volatility of commodity and
‘input prices, and declining soil quality. Studies conducted
across the India have shown that IFS provided opportunitieq
to harness the complementarities and synergies among
different agricultural sub-systems and/or enterprises which
augment productivity and profitability (Jayanthi et al., 2003;‘
Manjunath and Itnal, 2003; Ravisankar et al., 2010;
Manjunath and Itnal, 2003a,b; Gill et al., 2009), gainful
‘employment (Jayanthi et al., 2001; Gill et al., 2009), ensure
efficient resource recycling (Behera and Mahapatra , 1998;
IKumar et al.,2012), higher resource use efficiencies (Gill etal|
| 2005; Surve et al., 2014) along with improving soil quality,‘
enhancing biodiversity and preserving natural resources and
the environment. This article presents a brief overview of
needs and significance of IFS in arid and semi-arid regions of
khe country. |
| |
Spread of arid and semi-arid regions

| In India, the arid and semi-arid regions occupy primé
position with respect to size, pedo-climatic diversity, and
human and animal population. The semi-arid regions (having
lannual rainfall 500-1000 mm and moisture index between
0.33 to -0.67) cover about 113.8 million ha and are
concentrated mainly in western and southern peninsular part
of the country. The part of semi-arid regions having annual
‘rainfall of 500 -750 mm with 90-120 days of crop growing‘
period is classified as a dry semi-arid region. The part of arid
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ergion having 500 -750 mm annual rainfall with 90-150 days
of crop growing period are classified as moist semi-arid|
egion. The dry and moist semi-arid regions are spread over|
41.6 and 72.2 million ha, respectively. Crop production in the
semi-arid regions is principally rainfed except in the state of|
unjab, Haryana and Uttar Pradesh. Sorghum, soybean,
pulses, small millets, cotton, chickpea and peanut are major
rainfed crops. Rice, wheat, and Indian mustard are major|
irrigated crops. Livestock rearing is major subsidiary‘
ccupation.
| The area receiving <500 mm annual rainfall with <-|
E6.7 moisture index having light textured soils is classified as‘
rid regions. The arid region is further sub-divided as hot and
cold spread over 31.7 and 7 million ha, respectively. The hot|
rid regions concentrated in the state of Rajasthan (61%),
ujarat (20%), Punjab (5%), Haryana (4%), Andhra Pradesh‘
(7%) and Karnataka (3%). The cold arid region is concentrated|
in Ladakh region of Jammu and Kashmir, Chamba, Lahul-
piti and Kinnur in Himachal Pradesh. The arid regions, both
cold and hot are characterized by low and erratic rainfall, |
extremes of temperatures, high ET, strong winds and light
textured soils having low fertility and water holding capacity.
The western Rajasthan which constitutes 61% of the|
total hot arid region of India represents a fragile low biomass
broducing ecosystem. This region is characterized by erratic|
(CV > 50 %) and low (100-400 mm y™") rainfall, high|
gvapotranspiration (1600-2000 mm y™), strong winds (Rao
and Singh, 1998), sparse vegetation cover, lack of good qualityi
roundwater. The crop growing period is <90 days and crop
Eroduction is low and unstable. High biotic pressure has
esulted in the overexploitation of resources and poses al
erious threat to the sustainability of the region (Gupta and
artap Narain, 2003). The rainfed region is characterized by
monocropping system with crops like Pennisetum typhoides, |
Eyamopsis tetragonoloba, Vigna aconitifolia, Vigna radiata
nd Sesamum indicum which are planted both as sole and
mixed crops in various proportions. Arachis hypogea,|
Eossypium sp., Triticum aestivum, Brassica juncea, Cicer‘
eritinum, Plantago ovata, Cuminum cyminum are major
irrigated crops of this region. Amongst the fruit crops ber,|
onla, citrus and date palm are promising for this region.
ivestock rearing is an integral component of farming system‘
and have a significant role in the agrarian economy of the hot|
?rid regions. |

Farming systemsinarid and semi-arid regions i
Historically, the arid and semi-arid regions are lands

of low crop productivity and crop failure are common in these
regions. To minimize or evade the negative consequences of |
frequent crop failure, farmers of these regions have evolved
any combined protective-productive systems by integratingi
oody perennials and livestock into the farming systems, with ‘
main objectives to fulfill food, feed and fuel requirements of
the household, and better returns from available resources.|
Minimizing production risks, diversifying sources of income
and increasing land productivity along with improving
bustainability of production system are other important|
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objectives of mixed farming systems. The inputs and outputs
of the different enterprises are integrated inextricably into
‘these systems. Livestock use crop residues as feed and provid
meat or milk, which improve family nutrition and health.
Livestock also provide draught power, manure for crop
‘production and dry dung is also used as fuel. The sale of animal‘
and their products (milk, meat, egg) improves household
income. |
| A comprehensive account of prevailing farming‘
systems of the hot arid region has been presented by Bhati and
Joshi (2007). They concluded that livestock rearing with
‘range and pasture development is the main agricultural‘
activity in the areas receiving annual rainfall < 250 mm. Mixed
ffarming encompassing agroforestry systems, mixed cropping)
livestock and pasture management are the main livelihood
‘options in the areas receiving annual rainfall between 250 ]
B50 mm. Crops and cropping systems diversification,
agroforestry and livestock farming are the major systems of
sustenance of farmers in areas receiving annual rainfall >350
mm. Thus, traditional agroforestry and livestock are the
integral components of farming systems of the hot arid region.
‘Development of irrigation facilities (introduction of canal
irrigation), increased groundwater irrigation (due to increased
rural electrification, improved drilling technologies),
iavailability of new technologies, advent of green revolution|
‘increased farm mechanization,  construction of road‘
networks and marketing (Kar, 2014) along with government
policies which favored few crops have caused a drastic change
‘in land use and farming systems of these regions. |
Groundnut and cotton are replacing the traditional
rainfed crops like pearl millet, moth bean, cluster bean)
sesame, etc. while area under wheat and Indian mustard iﬁ
increasing in irrigated areas and furthermore, the tractor drawn
tillage replaced the animal drawn tillage with the objectives td
cover alarge land area in the given period. To facilitate smooth
movement of tractor the woody perennials (tree and shrubs)
were uprooted from the crop fields and resulted in the decling
of area under traditional agroforestry, particularly in irrigated
‘areas. Thus, with the expansion of irrigation facilities along‘
with increased agricultural mechanization, the interest in
traditional mixed farming systems comprising mixed
‘cropping, livestock and extensive agroforestry declined, and
agricultural system became more and more specialized arid
and semi-arid regions. The large scale adoption of specialized
bgriculture led to an array of problems like loss of
biodiversity, increased production and economic risks
degradation of soil quality, depletion of ground water
resources, etc. and threatening the farmers' livelihood and
sustenance ofagriculture itself. |

Significances of IFS i
| As the arid and semiarid regions are becoming more
and more populated, the demand of agricultural products has
been increasing and the availability of natural resources
‘particularly water and land is decreasing. It is a greaﬁ
challenge, especially in arid and semiarid regions, for the
restrictions of resources for agricultural production in those
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regions are usually more severe than those in other regions.
Therefore, there is a need for an agricultural system that!
§upp|y more products with the conservation of natural
resources and ensure a better environment for human living. In
this context, IFS seems to be an attractive option as it provides|
ultiple benefits like higher yields and income, efficient
resource utilization, enhance employment generation,
reduced risks and improve nutritional security. Some of the
dvantages of IFS compared to that of the conventional‘
arming systemare:
| |
f—ligher production, returnand employment |
With the increase in population along with an
increase in urbanization and industrialization the availability|
Ef land for agriculture is decreasing. In contrast, the demand of‘
gricultural products is increasing with an increase in
population. This warrants having a production system that|
anreases the yield per unit of land area in unit time. The results
f numerous research conducted in arid and semi arid regions
demonstrated that IFS significantly increased land|
Eroductivity compared to arable cropping (Jayanthi et al. ,
003; Gill et al. ,2009; Channabasarana et al., 2009; Bhati etl
gl. , 2008; CAZRI, 2014; Patidar and Mathur, 2017).‘
Integration of dairy, fishery and poultry with arable crops led
to enhanced productivity compared to that of sole arable!
Fropping inirrigated regions of Punjab and Haryana. Gill et al. ‘
(2009) demonstrated that IFS (rice-wheat + dairy + fishery +
biggery) recorded 79% higher productivity than sole rice-!
Yvheat cropping. The results of an another study with 1.0 ha
and in irrigated areas of Punjab shown that IFS involving rice
Wheat (0.6 ha) with dairy (0.4 ha) and 100 poultry had two-|
imes higher yield (25.5 t ha™ rice equivalent yield) than sole
rice-wheat (1.0 ha, 12.5 t ha " rice equivalent yield). Results of
a study conducted at Sriguppa, Karnataka showed that IFS|
érice—rice, maize sunflower, vegetable, fodder crop, goat, fish
nd poultry) had 26% higher yields than conventional rice-rice
tropping (Channabasarana et al., 2009). Jayanthi et al. (2003)|
Eonducted a study at Coimbatore, TN and reported that IFS‘
omprising crop +fish + poultry and crop + fish + goat had
B1.8and 32.3tha" rice equivalent yield comparedto 12.2 tha™|
}‘rom sole arable cropping. |
Co-cultivation of trees with arable crops is found to
be promising option for improving land productivity. The|
JZrosopis cineraria, Hardwickia binata, Acacia senegal,‘
cacia nilotica, Ziziphus mauritiana, Tecomella undulata are
suitable tree species for co-cultivation with arable crops in hot|
'ilrid regions. The results of various studies conducted at
CAR-CAZRI demonstrated that growing of trees with arable!
crops/ grass increase the total yield per unit land compared to|
sole crop or grass production in hot arid regions (Harsh and
ﬁ'ewari, 1993; Bhati et al. , 2008; CAZRI, 2014; Patidar and!
athur, 2017; Verma et al., 2017). Results of a long-term|
study conducted in hot arid region of Rajasthan showed that
integrated production of arable crops with P. cinerarial
rovided good yield of arable crops along with a bonus yield of‘
dry leaves and twigs (0.65 to 1.05 t ha™) and fuel wood (1.8-
2.6t ha™) from the P. cineraria tree. A study conducted at
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ICAR-CAZRI demonstrated that seed yield of of pearl millet,
\green gram and cluster bean was higher in association with
Prosopis cineraria than sole arable cropping (CAZRI 2014).‘
LI'he cluster bean, green gram and pearl millet had 11, 14 and
18% higher seed yield in association with Prosopis cineraria
‘compared to yield from sole cropping. Kaushik and Kumar‘
(2003) reported higher fodder yield in P. cineraria -based
production system (P. cineraria in association with pearl
‘millet Brassica tournefortii) than sole cropping from arid‘
regions of Haryana. The results of study conducted in arid
region of Haryana demonstrated that yield of barley improved
‘(16.8 86.0%) in association with Azadirachta indica, Acaciap
albida, P. cinerariaand T. undulata. The highest improvemen
lin yield (86.0%) was in association with P. cineraria followed
‘by A. albida (57.9%), T. undulata (48.8%), and A. indici
(16.8%)(Kumaretal., 1998).
| The higher land productivity of ber based cropping
system compared to that of sole ber or sole crop/ grass has been
‘reported from arid regions. A 5-20% higher yields o
intercrops in association with ber than sole cropping have been
reported (Gupta et al., 2000; Saroj et al., 2003; Singh et al.,
‘2003; Bhandari et al., 2014). The results of an eight year stud))
conducted by ICAR-CAZRI highlighted that a density of 200
ber plant ha™ is optimum for co-cultivation of arable crops in
hotarid regions of Rajasthan, (Bhati et al., 2008).Am0ngstthé
arable crops, green gram gave better yields in good rainfall
years, cluster bean gave better yields in drought years, and
lcowpea showed yield stability in most of the year. The system!
provides i.e. food (cow pea grain: 386 kg ha” year”), fruit
(3076 kg ha™ year™), fuel wood (1353 kg ha™ year™) and fodder
(to sustain 700 -1000 animal days ha® year *). Verma et al!
(2017) gave a detailed account of ber based integrated
production system of hot regions and demonstrated that the
\integration of arable crops increased fruit yield of ber. Arya et
‘al. (2011) reported that fruit yield of ber with intercropping oﬁ
arable crops (cluster bean, moth ben, Indian mustard, Brinjal)
was higher (8.4 t0 8.6 tha ) compared to sole ber (5.6 tha *) at
‘Bikaner, Rajasthan. The results of a study conducted a
Dantiwada, Gujarat indicated that intercropped ber (ber, pearl
millet, green gram, cluster bean, sorghum) had 9.1 t ha™ fruit
yield compared to 8.5 t ha™ fruit yield from sole ber (Patel ef
al., 2003). A study conducted by ICAR-CAZRI at Bhuj
revealed that intercropping of ber with legume crops (cluster
‘bean, moth bean and cow pea) increased ber yield by about 10
kg ha® than sole ber. The integration of tree in pasture
improved fodder yield in hot arid regions. The results of
tudy conducted by ICAR-CAZRI at Jodhpur revealed tha
intercropping of Cenchrus ciliaris with Hardwickia binata
had higher dry matter fodder yield (26.39 t ha™) compared to
Pole C. ciliaris (22.59 t ha™) (Patidar and Mathur, 2017). Ther
are numerous processes that confer increased efficiency or
productivity of different enterprises in IFS by reducing input
requirements, increasing input use efficiency or both. Some of‘
&he most common examples are the replacement of synthetic
fertilizer with livestock produced manure, legume-derived
‘nitrogen, woody perennials added plant nutrients; using crop

residues, pastures grown, tree lopping biomass as a forage‘



N. D. Yadava; M. L. Soni ; V. S. Rathore an

N.

'S Natahwat, 1JAH, 2018, Vol. 13(1-2):16
\

S L - — —

source to reduce livestock supplementary feeding, increase
stocking rate and livestock growth; and the use diversified!
cropsto reduce pest and disease pressure.

Adequate profits from farming are essential for
ensuring sustainable livelihood of the farmers. The IFS
Erovides an opportunity to enhance profitability through‘

igher productivity and reducing the production costs. The use
pf waste or by-products of one enterprise serve as input forl
ther enterprises in IFS, which led to a reduction in cost of‘
Broduction. For instance, in the crop-livestock IFS, the by-
products of crops, i.e. crop residue are utilized as feed for|
livestock and they converts them into economic products
kmeat, milk, wool), and the byproducts of livestock, i.e. dung‘
is used as manure for supplying plant nutrients to crop
roduction and thus curtailed the cost involved for purchasing
f  inorganic fertilizer. Furthermore, the diversified!
production systems minimize the need for external inputs|
(Ryschawy et al., 2012; Wilkins, 2008).
| A study conducted to evaluate economic!
performance of different production systems in semi-arid,
regions of Haryana revealed that the integration of milch
buffalo and crossbreed cattle with cropping lead to 35 and!
346% higher returns than sole cropping (Singh et al., 1993).‘
Gill et al. (2009) demonstrated that the integration of dairy,
dairy + horticulture and dairy + vermicomposting enhanced!
Leturns by 56,62 and 110% compared to sole cropping in Uttar‘
radesh. The rice-wheat is an important cropping system in
irrigated areas of Punjab. Substitution of rice wheat cropping|
ystems with rice-wheat + dairy enhanced net returns by 12—‘
2% (Gill et al., 2009). From a study in Coimbatore, Tamil
Nadu, Jayanthi et al. (2001) reported that integration of fish|
+poultry and fish +goat with arable cropping gave 170 and‘
62% higher net returns than sole cropping. Thus, the results
pf these studies demonstrated that IFS resulted in higher
rofits and a better use of intermediate farm resources such as
anure, draft power, and crop residues. |
| The integrated production involving tree and crops is|
found to be more remunerative than a sole tree or crop
cultivation in arid and semi-arid regions. Results of studies
conducted at ICAR-CAZRI shown that pearl millet + Acacia|
senegal and Hardwickia binata + C. ciliaris had 61 and 655%
higher returns than sole C. ciliaris and pearl miIIet,‘
respectively (Harsh and Tewari, 2007). The integration of
legume crops (cluster bean and mung bean) with ber was more
profitable (B: C ratio 2.03 to 2.15) than sole ber (B: C ratio!
?.1), and legume crops (B: C ratio 1.42 to 1.93) production in‘
arid regions (Meghwal and Henry, 2006). The economic
performance of integration of legume crops (cow pea, cluster!
pean and moth bean) with of aonla, ber and pomegranate was
evaluated in arid regions of Gujarat. Amongst the tested crops,
the cluster bean performed well in orchards; and ber + cluster|
Eean had highest profitability (B: C ratio of 1.83) followed by‘
er + moth bean (B: C ratio 1.65) (Dayal et al., 2005). Kaushik
gt al. (2017) evaluated profitability of various agri-silvi-horti|
ystems involving different cropping sequences (cowpea—‘
heat, cluster bean wheat, and pearl millet oat), and silvi-
horti system (shisham + aonla, shisham + guvava, khejari +|

aonla, and, khejari + guvava) in semi-arid environment at
Bawal, Haryana. Results of the study demonstrated that agri-
‘silvi—horti systems had 2.9-4.8, 5.0-6.3, and 19.0-27.2 fold

greater net return compared to the sole cultivation of cluster
bean barley, cow pea wheat, and pearl millet oat cropping
sequences, respectively. A study from arid region of Gujaraj
indiated that Ailanthus excelsa and Azadirachta indica base

lagri-silvicultural system gave 26 and 59% higher income than
‘sole cropping (Patel et al., 2008). Results of a long-term study‘
conducted at ICAR-CAZRI shown that IFS (comprising P.
Icineraria, H. binnata, and A. tortilis based agroforestry, and Z|
mauritiana based agri-horticulture, Z. rotundifolia basecj
‘silvi-pasture, agri-pasture and sole arable cropping system
lhad a higher IRR and B: C ratio than sole arable cropping in hot
arid regions of Rajasthan (Bhati et al., 2009; Tanwar et al.
‘2014). Besides ability to provide higher income thaA
lconventional sole cropping, the IFS also deserve mention for
the difference in pattern of flow of income viz a viz sole
‘cropping and. The income from conventional cropping is
season-specific (income available at specific-time of year just
after harvesting season of crops), which bound the farmers to
‘take the money from formal and informal credit sources at a
very high rate of interest, and also led to the forced sale of far

produces to money lending agencies. In contrast, IFS has the
lability to provide a flow of money for the farmers throughout
‘the year by way of the sale of a variety of farm produce (milk
egg, mushroom, vegetables, fruits, food grains) (Behera an

IMahapatra, 1999; Maheswarappa et al., 2001; Kumar et al.]
‘2013), which helps to meet the money requirement of farmerﬁ
throughout the years and protect the farmers from forced sell.

\ The labour requirement in crop based production
‘system is season and time bound, and generally has a peal;
labour requirement during planting and harvesting time o
lcrops. During the rest period of year and season the farmers dd
not have adequate employment opportunity. Diversifyin

‘agricultural production could utilize labor more efficiently a
farm and /or regional scales (Hoagland et al., 2010),
Integration of other enterprises with crop production provides
lan opportunity to enhance employment generation.‘
Integration of dairy, dairy + fishery and dairy + fishery +
piggery with arable cropping generated 138.2, 136.6 and
171.9 “additional man days compared to the sole arable
cropping system (Gill et al., 2009). Results of a stud

conducted at Coimbatore indicated that integration of fish an

lgoat with arable cropping generated additional 207 man days
‘year'1 compared to sole cropping (Jayanthi et al. 2001),
Besides the ability to generate extra employment, the IFS
lensure that women get higher opportunities to engage in
‘farming activities, particularly in case of poultry, milch cattle
sheep/goat rearing, vegetable production, etc. (Sharmin et al.,
2012), and increase their access and control over the farm
resources (Setboosarng, 2002). |

IReduced economic risks |
| The agricultural production system is vulnerable tﬂ
production and economic risks. Aberrant weather conditio

land huge fluctuation in prices of both input and outputs ar¢
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major risks involved in agricultural production. IFS reduce
both production and economic risks. It has been demonstrated!
that diversifying income sources generally reduces‘
fluctuations in cash flows within the same year and also
between the years (Pannell, 1995; van Keulen and Schiere,|
FOO4). The IFS caused a reduction in income variability‘
compared to specialized system of agricultural production.
IFS has potential to minimize the production and economic|
Csk associated with sole arable cropping, and decrease the‘
ulnerability of producers to the impacts of aberrant weather
conditions. Cropping in arid and semi-arid regions of India are|
Eredominantly rainfed, and prone to risk of crop failure due to‘
rought and other aberrant weather conditions.
Diversification of farming with agroforestry, horticulture,|
livestock, and plantation crops would help in minimizing risk
associated with sole cropping, and raising the income of
farmers (Beheraand France, 2016). \
Low and uneven distribution of rainfall is a major
Constraint of arable crop production in hot arid regions of
India, and generally the crops fail to produce acceptable,
ields. The results of many studies conducted in this region
how that in case of crop failure, the woody perennials provide‘
fodder, fruit or fuel wood. There are evidences which indicated‘
that rainfall scarcity induced reduction in the yield of crops are
more in sole cropping compared to that of in integrated!
roduction system. Faroda (1998) reported that the yield‘
reduction of mung bean was higher in sole cropping compared
to that in Ziziphus based integrated production system under|
fubnormal rainfall conditions (51 % less rainfall than long
erm average 360 mm year™) in hot arid region of Rajasthan.
This integrated production system provides a year round|
Eupply of fodder for five sheep/goat and fuel wood for afamily‘
f 4 members. Delayed onset of monsoon is a common
Wweather aberration in hot arid regions. Results of study|
Eonducted by ICAR-CAZRI indicated that under extremely‘
elayed onset of monsoon (first week of August), the IFS
(comprising agri-horticulture, agri-pasture, silvi-pasture)|
fetched higher returns than sole cropping, and IFS yielded
7712 L milk, 292 kg meat along with fodder sufficient for 8
ACU (4 cow, 8 buck and 4 ram) and 6500 kg FYM (Tanwar et|
al., 2014). Additionally, IFS gives opportunity to farmer to
bdjust the allocation of production inputs (water, forage,
water, capital) among the enterprises in response to climate|
and price fluctuations. For instance, if there is very low rainfall
Huring the reproductive phase of crop and prospects of grain‘
yield are low, the crop can be used for forage purpose under
IFS. Similar situation may arise if grain price is very low
tompared to livestock product prices.

Eetter recycling and use-efficiencies of resources |

IFS provides opportunities to capture ecologicall
interactions among different enterprises to make agricultural
ecosystems more efficient at cycling and preserving natural
Fesources and the environment, improving soil traits, and|
fnhancing biodiversity. The IFS involving crop, Iivestock,‘
rees and pasture lead to the more efficient recycling of energy
and matter in the soil-plant-animal-atmosphere continuum. In|

|
\
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crop-livestock integrated production system, crop residue (by-
products of crop) is utilized as fodder for livestock and dung
‘(by—product of livestock) is utilized for providing nutrients t
crop. The integration of poultry and fish in production system
further strengthen the chain of recycling of resources by use of
‘poul'gry droppings as fish fe«_ad. Thus, IFS comprising _ diversq
and interdependent enterprises (crops, forestry, horticulture,
ldairy, poultry, fishery, piggery) leads to better utilization of
‘resourc_es through efficient recycling of Fhe by—prO(_juct of onq
enterprise as an input for other enterprises (Shekinah et al.,
|2005; Gill et al., 2009). Co-cultivation of woody perennialg
with arable crops helps efficient nutrient cycling via the tree'
‘ability to absorb the nutrients from deeper layers of soil an
Isupplying the absorbed nutrients to crops by litter fall. Gill et
al. (2009) reported that recycling of organic resources in IF
‘provided 79 and 58% N, and P,O, requirement of the field an
Iplantation crops, which signify the ability of IFS in reduction
of dependency on external nutrient sources.

| Maintaining soil organic matter (SOM) is the ke))
component for sustai_ning crop productivity. IFS compris_ing
‘Ilvestock, poultry, piggery, pasture and v_voody pe_rennlals
enhance the SOM content through nutrient cycling an
organic matter use, and sustain the agro-ecosystem (Schiere et
al., 2002; Watson et al., 2005; Petersen et al., 2007; Russelle et
lal., 2007; Wilkins, 2008; Hilimire, 2011). Furthermore, thé
inclusion of nitrogen fixing woody perennials and pasture
legumes enhance N content in the soil. Water and wind erosion
lare major soil degradation process in arid and semi-arid
‘regions. The inclusion of trees and pasture in a productio
system reduces the soil erosion. Thus, IFS involving livestock,
woody perennials and pasture with arable crops have the
‘potential to enrich soil, reduce erosion and promote ef‘ficien(j
nutrient cycling. Results of a study conducted in semi-ari
Iregions of Rajasthan indicated that Prosopis cineraria
‘Dalbergia sissoo, Acacia leucophloea and Acacia nilotic
trees enhanced soil biological activities (soil microbia
lbiomass C, N and P) and amongst the different tree species, P}
cineraria based system brought maximum enhancement of
‘soil biological properties (Yadav et al. , 2011). Singh et al.‘
|(2014) reported that integration of tress (ber, gonad, aonla|
‘khejari, ardq and mopane) with wheat enhanced organi
carbon and nitrogen content of soil by 7 and 8%, respectivel
compared to sole tree plantation. Results of earlier researcheg
demonstrated that integration of fish, livestock, poultry, etc.
with crop enhanced resource (water, nutrient, land) us
efficiencies (Shekinah et al., 2005; Samra et al., 2003). Th
‘I FS provides opportunity for multiples use of water with in thg
'same farm like in producing crops, fishes, dairy, mushrooms|
‘poultry, duckery etc. (Singh and Gautam, 2002) and thus lea
to better use of water and higher water productivity (Sharda
land Juyal, 2007; Gill et al., 2005).It has been reported that
‘integrated production of fish and fish + pig with arablq
cropping had 56 and 86% higher water productivity (WP) than
sole cropping in Punjab (Gill et al., 2005). Surve et al. (2014)
‘demonstrated that IFS (comprising crop + horticulture + dairy‘
+ poultry + fishery) had 164% higher WP than sole cropping.
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%Iimate change mitigation and adaptation
The results of many studies, including the recent!
report of the IPCC (2014) authoritatively reaffirm that climate‘
change and variability will impact crop production across the
Wworld due to the effects on plant growth and yield by elevated!
0,, higher temperatures, altered precipitation regimes, and
increased frequency of extreme events, as well as modified
iveed, pest, and pathogen pressure (Lobell et al. 2011).!
ﬁ\daptation, the strategy adopted to minimize negative
impacts of change in climate change on crop production is a
key factor for ensuring food production in the future.|
trategies like change in planting date and varieties, and‘
mproving and expanding irrigation moderate negative
impacts temporarily (Matthews et al. 2013). In contrast, more|
gadical agro-ecological measures, including diversification of‘
groecosystem (monoculture dominant) as, IFS accompanied
by soil management, water conservation and enhancement of|
Egro-boidiversity is supposed to have greater and more‘
urable benefits. Tuomisto et al. (2012) compared energy
palance, GHGs (greenhouse gases) balance and biodiversity|
meacts of conventional, organic and integrated farming
ystems, and reported that IFS had potential to improve energy
and GHGs balance and biodiversity compared to both|
conventional and organic farming systems. Ghahramani and
Moore (2016) quantified effects of climate change on crop‘
and livestock component of IFS through a simulation study,
and reported that returns from livestock were smaller and less
Variable compared to that of crops under changing climate.!
Eesults advocated that shift in the enterprise mix in mixed-
arming towards increased livestock may be helpful strategies
in adaptation to climate change and managing the associated!
inancial risks. Sequestering carbon has been emerged as a
major goal of lowering the atmospheric CO, concentration,
and IFS has an enormous potential of storing C in thel
Fcosystem (Dasguptaetal., 2015). The integration of tree with
arable crops has potential to reducing vulnerability to
uncertain and shifting climate (Van Noordwijk et al.l
011).The trees improve biodiversity, modify nutrient and
ater flows, store carbon and buffer micro-climate, and thus
play an important role in both adaptation and mitigation of]|
Elimate change. It has been demonstrated that agroforestry‘
ystems have higher potential to sequester C than
monoculture. Dhyani et al. (2016) estimated carbon|
equestration potential of AFs in India and reported that the
mount of carbon sequestered in soil under different AFs‘
varied from 0.003 to 3.98 Mg C ha™ year™. Ajit et al. (2016)|
uantified the CSP of AFsin 26 districts of 10 selected states of
ndia. The average carbon sequestration potential (CSP)
ranged from 0.05 to 1.03 Mg C ha™ yearwith an average value|
f 0.21 Mg C ha year™. Results of a study conducted by
CAR-CAZRI in Kachchh region of Gujarat revealed that‘
silvi-pastoral system sequestered 36.3 to 60.0 % and 27.1to|
70.8 %more total soil organic carbon (SOC) compared to sole
ree and sole pasture systems, respectively (Mangalassery et
al., 2014). Thus, integration of tree and livestock with arable|
crops has potential to minimize negative effects of climate
hange on agricultural production. |

|
\
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Suitable IFS for arid and semi-arid regions

‘ The production system involving various enterprise

that ensure food and nutritional security, higher profit, gainful
lemployment, efficient recycling of resources along with
‘conservation of natural resources (water, soil) an

environment and minimize production and economic risks is
an ideal farming system. The crop production, dairy, goat and
‘sheep rearing, fishery, poultry, agroforestry, mushroorq
cultivation, duckery, Azolla cultivation, apiculture are
lcomponents of farming activities (Raman and Balaguru, 1991
Yadav and Prasad, 1998). The integration of two or more of‘
Rhese farming activities in accordance to natural resources,
lcapital, labor, available infrastructure and marketing
‘facilities, socioeconomic needs, and government policies ii
essential to develop suitable location specific IFS. Numerou

suitable IFS consisting integration of arable crops, livestock
(cattle, sheep, goat), poultry, fishery, duckery, Azolla,
‘mushroom, biogas production has been developed in arid and
semi-arid regions through both on-station and on-farm
research (Bhati et al., 2008; Singh et al., 1999; Jayanthi et al.,
2001: Singhetal., 2007; Gill etal., 2009; Surve etal., 2014). |
‘ Growing of arable crops in association with
horticultural plants, i.e., agri-horticulture is an attractive
\option for improving nutritional security, productivity, profits,\
‘employment in arid regions. Suitability of component crops
to pedo-climatic conditions and compatibility among
component species are key determinants of performance of
‘agri-horti system. Bhandari et al. (2014) gave detailed accounq
of suitable species composition of agri-horti systems for north
western hot regions of India. \

‘Future thrust |
| Ensuring adequate food, feed, fiber and income
‘along with conservation of natural resources for increasing‘
population are the biggest challenges of the 21% century. In
repeated experiments, the IFS as an approach hag
outperformed the conventional and specialized farming
‘systems in all dimensions of a multi-functional agriculture i.e.‘
ffood security, environmental, economic, and social functions)
But IFS as an approach always carry the burden of past and ?
Hag of reinventing the wheel as it has been a traditional way o
farming in many countries. Hence, the challenge today is to
evolve advanced IFS in accordance with available resources,
infrastructure facilities and technology capable of providing‘
sufficient agricultural production with high socio-economiq
outputs and multiple environmental benefits. But in spite of
numerous advantages the adoption of IFS inarid and semi-arid
‘regions has been abysmally low. There are many reasons for it,‘
but high managerial skills required to run a farm with IFS
lapproach and marketing of multiple products in small quantity!
are major ones.  For example, inadequate transport,‘
processing and marketing can limit economic benefit from
milk, meat, fruit and vegetable in rural areas and restrict the
‘full realization of the economic potential of integration of‘
livestock and horticulture in farming. Lack of incentives and
policies for promotion of IFS; inadequate research and
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Jaevelopmental programme, weak co-ordination among
different stakeholders are some other limitations. Therefore,|

enefits of IFS cannot be exploited on a larger scale without
creation of adequate storage, transportation and marketing
facilities for agricultural produces in rural areas. A renewed!
Pnd interdisciplinary research effort is urgently needed toward
fine-tuning of IFS by effectively integrating different
enterprises with crops to balance productivity demands with
focial and environmental sustainability issues in accordance‘
0 change in resources, marketing facilities, labor availability
and technological advancement. IFS should have as a high|
Priority for research and development programme and polices.‘
Adequate coordination among different agricultural
programme, polices, institutes and agencies for agricultural|
Fnd rural development is must for quick and wider‘
implementation of IFS.
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Abstract o
| Dry-land horticulture has immense and diverse potentilities in providing nutrition rich food and social security tg
thabitants of desert and tribal area of the north-western India Wnile assessing distinctness studies of the hot arid and semi-arid‘
gro-climate of Rajasthan state during 19941997 for horticuitural perspective, it is concluded that un-availability of requisite
cropgenotype and production techniques are two main congtraints in promoting vegetable cultivation. Traditionally, kachri
Cucumis melo var. callosus / agrestis), kakadia / snap melon gCucumis melo var. momordica), mateera (Citrullus lanatus), tind
EPraecitrullus fistulosus) and guar (Cyamopsis tetragonol ba)‘ is grown with mixed cropping. Besides, khejri (Prosopis
cineraria) is playing very important role in long-established|farming system, and its tender pods are vegetable use. With the
stablishment of NRCAH during 1993 at Bikaner, systematic resegrch work for conservation and utilization of native crop-plants
Eermplasm having vegetable significance was started. The crép—g notypes studies over 45 vegetables from 19952005 at CIAH

demonstrated that there is magnificent scope in obtaining higher marketable yields, provided better and trait-specific genotypes,|
and adopting khejri based production site management concept (HBCPSMA),. Thus, the varietal and technological advancement

inarid vegetables isaboon towards better nutrition and farmer's income under resource poor desert environment. |

\ \
‘Keywords: Kachri, snap melon, mateera, khejri, arid vegetablz‘e, hot arid agro-climate, Rajasthan, India

|

Introduction
| The Indian Thar Desert is a marginal zone for‘
agricultural production. Scanty and un-even rain, extremes of|
high (March-October) and low (December-January)
emperature condition for the prolong duration and together‘
these factors creates an associated abiotic stressed,
environment that limiting the crop choice, quality of produce,
broductivity and production. Out of 912 mean rainy
gays/annum in the hot arid region of north-western parts of
ajasthan, much of rains often come in only a few (13) heavy
events during the monsoon season (JuneSeptember) and is!
Frratic and un-predictable. In kharif season, high temperature
(3542°C) range and prolonged drought period (1525 days)
together sandy soil creates an environment where few crops
can survive under rainfed situations and thus, native crop-|
plants both the annual and perennial have equally vital role for
food and fodder (Samadia, 2016 and Samadia and Haldhar,|
017).
F Horticultural significant crop-plants produce and‘
their product are rich source of carbohydrate, nutrients,|
vitamins, anti-oxidant and fibre, and thus are essential part of
hutritious diet. In India, about 175 types of crop-plants are‘
being used for vegetable purpose. The vegetable production in|
Ehe country is largely un-even and concentrated mostly into
he few states and areas where agro-climate is much
favourable and mild for their production. In addition, the|
emphasis is only on few vegetables and that too are grown
nder high input and assured irrigation facilities. To meet-out

|

\ \
| |
ever increasing vegetable demand and utilization of
‘indigenous resources, now, there is utmost need for massive
and integrated efforts, and it should be firstly by developing
high yielding crop-genotypes suited to the prevailing
situations of defined agro-climatic zones and resource based
production techniques under the climatic variability. Second is
through exploitation of the native resources i.e. vast, varied
land un-tapped land-scape and under-exploited horticultural
pecies for their vegetable potentialities. In this way, the‘
desert, arid, semi-arid and tribal area of Rajasthan state is un-
tapped land resource where several popular and native crop-
‘plants of horticultural significance can exploited for organized‘
vegetable culture (Samadia et al., 2004 and Samadia, 2007)
ladopting production site management approaches (Samadia,
‘2016). |

Materials and methods \
| The research work methodology is concentrated on‘
conservation, utilization and maintenance of arid vegetable
lgermplasm and documented genetic resource management
programme is classified as surveys and explorations for crop-
inventory and collection from variability pockets;‘
characterization and categorization of germplasm for long-
term conservation; evaluation, identification, purification and
ladvancement of germplasm lines / material and use in
improvement programme; large-scale testing of selected /
developed progenies, performance studies for uniformity and
‘stability of lines and varietal trials and testing of genotypes at



varieties. The valuation of national material, re-visiting and|
fe—generation of developed material and its maintenance is
described research work-plan for conservation and intensive /
specific use of the material for breeding trait specific lines /|
alue added genotypes and varieties in the targeted arid‘

vegetables at CIAH, Bikaner.
|

|
Besults and discussion |
Arid agro-climate Need special attention for vegetable
production \
Production and marketing of high-value and diverse‘
#orm of vegetable is now seen as key to generate more income
per unit area, time and round the year, and also reducing|
overty and better nutrition amongst the small farmers in the
eveloping countries. India is the second largest producer of‘
vegetables and the share is about 14 % of the world]
Eroduction. On the other hand, its distance from the world's
umber one (China) is quite large and this wider gap arises
several questions related to the productivity of vegetable crops
in the Indian fields, types and quality of genotypes and seed /
blanting material being used, adoption level of technologies,‘
management and utilization of resources at the production|
sites (Samadia, 2007 and Samadia, 2008).
In recent years, there is spectacular change inl
onsumption pattern of vegetables and promotion of
nutritious diet in India. The increase vegetable consumption is
further expected to enhance, and it is because of rising income!
evels, changing pattern of dietary mix, nutrition and health‘
awareness, ease and round the year availability. On the other
hand, present productivity level of many vegetables is low|
@han the world average, and also areas of production-supply‘
or each part of the country is not defined, and hence we cannot
meet-out this increasing demand with time without]
integration, intensification, diversification and management‘
f production sites for systematic vegetable cultivation in the
variable climatic regions (Samadia, 2008, More and Samadia, |
008).
F In hot arid region, mixed cropping of pearl-millet‘
(bajra), cluster bean, moth bean or cowpea dominates|
traditional farming systems in millions of hectare. The
ndigenous cucurbits such as kachri, kakadia, mateera and
tinda are rescue crops and provide subsistence income under|
rainfed conditions. In addition, native tree / perennial species
suchas khejri, ker, lasora, kumat, khimp, phog, guarpatha and!
tumba, and khumbi have horticultural attraction and ensuring
nutrition rich vegetables to the desert dwellers. Here,
systematic vegetable cultivation is very negligible and!
productivity level is too low, and it is primarily owing to un-
availability of desirable crop-plant genotypes suited to
environmentally stressed production sites, un-availability of|
Huality seed / planting material of recommended crop-
genotypes for growing with varying situations and lack of
crop-genotype-climatic matching production techniques.|
Therefore, there are essentially two complementary‘
Pequirements for obtaining higher and marketable quality
egetable production and productivity i.e. improvement in the|
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genetic make-up of prioritized crops and development o#
favourable micro-climate at the production sites (Samadia,\
2008, Samadia, 2016). #

The Indian arid zone can grow a large number o
vegetable crops compared to any hot desert of the world
‘(Samadia etal., 2004). Some of well recognized and potential‘
vegetable crop-plants have been identified for diversification
of dry-land horticulture and are given in the table-1. Based onl
‘region specific surveys in the hot arid, semi-arid and tribal‘
areas of Rajasthan and Gujarat and field research work over 25
lyears by me at CIAH, the extent of restrictions and
opportunities have been assessed in respect to the horticultural
‘development and recommendations have been carved out forJ
[dry-land vegetable production. In addition, innovative and
resource based conceptual production approaches have been
‘suggested for cultivation of vegetables under rainfed, Iimited‘
or assured irrigated conditions with three distinct agro-climate|
of Rajasthan state. The importance of eco-significance native
trees / shrubs having the potentialities of regional, traditional
and minor vegetables in fresh, dehydrated or processed forms,
have also been highlighted for promoting resource based
hative or intensive production models under climatic
adversity. By incorporating the un-exploited and indigenous,
floras at the production sites as component of wind-break,
boundary-side, bio-fence, hedge-row, field-divider, strip-
‘block or planting model would not only helps in creation oq
favourable micro-climate for cropping system but also ensure
regular income from the socio-welfare species as monsoonl
Pupported harvest (Samadia, 2016). |

Production factors analysis for arid vegetable
‘improvement |

Owing to variable and to some extent manageable agro-
climatic conditions, availability of limited irrigation facilitieg
‘and potentials for different types of production systems‘
(rainfed, limited or assured irrigation) in vast spread arid farm-
land, a careful selection of crops and their genotypes for g
specific zone can be a gainful for the success in vegetable
‘upgrading. The peculiar arid agro-climatic conditions impart‘
unique quality in kachri, snap melon, mateera, bottle gourd,|
muskmelon, chilli and seed spices. An enormous scope to
‘promote large-scale seed production in cucurbits, tomato,‘
chilli, brinjal, okra, early cauliflower, pea, cluster bean,
cowpea, Indian bean, palak, methi, coriander, cumin, and
truck gardening for distance market in particular to the cole
crops, onion, carrot, melons and chillies is do exists with
irrigated farm-land. The indigenous products from khejri, ker,
kachri and kakadia can be exploited for processing industry.
Dry vegetable products have lot of market potential as
concentrated vegetables. A condition of high temperature and
low humidity help in solar-drying and the practice is already!
wide-spread for pods of khejri (sangri) and cluster bean and‘
#ruits of kachri, snap melon, round melon and chillies
(Samadia et. al, 2004, Samadia, 2007 and More and Samadia,|

‘2007). |
In hot arid region, existing low productivity in
\vegetable crops can be enhanced by improving genetic make-|
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approaches under integrated concept as crop-genotype-!
nvironment accepting. Here, special attention is needed to
exploit native crop-plant genetic resources of horticultural
significance for developing intensive and viable vegetable!

Pulture. For this, syste
crops is required on

genotypes with multiple-use attributes including processing|

Hualities and adaptabil
1

n addition, vegetable production, marketable quality and

productivity would depend upon availability and management
of limited rain and irrigation water. The marketable yield
‘potential of recommended crop-genotypes and productivity oq
resources can be further enhanced when due considerations
given on in-situ rain-water harvesting, moisture conservation

matic breeding approaches on targeted‘ ‘and adoption of improved techniques and practices in 3
high precedence to develop desirable’  strategic manner under innovative concept - Horticulture

ity under abiotic stressed environment.‘ (HBCPSMA, Samadia 2016).
K/arietal development for arid vegetable production
|

Table 1. Prioritized crop-plants for vegetable improvement under hot arid agro-climate

Based Crop Production Site Management Approaches|

‘ Group ' | Crop-plants !
| Cucurbitaceous Kachri (Cucumis melo var. callosus /|agrestis), snap melon (- Cucumis melo var. momordica), kakri |
(Cucumis melo var. common / utilissimus / fluxuosus / acidulus), muskmelon ( Cucumis melo var.
| inodorous | cantaloupensis), m ateera/w atermelon (Citrullus lanatus '), round melon / tinda |
‘ (Praecitrullus fistulosus ), bottle gourd ( Lagenaria siceraria), ridge gourd ( Luffa acutangula), sponge |
gourd (Luffa cylindrica), ivy gourd / kundru (Coccinia indica), bitter gourd (Momordica charantia) and
| spiny gourd / kakoda (Momordica dioicb). | |
| Leguminous Cluster bean / guarphali ( Cyamopsis tetragonoloba ), cowpea ( Vigna unguiculata ), Sem, Dolichos / |
‘ Indian bean (Lablab purpureus), sword bean (Canvalia gladiata), pea (Pisum sativum) ‘
' Solanaceous Chilli (Capsicum annuum), brinjal (Soldnum melongena), !
| tomato (Lycopersicon esculentum) | ] \
Cole crops Cabbage ( Brassica oleracea var capiw‘ata%, cauliflower ( Brassica oleracea var. botrytis), knol -khol
| (Brassica oleracea var. caulorapa) |
| Bulbous Onion (4!lium cepa), garlic (Allium sativum) |
. Root crops Radish (Raphanus sativus), carrot (Daucus carota) ‘
| Okra Okra (Abelmoschus esculentus) ‘ :
| Leafy Methi (Trigonella foenumgraecum and T)| corniculata), palak /s pinach (Beta vulgaris | Spinacia |
| oleracea), coriander ( Coriandum sativym %, chaulai ( Amaranthus spp), bathua (Chenopodium spp.), |
sowa (Anethum sowa)
| Perennials Khejri / sangri (Prosopis cineraria ), drumbtick / s ehjan (Moringa oleife ra), Indian aloe / guarpatha |
| (Aloe barbadensis), phog (Callgonum Roly‘ionoides), khimp (Laptadenia pyrotechnica), ker (Capparis |
decidua), lasora / gunda (Cordia myxa), kumat (Acacia senagal), khumbi (desert mushroom)
|

Table 2. Areas explored and surveyed for vegetable crop —plan{ geHmpIasm

| S/No | Crop Number of trips / | Areas of cropjor multi-crop specific short trips or No. of |
‘ explorations exploration under institute, NBPGR and NATP (PBD) Acc.

1 Mateera 7 (1994, 1995) Arid and semi-arid areas of Rajasthan 193

2 Kachri 7 (1994, 1995) -do- | 558 |
.3 Snap melon 6 (1994, 1995) -do- L 90

4 Chillies 2 (1998, 2001) Arid, semi-arid and tribal areas of Rajasthan and Gujarat 184

|5 Muskmelon 1 (2000) Arid, semi-arid and tribal areas of Rajasthan 55 |
| 6 Gourds 1 (2002) Arid, semi-arjd and tribal areas of Rajasthan and Gujarat 60

7 Beans 1 (2000) -do- - 10

'8 Khejri 7 (2000-2002) Targeted pockets in arid region of Rajasthan 15

Table 3. Registration of unique vegetable germplasm lines from C‘IAH, Bikaner

i
INGR - 98014 [
|

Kachri AHK-200

Snap melon AHS-10 INGR - 98015 |
Snap melon AHS-82 INGR - 98016

Kakri AHC-2 INGR - 98017 [
Kakri AHC-13 INGR - 98018 |

Name of germplasm Registration Number | Agency |
Mateera AHW-19 INGR - 98012 Plant Germplasm Registration and Notification, Germplasm
Kachri AHK-119 INGR - 98013 Registration Committee of ICAR, NBPGR, New Delhi. |

Sword bean AHSB-1

INGR - 427811
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Table 4. Collection, conservation and utilization of vegetable genetic resource at CIAH, Bikaner

P ) B

| Common, English or

No. of germplasm under PGRM, CIAH

Year of evaluation, re -visits for utilization and

| Scientific name Collection & | Conservation | | Breeding | / or regeneration of active genetic material fo r
‘ evaluation in NBPGR | lines maintenance

" Kachri 591 528 " 168 1995, 1996, 1997, 2000, 2001, 2003, 2011
| Snap melon / kakadia 120 53 |65 1995, 1996, 1997, 2000, 2003, 2004, 2012
 Muskmelon 74 55 60 1997, 1998, 2001, 2007, 2008

" Kakri/Arya/Long melon 32 15 118 1996, 1997, 2002, 2003, 2006, 2015, 2016
| Cucumber 12 - 101 1997, 1998, 2000, 2016

| Cucumis prophaterum 02 - | |t 2000

" Cucumis trigonus 01 - e 2000

| Cucumis hardwickii 11 - L 2000

 Tumba 05 01 o1 2000, 2008, 2009

Mateera / watermelon 217 64 165 1995, 1996, 1997, 2002, 2003,2009, 2010
" Tinda / round melon 26 14 " Tho 1995, 1996, 1997, 2002, 2003, 2007, 2017
| Bottle gourd 85 20 [ 2o 1996, 1997, 2003, 2007, 2008, 2009
 Ridge gourd 30 20 [ 20 1997, 1998, 2003, 2004, 2015

" Satputia torai 01 01 e 2000

| Sponge gourd 25 15 HRE 1997, 1998, 2003, 2004, 2014

| Bitter gourd 13 03 o4 1997, 1998, 2003, 2004, 2013

' Spiny gourd / kakoda 01 - 01 FGB 1997, 2002, 2015, 2017

' Ivy gourd / kundru 01 - ' | 01 FGB 2001, 2002, 2010, 2012, 2015

| Pumpkin 04 - [ 04 1997, 2003, 2004

. Summer squash 01 - e 2009, 2010

" Chillies 217 202 "] hs 1999, 2000, 2002, 2003, 2008, 2009

| Brinjal 78 25 HED 1998, 2002, 2003, 2008, 2009

_ Tomato 125 14 |14 1998, 2002, 2003, 2008, 2009

" Cluster bean / guarphali 20 01 |02 1995, 1996, 1997, 2011

| Indian bean / semphali 45 30 | B0 1998, 2001, 2002, 2010, 2011

' Sword bean / kombaphali | 02 01 o1 2001, 2002, 2003, 2009, 2016

| Velvet bean / conchphali 01 - _ | o1 2009, 2010

| Cowpea / chavlaphali 08 - " 103 1997, 1998, 2001, 2002, 2004, 2017, 2018
| Pea 04 - B 1997, 1998

| Khejri / sangri 16 - | 15FGB 1995, 2000, 2001, 2002, 2010, 2011, 2012
' Drum-stick / sehjan 05 - " | 01 FGB 1995-97, 2002-07, 2009-12, 2014-17

| Curry-leaf / meetha-neem | 01 - | | 01 FGB 1998, 2000, 2015, 2017

| Indian aloe / guarpatha 03 - | | 03 FGB 1994, 1995, 2002, 2008, 2017

| Palak 03 - “lo1 1995-97, 2002-04, 2012-2015, 2016, 2017
| Methi / kasuri-methi 02 - o2 2004, 2005, 2008, 2015

| Sowa / dill 03 - BE 2004, 2005

- Ajowan 02 - HE 2004, 2005

' Bathua 01 - T 101 2012, 2013

| Cabbage 04 - Tt 1998, 1999

Cauliflower 02 - 1 1998, 1999

' Knol-khol 02 - e 1998, 1999

| Radish 02 - R 1998, 1999

| Carrot 01 - o1 1998, 2012, 2013

" Onion 02 - - 1998, 1999

| Garlic 01 - R 1998, 1999

The concerted germplasm utilization and‘
Emprovement programmes in the country resulted to
development of good number of high yielding varieties and|

e 14

‘hybrids in potential vegetable crops suited to different agr
climatic zones. To meet-out the increasing vegetable deman

d

with climatic resilience, the foremost need is to have massive
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and integrated efforts for developing need based varieties /
hybrids / trait-specific or value added genotypes and seed-
chain of the recommended crop-genotypes suited to the,
Froduction sites of the defined region of the state, because this
sone of the most efficient and rapid means used for increasing‘
roduction world-wide in native and adaptive vegetables.
espite of huge vegetable varietal wealth in the national net-
work and their zonal recommendations, requisite production, |
roductivity and quality of produce is yet not improved
significantly. There are very few numbers of crop-genotypes
Wwith wider adaptability for marketable and quality yield levels|
ith varying environmental situation, and doing well only‘
nder favourable sub-tropic agro-climate of the state.
However, much research work to develop varieties, trait-|
Epecific or value added genotype is needed on native and un-‘
xploited crop-plants of the regional significance, and also in
adaptive and potential vegetables for cultivation in non-|
gonventional areas with arid to semi-arid agro-climate (More‘
nd Samadia, 2007).
| While assessing the arid agro-climate during 1994-|
g997, itwas concluded that environmental constrains viz., low
nd erratic rainfall, extremes of high and low temperature and‘
aridity conditions, and un-availability of appropriate|
cropgenotypes and production techniques are the limiting
factors in thoughtful adoption of vegetable cultivation. With
the establishment of national centre at Bikaner in 1993, initial
research efforts were for germplasm conservation and
utilization in the native cropplant species of the horticultural!
ignificance. Traditionally, kachri (Cucumis melo var.
callosus / agrestis), kakadia / snap melon (Cucumis melo var.
momordica), mateeraa drought hardy watermelon (Citrullus!
tanatus), tinda (Praecitrullus fistulosus) and guar (Cyamopsis
etragonoloba) is grown with mixed cropping under rainfed
situations. Besides, khejri (Prosopis cineraria) is a perenniall
Eree and playing vital role in long-established farming‘
ystems, and its pods are vegetable use (sangri). The crop
valuation and performance studies on 45 vegetables and their|
otential genotypes from 19952005 at CIAH, Bikaner‘
emonstrated that there is tremendous scope for cucurbits,
chilli, brinjal, tomato, pea, beans, cluster bean, onion, garlic,|
Ladish, carrot, cole and leafy crops with limited irrigation and‘
dopting production site management approach as innovative
tool in obtaining higher marketable yields, provided better and|
trait-specific genotype in prioritized arid vegetables
(Samadia, 2008). |

‘(A) Conservation and maintenance of arid vegetable‘
ermplasm |

The landraces and local types / cultivars are source of

enes for stresses tolerant, adaptability, quality and yield and

herefore, collection and characterization is the pre—requisite\
for the potentially utilization of genetic resources. Realizing
khe importance of vegetable crops in the hot arid region of
horth-western parts of India, the systematic collection of!
germplasm was started since 1994 at Bikaner under mission
mode of the NRCAH, NATP on plant bio-diversity and
institute programme of CIAH. During 1994 to 2005 period,|

ournal of Arid Horticulture Vol. 13 (1-2): 11-18

several crop-specific and multi-crop explorations were
lconducted for surveys and collection of vegetable germplasm‘
from arid, semi-arid and tribal areas of Rajasthan and Gujarat,
and also augmentation of germplasm in targeted crops was
ldone for varieties and lines from national net-work including‘
ICRP (VC) and NBPGR system (Pareek et al. 1999 and‘
Samadia, 2003).
\ A data base was developed for compilation of R & DI
work on genetic resource management in vegetables at the‘
institute and up to 2008, a total 1725 accessions were collected
and evaluated and out of them 1060 germplasm were
deposited in NGB at NBPGR for long-term conservation. The‘
k/egetable germplasm either collected by CIAH or assembled
ffrom NBPGR under NATP (PBD) or national net-work was|
‘evaluated for use in improvement programme at Bikaner. On‘
characterization and evaluation under the extremes of arid
lagro-climatic conditions, vegetable crop germplasm exhibited
wide range of variability for agro-morphological traits,
Lflowering and fruiting behavior, maturity, yield and qualit))
lcontributing characters, besides resistant or tolerant to abiotic|
and biotic stresses (Samadia, 2006, Samadia, 2007, Samadia,
‘2010, Samadia, 2011, Samadia, 2014 and Khan and Samadia,‘
2012).
| Based on intensive field-crop performance studies‘
lover the seasons and years (1994-2016), the potential arid
vegetable crop germplasm were identified and developed
genetic material from the base germplasm is being maintained
as active breeding lines (500) for use in the improvement
programmes. The maintained material is comprised of kachri‘
(68), snap melon (65), mateera (65), muskmelon (60), round
melon (10), kakri (18), bottle gourd (20), ridge gourd (20),
sponge gourd (15), bitter gourd (4), chillies (45), brinjal (30),‘
tomato (14), khejri (15), India bean (30), sword bean (01),
cluster bean (02) and others (15) including perennial
‘vegetables (Samadia, 2016). |

I(b) Utilization of arid vegetable genetic resource \
| To promote profitable and organized vegetable‘
culture under hot arid agro-climate, systematic crop
improvement work plans were formulated first time by me ag
P1 of the project and stated in 1994. During the first five years
‘(1994-1999) of project, the prime emphasis was on the native‘
and drought hardy vegetable crops such as kachri, snap melon,|
kakri, mateera, tinda and cluster bean. The chilli work for the
Mathania type was incorporated in 1998 and then intensive
work on potential crops such as muskmelon, gourds, brinjal,
beans and moringa was started from the year 2000 considering
he requirement of superior genotypes for cultivation under
the extremes of climatic variability. Amission mode approach
for improvement in khejri was started in 2001. Trait specific
\breeding for heat tolerant in round melon, bottle gourd,\
‘muskmelon, tomato and brinjal was started from 2007. The‘
germplasm characterization and utilization at CIAH resulted
to the purification of promising and trait specific lines for
‘detailed evaluation, and followed by selection and‘
combination breeding over the period (1996-2017) resulted to
studies on about 725 developed genotypes in the prioritized



vegetables and were used in varietal development trials under
igh temperature, abiotic stressed and resources poor
conditions of hot arid agro-climate (Samadia et al., 2010 and|
Samadia, 2016).
| The result of systematic purification followed by‘
election and hybridization breeding at CIAH, Bikaner over
the period, a good number of high yielding and better quality
broducing genotypes have been developed in arid vegetables\
nd recommended for commercial cultivation, large-scale
esting at farmers fields / national net-work or use in breeding
programmes. The varieties / selections recommended for the!
Fultivation in arid region are in mateera (AHW-19, AHW-65
and Thar Manak), kachri (AHK-119 and AHK-200), snap
melon (AHS-10 and AHS-82), kakri (AHC-2 and AHC-13),!
Fottle gourd (Thar Samridhi), cluster bean (Thar Bhadavi),
ndian bean (Thar Kartiki and Thar Maghi), sword bean (Thar
Mahi), khejri (Thar Shobha) and brinjal (Thar Rachit). The|
?eveloped lines of bottle gourd (AHLS-24), ridge gourd‘
AHRG-1 and AHRG-8), sponge gourd (AHSG-4, AHSG-5
and AHSG-16), round melon (AHRM-1 and AHRM-2),|
[nuskmelon (CIAH-1), chilli (HRM-1), brinjal (CIAH—22),‘
vy gourd (AHIG-1), palak (AHLP-1) and moringa (AHMO-
1-4s) were used in selection / combination breeding from|
001-2010 and advanced material is in testing as value added
Eenotype (Samadia, 2008, Samadia, 2012, Samadia, 2016,‘
Samadia and More, 2008, Samadia and More, 2009, Samadia|
and More, 2011 and Samadiaetal., 2005).
In addition, some trait specific breeding material is!
eveloped in targeted arid vegetable crops at CIAH, Bikaner
and evaluated over the seasons and years (2005-2017) for their
berformance studies under high temperature and abiotic!
§tressed arid environment. These lines consisted of kachri
(AHK-411, AHK-564 and AHK-572), snap melon
(DKS/AHS-2011/2), mateera (AHW RSS-1 and AHW BSM-|
}), kakri (AHC-1), ridge gourd (AHRG-15-4-1), sponge,
gourd (AHSG/2015/F5/1), bottle gourd (AHLS Oblong-1 and
AHLS-Long/2015/F6/1), bitter gourd (AHBT-2), chillil
tMathania Selection-1), brinjal (AHB-1 and AHB-2), tomato‘
AHSL-1 and AHSL-2), cowpea (AHCP-1), Indian bean
(KSB-66), cluster bean (AHG-20), velvet bean (AHVB-1),|
ethi (AHLM-1), bathua (AHLB-1), carrot (AHDC-1),
guarpatha (AHAB-S-1 and AHAB-B-1) and khejri (CIAH‘
Selection-2). |

kc) Priorities for germplasm utilization and focus on futu re‘
thrust
Primarily 1 am working on the native crop-plants to
bromote horticultural production under hot arid|
gnvironmental restrictions. Therefore, the foremost concern is|
on safe conservation, maintenance and effective utilization of
enetic resource for developing varieties and also systematic‘
rid vegetable culture in particular with kachri, snap melon,
mateera, tinda, bottle gourd, cluster bean and khejri at the
tesource constraints production sites. In additions, developing!
ppropriate breeding material and trait specific lines / value
added genotypes through germplasm utilization in targeted
vegetable crops is also in top priority for promotion of their|

cultivation under the abiotic stressed conditions such as high
land low temperature, drought, limited rains or irrigation water,
and suitability of varieties for organic, off-season or prolonged
period of harvesting.

| Breeding for improvement in yield, quality and
productivity is a continuous nature of work, and in addition,
varietal requirements for the three specific environmentally
distinct agro-climatic zones of the Rajasthan state and
‘continual increasing demand of vegetables invites timely up-
gradation and re-setting of research prioritization. Realizing
the need of hour, vegetable breeding emphasis should be
‘focused on prioritized crops and it should be focused through‘
use of germplasm and varietal wealth for developing varieties
and value added genotypes in particular to the defined zones off
‘the state for which crops are targeted. Beside, objectives for‘
potential and native crops of commercial exploitation should
be defined in respect to the national and regional perspective|
‘Based on research work progress and gap analysis in‘
germplasm utilization and varietal development in last 25
lyears, crop and trait specific prioritized needs have been
identified for further in-depth analysis and the research
‘strengthening to achieve targets on the issues highlighted a§
constraints and strategies is given below. |

‘(i) Research constraints: |
) Insufficient germplasm in most of vegetable crop and
ignorance of old lines/ varieties in breeding,
‘2) Low priority on germplasm utilization to solve the
problems through combination breeding, ‘
3) Low priority to native and un-common vegetables for
\region and resource specific research, \
) Lack of new high yielding genotypes with in-built toleranq
to abiotic and biotic stresses,
5) Absence of basic research and promotion facilities to work
on wild and related species breeding, |
6) Low level of scientific interest to carry long-term research
Work-plan on native vegetables, and \
‘7) Low interest to solve long-standing crop problems with‘
advancement of science and technology.
| |
\

‘ii) Research strategies

) Utilization of national genetic resources for breeding high
temperature and abiotic stresses tolerant genotypes in
| round melon, bottle gourd, mateera, muskmelon, ridgeJ
|  gourd, sponge gourd, bitter gourd and tomato with betten
marketable fruit quality yield and cultivation under
| varying agro-climate of the state, |
b) Utilization of native genetic resources for developing high
yielding and better marketable quality varieties or trait-
specific / value added genotypes for cultivation under
abiotic stresses conditions in kachri, snap melon, spin
gourd, ivy gourd, cucumber (chikan-kakri of tribal area),
arya-kakri, taur-kakri, wanga-kakri, palak, kasuri-methi|
khejri, sehjan, curry-leaf, guarpatha and other regional‘
adaptive vegetables including leafy, roots, tubers (yam,
aerial yam and sweet potato) for their regional promotion
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“and preferences,
Utilization of national genetic material from favourable!
agro-climate and their large-scale trials for identification
of region, environment and trait-specific genotypes in
commercially viable crops (chilli, ginger, turmeric,|
garlic, onion and seed spices) in respect to hot arid to‘
semi-arid and/or sub-humid and tribal zones of Rajasthan,
Distant hybridization and breeding for developing virus|
free genotypes in watermelon and chillies for cultivation‘
under abiotic and biotic stresses,
Utilization of native germplasm for developing suitable|
brinjal genotypes having good quality fruit yielding
characters with regional preferences and suitability for
year the round cultivation under high temperature|
conditions, and tolerantto FSB,
Utilization of national genetic material to use in breeding‘
for developing high and better quality pod yielding|
genotypes in potential vegetable legumes such as pea,
cluster bean, cowpea, Indian bean, sword bean and velvet!
bean for production under variable resources and stressed
conditions, and also identifying lines for organic
cultivation,
Heterosis or combination breeding for developing‘
genotypes resistant to fruit-fly infestation and virus-free
in bitter gourd, ridge gourd, sponge gourd and pumpkin|
for cultivation under semi-arid and sub-humid zones of‘
Rajasthan state,
Conservation and use of native okra germplasm from|
tribal area of Rajasthan and near-by areas of Madhya‘
Pradesh and Gujarat to develop genotypes for cultivation
under low-input, organic or rainfed conditions, |
Utilization of early cauliflower and carrot germplasm of
hot arid zone and onion and garlic from semi-arid and‘
tribal areas of state for developing trait specific|
genotypes,
Utilization of national genetic material for breeding better!
quality and high yielding genotypes for low-cost]|
protected cultivation and vertical harvesting in the
prioritized vegetable crops under hot arid agro-climate,‘
and
Utilization of regional, national or older genetic material‘
for identifying genotypes for organic production and alsol
use in breeding for developing better quality genotypes
under low-input and have moderate harvesting and
unique traits in the prioritized vegetable crops under hot!
arid agro-climate or define set of environmental‘
conditions for production.
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bstract
f Studies were conducted during 2015-17 at ICAR—Ce‘ntra‘ Institute for Arid Horticulture, Bikaner in collaboration With‘
ICAR-Central Potato Research Institute, Shimla to find out sliitable potato cultivars for processing as well as for table purpose
Ender North Western Rajasthan. Seven potato cultivars (Kuf(i prati, Kufri Garima, Kufri Chipsona-4, Kufri Pukhraj, Kufri‘

rysona, Kufri Surya and Kufri Jyoti) were raised under sprinkler irrigation as well as drip. Tuber yield varied significantly from
\ariety to variety under both irrigation systems. Under sprinkler irrigation, Kufri Chipsona-4 gave higher yield (53.5 g/ ha)
Lollowed by Kufri Frysona (48.00 t/ ha) and Kufri Jyoti (46.5 haP while minimum yield was observed in Kufri Pukhraj (33.9t/‘

a) and Kufri Khyati (38.8 t/ ha). Kufri Garima and Kufri Surya gave intermediate yields (43.0 and 39.9 t/ ha), respectively.
However, under drip irrigation, Kufri Frysona gave higher yield (43.5 t/ ha) followed by Kufri Chipsona-4 (42.9 t/ ha) and Kufri

arima (37.5t/ ha) and minimum yield was observed in Kufri F"uk raj (20. 0t/ ha). Kufri Frisonagave higher medium sized tuber
gield (14.6 1/ ha) followed by Kufri Surya (11.2 t/ ha) and Kufri'Chipsona-4 (9.30 t/ ha) under sprinkler irrigation while, under driﬂ
irrigation Kufri Jyoti produced the highest medium sized tuber yield (11.7 t/ ha) as compared to other. Thus, processing varietieg
L(ufri Chipsona-4 and Kufri Frysona were found suitable and proved to possess high dry matter content and were the most efficienﬁ

arieties in the arid region while for table purpose Kufri Garima and Kufri were found suitable for processing and table purpose,
for cultivation in north western Rajasthan |

|
key words: Arid region, Bikaner, gronomic use efficiency, nitrégen‘, potato, yield, varieties |
|
|

\ \
Introduction Singh and Rana, 2013).

India is the second largest potato producer in thel | In Rajasthan, potato is supplied for consumption‘

orld after China (FAOSTAT 2013). Potato is one of the most|  ffrom neighbouring states like Punjab and Uttar Pradesh. The
important food security crops in the country (Thiele et al.  cold stored potato in North India, when transported to distant
2010; Singh and Rana 2013) and it plays a vital role in food! states in the western Rajasthan, undergoes serious qualit)ﬁ
Eecurity for ever increasing world population (Thiele et al., ‘deterioration. Augmentation of local potato supply iq

010; Scott and Sourez, 2011; Scott and Sourez, 2012).
Presently, India is producing about 45-48 million tonnes of|
potato annually from about 2 million hectare of area The‘
demand for potato has considerably increased during the last
fdecade in India in response to economic development (Singh!

t al. 2014) and rapid growth of the processing industry‘
EKeijbets 2008; Rana et al. 2010). Actually, 80% of potato is
still grown in the Indo-Gangetic Plains in India during rabi|
winter) season (Minhas et al. 2011) with more than half of the‘
t)roduction being concentrated in the states of Uttar Pradesh
and West Bengal. At present in India, about 68% of potato|

roduction is consumed as fresh while the rest is utilized as

eed (8.5%) and processing purposes (7.5%) or the remaining‘
goes as waste (16%) due to various reasons that includes|
rotting and wastage during the entire potato supply chain
kRana, 2015: Singh et al., 2011, Singh and Rana, 2012 and!
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consequently the best way of facing the increase in demand
q y y g

and reducing the consumer price in the western Rajasthan!
‘India aims to produce 125 million tonnes potatoes from 3.

million hectare area in 2050 for ensuring food security (Singh
et al. 2014). However, it is possible only if the cultivars of
‘potato are extended to non-traditional areas. Rajasthan in‘
general and Bikaner district in particular are dominated by the
hot arid climate. The state in general and the study area in
‘particular are not known for potato cultivation (Rana et aI.,‘
2017).

| ICAR-CIAH, Bikaner and ICAR-Central Potatg
Research Institute for past three years have made a systematic
‘effort to introduce potato crop in the Thar deserts of Rajasthan‘
by identifying locally adapted suitable varieties, which can
produce economic yield under arid region. The south-west
‘part of Rajasthan falls under arid region and known fo
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JQrmﬁdnﬁt, pulse in kharif and wheat mustard, methi growing | *‘(REJasﬂianTin—the ‘collaboration with ICAR-Central Potato =~

belt owing to well developed canal irrigation network.!
Agriculture of this region is completely dependent on canal
water supply because groundwater is saline. In last few years,
fecline in water availability and irregular canal water supply|
ssociated with various pest problems caused reduction in‘
heir yield and subsequently farm income. Farmers are bound
to shift to some other remunerative crops. Potato cultivation|
ould be a possible alternate to increase the farm income, if‘
fficient and reliable irrigation management strategies are
adopted to maintain optimum moisture in the effective root|
Eone. It can be achieved best with the use of modern irrigation‘
ystem coupled with suitable irrigation scheduling under
limited water resources, particularly inarid region. \
Micro-irrigation (drip and sprinkler) is available with

the farmer of Bikaner district which enables high frequency
application of water in and around root zone of the plants|
(Aryaetal, 2016 and Kumar et al., 2009). Potato has a sparse
and shallow root system and nearly 70% of total water is used!
by the crop from upper 30 cm soil layer. It requires 400-600
mm of irrigation water depending on climatic conditions, soil
type, length of growing season, duration of variety, purpose of!
rop and methods of irrigation etc. These micro-irrigation
methods of irrigation/fertigation economise on water (about
B80-50% saving) at the same time giving 15-30 higher yield|
yvith upto 25% saving on fertilizers. |
Potato is not a new crop for the state of Rajasthan but

mostly confined to the areas with better soil and good rainfall|
gonditions like; Kota, Dholpur, Bharatpur, Sirohi, Jhalawar‘
nd Sri Ganganagar districts. As per the information available
Wwith us there is very negligible area under potato in western|
Eart of Rajasthan including Bikaner. The metrological‘
atabase and ICAR-CPRI Simulation models have that
Western Rajasthan has a good area suitable for potato|
ﬁultivation. Area and production of groundnut in Bikaner
istrict is 75626 ha and 135336 tonnes, respectively which!
was 22.52 and 25.49% area and production under Bikaner |
district of Rajasthan. Water requirement of groundnut and
botato is almost same (400-700 mm) to meet the demands of|
metabolic activities of plants, evaporation and transpiration.
Therefore, suitable potato varieties can be grown very well in
Western Rajasthan. |
In order to increase the area under potato, there is‘

need to venture into non-traditional areas like hot arid zone
under potato cultivation through better scientific management!
s per edaphoclimatic conditions. Keeping above facts in
view, at attempt was made to assess the performance of potato
varieties at ICAR-Central Institute for Arid Horticulture,|
Eikaner (Rajasthan) in collaboration with ICAR-CentraI‘
otato Research Institute, Shimla (Himachal Pradesh) to find
put production potential of the popular and new potato|
arieties and their performance under different irrigation‘
ethods in North Western Rajasthan.

| \
Naterials and Methods |
An investigation was carried out at Experimental

Farm of ICAR-Central Institute for Arid Horticulture, Bikaner |
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Research Institute, Shimla (Himachal Pradesh) to assess the
‘performance of potato cultivars for processing as well as for‘
table purpose under hot arid region during two consecutive
lyearsi.e. 2015-16 and 2016-17. The surface soil samples taken
‘before planting of potato crop were analyzed for their physico-‘
chemical properties employing standard analytical
techniques. The soil of the experimental field was sandy in
‘texture with low organic carbon (0.1%), pH (7.70), available N
(90 kg/ ha), available P (11.5 kg/ ha) and available K (297.4 kg)
ha). The climatic parameters were also recorded during
experimental periods and depicted in Fig. 1. The experimenﬁ
as laid out in factorial randomized block design and
replicated six times. The analysis of variance was done based
on pooled data of two consecutive years.
| The healthy seeds of seven potato cultivars viz. Kufri
Khyati, Kufri Garima, Kufri Chipsona-4, Kufri Pukhraj, Kufri
Frysona, Kufri Surya and Kufri Jyoti were procured from
ICAR-CPRI, Shimla. Well sprouted potato seed tubers werel
planted in the 2" week of November during both the years
under sprinkler and drip irrigation system with recommended
‘management practices. In this experiment, 1/3“ of N was
applied through neem coated ureaand DAP in side-band along
with a uniform dose of 80 kg P205 through di-ammonium
phosphate and 100 kg/ ha K20 through muriate of potash
during planting time while 1/3" of N was applied as througrl
neem coated urea at 35 days after planting i.e. at the time o
learthing up and the remaining 1/3° N was applied through
neem coated urea at 50 days after planting i.e. at the time oﬂ
bulking stage. The haulms were cut at 100 days and harvesting
of tuber was done 15 days later. Irrigation was applied through!
n line drippers and low height sprinklers at weekly intervalsw
before crop enters into wilting stage.
| The observation on growth parameters viz., plant
‘height, number of branches/plant and number of compound‘
leaves/ plant at 55 days were recorded. The yield and yield
attributing characters of tubers were recorded after harvesting
\Of the potato. Tubers after final harvesting were also classified
into different grades viz., large, medium and small size oIJ
tubers.

|
‘Results and Discussion |
|

|
Growth parameters under non-traditional areas of north-
Western Rajasthan |
\ Various growth parameters viz., plant height (cm),
number of branches/plant and number of compound leaves/
‘plant for all the varieties grown under sprinkler and drip‘
system was recorded at 55 days after planting. Data presented
in table 1 showed that growth parameters were increased
‘irrespective of variety. There was wide variation in mean planﬂ
‘height of potato varieties under sprinkler (50.9 cm) and dri;:i)J
irrigation (37.1 cm). The other parameters like number o
branches and number of compound leaves/ plant were slightly!
higher under drip system compared to sprinkler system.‘
hereby, dwarf and bushy plant growth was observed in drip
system and sprinkler system of irrigation. Among different
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Jc?uItWars, maximum plant height was recorded in T(ufﬁ‘
Chipsona-4 (70.7 cm) followed by Kufri Frysona (59.1 cm),!
gufri Surya (48.7 cm), Kufri Khyati (48.1 cm) and Kufri‘
ukhraj (46.7 cm) while minimum in Kufri Garima (37.2 cm)
linder sprinkler system. Similarly, under drip system|
aximum plant height at 55 days after planting was recorded‘

n Kufri Chipsona-4 (51.9 cm) followed by Kufri Frysona
(46.5 cm), Kufri Surya (39.8 cm), Kufri Jyoti (434.2 cm),|
t;ufri Pukhraj 31.3 c¢m), Kufri Khyati (30.1 cm) While‘
inmum in Kufri Garima (26.3 cm). The observations showed
that Kufri Chipsona-4 is vigorous type while Kufri Garima is|
gomparatively dwarf type. However, the number of branches‘
nd number of compound leaves/ plant did not follow the same
trend, which is obvious that these variations are due to their|
enetic nature of the variety. Spieler (1994) also reported that
icrosprinkler protects crops from adverse climatic
conditions which help in better growth and development of|
Flant. |

lvield of potato/plant under non-traditional areas of north-|
western Rajasthan
In case of yield/plant, K Chipsona-4 gave maximum!
ield (935.8 g/plant) followed by Kufri Frysona (839.5‘
g/plant) and Kufri Jyoti (813.9 g/plant) while, Kufri Pukhraj
(593.0 g/plant) gave minimum yield followed by Kufril
ghyati (678.4 g/plant) under sprinkler irrigation system (Table‘
. Percent increase in yield/plant was 14.4, 27.17, 57.81,
#1.57, 17.64, and 37.25 percent for Kufri Khyati, Kufril
ﬁarima, Kufri Chipsona, Kufri Frysona, Kufri Surya and‘
ufri Jyoti respectively as compared to K Pukhraj under
sprinkler irrigation. In case of drip irrigation K Frysona (636.5|
/plant) gave higher tuber yield/plant followed by K Chipsona
5626.7 g/plant) and K Jyoti (504.7 g/plant). |
\
Yield and number of potato/plant under non-traditional
Ereas of north-western Rajasthan |
Average yield and number under different grades|
plant varied due to variety and irrigation system (Table 3).
ean vyield under small, medium, large grade was 49.7,‘
166.1,543.1 g/plant under sprinkler, whereas under drip it was|
28.4, 126.5, 348.9 g/plant. Similarly mean number of tuber
under small, medium, large grade were 2.85, 2.74, 6.15 per‘
lant under sprinkler whereas, 1.72, 2.10, 3.34 per plant was|
recorded under drip irrigation. Kufri Frysona (62 g/plant) gave
higher small size tuber/plant followed by Kufri Chipsona-4!
ﬁ59.9 g/plant) under sprinkler whereas under drip Kufri‘
Chipsona-4 gave higher (66.1 g/plant) followed by Kufri
Khyati (37.1 g/plant). In medium size maximum yield/plant|
n/ere observed in Kufri Frysona (255.7 g/plant) followed by‘
ufri Surya (196.5 g/plant) under sprinkler whereas, under
drip Kufri Jyoti (170.0 g/plant) gave maximum yield/plant|
Eollowed by Kufri Garima (150.20 g/plant). In case of Large‘
ize tuber K Frysona gave higher yield per plant (712.6
g/plant)followed by Kufri Jyoti (617.4 g/plant) under|
Eprinkler while, under drip Kufri Frysona gave higher Iarge‘
ize of tuber per plant (508.9 g/plant) followed by (542.0
g/plant). |

\
*‘Kﬁri ‘Khyati, Kufri Frysona and Kufri Chipsona-4 gﬁle‘
higher number of small, medium and large sized tuber per
‘plant (3.4, 3.99 and 9.32) respectively under sprinkler. Whil
under drip irrigation Kufri Chipsona-4, Kufri Garima, Kufri
[Frysona gave higher number of tubers per plant (3.51, 2.71 and
‘4.46 tubers/plant, respectively). |
Maximum large size tuber yield/plant (>75 @)
Irecorded was 712.6, 617.4, 573.8 and 521.8 g/plant for
‘Chipsona-4, Kufri Jyoti, Kufri Garima and Kufri Frysona,
respectively. Whereas, maximum medium sized tuber/plan{
\was observed under Kufri Frysona (255.7 g/plant) followed by
Kufri Surya (196.5 g/plant) and Kufri Chipsona-4
‘(163.39/p|ant) (Table-3) while maximum small sized tube|J
was obtained from Kufri Frysona (62.0 g/plant followed by
Kufri Chipsona-4 (59.9 g/plant) Kufri Surya (48.8 g/plant)
‘underspriklerirrigation. |
‘Average weight of potato/plant under non—traditional‘
lareas of north-western Rajasthan |
‘ Average weight of small, medium and large siz
tubers varied under both the irrigation system (Table 4).
Higher average weight of tubers under small, medium and
‘Iarge size tubers was 23.7, 72.9, 123.86 g obtained in Kufri‘
Khyati, Kurfri Surya and Kufri Chipsona-4 respectively under
sprinkler irrigation, while under drip average weight of tubers
‘under small, medium and large size tubers was obtained in thq
Kufri Chipsona-4 (21.94 g), Kufri Frysona (64.05 g), Kufri
IGarima (113.07 g). Minimum average weight of tubers under
small was 9.43 g under Kufri Frysona, while under averag
eight medium and large size tubers was 45.93 and 81.99 3
lobtained in K Pukhraj, under sprinkler irrigation. While unden
‘drip average weight of tubers under small, medium and Iargi
size tubers were obtained in the Kufri Khyati, Kufri Garim
land Kufri Chipsona (10.99, 51.15and 76.50 g), respectively. |

‘Yield of potato/ha under non-traditional areas of north—‘
western Rajasthan |
Tuber yield varied significantly from variety to
K/ariety (Table 2) under sprinkler irrigation system. Maximu
tuber yield, which was significantly higher over othern
varieties, was obtained from Kufri Chipsona-4 (53.48 t/ ha)
followed by Kufri Frysona (47.97 g/ ha) and Kufri Jyoti‘
‘(46.51q/ ha) while minimum vyield was observed in Kufri‘
Pukhraj (33.89 g/ ha) and Kufri Khyati (38.76 g/ ha). Kufri
Garima and Kufri Surya gave intermediate yields (43.09 and
‘39.86 g/ha), respectively. Kufri Khyati, Kufri Garima, Kufri‘
Chipsona, Kufri Frysona Kufri Surya and Kufri Jyoti gave
4.9,9.2,19.6, 14.1, 6.0 and 12.6 t/ha higher yield of potato as
‘compared to Kufri Pukhraj. Tuber yield under drip irrigation,‘
maximum yield was obtained from Kufri Frysona (43.5 t/ha)
ffollowed by Kufri Chipsona-4 (42.9 t/ha) and Kufri Garima
‘(32.4 t/g/ha) and minimum yield was observed by Kufri
Pukhraj (20.4 t/ha) and Kufri Khyati (33.3 t/ha). Percené
lincrease in yield of Kufri Khyati, Kufri Garima, Kufri
Chipsona, Kufri Frysona Kufri Surya and Kufri Jyoti was 163,
84,210, 213, 167 and 169% as compared to Kufri Pukhraj. |
| Under sprinkler irrigation, maximum number of total
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tubers (in thousands/ha) was recorded in Kufri Chipsona (883)
followed by Kufri Garima (769) and Kufri Jyoti (887) whilel
Eﬂnimum number of total tubers was recorded under Kufri
ukhraj (499) and Kufri Garima (595), respectively. Whereas,
under drip irrigation, Kufri Frysona (607), Kufri Garima!
520), and Kufri Khyati (481) gave higher number of tubers,‘
while Kufri Pukhraj (363) and Kufri Surya (388) in
thousand/ha, respectively. The main reason of higher number|
f tuber in the presence of micro irrigation was the capacity of‘
genotype to use/ absorb more nutrients per unit from soil i.e.
the ability of the root system of a genotype to acquire more|
putrients from soil (Trehan, 2009) |

The mean maximum temperature during crop season

was 27.5°C and the average minimum temperature was 9.7°C. |
Therefore, potatoes grown here may be suitable for
brocessing. Potatoes grown here can be expected to have‘
higher dry matter and lower reducing sugar content due to|
Fight night temperature. Therefore, these potatoes can be used‘
or processing.

Potato cultivars differ in their growth and yield|
otential; hence there is a differential response to agro climatic
onditions and bulking rate even if they belong to same!
maturity group. Duynisveld et al., (1988) and Sharifi et al.,

Table 1.Growth parameters of different potato cultivars after 35 days of planting under sprinkler and drip irrigation system.
I I

(2007) have also reported that different cultivars behave
different in term of yield and bulking rate. All the varieties
gave higher yield as compared to their potential yield as
reported by the ICAR-CPRI, Shimla. Kashyap and Panda
(2002) also observed significantly higher potato yield under
‘high frequency irrigation. Difference in tuber yield obtained‘
under micro sprinkler and drip irrigation systems was higher
than furrow irrigation method. The higher vyield in
microsprinkler and drip irrigation systems might be due to the‘
act that frequent watering resulted into higher water potential,
thus minimizing fluctuation in soil moisture in effective root
‘zone, which holds promise for increase in crop yield (Hanson
etal. 1997). The better crop performance under microsprinklerJ
icould be attributed to minimum influence of frost, white flyi
and nutrient leaching. It was observed (visual observation)
khat whitefly attack was not so severe under microsprinkIeH
regime as compared to drip and furrow irrigated crop,
Frequent irrigation with microsprinkler washed the leaf
‘canopy and minimized the whitefly infestation. Apart from
this, microsprinkler irrigation might have created better
microclimate, which facilitated better photosynthesis, root
laeration and plant growth which resulted into higher yield‘
(Dutta and Das, 2001). Findings are in accordance with

Varieties Sprinkler irrigation Drip irrigation

Plant No. of No.lof dompound | Plant No. of No. of compound

height branches/ 1eav[es/ H)lant height branches/ leaves/ plant

(cm) plant (cm) plant
Kufri Khyati 48.1 3.3 % 30.1 3.7 26.0
Kufri Garima 37.2 6.1 | 33.1 26.3 6.2 30.8
Kufti Chipsona-4 70.7 4.9 465 51.9 4.3 36.2
Kufri Pukhraj 46.7 3.1 208 313 3.1 233
Kufri Frysona 59.1 3.9 | 29.5 46.5 4.3 46.5
Kufri Surya 48.7 4.9 . 319 39.8 5.6 35.2
Kuftri Jyoti 45.9 2.9 EA 34.2 4.1 27.9
Mean 50.9 4.2 | 3.5 37.2 4.5 32.3
SEm+ 3.33 0.27 L 2,14 1.80 0.22 1.60
CD (p=0.05) 10.2 0.8 | 6.3 5.0 0.7 4.8

\

Table 2.Yield and number of tuber obtained in different potato cu{tivars under sprinkler and drip irrigation system.

Treatment Sprinkler irrigation ] Drip irrigation

Yield /plant Yield ( t/ha) No. of tuber Yield /plant (g) Yield No. of tuber

(g) (000/ha.) ( t/ha) (000/ha.)

Kufri Khyati 678.4 38.8 673 4873 33.3 481
Kufri Garima 754.1 43.08 596 | 4743 32.5 520
Kufri
Chipsona 935.8 535 838 | 626.7 429 432
Kufri Pukhraj 593.0 33.9 490 | 298.2 20.4 363
Kufri Frysona 839.5 48.0 769 636.5 43.5 607
Kufri Surya 697.6 39.9 637 498.6 34.1 388
Kufri Jyoti 813.9 46.5 693 | 504.7 34.5 462
Mean 758.9 43.4 692 | 503.8 34.5 465
SEm+ 37.89 2.1 34.54 25.18 1.7 23.48
CD at 5% 113.8 63.7 104 | 75.6 51.7 70
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- JTabTe 3.Yield of tubers and number/ plant of different p&atoiv‘erlﬁtlesfndg both the irrigation system.

| Sprinkler irrigation | | Drip irrigation
Yield under different grades Number of tuber i? diffT:rent Yield under different grades Number of tuber in different
Varictics per plant (g) grades per plant (g) grades |
| Small Medium | Large Small Medium‘ Lfrge Small Medium | Large | Small Medium Large |
(<25¢) | (25-75 >75g) | (<25g) | (25-75 >75g) | (<25g) | (25-75 75 (<25g) | (25-75g) | (>75g)
| g) g) Ll g) g)
| Kufri Khyati 373 119.0 522.1 3.40 2.16 '] 621 37.1 120.2 330.1 1.56 1.72 3.76
| Kufri Garima 48.7 131.6 573.8 2.77 2.57 || 508 24.4 150.2 299.7 1.87 2.71 3.03
Kufri Chipsona 59.9 163.3 712.6 2.73 2.53 9.32 66.1 108.6 452.0 | 3.51 1.73 3.65
| Kufi Pukhraj 46.9 144.4 401.8 221 231 || 422 17.2 95.4 185.6 | 0.96 2.08 2.26
 Kufri Frysona 62.0 255.7 521.8 3.25 3.99 6,21 22.2 105.4 508.9 | 2.35 2.06 4.46
‘ Kufii Surya 48.8 196.5 452.2 3.15 3.09 I'T 4l90 7.9 1354 355.3 0.46 1.86 3.36
| Kufri Jyoti 44.4 152.1 617.4 2.46 253 | 713 23.7 170.5 310.5 1.32 2.57 2.87
| Mean 49.7 166.1 543.1 | 2.85 274 '] 6ls 28.4 126.5 348.9 | 1.72 2.10 3.34
| SEm*+ 2.43 8.37 27.31 0.19 0.17 | | 0)27 1.38 6..27 17.52 0.13 0.13 0.15
| CD at 5% 7.5 24.9 81.5 0.43 0.41 0.92 4.3 19.0 523 0.26 0.32 0.50

able 4.Average weight of tubers/plant of different potato verities ynder both the irrigation system |
I I

‘Holzapfel etal. (2000) who reported better soil aerationin root‘
zone of Kiwi crop under microsprinkler irrigation as
compared to drip irrigation system, and recorded higher yield,|
Further, during tuberization (in December) minimum
temperature was as low as 512 °C for few days. Microsprinkler!
irrigation system might have protected the crop from adverse
effect of low temperature by sprinkling water droplets on the
leaves of the plant, helped in better growth, early maturity and
higher potato yield as compared to traditional method. Spieler,
(1994) also reported that microsprinkler protects crops from
adverse climatic conditions which help in better growth and|
development of plant. Superiority of drip irrigation or
sprinkler irrigation over traditional irrigation methods in terms
lof yield and economics is now well established fact
‘(Narayanamoorthi 1997, Pawar et al. 2002). It is imperative to‘
evolve efficient, economical and reliable irrigation
Imanagement strategies for successful early potato cultivation|
and to increase productivity and profitability of existing bio-
‘production system for canal irrigated area of arid environment.
\ From the present study, it can be concluded that there|
is a good scope for cultivation of potato cultivars like Kufri
Chipsona-4 and Kufri Frysona in hot arid region of north-
western Rajasthan. These cultivars are agronomically most

Sprinkler irrigation Drip irrigation ‘
Average weight of tubers under différent Average weight of tubers under different grades per |
Treatments grades per plant (g) Under Sprinkler | | plant (g) Under Drip Irrigation |
Small Medium Large Small Medium Large ‘
(<25 g) (25-75g) | 759! | (<25 g) (25-75 g) (>75 g) \
Kufri Khyati 23.73 69.87 87.84 | | 10.99 55.02 84.04 |
Kufri Garima 13.05 55.49 9890 17.60 51.15 113.07
Kufri Chipsona 18.83 62.86 123.86 | | 21.94 64.66 76.50 \
Kufri Pukhraj 17.88 45.93 81.99 | | 21.21 62.46 95.29 |
Kufri Frysona 9.43 51.12 11414 | 19.07 64.05 84.02 ‘
Kufii Surya 17.27 72.89 105.89 I | 15.52 63.52 92.29 ‘
Kufri Jyoti 17.92 66.44 108.24 | | 18.03 60.12 86.54
Mean 16.49 60.18 10444 | | 18.43 60.34 81.51
SEm+ 5.12 19.26 3521 6.45 19.78 27.35
CD at 5% 16.49 60.18 10444 | | 18.43 60.34 81.51
|

\
|
|
\
efficient in resource poor conditions and had given high yield
Ibetter quality tuber and good return. In fact, potato has grea{
|potential in the state as the green vegetables are not availabil it);
is poor in the arid region of Rajasthan throughout the year. |
\good quality seed, proper marketing system, sufficient cold
storage and irrigation facilities are made available, definitel
the prospect of potato will be bright in this region. It is
ltherefore necessary to educate the farmers through front lind
demonstrations as well as imparting training on goo

\ parting g g
agricultural practices for potato cultivation. Also, western
IRajasthan is the most suitable area for the establishment of
‘processing units. This will increase the demand and wil
further motivate the farmers to grow potatoes in this region.

|

Arya, Sushma, Kadian, Mohinder, Rawal, Sanjay, Luthra‘,

|
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Abstract |
Traditional knowledge is the essence of social capital‘helprs in the faster development of science in favour of human kinj
{hrough a holistic approach. Local culture, spirit, social and ethical norms possessed by local people has often been determinin
factors for sustainable use, and conservation of biodiversity. In|present paper, an effort has been made to converge the information
En traditional knowledge generated by the tribes of Ladakp about growing and conservation of folk apricot cultivars for‘
ustainable livelihood. To achieve this objective twenty-three'major apricot growing villages of Ladakh from five different eco-
geographical regions i.e. Kargil, Khaltsi, Dha-Hanu, Leh and|Nubra of Ladakh province have been considered. Study revealed
hat there were forty-three major folk apricot cultivars are growrt} for commercial and house hold use. The peoples of Ladakq
Eained location specific life-long experience and indigenodls strategy for sustainable biodiversity use and management a
individual as well as community level. This has been built up throygh regular use and attentive observations related to fresh fruit,
drying and oil extraction purposes of fruits and kernels. The conserved materials of these folk cultivars are serving the country as

in-situ field gene banks. Which will be a boon to the develbprﬁent of apricot industry leads to the enhanced livelihood and

nutritional security. ‘

Keywords: Traditional knowledge, apricot, Chulli, Ladakh, folk

cultivars \

Entroduction |
| Apricot (Prunus armeniaca L.), locally known as|
'Chulli’ is one of the sole fruit crops of cold arid areas of‘
Ladakh providing the sustainable livelihood. In Ladakh dried
apricot is a valuable commodity, and the value of its|
Froduction from the Kargil district alone amounts to 20 M‘
ndian rupees per annum (Dar and Wani, 2007; Mir, 2000).
Many folk cultivars are cultivated and maintained by farmers|
Ln their orchards, backyards or isolated mountainous tracts
ince ancient world. Most of the trees are of seedling in origin
and tend to produce variable quality fruits ranging from very |
sweet to sub-acidic in taste, yellow to orange/dark red in
tolour, white to orange pulp colour and sweet to bitter kernels. |
;Ll'he available genetic variability also reflects the introduction
rom neighbouring countries (Zaffer et al., 2004). This
Variability is very important for further crop improvement!
rograms. But due to lack of proper documentation and
management, genetic erosion may cause losing of folk
tultivars soon (Dwivedi and Dwivedi, 2004). We know that|
}his region is one of the hotspots for apricot diversity. That is
clearly documented in the Vavilov center of origin that apricot
Was domesticated in the Chinese region including Himalayas|
gnd reported that apricot was first cultivated in India during‘
000 BC (Huxley, 1992). It is also believed that it had a wide
hative range including Armenia, Caucasus, the Himalaya, |

777+ 77777777777777 ‘2

bhina, and Japan (Loudon, 1838). In recent findings, it is‘
reported that apricot was originated in the mountains off
Eorthern and north-eastern China, with the Dzhungar and‘
achlag Mountains of central Asia as a secondary centre of
prigin (Zeven and DeWet, 1982). Gazette information shows|
that apricot was the main trading commodity of Ladakh when
khe Silk Route connecting Leh to China, Tibet and Pakistan‘
was open prior to 1947. British gazetteers Moorcroft and|
Trebek reported an export of 600 mounds of dried apricot from
Leh to Tibet and Tartary in 1825. Some varieties are even
known to have come from Yarkhand in China and Tibet (Kaur,
2012). Therefore, cold arid desert of Ladakh is one of the
ichest sources of variability of apricot, which needs criticall
attention for documentation and future use of gene pool. \
The traditional knowledge especially on natural
resource management is crucial for sustainable farming.\
iTraditional knowledge is a cumulative body of knowledge,‘
nowhow, practices and representations maintained and
developed by peoples with extended histories of interaction|
ith the natural environment. Such an interaction between‘
modern science and local knowledge can serve the purpose of
bustainable agriculture. The value of traditional knowledgel
pas been dully endorsed in the UNESCO's Universal‘
Declaration on Cultural Diversity (UNESCO, 2001). But till
date traditional knowledge concerning about folk cultivars of]



\

apricot has not been comprehensively documented, especially
rom the more remote and inaccessible areas of the high-
altitude areas of cold arid Ladakh. It is mostly being
maintained and transferred orally from one generation to next.
he increasing accessibility of other commercial fruits,|
combined with the changing life style, leading to the loss of
knowledge on traditional varieties in the region (Malik et al.,
2010). The concerns of ethnobotanists over such a loss of!
‘knowledge have been widely emphasized many times (Brosi
et al., 2007; Shanley et al., 2004). But still the systematic
collection and characterization of Indian apricot germplasm!
has not been attempted, and, yet, a few studies have been made
ko emphasize the genetic variability present (Sofi et al., 2001;
Zaffer et al., 2004; Malik et al., 2010). Therefore, wel
‘conducted several explorations in Ladakh to survey and‘
collection of folk apricot cultivars present in the high-altitude
areas of Ladakh and a documentation of traditional knowledge|
‘on horticulturally important traits. |

Materialsand Methods |
Explorationsand collection

| Five explorations and collections were undertaken in‘
the north-western Himalayas (Jammu and Kashmir). Ladakh|
is the highest plateau of state of Jammu and Kashmir covering
an area about 86,904 square km and located between 32°15'-
36° N and 75"15'-80° 15' E. Altitude ranges from 2750 m|
(Kargil) to 7672 m (Saser Kangri) in Karakoram range. It
spans the Himalayan and Karakoram mountain ranges and the

upper Indus River valley. The climate of the cold desert is
lcharacterized by the extremes of heat and cold, coupled with
lexcessive dryness, intense solar radiation and rarification of
the atmosphere that causes the southerly winds. Air
Imovements are towards the North Pole in southerly currents
‘and offer a slight check on transmission of sunrays that th

noon temperature often reaches upto 25° C to 40° C, while the
‘night temperature falls below freezing points. Temperaturé
during winter months reaches to -30° C (Kargil) to -59° G
(Drass). Annual average rainfall is only 99 mm. Average
relative humidity remains around 40-50% which makes the
area totally arid. Soils are poor in most of the essential plan
nutrients except potash. Vegetation is very sporadic, mainly
lconcentrated along the river and other minor water sources!
‘Most of the villages are located on isolated hillsides along thj
water source either near or far from the roadside. The aprico
lis one of the major fruit crops grown and maintained by each
‘household either in the orchards or backyards. It has a widﬁ
range of distribution in different parts of Ladakh wit

Iparticularly abundance in Sham areas (lower Ladakh)
‘including Hardas, Shilikchey, Khaltsi, Dumkhar, Skurbachan
Achinathang, Dha-Hanu, Biama, Garkone and Upper LadakH
lincluding Saspol, Nimmo, Basgo/Bazgo, Leh, Skuru, Nubra
Sumur, Hunder, Bogdang, Changmer, Turtuk, Garari
‘Chalunga Postand Thang (Fig. 1). |
\ The explorations were conducted during the yearg
2000 to 2015 in above apricot growing areas comprising of
‘twenty three villages in collaboration with FRL, DRDO, Leh!
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apricot were made based on selective sampling strategy, where|
amples collected from individual trees conserved by growers.
Information about traditional knowledge was collected from
apricot growers includes heads of the families, women and|
Fommunities. |

Characterization \
Morphological characterization of fruits was carried‘

But on the same day of collection. Descriptors developed for
fruit crops (Mahajan et al., 2002) at NBPGR, New Delhi, were|
niformly used for recording characterization data of fruit,

tone and kernel. Physico-chemical traits were recorded in‘

sixty-three genotypes, wherein, forty three were identified as|
‘folk cultivars. |

Results and Discussions

Exploration and collection

The exploration work was conducted in the
traditional apricot growing regions of Ladakh. Most of the
areas were located on high altitudes ranging from 2785 ml
éGarkone; 34°38'06.8"N, 76°26'01.6"E) to 3480 m (Bazgo;‘
4°12'49.8"N, 77°17'07.0"E) above mean sea level. The
latitude ranged from 34°11'42.4"N, 77°20'06.8"E tol
4°50'53.7"N, 76°49'38.4"E. The terrain is mountainous,‘
‘dried androcky (Fig. 1). ‘

[Traditional use
Sixty-five folk cultivars were collected from selected
billages (Table 1 & 2). These were found highly diversified!
ultivars were conserved in these villages since sanctuaries
(Malik et al., 2010). The observations revealed that local
farmers are aware about the importance of biodiversity and!
atural resource management (Singh, 2004; Singh and
athiben, 2003). Most of the traditional cultivars are as long as
the settlements in the Ladakh region. They have been|
aintained from generation to generation by the nomadic‘
nhabitants of Ladakh.
\ They were perpetuated by seeds as well as clonall
eans for expansion in newer areas. The traditional cultivars
ave been mainly used for fresh consumption followed by
drying and oil extraction (Table 1). There were about fourteen|
gaits observed like sweet kerned, table purpose, drying, oil
xtraction, kernel use, bitter kernelled, suitable for osmotic‘
dehydration, mid-season maturing, late season maturing,|
Fatural hybrids, retain colour after drying, tolerant to low
emperature, twin kernelled and cultivar with poor self life
(Table 1). Some of varieties have been grown with the different|
folk names with slight changes in their uses (Table 2). Most of
the folk cultivars has sweet kernel. However, most of the
cultivars were used for fresh consumption followed by drying
Purpose and oil extraction. |

Pomological characteristics and traditional importance of]|
enetic resources
The observations revealed that local farmers were!
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resource management (Singh and Nathiben, 2003; Singh|
‘2003; Singh, 2004). They have classified the folk cultivar§
mainly based on fruit colour, shape and sweetness. Two
lcultivars 'Rakshey Karpo' and 'Halman' were found in most of
‘the locations. Because fruits of 'Rakshey Karpo' are ver
attractive, suitable for fresh consumption; kernel is very swee
las almond and stone is white in colour; and 'Halman' is grown
‘because of its fruit sweetness makes it suitable for drying
purpose. Similarly, other folk cultivar like 'Margolam' hal
Icharacteristic red fruit colour with larger in size and mainly
grown in Garkone and nearby settlements of Brokpa tribe. Iﬂ
the Brokpa language, these folk cultivars are assigned wit
ispecific names like 'Gui', which means large and flat fruit
shape; Tilli' indicates very sweet taste, '‘Charrap' means very
‘juicy and watery and 'Damoma’ means demon shape. Th
fruits of 'Orjan Chulli* are characterized by white flesh with
milky taste. The folk nomenclature about cultivars are very
‘interesting which sometimes also contains synonyms td
cultivars. The name of one cultivar is spoken with differen;
names in different dialect languages. For instance, the name o
'Halman' is common accepted name in most of the areas
‘particularly in Baltis language, but in Brokpa language it i§
also known by 'Shakanda' (Table 2).
| Similarly, other folk cultivar like Aam Chulli is
‘named by its mango shape, Angoor Chulli bear fruits iq
clusters like grapes, Badam Chulli resembles almond traits,
IBamasuf retains its natural colour after drying, Bro Chulli have
‘good quality oil, Charrap fruits are very juicy, Demoma fruiti
are bright red in colour, Guitilli fruits are large in size and flal
lin shape, Gulzar Aalu resembles potato taste, Halman fruitd
‘are very sweet in taste, Hangol fruits are sweeter than Halmag
and also retains better colour after drying, Khantey fruits ar
Isub-acidic in taste, Koban fruits are larger in size, Mangol
fruits are very juicy, Mamur Chulli resembles Halman bu(I
‘morejuicy, Narmo are mostly sweet kernelled, Rakshey Karp
Inuts are white in colour, Tokpopa and Zen Chulli are also very
‘attractive inshape, colour and texture. |
Genetic diversity among eco-geographical regions of
Ladakh
‘ Based on traditional knowledge a total of forty-threé
‘folk cultivars identified from twenty three major aprico;
growing areas of Ladakh (Table 2). These are distributed in
five different eco-geographical regions i.e., Kargil (Hardas
‘and Shilikchey), Khaltsi (Khaltsi, Dumkhar and Skurbachan)
Dha-Hanu (Achinathang, Dha, Hanu, Biama and Garkone),
ILeh (Saspol, Nimmo, Bazgo/Basgo and Skuru), and Nubra
‘(Nubra, Sumur, Hunder, Bogdang, Changmer, Garari, Turtukx
Chalunga Post and Thang) of Ladakh.
\ \
‘Kargil eco-geographical region |
In this region the major folk cultivars were Halman,
IShamber, Zenchulli/ Papachulli, Badamchulli, Brochulli]
Khusta, Margolam, Nurmo Guzmin and Shakanda. Thi
‘region is producing apricots mainly for fresh consumption.
little quantity of Halman is also being used for drying purpose

|
\ \
\
\
\
|



Fut most of the cultivars table purpose.

F(haltsi eco-geographical region
This region also grows table purpose like Bhomali,
Khantey, Narmo, Rakshey Karpo and Tokpopa. Oil extraction!
isone of the major enterprises in this region using cultivars like
hantey etc. Drying type cultivars are generally not grown,
but a small quantity of the fruits from Halman are utilized for|
Lhis purpose. Rakshey Karpo kernels are used as substitute of‘
Imond.
| |
Pha-Hanu eco-geographical region |
This area lies along the snow bound river and most of
the belt is covered with apricot plantations. These plantations|
include the folk cultivars like Aam Chulli, Angoor Chulli,
harrap, Demoma, Guitilli, Gyalchuma, MangoI/Hangoe,‘
Mamur Chulli, Margolam, Orjan Chulli, Papa Chulli,|
ﬁakshey Karpo, Rogan, Suka and Vasu Kangyeb. In this region
ome-scale sun drying practices are very common for making
dried apricots. Generally, they dry fruits under natural day|
light on the roof tops of their houses. Suka is one of the rare
benotypes have sweetest fruits, therefore used for making‘
dried apricots. Oil extraction is another activity, uses bitter|
‘apricot kernels.

F_eh eco-geographical region
This eco-geographical region is around district head
guarter of Leh. The natural plantations of apricots are less|
q’uainly in scarecity of water and poor fertility of soil.‘
herefore, small numbers of cultivars exist. But backyard
plantings are in general in peri-urban settlements. The mainl
golk cultivars include Halman, Koban, Narmo, Rakshey Karpo‘
nd Tokpopa. There also dual type cultivars generally grown,
but they use it mainly for fresh consumption. |

Nubraeco-geographical region |
| Nubra region is very rich in the apricot germplasm.|
arge numbers of villages are growing different folk cultivars
f Chulli. Mostly are located at much higher altitudes as
compared to earlier four eco-geographical areas. There|
?pricots are being grown mostly for drying purpose. The
mportant among them are Bamasuf, Chama Chulli, Charrap,
Gulzar Aalu, Gurtsi, Hangol, Hiljing Stachu, Karpo Stachu,|
Khantey, Khapiyuk, Koban/ Kwun, Kowan, Margolam,
armo, Rogan, Shahkanda, Shakarpara, Shambiar,‘
Shakashair, Shamatipeyan, Stachu/ Khokhoos and Zen Chulli/|
Papa Chulli.
In all the five regions, most common folk cultivars!
ire Halman, Rakchakarpa, Tokpopa, Margulam, Narmu and
hante. These folk cultivars are the natural hybrids developed
by open pollination in this cold arid desert of Ladakh and!
gcclimatized particularly for such conditions. These generally
require long chilling period for breaking dormancy and intense
sunlight during summer along with dry weather for maturity!
@nd colour development. The experiments were also‘
onducted to evaluate these cultivars under Kashmir valley
conditions to harness their commercial potential under
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Kashmir conditions. But results were found discouraging with
\poor fruit quality. As the climate of Kashmir valley is different
as compared to Ladakh. In Kashmir valley, annua!
precipitation is about 750 mm is much higher as compared to
ILadakh (90 mm), derived partially from the summer monsoon
p y
‘and partially from storms associated with winter Iow-pressurq
systems. Snowfall often is accompanied by rain and sleet.
[Temperatures vary considerably by elevation; the average
‘minimum temperature is in the upper -2 °C in January, and thi
average maximum is about 31 °C in July. The valley i
Isurrounded by Himalayas on all sides. Spring is the wettest
‘season while autumn is the driest. Therefore, it is concludeﬂ
that these folk cultivars of apricot are very specific to th
lexisting climatic conditions of Ladakh and should be restricted
to such climate conditions.
| The production system is mostly organic in naturé
that is directly influenced by Buddhism which believes in
Ahimsa (or non-injury means entire abstinence from causin
‘any pain or harm whatsoever to any living creature), prohibit:
the use of chemicals to control the economic pests like codling
moth etc. The fruits of these folk cultivars are usually
Iharvested manually and collect in "Tsepo' (basket) and wash
them under running water to remove the dusts and then spread
on the roof top for their drying under open sunlight. The
\harvesting period generally starts from July to September. The
‘fruits are dried either as whole fruit (locally known as Fatingi
or seed are separated before drying, and the dried fruit withou
'seed are called 'Chulli Skampo'. Bitter kernels are used for oil
‘extraction (locally called "Tseghumar") is multipurpose oil Witg
a peculiar apricot flavour. Traditionally, the oil was extracte
ffrom the semi-roasted kernel by crushing them in a largé
wooden mortar (locally called as 'Thorn’), followed by heatin
‘ y y
and compressing them with few drops of water on a flat ston
|(locally called as 'Tsigg’). |
| For the effort of informal in-situ indigenoui
agrobiodiversity conservation, peoples of Ladakh deserves th
[reward and honour. The agro-biodiversity is rainfed and most
of the farmers are economically poor. During the study oj
‘exploring the dynamics of traditional knowledge associate
with Chulli cultivars and its conservation, most felt that the
folk cultivars should remain with them for coming generations
ifor their source of livelihood as well as nutrional security. Thi
land should not be allowed to convert into orchards of other
fruit cultivar. Majority of them are interested in either
‘expanding or preserving their folk apricot cultivars. Lookind
to the importance of the Chulli, growers are very much
interested to see further to identify still better ecotypes from
the natural population for further improvement and
multiplication.
| Traditional knowledge plays an important role in the‘
food security, resource management, and biodiversity
conservation. The traditional knowledge generated from man
\
years by the inhabitant of these areas are very useful will surel
Ireduce the time taken to develop the better ecotypes. They
‘have already reached to the point where about forty-threi
genotypes/folk cultivars are performing better in terms of frui
land nut quality. These forty-three folk cultivars are the land

| |
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mark for sustaining the livelihood of this land locked terrain.
Plantations under different eco-geographical conditions arel
facilitating as centre of multi-location trials to see the|
feasibility of a cultivar. Scientists need to keep an open eye for
bpportunities to learn from local people, especially given thatl
inancial resources and the scientific toolbox are often
inadequate in addressing the complex natural and human
interactions. Traditional knowledge is the area where there is|
Eeed to cultivate a bottom-up approach to development
uilding upon the resources and strength of indigenous people,
their experiences and diversified knowledge system.
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Table 1. Traditional use of folk cultivars of apricot grown in cold arid region of Ladakh

FJ

SI. No. Traditional use Folk cultivars L ‘
1 Sweet kernel Aam Chulli, Angoor‘ Chulli, Badam Chulli, Bamasuf, B homli, Bro Chulli, Chama |
| Chulli, Charrap, Dethomla, Guitilli, Gulzar Aalu, Gurtsi, Gyalchuma, Halman, |
| Halmaan, Hiljing S]\t/TChuF Karpo Stachu, Khantey -Hunder, Khapiyuk, Koban |
(Kwun), Kowan, Mangol (Hangoe), Mamur Chulli, Margolam, Margolam
‘ (Amba), Margol aIﬂ-Ga‘rari, Narmo -Dumkhar, Narmo -Thang, Narmo Guzmin, ‘
| Orjain Chulli, Papa Chulli, Rakchey Karpo, Rogan, Shakanda -Shilikchey, |
Shakanda-Chalunga, Shakanda -Turtuk, Shakanda -Thang, Shakarpara, Shambiar,
| Shakashair, Shamatlpey‘ln, Stachu (Khokhoos), ~ Suka, Tokpopa -Nimmo, Vasu |
| Kangyeb, Shamber,| Yakar, Zen Chulli |
| 2 Table purpose /  fresh | Aam Chulli, Angoor, Chulli, Badam Chulli, Bamasuf, Bro Chulli, Chama Chulli, |
consumption Charrap, Demoma, Guitilli, Gurtsi, Halman, Karpo Stachu, Khusta, Koban -
‘ Bogdang, Mangol (Hanﬁoe), Mamur Chulli, Margolam, Margolam (Amba), ‘
‘ Margolam-Garari, Narmo Guzmin, Orjain Chulli, Rakchey Karpo, Rogan, ‘
Shakanda—ShilikcheX, Shakanda -Turtuk, Shakanda-Thang, Shakarpara, Shambiar,
| Shakashair, Stachu, Stathu (Khokh  o00s), Tokpopa -Nimmo, Vasu Kangyeb, |
| Shamber, Yakar, | | |
| 3 Drying Bamasuf, Bro Chulli, Chama Chulli, Guitilli, Halman, Halmaan, Hiljing Stachu, |
Karpo Stachu, Khusta, Koban -Skuru, Mangol (Hangoe), Margolam (Amba),
\ Narmo-Thang, Papd Chtlli, Rakchey Karp o, Rogan, Shakanda -Chalunga, |
Shakanda-Turtuk, Shambiar, Shakashair, Stachu, Stachu (Khokhoos), Suka |
4 Oil extraction Khantey-Hunder, Shakanda-Shilikchey, Shakanda-Thang, Zen Chulli
5 Kernel use Badam Chulli, Bhomli, Bro Chulli, Hangol ‘
| 6 Bitter kernel Khantey-Khaltsi, KobantSkuru, Koban-Bogdang, |
7 Osmotic dehydration Gyalchuma, L ‘
8 Mid Season maturity Koban (Kwun), Mafgolém (Amba), ‘
9 Natural hybrids Gulzar Aalu (Apricot x Plum), ‘
| 10 Retain colour after Hangol, | |
drylng | | |
11 Tolerant to low Hangol, o ‘
\ temperature || |
12 Late maturing Kowan, || |
13 Twin kernel Kowan,
14 Poor self life Shamatipeyan

support provided by National Agriculture Technology Project
‘(ICAR) and Director, Central Institute of Temperat
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Local cultivars Place Altitude | Traditional knowledge Physico-chemical !
| parameters recorded |
Aam Achinathang, 3015 m Large fruits, firm fruits, medium fruit | Fruit weight 25.6 g, TSS 13 0
Chulli Khaltsi qualitly, ta‘ble purpose, mango shape Brix, kernel sweet |
Angoor Chulli Achinathang, 3015 m Small| fruit size, bearing in clusters, Fruit weight 30 g, TSS 28.2 7 |
Khaltsi very ﬁweﬁt in taste, juicy, table Brix, kernel sweet |
purpose
Badam Chulli Hardas, Kargil 2800 m | Late maturing, fresh consumption and | Fruit weight 17.5 g, TSS |
oil extraction 11.5° Brix, kernel sweet |
Badam Chulli Shilikchey, Kargil 2790 m | Late maturing, used for oil extraction, | Fruit weight 18.4 g, TSS ‘
kernel | 12.1° Brix , kernel sweet \
Bamasuf Chalunga Post 2930 m | Table and‘ drying purpose, introduced | Fruit weight 16.6 g, TSS |
from Pakistan 22.8" Brix, kernel sweet
Bamasuf Turtuk 2900 m | Best for drying, retains good colour Fruit weight 13.4 g, TSS 18 ° |
after drying Brix, kernel sweet |
Bhomli Dumkhar, Khaltsi 2975 m | Kernel semi-sweet Fruit weight 18.9 g, TSS
] 18.4° Brix, kernel sweet |
L |
Bro Chulli Shilikchey, Kargil 2790 m Fruits large in size, late maturing, Fruit weight 16.4 g, TSS ‘
table purplose, kernel used for oil 22.3° Brix, kernel sweet |
extragtion |
Chama Chulli Turtuk, Nubra 2900 m Drying and table purpose Fruit weight 12.2 g, T SS
| 13.6" Brix, kernel sweet ‘
Charrap Garkone, Kargil 2785m | Very largg fruits, juicy, sweet, fresh Fruit weight 35.4 g, TSS 21 ° ‘
consumption Brix, kernel sweet
Demoma Garkone, Kargil 2785m | Late maturing, red colour, table Fruit weigh t25.8 g, TSS !
purpoise, gweet kernel 21.4° Brix, kernel sweet |
Guitilli Garkone, Kargil 2785 m | Bigger fruits, table & drying type, Fruit weight 25 g, TSS 14.8 °
sweet keﬁel Brix, kernel sweet |
Gulzar Aalu Turtuk, Nubra 2900 m | Naturpl hybrid between apricot and Fruit weight 21 g, TSS 11.4° |
plum, Brix, kernel sweet |
Gurtsi Thang, 2840 m | Table'purpose, sweet kernel Fruit weight 22.4 g, TSS ‘
Nubra || 14.3° Brix, kernel sweet \
Gyalchuma Biama, 2880 m | Good for psmotic dehydration, Fruit weight 29. 6 g, TSS |
Dha-Hanu sweeter than Tokpopa, sweet kernel 22.6° Brix, kernel sweet
Halman Hardas, Kargil 2800 m | Very $wedt, medium in size, drying Fruit weight 25.6 g, TSS \
and table purpose 25.6" Brix, kernel sweet |
Halmaan Nimmoo, 2980 m Medium fruit size, drying purpose, Fruit weight 1 6.7 g, TSS
Leh very dwedt 34.3° Brix, kernel sweet |
Hangol Thang, 2840 m Mediym firuit size, very sweet, fruits Fruit weight 19.8 g, TSS 26 ° \
Nubra dry on trees, retain color on drying, Brix, kernel sweet
resistant tb low temperature |
Hiljing Stachu Thang, 2840 m Bettet than Halman for drying Fruit weight 19 g, TSS 24 |
Nubra purpose | Brix, kernel sweet |
Karpo Stachu Turtuk, 2900 m | Table'and drying purpose, sweet Fruit weight 19 g, TSS 21.3 7
Nubra kerne] | Brix, kernel sweet |
Khantey Hunder, 3120 m Roung stqne and kernel, high oil | Fruit weight 22.5 g, TSS |
Nubra content 12.3° Brix, kernel sweet
Khantey Khaltsi 2975 m Local landrace, kernel bitter, medium | Fruit weight 15.4 g, TSS \
fruit quality 12.5° Brix, kernel bitter |
Khapiyuk Thang, 2840 m | Fruits less juicy, pointed tip, sweet | Fruit weight 16 g, TSS 11 °
Nubra kernel | Brix, kernel sweet ‘
Khusta Shilikchey, Kargil 2790 m | Mediym ip size, sweet in taste, table Fruit weight 18.2 g, TSS 14 °
and drying purpose Brix, kernel sweet
\ \
0
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Koban Skuru, 3110 m Fruits sweet and juicy, dryingt  ype, | Fruit weight 22.4 g, TSS
\ Leh kernel bitfer 17.6° Brix, kernel sweet ‘
‘ Koban Bogdang, Nubra 2980 m Biggqr siqe fruits, juicy, table Fruit weight 22 g, TSS 20 ° ‘
purpose, sweet kernel Brix, kernel sweet
| Koban (Kwun) Chalunga Post, 2930 m Fruits| large si ze, sweet in taste, dried | Fruit weight 30 g, TSS 25 ° |
‘ Nubra Wholq, sw‘eet kernel, table purpose, Brix, kernel sweet ‘
mid season maturity
| Kowan Hunder, 3120 m Bigger size fruits, twin stone, twin Fruit weig ht 35.5 g, TSS \
‘ Nubra kernel, dried after removal of stone, 12.3° Brix, kernel sweet ‘
late maturing
| Mangol 2840 m Highly juicy, table and drying Fruit weight 23.1 g, TSS [
| (Hangoe) Dha-Hanu purpose, sweet, sweet kernel 21.4° Brix, kernel sweet |
' Mamur Chulli Achinathang, 3015 m Table purpose, taste like Halman but | Fruit weight 15 g, TSS 26 °
Dha-Hanu juicief thah Halman, kernel sweet Brix, kernel sweet |
‘ Margolam Dha, 2840 m Table‘purpose Fruit weight 30.5 g, TSS ‘
Dha-Hanu 19.4° Brix, kernel sweet
| Margolam Shilikchey, Kargil 2790 m | Tablelpurpose Fruit weight 19.7 g, TSS |
| L 20.7° Brix, kernel sweet |
| Margolam Chalunga Post, 2930 m | Mid season maturity, table and drying | Fruit weight 26 g, TSS 17.2°"
\ (Amba) Nubra purpoEe | Brix, kernel sweet \
‘ Margolam Garari, Turtuk 3280 m Biggqr frqit size, table purpose, very Fruit weight 26 g, TSS 18.6° ‘
juicy Brix, kernel sweet
| Narmo Dumbkhar, Khalsi 2975 m Goodlquality traits of fruits Fruit weight 26.5 g, TSS \
‘ L 18.7° Brix, kernel sweet ‘
| Narmo Skuru, 3110 m Heavy bearing in clusters, dried whole | Fruit weight 19 g, TSS 17.6°
Leh fruits,\ juidy, sweet kernel, regular in Brix, kernel sweet |
\ bearing | |
| Narmo Thang, 2840 m Very sweet fruits, better than Halman | Fruit weight 19 g, TSS 25
\ Nubra for drying purpose, sweet kernel Brix, kernel sweet |
‘ Narmo Guzmin | Shilikchey, Kargil 2790 m Table purpose Fruit weight 8.4 g, TSS 13 ° ‘
Brix, kernel sweet
| Orjain Chulli Achinathang, 3015 m Sweet liké milk, table purpose, sweet | Fruit weight 13.5 g, TSS \
| Dha-Hanu kerne] 14.5° Brix, kernel sweet |
| Papa Chulli Achinathang, 3015 m Medium and drying purpose Fruit weight 13.5 g, TSS ‘
\ Dha-Hanu | 17.4° Brix, kernel sweet |
‘ Rakchey Karpo Achinathang, 3015 m Sweeﬁ kerpel, medium in size, table Fruit weight 24.5 g, TSS ‘
Dha-Hanu and drying purpose 21.4° Brix, kernel sweet
| Rakchey Karpo Dha, 2840 m Sweet kernel, medium in siz e, table | Fruit weight 25.7 g, TSS ‘
| Dha-Hanu and drying purpose 16.6° Brix, kernel sweet |
| Rakshey Karpo Nimmo, 2980 m Fruits are large, moderately sweet, Fruit weight 25.5 g, TSS ‘
| Leh sweetlkernel 26.5° Brix, kernel sweet |
‘ Rakshey Karpo Bazgo, 3480 m Late maturing , medium sweet fruits, Fruit weight 36.8 g, TSS ‘
Leh table purpose, sweet kernel 16.8° Brix, kernel sweet
| Rogan Achinathang, 3015 m Meditim fruit size, table and drying Fruit weight 9.5 g, TSS ‘
| Dha-Hanu purpose | 13.4° Brix, kernel sweet |
| Rogan Hunder, 3120 m Table and drying type, dried as whole, | Fruit weight 22.8 g, TSS 16 °
‘ Nubra sweetlkerhel Brix, kernel sweet ‘
‘ Shakanda Shilikchey, Kargil 2790 m F ruits‘ bigger in size, profuse bearing, | Fruit wei ght 16.2 g, TSS ‘
bearing in bunches, table purpose and | 25.3° Brix, kernel sweet
\ kernel usdd for oil extraction |
‘ Shakanda Chalunga Post, 2930 m Small‘ frui‘ts, drying purpose Fruit weight 12 g, TSS22 ° ‘
Nubra Brix, kernel sweet
| Shakanda Turtuk, Nubra 2900 m Tablelandldrying type, sweet kernel Fruit weight 10 g, TSS 14 ° |

Brix, kernel sweet |
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Shakanda Thang, 2840 m Fruits big%er in size, profuse bearing, | Fruit weight 12.4 g, TSS 18"
Nubra beariAg in' bunches, table purpose and | Brix, kernel sweet
kerne] usgd for oil extraction
Shakarpara Sumur, 3250 m Roun? frtﬂits, white flesh Fruit weight 30.6 g, TSS 12°
Nubra Brix, kernel sweet
Shambiar Turtuk, 2900 m Tableland|drying purpose, juicy, Fruit weight 19.6 g, TSS
Nubra clingstone, mid season maturity 15.3° Brix, kernel sweet
Shakashair Thang, 2840 m | Fruits bigger in size, very ju icy and | Fruit weight 33.4 g, TSS
Nubra sweet| | 22.3° Brix, kernel sweet
Shakashair Thang, 2840 m Drying purpose, sweet kernel Fruit weight 26.4 g, TSS
Nubra 20.3° Brix, kernel sweet
Shamatipeyan Thang, 2840 m | Fruits highly perishable Fruit weight 17.8 g, TSS
Nubra L 21.4° Brix, kernel sweet
Stachu Chalunga Post, 2930 m Table and drying purpose, profuse Fruit weight 20 g, TSS 18.6 "
Nubra beariﬂg, réd bluish fruit surface, skin Brix, kernel sweet
thick,‘sligptly acidic in taste, best for
drying purpose
Stachu Turtuk, Nubra 2900 m | Tablelandldrying purpose, sweet Fruit weight 15.6 g, TSS
(Khokhoos) kerne] 16.6° Brix, kernel sweet
Suka Dha, 2840 m Extremely sweet in taste, orange red Fruit weight 22 g, TSS 31.2°
Dha-Hanu in colbur, ‘drying purpose Brix, kernel sweet
Tokpopa Nimmo, 2980 m Bigger fryit size, smooth, table Fruit weight 39.7 g, TSS
Leh purpose, medium sweet 15.7° Brix, kernel sweet
Tokpopa Khaltsi 2975 m Fruits' are large, smooth surface, Fruit weight 21.3 g, TSS
mediym speet 12.6° Brix, kernel sweet
Vasu Kangyeb Achinathang, 3015 m Large fruit size, medium fruit quality, | Fruit weight 37.5 g, TSS
Dha-Hanu very jhicy‘, table purpose 17.3° Brix, kernel sweet
Shamber Hardas, Kargil 2800 m | Table|purpose, sweet in taste Fruit weight 9.3 g, TSS 26 °
L Brix, kernel sweet
Yakar Turtuk, 2900 m Very juicy, white stone Fruit weight 20 g, TSS 19 °
Nubra | ] Brix, kernel sweet
Zen Chulli Shilikchey, Kargil 2790 m Kemﬁl us?d to extract oil Fruit weight 23 g, TSS 17.3 °
Brix, kernel sweet
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bstract
Several local landraces of ridge gourd are spread ove# aV\‘/ide range of environments in Rajasthan having specific traits.‘
Evaluated 40 germplasm of ridge gourd under hot arid conditipns of western Rajasthan over the years during summer season for|
different horticultural traits with special reference to high t mpﬁrature tolerance. Among the evaluated germplasm, selected
‘AHRG—29 (1C-0621468) for high temperature tolerance and purified through inbreeding and identified as variety "Thar Karni'.‘
Produced female flower on lower nodes (12.00-13.27) having|6.19-6.72 cm long ovary. It is early in harvesting and took 47.83-
50.00 days to produce 50% female flowering from sowing. Fruits are cylindrical, 20.19-22.45 cm long with 2.81-2.96 cm
iameter weighing 90.18-102.36 g having 10 longitudinal Ishallow ridges. On an average a single plant produced 21.03
marketable fruits which are free from bitter principle. It showed tolerance to mosaic disease having 7.50% incidence and,
resistance against melon fruit fly with 17.67% fruit infestation under filed conditions. The plants of "Thar Karni' withstand to high
kemperature (upto 42°C) with moderate yield potential (151.87 qf ﬁa) which exhibited 31.44% higher yield over Arka Sujath and

87.56% over Pusa Nasdar (check). \

‘Keywords: Ridge gourd, Thar Karni, high temperature, fruity‘ield.‘

‘Introduction |
| Ridge gourd [Luffa acutangula (Roxb.) L.] is an|
important warm season cucurbitaceous vegetable crop grown
in different parts of India. Immature fruits are cooked asl
vegetable and also used in the preparation of chutneys and|
curries. The fruits are very nutritious and good source of
lcalcium, phosphorus, ascorbic acid, iron and fibre content!
(Aykroyd, 1963). Being a warm season crop, it has the ability,
to tolerate hotter conditions, which makes it suitable for
widespread cultivation throughout the tropics. However, the!
climatic conditions of western Rajasthan are altogether
different from other parts of India which is characterized by
very high potential evapo-transpiration rate, intense solar|
radiations (320-619/cm?/day), high wind velocity (20 km/ hr),‘
high infiltration (9 cm/ hr), extremes of temperature (0 to
48°C), low relative humidity, low soil fertility, high soil pH,|
‘saline ground water, etc. (More, 2010). Under such harsh‘
climatic conditions cultivation of existing ridge gourd
varieties results in very low and poor-quality yield whichl
‘fetches less return per unit area. Earlier several varieties of‘
ridge gourd has been bred in India and recommended for
lcommercial cultivation in different agroecological zones|
‘(Singh et al., 2009). Among the varieties 'Pusa Nasdar' has‘
been widely cultivated by the farmers but the productivity is
\very low in hot arid regions due to extremities of temperature|
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\

\

| |
| |
‘during summer season. The average productivity of ridge‘
jgourd in Rajasthan is only 38.98 g/ ha (Anonymous, 2016-17).|
Ridge gourd being monoecious in sex form showed

‘high degree of cross pollination and therefore, possess wide!
range of variability in vegetative, flowering and fruit
characteristics (Chandra, 1995). Considerable variability
lexists in quantitative traits and tolerance to high temperature‘
among germplasm of ridge gourd (Choudhary and Kumar,
2011). Several local landraces of ridge gourd are also spread
lover awide range of environments in Rajasthan (Choudhary et
‘al., 2014). The existence of wide genetic diversity in ridge‘
gourd in hot arid region provides ample scope to screen and
develop trait specific genotypes adapted to high temperaturel
‘regimes. Keeping in view, the need of vegetable growers of‘
arid region it was felt to identify stable and superior genotype
lof ridge gourd having high temperature tolerant to fulfill the|
‘need of farmers of hot arid region. Therefore, a systematic‘
breeding programme was initiated with the objective to
ldevelop high temperature tolerant variety of ridge gourd
‘adapted to hotarid conditions. |

IMaterials and Methods |

The study material comprised of five genetically
‘different inbred lines of ridge gourd along with two released‘
\varieties viz., Arka Sujath and Pusa Nasdar (check). "Thar



Karni' originated from an open pollinated local landrace
(AHRG-29; 1C-0621468) collected from farmer's field. The!
‘collected germplasm was screened during summer season
over the years for horticultural attributes with special
reference to high temperature tolerance. Among thel
population of AHRG-29, identified and selected
phenotypically superior plants based on horticultural
lattributes with special reference to high temperature and biotic|
‘stress tolerance. The selected plants were self pollinated and‘
harvested the seed separately. Homogenized the selected
lprogeny through self pollination exercising single plant|
‘selection and evaluated over the years during summer seasons‘
0f2012t02014.

| The experiments were carried out at Research Farm|
of Central Institute for Arid Horticulture, Bikaner, Rajasthan
‘(India) located at 28°N latitude, 73°18'E longitude at an|
altitude of 234.84 m above sea level during summer season of|
2012 to 2014 in randomized block design with three
replications. The soil of experimental field was loamy sand
with a pH of 8.7, EC 0.20 dS m™ and organic carbon 0.07 per|
cent. The spacing maintained between rows was 2.0 m and
between plants 50 cm. The experiments were raised on drip
irrigation system in second fortnight of February.|
Fertilization, irrigation, other cultural practices and need
based plant protections measures were followed asl
recommended for commercial production. The mean monthly,
minimum and maximum temperature was recorded from
\sowing to last harvest of the crop (February-June) whichl
varied from 5.84°C in February, 2012 to 43.64 °C in June, 2014

‘(Fig. 1)

The observations were recorded on five randomly
'selected plants from each replication for flowering, yield and
‘yield contributing traits. Among flowering traits, thq
observation were recorded on node at which I* female flower
lappeared, ovary length (cm) and days to produce 50% female
‘flower were recorded. Among yield and its components, fruig
length (cm), fruit diameter (cm), fruit weight (g), number o
Imarketable fruits/ plant and fruit yield (q/ ha) were assessed
‘Screening against mosaic disease and infestation of melon‘
fruit fly (Bactrocera cucurbitae) was done under filed
Iconditions during summer season of 2013 and 2014. The
‘categorized of genotypes for fruit infestation of melon fruit fly‘
was done following the rating system given by Nath 1966) as:
limmune (no damage), highly resistant (1-10%), resistant (114
20%), moderately resistant (21-50%), susceptible (51-75%)
‘and highly susceptible (76-100%). (Data on disease incidencé
lof mosaic symptoms were recorded during growth period of
the crop. The reaction for resistance due to mosaic disease was
‘categorized following disease rating scale suggested by Singh‘
let al. (2007) with some modifications as immune (0%
symptom), tolerant (0.1-10% symptoms), moderately
resistant (10.1-25% symptoms), susceptible (25.1-50°/J
symptoms) and highly susceptible (>50% symptoms). The
recorded data were statistically analysed using the
INDOSTAT statistical package (Indostat Services,
‘Hyderabad). ‘

IResults and Discussion |
| The results showed highly significant difference
among seven genotypes of ridge gourd for flowering, yield

|
Fig. 1: Mean monthly minimum and maximum temperature
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J{:Ynd yield contributing characteristics. The results presented in
fTable 1 indicated that "Thar Karni' produced female flower on!
ower nodes (12.00-13.27) in 47.83-50.00 days after sowing. |
he length of ovary (6.19-6.72 cm) was found to be
significantly superior over all genotypes and check (5.04-5.47|
m). The new variety was found to be superior to other popular
varieties in terms of yield attributing traits (Table 2) such as
fruitlength (20.19-22.45 cm) and number of marketable fruits/|
lant (19.67-22.40). Whereas, it was comparable to other‘
Bopular varieties in terms of fruit diameter (2.81-2.96 cm) and
fruit weight (90.18-102.36 g). Among the evaluated entries|
Thar Karni' was found to be able to withstand high‘
{emperature which set fruits upto 42°C during April-May
under hot arid conditions of Rajasthan. Based on 03 years|
fverage (2012, 2013 and 2014), the variety 'Thar Karni“
ecorded fruit yield of 151.87 g/ ha which is 31.44% higher
pver Arka Sujath and 37.56% over check i.e. Pusa Nasdar|
ETabIe 3). Earlier, Choudhary and Kumar (2011), Choudhary
t al. (2014) and Varalakshmi and Krishnamurthy (2017)‘
reported significant variation among fruit traits in ridge gourd. |

The data presented in Table 4 indicated that "'Thar

Karni' showed tolerance to mosaic disease with 7.50%
‘incidence under filed conditions during summer season oq
2013 and 2014. Whereas, rest all genotypes including Pusa
Nasdar (check) depicted moderately resistant against mosaic
isease. Fruit infestation by melon fruit fly in "Thar Karni"

ranged from 17.70% in 2013 to 17.65% in 2014 under field
conditions and categorized as resistant (Table 5) which is at
ar with Pusa Nasdar (18.27%). The resistance against melon‘

ruit fly impart due to presence of high tannin content (8.93 g/

100 g), flavonoid content (2.24 mg/ 100 g), phenol content
(69.27 mg/ g), ascorbic acid content (483.71 mg/ 10 g), fibre‘
Eontent (1.49 ¢/ 100 g) and low level of free amino acid (3.81
img/ g) on dry weight basis in Thar Karni (AHRG-29) variety
of ridge gourd as reported by Haldhar et al. (2015).Based on
khe performance and superiority over check, AHRG-29 has‘
been identified as variety "Thar Karni' by the Institute's Variety|
Identification Committee in 2015. Being tolerant to high
emperature, it would fulfil the requirement of ridge gourd‘
growers inarid and semi-arid regions. \

| Table 1. Flowering traits of ridge gourd genotypes during summer seasons \

Table 2. Yield contributing traits of ridge gourd ge‘notypes during summer seasons

Entries Node at which 1* female flower Ovary length Days to produce 50% female
| appeared | (cm) flower |
\ 2012 2013 2014 2012| || 2013 2014 2012 2013 2014 |
| Thar Karni 13.27 12.67 12.00 6.26, |, 6.19 6.72 47.83 48.67 50.00 |
| AHRG-30 13.47 15.00 14.13 537" |1 477 4.64 53.00 52.00 56.50 |
| AHRG-31 17.76 18.90 17.27 4211 |l 487 4,58 52.17 51.50 5267 |
| AHRG-33 14.93 13.53 15.47 467, | 483 5.07 49.00 50.00 54.00 |
| AHRG-47 20.27 17.80 18.13 520 | 594 5.60 55.17 55.33 55.67 |
| Arka Sujath | 15.87 14.17 13.47 487! |l 510 5.20 49.00 53.33 54.00 |
| Pusa 15.20 15.27 15.43 504 | 523 5.47 50.50 53.50 5450 |
| Nasdar (C) ‘
| SEm+ 1.24 1.00 1.06 037" | 030 0.41 1.49 1.29 1.17
| CD at 5% 3.83 3.08 3.27 1.13] || 0.93 1.25 4,59 3.96 3.61
| CV (%) 13.63 11.31 12.15 12.54} } 9.94 13.22 5.06 4.28 3.77
|

| Entries Fruit length Fruit diameter (cm) | Fruit weight No. of marketable fruits/
‘ (cm) | (9) plant

| 2012 2013 2014 2012 2013 p014 2012 2013 2014 2012 2013 2014
| Thar Karni | 21.07 | 20.19 | 22.45 2.96 2.81 2.85 102.36 | 90.18 94.69 21.03 | 22.40 | 19.67
' AHRG-30 | 24.40 | 24.21 | 23.29 3.57 2.52 2.91 94.94 77.75 81.53 17.73 | 1547 | 16.73
| AHRG-31 | 20.80 | 17.81 | 19.43 3.60 3.30 14.02 75.73 69.29 75.16 17.33 | 18.33 | 18.43
| AHRG-33 | 22.79 | 20.98 | 21.15 3.70 3.19 3.09 95.40 84.26 98.86 18.47 | 17.73 | 17.07
| AHRG-47 | 2053 | 18.04 | 1811 | 363 | 270 | 2.98 | 9230 [ 72.31 | 91.27 [ 19.10 | 1553 [ 14.13
| Arka 18.86 | 19.43 | 19.45 4.20 3.80 13.46 104.98 | 94.40 | 105.35 | 15.63 | 15.60

| Sujath | |

| Pusa 21.10 | 19.93 | 20.26 3.34 2.84 3.22 95.54 92.11 97.93 15.07 | 15.23 | 13.20
| Nasdar (C) |

| SEm+ 1.01 1.21 0.97 0.21 0.18 10.22 4.86 4.40 5.26 1.10 1.07 1.78

| CD at 5% 3.10 3.72 2.98 0.65 0.55 0.69 14.96 13.55 16.22 3.40 3.31 3.63

' CV (%) 8.16 10.42 8.13 10.31 | 10.29 | 12.1P 8.90 9.19 9.90 10.76 | 10.83 | 12.57
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Table 3. Fruit yield of ridge gourd genotypes durlng S

mmer seasons

u
Entries ‘ Fruit yield (q/ ha)
2012 | 2013 2014 Average
Thar Karni 148.35 | 156.38 150.88 151.87
AHRG-30 98.44 102.43 106.16 102.34
AHRG-31 88.88 | 96.41 100.88 95.39
AHRG-33 111.99 | 106.58 111.15 109.91
AHRG-47 108.24 94.20 103.61 102.02
Arka Sujath 117.32 | 111.47 117.53 115.44 !
Pusa Nasdar (C) 114.88 | 103.80 112.52 110.40 \
SEm+ 8.83 8.13 9.38 - ‘
CD at 5% 2720 ! 25.05 28.90 - !
CV (%) 1358 | 12.78 14.17 - \
% increase over Arka Sujath 26.45 40.29 28.38 31.44 |
% increase over Pusa Nasdar (C) 29.13 50.66 34.09 37.56 ‘
| || |
Table 4. Incidence of mosaic disease in ridge gourd genotypes
Entries % incidence of mosaic disease' during summer seasons* Category |
2013 2014 Pooled \
Thar Karni 5.00 (12.87) 10.00 (18.27) 7.50 (15.82) Tolerant (T) |
AHRG-30 20.00 (26.52) 11.67‘ (19;.89) 15.83 (23.42) Moderately resistant ‘
(MR)
AHRG-31 25.00 (29.96) 12.50 (20.58) 18.75 (25.60) MR |
AHRG-33 25.00 (29.85) 20.00 (26.53) 22.50 (28.29) MR
AHRG-47 25.00 (29.90) 20.00 (26.51) 22.50 (28.26) MR |
Arka Sujath 10.00 (18.40) 12.50 (20.60) 11.25 (19.57) MR \
Pusa Nasdar (C) 16.67 (23.83) 5.00,(12.52) 10.83 (19.16) MR
SEme+ 165 172 0.99 : |
CD at 5% 5.15 5.37/ 3.07 - \
CV (%) 11.70 14.42, 7.47 - |
| *Values in parentheses are angular -transformed ; |
| Table 5. Per cent fruit infestation by melon fruit fly in|ridge gourd |
| Entries Fruit infestation (%) during summer seasons* Category |
2013 2014 Pooled
| Thar Karni 17.70 (24.85) 17.65 (24.81) 17.67 (24.83) Resistant (R) \
| AHRG-30 55.70 (48.26) 55.63 (48.22) 55.67 (48.24) Susceptible (S) \
| AHRG-31 79.80 (63.55) 79.63‘ (6?T.40) 79.72 (63.47) Highly susceptible |
(HS)
| AHRG-33 67.73 (55.37) 67.77 (55.39) 67.75 (55.38) S \
| AHRG-47 77.83 (62.21) 77.67 (62.05) 77.75 (62.13) HS ‘
| Arka Sujath 29.93 (33.15) 30.23 (33.34) 30.08 (33.25) Moderately ‘
| | ] susceptible (MR) |
| Pusa Nasdar (C) 18.30 (25.31) 18.23 (25.26) 18.27 (25.29) R |
| SEm+ 2.06 1.92 1.99 - ‘
| CD at 5% 6.42 5.99| 6.20 - \
LCV (%) 7.99 7:46) 7.72 - |
\
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bstract |
In date palm cultivation, pollen grains play an import:;nt r!)le for fruit set, maturity, fruit yield and quality. It is a dioceous
plant and pollination is essential for proper fruit set. The farmers of the arid region are facing problem of pollen grains due to lack
gf sufficient number and superior type of male plants. Further, it was observed that due to climatic conditions, since last 2-3 years‘
mergence of spathe is late in males than female palm. The obfecti e of the study was to identify superior genotype of male date
palm for pollen production. Four elite male palms grown at Date palm experimental block, CIAH farm were evaluated during the
gear 2016-17 for emergence,, number of spathes, size of spathe and pollens yield/spathe under hotarid environment. The amounﬁ
f pollen produced per spathe varied among male palms. The size of spathe was also differed significantly from one male to
another male palm. The pollen production ranged from 17.2 g to 25.0 g per spathe. The study revealed that CIAH/DP/M-03 male

Plant produced highest amount of pollen grains (643g/tree) foll‘owe‘d by CIAH/DP/M-01 (578g/tree) under arid conditions.

\
keywords: Date palm, male, spathes, pollengrains, poIIinatibn,f‘ruitset, |
|
|

‘Introduction
| Date palm (Phoenix dactylifera L. Family-|
f\recaceae ) also known as Khajoor, Kharek is an ancient fruit‘
ree of semi-arid and arid regions of the world. It grows well
lunder poor desertic soils due to its hardy plant characteristics|
and deep root system. Date palm is dioceous and cross
‘pollinated crop. It requires dry hot climate for growth and‘
development of fruits (Zaid, 1999). It can be grown at such|
places where adequate irrigation facility is available besides
‘other climatic requirements (Chandra et al., 1992). It's‘
delicious fruits at doka (khalal) stage are eaten as fresh and|
also used for preparation of several value added products
‘(Singh etal., 2004). Moreover, all plant parts of date palm are
useful since its history of cultivation (Chao and Krueger,
2007) in several ways to make handicraft items. Its seed kernel
lis used for animals and fish feed.

The extremely dry hot areas comprising Jaisalmer,
Barmer, Bikaner and Jodhpur in Rajasthan, Bhatinda, Fazlika,
/Abohar in Punjab, Sirsa, Hisar, Mahendergarh, Bhiwani in!
Haryana and Kachchh region in Gujarat are the potential areas,
for date palm cultivation in India. In Rajasthan, earlier area of
date palm cultivation was about 50- 60 hectare, now 850 hal
area is under cultivation by planting of imported tissue culture
plants in districts of Jaisalmer, Barmer, Jodhpur, Churu, Sri
iGanga nagar,Hanumangarh and Bikaner by Rajasthan
‘Horticulture Development Society. The naturally grown date‘
palm seedling is available in costal areas of Gujarat as grove in
depressions, on riverbank, nala and boundary of field/farms|
(Singh et al., 2004; Murlidharan et al., 2008). These seedling
‘populations include female and male plants. The estimated‘
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area under date palm cultivation is 18847 ha. with production
|173997.66 MT during the year 2017 in  KachchH
‘region,Gujarat (Bhuj, Anjar, Khedoi, Mundra, Mandavi anq
Jamnagar).

| The male date palm is also important like femald
plants for production of pollen grains as well as avenue tree
‘Looking to its potential, new date palm plantation has done iﬁ
larid region of Rajasthan, Gujarat ant other parts of the country,
Being dioceous nature, male and female flowers borne on trei
‘separately. Male and female plants are identifying only a
[flowering stage and about 5% male plant is required for
pollination. However, availability of pollen grains is one of the
‘emerging constraints in date palm cultivation area due to lac
of sufficient male trees. Identification of elite male and further
multiplication is essential to meet out present pollen demand
land conservation of pollen is also desirable. About 10- 20d
pollen grains are normally required for pollination of a ful
grown tree. Keeping in view, the present study was undertaken
'to identify suitable date palm male tree for early flowering and
‘high pollen grainsyield under hotarid conditions. |

'Material and Methods |
| The study was carried out on different 4 elite typ

male palms at CIAH, Bikaner for pollen production potential.
IThe historical and morphological back ground of male tred
‘under taken for study is given. The date palm seeds procureﬂ
from Iran, Irag, Mundra (Gujarat), Bikaner (Rajasthan) wer

Isown in nursery to raise saplings . The saplings were planted irj
‘the field for evaluation. In general the 50:50 sex ratio of malei
and female palm have been reported in seeedlings. The ful

|
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rown tree between age of 10-12 were taken for study. These‘
glants were maintained with common cultural practices.‘
Looking to the importance of the male tree, it was studied for,
ollen production during 2016-17. The observations on
mergence of spathe, time taken for opening of spathe, size of!
pathe, pollen grains yield per spathe as well as per tree was
recorded. The number of spathe emerged per tree was counted
and observations on size ( length x width ) were observed of|
hree spathes. For pollen yield, spathes were cut down at
opening time and kept on paper under shade condition for
drying. The weight of dried pollen was measured and data was|
Fnalysed statistically.

|
Results and Discussion |
Data on spathe emergence, opening and days taken
%‘or flowering in male palm in relation to pollen grains yield is‘
givenintableland2. \
\/ariability in male date palm: The natural seedling‘
population of date palm is available in costal belt of Kachchh|
Lc:gion of Gujarat in India and pollen grains are collected from
ale plants by farmers for pollination (Singh et al., 2004). In
other parts of country, seedling population is very less. At|
CIAH, Bikaner, 4 genotypes were marked elite tree in field
Pepository collected from different available sources (Table 1). |
The seedlings of date palm were evaluated for spathe size, |
days taken for opening of spathes and pollen production. The
Variation in spathe size, days taken for opening of spathes was|
bserved in male seedlings. The variation in days taken for
opening of spathes ranged from 18-29 days. The opening of
Spathe also depends on climatic conditions of the region.|
§imilar findings have also reported by Shaheen (2004).
Based on varietal performance under Indian

. |
‘Lrable 1. Evaluation of male date palm genotypes under hot ari

rr%a, Indian Journal of Arid Horticulture 13 (1-2): 39-41
|
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conditions, the varieties have been recommended for
cultivation for different regions. It has been noted that
frequency of pollination and fruit set differed from variety to
variety. In case of Medjool pollination is easy and required less
pollen for better fruit set. The problem of fruit set and fruit
‘drop also observed in tissue culture plantations according to
feed back information of the growers in western Rajasthan. It
may possibly be due to flowers opening time, receptivity of
tigma, viability and germination of pollen grains besides‘
environmental factors.
| |
‘Spathe emergence and opening: Flowering takes place from‘
January to March months depending upon agro-climatic
lconditions of the region and varieties. It is dioecious in nature
and the identification of sex (male or female) of seedling palm
L(rees is possible only after the trees start flowering and thus‘
there remains equal possibility of male and female sex off
seedling palm trees. In North India, flowering starts after
Winter season i. e. with the start of spring season. Flowering is
preceded by spathe initiation. The spathe initiation is governed|
by various factors such as cultivar, place of cultivation,
emperature, management practices and other climatic
conditions prior to spathe initiation. The floral characteristics
in male date palm have studied by Mohammad et al. (2009)
land reported their effect on fruiting. Under Bikanef
conditions, spathe emergence starts from last week of January,
and completed at the end of February and beginning of March.
It has been observed since last two- three years that prolonged
yvinter delays 10-15 days the spathe emergence. The spathe‘
initiation commenced early in male then female plants.
However, the duration of emergence of spathe and flowering
‘varied in different varieties. A palm tree usually bears 2—14‘
spathe/tree depend on age of plant and cultural practices

d conditions
SN Male date palm Age of tree Date of spathe Date of opening of Days taken for
| genotype (years) emergepce | spathes opening
1 CIAH/DP/M-01 13 11.1.17 10.2.17 29
2. CIAH/DP/M- 02 10 12.2.17. 04.3.17 19
| 3. CIAH/DP/M -03 12 06.2.17 01.3.17 23
| 4. CIAH/DP/M -04 12 10.2.17 28.2.17 18
\ |
Table 2. Evaluation of male date palm genotypes for pollen prodyction.
S, Male date palm genotype | Length of Width of No of Weight of Pollen grains
| No. spathe spathe | spathe pollen/ yield /plant (g)
| (cm) (em) | /plant spathe (g)
1 CIAH/DP/M- 01 45.00 16.60 27.20 21.00 578.6.0
2. CIAH/D/PM -02 36.60 15.62 18.60 20.20 443.00
| 3. CIAH/DP/M -03 34.80 15.60 25.00 25.00 643.60
4. CIAH/DP/M-04 41.00 19.00 22.00 17.20 379.80
' SEm+ 0.77 0.56 0.44 0.38 3.36
| CDat 5% 2.34 171 1.35 1.15 10.18

e 40
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‘employed.

roduction of Pollens:The production of pollen grains
greatly varied from one plant to another male plant and
Varieties. It also depend on age of tree and number of spathes|
merged out. The size of spathe also influenced the amount of‘
Eollen grains. It has been observed on farmer's field in western
Rajasthan that Ghanami male produced more pollen grains in|
omparison to Al Ain City (Madsari ) male variety. The data‘
n spathe size, number of spathe per plant and yield of pollen
grains varied significantly among male genotypes studied|
ﬁTabIe—Z). The number of spathe per plants was significantly
igher in CIAH/DP/M-01 followed by CIAH/DP/M-03. The‘
significantly higher yield of pollens per plant was recorded in|
CIAH/DP/M-03 (643g/tree). The morphological variation in
%ale palm has observed which may possibly due to plants‘
priginated from seeds. The morphological differences in male|
alms were observed during evaluation of pollen grains
Bermination, viability and chemical composition by Aly‘
(2018). The variation of number of spathe /plant and|
Froduction of pollen per spathe varied from 17-25g. The
inding is similar with the results obtained by Shaheen (2004)‘
inmale date palm plants. ‘

Pollination and storage of pollens: Pollination in female!
alm trees is done manually as it is a dioecious plant and for‘
hat strands of freshly opened male inflorescence is cut from

the tree. Male strands kept on female palm inverted forl

Evollination. It is necessary to tie the pollinated inflorescence‘

ith up knot to hold male strand in pollination. Another
method of pollinating female clusters consists of dusting of]
ollens on it within 2 days of anthesis. It should be done in‘
orning hours for obtaining better fruit set. If pollens are in
short supply, it may be mixed with talc powder. Few Farmers|
overs the female spathe after doing pollination with brown

Eaper bags for better fruit set. Fruit set depends on viability and‘

germination of pollen grains. Pollen can be stored at under]

Lefrigerated conditions at4 *C and deep freez (-20°C) for next
eason use (Ateeyeh, 2012). Due to environmental factors,

some time spathe in male palm opens late than female and|

Froblem arise about availability of pollen for pollination in
ime. The pollen grains can be stored under proper storage

temperature conditions to maintain its viability for pollination. |

The difference in viability of pollen stored under different

femperature was observed by Maryam et al, (2015). It can bel

concluded that elite male should planted in proper ratio for,

har

rm

\
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\
pollination and better fruiting in date palm. Surplus poIIen‘
grains may be stored under refrigerator or deep freezd
‘conditions for next season use. The variation in male palm i
due to the fact that the majority of male date palms are
originated from seeds. An elite male palm (CIAH/DP/M-03)
was found superior in respect of pollen production than other,
genotypes. The viability of pollen grains should also be tested
lbefore the use for pollination. The study reveals that elite malé
‘should be identified and multiplied to meet out pollen grainﬁ
requirement.
| |
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Abstract |
Karonda is an important crop indigenous to Indiawhi?h is‘used in alternative medicing, health foods and herbal products.‘
Et has good potential in processed forms but little information is available on changes of nutritional quality of different karonda
processed products during storage. Therefore, the present investigation was carried out to study the changes of nutritional qualityl
f different karonda processed products during storage. Four products were made from karonda viz., jelly, jam, candy and squash,
tored for 120 days and analyzed biochemically. The four mé)nthg storage study revealed that across all the products the total
soluble solids, acidity, reducing sugar, total sugar and browning was found to increased significantly from the initial mean values|
f67.5°Brix, 0.35%, 25.9%, 61.7% and 0.38 O.D. of fresh products to the final value of 74.2 °Brix, 2.11%, 31.8%, 63.3% and 0.44
.D. atthe end of storage, respectively. While, the non reducin(Z] suzar, ascorbic acid, moisture content and anthocyanin content oIJ
various karonda products were decreased significantly from the ihitial mean values of 33.6%, 3.53 mg/100g, 4.86%, and 2.39
Eg/lOOg of fresh products to the final value of 29.4%, 1.76 mg/100g, 1.83%, and 0.99 mg/100g at the end of storage, respectively.
cross all the products, an increasing trend in bacterial and fuhgal count was recorded up to 120 days of storage as compared to‘
fresh products. Minimum bacterial (1.84 x 10° cfu/g) and fungal count (2.09 x 10° cfu/g) was obtained in fresh products and it was

Fncreased t0 7.37 x 10°cfu/g bacteriaand 9.78 x 10*cfu/g fungi iP 12P days of storage.

Key words: Karonda, nutritional quality, processed products, storage |

Introduction [
Karonda (Carissa carandas L.) is an underutilized
‘indigenous fruit crop of India, thrives well throughout tropics‘
and sub-tropics of the world and arid and semi-arid areas of the,
country. It can also flourish well on problematic soils,
barticularly on highly saline and alkaline soils. Fruit is slightly\
our and astringent in taste, therefore, it is not popular as
dessert fruit but it is rich source of essential vitamins and
minerals required for adequate human health. It is rich source!
f iron and vitamin C and therefore, very useful for curing‘
anemia and has antiascorbutic properties. The ripe fruit have
antioxidant properties and reported to be useful in bilious|
Watt, 1972), cough, diabetes, leprosy, anemia and intestinal‘
orming (Vasu, 1986).
| Besides its nutritional and medicinal importance, the|
aronda fruit has good potential of processing and has‘
totential for export as fresh fruits and processed products such
as preserve jam, candy, juices, pickles etc (Chandraand Jindal,|
001). Karonda becomes ready for harvesting from mid
ovember to first week of January. Since, it is a perishable‘
commodity, it needs quick disposal. The post harvest losses in|
Earonda vary from 30-40 %. Huge harvest of the produce
uring peak harvesting season creates glut and the growers are

icompelled to sale their produce at low prices which reduces
the markets value of the fruit. Hence, value addition through
‘processing would be the only effective tool for economi
utilization of karonda. Besides, being acidic in nature karonda
is not consumed as fresh and not popular as table fruit. Since,
karonda is a seasonal fruit, its preservation in different
‘products is necessary to avoid its spoilage and to make it
availability round the year (Parvathi and Anby, 1997). Both
unripe and ripe fruits are processed into a number of value
‘added products. |
The storage of fresh karonda fruits for longer time is
Inot quite feasible. Therefore, storage in the form of processed
‘products is more feasible. Also, longer shelf life of value‘
added products of karonda (candy, squash, jelly and jam) is
limportant from consumers and marketing point of view.Littlg
‘attempts have been made to study the shelf life of processed
products of karonda fruit. Keeping these points in view, th(J
jpresent investigation was undertaken to study the storage
stability, non-enzymatic browning, anthocyanin content and
‘microbial growth in processed products of karonda. |
\ \
Materials and Methods
| The present investigation was conducted at the Post/
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harvest Technology Laboratory, Department of Horticulture
and Food Processing, Uttar Pradesh, Saharanpur, India, during‘
f(une to November, 2007 and 2008. Healthy and matured
aronda fruits of two genotypes viz., 'White with Pink blush'
and 'Green with Purple blush' were used in experiments. The!
ata of the experiment was statistically analyzed using
randomized block design with three replications. In case of
two treatments, sample means were compared using the't' test!
ﬁChandeI, 1991). One kilogram mature fruits each of 'Pink
with White blush' and 'Green with Purple blush' genotypes
Wwere taken for assessing the biochemical analysis. For|
Fiochemical analysis, fruit pulp from both genotypes Was‘
aken for estimating various parameters like total soluble
solids (TSS) (oBrix), acidity (%), ascorbic acid (mg/100 g),|
oisture content (%), reducing sugar (%), non-reducing sugar
%), total sugar (%) and anthocyanin (mg/100 g). TSS Was‘
tetermined by hand refractometer. The acidity was measured|
Ey using standard solutions of pH 4.0 and 7.0 as reference to
alibrate. The ascorbic acid content of karonda pulp was!
estimated by visual titration method (Freed, 1966) and the|
moisture content was determined according to AOAC (1970)
method. Reducing sugar, non-reducing sugar and total sugars‘
yvere estimated by volumetric method (Gauri Shankar, 1999).
Total anthocyanins were determined by the procedure of
Fuleki and Francis, 1968. |
Four products were made from karonda viz., candy,‘

squash, jelly and jam. Different processed products were
prepared by standardized recipes. Glass bottles were used as!
ackaging material for storage of jelly, jam, candy and squash‘
or different periods. Karonda products were stored for 120
tays at ambient temperature and the biochemical and|
icrobial analysis was done at each month interval. Both‘
acterial as well as fungal counts were done at each storage
periods. Serial dilutions of the processed products were made|
Esing sterilized buffer medium. Products (Jelly, Jam, Candy‘
nd Squash) were diluted to four dilutions 10", 10°, 10° and 10"
for bacterial and three dilutions 10", 10° and 10° for fungi. Al
Zample of 1.0 ml from each dilution was transferred into‘
terilized Petri-plates containing 20 ml solidified media and
spread uniformly over the entire surface with the help of|
fterilized bentglass rod. The petri plates were allowed to dry at‘
east for 15 minutes prior to inversion of Petri platesin B. O. D.

for incubation at 30°C for 24 hours. After 24 hours of
‘incubation, the population of bacteria and fungus were
counted and it was expressed as colony forming unit (cfu) per
‘gofsampleas per following formula- |
rganism c.f.u/g of sample = No. Of colonies (Avg. of 3‘
replicates)/ Amount paired x dilution
| |
Resultand Discussion
‘Biochemical analysis of karonda fruits |
Studies on biochemical characters of karonda
genotypes showed a significant range of variability in TSS|
‘moisture, reducing sugar, total sugar and anthocyanin contenﬁ
(Table 1). Green with Purple blush genotype was recorded
higher TSS (7.27 °Brix), acidity (3.67%), ascorbic acid (14.23
‘mglloo g), reducing sugar (4.86%), non-reducing sugar‘
(1.81%), total sugar (6.49%) and anthocyanin content (6.85
img/100 g) than Pink with White Blush genotype which
ontains 6.26 °Brix TSS, 3.32% acidity, 12.26 mg/lOOg‘
scorbic acid, 4.02% reducing sugar, 1.51% non-reducing
sugar, 5.36% total sugars and 2.47 mg/100 g anthocyanin|
Pink with White Blush genotype was recorded highesﬁ
‘moisture (77.52 %) than Green with Purple genotype
containing 70.52 % moisture. The differences in chemicall
characters of fruits in present investigation may be due to the
ifferences in locations, fruit maturity and genotypes (Singh e
al., 2006). \

Sto rage stability of processed products of karonda |

LI'otal Soluble Solids (TSS) |
\ The data (Table 2) indicate that TSS of candy, squash,
jelly and jam increased slightly during storage. The TSS‘
content in the original fruit was found to be 6-7 “Brix and the
moisture content in fresh fruit was 70-80%. However, the
verage TSS content of the processed products (candy, squash,‘
jelly and jam) during storage was found to be increased from
67.4 °Brix of fresh to 74.2 °Brix at 120 days of storage.
Naximum mean TSS content of all the four products (74.2‘
Brix) was recorded at 120 days of storage period and it was

| Table 1. Biochemical character of karonda genotypes (mean pf 2|years) |

Genotypes TSS Acidity | Ascorbic | oisture | Reducing Non- Total | Anthocyanin
(°Brix) |(%) acid Content Sugar (%) |[Reducing |Sugar |(mg/100 g)
(mg/100 g) | |[(%) sugar (%)
. — o)
Green with Purple Blush | 727 3.67 1423 | 7052 4.86 1.82 6.49 6.85
Pink with White Blush | 626 | 3.32 1226 | 77.52 4.02 151 | 536 2.47
Mean 6.77 3.5 1325 | 74.02 4.44 1.67 5.93 4.66
Observed value of t 14.82 1.74 401 | 14.82 491 2.53 4.13 9.13
Table value of t at 5% 4.03 4.03 403 | 4.03 4.03 4.03 4.03 4.03
Result S NS NS | S S NS S S
|
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10.0% higher over initial (0 days) mean TSS content of the
broducts (67.4 °Brix). Hydrolysis of polysaccharides of
processed products of fruits during storage may be possible
reason for increase in TSS. Dhawan and Gupta (1996) also
teported a significant increase in TSS in storage, which might |

e due to the conversion of some of the insoluble fraction into |
soluble fraction. ‘

ﬁcidity |
The results indicate that titrable acidity of various
karonda products increased significantly during storagel
ETabIe 3). On comparing the acidity of different products with |
he fresh fruit, it was found that there was general loss in
acidity due to processing. On the basis of mean values, at the |
nd of storage period the maximum acidity was recorded in
felly (3.74%) and the minimum in squash (1.34%) which Was‘
1000 and 415.3%, respectively higher over their initial acidity. |
aximum mean acidity of all the four products (2.11) was
ecorded at 120 days of storage period and it was 502.8% |
higher over initial mean acidity of the products (0.35%). |
Degradation of pectin substances have been reported for
increased acidity in fruit products (Conn and Stumf, 1976).‘
The significant interaction between different karonda
roducts and storage periods was recorded with respect to
cidity.

,‘AscorbicAcid |
The results (Table 4) indicate that ascorbic acid!

ontent of various karonda products decreased significantly
during storage. In general the processing of the fruits through
Various recipes employed for preparation of karonda products |
écandy, squash, jelly and jam) resulted in remarkable loss of‘
scorbic acid content from a value of 12 to 14 mg/100 g of
fresh fruit to an average value of 3.53 mg/100 g of fresh|
Evroducts. The final products obtained after 120 days of storage |
ere found to contain ascorbic acid ranging from 3.31 to 0.22
mg/100 g. Similarly, the average ascorbic acid content|
iminished from 3.53 to 1.76 mg/100 g amongst various
Eroducts. The maximum initial ascorbic acid content was
recorded in candy (4.32 mg/100 g) followed by jam (4.25]
9/100 g), squash (2.89 mg/100 g) and jelly (2.68 mg/100 g).

n the basis of mean values, at the end of storage period the
maximum ascorbic acid was recorded in candy (3.31 mg/100

g) and the minimum in jelly (0.88 mg/100 g) which was 30.5
and 204.5%, respectively reduced over their initial ascorbic!
cid content. Minimum mean ascorbic acid content of all the‘
four products (1.76 mg/100 g) was recorded at 120 days of
storage period and it was 100.6% lower over initial mean|
?scorbic acid of the products (3.53 mg/100 g).The significant‘
nteraction between different karonda products and storage
beriods was recorded with respect to ascorbic acid content.|
Eeduction in ascorbic acid content could be due to oxidation‘
y trapped oxygen in container which resulted in formation of
dehydro- ascorbic acid. Present findings are similar to those|
f Maciel et al. (1999) in acerola jelly and Singh and Singh
?1994) in litchi squash. |
\ \
oisture content

The results (Table 5) indicate that moisture content of

various karonda products decreased significantly during
storage. In general, the processing of the fruits through various
Pecipes employed for preparation of karonda products (candy,‘
squash, jelly and jam) resulted in remarkable loss of moisture
content from 70-80% of fresh fruit to an average value of
4.86% of fresh products. The maximum initial moisturel
ontent was recorded in squash (9.67%) followed by jam‘
(4.33%), jelly (3.25%) and candy (2.41%). On the basis of
mean values, at the end of storage period the maximum!
[noisture was recorded in squash (4.22%) and the minimum in‘
jam (0.82%) which was 129.1 and 428.0%, respectively
reduced over their initial moisture content. Minimum mean|
oisture content of all the four products (1.83%) was recorded‘

t 120 days of storage period and it was 165.5% lower over
initial mean moisture content of the products (4.86%). After
EZO days of storage period the moisture content in candy,‘
quash, jelly and jam was reduced by 104.2, 129.1, 198.1 and
#28.0%, respectively over their initial (0 days storage)|
oisture content. The interaction between products and
torage periods was non-significant in terms of moisture‘
content. This decrease in moisture content of the products|
ﬁ]repared by various methods was mainly due to evaporation of
oisture. Similar findings were also reported by Dhawan and
Gupta (1996) in guava jelly and Maciel et al. (1999) in acerala

jely. |

| Table 2. Changes in TSS (°Brix) during storage of karonda products (mean of 2 years)

Storage, period (B) M
Products (A) 0 Day 30 Days 60 Days 90 Days 120 Days ean
Candy 76.9 81.9 183.9 86.9 90.9 84.1
Squash 50.0 51.1 51.5 52.0 53.0 51.5
Jelly 69.0 69.7 70.4 71.0 73.0 70.6
Jam 73.9 75.9 1772 78.9 79.9 77.1
Mean 67.5 69.6 170.8 72.2 74.2
A B AxB

S.Ed. 1.12 1.15 1233
CD at 5% 2.3 2.3 | NS

| |
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Table 3. Changes in acidity (%) during storage of karonda products (mean of 2 years)

! ' IStorage period (B)
| Products (A) 0 Day 30 Days 60 Dayg 90 Days 120 Days Mean
| Candy 0.56 0.63 0.65 | 1.54 1.65 1.01
| Squash 0.24 0.51 125 1.26 1.34 0.92
| Jelly 0.34 2.15 342 | 3.61 3.74 2.65
| Jam 0.26 0.62 1.62 | 1.64 1.70 1.17
| Mean 0.35 0.98 1.74 2.01 2.11
| A B AxIB |
L S.Ed. 0.092 0.091 0.191
; CD at 5% 0.19 0.18 0.35‘2 ‘
Table 4. Changes in ascorbic acid (mg/100 g) during storage of karonda products (mean of 2 years)
" Storage period (B) |
| Products (A) 0 Day 30 Days 60 Days 90 Days 120 Days Mean |
Candy 4.32 4.20 , 3.71 3.63 3.31 3.83 |
Squash 2.89 2.54 ' 1.45 1.13 0.22 1.65
Jelly 2.68 2.16 | 1.89 1.10 0.88 1.74 |
Jam 4.25 3.70 | 3.;1 3.17 2.61 3.39 ‘
Mean 3.53 3.15 2.57 2.26 1.76
A B "AXB |
S.Ed. 0.063 0.081 | 0.146 ‘
CD at 5% 0.13 0.16 | 0.2i9 |
| Table 5. Changes in moisture content (%) during storage of karonda products (mean of 2 years) ‘
.. Storage period (B)
| Products (A)  75p0 30 Days 60 Ddys | 90 Days 120 Days Mean |
| Candy 241 1.85 1.58 | | 1.35 1.18 1.67 |
. Squash 9.67 5.93 502 4.82 4.22 5.93
[ Jelly 3.25 2.78 211 0 1.45 1.09 2.16 |
| Jam 4.33 2.47 1.81 | | 0.98 0.82 2.08 |
| Mean 4.86 3.26 263, | 2.15 1.83 |
‘ A B AxB
| S.Ed. 0.523 0.542 1.120 | \
| CD at 5% 1.05 1.09 NS | | ‘

‘Reducing sugar |

The results (Table 6) indicate that reducing sugar|
content of various karonda products increased significantly
during storage. In general the processing of the karonda!
resulted in increase of reducing sugar content from 3-4% of
fresh fruit to an average value of 25.9% of fresh products.
Data further reveals a gradual increase in reducing sugar
‘content in all the products stored for 0, 30, 60, 90, and 120
days. Mean values of different products at different storage
periods were found varied from initially 25.9% to 31.8% at|
‘after 120 days. Similarly, mean values of different products‘
(candy, squash, jelly and jam) varied from 9.26% in squash to
40.5% in jam. The maximum reducing sugar content at initial|
‘and 120 days of storage period was recorded in jam followed‘
by jelly, candy and squash. After 120 days of storage period
the reducing sugar content in candy, squash, jelly and jam was|
found increased by 18.7, 74.0, 19.7 and 17.9%, respectively
lover their initial (0 days storage) reducing sugar content. The!
increase in reducing sugars of products could be due to|
inversion of non-reducing sugars into reducing sugars.

Similar trend of sugars content was also recorded in date palm‘
jelly (Ali et al., 1990) and pomegranate juice (Waskar and|
‘Deshmukh, 1995). ‘
‘Non—reducing sugar |

The non-reducing sugar content of various karonda
products decreased significantly during storage (Table 7). Inl
‘general the processing of karonda resulted in increase of‘
reducing sugar content from 1.3-1.6% of fresh fruit to an
laverage value of 33.64% of fresh products. Data further|
‘reveals a gradual reduction in non-reducing sugar content in‘
all the products stored for 0, 30, 60, 90, and 120 days. Mean
\values of different products at different storage periods were|
found varied from initial 33.64% to 29.40% at 120 days.
‘Similarly, mean values of different products (candy, squash,‘
jelly and jam) varied from 25.27% in jelly to 41.04% in candy.|
The maximum non-reducing sugar content at initial and 120
‘days of storage period was recorded in candy followed by‘
squash, jam and jelly. After 120 days of storage period the|
non-reducing sugar content in candy, squash, jelly and jam
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was decreased by 4.87, 9.55, 28.6 and 23.7%, respectively

significant with respect to anthocyanin content. It was both the
over their initial (0 days storage) non-reducing sugar content. |

Hegradation of anthocyanin and formation of hydroxymethyl-\
‘furfural was responsible for loss of anthocyanin in sour cheery‘

P’he decrease in non-reducing sugars of products could be due
o inversion of non-reducing sugars into reducing sugars.

Similar trend of different sugars content was also recorded in| |

?ate palm jelly (Ali et al., 1990) and pomegranate juice‘

Waskar and Deshmukh, 1995).

‘Total sugar

Total sugar content of various karonda products
increased significantly during storage (Table 8). In general the |

‘Nonenzymatic browning in products
An increasing trend in browning was recorded up to

and blackberry juices during storage (Louvric, 1965).

| 1120 days of storage as compared to fresh products (Table 10).

| ‘The browning of various products (candy, squash, jelly and‘
jam) in different storage periods were significant and the
interaction between products and storage periods were also|

rocessing of karonda resulted in increase of total sugar‘ [)ound significant. Minimum mean browning of 0.38 O.D.was‘

ontent from 5-6% of fresh fruit to an average value of 61.7%
of fresh products. Mean values of different products at|
gifferent storage periods were found varied from initial

bserved in freshly prepared products and browning was
increased to 0.44 O.D. in 120 days of storage period. At 120|
ays of storage period the highest browning was observed in

d
1.70% to 63.27% at 120 days. Similarly, mean values of‘ k:andy (0.78 O.D.) followed by jam (0.64 O.D.), jelly (0.21‘

different products (candy, squash, jelly and jam) varied from|
44.57% in squash to 70.14% in candy. The maximum total
ugar content at initial was recorded in jam followed by candy,
jelly and squash while at 120 days of storage period the|
maximum total sugar content was recorded in candy, jam, jelly
and squash which were increased by 3.94, 4.57, 0.85 and!
1.48%, respectively over their initial (0 days storage) total

‘sugar content.

Anthocyanin content

. . |
The anthocyanin content of various karonda products

0.D.) and squash (0.12 O.D.). Similar results were reported|
during storage by Singh and Singh (1994) in squash of litchi
and Ashraf (1987) in jamun jelly. The browning in product‘
develops due to decline in ascorbic acid content of the product
(Stadman, 1948). Production of 5-hydroxymethyl; 2-
kurfuraldehyde in fruit juices from sugar, particularly ketones
by heating during processing and caused browning with the,

reaction of amino compounds and sugars (Diemair and Jury,

| 11965).

tlecreased significantly during storage (Table 9). Thel |

Frocessing of the fruits in to processed products resulted in‘

emarkable loss of anthocyanin content from 2 to 7 mg/100 g

bf fresh fruit to an average of 2.34 mg/100 g of fresh products. |
The maximum initial anthocyanin content was recorded in |
Eandy (4.82 mg/100 g) followed by jam (2.91 mg/100 g), jelly
(1.16 mg/100 g) and squash (0.67mg/100 g). While at the end |

Microbial analysis

‘Bacterial count
In various products of karonda during different

ktorage periods significant variation in bacterial count was|
bserved (Table 11). An increasing trend in bacterial count‘
as recorded up to 120 days of storage as compared to fresh
products. Minimum bacterial count of 1.84 x 10° cfu/g was|

ff storage period (120 days), the maximum anthocyanin was  obtained in fresh products and it was increased to 7.37 x 105‘

ecorded in candy (2.39 mg/100 g) followed by jam (1.06
mg/100 g), squash (0.35 mg/100 g) and jelly (0.15 mg/100 g) |
I’NhiCh were decreased by 101.6, 91.4, 673.3 and 174.5%,
espectively over their initial anthocyanin content (0 days
storage). Minimum mean anthocyanin content of all the four |

roducts (0.99 mg/100 g) was recorded at 120 days of storage
Beriod and it was 141.4% lower over initial mean anthocyanin |
of the products (2.39 mg/100 g). Statistical analysis revealed
That the interaction of products and storage periods Were‘

Table 6. Changes in reducing sugar (%) during storage of kar‘onda products (mean of 2 years)

cfu/g in 120 days of storage. The highest bacterial count was
obtained in jelly (6.24 x 10°cfu/g) followed by jam (5.61 x 10
Ffu/g of sample), squash (3.04 x 10°cfu/g of sample) and candy‘
(1.90 x 10° cfu/g of sample). Interaction between products
(candy, squash, jelly and jam) and storage periods (0, 30, 60,
0 and 120 days) was also found significant. The study shows‘
hat the sugar used as a protecting agent caused microbial
growth in various karonda products. Microbial growth was|
increased due to improper sanitation practices. Similar,

\
\ | Storage period (B) \
| Products (A) 0 Day 30 Days 60 Days 90 Days 120 Days Mean |
_Candy 25.0 25.9 26.7 27.8 29.6 27.0 ‘
" Squash 6.8 8.2 8.7 10.8 11.8 9.3
| Jelly 34.5 36.3 36.7 38.6 41.3 37.5
_Jam 37.6 38.5 40.0 42.1 44 .4 40.5
' Mean 25.9 27.2 28.0 29.8 31.8
| A B AxB
' S.Ed. 0.44 0.48 1.04
'CD at 5% 0.9 1.0 ‘NS

S + 77777777777777 ‘46‘
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| ' Storage period (B)
| Products (A) 0 Day 30 Days 60 Ddys 90 Days 120 Days Mean
| Candy 42.0 41.7 411 40.4 40.0 41.0
Squash 34.6 335 33.3 33.0 31.6 33.2
| Jelly 28.1 26.9 24.9 24.6 21.8 25.3
| Jam 29.9 28.6 127.9 25.8 24.1 27.2
Mean 33.6 32.7 316 310 29.4
| A B AxB
| S.Ed. 0.55 0.57 1.19
| CD at 5% 1.1 1.14 | NSi
| | |
‘Table 8. Changes in total sugar (%) during storage of karondp pr?ducts (mean of 2 years) ‘
Storage period (B) |
Products (A) 0 Day 30 Days 60 Days 90 Days 120 Days Mean ‘
Candy 69.0 69.7 69.91 | 70.3 71.7 70.1 \
Squash 43.5 43.8 44.1, 45.9 45.5 44.6 |
Jelly 64.7 63.7 654 65.4 65.3 64.9 |
Jam 69.6 69.2 69.6 70.0 70.6 69.8 ‘
Mean 61.7 61.6 62.2] | 62.9 63.3 |
A B AxB | ‘
S.Ed. 0.74 0.82 1.64" ‘
CD at 5% 1.5 1.7 NS [ | \
| | |
Jl"able 9. Changes in anthocyanin (mg/100 g) during storage o‘f ka%onda products (mean of 2 years) |
Stordge period (B) ‘
Products (A) 0 Day 30 Days 60 Days| 90 Days 120 Days Mean |
Candy 4.82 4.41 4.23 | 3.39 2.39 3.85 ‘
Squash 0.67 0.56 046 | 0.44 0.35 0.5 ‘
Jelly 1.16 0.54 036 | 0.26 0.15 0.49 \
Jam 2.91 2.7 245 | 2.28 1.06 2.28 |
Mean 2.39 2.05 1.88 1.59 0.99 ‘
A B AxB | \
S.Ed. 0.175 0.132 0343 | |
CD at 5% 0.35 0.27 0.6% | |
| | |
[Table 10. Non-enzymatic browning (O.D.) in karonda products during storage (mean of 2 years) |
[Stonage period (B) |
T Products (A) 0 Day 30 Days 60 Days 90 Days 120 Days Mean ‘
| Candy 0.72 0.73 0.76 ! 0.77 0.78 0.75 ‘
| Squash 0.05 0.07 0.08 | 0.10 0.12 0.08 \
| Jelly 0.14 0.16 020 | 0.20 0.21 0.18 |
| Jam 0.60 0.62 0.63 0.63 0.64 0.62 ‘
| Mean 0.38 0.40 042 | 0.43 0.44 \
\ A B AxB | |
| S.Ed. 0.002 0.002 0.003 ‘
| CD at 5% 0.004 0.01 0.0 |




findings were reported Kanekar et al. (1992) in mango jam.
Bacterial count was found to be higher in different karonda
jproducts as compared to fungal count. \

Fungal count \

In various products of karonda during different‘
storage periods significant variation in fungal count was
observed (Table 12). An increasing trend in fungal count was
‘recorded up to 120 days of storage as compared to fresh
products. Minimum fungal count of 2.09 x 10* cfu/g was
lobtained in fresh products and it was increased to 9.78 x 10
cfu/g in 120 days of storage. The highest fungal count was
obtained in jam (7.49 x 10" cfu/g) followed by jelly (6.85 x 10
‘cfu/g of sample), squash (4.80 x 10*cfu/g of sample) and candy\
(2.66 x 10" cfu/g of sample). Data also showed that
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significantly highest fungal count was observed in jam stored
Ifor 120 days (7.49 x 10°cfu/g) and the lowest in fresh candQ'
(1.13x 10" cfu/g). \
The results of present investigation can be conclude
Ithat after four months storage the total soluble solids, acidit;j
[reducing sugar, total sugar and browning was found to
increased significantly from the initial mean values across all
Ithe products. While, the non reducing sugar, ascorbic acid‘,
imoisture content and anthocyanin content of various karonda
products were decreased significantly from the initial mean
lvalues at the end of storage. Across all the products, an
‘increasing trend in bacterial and fungal count was recorded up
to 120 days of storage as compared to fresh products.

Table 11. Changes in bacterial count (per ml/g of sample) durihg storage of karonda products (mean of 2 years)

| Stdrage period (B)
Products (4) 0 Day 30 Days 60 Days | 90 Days 120 Days Mean
Candy 0.82x 10° 1.12x 10° 1.32x 10° 2.52x10° 3.72x 10° 1.90 x 10°
Squash 0.99x 10° 1.78 x 10° 2.58 % 107 4.68 x 10° 5.18x 10° 3.04x 10°
Jelly 323x10° 3.53x10° 5.06 x 107 8.03 x 10° 11.33x10° 6.24x 10’
Jam 2.35x10° 245x10° 6.15x10° 7.85x10° 9.25x 10’ 5.61x10°
Mean 1.84x 10° 222x10° 3.77x 107 5.77x10° 737x10°
A B AxB |

S.Ed. 0.071 0.074 0.142,
CD at 5% 0.14 0.15 0291

Table 12. Changes in fungal count (per ml/g of sample) durin% stor}age of karonda products (mean of 2 years)

" Storage period (B)

| Products (A) 0 Day 30 Days 60 Dalys | 90 Days 120 Days Mean
Candy 1.13 x 10° 1.33 x 10° 2.33 x10° 3.92x 10° 4.63x 10" 2.66 x 10°
Squash 2.02x 10° 3.82x 10" 4.72x 10" 6.02 x 10° 7.42x 10° 4.80 x 10"
Jelly 1.85x10° 2.45x 10° 6.06 x 10" 9.85x 10* 14.05 x 10° 6.85x 10"
Jam 3.36x 10° 4.05x 10" 7.95x 10 9.05 x 10° 13.05 x 10° 7.49 x 10°
Mean 2.09x 10° 291x10° 5.26x10", 7.21x 10" 9.78 x 10°

A B AxB' |

| S.Ed. 0.068 0.058 0.132] |
CD at 5% 0.14 0.12 NS | |
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IAbstract |

| Plants possess different antixenotic and allelochemical properties, which resultantly induce in them differen
mechanisms of resistance. The ber varieties/ genotypes Kali, Katha, Illaichi and Tikadi were found to be resistant; Akharot

a,

IDandan, Gola, Goma Kirti, Sanaur-1, Seb, Umran and ZG-3 moderately resistant; Badami, Banarasi Karaka, Gularvasi, Jogia)

‘Kaithli, Mundia, Reshmi, Sanaur-3, Thar Bhubhraj, Thar S

7vik and Thornless susceptible and Banarsi Pebandi,
Sanaur-2, Sanaur-4 and Sanaur-5 highly susceptible varieties/ genotypes against stone weevil. The fruit infestation ranged fro

Chhuhara

m

18.80 t0 49.44 % on retained fruits and 13.31 to 73.77% on dropped fruits. Tannins, phenols, alkaloids and flavonoids contents had

significant negative correlations (P = 0.01) with the percentage fruit infestation on retained fruits and the fallen fruits. The pulp

‘stone ratio was having significant positive correlations (P =0.01

)

1

ith percent fruit infestation on retained and the dropped fruits

[Two principal components (PCs) were extracted with eigep value =1.0, after varimax rotation with Kaiser normalizatior|

procedure which converged in three iterations. The extraction communalities for all the variables tested were = 0.5 indicating tha
he variables were well represented by the extracted PCs w ich together explained a cumulative variation of 90.75 %. PC

explained 70.74 % of the variation while PC2 explained 20.01 % of variation. PC1 had the loadings for flavonoid content (0.91),

tannins content (0.71), total alkaloid
‘(0.96) were loaded in PC2.

| . . . .
‘Key words: Ber, antixenatics, allelochemicals, stone weevil, rTeS|stance.

(0.93) and phenols conte‘nt (?.95). Pulp: stone ratio of different varieties/ genotypes of be

Introduction
The ber, Ziziphus mauritiana is native to Province of
unnan in southern China to Afghanistan, Malaysia and|
ueensland, Australia (Morton, 1987). It is native of South
and Central Asia, found throughout the arid and semi-arid
tracts. It is cultivated to some extent throughout its natural|
Lange on commercial scale and has received much
orticultural attention in India (Morton, 1987). Z. mauritiana
is a gregarious spiny shrub or a small tree, ends of branches|
Eurved or drooping. Branches and branchlets armed with short‘
tipular spines. The plant is a vigorous grower and has a
rapidly-developing tap root. The richness of the pulp in]
utritive compounds has been widely recognised.‘
onetheless, there are no definitive values for pulp
composition. However ber is richer source of protein,|
ghosphorus, calcium, carotene and vitamin C (Bakhshi and
ingh, 1974). The crop is gaining popularity among the‘
growers because of its adaptability to adverse climatic|
i:onditions and good returns of yield. The crop is suffered great
osses due to insect-pests and diseases (Singh, 2008) and more
than 130 species of insect-pests were found to attach the crops;
i‘n India. Balikai (2009) reported a total of 22 insect and non-‘

777+ 77777777777777 ‘5

insect species and likewise, Kavitha and Savithri (2002)
documented about 23 insect species on ber. In addition to
these, the ber stone weevil, Aubeus himalayanus \Voss
‘(Coleoptera: Curculionidae) appeared to be an emerging pes
reported from various region of India (Karuppaiah et al., 2010;
Balikai etal., 2013, Haldhar et al., 2012; Haldhar et al., 2013d;
‘Haldhar et al., 2016). The stone weevil is an emerging threaq
for ber production in India especially in Northern India.

| Plants having antibiosis characters such as
‘flavonoids, phenols, tannins, alkaloids etc. may cause reduceq
insect survival, prolonged development time, decreased size
and reduced fitness of new generation (Gogi et al., 2010;
‘Haldhar et al.,, 2013a). Hence such mechanisms of plan
resistance have been effectively and widely used for managiné
insect-pests in fields of horticultural crops (War et al., 2012
Haldhar et al., 2015a; Haldhar et al., 2015b, Haldhar et al.,
‘2017, Haldhar et al., 2018). Direct defenses are mediated b))
plant characteristics that affect the herbivore's biology such as
mechanical protection on the surface of the plants (e.g., hairs,
richomes, thorns, spines and thicker leaves) that either Kill or
retard the development of the herbivores (Hanley et al., 2007),

‘Identification of ber genotypes/ varieties resistant to stone‘

f

1

r



J\7veeﬁl ‘had not yet been initiated owing to inadequate
information on the sources of plant traits and understanding of!
Fhe effects of crop variability. The present investigation was
undertaken to identify various antixenotics (biophysical
structures) and allelochemicals (biochemical compounds)|
@raits of Z. mauritiana cultivars associated with resistance to‘
tone weevil infestation under field conditions.
\ \
‘Materials and methods |
Survey was conducted at different places of
Rajasthan, Maharastra, Haryan, Delhi, Punjab and different]
varieties/ genotypes of Z. mauritiana were collected. During
khe survey, trees were selected randomly on the basis of tree‘
spread and height, leaf and fruit characters. In each location|
three cutting with bud from a single tree were collected,
labeled and brought to CIAH farm. The seed of wild ber, z!
rotundifolia were used for raising the seedling in the nursery.|
The collected scion buds were used for shield budding on wild
ber seedling rootstocks. Three budded seedlings of each place‘
ere planted with a spacing of 6 x 6 min the field gene bank of|
ICAR-CIAH farm for establishment. Twenty nine varieties/
genotypes of ber, Z. mauritiana were finally selected for!
Eonservation, evaluation and resistance study at the field gene
ank at experimental farm of ICAR-Central Institute for Arid
Horticulture, Bikaner (at 28°06'45.0"N 73°20'52.4"E and|
Ititude of 234.84 m above sea level). All the recommended
agronomic practices (e.g. weeding, fertilization, hoeing, etc.)
were performed equally in each experimental plant. Twenty!
fruit were randomly selected in each of 3 replicates and‘
verage incidence was calculated as the per cent of fruit
infested with A. himalayanus during 2015-16 and 2016-17.|
Eased on Kaiser Normalization method, the resistance
ategory was mentioned as immune (no damage), highly‘
resistant (1-10%), resistant (11-20%), moderately resistant|
(21-50%), susceptible (51-75%) and highly susceptible (76-
‘100%) of all varieties/ genotypes of Indian ber against Al
himalayanus infestation. Two fresh fruits of each variety/|
enotype from each replication were selected, cut into small
Eieces and dried. For the estimation of biochemicals, thel
procedures used for each biochemical were flavonoids,
henols, tannins and alkaloid content and the analysis were
Iso determined on the basis of these procedures (Haldhar etl
pl., 2018). Ten marketable fresh fruits of each of the twenty-|
nine ber cultivars were used to record data on the
morphological traits (pulp: stone ratio, fruit surface and stone!
Eardness). The data on percentage fruit infestation,
iochemical fruit traits and principal component analysis were
analyzed by one-way ANOVA using SPSS 16 software|
ﬁO'Connor, 2000). The means of significant parameters among,
ested genotypes were compared using Tukey's honestly
significant difference (HSD) tests for paired comparisons at al
Probability level of 5%. |

Resultand Discussion |

The twenty nine ber varieties/ genotypes were taken
lfor resistance study against stone weevil. The significant‘
fifferences were found in percentage fruit infestation in|

retained and dropped fruits among the tested varieties/
lgenotypes during study. The varieties/ genotypes Kali, Katha|
‘Illaichi and Tikadi were found to be resistant; Akharota
Dandan, Gola, Goma Kirti, Sanaur-1, Seb, Umran and ZG-

Imoderately resistant; Badami, Banarsi Karaka, Gularvasi|
‘Jogia, Kaithli, Mundia, Reshmi, Sanaur-3, Thar Bhubhran
Thar Sevika and Thornless susceptible and Banarsi Pebandi,
IChhuhara, Sanaur-2, Sanaur-4 and Sanaur-5 highly
‘susceptible varieties/ genotypes against stone weevil at ICAR-
CIAH, Bikaner. The fruit infestation ranged from 8.80 to 49.4

|% on retained fruits and 13.31 to 73.77% on dropped fruit$
during 2015-16. The per cent fruit infestation was founﬂ
‘highest in Sanaur-2 (49.44 % in retained fruitand 73.77 % i

|dropped fruits) and the lowest in Tikadi (8.80 % in retained
fruits and 13.31 % in dropped fruits) followed by Katha (9.07
% in retained fruits and 13.71 % in dropped fruits) durind
|2015-16 (Table 1). The per cent infestation was recorded
highest in Sanaur-2 (49.88 % in retained fruits and 74.16 % in
‘dropped fruits) followed by Sanaur-5 (49.07 % in retained
fruits and 72.14 % in dropped fruits) during 2016-17 while
minimum per cent infestation was found in Tikadi (9.02 % in
retained fruits and 13.57 % in dropped fruits) followed by
‘Katha (9.26 % in retained fruits and 14.04 % in dropped fruits)‘
The fruit infestation was ranged from 9.02 to 49.88 % in
retained fruit and 13.57 to 74.16 5 in dropped fruits and
‘significantly lowers in resistant varieties/ genotypes an

higher in susceptible varieties/ genotypes (Table 2). Plant-
larthropod interactions are thought to be of utmost importancé
‘for understanding the dynamics of ecological communitiesr
(Sarmento et al., 2011; Han et al., 2016; Haldhar et al., 2018).
[Plant defense strategies against insect herbivores may involve
‘the synthesis of a plethora of biologically active compoundj
(allelochemicals), which are phylogenetically conserved i

Ispecific plant families or genera (Mithofer and Boland, 2012)|
Plants frequently display genetic variation within and betweeﬂ
‘population for traits that influence the preference of insects o

their hosts that is resistance traits (Johnson and Agrawal, 2005;
Haldhar et al., 2013c; Haldhar et al., 2017). Numerous studies
Ihave shown that varieties/ genotypes of the same crop specie

could significantly differ in their resistance to insect-pests
(Dhillon et al. 2005; Sarfraz et al. 2006; Gogi et al. 2010
Haldhar et al., 2013a, Haldhar et al., 2013b, Cartea et aI.I
‘2014; Haldhar et al., 2015a) and it is effected by biochemica|
traits of plants. Similar our findings also incorporated with
Gogi et al. (2010) and Haldhar et al. (2015b) that studied and
‘observed the lower fruit infestation and larval densities og
resistant varieties/ genotypes of bitter gourd and ridge gour:

lthan on their susceptible varieties/ genotypes. \
| Tannins, phenols, total alkaloid and flavonoiﬂ
contents ranged from 123.61 to 222.06 mg/100g, 42.95 t

190.33 mg/100g, 0.52 to 1.48 % and 9.32 to 24.42 mg/100g|
‘respectively with values significantly higher in resistan)
varieties/ genotypes and lower in susceptible varieties
lgenotypes (Table 3). Tannins, phenols, alkaloids and flavonoid
contents had significant negative correlations (P = 0.01) witn
‘the percentage fruit infestation on plant fruits and the falle

fruits (Table 5). The antixenotic fruit traits like fruit surface|
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stone hardness and pulp: stone ratio was observed for different
Varieties/ genotypes of ber. The pulp: stone ratio ranged from
2.12to 27.13 and was significantly high in susceptible and low)
in resistance varieties/ genotypes. The highest pulp: stone ratio

as found in variety Mundia and least in variety Tikadi. Most
of the resistant varieties were having extremely hardy stones
and in susceptible varieties the stones were slightly hard
(Table 4). The pulp: stone ratio was having significant positive!
correlations (P = 0.01) with percent fruit infestation on
retained and the dropped fruits (Table 5). Isoflavonoids
isolated from the wild relatives of chickpea acted as
antifeedant against H. armigera at 100 ppm. Judaicin and‘
maackiain were also found to be deterrent to S. littoralis and S.
frugiperda, respectively (Simmonds and Stevenson, 2001).|
‘Flavonoids played a central role in various facets of plant Iife‘
especially in plant-environment interactions. These defended
jplants against various biotic and abiotic stresses including UV|
radiations, pathogens and insect-pests (Treutter, 2006).
‘Tannins had a strong deleterious effect on phytophagous‘
linsects and affected the insect growth and development by
binding to the proteins, reduced nutrient absorption efficiency
and caused midgut lesions (Barbehenn and Peter Constabel,
2011). Phenols acted as a defensive mechanism not only|
against herbivores but also against microorganisms and
competing plants. Qualitative and quantitative alterations in
phenols and elevation in activities of oxidative enzyme in
response to insect attack was a general phenomenon (Barakat
et al., 2010; War et al., 2011; 2015c). Phenols also played anl
important role in cyclic reduction of reactive oxygen species
(ROS) such as superoxide anion and hydroxide radicals, H,O,
land singlet oxygen, which in turn activated a cascade of
reactions leading to the activation of defensive enzymes
(Maffeietal., 2007). Plantstructural traits such as leaf surface
wax, thorns or trichomes, cell wall thickness and lignifications|
formed the first physical barrier to feeding by the insect
(Agrawal et al., 2009). In these findings, biophysical traits
were also found significantly different among tested
‘genotypes (Gogi et al., 2010). The first line of plant defense‘
against insect-pests is the erection of a physical barrier either
through the formation of a waxy cuticle (Hanley et al., 2007)|
‘and/ or the development of spines, setae and trichomes‘
(Sharma et al., 2009). Chamarthi et al. (2011) reported that
leaf glossiness, plumule and leaf sheath pigmentation were]
responsible for shoot fly A. soccata resistance in sorghum, S.
‘bicolor. |
| Based upon the above morphological and
biochemical characters individually, it was impossible to
‘group the entities as variables were not in agreement to each
other. Hence, principal component analysis was performed to|
achieve parsimony and reduce the dimensionality by
extracting the smallest number of components that accounted
for most of the variation in the original multivariate data,
Taking into consideration five parameters viz., flavonoid
lcontent, total alkaloid, tannin content, phenol content and

777+ 77777777777777 ‘5

pulp: stone ratio principal component analysis (PCA) wa
‘performed. Two principal components (PCs) were extracte
\with Eigen value =1.0, after varimax rotation with Kaiser
Normalization procedure which converged in three iterations.
I The extraction communalities for all the variables tested weré
=0.5 indicating that the variables were well represented by thq
extracted PCs which together explained a cumulative
\variation of 90.75 %. PC1 explained 70.74 % of the variation
‘while PC2 explained 20.01 % of variation. PC1 had thg
loadings for flavonoid content (0.91), tannins content (0.71),
ltotal alkaloid (0.93) and phenols content (0.95). Pulp: stone
‘ratio of different varieties of ber (0.96) were loaded in PC%
(Table 6 & Figure 1). According to Gogi et al. (2010
Imaximum variation in fruit infestation was explained by
‘tannin and flavanol contents whereas, rest of the biochemica
fruit traits explained <0.2% variation in the fruit infestation.
|Haldhar et al. (2015a) found that two principal components
‘(PCS) were extracted explaining cumulative variation of 900/?
in melon fruit fly infestation and length of ovary pubescence,
Irind thickness, flavonoid content, ascorbic acid, free amino
acid, tannins content, and phenols content were the reIiabI?
lvariables for characterization of resistance. Prasad et al.
|(2015) observed two principal components (PCs) were
extracted explaining cumulative variation of 76.2%. Seed
‘weight, grain hardness, oviposition, adult emergence, medial
\development period and grain weight loss were the reliable
variables for characterization of resistance to S. oryzae. The
Isorghum lines EC 24, EC 22, PEC 8, PEC 7, EP 78, EP 57,
/AKR 354 were classified asresistantto S. Oryzae. ‘

Thus, from the foregoing account, it could be argued
'that reduction in stone weevil infestations on resistant
‘varieties/ genotypes could be due to antibiosi
(allelochemicals) and phenotypics (biophysical). Ber
\varieties/ genotypes Kali, Katha, Illaichi and Tikadi weré
‘classified as resistant to stone weevil and these could be useﬂ
in future breeding programme as resistant sources. Certai
Ibiochemical traits (e.g. flavonoid, tannins, phenols content
‘and total alkaloid) and biophysical traits (e.g. stone hardness
fruit surface and pulp: stone ration) were linked to resistancé
|of ber against A. himalayanus and therefore, could be used a$
‘marker traits in plant breeding programmes to select resistan}
varieties/ genotypes.
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Table 1. Per cent fruit infestation of stone weevil, Aubeus hinialayanus on different varieties/ genotypes of ber during 2015-16

S. No. Genotypes . Per cent fruit infestation Resistance category
Retained fruits Dropped fruits

1. Akharota 22.63 (28.39) 34.01 (35.66) MR
2. Badami 36.27 (36.99) 53.78 (47.15) S
3. Banarsi Karaka 25.95 (30.53) 35.09 (36.31) S
4. Banarsi Pebandi 45.71 (42.32) 62.60 (52.28) HS
5. Chhuhara 43.50 (41.25) 60.43 (51.00) HS
6. Dandan 2739 (31.53) 38.03 (38.06) MR
7. Gola 14.41 (22.29) 27.82 (31.82) MR
8. Goma Kirti 16.27 (23.73) 30.21 (33.32) MR
9. Gularvasi 36.76 (37.31) 57.42 (49.25) S
10. Ilaichi 9.76 (18.19) 15.49 (23.16) R
11. Jogia 36.50 (37.15) 58.57 (49.92) S
12 Kaithli 34.31 (35.84) 56.12 (48.50) S
13. Kali 10.46 (18.86) 14.79 (22.61) R
14, Katha 9.07 (17.50) 13.71 (21.67) R
15, Mundia 32.21 (34.56) 49.41 (44.64) S
16. Reshmi 31.71 (34.25) 47.64 (43.62) S
17. Sandura No. | 22.63 (28.39) 32.94 (34.98) HR
18. Sanaur-1 24.70 (29.79) 29.16 (32.58) MR
19. Sanaur-2 49.44 (44.66) 73.77 (59.26) HS
20. Sanaur-3 42.84 (40.87) 55.08 (47.90) S
21. Sanaur-4 46.01 (42.69) 66.48 (54.72) HS
22. Sanur-5 48.89 (44.34) 71.58 (57.78) HS
23. Seb 18.72 (25.62) 30.07 (33.24) MR
24. Thar Bhubhraj 41.58 (40.14) 60.02 (50.84) S
25. Thar Sevika 36.68 (37.26) 54.80 (47.75) S
26. Thornless 46.85 (43.18) 63.92 (53.12) S
27. Tikadi 8.80 (17.25) 13.31 (21.38) R
28. Umran 17.80 (24.94) 25.63 (30.40) MR
29, 7G-3 19.01 (25.76) 28.53 (32.27) MR

SEm+ 093 121

LSD (P = 0.05) 2.63 | 3.43

| *Values in parenthesis are angular -transformed
Value foll owing different letter down the column are R - res‘istant, MR - moderately resistant, S - susceptible and HS -Highly

susceptible

Table 2. Per cent fruit infestation of stone weevil, Aubeus himalayanus on different varieties/ genotypes of ber during 2016-17

" S.No. Genotypes Per’ cent fruit infestation Resistance category

| Retained fruits Dropped fruits

‘ 1. Akharota 22.38 (28.22) 34.49 (35.94) MR

‘ 2. Badami 36.66 (37.22) 54.47 (47.55) S

| 3. Banarsi Karaka 26.28 (B0.73) 35.54 (36.57) S

‘ 4, Banarsi Pebandi 46.23 (42.82) 63.08 (52.57) HS

‘ 5. Chhuhara 44.05 (41.57) 60.92 (51.29) HS

\ 6. Dandan 27.78 (81.79) 38.40 (38.27) MR

‘ 7. Gola 14.72 (22.54) 28.10 (31.99) MR

‘ 8. Goma Kirti 16.58 (23.98) 30.48 (33.49) MR

\ 9. Gularvasi 37.17 (87.55) 57.66 (49.39) S

\ 10. Ilaichi 10.09 (18.5) 15.66 (23.29) R
11. Jogia 36.90 (137'319) 58.99 (50.16) S
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12. | Kaithh | - ~ | 5644(48.68) | - S

! 13. Kali 10.84 (19.19) 15.10 (22.86) R

\ 14. | Katha 9.26 (17.7) 14.04 (21.95) R

‘ 15. | Mundia 32.91 (34.98) 49.58 (44.74) S

‘ 16. Reshmi 32.29 (34.61) 47.74 (43.68) S

\ 17. | Sandura No. 1 23.33 (28.86) 33.20 (35.14) HR
‘ 18. | Sanaur-1 25.14 (30.07) 29.81 (33.01) MR
‘ 19. Sanaur-2 49.88 (44.91) 74.16 (59.51) HS
\ 20. Sanaur-3 43.14 (41.04) 55.25 (48.00) S

\ 21. | Sanaur-4 46.57 (43.01) 66.82 (54.93) HS
‘ 22. | Sanaur-5 49.07 (44.44) 72.14 (58.14) HS
‘ 23. Seb 18.80 (25.68) 30.42 (33.46) MR
\ 24. | Thar Bhubhraj 41.99 (#0.37) 60.63 (51.20) S

‘ 25. | Thar Sevika 36.90 (37.39) 55.20 (47.99) S

‘ 26. | Thornless 47.08 (43.31) 64.25 (53.32) S

\ 27. Tikadi 9.02 (17.45) 13.57 (21.60) R

\ 28. | Umran 17.84 (24.97) 25.84 (30.54) MR
‘ 29. | ZG-3 19.20 (25.89) 28.87 (32.49) MR
‘ SEm+ 1.08 ' 1.22

LSD (P = 0.05) 3.07 | 3.47

*Values in parenthesis are angular -transformed

Value following different letter down the column are R - resistant, MR - moderately resistant, S - susceptible and HS -Highly

| susceptible

Table 3. Biochemical (allelochemical) fruit traits of different varieties/ genotypes of ber

S. No. Varieties/ genotypes Flavonoid " Tannins content Phenols content Total alkaloid
content | | (mg/100g) (mg/100g) content (%)
(mg/100g)* L

1. Akharota 16.32 "~ '179.60 (13.43) 77.73 (8.84) 1.14

2. Badami 13.29 [ 1140.07 (11.88) 55.42 (7.49) 0.62

3. Banarsi Karaka 15.72 | 1171.60 (13.12) 77.13 (8.82) 1.23

4, Banarsi Pebandi 10.99 ~128.99 (11.39) 48.24 (7.01) 0.61 ‘
5. Chhuhara 12.28 " 112292 (11.12) 44.22 (6.72) 0.52 !
6. Dandan 19.47 | 1159.41 (12.66) 70.71 (8.46) 1.04 \
7, Gola 18.36 .~ 170.90 (13.11) 79.47 (8.96) 1.15 ‘
8. Goma Kirti 20.35 " '175.67 (13.28) 77.64 (8.86) 0.93 ‘
9. Gularvasi 15.48 - 1136.42 (11.71) 57.66 (7.66) 0.65 \
10. | Ilaichi 23.65 | [215.97 (14.72) 87.83 (9.42) 1.36 \
11. | Jogia 12.86 123,61 (11.15) 58.32 (7.70) 0.64 ‘
12. | Kaithli 15.02 " 113723 (11.75) 61.40 (7.90) 0.57 ‘
13. | Kali 21.74 | 1197.38 (14.07) 80.26 (9.01) 1.44 \
14. | Katha 24.42 . 1198.14 (14.09) 85.71 (9.29) 1.48 \
15. | Mundia 12.36 145.96 (12.11) 53.70 (7.40) 0.80 ]
16. | Reshmi 14.40 115294 (12.40) 56.59 (7.59) 0.67 !
17. | Sandura No. 1 16.29 | [154.10 (12.44) 65.54 (8.16) 1.13 \
18. | Sanaur-1 16.35 _,160.80 (12.71) 63.95 (8.06) 1.11 ‘
19. | Sanaur-2 11.61 " "115.03 (10.76) 42.95 (6.63) 0.52 ‘
20. | Sanaur-3 14.02 | 1144.88 (12.06) 52.28 (7.30) 0.68 \
21. | Sanaur-4 9.32 . [123.85(11.15) 48.81 (7.06) 0.54 \
22. | Sanaur-5 11.32 ~116.03 (10.80) 43.58 (6.68) 0.40

23. | Seb 20.28 " 1176.77 (13.32) 76.44 (8.79) 0.99

24. | Thar Bhubhraj 13.03 | 1158.40 (12.62) 53.16 (7.36) 0.67

\
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25. | Thar Sevika 14.10 16224 (12.76) 56.94 (7.61) 0.71
26. | Thornless 11.35 ' 1222.06 (14.93) 45.75 (6.83) 0.54
27. | Tikadi 23.75 | ]200.67 (14.20) 90.33 (9.55) 1.53
28. | Umran 16.35 ~,169.50 (13.05) 63.97 (8.06) 1.17
29. [ 7G-3 18.00 " 1171.74 (13.13) 67.51 (8.27) 1.22
SEm+ 0.66 || 0.36 0.22 0.05
LSD (P =0.05) 1.88 1 1.03 0.61 0.14

* Analysis taken on dry weight basis of ber stone

Table 4. Morphological (antixenotic) fruit traits of different Vz‘lrieties/ genotypes of ber

' S. No. Varieties/ genotypes Pulp: stone ration | Stone hardness Fruit surface
| 1. Akharota 9.46 L Medium Plain

‘ 2. | Badami 543 Slightly Ridge

‘ 3. Banarsi Karaka 2688 | | Highly Ridge

| 4. Banarsi Pebandi 1830 | | Medium Ridge

‘ 5. | Chhuhara 1942 Slightly Plain

‘ 6. Dandan 9.51 I Highly Plain

| 7. Gola 10.13 | | Extremely Plain

‘ 8. Goma Kirti 1424 Highly Ridge

] 9. Gularvasi 1983 | | Medium Ridge

| 10. | Ilaichi 7.56 | ] Extremely Ridge

‘ 11. | Jogia 12.06 | Medium Ridge

‘ 12. | Kaithli 16.64 | Medium Ridge

| 13. | Kali 6.70 | ] Extremely Ridge

‘ 14. | Katha 6.99 L Extremely Ridge & Wart
‘ 15. | Mundia 2713 ' Medium Ridge

| 16. | Reshmi 11.73 | | Medium Ridge

| 17. | Sandura No. 1 7.31 L Highly Ridge & Wart
‘ 18. | Sanaur-1 9.07 - Medium Wart

| 19. | Sanaur-2 1291 | | Slightly Ridge & Wart
| 20. | Sanaur-3 15.01 | | Medium Ridge

‘ 21. | Sanaur-4 1534 Slightly Ridge

| 22. | Sanaur-5 1831 [ | Slightly Ridge

| 23. | Seb 1425 | | Extremely Plain

‘ 24. | Thar Bhubhraj 10.78 Slightly Ridge

\ 25. | Thar Sevika 1226 | | Slightly Ridge

| 26. | Thornless 10.50 | | Medium Ridge

‘ 27. | Tikadi 2.12 L Highly Plain

‘ 28. | Umran 685 | | Highly Ridge

| 29. | ZG-3 9.77 | ] Medium Ridge & Wart
. SEm+ 0.73 L

| LSD (P =0.05) 206 |

Table 5. Correlation coefficient (r) between per cent infestatipn on retained fruits and dropped fruits along with different ‘

allelochemical and antixenotic fruit traits of ber varieties/ genotypes

‘ Per cent Per cent ' Phenols Tannins Flavonoid Total ‘
| infestation on infestation on cpntent content content alkaloid \
‘ plant fruit fallen fruit _ (mg/100g) (mg/100g) (mg/100g)* content (%) |
| Per cent infestation 0.983" ] \
| on fallen fruit ) | ‘
Phenols content . s

| (mg/100g) -0.947 -0.928 || ‘
|  Tannins content i . i . | . ‘
| (mg/100g) 0.705 0.741 0‘.716

1 \

\ \

| — —
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Flavonoid content ok o ok o

(mg/100g)* -0.924 -0.916 0931 0.716 |

Total alkaloid -0.935" 10,966 09107 0.726™ 0.875" |

content (%) ‘ ‘

Pulp: stone ratio 0.479" 0.496 0.4217 -0.481" -0.504" -0.474

| **Significant at P =0.01 (two-tailed)
* Significant at P = 0.05 (two-tailed)

Table 6. Component loadings of parameters for resistance aga

nst stone weevil, Aubeus himalayanus in ber fruits

!
\
\
i
\
\
\
!

| S.No. Parameters | Principal components

‘ ‘ 1 2
‘ 1 Per cent infestation on plant fruit "] -0.95 0.24

| 2 Percent infestation on fallen fruit | | -0.95 0.27

| 3 Phenols content (mg/100g) . 1095 -0.19

‘ 4 Tannins content (mg/100g) "1 0.71 -0.40

\ 5 Flavonoid content (mg/100g)* 091 -0.29

| 6 Total alkaloid content (%) | 1093 -0.25

‘ 7 Pulp: stone ration [ -0.24 0.96

| Rotation Method: Principal Component Analysis with Varimax with Kaiser Normalization.

| Rotation converged in 3 iterations

: REGR factor score 1 for analysis 1
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bstract

Underutilized crops have the immense potential to‘pro{/ide social, nutritional and environmental benefits to global‘
community at large and local poor inhabitants in particular. Many underutilized species in arid zone are known for their edible
fruits or as vegetables viz. kair (Capparis decidua), lasora (Cordia myxa), jhar ber (Ziziphus nummularia), pilu (Salvadoraﬁ
bleoides), khejri (Prosopis cineraria), phalsa (Grewia subina quélis), bael (Aegle marmelos), karonda (Carissa carandas), fig
(Ficus carica) and tahiti lime (Citrus latifolia) etc. However; intensive work on germplasm collection, evaluation and|
improvement was done on lasora, karonda and khejri which resulted in identification of some high yielding genotypes in these

rops. In case of lasora, 13 germplasm accessions were collécted and evaluated from which four high yielding accessions viz!
CAZRI-G2025, CAZRI-G2021, CAZRI-G2012 and CAZRI4G2011 were found promising. Among the 8 accessions collected
and evaluated in karonda, the accessions, CZK-2011, CZK-2022 and CZK-2031 have shown high yield potential. Seven
bermplasm collections of budded khejri including the variety Thar Shobha were evaluated for pod quality and yield. The highesﬁ
‘pod yield was recorded in CAZRI-Kh-1(13.2kg/plant) foIIowep by‘CAZRI-Kh—2(11.6 kg/plant) in seventh year.

|
Key words: Underutilized fruits, evaluation, improvement, selection, lasora, karonda, khejri. \
\

| |
Introduction

| Underutilized crops have the potential to provide‘
lgreat social and nutritional benefits to the rural poor as well as|
the global community at large, and it is increasingly
recommended that they are identified, researched and
jpromoted in much the same ways and levels of resourcing as|
the world's main staple food plants. Under-utilized crops are
defined as species with under-exploited potential for
contributing to food security, health (nutritional/medicinal),|
income generation and environmental services. Though,
Indian desert is considered very harsh climatically forl
growing of fruit crops but there are several underutilized fruit
species mostly indigenous ones which can be grown
successfully either as rainfed or with supplemetal irrigation!
water wherever it is available.The potential underutilized
species for arid regions are kair (Capparis decidua), lasora
(Cordia myxa), jhar ber (Ziziphus nummularia),pilul
(Salvadora oleoides), khejri (Prosopis cineraria), phalsa
(Grewia subinaequalis), bael (Aegle marmelos), karonda
[(Carissa carandas), fig (Ficus carica) and tahiti lime (Citrus|
‘Iatifolia) etc. Cordia myxa L., locally called gonda/ Iasora/‘
lehsua belongs to family Boraginaceae and is found grown all
lover India except high hills. Itis resistant to drought and hence|
quite widespread in arid and semi arid regions of north India.
‘Being a multipurpose plant, it has long been associated With‘
health, nutrition and other diversified uses. The immature|
fruits of gonda are used as vegetable, pickled with raw mango
and can be dehydrated for use in off season. Karonda (Carissa
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| |
carandas) is another underutilized fruit crop with high
‘nutraceutical value besides its suitability in biofencing. Iﬂ
Ibelongs to family Apocynaceae which thrives well through
out tropical and sub tropical climate including arid regions.
The presence of vitamin C and anthocyanin enhances the
lantioxidant properties of karonda fruit (Sawant and Godghate|
2013). The fruit is used for preparation of jelly, pickle,
‘beverage and preserve. Some improved varieties developed‘
recently are Pant Manohar, Pant Sudarshan and Pant Suvarna. |
Khejri (Prosopis cineraria L. Druce) is an important
‘component of arid farming system and plays significantrole in
‘the economy of the farming community of the Indian desert.‘
Belonging to sub family mimosoidae of fabaceae
(leguminoceae) family, the tree is found growing in arid and
‘semi—arid parts of Rajasthan, Gujarat, Haryana, Punjab, Delhi‘
and some parts of southern India. The trees of khejri grow well
lin climatic constraints of arid zone. Because of its multiple
‘economic value and suitability in agroforestry systems, it i
conserved in arable land where its population is regulated b
the farmer (Saxena,1977). One collection of Tahiti lime was
‘also evaluated for its performance in arid climate With‘
supplemental irrigation and it emerged a suitable species with
llarger and seedless fruit. Looking to the commercial and
ecological significance of these multipurpose species, the
‘WOl’k on their collection, evaluation and improvement wer&
Istarted during 2000-2001 and still continuing and progress ig
‘being reported in this paper.



aterials and methods

Twelve germplasm accessions of lasora were!
collected in the form of seeds or bud wood depending upon the|
season during 2000-2008 from different parts Rajasthan and
ujarat.The seeds were first raised in the nursery while the |
bud woods were budded on to the seedling rootstock of the
same species in the nursery. Six months old seedling/budded
blants were transplanted in the field at 6x6 m spacing atl
Porticulture field, ICAR-Central Arid Zone Research‘
nstitute, Jodhpur for evaluation. In case of karonda, ripened
fruits of seven accessions were collected from different parts|
f Rajasthan while seedlings of Pant Manohar variety were
obtained from G.B. Pant University of Agriculture and
Technology Pantnagar (Utarakhand) during 2000-2005.The|
feeds from ripened fruits were first sown in nursery beds after‘
reating them with fungicides. One-year-old seedlings were
transplanted in the field at 4x4m spacing. Ten-year-old plants|
ere evaluated for vegetative growth, flowering, and fruiting, |
nd fruit morphological characters, fruit colour and fruit yield.
Twenty mature fruits were harvested randomly from each|
ccession to record observation on physico-chemical
Earameters. Fruit size (length and girth) was measured with‘
the help of digital vernier caliper while weight was taken by |
digital top pan balance. The total soluble solids (TSS) were
Hetermined with Erma Hand Refractometer (0-32°Brix). The
titratable acidity (%) and ascorbic acid content were|
determined by AOAC methods. Ten fruits from each accession
ere weighed and volume estimated by water displacement

method. Fruit yield from were recorded every year from 7"
ear onwards. In case of khejri, six accessions and a released‘
variety were evaluated during 2006-2015.0ne-year-old|
seedlings were transplanted in the field at 5x5m spacing in
2006.These seedlings were budded in situ with budwood
collected from six germplasm accessions from different parts
of Jodhpur district based on pod characteristics. Bud woods of
K/ariety Thar Shobha were collected from Central Institute for
rid Horticulture, Bikaner and the same was also budded in
situ on the seedling rootstocks along with collected
accessions.Uniform cultural practices were followed for!
‘maintenance of the plants of all the three species.The data on,
vegetative growth, fruiting, fruit yield and fruit morpho-
physiological parameters were recorded as per standard
methods.In case of Tahiti lime rooted layers were obtained‘
}rom aprivate nursery of Pushkar, Ajmer (Rajasthan) and were
planted in the field at 4x4m spacing and its performance with|
‘respect to fruit yield and fruit physico-chemical parameters‘
recorded.
\ |
‘Results and Discussion |
Germplasm collection and evaluation: The germplasm|
collection of different underutilized fruit crops (Table 1) were
%ade from different parts of India over a period of 10 years.‘
The collected germplasm has been evaluated and still being
maintained in field gene bank. The results of germplasm
evaluation in respect of different crops is discussed separately.‘

|
Table 1. Germplasm collection of underutilized fruits of arid region |
\
i

| Species No. of | | Source

‘ accessions |

" Lasora (Cordia myxa) 13 " | Rajasthan(Jodhpur, Pali,Ajmer,Chittor) and Guj arat(Bhuj)

| Karonda (Carissa carandas) 8 " | Rajasthan(Jodhpur, Udaipur,Ajmer) and |
\ | | Yttarakhand(Pantnagar) \
| Khejri (Prosopis cineraria) 7 | Jodhpur and Bikaner |
; Tahiti lime (Citrus latifolia) 1 ‘ /;%jmer ‘

Lasora |
| Thirteen germplasm accessions were evaluated for|
Lts growth, fruiting behaviour and fruit characteristics. On the‘

asis of their performance over the years it was noted that there
Wwas not much variation in different accessions with respect to|
vegetative growth such as plant height and canopy area but
Eignificant variation was recorded in fruit yield per plant and‘
fruit characteristics (Table 2). Mean bunch weight was highest|
E)137.4g) in accession No. G 2021 while lowest bunch weight

f 28.65 g was recorded in accession No. G2014. The No. of!
fruits per bunch ranged from 4.62 g (G 2014) to 14.80 g (G|
2021). Similarly, mean fruit weight varied from 5.81 g to 10.5

in different accessions. The stone pulp ratio was maximum!
(1:6.5) in accession No. G 2025 and minimum (1:5) in
accession No. G 2013. Fruit yield of selected genotypes are
biven in Table 2. Based on continuous high fruit yield\

| |
777+ 77777777777777 ‘6
\ \
\ \
| |

‘accession No0s.G2025, G2061, G2012, G2021, G2022, 62062
land G2011 were selected for further evaluation. The selected
‘genotypes were multiplied by vegetative means (budding) tq
maintain their clonal purity. Based on consistent higher yield,
the accession nos. CAZRI-G2011, CAZRI-G2012, CAZRH
G2021 and CAZRI-G2025 (Fig.1) have been found
‘promising. Budded plants these genotypes have also been‘
planted at one farmer's field to validate their superiority at
outstations. All the four genotypes bigan fruiting in third year
Wwitha range of 5-15 kg per plant under limited supplementaryJ
irrigation. \

The fact that the lasora has been traditionally
‘propagated by seeds generating variation in plant population‘
due to segregation. Higher variability from seed propagated
progeny were recorded in respect fruit yield per plant while
harrow range of variations in fruit size, shape cluster Weight,\



Fig. 1: Fruits of high yieldirpg il‘nproved genotypes of lasora

Table 2. Fruit morphological characteristics and yield (‘)f lg accessions of lasora

\
\
| SN
\

Accessions Mean bunch No. of fruits Mean fruit Pulp: stone Fruit yield
weight (g) per buqch ‘ weight (g) ratio (ke plant-l)
1.  |CAZRI-G2011 60 gh | 8.0 6.0 22.85
| 2. |CAZRI-G2012 62.0 10.0 | 7.8 5.6 27.9
3. |CAZRI-G2013 110.0 76 | 9.5 5.2 8.5
4. |CAZRI-G2014 28.65 4.62 | 7.91 6.0 10.5
5. |CAZRI-G2021 137.40 14.80 9.0 6.0 59.5
6. |CAZRI-G2022 57.40 8.40 5.81 5.0 13.2
7. |CAZRI-G2023 58.63 8.90 | 7.63 6.0 14.0
| 8. |CAZRI-G2025 61.5 14.0 | 10.5 6.5 98.2
| 9. |[CAZRI-G2026 60.0 10.0 | 8.5 5.6 12.0
| 10. |CAZRI-G-2051 75.6 9.5 | 7.2 6.2 9.5
| 11. [CAZRI-G-2061 452 6.5 | 6.8 5.1 26.0
' 12. [CAZRI-G-2062 66.2 75 7.2 4.5 31.0
13, |CAZRI-G-2063 42.6 62 | 5.8 5.2 21.0
| CD(P=0.05) 15.27 521 | 2.61 1.42 15.76

number of fruits per cluster, fruit weight and pulp: stone ratio|
&Meghwal et al., 2015). Samadia (2007) surveyed the Iasora‘
ore variability sites in Rajasthan and reported the variability
in tree height, canopy volume and fruit and seed]
morphological characters. He also observed two types of‘
ieaves in lasora i.e. large and small size. The large leaf types
produce big fruited gonda, while smaller leaf types produce|
maller fruits of wild types with no commercial value. In
Eermplasm collection at CAZRI also both the types of

germplasm are being maintained. Moreover, we have used
fmall fruited types as rootstock for commercial big fruited‘
ypes, since the former is considered more drought hardy and
seed germination percent is also higher (Meghwal, 2007).|
Eurther, the evaluation of different rootstocks also revealed‘
etter performance on small fruited gonda rootstock in regards
to higher fruit yield and longer graft compatibility (Meghwall
Ftal.,2014).



Eight germplasm (Fig. 2) including a released variety‘

i.e. Pant Manohar were evaluated for their performance in arid
region. Great deal of variation was recorded in plant height,
canopy area, growth habit, precocity, morpho-physico-|
hemical characteristics of fruits and fruit yield (Table 3&4).
he data on plant height did not show significant differences
among the accessions, while canopy area and fruit yield|
{ecorded significant variation. The fruit yield of accession No.
CZK2011 was exceptionally very high during all the years.
The mean fruityield of this accessions found highest (33.98 kg|
lant™) followed by CZK 2031(24.28 kg plant®) and CZK
022(24.03 kg plant™). The physico-chemical characteristics
of fruits of different accessions also showed significant|
‘variations (Table 3). |
Rich diversity in physico-chemical characteristics of

the fruits of different accessions indicate the presence of]
Penetic diversity in karonda accessions maintained at field‘

4

"

CZK-201.

gene Bank in CAZRI. Variations in the germplasm of karonda
with regard to physico-chemical characters and fruit yield‘
corroborates the earlier findings from Punjab (Bal, 2003) and
high degree of genotypic and phenotypic variability reported
from Maharashtra by Sawant et al. (2003). Based on long term!
‘performance of the germplasm for fruit yield and otheq
desirable attributes, the accession Nos.CZK2011, CZK2022
land CZK2031 may be recommended for dual purpose (bio-
‘fencing and fruits) inarid zone. |

Khejri |
| Wide variation exists in the natural stands of khejri‘
due to occurrence of cross pollination and prevailing seed
lpropagation. From the Horticultural quality point of view, the
variability in pod quality traits is most important. Parees
‘(2002) observed diversity in pod characteristic such as tast
(flat, bitter, acrid and sweet), tenderness (hard, semi hard, lesg
‘tender, tender), fiber content (fibrous, less fibrous and‘

I CZK-2000

\ Fig. 2: Fruits of genotypes of Karonda

[Table 3. Vegetative growth and fruit yield of karonda accessiohs

| Genotype Plant Canopy L Fruit yield Mean yield
height(m) area(m’) (kg plant™) (kg plant™)

\ 12012 2013 2014 2015

| CZK2000 247 11.84 116.50 17.2 18.5 20.1 18.80

CZK2011 3.06 10.45 122.60 31.5 40.6 41.2 33.98

'CZK2012 2.51 4.86 '13.00 12.1 15.3 18.8 14.80

| CZK2013 2.90 9.62 115.20 17.0 19.8 22.5 18.63

 CZK2021 2.56 6.73 1452 16.3 17.8 185 16.78

' CZK2022 2.38 5.14 '20.2 22.4 24.8 28.7 24.03

| CZK2031 2.45 6.76 118.20 21.6 25.1 32.2 24.28

 Pant Manohar 2.62 6.92 116.80 183 20.2 235 19.70

"Mean 2.62 7.79 '17.13 19.55 22.76 25.69

" CD(p=0.05) NS 2.14 '3.07 3.71 4.60 4.45
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seed number, seed size, protein content and mineral
fonstituents. Among these traits, sweet taste, longer, thin,‘
ender pods green in colour, and less fibrous ones are the
desirable traits for culinary purpose. The trees having|
ﬁesirable pod characteristics may be identified from the‘
atural population. Seven germplasm accessions of khejri
including variety Thar Shobha were evaluated for pod|
Eharacteristics. Significant variation was recorded for pod‘
haracteristics (Table 5). The bunch weight ranged from 6.2
(Thar Shobha) to 16.26(CAZRI-Kh-3), while number of fruits |
Eer bunch varied from 4.5 to 19.6. Similar variations were also
ecorded for mean pod weight, mean pod length, pod girth,‘
number of seeds per pod and dry matter content. The variation |
for pod characteristics is quite obvious as the germplasm has
been collected from natural population multiplied by seeds.

earlier reports of recorded variability from natural population
Pf khejriinarid regions of Rajasthan (Vishal nath etal., 2000). |

Tahiti lime (Citrus latifolia) \
Evaluation of large fruited lime germplasm indicated‘

khat itisafastgrowing, precocious bearer and cold hardy. The
pblant growth was very luxuriant during favourable period i.e.|
from July to March but it could not tolerate hot weather during
‘April to June which resulted into leaf burning, sun scorching‘
and shrinkage of fruits (Anon 2006). Mean fruit yield after 5|
ears of planting ranged from 15-20 kg per plant depending
pon the weather condition during flowering and fruiting. Its‘
flowering and fruiting can be synchronized by crop regulation|
in such a way that fruit harvesting is completed by end of the
arch to avoid heat injury to the fruits. Physico-chemical‘

|
Table 4. Physico-chemical characteristics of fruits of Carissa rardndas |
Accession Fruit size(mm) ffruit Fruit No. of [TSS Acidity | Dry Vitamin C (mg
No. Length | girth |weight  volume se(lds/ilruit (°Brix) matter 100"'g) |
g) (cc) || (%) |
CZK2000 17.37 14.32 | 2.60 1.95 3.5 | 9.2 2.90 13.56 34.32 |
CZK2011 21.79 | 16.35 | 3.74 3.8 63 9.4 2.82 12.85 35.88
CZK2012 23.05 | 18.29 | 2.96 3.2 3l6 | 9.5 2.92 13.19 24.96 |
CZK2013 23.52 19.22 | 4.86 43 6‘+ | 8.5 2.84 12.31 43.68 |
CZK2021 19.29 | 16.05 | 2.76 3.1 6.6 8.0 2.75 13.83 31.2
CZK2022 2247 [ 19.14 [ 4.18 4.5 49 | 8.5 2.14 12.77 31.2 |
CZK2031 22.66 19.57 | 5.01 4.7 514 8.7 2.95 12.96 37.4 \
Pant 21.52 17.15 | 3.34 3.4 3.5 9.0 2.90 13.00 31.2
Manohar o |
CD (5%) 0.77 0.68 | 0.30 0.17 0121 | 0.18 0.17 0.22 0.48 \
Table 5. Pod characteristics and yield of budded khejri germpldsm | |
Acc. No./variety Bunch No. of Mean | Mean Pod No. of Dry Mean pod ‘
weight pods per weight length girth seeds per matter yield
(2) bunch (2) | (dm) (mm) pod (%) (kg plant-1) |
CAZRI-Kh-1 13.22 19.6 0.99 | 12.94 2.9 9.81 13.58 13.2 ‘
CAZRI-Kh-2 10.88 13.0 1.13 _ 11.53 3.08 9.2 12.35 11.6
CAZRI-Kh-3 16.26 9.0 1.58 | 1336 3.11 14.40 20.85 10.5 |
CAZRI-Kh-4 12.50 6.2 3.10 | 12.6 4.8 11.2 22.82 8.6 \
CAZRI-Kh-5 5.8 6.3 2.1 8.5 2.8 10.2 17.2 7.5
CAZRI-Kh-6 18.05 10.0 2.26 12.04 4.03 12.0 25.68 9.2 |
Thar Shobha 6.2 4.5 2.5 16.16 2.5 14.05 19.06 7.8 |
CD(P=0.05) 4.27 6.21 1.2 4‘;.2 2.1 3.24 5.12 2.5 |
tharacteristic of the fruits are as follows: References |

No. of fruits per cluster :3-5
Average fruit weight : 759 (range 60-90 g)

Bindthickness :2.5mm

Juice percent :56.45

Qcidity :5.76%
eedlessness :100%

i
\
|
I
\
\
\
|
TSS (7% |
\
\
\
\
|
\
|

‘Anonymous. 2006. Annual Progress Report, CAZRI, Jodhpur‘
Bal, J.S. 2003. Genetic resources of underutilized fruits in
\ Punjab subtropics. Acta Hort., 623:325-331. \
‘Meghwal, P. R. 2007. Propagation studies in lehsua (Cordi%
myxa). Indian J. Agri Sci., 77(11): 765-767.
IMeghwal, P.R., Singh, A., Pradeep-Kumar and Morwal, B.R|
| 2014. Diversity, distribution and horticulturaJ
potential of Cordia myxa Roxb.: a promisin
| underutilized fruit species of arid and semi-arid



\ \
\ \
— T T T T T T S gl i ol o o v e T T T T - = =
Arid Horticulture Vol. 13 (1-2): 59-64
\ \
\ \
|

e |\ - - - - - _ |
regions of India. Genet. Res. and Crop Evolution, Agric.Uni., 27(3):266-268.
| 61:1633-1643. ‘Sawant, R.S. and Godghate, A.G. 2013. Comparative studies
Meghwal, P.R., Singh, A. and Pradeep-Kumar 2014. | of phytochemical screening of Carissa carandas
Evaluation of selected gonda genotypes (Cordia Linn. Asian J. PI. Sci. Res., 3(1):21-25.
myxa L.) on different rootstocks. Indian J. Hort.,‘ ‘Saxena,S.K. 1979. Plant foods of western Rajasthan. Man and

MD 71(3):415-418. ‘

areek, O.P. 2002. Top-working wild Khejri trees. Indian
Horticulture, 4(1): 11-12.

ﬁawant, R.B., U.T. Desai, S.A. Ranpise, T.A. More and S.V.

Sawant, 2003. Genotypic and phenotypic variability

in karonda (Carissa carandas L.). J. Mah.|

Environment, I11: 35-43. ‘

Vishal Nath, Pareek, O.P., Saroj, P.L. and Sharma, B.D. 2000.
Biodiversity in Khejri in arid region of Rajasthan:\
Screening of Khejri for culinary value. Indian J. Soil‘
Cons., 28(1): 43-47.



!
\
- - -t - - - - - - - - - — — = = = \
\
\

\

|

INDIAN JOURNAL OF |

\ ARID HORTICULTURE |

L L S s Vel 136570,

| . . (I . . |

.~ An adoption of improved varieties of kachri (Cucumis melo

var. callosus) in hot arid region of Rajasthan: An impact

assessment

| S. R. Meena* M. K. Jatav and P. L. Saroj |
ICAR-Central Institute for Arid Horticulture, Bikaner-334 006

| *Corresponding aurhor email: srm. extn@gmail.com |

| | |

‘Abstract ] |

| The present study was conducted in all 12 districts of hot arid region of Rajasthan during last 10 years (2007 -2017). These!
districts were purposively selected for the study as the farmers|of these district have adopted the improved variety (AHK-119) of |
kachri and was grown extensively during kahrif/summer season of the year. An extensive study was conducted to assess the
impact of adoption of this improved variety and it was found that the average production of the improved variety was 89 q/ha‘

hile that of local variety (local check) was 64.0 g/ha. This jllustrate that average production of improved variety of kachri,
(AHK-119) was 39.06 % higher than the production of local one. Per hectare net return from the improved variety of kachri
(AHK-119) was 107.35 % higher than the net return achieved from the local variety of kachri. The total area under cultivation of!|
improved variety AHK-119 of kachri in entire hot arid region qf Rajasthan was 1277 ha in 2007 which increased to 3865 ha in the‘
year 2017. The gross return from the improved variety of kachri (AHK-119) in entire hot arid region of the Rajasthan was 17.50
corers in 2007 which increased to 52.97 crores in 2017. Likewise thee net return from the improved variety of kachri (AHK-119) in|
gntire hot arid region of Rajasthan was 12.88 crores in 2007 which‘increased t0 38.98 corers in 2017 i.e. increased three times in‘

017 in comparison to the year 2007. There were observed several progressive farmers who multiplied/produced the seed of
improved variety of kachri (AHK-119) under the scientific guidance of the scientist of the Institute (ICAR-CIAH, Bikaner) and|
Fold it @ Rs. 2000 3000 or more per kg to other needy farmers/FIier‘lts to earn money. |

‘I ntroduction | k/elocity in June is very high which leads to heavy wind erosion‘
| The hot arid regions of the India are spread over 32|  land formation of sand dunes. Some time strong sand storms of
illion ha (0.32 million Sg.Km.) in the state of Rajasthan‘ very high speed (60 -70 km h™) with huge amount of sand
[21%), Gujarat (20%), Andhra Pradesh (7%), Punjab (5%), particles also occurs. The soils are coarse textured with lo
Haryana (4%), Karanataka (3%), and Maharashtra(0.4%)|  &ilt, clay and humus content and water holding capacity is very!
which are characterized by hostile agro-climatic conditions‘ ‘Iow and infiltration rate is very high. The soil fertility is very‘
and fragile eco-system. As reveals that out of total' poor having low organic carbon (0.02-0.06%). Soil salinity,
geographical hot arid area of the country (India), more than 60|  |calcareousness and gypsiferous nature of soil add another
% area falls under the state of Rajasthan which spread over,  dimension to these constraints in adoption and production any,
arid 12 districts viz., Jaisalmer, Barmer, Bikaner, Churu, Sikar,‘ ‘crops in hot arid regions (Dhadar and Saroj, 2004). Thus, the‘
ghunhjunu, Naguar, Jodhpur, Pali, Jalor, Sriganganagar,| |hot arid region of Rajasthan is full of challenges, threats and|
Hanumangarh of the state. In general, the hot arid region of ~ constraints which inhabit advancement of the crop production
ajasthan receives very low rainfall, varies from 100 mm and farming system. However, the hot arid region has been
annun’in north-western district of Jaisalmer to 450 mm per|  plessed with some of the strength also which disclose the rays
annum in the eastern boundaries of arid district of Rajasthan. of hope and scope of advancement of horticultural
The potential evapo-transpiration varies from 2063 mm in! ‘development in the region. Aamong such strength, the
aisalmer to 1503 mm in Sikar districts of Rajasthan. The|  availability of potential bio-diversity/genetic resources,
rainfall is very erratic and often experienced prolong drought. existence of promising germplasm and drought hardy species
The ground water table is very deep and often brackish inl  lof ccucurbitaceous vegetables, etc., are the major strengths\
ature. The extremes of temperature having severe winter yvhich can play vital role in horticultural developmentinthese‘
during December-January with temperature as low as -4° C  regions. The cucurbitaceous vegetables are the largest group
and very hot summer during May-June with temperature as/  lof vegetables among all vegetables grown in hot arid region of
high as 48-50 °C is another important characteristic of the hot|  Rajasthan. There were various potential and unique
arid region of Rajasthan. The solar radiation is very high (from  cucurbitaceous vegetables which were grown traditionally
400 Cal cm™day™ in winter to 625 Cal in summer). The wind/  land used/consumed widely by the dwellers of the region in

Keywords: Adoption, production, improved variety, kachri, ir‘npaft assessment, hot arid region.




various ways using their own traditional knowledge and
methods. Among them, kachri is the most favourite and!
ccepted vegetable among the local people of the arid region‘
of Rajasthan. It is highly drought hardy cucurbitaceous
Vegetable of the region which is grown there from ancient!
ime. Kachri, belongs to the family- Cucurbitaceae, genus-

ucumis, species- melo and var. callosus/agrestis. it is mainly
grown during the rainy season under the mixed cropping|
Eystem at large scale or as sole crop at small scale. Some of the‘
armers who had irrigation facilities grew the kachri as sole
crop during the summer season also. Kachri is the most liked|
ﬁraditional vegetable in hot arid regions where it was utilized/‘
onsumed by > 90 % people as fresh for vegetable purpose and
in the forms of various traditionally value added products. |

bevelopment of the variety: Considering immense socio—‘
economic importance and industrial potentiality of kachri,|
ICAR-Central Institute for Arid Horticulture, Bikaner
addressed the improvement and scientific cultivation of|
Kachri (Cucumis melo var. callosus Rott. Cong). The Institute,
initiated the systematic exploration and research work on
improvement of kachri. In 1994, intensive crop specific‘
surveys and explorations were undertaken in hot arid and‘
semi-arid regions of the country and a large number of
germplasm (land races, local types and semi-cultivated) of!
achri were collected, documented, conserved and potential‘
among the same were evaluated. After an extensive evaluation
and hard work, the Institute developed and released a unique!
improved variety of kachri in 1998 and named as "AHK 119"‘
nd disseminated to farmers fields.
\ The farmers realized the potentiality and beneficial|
eatures of this variety (AHK-119) like very early variety, can |
Erown twice in a year (kharif & summer season) with limited
water/ soil moisture, high yielding, best suitable in existing|
Farsh climatic conditions, uniform shape, size and colour of
he fruits, very good taste and aroma, suitable to prepare the‘
value added products, has long shelf life, high market demand, |
comparatively high return/ha, etc. and started to grow it on
their fields at large commercial scale. The graph of high
demand of seeds of this variety hiked year to year. The areaand,|
roduction of the variety increased very fast year to year and
ontinue to increase with increasing rate among large number!
pf farmers. However, it was not crystal clear picture and actual
osition of adoption/spread, production, productivity,
conomic return and other impacts of adoption of this!
jmproved variety of kachri "AHK-119". Keeping these facts in‘
mind, an intensive impact study was conducted in hot arid
regions of Rajasthan with the objective "to assess the impact of |
doption of improved variety (AHK-119) of kachri in hot arid‘
region of Rajasthan". ‘

Methodology |

The present study was conducted in all 12 districts of
hot arid region of Rajastha during last 10 years (2007 -2017). |
These districts were purposely selected for the study as the‘
Jfarmers of these districts have adopted the improved variety
(AHK-119) of kachri and are growing extensively during each|
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kahrif/summer season of the year. The data and information
were collected from multifarious sources/ techniques with the!
‘help of semi-structured interview schedule as per objective of‘
the study. The major sources/techniques used to collect the
data and information for the study were : \
‘\/ Bench mark surveys. |
v' Data/information recorded under front line demonstrations
| onfarmer'sfields. \
‘\/ Interviewing and group discussion with farmers/clients. |
v" Discussion and information collected from farmers during
| differenttraining programmes. \
‘\/ Discussion and feed backs recorded from several farmers
during the display of technological exhibitions in differenﬂ
|  farmers'fairand other occasions. . |
v' Information/data collected from the line departments and
" NGOs. |
v Information/data collection from the field workers and|
secondary sources.
v Collection of data/information from KVKs of the hot arid
| regionof Rajasthan. \
v" Individual online/telephonic discussion and feed backs of
| the farmers/clients and agencies. |
v Collection of information from seed producing and
supplying agencies.
v Discussion and feed backs from progressive farmers of the
| inhotarid region of Rajasthan. ‘
v’ Collection of information/data from local vegetable
| markets/mandies, etc. |
| Thus, the data/information about the adoption,‘
production and spread of the cultivation of improved variety
of kachri "AHK-119" were collected extensively froml
‘multifarious sources to assess the impact of adoption and
production cultivation spread of this improved variety ofJ
kachri.. The data and information so collected were compiled,
‘estimated, analyzed and tabulated using the appropriate‘
statistical tools and techniques to draw the
inferences/conclusion of the present study. The
outcomes/results of the study are being disclosed and cited in
‘details as follows. |
| |
Results and discussion
| Results and discussions of the outcomes of the stud)/
are cited under different heads and subheads as follows. \

‘Comparative economic and vyield potential of improved‘
variety (AHK-119) of kachri \
A comparative study was carried out to show the
‘production and yield potential of improved variety of kachri
ver local one. During the study, 100 farmers were selected in‘
each group viz. growing AHK 119 and local kachri. The
data/information were collected from both the categories of
‘the farmers and comparison was made between the gross and‘
net return achieved/ha from the improved variety as well as
and local variety (local check) of the kachri. It was found that
‘the average production of improved variety of kachri (AH K-‘
119) was 89 g/ha while that of local variety (local check) was
64.0 g/ha only showing there by that average production off



improved variety of kachri (AHK-119) was 39.06 % higher
over then local one. The average gross return and net return!

chieved from the improved variety of kachri (AHK-119)‘
were 137060 and 100860, respectively while the average
gross return and net return achieved from the production of|
Focal variety (farmers practices) of kachri were 77440 and‘
48640, respectively (Table 1 and Figure 1). This illustrates
that net return achieved from the improved variety of kachril
AHK-119) was 107.35 % higher over the net return achieved

|

findings were reported by Balai, et. al. (2013).

‘Adoption and spread in area under the improved variety

(AHK-119).

(

| Table 1. Comparative average cost of cultivation, gross and Pet r‘eturn (round figures) from production of improved variety
(AHK-119) and local variety of kachri.

The Institute released the improved variety of kachri

|
|
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|

| Jproduction. The yearly calculation/estimation of the status off

| Ppread in area and production of improved variety of kachri
(AHK-119) and local one are given in Table 2.

| The data in table 2 reveals that the total area under

cultivation improved variety (AHK-119) of kachri in entire
AHK-119) and initiated the work on dissemination and  hot arid region of Rajasthan was 1277 ha in 2007 which

Particulars/operations Average cost c¢ultivation involved Average cost of cultivation in
growing the ‘imp{oved variety (AHK- growing the local variety of kachri
119) of kachri by 100 farmers (Rs./ha) by 100 farmers (Rs./ha)

Land Preparation 6000 4600

Seed | 1600 1500

Fertilizer 7200 4000

Irrigation 2000 1500

Agro Chemicals (including pesticides) | 2400 1200

Other labour charges (including ha rvesting | 1‘7000 16000

and transportation)

Total cost of cultivation | 36200 28800

Kachri production (g/ha) . 189 64

Selling price of kachari (Rs/q)* 1540 1210

Gross return from kachari/ha* " 137060 77440

Net return from kachari/ha* | 100860 48640

*The return/income includes both from fresh as well some V?Tlue ‘added products of kachri.

137.06

140 -

Rs. (000)/ha
(0]
o

20 4 o/

s

m Gross return from Kachari (Rs/ha)
m Net return from Kachari (Rs/ha)

77.44

Improved variety (AHK-119)
Fig 1: Difference in gross and net returns ('000'Rs./ha) from prpdugtion of improved variety (AHK-119) and local variety of kac

| Local variety

4 g VU U DR
popularization of the same among the farmers to adopt it. A

large number of farmers realized the potentiality and benefits
‘of this variety. Initially, a few farmers adopted and started its‘
cultivation. The popularity of the variety increased very fast
among the farming community and demand hiked within 3-4
years of its releasing. The area and production of this variety i?
continuously increasing year by year. In past, the farmers o

the hot arid region of Rajasthan adopted AHK-119 veryl
| Ppeedily at large scale and it was calculated that the spread
rom the local variety (local check) of kachri. Similar kind of  over about 4000 ha area within a few years with large

Il
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%creased to 3865 ha in the year 2017. In case of different
district of the hot arid region of Rajasthan, maximum area of|
i{mproved variety of kachri was under in Bikaner district‘
ollowed by Nagaur district which increased from 630 to 1720
ha in Bikaner district and from 348 to 1081 in Nagaur districts|
guring the year 2007 to 2017, respectively. The other district‘
where the improved variety of kachri is grown on more than
100 ha of land in 2017 were Jodhpur, Barmer, Sikar and|
ﬁhununjhunu. However, the area under this improved variety‘
f kachri was observed fluctuated year to year which might be
tlue to uncertainty in climatic conditions in hot arid region and|
ther factors like erratic and low rainfall, high temperature,
requently occurrence drought and strong sand storms,‘
scarcity of water, low availability of seeds, attack of pests and|
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‘diseases, low supply of electricity and canal water, etc.
‘Gross and net return from the improved variety (AHKT
119) of kachriinentire hot arid region of Rajasthan.
| On the basis of information/data collected during the
tudy, year wise gross and net return earned from the improve%
ariety (AHK-119) of kachri in entire hot arid region o
Rajasthan were analyzed and statistically calculated. The
‘results revealed (Table 3) that the gross return from thﬁ
improved variety of kachri (AHK-119) in entire hot arid regio
of the Rajasthan was 17.50 crores in 2007 which increased td
2. 97 corers in 2017 i.e. three times increase in last ten years.
Likewise the net return from the improved variety in entire hoé
rid region of Rajasthan was 12.88 corers in 2007 which

Table 2. Year wise area under improved verities of kachri (AHK 4119) in different districts of the hot arid region of Rajasthan |

| (Area in ha.*)

| |
2011

" Districts 2007 [ 2008 [2009 [2010 2012 [2013 [2014 [2015 [2016 [2017
[ Barmer 32 35 36 105 62 1 92 78 122 103 122 145 1
 Bikaner 630 707 472 1280 [1087 | 1465 [ 1292 [ 1480 | 1405 | 1505 [ 1720 |
" Churu 32 23 29 58 52 |62 65 80 72 84 9%
| Sriganganagar 10 10 9 36 28 | 33 31 35 28 35 41 !
| Hanumangarh 11 10 11 28 125 | 31 26 36 30 34 46 |
Jaisalmer 19 18 18 52 68 78 51 68 52 72 86 ‘
" Jalore 17 21 24 64 59 71 54 71 62 83 85 ‘
| Jhunjhunu 40 18 20 55 64 | 74 61 89 78 89 137 |
' Jodhpur 50 37 36 104 94 131 112 152 141 152 181 |
' Nagaur 348 230 267 688 572 774 695 1035 | 902 925 1081
| Pali 39 16 20 42 68 | 79 52 89 74 92 1o |
| Sikar 48 25 25 78 74 | 95 80 108 110 122 137 |
' Total areau  nder | 1277 | 1152 | 967 2590 | 2253 [2985 |[2597 [3365 |3057 |3315 | 3865
| AHK-119 in hot o \
| arid region of | ‘
Rajasthan
[ % area of the 62.11 | 67.17 | 64.96 | 6429 |179.25 | 87.41 |87.11 |74.69 | 79.77 | 8548 | 63.44 |
| country (I ndia) | \
under AHK  -119
inhotaridr egion . |
| of Rajasthan. | |

* Kharif + summer season

‘Table 3. Year wise total area (ha), production ('000'tons), grosi anq net income (in Corers) from improved variety of kachri |

(AHK-119) in hot arid regions of Rajasthan.

| Years Area* Production \ || Gross return Net return
12007 1277 11.37 (] 17.50 12.88
2008 1152 10.25 11579 11.62
12009 967 8.61 111325 9.75
12010 2590 23.05 | 1]35.50 26.12
2011 2253 20.05 [ 3088 22.72
12012 2985 26.57 " T 4091 30.11
12013 2597 23.11 1] 35.59 26.19
12014 3365 29.95 .| 4612 33.94
12015 3057 27.21 " 1 41.90 30.83
12016 3315 29.50 I 1] 45.44 33.44
12017 3865 34.40 . (]5297 38.98

* Kharif + summer season both




Jﬁlcreﬁasearto 38.98 crores in 2017. It implies that the net return
of the improved variety of kachri (AHK-119) in entire hot arid|
egion of Rajasthan increased three times in this period. It is
also worth to mention here that contribution of the improved
variety kachri (AHK-119) in total net return achieved from|
}<achri crops (improved + local) in entire hot arid region of‘
Rajasthan was > 60 % in the year of 2007 which increased > 80
P during the year 2017. Similar findings with respect to net|
{eturn per hectare and cost benefit ratio were also reported by‘
Jatav, et. al, (2016a, 2016b).
\ |
Development of seed chain of improved variety of kachri
kAH K-119) and income generation. |
| The area and production of the improved variety of|
achri (AHK-119) increased rapidly in hot arid region of
Rajasthan. The major reason behind fast increasing in area and
production in the region was development of seed production|
chain of the variety among the farmers. Initially, the farmers
burchased the seeds of improved variety of kachri (AH K-119)‘
from the Institute (ICAR-CIAH, Bikaner) and multiplied the,
same on their own fields under the technical guidance of
scientists of the Institute and used it to grow on their own fields!
in next season/year or sold out the surplus seed to their feIIow‘
farmers/ shopkeepers to earn money. Several progressive
farmers who multiplied /produced the seed of improved|
variety of kachri (AHK-119) on their own level each upto
extent of 10 30 kg/season under the scientific guidance of the
experts and sold it (@ Rs. 2000 3000 or more per kg) to other|
peedy farmers/clients to earn money. As the demand of seeds‘
of this improved variety (AHK-119) is very high among the
farmers of the hot arid regions, hence, several progressive|
farmers have made their profession to multiply/produce seeds‘
f this variety to earn in considerable amount of money. The
trend of such multiplication of the seeds of improved variety off
tachri (AHK-119) is increasing year to year which is
ncouraging more and more spread of this variety in hot arid‘
region of Rajasthan. These finding are in the line of the|
‘findings reported by Meenaet. al. 2016 in their study. |

Constraints in adoption and production of improved,
variety (AHK-119) of kachri at large scale in hot arid
‘region of Rajasthan. |
Despite the apparent need and advantages associated
with adoption and production of improved variety (AHK-119)
of kachri at large scale in hot arid region of Rajasthan, the!
farmers were not much success in adoption and
production/growing of the improved variety of kachri on their
fields in harsh climatic conditions of the region. They had tol
‘face various “problems/ constraints” which led to low/ non,
adoption of these crops at large scale in hot arid climatic
conditions of the hot arid region of the Western Rajasthan.|
Major general constraints observed during the study which‘
inder the adoption and production of improved variety of
kachri at large scale in hot arid regions of western Rajasthan|
Indiawere as follows.
kl) Ecological constraints. |
| The major observed ecological constraints which|
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|
\
|
|
affect the large adoption and production of improved vﬁetyfojf
lkachri at large scale in hot arid region of Rajasthan were as
‘follows.

|
| Acuteshortage of water \
‘ Poor and erratic rainfall ‘
Occurrence of drought and famine very frequently.

| Very deep and salty/brackish ground water |
| Extremes of temperature during summer (upto 50°C) |
| Perpetuation of high hot winds and sand storms |
Shifting of sand and sand dunes

| Highevapo-transpiration and low relative humidity |
| Poor soil with low water retention capacity. |

\(ii) Socio-psychological constraints. |
| During the study there were observed various socioT
psychological and cognitive constraints also which led to low
lor non adoption and production/growing the improved variety
‘of kachri at large scale in hot arid regions of Rajasthan WhiCW
were as follows.
\ Lack of awareness, interestand knowledge \
| Deep faith in traditional cropping system |
Lack of reciprocal technical interactions between
| scientists and farmers. \
\ Lack of technical - social institutions \
Predominance of mythsand misunderstandings
| Illiteracy and heterophilic population |
| Fear of crop failure |
| Dissonance about the success of crops/technologies
lack 01J
\ \
| |

Lackadaisicalness in farmers and

inspirations/motivations.

(iii) Techno-economic constraints. ‘

Techno-economic constraints which were
responsible in low or non adoption and production of
‘improved variety of kachri at large scale in hot arid regioq
were as below. ‘

|

| Low/non accessibility of seeds of improved variety of a}

local level as per desire.

| Non availability technical guidance and reliable inputs at

| local level.

Lack of awareness and knowledge improved productioA

| technologies of kachri |

Lack of local markets/mandies to sell the

| produces/products of kachri. |

| Poverty, scare resources and low risk bearing capacity of

the farmers.

| Perishable nature of the produces/ products. |

\ No standard technologies for value addition of fruits of

kachri .

| Lack of subsidy/credit facilities to support to the farmers. |

| The commercial production front of kachri is legging
behind

\ No security and support against crop failure and low

|

\

|

|

|



income
| Monopoly of brokers in selling/purchasing produces/‘
| products.

kiv) Constraints related to essential infrastructural!
facilities.

There were observed some infrastructural
constraints also which were considered responsible for low!
adoption of the improved variety of kachri in hot arid region|
were as follows. |

|
| Lack of reliable sources of technical information and‘
inputs.
| Poor extension and communication system |
| Lack of the specific facilities for farmers' trainings and skill‘
development.
| Poor networking on modern/improved production|
| technologies of kachri. |
Lack of safe storage / preservation facilities.
| Limitedand irregular supply of electricity
Unfamiliar and long distance of research and extension
| institutions. |
| Absence of regulated local markets and transportation|
facilities.
| From the foregoing account, it can be argued that if|
guality seed of AHK-119, scientific method of cultivation,|
roper marketing system, sufficient storage, post harvest
anagement and value addition techniques/facilities are made
vailable, definitely the prospect of production of this variety
will be bright in hot arid regions of the country. For further
boost up of the adoption and production of improved variety of!|
Eachri at large commercial scale in regions, the farmers should
e encouraged and facilitated to grow it on more and more
areas. The wider publicity and popularity of the improved!
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variety (AHK-119) of kachri should be ensured among the
farmers/clients through organizing different extension
programmes and activities. There were observed somi
constraints also which impede the fast adoption and spread o
this variety in hot arid region. These constraints should be
‘eradicated through creating proper strategic plan and scientifiq
management practices.
\ \
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Abstract !

The plant growth, yield and fruit quality attributes of 'Sathgudi' sweet orange (Citrus sinensis (L.) Osbeck) on four|
rootstocks were evaluated under semi-arid conditions of central Gujarat at Central Horticultural Experiment Station (ICAR-
CIAH, Bikaner), Godhra during the year 2016-2017 and 2017-2018. Results showed that various rootstocks had significant effect!

ngrowth, yield, fruit weight and quality of Sathgudi sweet or; nge, The highest plant height (1.50 m), root stock girth (17.20 cm),‘
scion girth (16.30 cm), plant spread (1.40 m & 1.35 m) and tree volume (1.48 m°) were observed with Rangpur lime rootstock
tlosely followed by rough lemon. The fruit weight and yield were also affected by different rootstocks. Trees on 'Carrizzo'|

itrange had lower fruit weight and yield than those budded on to
é (12.0 °Brix), TSS and acid ratio (8.95), total sugar (5.70%) and

(170.20 g), yield (8.5 kg/plant), juice percent (42.12 %), TS

he other rootstocks. Significantly, the maximum fruit weight‘

vitamin C (58.90 mg/100g) were found in Sathgudi trees budded on'to Rangpur lime.

key words: Orange, rootstock, growth, yield, quality |
\

Introduction |
| Sweet orange cv. Sathgudi is successfully cultivated
in the semi-arid tracts of the Indian subcontinent. It is popular
amongst growers in semi-arid regions of country owing to its|
gigher yield potential and consumer's preference. India's citrus‘
roduction has reached to approximately 12.75 mt in 2017
from an area of 1.06 mha out of which sweet orange
ﬁ?ntribution in production is 3.48 mt from an area of 0.209‘
ha. (Anon., 2017). Various kinds of rootstocks used in citrus
production played substantial role in the development of the|
citrus industry in the world (Yildiz et al., 2013). Rootstock is
hsed beneficially for solving both limiting and restricting‘
factors of citrus production (soil, climate and pests, etc.) and|
conditioning the market demands on productivity, short
juvenility period and high-fruit quality. Further, factors likel
cultivar characteristics, rootstocks employed, growing
conditions orchard management, type of flowers and the fruit
Hrops can affect citrus cultivars yield and quality attributesl
(Demirkeser et al., 2003, Parameshwar et al., 2018). The use,
of particular type of rootstock can influence different aspects
of tree growth and development, including yield, fruit quality!
pnd tolerance to stress caused by biotic and abiotic factors
(Filho et al., 2007). The main rootstock in India for citrus
production is rough lemon or Jatti khatti (Citrus jambhiril
Lush.) which can be considered as an ideal rootstock for all set
of agro-climatic conditions (Kumar et al., 2017). It is now well
known fact that the genotypic differences of rootstocks mayl
odify growth, yield and fruit quality attributes. The present‘
tudy was aimed to assess the effect of different rootstocks on
sweet orange cv. Sathgudi tree growth, yield and quality under|

'semi-arid conditions of central Gujarat.

‘Materials and Methods

\ The present work was carried out during 2016-2017
‘and 2017-2018 at Central Horticultural Experiment Statioz
(ICAR-CIAH), Vejalpur, Godhra. Plant materials for th

lexperiment consisted of sweet orange cultivar budded on four
‘rootstocks, viz., rough lemon (Citrus jambhiri Lush.)
Rangpur lime (Citrus limonia [L] Osb.), Carrizo citrangé
|(Citrus sinensis [L.] Osb. x Poncirus trifoliate [L.] Raf.) and
Cleopatra mandarin (Citrus reshni Hort. ex Tan.). The buddei
‘plants were planted during the year 2012. The experiment wa

laid out in Randomized Block Design with 4 treatments and §
replications. Plant growth in terms of plant height (m), rooi
Istock girth (cm), scion girth (cm), plant spread (m) and tre

volume (m°) were recorded. Plant height was determined by
measuring the distance from the ground to the top of the plant
lwith the help of measuring tape. Plant spread in North-South
@and East-West directions was recorded with the help of
measuring tape and tree volume (V) was determined as per
formula suggested by Roose et al., (1986) and recorded in
cubic meter. Scion girth was taken at fixed height 10 cm abovei
the graft union and root stock girth at 10 cm below the graf
lunion. The positions were marked with paint for taking
‘observations. All plants were given the uniform cultura
practices. The data on fruit yield (kg/tree) and physico-
ichemical characters were recorded using standard procedures|
‘From each treatment, fruits were randomly selected from alll
the directions for recording the data and brought to th

llaboratory of Central Horticultural Experiment Station|



- JVejeWpurT Panchmahal (Godhra), Gujarat. TSS of fruits was

measured with the help of hand refractrometer while titratable!
Fcidity, ascorbic acid, and total sugars were determined by
AOAC (1990) methods. The data were statistically analyzed
as per method of Gomez and Gomez (1984). |

besults and discussion |
| Different rootstocks significantly influenced the|
various growth parameters of Sathgudi sweet orange (Table‘
h). Sathgudi on Rangpur lime rootstock produced vigorous
plant with the maximum plant height (1.50 m), root stock girth|
17.20 cm), scion girth (16.30 cm) plant spread in E-W (1.40
) and N-S directions (1.35 m) and tree volume (1.48 mB)‘
followed by rough lemon (1.35 m, 16.32 cm, 15.60 cm, E-W)|
#30 m, N-S 1.28 m and 1.18 m’°) for these parameters. The‘
inimum plant height (1.10 m), root stock girth (14.20 cm),
scion girth (14.0 cm) plant spread in E-W (1.13 m) and N-S|
girections (1.0 m) and tree volume (0.65 m°) were recorded on
leopatra mandarin rootstock. The findings of the present‘
study clearly demonstrated the differential growth response of|
rhe rootstocks on the scion variety which might be due to the
nherent genetic potential of the rootstocks. Results of the
study showed that Rangpur lime followed by rough lemon,
showed its superiority in terms of plant height, spread tree
volume of Sathgudi sweet orange over other rootstocks, thus!
indicating their well adapted nature to soil conditions with,
efficient root system that might have resulted in higher
accumulation of nutrients (Kumar et al., 2017). Variation inl
rowth parameters of sweet orange due to use of various
rootstocks have also been reported earlier by Yildiz et al.
(2013) and Ghosh etal. (2012).

fruit yield (8.5 kg/plant) and juice content (42.12 %) weréd
‘observed with Rangpur lime rootstock followed by Roug
lemon (160.50 g, 7.20 kg/plant and 38.0 % respectively).
While the minimum fruit weight (152.10 g), yield per treé
‘(5.20 kg) and juice content (36.0 %) were found Witg
Cleopatra mandarin (Table 2). Degree of yield expression of
lscion cultivar, budded on specific rootstock is considered ag
‘one of the indicators for rootstock-scion combination for
particular agro-climatic condition. Higher yield along witl
lother yield attributing characters of sweet orange on Rangput
lime rootstock was reported by Mustafa and Reddy (19901
‘under Bangalore and Ghosh et al. (2012) under West Benga
iconditions. Grace et al. (2005) recorded maximum weight|
size and Juice percentage in Sathgudi sweet orange fruits o
‘Rangpur lime rootstock in Tirupati (Andhra Pradeshr}
conditions. Further, fruit chemical quality characters were alsq
significantly affected by various rootstocks used (Table 2). In
‘respect of chemical quality parameters of fruit, significani
improvements have been observed in TSS (12.0 °Brix), TSS
acid ratio (8.95), total sugar (5.70%) and vitamin C (58.90
‘mg/lOOg) in Sathgudi trees budded on to Rangpur lime whilé
the minimum TSS (11.0 °Brix), acidity (1.44 %), TSS acid
ratio (7.63), total sugar (5.10%) and vitamin C (48.10
Img/100g) were recorded in Sathgudi orange on Cleopatrd
‘mandarin. These results are in agreement with Ghosh et aI*
(2012) and Graceetal. (2005).

\ In conclusion, Rangpur lime may be adopted as
‘Rootstock for sweet orange cv. Sathgudi under the semi ariﬂ
conditions of central Gujarat to increase yield with improve
fruit quality attributes.

‘Table 1. Effect of rootstocks on growth, yield and fruit qualit}l attrlibutes of sweet orange cv. Sathgudi

| Treatments Plant height (m) Root sock girth | | $cion girth Plant spread Tree

| (cm) | ﬁcm) E-W (m) N-S (m) vol3ume
(m”)

\ R

| Rangpur lime 1.50 17.20 | | 16.30 1.40 1.35 1.48

| Rough lemon 1.35 16.32 | 15.60 1.30 1.28 1.18

| Cleopatra 1.20 16.00 11550 1.15 1.10 0.80

| mandarin L]

| Carizzo Citrange | 1.10 14.20 | 14.00 1.13 1.00 0.65

| CD(P=0.05) 0.11 0.09 " 10.10 0.12 0.11 0.27

‘Table 2. Effect of rootstocks on fruit yield and fruit quality att?ribu?tes of sweet orange cv. Sathgudi |

I Treatments Yield Fruit Juice T T8S Acidity | TSSand | Total Vitamin C

\ (kg/ weight (g) | (%) \ (OBrix) (%) acid ratio | sugar (%) | (mg/100g)

‘ plant) 1

| Rangpur lime 8.50 170.20 42.12 1 12.00 1.34 8.95 5.70 58.90

| Rough lemon 7.20 160.50 38.00 || 11.20 1.42 7.88 5.50 51.20

| Cleopatra 6.20 155.15 37.12 | 1\.10 1.43 7.76 5.40 50.12

mandarin

| Carizzo Citrange | 5.20 152.10 36.00 || 11.00 1.44 7.63 5.10 48.10

| CD(P=0 .05) 0.98 2.31 1.11 | 0.113 0.03 0.07 0.12 0.48

| |

Significantly, the rﬁaxiﬁum?ruﬁweTghtTl?fIZOfg),‘ -
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‘Abstract |

| Afield experiment was conducted during Rabi season 2017-18 at the Research Farm, College of Horticulture, Mandsaur

M.P.) to study the response of potassium and zinc on growth, iel(ﬂ

and quality of garlic. The experiment was laid out in factoriaE!

BD design with three replications including four levels of potassium (0, 25, 50 and 75 kg K,O/ha) and three levels of zinc (0,
and 10 kg Zn/ha). Results showed that application of K,Z, (75 Kg K,O/ha + 10 Kg Zn/ha) significantly increased the plant height

umber of leaves per plant, fresh weight of plant (g), dry Weight
B), polar diameter of bulb (4.73 cm), equatorial diameter of b

of
Ib

lant (g) fresh weight of bulb (32.4g), dry weight of bulb (10.2ﬁ
Ff4.72 cm), bulb yield (146.7 g/ha), volatile oil content in bul

(0.40%) and non-significant effect showed in TSS content in bulb (42.51 "Brix). Therefore, the application of 75 Kg K,0/ha and
}0 Kg Zn/ha gave maximum growth, yield and quality attributeﬁ an? of garlic. |

Keywords: Garlic, potassium, zinc, growth, volatile oil |

Introduction \
Garlic (Allium sativum L.) is one of the important
%pice crop belong to family Alliaceae. The bulb is tunicate and!
Ls composed of disc-like stem, thin dry scales, which are the|
ases of the foliage leaves and smaller bulbs or cloves. The
tloves are enclosed by the dry outer scales having cloves!
onsist of a protective cylindrical sheath, a single thickened
storage leaf sheath and small central bud (Faroogi et al., 2004).
Potassium plays an important role in maintenance of cell!
yater potential because it regulates opening and closing of
stomata (Sinha, 1978), Biebl (1958) reported that potassium
facilitates water uptake by plants from the soil solution is|
Legulate by several factors including soil texture, moisture
onditions, pH, aeration and temperature (Mengel and Kirkby;,
1980). |
Zinc is essential component and activator of many‘
Enzymes involved in auxin biosynthesis and photosynthesis
(Romheld and Marscher, 1991) and their act as an important|
Lole in plant growth and yield of garlic. Zinc is most deficient‘
mong all the micronutrients in Indian soils condition. In many
parts of India, zinc as a plant nutrient now stands third in|
importance next to nitrogen and phosphorus (Takkar and
andhawa, 1980). It plays an important role as a constituent of
alcohol dehydrogenase and carbonic anhydrase in both|
microorganisms an higher plants. It helps the utilization of
bhosphorus and nitrogen in plants (Singhetal., 2002).

‘I\/Iaterials and Methods |

The experiment was laid out at the “Research Field of!
he Department of Plantation, Spices, Medicinal and Aromatic
‘Crops”, College of Horticulture, Mandsaur, RVSKVYV,

|Gwalior, (M.P.) during Rabi season of 2017-18. Mandsaur is
situated in Malwa Plateau in western part of Madhya Pradesh
lat North latitude of 23.45° to 24.13° and 74.44° to 75.18° East
longitudes and an altitude of 435.02 meters above mean sea
level. The soil of the experimental field was light black loamy
lin texture with low nitrogen (192 kg/ha), low phosphorus (7.6
‘kg/ha), medium potassium (145.0 kg/ha) soil having (pH 8.36%
and EC (0.18 dS/m). The field experiment comprising 1
‘treatment combinations with the three replications was laid out
‘in factorial randomized block design with two factors. Thz
experiment consisted of four levels of potassium (0, 25, 50 an
75 kg K,0/ha) and three levels of zinc (0, 5 and 10 kg Zn/ha)!
‘The crop variety G-282 were sown in spacing 15x10 cm Witq
seed rate of 500 kg/ha. Uniform dose of nitrogen (150 kg/ha
through urea and phosphorus (60 kg/ha), through single supet
‘phosphate, potash and zinc nutrient were applied according t
the treatment. Data were recorded for various growth, yiel
land quality parameters and statistically analyzed using the
‘method of analysis of variance as described by Panse anq
Sukhatme (1985).

| |
Resultsand Discussion

‘Effect of Potassium on growth attributes |
| Maximum plant height (30.84, 50.50, 71.13, 73.23
cm) at 30, 60, 90 and 120 DAS, number of leaves (3.87, 6.58
‘8.71, 9.49) per plant at 30, 60, 90 and 120 DAS, fresh weigh{
|(2.72, 8.55, 28.57, 67.00 g) of plant (g) at 30, 60, 90 and 12Q
DAS, dry weight (0.53, 2.61, 7.08, 30.14, 28.13 g) of plant (ga
lat 30, 60, 90, 120 DAS and at harvest were recorded unde
application of potassium K, (75 kg K,O ha™) followed by Ky
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(50 kg K,0 ha™) and lowest in K, (0 kg K,O ha™) at all the

rowth stages. It may be attributed to the fact that application‘
of potassium improved not only availability of potassium but|
other nutrients also which are considered vitally important for
browth and development of plants. The similar results have!

Iso been reported by Magray et al. (2017), Ismail et al.|
(2014), Arishaetal. (2017), Sayed et al. (2012), Sakarvadia et
al. (2009) in garlicand Aftabetal. (2017) in onion.

‘Effect of Potassium on Yield attributes |

Maximum fresh weight (28.5 g) of bulb, dry weight!
@.57 g) of bulb, polar diameter (4.72 cm), equatorial diameter‘
(4.42 cm) and bulb yield (139.3 g/ha) were recorded under
application of potassium in K, (75 kg K,0 ha™) followed by K|
(50 kg K,0 ha™) and lowest in K, (0 kg K,0 ha™) at all the‘
stages of yield attributes. The similar results have also been
Peported by Sayed et al. (2012), Magray et al. (2017), Ismail etl
al. (2014), Arisha et al. (2017), Sakarvadia et al. (2009) in,
‘garlic and Aftabetal. (2017) in onion. |

‘Effect of Potassium on quality attributes

Maximum TSS (41.63 °Brix) content and oil content
(0.33 %) were recorded under application of potassium levels!
in K, (75 kg K,0 ha”) followed by K, (50 kg K,0 ha") and|
lowest in K, (0 kg K,0 ha™). These may be due to potassium is
ssential for production of oil and fats. Similar results Were‘
also reported by Sayed et al. (2012), Arisha et al. (2017),|
Ismail et al. (2014) in garlic and Desuki et al. (2006) and
Vermaand singh (2012) inonion. |

Potassium plays an important role in maintenance of|
cell water potential because it regulates opening and closing of
Stomata (Sinha, 1978). Biebl, 1958 reported that potassium‘
facilitates water uptake by roots and reduces transpiration Ioss‘
‘in plant. |

FEffect of zincon growth attributes ‘
Maximum plant height (30.44, 50.73, 71.22,
72.60cm) at 30, 60, 90 and 120 DAS , number of leaves (3.82,|

6.48, 8.50, 9.34) per plant at 30, 60, 90 and 120 DAS, fresh
weight (2.50, 7.65, 28.34, 64.46) of plant (g) at 30, 60, 90 and
120 DAS, dry weight (0.53, 2.65, 6.27, 26.91, 27.28) of plant
(9) 30, 60, 90, 120 DAS and at harvest, were recorded under
lapplication of zinc Z, (10 kg Zn ha™) followed by Z, (5 kg Zn
ha™) and lowest in Z, (0 kg Zn ha”) at all the growth stages. I
might be due to better growth and development of plant parts
in terms of plant height, no. of leaves. Application of zind
imight have increased the availability and steady supply of
nutrients for plant metabolism and photosynthetic activity
‘resulting into optimum growth and development of the crop.‘
In addition, zinc is important in the synthesis of tryptophan, 3
component of some proteins and a compound needed for

f i d d needed f
production of growth hormones (auxins) like Indol-Acetic
‘Acid. Such improvement under increased availability of zin
in rhizosphere might have resulted in greater uptake by the
plant consequently leading to a favourable effect on various
processes of plant”.

The similar results have also been reported b))
IRohidas et al. (2010), Chanchan et al. (2014), Islam et all
‘(2012), Sakarvadia et al. (2009) in garlic and Manna et al.‘
(2014) in onion.

\ \
‘Effect of ZinconYield and yield attributes

Maximum fresh weight (28.8 g) of bulb, dry weighﬁ
I(9.32 g) of bulb, polar diameter (4.51 cm), equatorial diameter
‘(4.31 cm) and bulb yield (136.7 g/ha) were recorded under
application of zinc Z, (10 kg Zn ha™) followed by Z, (5 kg ZH
ha*) and lowest in Z, (0 kg Zn ha™) at all thestages of yield
‘attributes. Similar results were also reported by Chanchan eﬁ
al. (2014), Rohidas et al. (2010), Islam et al. (2012), Nasreen
ket al. (2009) In garlic and Manna et al. (2014) and Trivedi and
‘Dhumal (2013) in onion. |

[Effect of Zinc on quality attributes |
| Maximum TSS content (38.25 °Brix) in bulb an(a
volatile oil content (0.32 %) in bulb were recorded unde
application of zinc Z, (10 kg Zn ha™) followed by Z, (5 kg Zn

Table 1. Effect of potassium and zinc on growth and yield of gaglic |

Treat. Plant height (cm) No of leaves per plant Fresh weight of plant (g) Dry weight of plant (g)
30 60 90 120 (30 [60 [90 [120 [30 [60 |90 120 {30 |60 (90 |120 |At
DAS |DAS |DAS |DAS |DAS |DAS |DAS |DAS |IPAS |DAS |DAS |DAS |DAS |[DAS |DAS |DAS |harvest
Potassium L
Ky 26.16 [47.77 165.76 [66.58 [3.32 [5.06 [7.37 [8.00 [2.03 [4.41 [22.93 [53.01 [0.42 [1.35 [4.49 [18.46 [22.13
K, 29.90 ]49.52 |67.91 [67.52 [3.49 |6.44 |7.66 |8.42 [2.24 [6.34 2540 [58.66 [0.47 [2.68 |5.69 |24.95 [24.97
K, 30.32 [50.27 [69.84 ]69.57 |3.50 |6.57 |8.33 [8.82 |2.39 |6.86 [25.62 [63.76 |0.48 [2.42 |6.42 |27.63 |26.59
K 30.84 [50.50 [71.13 |73.23 [3.87 [6.58 [8.71 [9.4b [2.72 [8.55 [28.57 [67.00 [0.53 [2.61 [7.08 [30.14 [28.13
SEm*+ 036 042 [0.72 |1.52 ]0.09 |0.10 |0.15 |0.I8 |0.12 [0.32 |0.61 |1.11 0.02 |0.07 |0.10 [0.31 0.37
CDat5% [1.06 |1.23 |2.11 |446 ]0.26 |0.28 |0.43 0.5‘4 ?.34 0.95 |1.78 [3.27 ]0.05 ]0.22 |0.30 ]0.92 [1.09
Zinc
Zy 28.05 |47.41 |64.06 |64.63 |3.31 |5.66 |7.48 |7.82 |2.00 |5.08 |22.31 |53.27 [0.41 |1.81 |5.54 [23.74 |22.73
Z, 29.43 |50.41 |70.71 |70.45 |3.51 |6.35 |8.07 |8.89 [2.53 [6.89 |26.24 [64.09 [0.49 [2.34 |5.95 |25.24 |26.36
Z, 3044 [50.73 [71.22 [72.60 [3.82 [6.48 [8.50 [9.34 [2.50 [7.65 [28.34 [64.46 [0.53 [2.65 [6.27 [26.91 [27.28
SEm+ (031 (036 ]0.62 |1.32 0.08 |0.08 |0.13 |0.16 |0.10 |0.28 0.53 ]0.96 10.02 [0.06 [0.09 [0.27 |0.32
CDat5% 091 |1.07 [1.82 |3.86 ]0.22 ]0.24 |0.37 0.47 ?.30 0.82 |1.54 [2.83 ]0.05 |0.19 [0.26 |0.80 ]0.94
5

777+ 77777777777777 ‘7



|
|

T T “Monu IS Naruka, K. C. Meena, Ajay Haldar and PP.Singh! Indian Journal of Arid Horticulture Vol 13 (1-2): 7478 |
| |

|

I 'J['abEZ. ‘Effect of potassium and on growth, yield and qﬁlit?‘of@éwﬁé ****************

Fresh weight | Dry weight of | Polar | | Equatorial Bulb TSS conten t | Volatile oil
‘Tret. of bulb (g) bulb (g) diameter(cm) ‘ c}iameter (cm) ﬂiell)d (q |(°Brix) content (%)
a
Potassium ]
Ky 23.3 8.40 394 | || 3.63 114.6 33.28 0.22
K, 26.7 8.66 433 |, 4.10 131.1 36.20 0.26
K, 27.0 9.12 4.50 ‘ ‘ 4.36 134.8 38.83 0.31
K; 28.5 9.57 472 T 4.42 139.3 41.63 0.33
| SEm* 0.58 0.07 005 | || 0.06 0.52 0.18 0.01
CD at 5% 1.70 0.20 014 | |, 0.17 1.53 0.54 0.02
Zinc -
Z 23.1 8.49 419 [ ]l 3.96 118.7 36.64 0.23
7, 27.2 9.00 443 | | 4.11 133.3 37.57 0.29
Z, 28.8 9.32 451 | 431 136.7 38.25 0.32
SEm+ 0.50 0.06 004 0.05 0.45 0.16 0.01
CDat 5% 1.47 0.17 012 | || 0.15 1.33 0.47 0.02
J1"ab1e 3. Combined effect of potassium and zinc on growth pa%amxi:ter of garlic. |
Treatment Plant height (cm) No of leavés per plant Fresh weight of plant (g) \
30 60 120 30 | 6q 90 120 30 60 90 120 |
DAS |DAS |90 DAS |DAS DAS |DAS |DAS |DAS DAS |DAS |DAS |DAS
KoZy 23.17 4650 [63.33 [62.90 [3.07 []5.00 7.07 7.50 1.76 |3.91 21.97 |51.87
KoZ, 27.01 4820 |66.17 |66.60 |3.17 ||5.02 7.10 8.10 2.00 [4.26 23.10 |54.82
KoZ, 2830 (4837 [6720 [68.00 [3.73 |5.17 7.20 8.40 233 ]5.07 23.73 |52.33
K,Z, 28.87 4933 [64.33 [6530 [3.47 ]5.67 7.80 7.83 2.08 |5.77 2220 |51.11
K,Z, 29.61 |51.50 |70.13 |70.80 [3.37 ||6.73 7.93 8.63 2.55 16.20 26.07 |62.42
K\Z, 30.13  [50.67 |69.27 69.27 |3.67 | |6.74 7.97 8.80 2.11 |7.03 2793 |62.44

i
\
|
K,Zy 30.15 147.07 [63.39 ]65.13 323 '[5.97 7.77 8.10 2.10 14.86 22.37 |55.33
\
|

K,Z, 30.33  [50.40 [73.33 [70.27 |3.60 ||6.73 8.30 8.87 2.80 [7.35 25.67 |68.89 |
KyZ, 3048 |51.10 |72.87 6940 [3.63 6.82 8.83 9.50 2.28 837 28.83  |67.06
K57, 30.00 [46.73 [64.67 [65.17 [3.47 |6.00 8.00 7.83 2.07 |5.77 22.70 |54.77
K57, 30.77 |51.53 7320 |74.13 3.90 1]6.83 8.93 9.97 2.80 19.77 30.13  |70.22
K57, 31.75 |52.77 |75.53 |83.73 423 [|7.00 9.30 10.67 [3.29 |10.13 |32.87 |76.00
SEm* 0.62 0.73 1.24 2.63 0.15 0.17 0.25 0.32 0.20 ]0.56 1.05 1.19

CD at 5% 1.83 2.14 3.65 7.72 NS '[0.49 NS 0.93 NS 1.64 3.09 5.85
\ |

Table. 4. Combined effect of potassium and zinc on yield and quality parameter of garlic.

Treatment | Dry weight of plant (g) Freshl Dry Polar Equatorial | Bulb TSS Volatile |
weight | weight | diameter | diameter yield content | oil
30 |60 |90 |120 | At of bf ofbulb | of bulb (q\ha) | in bulb | content |
DAS | DAS | DAS | DAS | harvest | bulb ‘ ulb (cm) (cm) (°Brix) | in bulb ‘
() g) (%)
KoZo 0.40 [ 1.29 [ 426 |17.44 [21.07 [1.76 | | B.91 21.97 51.87 0.40 | 32.61 0.21 |
KoZ, 0.41 | 133 [4.44 |1859 2247 | 200 4.26 23.10 54.82 0.41 [3330 [o0.21
KoZ, 0.44 | 1.42 [4.77 | 1936 22.87 |2331 |5.07 23.73 52.33 0.44 |[33.92 [0.23 \
K, Zo 0.40 | 251 [4.89 | 2196|2277 [208, | 577 22.20 51.11 040 [35.19 [0.26 ‘
K,Z, 049 [ 276 [ 6.04 | 25262547 |255! |6.20 26.07 62.42 049 |36.64 | 0.33 |
K.\Z, 053 | 2.78 [6.14 | 2763|2667 [211 | |[7.03 27.93 62.44 053 [36.78 [ 0.34 |
KoZ, 042 | 1.68 [ 652 | 26552333 |210 | 486 2237 55.33 042 |[37.81 [0.23 ‘
KoZ, 049 | 251 [6.22 |2666|27.77 [280] |7.35 25.67 68.89 0.49 [38.88 [0.24 \
K.Z, 0.54 [3.08 | 651 |29.67[28.67 [228 [837 28.83 67.06 054 [39.81 |0.32 ‘
KsZo 041 [1.77 [ 649 [ 29002373 [207 ! | 577 22.70 54.77 0.41 [40.95 [0.24 |
KsZ, 0.57 [2.77 [ 712 [3045[29.73 [2.80, | 9.77 30.13 70.22 057 |41.45 |0.36 ]
KsZ, 0.60 [ 330 [7.65 [3099 3093 [329" [70.13 |32.87 76.00 0.60 | 42.51 0.40 ‘
SEm+ 0.03 [0.13 [0.18 | 054 | 0.64 0.20 | | 0.56 1.05 1.19 0.03 [0.32 0.10 |
CDat 5% | NS 038 052 [1.6 1.89 NS 1.64 3.09 5.85 NS NS 0.40

[ \
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Jﬁa’l) and lowest in Z, (0 kg Zn ha™). The increased in volatile
bil content of garlic due to application of zinc has also been
reported by Hatwal et al. (2015), Manna et al. (2014) Trivedi|
‘and Dhumal (2013) inonion. |

Interaction effect of potassiumand zinc
Combined effect of potassium and zinc exerted
significantly influence on growth attributes viz., plant height,|
umber of leaves per plant, fresh weight and dry weight of‘
plant (g), at all the growth stages except number of leaves per
plant, fresh weight dry weight at 30 DAS. Maximum plant!
peight, number of leaves per plant, fresh weightand dry weight‘
of plant (g), were recorded under treatment combination K,Z,.
Minimum plant height, number of leaves per plant, fresh!
eight and dry weight of plant (g) were recorded under K,Z,
Similar results were also reported by Sakarvadia et al. (2009)
ingarlic. \
Combined effect of potassium and zinc showed
significantly influence on yield attributes viz., Maximum fresh
weight of bulb (g), dry weight of bulb (g), polar diameter of!
Eulb (cm), equatorial diameter of bulb (cm) and bulb yield (q
a') were recorded under treatment combination K.Z,.
Minimum fresh weight of bulb (g), dry weight of bulb (g),!
olar diameter of bulb (cm), equatorial diameter of bulb (cm),
number of cloves per bulb and bulb yield (q ha™) were recorded
under treatment combination K,Z, |
Combined effect of potassium and zinc showed‘
significantly influence on quality attributes viz., TSS content
in bulb (°Brix) and volatile oil content in bulb (%). Maximum!
mount of TSS content in bulb ("Brix) and oil content in bulb‘
(%) were recorded under treatment combination K.,Z,.
inimum amount of TSS content in bulb (°Brix) and oil
content in bulb (%) were recorded under treatment,

combination K,Z,in garlic.

On the basis of one year research it could bel
concluded that application of potassium and zinc influence the,
rowth, yield and quality of garlic. The growth, yield and
guality of garlic can be increased by application of K,Z, (75 Kg‘
K,O/ha + 10 Kg Zn/ha) should be advocated for garlic. \
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Abstract |

Studies were conducted on the mineral nutrition stattgs of‘ acid lime fruit orchards located in Sikar district of Rajasthan.‘
‘Electrical conductivity was found to be in normal range and soil pH was in the high ranging from 7.73to 9.31. The organic carbon
content and available nitrogen of acid lime orchard soils were found low whereas available phosphorus, available iron, zinc|
fopper, and manganese were found low to medium. Available potassium was found medium whereas available sulphur was founrﬂ
ow in range. The soils were found medium to high in exchan%ea le Ca and Mg. There was wide variation found in the calciu
carbonate percentage at different soil depths in orchards. | |

keywords:AcidLime,orchards,nutrientstatus. o |
| || |

\ | \
Introduction cultivation particularly of acid lime has become quite popular

The Sikar district has moderate climate with seasonal lin arid irrigated areas of Western Rajasthan. Acid lime fruits
temperature variation with scanty rainfall to the magnitude of|  jare highly appreciated for their medicinal and nutritional
450-500 mm per annum during normal rainfall years. Thehigh  value. _ S .

{emperature (up to 48°C) along with high wind velocity, low | People inhabitation in arid areas is known to suffer
soil fertility status, low water retention capacity of soil, high|  from a number of nutritional disorders owing to lower intak
soil pH, salinity, calcium carbonate concretion in sub soil etc. of protective foods like fruits and vegetables. In Indian fruit
are hard impediment in successful cultivation of many fruit! \lndustry, poor nutrition is the major cause of low orchard
ﬁrops in arid region. Increasing the production of fruits thus ‘efficiency resulting poor productivity and poor fruit quality.‘
as sufficient scope in arid region of Rajasthan. In Sikar  Sufficient information on nutrient management in fruit crops
district, the area under fruit crops is 0.002 lac ha with|  hasbeen generated, but response and requirement of nutrients
roduction of 0.02 lac metric tonnes (Anonymous, 2005). ‘of perennial fruit crops vary markedly in a particular area
here is a vast potential of increasing area under fruit  depending on soil and climatic conditions and also depend on
bul?iy@tion in arid region of Rajasthan provided irr!gat!on\ \grow_th, bearing habit, age, root stock and_managemenﬂ
Lacmtles are available. These areas are suitable forcultlvatlon‘ practices. Balanced nutrition of fruit crops is paramouni
f fruit crops such as aonla, ber, beal citrus, pomegranate etc. importance particularly in arid areas having largely sandy soil
Presently Sikar district has nearly 2,12,096 lac hectares|  [of poor fertility status. For knowing the exact status of mineral
jrrigated area through tube wells/wells. Irrigation facilities has‘ L?utrition in the fruit trees, survey of the orchards for thei;
pened great avenues for cultivation of fruit crops likes ber, ertility status and plant nutrients is done. A number o
ponla, bael, lime, pomegranate, datepalm, guava, jamun,| [utritional surveys have been conducted on various fruit crops
aronda, phalsa etc, besides traditionally grown fruits such as in northern and western states of the country viz., Punjab,
er (Capparis decidua), Gonda (Cordia myxa), Pilu‘ ‘Haryana, Himachal Pradesh and Maharashtra to studyfertilit))
(Salvadora oleiodes), Khejri (Prosopis cineraria) etc. Inspite|  |status of soil. Studies on nutritional survey of arid fruits in
f all vagaries, the farmers of Sikar district has shown Rajasthan are meagre inspite of their great importance and
remendous response towards fruit cultivation particularly of  lrelevance. Therefore, present investigation was conducted to
ber, bael, lime and aonla fruits. Citrus isan important fruitcrop| ~ survey the fruit orchards in Sikar district of Rajasthan to gain
of India. It is next to banana and mango in acreage and  information about their nutrient status.
conomic point of view. Citrus industry in India is the third| | |
argest industry of the country. Acid lime (Citrus aurantifolia) Materials and Methods o o
Is the Fhll’d important fruit after mandarin anq sweet orange. _ A detailed soil survey was copducted in Sikar district
India is perhaps the largest producer of acid lime. Citrusl  of Rajasthan. Orchards were selected in such a way that these
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can represent general conditions of area under study. Eight
acid lime orchards were selected covering different tehsils viz.!

nal

|
\
‘I of Arid Horticulture Vol. 13 (1-2): 79-83
|
|

details of locations and name of the fruit growers are given below. |

| ||
| S.No. Name of fruit grower .| Village location
1. Shri Prahalad '| Raghunathgarh Raghunathgarh
| 2. Shri Panna Ram | | Pachar Pachar-1V
3. Shri Ram Dev Singh .| Purohit Ka Bas Purohit Ka Bas-II
4. Shri Roopchand Pipliwal '| Phchar Pachar-V
| 5. Shri Hanumana Ram | | Shnwalod Sanwalod
| 6. Shri Pokhar Mal | | Purohit Ka Bas Purohit Ka Bas-III
7. Shri Guljari Kumawat '| Jorawar Nagar Jorawar Nagar
8. Shri Harlal Singh '| Phlsana Palsana-II1
\

| Soil samples were collected from fruit orchards, on|
}he basis of variability and orchard performance at different‘
ocations of Sikar district. Thereafter, from each selected
prchards, three soil profiles, based on soil fertility variation|
?nd plant performance were taken up. The sampling was done‘
n each profile up to depth of 120 cm i.e. 0-15, 15-30, 30-45,
#5-60, 60-75, 75-90, 90-105 and 105-120 cm. from orchards.|
The soil samples were analysed for organic carbon, available
hitrogen, available phosphorus and available potash by‘
Walkley and Black rapid titration method (Jackson, 1973),|

Ikaline permanganate method (Subbiah and Asija, 1956),

Isen's method (Olsen et al., 1954) and Flame photometer‘
method (Jackson 1973), respectively. The available Fe, Cu,|
Zn, and Mn were extracted with DTPA solution as per
brocedure of Lindsay and Norvell (1978) and were determined
by atomic absorption spectrophotometry. Exchangeable Ca,
and Mg were determined by method given by Richards, 1954.
Available sulphur was determined by the method given by
phesnin andYien, 1957. ‘

Results and Discussion |

prganic carbon, electrical conductivity and pH of soil
The organic carbon status of acid lime orchard soils
fwas generally poor. It varied from 0.058 to 0.230 per cent with|
mean value of 0.156 for all the depths. The data presented on‘
rganic carbon content of orchard soils showed a decreasing
trend with increase in depths. As per the ratings given by Muhr|
t al. (1963), the soils having organic carbon <0.5 per cent
rganic carbon have been categorized under low category. All
the acid lime orchard soils were found low in organic carbon|
ﬁontent. Low content of organic carbon in the soils of Sikar
istrict appears to be mainly due to the type of climate of the
region. It is difficult to build up organic matter in the soils of]|
rid regions on account of high temperature which causes
apid oxidation of organic matter. |
\ The electrical conductivity of acid lime orchard soils|
ranged from 0.053 to 0.270 dsm“with a mean value of 0.112
dsm™ for all the depths. The electrical conductivity of different
acid lime orchard soils revealed a decreasing trend with|
increase in depth. As per the limits given by Muhr et al. (1963),
he soils have been categorized into three i.e. 1, 1-2 and >?|
mmhos/cm for normal, critical for germination and severe,

777+ 77777777777777 ‘8

‘injury to crops. Data indicated that all the acid lime orcharJ
soil samples were having electrical conductivity values less
‘than 1 dsm™. A comparative low conductivity value of most of‘
the soils may be attributed to leaching of soluble salts from the
soil column, being high permeability of light textured soils. |
| The pH of soils was found to be high as it ranged frorq
7.73t09.31 with mean value of 8.67 for all the soil depths. The
Irelatively high pH of these orchard soils might be due to their
‘fairly high base saturation. |

INutrient status of acid lime orchard soils |
The available nitrogen content ranged between 73.00
‘to 139.00 kgha™ with a mean value of 112.22 for all the depths.‘
The data presented on available nitrogen content of orchard
soils showed a decreasing trend with increase in depths. As per
the ratings given by Tandon (1992a), the soils having <125 md
kg™ have been categorized under low category. All the acid
lime orchard soils were found low in available nitrogeq
lcontent. The cause of low available nitrogen content in all
these soils had been due to the absence of natural vegetation,
low organic carbon, low precipitation and high temperature
hich aggravates decomposition of organic matter b
enhancing oxidation and aeration. The results of present study,
are in confirmation with those reported by Bhatnagar et
al.(2000). \
‘ The available phosphorus content varied from 6.46 t
29.48 kgha™ with a mean value of 15.83 for all the depths. The
data presented on available phosphorus content of orchard
‘soils showed a decreasing trend with increase in depths. As per
the ratings given by Tandon (1992a), the soils having <10.26
Img kg™ have been categorized under low soils whereas those
‘having 10.26 to 25.85 mg kg™ falls under medium category. A
close examination of data revealed that available phosphorus
was low in 75 per cent whereas, 25 per cent orchards were
‘medium in respect to available phosphorus in orchards. Th
low to medium availability of phosphorus might be due to the
presence of high pH, low organic carbon, calcareousness, low
‘precipitation, high temperature and light textured coarse sandy‘
soils. The results of present investigations are in accordance
\with those reported by Bhatnagar et al.(2000), Ghosh and
‘Hassan (1979) and Sharma and Mahajan (1990).
The available potassium content ranged betweer#
110.00 to 183.00 kgha™ with a mean value of 148.78 for all the

\
0
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depths. In the present study, the available potassium content of
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orchard soils showed a decreasing trend with increase inl |

Eepths. As per the ratings given by Tandon (1992a), the soils‘
aving <58.03 to 149.55 mg kg™ falls under medium category.
Al the soil samples of acid lime were medium in availablel

otassium. A satisfactory potassium status of the studied area
might be due to the presence of potash bearing minerals
(muscovite, biotite and feldspar) which on weathering slowly/

Ll"able: 1. Nutrient status of acid lime orchard soils of Sikar disl

|

|
urnal of Arid Horticulture Vol 13 (1-2): 79-83
|

|

release potash. Bhatnagar etal. (2000) reported similar results.

The exchangeable calcium content varied from 2.66

to 3.83 cmol kg™ with a mean value of 3.32 for all the depths,
The exchangeable magnesium content of these orchard soils
‘ranged from 1.44 to 2.22 cmol kg™ with a mean value of 1.75
for all the depths. In the present study, the exchangeable
calcium and magnesium content of orchard soils showed a
\increasing trend with increase in depths. All the soil sample§

rict of Rajasthan
| Soil depths/ 0-15 cm. 15-30 cm. | 30-45 cm. 45-60 cm. \
| characters Range Mean Range Mean Range Mean Range Mean |
' pH 7.73-890 | 8.43 7.84-9.03 8.53 7.89-9.11 8.59 8.00-9.14 | 8.65 ‘
| EC(dsm™) 0.103- 0.146 0.093-0.267 | 0.135 0.090-0.250 | 0.126 0.087- 0.118 !
| 0.270 | 0.243 |
OC(%) 0.101- 0.175 0.098-0.227 | 0.171 0.093-0.222 | 0.166 0.089- 0.161
| 0.230 | 0.219 |
| N(kgha™) 99.00- 023.38 93.00- 120.00 91.00- 117.00 88.00- 113.13 |
‘ 139.00 136.00 o 134.00 129.00 ‘
' P(kgha) 12.04- 18.91 10.80-28.21 | 17.61 10.12-26.46 | 16.50 8.95-26.26 | 15.90 !
\ 29.48 | \
| K(kgha™) 127.00- 161.00 125.00- }ss.Po 123.00- 154.50 120.00- 151.13 |
183.00 179.00 178.00 176.00
| Ca(cmolekg”) | 2.66-3.44 | 3.16 2.76-3.62 | 3.22] 281-3.67 |3.27 2.87-3.70 | 3.32 \
Mg(cmolekg') | 1.44-1.85 | 1.66 1.45-1.92 1.66, 1.47-1.94 1.68 1.50-1.97 | 1.71 ‘
' S(mgkg™") 6.84-9.06 | 7.87 6.76-9.00 7.81' 6.64-8.88 7.59 6.41-8.72 | 7.28 ‘
| Fe(mgkg™") 3.81-6.38 | 4.71 3.79-6.36 | 4.69] 3.76-6.33 | 4.65 3.71-631 | 4.61 |
 Zn(mgkg) 0.393- 0.796 0.367-0.997 | 0.775 0.347-0.970 | 0.753 0.317- 0.728 |
1.017 0.947
| Cu(mgkg™) 0.157- 0.285 0.140-0.397 | 0.269 0.137-0.370 | 0.250 0.130- 0.229 !
| 0.420 | 0.340 |
' Mn(mgkg ") 1.88-5.15 [ 3.25 1.74-5.07 [ 3.15 1.68-5.00 | 3.09 1.62-4.95 [ 3.03 ]
| Cacos (%) 244392 |333 2.55-3.94 | 3.38 2.65-3.99 | 3.45 2.76-401 | 3.51 !
| Soil depths/ 60-75 cm. 75-90 cm. | ] 90-105 cm. 105-120 cm. |
| characters Range Mean Range Mean Range Mean Range Mean ‘
' pH 8.08-9.19 |8.72 8.15-9.24 8.77' 8.22-927 | 883 8.25-931 | 8.89 ‘
| EC(dsm™) 0.080- 0.110 0.073-0.223 | 0.102 0.063-0.200 | 0.090 0.053- 0.076 |
‘ 0.233 o 0.173 ‘
" OC(%) 0.083- 0.156 0.077-0.205 | 0.149 0.069-0.198 | 0.143 0.058- 0.134 ‘
| 0.211 | 0.188 |
| N(kgha™) 86.00- 110.75 81.00- 107.63 78.00- 104.50 73.00- 10138
127.00 121.00 118.00 116.00
| P(kgha") 8.65-26.05 | 15.47 7.58-25.38 | 14.6D 6.95-25.00 | 14.08 6.46-24.75 | 13.54 |
 K(kgha™) 116.00- 147.38 114.00- 143.63 112.00- 139.13 110.00- 13550
174.00 172.00 164.00 159.00
| Ca(cmolekg™) [ 2.91-3.73 | 3.35 2.96-3.77 3.39] 3.02-3.81 3.43 3.04-3.83 | 3.46 !
| Mg(cmolekg™) | 1.54-2.00 | 1.74 1.62-2.14 1.82| 1.60-2.18 1.85 1.65-2.22 | 1.90 \
' S(mgkg ") 6.18-8.59 | 7.11 6.09-8.43 7.03, 5.90-8.35 | 6.94 5.75-8.14 | 6.86
| Fe(mgkg™") 3.69-6.25 | 4.57 3.64-6.20 453 3.58-6.15 | 4.48 3.54-6.10 | 4.43
| Zn(mgkg™) 0.300- 0.705 0.273-0.897 | 0.682 0.253-0.867 | 0.656 0.247-0780 | 0.609
‘ 0.917 o
" Cu(mgkg™") 0.120- 0.218 0.117-0.310 | 0.204 0.113-0.290 | 0.194 0.103- 0.173
| 0.317 || 0.270
Mn(mgkg") 1.57-490 | 2.98 1.51-4.83 2.92, 1.43-479 | 2.87 1.37-4.74 | 2.81
2.83-4.10 | 3.61 2.88-4.15 3.65 2.95-4.21 3.75 3.02-426 | 3.77

' Cacos (%)
\
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drawn from acid lime orchards were found high in
bxchangeable calcium and magnesium content. The high\
Exchangeable calcium content in all these soils could be‘
ecause of calcareous nature of the soils which further due to
in accumulation i.e. of exchangeable calcium in the profile!
Fone. Being high in base saturation all the soil samples of acid
ime orchards were found having fairly good amount of
exchangeable magnesium content. Bhatnagar et al. (2000)!
(eported similar results. |
The available sulphur content ranged between 5.75 to
.06 mgkg™ with a mean value of 7.31 for all the depths. The|
Eata presented on available sulphur content of orchard soils‘
howed a decreasing trend with increase in depths. Based on
the ratings given by Tandon (1992a), the soils having less than|
0 mg kg™ falls under low category, those having more than 10‘
g kg™ falls under medium category. All the soil samples of
acid lime orchards were found low in available sulphur|
fontent. The low content of these soils may be due to high‘
emperature, low precipitation, very low organic matter and
light textured coarse sandy soils. The findings reported by|
hatnagar et al. (2000) and Kumar (2004) are almost similar
o the results of present investigations. |
| The DTPA extractable iron content ranged between|
.54 t0 6.38 mgkg™ with a mean value of 4.58 for all the depths.
he data presented on DTPA extractable iron content of‘
prchard soils showed a decreasing trend with increase in|
depths. As per the ratings given by Tandon (1992a), the soils
aving <4.5 mg kg™ falls under deficient category and those
having >4.5 mg kg™ falls under sufficient category. A close|
Examination of data revealed that DTPA extractable iron was
eficient in 50 per cent, whereas 50 per centper cent orchards|
were sufficient in respect to DTPA extractable iron in|
orchards. The deficient to sufficient status of iron found in the
Soil might be due to calcareousness, low organic carbon!
content, light textured coarse sandy soils. Similar observations,
were reported by Bhatnagar et al. (2000) and Bhatnagar and
Chandra (2003). \
The DTPA extractable zinc content ranged between
0.247 to 1.017 mgkg™ with a mean value of 0.713 for all the
blepths. The data presented on DTPA extractable zinc content!
f orchard soils showed a decreasing trend with increase in
depths. As per the ratings given by Tandon (1992a), the soils
having less than 0.6 mg kg™ falls under deficient category;, |
hose having 0.6 to 1.2 mg kg™ falls under sufficient category. |
wenty five per cent soil samples of acid lime orchards were
teficientin DTPA extractable zinc. Remaining 75 per cent soil|
amples of acid lime orchards were sufficient in DTPA
extractable zinc. This range of zinc in soils might be due to the
presence of quartz, feldspar or the exchange complex being|
Euch as to have sites saturated with Ca/Mg under alkaline soil
eaction. Calcareous nature and low organic matter are some
pf the other properties where low levels of zinc are anticipated. |
imilar findings were reported by Sharma and Bhandari‘
?1995) and Kameriya (1995).
| The DTPA extractable copper content ranged|
Eetween 0.103 to 0.420 mgkg™* with a mean value of 0.227 for‘
Il the depths. The data presented on DTPA extractable copper
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content of orchard soils showed a decreasing trend with
increasein 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.
h’wenty five per cent soil samples of acid lime orchards were
deficient in DTPA extractable copper. Remaining 75 per cent
soil samples of acid lime orchards were sufficient in DTPA
lextractable copper. The deficient to sufficient available copper
tatus of 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 from 0.05 to 2.38
ppm. |
| The DTPA extractable manganese content ranged‘
between 1.37 to 5.15 mgkg™ with a mean value of 3.01 for all
the depths. The data presented on DTPA extractable
‘manganese content of orchard soils showed a regular‘
decreasing trend with increase in depths. As per rating given
by Tandon (1992a), the soils having <2 mg kg™ falls under
‘deficient category, those having >2 mg kg™ falls under‘
sufficient category. Twenty five per cent soil samples drawn
ffrom surface soil depth of acid lime orchards were deficient
and 75 per cent were sufficient in DTPA extractable
‘manganese in the present study. Results of DTPA extractablé
Imanganese in all the orchards clearly indicate that deficiency|
of manganese in the fruit orchards is now coming. Another in
the present study only 1/4th orchards have shown deficient!
[The deficiency of DTPA extractable manganese might be due
to the presence of high CaCO, content and low organic carbon
‘content. These results are in accordance with those reported b
Bhatanagar et al. (2000); Bhatnagar and Chandra (2003) and
Kumar (2004).

| The calcium carbonate percentage ranged between
2.44 to 4.26 with a mean value of 3.55 for all the depths,
Calcium carbonate percentage increased with the increasing
‘depths. It indicates that the calcium leached down from
surface soil to sub-surface soils accumulated in the form of
calcium carbonate as secondary carbonate. A comparative
high calcium carbonate content of soil might be due to
‘dominance of alkaline earth carbonates in the soils. Similaq
results were also observed for arid and semi arid regions by
Bhatnagar etal. (2000) and Kumar (2004). |
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Abstract o
Agriculture supply is uncertain and this leads to fluctuations in prices. The study investigates the price details, marke
integration of ragi in selected markets of Tamil Nadu and Karnataka. The time series data of ragi in wholesale prices were
tollected for 15 years for the time period of 2003-2017. The résults from the analysis of price variations, the seasonal indices of
Lagi are found to be higher in sowing months and the ragi price ‘treng showing more fluctuation, as the consumption pattern of ragi‘
aswidened and demand for Ragi is increasing the years. The unit root test revealed that the four wholesale markets except Vellore
market were non stationary at 1 per cent level and become stationary after first differencing. In Johansen co-integration procedure

ere is three co-integration equations at 5 per cent level of sigpifiqance among the ragi prices. The VECM estimates in short-run‘

h
Ehintamani market price converged into equilibrium within 6
torrected within 10 days. In the long-run Chintamani and Tumku

F—|osur markets were influenced by Denkanikottai first month Iawggeg prices of the market.

Key words: Market intelligence, price variation, Tamil Nadu |

days. The shock observed by the Tumkur market price will be
r harkets were influenced by their own monthly lagged price and

\ \
hntroduction

Agricultural commodity prices are well known tol
luctuate over time and markets. Price stabilization efforts for
various essential agricultural commodities continue to
faintain be the major concern for policy makers. Both thel
Froducers and consumers are affected by price instability. The‘
ncrease in the prices of agricultural commodities spills over to
pther sectors of the economy leading to an increase in the|
verall rate of inflation. Knowledge of relative price‘
elationships and variability over seasons and trends is
important for understanding the patterns of change and|
gesource allocation in the agricultural sector (Byerlee and‘

gbal, 1987).

\

aterial and Methods
Five ragi markets from Tamil Nadu and Karnataka!
were related based on regular availability of data during study|
eriod. The selected markets were Chintamani and Tumkur in
arnataka and Denkanikottai, Hosur and Vellore in Tamill
Nadu. Data on monthly wholesale prices were collected for 15,
ﬁears (2003t02017). The Wholesale price were collected from
gmarknet, Regulated markets and DEMIC.

geasonal Variations
Seasonal variations indicated the regularity of!
pward and downward movements during the year. These
price variations resembled the cycle but covered a period of 12
months or less. Moving averages were useful to eliminate!
eriodic movements. An average represented the “middling”‘
alue of a set of numbers.
|
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i |
‘The percentage of actual moving average was calculated b)l
the following formula \
‘Seasonal Index = (Actual data for the month/Cantered movinq
average for the month) x 100

The percentage of actual moving averages was arranged in the
‘form of monthly patterns and the average of each index waz
calculated and adjusted their sum value to become 1200. Thi
lwas done by working out a correction factor and multiplied the
average index for each month by this factor. |

‘Where, S=Sum of average index for a year |
ISeasonal indices were constructed for different months and
‘plotted inagraph to understand the price variations. |

[Trend analysis |
Analysis of long-term movements (trend) for
‘estimating the long run trend of prices, the method of least
squares estimate was employed. This method of ascertaining
the trend in a series of annual prices involved estimating the
lcoefficient of intercept (a) and slope (b) in the linear functional
‘form. The equation adopted for this purpose was specified ag
‘follows. |
‘Where, |
Y =Trend valuesattimet
\
i
|

ICorrection factor (K)=1200/S

Y=a+bx

la=intercept parameter

‘b =slope parameter, which also indicates the trend rate

X = independent variable- monthly average price of rag
|

4



Market Integration \

A relatively unrestricted modeling approach based
bn the error correction mechanism (ECM) advocated by
Banerjee et al. (1986), Hendry and Richard (1982), Hendry,
and Mizon (1990) and Banerjee et al. (1993) were utilized to
this study. The empirical exercise consists: \

LI'esting foraUnit Root |
Testing for stationarity in the time series data is pre!
{equisite since the time series has the presence of trend
components (Davidson and Mackinnon, 1993). Augmented
Dickey fuller (ADF) test involved in testing stationarity of the|
ariables and if the time series is found to be non-stationary,‘
he first differences of the series are tested for stationarity.
| The test mentioned above consider the null|
prothesis of atime series has a unit root (non-stationary). The‘
estisapplied by running the regression of the following form:

| Ave =lp— 1}y, +u; =8y, +u; |

| This model can be evaluated and testing for a unit‘
root is proportional to testing d= 0 (where d = ? - 1) and|
ﬁugmented—Dickey Fuller (ADF) unit root test are used. The

ull hypothesis of non-stationary is tested using a t-test. The
null hypothesis is rejected if estimated variable is significantly |
negative.
| Once the time series data checked for stationary and|

re of same order, integration between them tested using the,
models as ADF test @ Johansen co-integration test in a
bivariate as well as multivariate framework of the estimated!

alue of the error exceeds critical values at 1, 5 and 10 per cent,
of level of significance and the conclusion would be that the
residual term is stationary and hence the time series, through!
}he non-stationary are co-integrated in the long run.

Johansen's multiple co-integration frameworks
The individual time series of the prices may be non-‘
gtationary on levels, but a linear combination of them may be

‘Table 1. State-wise Normal Area, Production and Yield of Rag‘gi

stationary indicating a long-run equilibrium relationship
between them (Engle and Granger, 1987). The linea
ccombination of co-integration regression as follows \

| ¥, =f,+B.X, +2, |

Where Y, and X, are two price series in levels and Z, is the
‘residual term testing for co-integration |
Estimation of price adjustment-Vector error correction
mechanism

| Regression is one random walk on the other has a
stationary error term. Subsequently building up that
relationship exists between unit root factors, That relationship
i called the co-integrating vector, which for our example id
‘(Abbasa and Foreman-Peck, 2007) since the sum is stationary.‘

Xe =@, (B Yy + X, +5 + 0, |
[B¥; = ay (B, ¥ s + Ba¥e_y + pie + O |

\

\

\ Whereas alpha contains speed of adjustment and betd
‘contains co-integrating equation. These time series analyses of‘
econometric models are carried out using Eviews 7.0.0.1.rar.

\ \
‘Results and Discussion |
Ragi - Area, production and productivity

[ In India, Karnataka and Tamil Nadu are the principlé
ragi growing states, besides Andhra Pradesh, Maharashtra
Uttar Pradesh and Bihar (TNAU Agritech Portal). Karnatakal
lis the largest Ragi growing state and it has seen a steady rise in
production. Between 2011 and 2014, Ragi production in the
state grew 12.7 per cent while the total area under rag#
cultivation grew 4.1 per cent. Yield per hectare has also risen
steadily. Ragi yield across the country rose 8.34 per cent from
‘1,534 kg per hectare in 2005-06 to 1,662 kg per hectare in
2014-15 (Directorate of Economics and Statistics, 2016). ‘
The tables below indicate the selected state wise average
normal area, production and productivity of ragi in Indid
‘(Average 0f2011-12t02015-16). ‘

\ State (Average of 2011 -12 to 2015-16) |
Area Proguction Productivity ‘
(in 000 Hectare) (in 000 jl'onnes) (In Tonnes/Hectare)

| Karnataka 681.8 1182.7 | 1.73

| Tamil Nadu 93.2 2693 | 2.88

\
Ragi Prices

In the decade to December 2016, ragi prices
increased 270 per cent compared with a 113 per centrise in thel
wholesale price index for all cereal, (Centre for Monitoring
Indian Economy). The domestic and international export
market for ragi was estimated to be $4.5 billion, “If the!
policies of the government are right, given this demand, the

area under ragi cultivation can grow 30 per cent in the next few
| |

Source: Ministry of Agriculture and Farmers Welfare, Go‘vt. of India (2017).

years”, (Indiastat). Minimum support prices for Ragi wa
Rs.1650/- and above per quintal as on November 2016.
\(Source: Directorate of economics and statistics, 2017). \
| The price variations of selected markets were shown‘
in the fig. 1 to fig. 5. It is observed from the graphs that, in the
case of all above markets (Chintamani, Tumkur)
‘Denkanikottai, Hosur, and \ellore) the monthly average price‘
of ragi in the year 2017 is showing a declining trend over the
|
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months. During the year 2013 the price series of ragi in Vellore|
ﬁrr:d Tumkur market were found to be decreasing and in other

arkets the trend was found to increasing. For the year 2008!
and 2003, all the markets were showing a slight increasing and|
stable price trend. During early years the ragi price trend was
bbserved to be stable, this may be due to the demand for ragi‘
was low but in case of recent years (2013-17) the ragi price|
trend is showing more fluctuation, as the consumption pattern
of ragi has widened and demand for ragi is increasing thel
years.

Seasonal index for the selected markets |
Seasonal index for the selected markets are given in

khe table 2. From the table highest seasonal indices were
blayed in the months are represented in the table. In these
onths the price had a higher realization over the years (2003-‘
017). In Chintamani wholesale market highest seasonal
indices were found October-April, Tumkur market found that|
ebruary-April, June-August and October, Denkanikottai‘
holesale market found that November, December and May-
July, Hosur wholesale market found to be January, March-|
E]:;me and September, and Vellore wholesale market found that
ecember-April have been played the highest seasonal
indices over the years (2003-2017). \

bomparison of Seasonal Index in Selected Markets of!
Tamil Nadu and Karnataka
Comparison of seasonal index in selected markets of
Tamil Nadu and Karnataka with their harvesting seasons was!
iven in the table 3 and 4. From the tables the results could be|
inferred that Chintamani market seasonal price index was less
than one during July to September since it was the harvesting|
eriod and the arrivals were very high. In the case of Tumkur
and Hosur market the seasonal indices value than one were
observed during October to January which was theirl
mrvesting period. The seasonal indices were high during other‘
onths. In the case of Vellore market the seasonal index value
less than one was observed during September which comes|
immediately after the harvesting period of ragi. In the all‘
bove markets seasonal index value less than one coincides
with the harvesting season of ragi because of huge amount of]
rrivals in the market.

From this comparison farmer in Tumkur market‘
catchment area harvest their ragi in November, December and|
Ezanuary months, were advised to link the Chintamani markets

or their high price realization due care must be taken

additional transaction cost involved. Similarly farmers in|
Denkanikottai market catchment area can exploit the Hosur
market during the harvesting period for higher price
realization. Farmers in Chintamani market catchment area,
were link to the Tumkur, Denkanikottai and Hosur for higher
realization. Farmers in Vellore catchment area for better price\
ealization they can store and sell later rather than link with‘
other market because distance with high realization market
tistance were more than 160 kilometers.

~ C. Arul Kumar, Indian Journal E‘Arid

[Market Integration |
In general, market integration usually conceived in
lterms of the co-movements or long run relationship betwee
the spatial prices, Fackler and Goodwin (2001) and Goodwin
and Schroeder (1991). Several distinct methodologies for
leconometric analysis have been developed in recent years. |
‘Unit Root Test (Augmented Dickey-Fuller Test) |
\ The estimated test statistics from ADF tests for
‘wholesale in levels and first differences are reported in Tabl
5. From the table the results could be revealed that the unit root
test suggest that all the four wholesale markets except Vellord
‘market were non-stationary at one per cent level. \ellor
market has stationary property but other four market price
lseries has non-stationary property. Hence in this studyl
‘Chintamani, Tumkur, Hosur and Denkanikottai were include
in Johansen co-integration test.
| |
‘Testing for the Number of Co-integrating Vectors in thﬁ
System
| Johansen multiple co-integration tests were carried
out to study long run relationship between the selectetj
‘markets. In this study, co-integration were examined fo
IChintamani, Hosur, Denkanikottai and Tumkur ragi price
using the maximum Eigen value procedure as well as trace
test suggested by Johansen and Juselius (1990) and Johansen
(1991). \
Both trace test and Maximum-Eigen value
ltest of Johansen co integration test are presented in Table 6 and
7. Both trace test and Maximum-Eigen value test of Johansen
co integration gave the same conclusion that there were three
co integrating equations existing among the selected markets
‘There are three co-integration relationships among th
‘Chintamani, Hosur, Denkanikottai and Tumkur markets. ‘
‘Estimation of long-run wholesale price integration of ragi |
Co-integration implies that the transitory
lcomponents of the series can be given a dynamic errof
‘correction representation; one that allows for flexibility iq
short-run dynamics but constraints the model to return to long-
Irun equilibrium, Engle et al. (1987). If there is evidence of d
‘co-integrating relationship, casual inferences can be made by
estimating the parameters of the following vector erro#
lcorrection model (VECM) equation. |
The reduced forms of vector error correctiog
‘estimates were given in the table 8 and 9. From the table th
results could be inferred that any shock in the price of
Chintamani market would be return back to original
‘equilibrium price within 6 days. Whereas Tumkur market, an
shock in price of ragi, bounce back to the original position
within 10 days. From that it was concluded that any shock
were adjusted quickly in Chintamani rather than Tumkur. Thig
may be due to large volume of trade in Chintamani. ‘
In the long run, positive and negative coefficients
lexhibited in the Vector Error Correction estimates of selected
‘ragi markets. VECM concluded that in the long run,



- %hiﬁamﬁniﬁar?et price was influenced by two month F‘

0.238) lagged own market price and also by one month (0.172)!
lagged Tumkur market price. Tumkur market price was guided‘
y its one month (-0.422) lagged own market price and also by
two month (-0.220) lagged Chintamani marker price. In case|
&f Hosur market in the long run, price was influenced by one‘
onth (0.318) lagged Denkanikottai market price.
Denkanikottai was not influenced by any other market. Hence|
‘it is considered as independent market. |
Co-integration Analysis through Vector Error
Correction Mechanism is consolidated in the table 10. From|
fhat table it is inferred that both the markets in Tamil Nadu‘
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linked together, similarly both markets in KErnaTakzﬂinl@J
together. There is no linkage between Tamil Nadu and
‘Karnataka markets.

The study revealed that Chintamani and Tumkunl
Imarkets were influenced by their own monthly lagged pricd
‘and Hosur markets were influenced by Denkanikottai firsj
month lagged market prices. Denkanikottai market acts as a
lindependent market. The VECM conclude that Chintamani
‘market price converged into equilibrium within 6 days. Th
shock observed by the Tumkur market price will be correcte
\within 10 days. |

4000
3500

Denkanikotia Mnrked

\

\

el | ‘
a0

000 \
1500

| 1000 - \

\

\

\

|

|

Frire By

300 - —
L]

— 3117

L]

IFig. 2: Price trend over the years of Denkanikottai wholesale
market |

|
‘ 3500 Tomkur Market ‘
| % — S |
25.00 T — T NT—
| #2000 /_\1 |
[0 | = |
& 1000
\ LA \
‘ o ‘
S F:
P T
‘ a &= b Ly ‘_sﬁ- o .:a-""' {qgv ‘
| Klenih : ; |
| —E — 308 —2013 — 2017 |

IFig. 4: Price trend over the years of Tumkur wholesale market |

Clabmlarnand [l14:ll.f|. ‘ ‘

—_———— e |
T —

?'-_—-_-_ T

15.00
10,60 ‘

Pries Rakig

500

e > o : 2 3 &
G NS

|
|
| 200 \
|
hlanth
|

|
—2003 200E

| Fig. 5: Price trend over the years of Chin‘tam?ni wholesale market

—2013

|
—017



| Period (in months) Chintamani Tumklr | Denkanikottai Hosur Vellore |
| January 1.00064 0.97430 | | 0.99544 1.00299 1.05213 \
| February 1.02718 1.00235 | [ 0.97054 0.98196 1.08418 ‘
| March 1.01348 1.00764 0.99522 1.00405 1.07591 ‘
| April 1.01334 1.00587 | | 0.99837 1.01354 1.03922 |
| May 0.98842 0.99989 | 1.01745 1.01693 0.99847 ‘
| June 0.99043 1.01124 1.04513 1.01752 0.96416 ‘
| July 0.98427 1.01626 | 1.01694 0.99956 0.95582 \
| August 0.99040 1.01506 | | 0.97016 0.99947 0.92509 \
| September 0.98464 0.99193 | ]0.99998 1.00172 0.92109 ‘
| October 1.00476 1.00660 ' | 0.97464 0.98454 0.95055 ‘
| November 1.00126 0.99117 | 1.00010 0.98265 0.99270 |
| December 1.00117 0.97768 | 1.01605 0.99506 1.04068 ‘
Table 3. Seasonal indices for the selected markets L ‘
Month -
Markets Jan Feb Mar Apr May | | Jun Jul | Aug Sep | Oct |Nov |Dec |
Chintamani v v v v | v v v |
Tumkur v v v IR v v v \
Denkanikottai v v v v v
Hosur v v v TV v
Vellore v v v v |

'Table 4. Harvesting Se

asons of ragi

Markets Harvesting seasons Lowesgt Sepsonal Index Highest Seasonal Index

Chintamani June-September huy | February )
Tumkur October -January January | July ‘
Denkanikottai January-April August | June |
Hosur October-January February | June \
Vellore May-July September February |

Table 5. Results of the ADF test for the order of integration | |

Wholesale price of tomato markets

Augmen}ed ]Pickey-Fuller Test statistics

Level | Firstdifference Critical value
Chintamani -2.665846 I | -11.80854
(0.2522)| | | (0.0000)
Tumkur 2.928157‘ | -10.73642
G pu) (0.0900) -4.010143 (0.01 level)
3237719 | | -12.41547
Hosur -3.435125 (0.05 level)
(QUB5) (05000 -3.141565 (0.10 level)
Denkanikottai -3.143840 | [-9.914883 : :
(0.0995) | | (0.0000)
Vellore -4.399886 -15.49381
(0.0028) | | (0.0000)

Note: *Significant at

Table 6. Trace test (Unrestricted co-integration rank test)

1 per cent level.

|
*Mackinnon critical values for rejection of hypothesis of a unit root.

|
\
' Hypothesized no. CE(s) Eigen Value Trace statistic Critical value Probability |
' None * 0.201274 82.83435 47.85613 0.0000 \
| Atmost 1 * 0.132047 43.05592 29.79707 0.0009 \
. At most 2 * 0.095998 17.98961 15.49471 0.0206 |
At most 3 0.000712 0.126072 3.841466 0.7225
\ ]
88‘
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- J’Tab’E 7 Maximum Eigen value test (Unrestricted ¢o- -inﬁgriﬁ‘orﬁ‘anﬁtesﬁ ************

Hypothesized no. CE(s) Eigen Value Max-Eigen statistic Critical value Probability**

None * 0.201274 39.77843, 27.58434 0.0009

At most 1 * 0.132047 25.06631" 21.13162 0.0132

At most 2 * 0.095998 17.86354] 14.26460 0.0129 \
At most 3 0.000712 0.126072 3.841466 0.7225 |

Note: Max-eigenvalue test indicates 3 co-integrating eqn(s) at the 0.05 level
| *denotes rejection of the hypothesis at 5% significance'level
‘ **mackinnon-Haug-Michelis (1999) p-values |

Note: All the values in square brackets are t-values. !

|
|
Table 8. Estimation of long -run wholesale price integration of]ragi \
Co integrating Eq: Coint Eql
CHINTAMANI(-1) 1.000000 |
-0.016433 |
TUMKUR(-1) (0.04618)
[-19.8452] \
0416617 \
DENKANIKOTTAI(-1) (0.14381)
[2.89691] \
-0431572 |
HOSUR(-1) (0.14319)
[-3.01400] |
C 0.044658 |
,Table 9. Reduced forms of Vector Error Correction Estimates, | ‘
| Error Correction: D(CHINTAMANI) D(TUMKUR) D(DENKANIKOTTAI) D(HOSUR) ‘
| CointEql -0.203377 0.339441 -0.228512 -0.021039 \
| (0.08355) q0.13933) (0.17418) (0.17779) |
[-2.43422] [3.10475] [-1.31195] [-0.11833]
| D(CHINTAMANI(-1)) -0.076847 0.051613 0.235229 0.242042 \
| (0.09306) qo.lim) (0.19399) (0.19802) |
[-0.82582] [0.42386] [ 1.21256] [ 1.22230]
| D(CHINTAMANI(-2)) -0.238872 -0.220682 0.308393 0.240782 \
| (0.08553) (0-11192) (0.17831) (0.18201) |
[-2.79277] [-1.991701 [1.72952] [ 1.32289]
| D(TUMKUR(-1)) 0.172841 0.422501 0.160445 0.232893 \
| (0.07259) q0.03499) (0.15132) (0.15447) |
[2.38116] [ 4.44807] [ 1.06027] [ 1.50774]
| D(TUMKUR(-2)) 0.116590 -0.066959 -0.224902 -0.089423 \
| (0.07383) (0.09661) (0.15391) (0.15711) |
[ 1.57919] [-0.69308] [-1.46123] [-0.56918]
| D(DENKANIKOTTAI(-1)) 0.110879 -0.081050 0.008643 0.318691 \
| (0.07363) (0.09635) (0.15350) (0.15669) |
[ 1.50586] [-0.84119] [ 0.05630] [2.03392]
| D(DENKANIKOTTAI(-2)) 0.001020 -0.031847 -0.128484 0.047262 !
| (0.07216) (0.09442) (0.15043) (0.15355) |
[0.01413] [-0.33728] [-0.85411] [0.30779]
| D(HOSUR(-1)) -0.133072 0.017601 0.069826 -0.232822 !
| (0.07315) (0.09572) (0.15249) (0.15565) |
‘ [-1.81927] [0.18389] [0.45791] [-1.49576] ‘
| D(HOSUR(-2)) -0.056239 -0.095701 0.054125 -0.078518 !
| (0.07104) (0.09296) (0.14809) (0.15117) |
‘ [-0.79170] [-1.02953] [ 0.36548] [-0.51942]
| C 0.099687 0.110948 0.031677 0.013436
\ (0.06521) (0.08534) (0.13595) (0.13877)
‘ [ 1.52863] [1.30013] [ 0.23300] [ 0.09682]
| I
\
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- iTabE 10.Results from Co -infegration Analysis through VeT:t‘or‘érroT Correction Mechanism are consolidated in the table

Ibelow |
1 2 3 4
CHINTAMANI TUMKUR DENKANIKOTTAI HOSUR
CHINTAMANI (-2) CHINTAMANI (-2) ]
TUMKUR (-1) TUMKUR (-1) L
L DENKANIKOTTAI (-1)
() indicates lagged time period in terms of monthly: each columns under specific headings indicate the markets co integrated

| with the boldly indicated markets. || |

‘Reference | ‘Fackler, P. L. and Goodwin, B. K. 2001. Spatial price analysis.‘

lAbbasa, Q. and Foreman-Peck, J. 2007. Human capital and | Handbook of Agricultural Economics, 1: 971-1024. |
| economic growth: Pakistan, 1960-2003: Cardiff‘ ‘Goodwin, B. K. and Schroeder, T. C. 1991. Cointegration testﬁ
Economics Working Papers. and spatial price linkages in regional cattle markets.
Banerjee, A., Dolado, J. J., Galbraith, J. W., and Hendry, D.| American Journal of Agricultural Economics, 73(2)!
1993. Co-integration, error correction, and the‘ 452-464.
econometric analysis of non-stationary data. OUP'  Hendry, D. F. and Mizon, G. E. (1990). Evaluating dynamié

Catalogue. |

|

|

| econometric models by encompassing the VAR. |
Banerjee, A., Dolado, J. J., Hendry, D. F., and Smith, G. W.‘ |

|

\

|

Hendry, D. F. and Richard, J.-F. (1982). On the formulation of‘
empirical models in dynamic econometrics. Journal
of Econometrics, 20(1), 3-33. |

Johansen, S. (1991). Estimation and hypothesis testing of

Statistics, 48(3): 253-277. | cointegration vectors in Gaussian vectOtJ

Davidson, R. and Mackinnon, J. G. 1993. Estimation and| autoregressive models. Econometrica: Journal of the
inference in econometrics. OUP Catalogue. Econometric Society, 1551-1580.

Engle, R.F. and Granger, C. W. 1987. Co-integration and error! ‘Johansen, S. and Juselius, K. (1990). Maximum likelihood

correction: representation, estimation, and testing.| estimation and inference on cointegrationwith

Econometrica: Journal of the Econometric Society, applications to the demand for money. Oxford

55:251-276. Bulletin of Economics and statistics, 52(2), 169-210. |

1986. Exploring equilibrium relationships in
econometrics through static models: some Monte|

|
\
|
|
| Carlo evidence. Oxford Bulletin of Economics and
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Abstract

| Tribal rural families of district Panchmahals, Gujarat are living in poverty due to small holding size which is low inl
roductivity due to poor soil fertility and unavailability of irrig tion‘w facilities resulting in to subsistence farming. However, these‘
ribal families traditionally grow many minor fruit crops having drought tolerance especially tamarind and manila tamarind on the
fringes of their land; fruits of which they sold in the market at/ cheaper rates. KVK, Panchmahal has promoted value addition inl

‘tamarind through training with the help of scientist of C.H.F.
Different types of value added products were made from tamarin

S., Godhra and N.G.O. Anandi for higher income generation.‘

fruits viz. tamarind puree, toffee and Qil polished tamarind

pulp. Study was carried out to determine the levels and preference range of ingredients in the various products to formulate recipes

f the products prior to processing and training the commun
8 rbal ommunities. As promotion of minor fruit crops like tamarind

iable, of good quality and good sources of income for rural tri

embers. The products made in this study were shown to be

without market linkage is risky, it is advisable to train the community for development of value added products so that they

Penerate more income from available resources and to avoid se?soqal glutinthe market.

Key words: Tamarind, value addition, livelihood security |

Introduction |
Tamarind (Tamarindus indica L) a member of sub|
Lamily Caesalpiniaceae of family Leguminoceae, is highly
rought hardy and can be grown in dry land areas and on‘
degraded wasteland. It is considered to be one of the most|
Exquisite and valuable fruits of the tropics and sub tropics. Itis
ource of timber, fruits, seeds, fodder, medicinal extracts and
has potential of industrial use (Karale, et al, 1999, Pareek and|
Awasthi, 2002 and Singh and Singh, 2005, Singh and Singh,
007). In India, the pulp is used mainly for culinary purposes,
while in other countries it is processed in to nectar, juice,|
sauce, jam, jelly, beverages including carbonated drinks.
Tamarind kernel powder (TKP) is extensively used for!
tarching of cotton yarns and jute fabrics. The TKP can also be
used as acattle feed.
| Panchmahal is a tribal populated district of the!
ujarat. Climatologically it comes under semi-arid zone. This‘
region is endowed with plenty of scattered tamarind plants in
hearby villages and on the fringes of the cultivable land.|
Tamarind pods produced in these areas are sold locally by the‘
Lural people at very cheap rate. Tribal people collect the
tamarind pods and after dehusking and it is sold to local traders|
F) Rs 20 to 30 per kg. Famers were not adopting any‘
echnology for value addition of tamarind pulp. KVK,
Panchmahal observed these problems and organized training|
rogramme for value addition of tamarind pulp with the
ollaboration of NGO Anandiand C.H.E.S., Godhra. |

\
‘Materials and methods |
| Groups of the Tribal women of different villages off
Goghamba & Shehra Taluka, Panchmahal were formed to
‘undertake the activities for value addition of tamarind pqu.‘
[There were 30 tribal women selected from different villages
and they were advised to collect tamarind pods from their
‘Iocality. Collected pods were dehusked and deseeded
properly. They were also suggested to harvest the pods at
ripening stage. For assessment of correct stage of ripening,
‘separation of pulp from rind was followed. After harvest, pod
ere dried in open sunlight for two days which resulted in eas
pulp extraction. Total soluble solids and titratable acidity were
determined by standard methods. Vitamin C and sugars weré
analyzed by the method advocated by AOAC, (1990),
‘Different products were prepared from the pulp: |

‘Oil polished tamarind pulp: |
Ingredients : Deseeded tamarind pulp 1 Kg., castor oil 50

ml,
‘Collect & Select the fully ripened tamarind pods
|

|
ICleanall the fiber

Dehuiked and deseeded

‘Mix StlltSQm/kg. pulp
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\ \

Polished with castor oil @ 50 ml/1 kg. pulp
Lill in P*asticJar and Seal

Tamarind puree:
Ingredients : Deseeded tamarind pulp 1Kg., vinegar 10 ml,

Follect & Selectthe fully ripened tamarind pods

\

|

|

|

|

\

Clean, iehusk&deseed |
bour inxvaterfor 1hr. |
| |
Mash and remove all the fiber, husk, seed etc. |
Strain the pulp with Nylon net cloth or strainer |
Mix 10$m| vinegar/kg. pulp |
\

rill in Plastic bottle and seal |
|

|

Labele

ffamarind Chutney :

Ingredients : Deseeded tamarind 250 gm, Jaggery 250 gm,
water 250 ml, black salt ¥ tea spoon, salt %2 tea spoon red
chilli powder roasted cumin

%oak deseeded tamarind in water for 30 minutes in a steel pan
F(eep the pan on the flame and boil (simmer) 10 minutes |

Switch off the flame and allow the pulp to cool till it is easier to
andle
pandle 1 |

Strain the pulp and discard leftin the sieve \

JTransferihe tamarind pulp in pan and keep on flame |
| |
dd juggery and mix stir and cook the pulp till the juggery‘

elt *

dd the Salt, Black Salt, Cumin Powder red chilly resins and
ardmum powder and mix well |

\
‘Fill in Clean and dry bottle |

Sealand label (Ifrequired)

Ten participants were trained as panelists to evaluate the |
arious products. Each tribal farm women was asked to taste
the coded samples of each product and score each product for
preference on a five -point scale, ranging from “most!
referred” (preference score = 1) to the “least preferred”
(preference score = 5). This process was repeated three times
in three days and the results were recorded for statisticall

| |
777+ 77777777777777 ‘9
\ \
\ \
| |
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analysis. The data statically calculated as per method givenb
'Snedecor and Cochran, (1994).
‘Results and Discussion |
\ After drying, rind becomes bristol and it separates
‘easily from pulp. Earlier they sold dehusked fruit with seed‘
only. Tamarind is leguminous crop, seed of which is rich in
protein and this caused early spoilage due attack of insectd
pests which resulted in heavy economic loss to the tribal
g‘armers. It has been observed that a tribal farmer can earn onl
IRs. 600 to 700 from single tree of tamarind annually through
;elling of dehusked pod to the local trader. In this way, iﬁ
etches less price in the market as compared to its potential.
Therefore, there was need of fusion of value addition
technology. Primary processing and value addition activitie
‘have potential of improving livelihood. Its little primar)j
[processing can significantly improve family income of Tribal
Farmers. KVK organized a training programme for tribal
women with the collaboration of Anandi NGO. In thi
training, 30 tribal women farmers' have been skilled in value
addition of tamarind. They were trained for development of 05
value added products. Tribal farm women were trained
through learning by doing process. Most of the products were
prepared with low cost technology i.e. without chemical
treatment or with the use of vinegar only. Different physicd
‘chemical characters were also studied. The pod weight ranged‘
between 16.98 to 26.40g among the samples collected from
differentvillages. |
| The data given in table 2 revealed that the overall‘
highest grade was given by the panel to Goli (3.65) followed
by puree (3.60) and oil polished pulp and chutney (3.50). For
‘appearance, puree got maximum score (3.80) followed by oil
polished pulp (3.50), Goli and Chutney (3.40). The highes{
score (3.75) for colour of product was given to puree followed
by Goli (3.60) and oil polished pulp and chutney (3.50) of‘
k/arious products. The preference mean scores for flavor of the
\various products, maximum recorded to Goli followed by
puree, chutney and minimum to oil polished pulp, 3.80, 3.70,
‘3.60 and 3.40 respectively. On the basis of taste of products,‘
the oil polished pulp and Goli got equal rank (3.60) followed
by puree (3.55) and the minimum to chutney (3.50). This is
‘may be due puree was prepared from freshly removed pul
that is more shiny and attractive do not blended and season on
fry. The similar findings are also reported by Lingappa, et al,
‘(1993), Shankaracharya, (1998) and Ulrich, (1970) in
tamarind. The similar findings also reported by Lata, et al,
(2006) in turmeric. After compilation of training program,
tribal women have been skilled in value addition of tamarind.
ﬂ'hey are preparing chemical free various products, sold and‘
earned Rs 150-200 per kg in comparison to Rs 15-20/kg
earlier. These products are sold in their locality and nearby!
‘markets. So tamarind products has got preference and‘
acceptability, only the potential for its popularization through
lawareness campaign, skilled training and assured linkage off
‘market isthe need of the hour. |
It can be concluded from the study that there is a
promising future for the processed, stored products using

< . . .



popularization and development of diversified value added|
roducts from the tamarind so as to create ready market for the‘
Broducts. This will not only reduce spoilage of fruits but also
enable for quick disposal of the produce which will in turn|
ring potential earnings to the farmers, unemployed youth or
.H.G members of the district. |
| \
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Table 1.Fruit quality attributes of tamarind collected from diftle rent villages.

| Name of Taluka Pod Seed 'Shell Pulp TSS Acidity TSS/ Total

| villages weight weight | weight weight (Degree (%) Acid Sugar
(8 (8 (8) (g) Brix) Ratio | (%)

| Sanayada Ghoghamba 18.58 5.56 4.89 8.13 62.00 9.10 6.81 | 46.42

| Khan Patla Ghoghamba 17.89 6.50 15.4] 5.98 63.50 10.53 6.03 47.20

| Sajora Ghoghamba 16.98 4.40 4.45 8.10 52.00 12.89 4.03 41.30

| Gajapura Ghoghamba 20.45 6.20 6.73 7.50 63.56 13.15 4.83 | 47.40

| Kaatu Ghoghamba 19.75 6.78 15.20 7.77 62.00 12.20 5.05 45.50

| Bhesal Shehra 22.20 5.49 5.4Q 11.31 64.50 11.85 5.44 49.72

| Nava Mehla | Shehra 21.89 7.50 4.42 9.95 63.70 12.40 513 | 47.86

| Vaghjipura Shehra 26.40 7.70 10.10 8.60 65.40 13.49 484 | 51.40

| Nandarva Shehra 22.00 6.30 6.74 8.96 64.10 14.50 4.42 49.50

‘ Dhandalpur Shehra 23.12 8.70 5.20 9.22 62.00 14.40 4.30 48.10

\ Khojal Vasa Shehra 22.50 6.20 6.63 9.67 61.20 13.50 4.53 47.20

‘ CD 1.05 0.52 ‘0.64 0.63 2.20 1.02 0.45 1.59

‘ (p= 0.05) —

Table 2.Preference mean scores for value added products of tamarind pods

| Product Appearance Color Texture | Flavor Taste Over all Grading

| Oil polished pulp | 3.50 3.50 360 11 ]340 3.60 3.50 111

| Puree 3.80 3.75 3751 | |3.70 3.55 3.60 1l

| Goli 3.40 3.60 3.50 3.80 3.60 3.65 1

| Chutney 3.40 3.50 3.60 | 3.60 3.50 3.50 111
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Abstract - |
| A field experiment was conducted to study the "Effect bf NAA and thiourea on growth, yield and quality of Garlid
Allium sativum L.)” during the rabi season, 2017-18 at the Horticulture Farm, S.K.N. College of Agriculture, Jobner (Rajasthan).
he experiment consisted of twenty treatment combinations iHcIucﬁing five NAAand Thiourea levels (control, NAA @ 100 ppm,
NAA @ 200 ppm, Thiourea @ 100 ppm and Thiourea @ 200 ppm). They were under taken in factorial randomized block design

ith three replications. The results of the study clearly indicated that foliar application of thiourea @ 200 ppm to the garlic crop
ignificantly increased the plant height (cm), number of leaves perL plant, chlorophyll content in leaves, fresh weight of Ieaves,‘
neck thickness, polar diameter, fresh weight of bulb, number oficloyes per bulb, bulb yield (134.58 g/ha) and quality attributes viz. |

TSS, sulphur, protein content, nitrogen content and ascorbic‘acid‘) and net returns (Rs. 1,08,062 /ha) and B: C ratio (1.34) as‘

Eompared to control.

\
‘Keywords: NAA, thiourea, growth, yield, garlic |

Introduction
Botanically, garlic is known as Allium sativum L.
Which belongs to the family Amaryllidaceae. It isa multiple or!
g:ompound bulb consists of smaller bulblets called 'cloves' and
Is surrounded by a thin white or pinkish papery sheath. The
économic yield is obtained from these cloves. It is the second!
important bulb crop after onion. Garlic has higher nutritive
value than other bulb crops. It is specially rich in protein,
¢carbohydrate and ascorbic acid. About 142 calories of energy |
is obtained from 100 g of garlic. Garlic is used in flavoring of
oods, preparing chutneys, pickles, curry powder, tomato
ketchup, etc. It also contains phosphorus, potash, calcium,|
magnesium, carbohydrates and a colourless as well as‘
dourless water soluble amino acid called "allin’. On crushing
the cloves, an enzyme allinase acts upon allin and breaks down |
Lo produce allicin. The principal ingredient of which is‘
doriferous diallyl-disulphide, which is the major flavouring
component of garlic. Garlic also contains about 0.1 per cent|
olatile oil and the green garlic is rich in ascorbic acid. India
anks second in area and third in production of garlic in the!
world. The productivity of this crop is quite low i.e. 5.09
tonnes per hectare (Gupta, 2014) which is far less than that of
hina and Egypt. In India, garlic is cultivated throughout the
gountry occupying an area of 261 thousand hectare with,
production of 1400 thousand MT (Anonymous, 2015). In
India, the major garlic producing states are Madhya Pradesh, |
dissa, Rajasthan, Karnataka and Guijarat (Anonymous,‘
015). In Rajasthan, it is grown extensively in Chittorgarh,
Baran, Jodhpur, Jhalawar, Kota, Bundi, Jaipur and Sikar!

777+ 77777777777777 ‘9

districts. Availability of garlic in India is only 6.34
kgl/year/capita in comparison to 11.14 kg / year/capita of
Korean republic. This situation of the crop in India may be du
to its unscientific cultivation and lesser care of growers to itq
nutritional management (Anonymous, 2011).
| Plant growth regulator presents a new possibility td
reak yield barrier, particularly imposed by the environment.‘
Application of growth regulators at a specific or critical
growth stage influences the key processes of plants favouring
anipulation of protein content of the crop. The application of;
riacontanol (a long chain aliphatic alcohol) based plané
growth regulators and naphthalene acetic acid (NAA) has been
reported to induce physiological efficiencies includin
hotosynthetic ability of plants which resulted in better growt
and yield of several crop without substantial increase in cost of
Production (Sumeriya et al., 2000). Naphthalene acetic acia
(NAA) is a synthetic auxin, can bring changes in th
phenotype of plants and affect growth either by enhancing or
Ey stimulating the natural growth regulatory systems fro
eed germination to senescence (Das and Das, 1995). NA
(Naphthalene acetic acid) stimulates cell elongation, cell
division in the cambium, differentiation of phloem and xylem
and induce flowering. The effect of NAA on plant growth is
greatly dependent on the time of application and its
concentration. NAA play a vital role for modifying the growth
behaviour of plant resulting in increase in growth rate of shoot
nd root and finally increase yield (Patil and Patel, 2010). |
plays a key role in root and shoots development, promoting the
germination of seeds and inducing the flower buds. Thiourea is
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a sulphydryl compound which contains one-SH group besides
ontaining nitrogen in the form of NH,. It plays a vital role in
the physiology of plants both as a sulphydryl compound and to|
some extent as an amino compound like urea. The stimulating
action of thiourea in various physiological activities of plant is
ell known. It has been proved effective in mitigating drought
in clusterbean and mothbean. It promotes growth in cytokinin
Pequiring callus tissues in absence of kinetin in various crops.\
‘Kolyada (1970) noticed significant increase in germination
and seedling vigour after soaking of seeds of sugarbeet in 10
ppm thiourea solution. It has also been reported that thioureal
egulates the plant growth by maintaining higher
photosynthetic rate upto the reproductive stage and increased
the yield improving carbon partitioning towards sink.
Thiourea is mainly known for its dormancy breaking and
bermination stimulating effect. Keeping these points in view,
the present investigation entitled “Effect of NAA and thioureal
n growth, yield and quality of garlic (Allium sativum L.)” Was‘
herefore carried out to find out the effect of NAA and thiourea
pngrowth, yield and quality of garlic. |

‘Materials and Methods |
| The field experiment entitled "Effect of varying|
levels of nitrogen on growth, yield and quality of garlic
kAIIium sativum L.)” was conducted at the Horticulture farm!
and quality observations recorded at Laboratory of]
Department of Horticulture, S. K. N. College of Agriculture,
Jobner during the rabi season, 2017-18. The experiment was
laid out at the Horticulture farm, S. K. N. College of|
Agriculture, Jobner during rabi season 2017-18. Jobner is
situated at 26°05 ' North latitude, 75°28" East longitude and an
Ititude of 427 meters above mean sea level in Jaipur district of
ajasthan. The experiment was laid out in randomized block
design with three replications. Four levels of nitrogenl
treatments were taken. The treatments were randomly allotted
o different plots using random number table of Fisher and
Yates (1963). The experimental field was thoroughly ploughed|
End cross-ploughed with the help of mould board plough and
ross-harrowing was done with tractor, followed by planking
and levelling to bring the field to a good tilth. Beds of 1.5 m x|
g.Z m size and paths and channels were also prepared
ccording to the layout of the experiment. |

| The seeds of cv G-41 procured from NHRDF, Karnal|
Haryana). The seeds of garlic were first treated with bavistin
2 g per kg seed to control seed borne diseases. The seeds‘
were sown in row at 15 cm apart on 14" November 2017 by

Table 1. Effect of NAA, thiourea on growth parameters of garlic

hand dibbling method and 10 cm spacing within the row wa
Imaintained. Phosphorus, potash and sulphur dose wer
applied uniformly in all plots as per recommended dose of P,

and S as basal dose only. The experiment was comprised 0

'five levels of NAA and Thiourea. Two foliar spray of NAA @
1100 and 200 ppm and thiourea @ 100 and 200 ppm througrp
planofix (4.5%) and thiourea (99.9%), respectively were done
lat 20 and 40 DAS using 500 litres water per spray per hectarel
‘NAA is a synthetic auxin and its empirical formula s CHHszr
Thiourea is a sulphydryl compound and as an amino
'compound and its empirical formula is CH,N,S. In order to
‘evaluate the effect of NAA and thiourea on growth, yield an

quality of crop, periodical observations on various growth and
lyield parameters were recorded. \
‘Results and Discussion |
[Effect of NAAand thiourea on growth parameters |
| The application of different growth regulators haci
favourable effect on growth. The data (Table 1) showed tha
Ifoliar application of thiourea @ 200 ppm significantly
‘increased the plant height, number of leaves per plant
cholorophyll content in leaves, fresh weight of leaves of garlig
[followed by thiourea @ 100 ppm, being statistically at par with
each other. This may be due to the effect of chemicals on celﬁ
‘division and cell elongation during plant growth stage (Halda

letal., 2012). Thiourea is a good source of nitrogen and sulfur
which promotes vegetative growth of the plant. Th

Ifavourable effect of thiourea on plant growth might be due t

limproved photosynthetic efficiency and bio-regulatory role in
plants. Nitrogen increases chlorophyll content in leaves thus
‘resulting in higher photosynthetic rate and higher vegetativé
igrowth of the plant (Pooja Rani et al., 2015; Nagar et al.,
2017). Thioureatreated crop showed more chlorophyll content
for photosynthate preparation and translocation towards sink
‘This might have been due to improved phloem loading 0[
assimilates under the influence of thiourea spray, mos
lprobably on account of SH-group present in thiourea
‘molecules. The SH-group stimulated the photosynthetig
carbon fixation mechanism and hence, foliar spray of thiourea
Imight have increased the plant height, number of leaves and
‘chlorophyll content, which ultimately resulted in highe

vegetative growth of garlic plants. Similar results were als

Ireported by Solanki and Sahu (2007) in clusterbean and Meena
‘(2011) in coriander. |
Effect of NAAand thiourea onyield parameters
\ Application of different growth regulators$

ea=n— — — — —

‘ Treatments Plant height (cm) Nu ber‘ of leaves | Total chlorophyll content | Fresh leaves |
per plant (mg/g) weight (g)
| P, Control 34.54 6.50 | 0.709 18.58
| P;-NAA 100 ppm 37.68 772 0.899 21.02
. P,-NAA 200 ppm 39.26 8.64 0.954 21.36
| P;- Thiourea 100 ppm 40.72 8.97 ! 1.008 23.09
| P4- Thiourea 200 ppm 42.18 953 | 1.117 23.59
. SEm+ 1.00 0.27 0.026 0.65
' CD (P=0.05) 2.86 0.76 0.073 1.85
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ignificantly increased the neck thickness, polar diameter,
fresh weight of bulb, number of cloves per bulb and bulb yield.
The data (Table 2) showed that application of thiourea @ 200!

pm followed by thiourea @ 100 ppm being at par to each
other significantly enhanced all the above yield parameters,
over control and NAA levels. The increase in yield attributes|
with the application of thiourea might be because of better‘
Ltilization of the sources in the plants. An increase in yield
attributing characters with foliar application of thiourea might|
gave induced large number of reproductive sinks leading to‘

reater activity of carboxylating enzymes resulting in higher
photosynthetic rates with greater translocation and|
ccumulation of metabolites in sink and ultimately higher
Cield (Nehra et al., 2006; Balai et al., 2017). Similar response‘
with foliar spray of thiourea was also recorded by Balai and|
Keshwa (2011), Shanu et al. (2013) in coriander and Gupta
and Yadav (2009) in fenugreek. This stimulatory effect may bel
occurred with foliar application which might have transferred,
to roots and finally resulting an increase in organic acid and
brotons efflux. This can increase the uptake of ions such as|
nitrogen and phosphorus by plants, which ultimately enhance
P/ield and yield attributes (Maleki et al., 2013; Meena and
Bhati, 2016). The obtained results are in agreement with thel
esult of Jaafari and Hadavi (2012a & b). The increase in yield
attributes and yield with foliar application of thiourea was
most probably due to increase in crop photosynthesis favoured|
Ey both improved photosynthetic efficiency and source to sink
elationship. Similar response with foliar spray of thiourea
was also recorded by Balai and Keshwa (2010) and Bochalia et|
F\I. (2011) in fenugreek. |

\
Table 2. Effect of NAA, thiourea on yield parameters of garlic

|

|

" Suman Choudhary, MR Choudhary and AK Verma, Indian Journal of Arid Horticulture Vol. 13 (1-2): 94-97 |
| |

|

|

‘Effect of NAAand thiourea on quality parameters

\ Results revealed that TSS content, crude protein
‘content, sulphur content, N content and ascorbic acid i

garlic influenced by application of different growth regulators.
IQuality parameters were significantly increased with the
‘application of thiourea @ 200 ppm (Table 3) being statistically
at par with thiourea @ 100 ppm. The increased accumulatioA
lof nutrients especially N, P and Zn in vegetative party
‘concomitant the improved metabolism led to greater
translocation of these nutrients to reproductive structure o#
lcrop. Application of thiourea resulted in better utilization of
nitrogen and phosphorus in plants probably due to the fact thzﬁ
‘application of thiourea might have helped in improve

Imetabolic process of plants and better growth & development
leading to greater absorption of nutrients from rhizosphere.
Solanki (2002) reported that thiourea being a sulphydryi
compound  significantly improved the root growth in
clusterbean crop. This might be due to metabolic role of SH
‘group in root physiology and biochemistry. The findings of
present experiment are also in close conformity with those of
Haldaretal. (2012) in garlicand Mani et al. (2013) in potato.

\ It is apparent from data that net returns of garlic crop
‘influenced significantly with foliar spray of different growt

regulators. The maximum net returns Rs.1,08,062 per hectare
was recorded under treatment P, (Thiourea @ 200 ppm)
‘followed by P, (Rs. 1,03,372 /ha), being statistically at par
with each other and found significantly superior over control,
\Pl and P,. The increase in net returns under treatment P, was
found to be 200.23, 38.58 and 16.50 per cent higher ag

| Treatments Neck Polar Av. weighit of | No. of cloves | Bulb yield Bulb yield (g/ha)
| thickness (cm) | diameter (cm) | bulb (g) | (kg/plot)
| P, - Control 0.65 2.56 26.28 16.41 1.48 82.43
' P;- NAA100 o
| ppm 0.78 3.50 38.77| 18.27 2.04 113.27
P NAA200 5 |

ppm 0.80 3.59 39.78 18.42 2.23 123.92
| P;- Thiourea 100 I
 ppm 0.82 3.76 49.68 | 20.20 2.36 131.21
' P,- Thiourea 200 -
| ppm 0.87 3.94 50.69 20.42 2.42 134.58
| SEm+ 0.02 0.09 (.44 0.60 0.03 1.59
' CD (P=0.05) 0.06 0.27 1.24 1.73 0.08 4.55
‘Table 3. Effect of NAA, thiourea on quality parameters of gariic |
| Treatments TSS (%) S content (mg/kg) N content Protein Ascorbic acid |
| L (%) content (%) (mg/100g) |
' P, - Control 35.63 121 " 0.842 5.26 8.30 ‘
| P,- NAA 100 ppm 38.65 135 [ | 0.987 6.17 11.23 |
| P,- NAA 200 ppm 38.93 140 | | 1.006 6.29 11.43 ‘
| P5- Thiourea 100 ppm 39.37 151 1.118 6.99 13.72 ‘
| P,- Thiourea 200 ppm 41.74 155 | | 1.126 7.04 13.79 \
| SEm+ 1.03 0.04 | 0.024 0.18 0.37 \
; CD (P=0.05) 2.95 011 0.069 0.53 1.06 ‘

6
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compared to control, P, (NAA @ 100 ppm) and P, (NAA @
200 ppm), respectively. |
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Abstract o ‘
| Thirty fenugreek genotypes (Trigonella foenum graecumL) were evaluated during rabi season of 2012-13 to explore it
ﬁxisting gene pool and identify the selection indices with an eye on a more comprehensive breeding programme. Characters like

umber of pods per plant, protein content in seed, days to 509 roWering and dry weight at flower initiation were found to have‘
least variation among the coefficients both at phenotypic and|genotypic level. Broad sense heritability estimates were high for
Eertem content in seed (96.9), followed by number of pods per plant (96.7). The highest genetic advance as percentage of mean

as recorded for dry matter content and dry weight at flower initiation indicating that these characters are governed by additive
gene action. Correlation coefficients at phenotypic and genotypic level envisaged that biological yield was having significant and|
ﬁ?sitive correlation with chlorophyll content of the leaves, number of pods per plant, straw yield per plant, 1000 seed weight, dry

atter content of the plant as whole and seed yield per plant while negatively correlated with the harvest index. Path coefficient
analysis revealed that biological yield per plant, harvest index, dry weight at flower initiation, chlorophyll content in leaves,
number of branches per plant and 1000 seed weight were the most important characters contributing towards seed yield and hence
burposeful and balanced selection based on these traits would be more rewarding for improvement of fenugreek. \

Introduction suitable for such situations. Improvement of yield in any crop,
Fenugreek (Trigonella foenum graecum L.), he performance of locally available cultivars of fenugreek is
popularly known as “Methi” is an important seed spice crop/  poor in the Malwa region of Madhya Pradesh. Hence, an
Fargely grown in India during Rabi season. Rajasthan and urgent need was felt for genetic improvement to develop high‘
Guijarat are the major fenugreek producing states followed by  yielding cultivars suitable for such situations.
Madhya Pradesh in which Malwa plateau contributes a major| | |
hare. In Madhya Pradesh, fenugreek growing districts are, ‘Materialsand Methods
Jabalpur, Chhatarpur, Indore, Mandsaur, Neemuch, Ratlam The experimental material comprising of thirt))
and Shajapur.The genus Trigonella has two species, viz. T.|  divergent genotypes were sown during Rabi season of 2012
Loenum—graecum and T. corniculata. Trigonella foenum—‘ ‘13 under randomized block design with three replications aﬁ
raecum plants are semi-erect, tall, moderately branched with Horticulture Research Farm, College of Horticulture,
pbold, typically yellow grains. fenugreek seeds are used as|  [Mandsaur (M.P.), India, situated in Malwa plateau in Western|
gondiments and flavouring food preparations. They are‘ ‘part of Madhya Pradesh at North latitude of 23.450 to 24.130‘
romatic, carminative, tonic and galactagogue. Externally’  and 74.440 to 75.180 East longitudes at an altitude of 435.02
they are used in poultices for boils, abscesses, ulcers and| |meters above mean sea level. This region falls under agro|
'Lnternally asemollient for inflammation of intestinal tract. The climatic zone No.10 of the state. Row to row and plant to planﬁ
eeds contain important steroid 'diosgenin' which is used in! ‘spacing were maintained at 40 cm and 20cm respectively.
preparation of contraceptives. Very little effort has been made|  Requisite agronomic package of practices were adapted to
in collection maintenance and utilization of different  raise a healthy crop. In each replication, five plants were
enotypes for the improvement of this crop. There is need to ‘randomly selected and tagged for observation. Observations
assess and improve the existing genotypes and introduce;  were recorded for ten characters, viz. days taken to 50%
cultivars for seed purpose. Study of variability isa prerequisite  flowering, plant height (cm) at 90 DAS (Days after sowing),
for improvement of yield in any crop. The performance ofl  humber of branches per plant at 90 DAS, dry weight per plant
ocally available cultivars of fenugreek is poor in the Malwa at initiation of flowering, number of branches per plant, days‘
region of Madhya Pradesh. Hence, an urgent need was feltfor  to 50 % flowering, umbel/plant, umbellets /umbel,
genetic improvement to develop high vyielding cultivarsl  seeds/umbel, number of pods per plant, number of seeds per

\ | \
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pod,1000 seed weight (g), biological yield (g), Seed yield per
plant(g), dry matter content (g), length of pods (cm), harvest|
'Lndex, straw yield per plant (g), protein content in seed (%),oil‘
ontent in seeds (%), chlorophyll content in leaves (%) and
seed yield per plant. The recorded data were subjected to|
tatistical analysis as suggested by Panse and Sukhatme‘
F1985). The genotypic and phenotypic coefficient of variance
was calculated as per the formula suggested by Burton (1952),|
L—|eritabi|ity and genetic advance as per Hanson et.al (1956)‘
n

d Johnson et al. (1955) correlation coefficient.

esultsand Discussion
The analysis of variance (Table 1) revealed that!
significant variability was present in the germplasm for all the |
characters studied. Estimates of genotypic (GCV) and
bhenotypic (PCV) variances indicated that in general, the
phenotypic variances were higher than the corresponding
?enotypic coefficient of variations, indicating the masking
nfluence of environmental factors in expression of these
raits. Wide variability occurred in dry weight at flower
initiation (PCV22.56, GCV21.36) followed by straw yield per
plant (PCV21.63, GCV18.23), dry matter content (PC\/19.06, |
CV17.09), biological yield per plant (PCV17.97,
CV15.89), This indicates the presence of sufficient amount
of genetic variability for these traits and can be exploited|
Ehrough breeding procedure for the improvement of these
haracters. This is in accordance with the findings of Sharma
and Shastry (2008). The difference between the value of PCV/|
nd GCV was narrow for dry matter content, number of seeds‘
Eer pod, 1000 seed weight and plant height, which indicates
that phenotype was truly corresponding to its genotype for|
hese characters. Characters like number of pods per plant,
Lrotein content in seed, days to 50% flowering and dry weight‘
at flower initiation were found to be consistent in its behavior, |
both at phenotypic and genotypic level and having lowest
coefficient of variation. It suggests that these traits were least
influenced by the non genetic factors and were hence quite
stable. This is in accordance with the findings of Banerjee and
Kole (2004) and Naik (2012). Heritability estimates in broad!
gense were classified into three groups.high > 70, medium 50 -|
0, and low < 50. In the present investigation broad sense
heritability estimates were high for, protein content in seed!
96.9), followed by number of pods per plant (96.7), dry‘
weight at flower initiation (89.7) and chlorophyll content in
leaves(87.10), Similar findings were reported by Meena et al.|
§2011) and Naik (2012). The genetic advance is more useful
han heritability alone in predicting the resultant effect on
selecting the best individuals. In the present investigation,|
ﬁxpected genetic advance was recorded high with dry matter‘
ontent (17.83), followed by number of pods per plant (17.39),
pbiological yield (10.75) and plant height (10.50).This is in|
ccordance with the findings of Prajapati et al. (2010) and
aik (2012). Heritability estimates along with the genetic‘
advance are more useful than heritability alone in predicting|
}he resultant effect on selecting best individuals. In the present
nvestigation, expected genetic advance expressed as!
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percentage of mean was high for straw yield per plant
(31.66%), followed by dry matter content (31.56%), protein
‘content in seed (30.88%), biological yield (28.95%) and‘
number of pods per plant (26.05%).High heritability coupled
with high genetic advance was observed for the above
‘characters indicating that these characters are governed by
additive gene action, hence there lies a good chance 014
improvement in these traits through direct selection in the
present material. Similar findings were reported by Datta and
‘Chatterjee (2004) Naik (2012). Naroliaet.al. (2017) |
| |
Correlation and Path Studies
| The estimates of genotypic correlation coefficient
were higher than their corresponding phenotypic correlation
coefficient values for most of the characters under study
‘(Table 2 and 3). Phenotypic and Genotypic level envisaged‘
that biological yield was having significant and positivi
correlation with chlorophyll content of the leaves, number o
pods per plant, straw yield per plant, 1000 seed weight, dry!
matter content of the plant as whole and seed yield per planq
while negatively correlated with the harvest index. However,
biological yield per plant too showed positive and significant
‘correlation with plant height and number of branches per plan
only at genotypic level. Similar associations were observed
ffor straw yield per plant, number of pods per plant which tool
exhibited positive and significant correlation with number of;
branches per plant, chlorophyll content, straw yield per plant,
11000 seed weight, dry matter content and seed yield per plant,
‘however it was negatively and significantly correlated to‘
harvest index. Number of seeds per pod was positively and
significantly associated to dry weight during flower initiation,|
pod length, protein content and seed yield per plant. Pod
‘Iength enjoyed a significant and positive correlation with‘
protein content, plant height, dry weight at flowering phase,|
1000 seed weight, dry matter content, harvest index and seed
K/ield per plant at genotypic level. Protein content in the seed,‘
too exhibited positive and significant association with numben
of branches per plant , number of seeds per pod at both
‘phenotypic and genotypic level. Plant height was having‘
positive association with 1000 seed weight, dry matten
content, seed yield per plant in a significant manner both at
phenotypic and genotypic level. Genotypic path analysis
‘(Table 4) of the different characters revealed that biological‘
yield had highest positive direct effect on seed yield per plant
followed by harvest index, dry matter content, chlorophyll
content in leaves, number of seeds per pod, dry weight aﬁ
}Iower initiation, number of pods per plant, 1000 seed weigh
land number of branches per plant. The straw yield per plant
nd pod length had the highest negative direct effect on seed‘
@ield followed by days to 50% flowering, plant height and
jprotein content in seed. Phenotypic path analysis (Table 5) off
‘the different characters revealed that biological yield per planﬁ
had highest positive direct effect on seed yield per plan
followed by harvest index, dry weight at flower initiation,
chlorophyll content in leaves, number of branches per planﬁ
|
|
\
|
\
|

land 1000 seed weight. Straw yield per plant and plant heigh
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| Character Mean Range PCV% | GCV% | Heritability | Genetic | Genetic advance as |
| Min. Max. L (BS) % Advance | percentage of mean
" Plant height (cm) 6591 | 4620 | 7483 |9189 ' [874 78.2 10.50 15.93
| No. of branches/plant 14.60 11.23 | 16.20 10.99| 6.42 34.2 1.13 7.73 |
| Dry weight at flower 3.86 2.23 5.27 2%.56‘ 21.36 89.7 1.61 14.70 |
initiation(g)

| Chlorophyll content in 54.11 | 4547 |59.47 |79 ] |6.71 87.1 6.98 12.89 |
, leaves (SPAD Unit) L
" No. of pods/plant 66.74 |51.10 |80.14 |13.08' [12.86 | 967 17.39 26.05
| No. of seeds / pod 15.50 13.86 | 17.47 7132 | ]5.92 65.4 1.53 9.87
| Pod length (cm) 11.12 9.82 12.19 710 , | 351 24.4 0.40 3.59
"Biological yield/plant (§) | 37.13 | 26.20 | 46.83 | 17.97 | 1589 | 78.2 10.75 28.95
| Straw yield per plant (gm) | 24.92 | 1350 | 33.62 | 21.63] | 1823 | 71.0 7.89 31.66 \
| Protein content in seed (%) | 18.91 14.03 | 25.53 1546, | 15.23 96.9 5.84 30.88
' Days to 50% flowering 4841 | 4367 [5333 [519 [432 69.4 3.56 7.35
| 1000 seed wt (g) 1441 | 11.10 |19.10 | 14.08/ | 12.97 | 848 3.55 24.63
| Dry matter content (g) 56.48 39.53 | 75.23 19.06; | 17.09 80.4 17.83 31.56
" Harvest index 3419 [27.89 [5024 |16.16 1232 [581 6.62 19.36
| Seed yield /plant(g) 1249 | 9.77 17.03 | 16.02/ [ 1330 | 68.9 2.84 22.73
| | |
ﬂ'able 2. Genotypic correlation coefficient of yield and its componeptcharacters of fenugreek ‘
'Characters Plant  |No. of Dry wtat |Chlorophyll [No.of [No.of [Pod ' [Biological Straw Protein  |Days to 1000 Dry Harvest [Seed !
‘ height |branches/ |flower content pods/ seeds/ Iengtq yield/plant(g) |yield/ content |50% seed wt |matter |index yield ‘

(cm) |plant initiation |(SPAD Unit) |plant Pod (cm) plant (g) |inseed |flowering [(g) content /plant

(9) (%) (9) (9)

[Plant height (cm) -0.049 0?283 0.413* 0.286 0.196 0.607t* [0.430* 0.337* |0.101 -0.150 0.683** 09588** -0.177 09413* |
No. of branches/ plant -0.153 0.594** 0.592** |0.272 -0.052  |0.456** 0.449** 10.653** |-0.247 0.509** 10.160 -0.060  |0.515**
\Drywtatflo. initiation (g) 0.069 0.240 0.482** 0.580#* 0.200 0.161 0.241 0.017 0.300 0.253 -0.008 |0.288 \
Chlorophyll (SPAD Unit) 0.380* |[-0.147 |0.031 0.518** 0.527** |0.181 -0.106 0.581** 0.207 -0.293  0.420*
[No. of pods/plant 0.321 0.161] [0.850** 0.826** |0.318 -0.169 0.375* |0.538** |-0.428* [0.680** |
No. of seeds/pod 0.773** [0.215 0.089  [0.567** |-0.086  |0.386* [0.400* [0.226  |0.483** |
[Pod length (cm) | 0.248 0.056 0.445** 1-0.300 0.462** 10.674** |0.356* |0.646** |
Biological yield/p (g) ‘ 0.969** [0.213  [-0.167  [0.609** [0.749** [-0.607** [0.741**
Straw yield per plant (gm) ‘ 0.096  |-0.041 0.532** |0.632** |-0.755** [0.575** |
IProtein content in seed (%) I -0.073 0.275  [0.448** [0.329  [0.550** |
ﬁ:ﬁe:?n?)% | 0433|0314 04115 |[0572%|
1000 seed wt (g) 0.522** |-0.105  |0.690**
[Dry matter content (g) | -0.193  [0.759** |
Harvest index 0.073
iSeed yield i i
/plant(g)
+* 19 level of significance * 5% level of significance | |

Table 3. Phenotypic correlation coefficient of yield and its component charatters bf fenugreek |

Characters Plant | No.of | Drywt. at | Chlorop | No. of No. of FLod Biologi | Straw Protein Days to 1000 Dry Harvest Seed
height | branch | flower hyll pods/ seeds/ length ‘ cal yield content 50% seed wt | matter index yield
(cm) | es/ initiation (SPAD | plant Pod cm) yield/pl | per in seed flowering (9) content Iplant

plant | () Unit) | |ant@@ | plant (%) @ (@
(gm)

Plant height (cm) 0.011 0.219 0.341* | 0.235 0.123 0.270 | 0.326 0.217 0.097 -0.093 0.558** | 0.486** | -0.108 0.297

No. of branches/ plant -0.077 0.265 0.355* 0.030 0.046' 0.285 0.207 0.379* -0.023 0.268 0.184 0.032 0.401*

Dry wt at flo. initiation (g) 0.063 0.220 0.407* | 0.310 0.162 0.118 0.224 0.027 0.252 0.207 0.031 0.258

Chlorophyll (SPAD Unit) 0.351* [-0106 |-0.049" |0419* [o0411* |o0.167 -0.047 0.512** | 0.192 -0.039 0.289

ox o

No. of pods/plant 0196 | Q071 | 0.770* 1 0.713* | 4 319 -0.152 0.351* | 0.487** | -0.356* | 0.560%*

No. of seeds/pod 0.390* 0.128 0.006 0.455** -0.169 0.223 0.279 0.196 0.371*

Pod length (cm) \ \ 0.063 -0.035 0.211 -0.171 0.167 0.272 0.231 0.304

1 1 1 Kk

Biological yield/p (g) L 098" | 5189 | -0.106 0.479%% | 0.634%* | -0.573%* | 0.623%*

Straw yield per plant (gm) ' ' 0.086 -0.022 0.398* | 0.494** | -0.750** | 0.385*

Protein content in seed (%) | | -0.051 0.254 0.399* | 0.232 0.437**

I I

Days 0 50% -0.353* | -0218 |-0265 | -0375%

flowering ) )

1000 seed wt (g) \ \ 0.419% |-0.096 | 0.498**

Dry matter content (g) -0.013 0.639**

Harvest index ‘ ‘ 0.263

Seed yield

Iplant(g) ||

‘** 1% level of significance * 5% level of significance
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‘Table 4. Genotypic path coefficient of yield and its component characters of fenugreek (Dependable variable-seed yield per plant)
" Characters Plant No. of | Dry wt. at Chloro | No. of No. of Pod Biological | Straw Protein Days to 1000 Dry Harvest
height  |branches/| flower phyll pods/ seedsq IEngth yield/plant | yield per | content 50% seed wt | matter index
‘ (cm) plant initiation (SP_AD plant Pod (cm) 9) plant (g) in seed flowering | (g) content
(9) Unit) (%) (9
[ Plant height (cm) -0.059 [ 0.000 |[0.032 0.173 | 0.012 [0033] |-p.145 [0.792** |-0.366* | -0.006 0.013 0.007 |0.166 |-0.088
No. of branches/ plant 0.003 [ 0.000 | -0.017 0.103 | 0.026 | 0046 |0.012 |0.839** |-0.489** |-0.036 0.021 0.006 | 0032 |-0.030
[ Dry wt. at flo. initiation (9) | -0.017 | 0.000 |0.112 0012 |0010 |0082] |-p139 |o0.367* -0.175 -0.013 0.001 0.003 | 0.050 | -0.004
| Chlorophyll (SPAD Unit) | -0.024 | 0.000 | 0.008 0.173 | 0.016 -0025 | -p.007 | 0.954** | -0574* |-0.010 -0.009 0.006 0.041 | -0.146
I'No. of pods/plant -0.017 [ 0.000 |[0.027 0.066 | 0.043 | 0.039] [-0.039 [1566** |-0.900** |-0.017 0.014 0.004 [0106 |-0.213
| No. of seeds/pod -0.011 [ 0.000 |0.054 -0.025 [0.010 [0.171, | -0p.185 | 0.395* -0.096 -0.031 0.007 0.004 [0079 [0.112
[ Pod length (cm) -0.036 | 0.000 [ 0.065 0.005 | 0.007 0132 [-p.239 | 0.456** | -0.061 -0.024 0.025 0005 [0133 [0.177
Biological yield/p (g) -0.025 [ 0000 [0.022 0.090 | 0.337* 0037 |-0059 |1841** [-1.055** |-0.012 0.014 0.007 [0148 [-0.302
[ Straw yield per plant (gm) | -0.020 | 0.000 | 0.018 0.091 |0.036 | 0015 |-p.013 | 1.785** | -1.089** | -0.005 0.003 0.006 | 0125 |-0.376*
Protein content in seed (%) | -0.006 | 0.000 | 0.027 0.031 | 0.014 |0.097 |-0.106 |0.392* -0.104 -0.055 0.006 0.003 | 0088 |0.164
0,
ﬁ;‘l’:e:?nzo » 0.009 | 0.000 |0.002 0018 | -0007 |-0018 |dor2 |-0.308 0.044 0.004 -0.084 -0.005 |-0.062 |-0.205
| 1000 seed wt (g) -0.040 [ 0.000 |0.034 0.101 | 0.016 | 0066 |-p.111 | 1.121** 0.579** | -0.015 0.036 0011 | 0103 | -0.052
| I
Dry matter content () 0034 | 0000 |0.028 0036 |002 |0068 |-0.61 |1379%% |-0.688** |-0024 | 0.026 0006 | 0197 | -0.096
| | |
\ i \ \
Harvest index 0010 | 0.000 |-0.001 -0.051 |-0018 |0039 |-0085 |-1.117** |0.822** |-0018 |0.034 -0.001 | -0.038 | 0.498**
e 1% level of significance * 5% level of significance ! !
Table 5. Phenotypic path coefficient of yield and its component characters of fenugreek (Dependable variable-seed yield per plant)
| Characters Plant No. of | Dry wt. at Chlorop | No. of No. of ! Pod Biologic | Straw Protein Days to 1000 Dry Harvest
height branche | flower hyll pods/ seeds/ length al yield per | contentin | 50% seed wt | matter index
cm s/ plant | initiation SPAD lant Pod m ield/pla lant seed (% flowerini content
p p yield/pla | p 9 9
(9) Unit) nt(g) (gm) (9)
[ Plant height (cm) -0.079 [ 0.000 |0.014 0.017 -0.004 [ 0.000 | | 0J004 0.583** | -0.189 -0.001 0.003 0.018 -0.004 | -0.067
"No. of branches/ plant -0.001 | 0.046 | -0.005 0.013 -0.006 | 0.000 ' | -0.001 0511%* | -0.181 -0.003 0.001 0.009 ©0.002__ | 0.020
| (Dg’)y wt flower initiation | 5 017 | .0004 | 0064 0003 | -0004 |000L| |o0pos 0290 | -0103 |-0002 | -0.001 0008 | -0.002 |0.019
Chiorophyll (SPAD Unit) | -0.027 | 0.012__| 0.004 0.049 0.006 | 0.000 | -0.001 0.749%* | -0359* 0.001 0.002 0.017 20.002 | -0.148
[ No. of pods/plant 0019 | 0.016 | 0.014 0.017 0.017 | 0.000 | | 0jo01 1379% | -0.623** | -0.002 0.005 0.012 20.004 | -0.220
No. of seeds/pod 0010 | 0.001 | 0.026 -0.005 0.003 | 0.002 0.006 0.230 -0.005 0.003 0.006 0.007 ©0.002 | 0121
| Pod length (cm) 0021 |-0.002 |0.020 0002 |-0001 |o0001]| |op17 0113 0.031 0.002 0.006 0006 |-0002 |0.143
Biological yield/plant(g) 0026 | 0.013 | 0.010 0.021 0013 | 0.000 , | 0001 1.790** | -0.832** | -0.001 0.004 0.016 20.006 | -0.353
[ Straw yield per plant (gm) | -0.017 | 0.009 | 0.008 0.020 0012 | 0.000 | | -0.001 1.705%* | -0.874** | -0.001 0.001 0.013 20.004 | -0.463
Protein content in seed -
o) 0008 | 0017 |0.014 0.028 0005 | 0001 | 0004 0.338 -0.075 0.007 0.002 0.008 0.004 |0143
‘ﬁgfe:?ng[)% 0007 | -0.001 |0.020 0020 | 0003 | 0000 |-0003 |-0190 |009 | 0000 0,035 0012|0002 |-0.64
1000 seed wt (g) 0044|0012 | 0.016 0.025 -0.006 | 0.001 ' | 0003 0.858** | -0.348* | -0.002 0.013 0.033 20.004 | -0.059
| Dry matter content (g) 0039 | 0.008 | 0.013 0.029 0.008 [ 0.001 , | 0005 1.136** | -0.432** | -0.003 0.008 0.014 0.009 | -0.064
| Harvest index 0.009 0.001 | 0.020 -0.012 | 0.006 0.000 | | 0looa -1.025%* | 0.655** | -0.002 0.009 0.003 | 0.001 0.617**

f* 19 level of significance * 5% level of significance |

had the highest negative direct effect on seed yield. Traits Iike‘
straw yield per plant and plant height imparted negative direct|
ffect on seed yield per plant. Thus, for increasing seed yield
Eer plant d emphasis on traits having positive and direct effect‘
should be given due importance and balanced selection based|
on these traits would be more rewarding for improvement of
kenugreek. Similar observations have been cited by scientists|
like Dashora et al. (2011), Naik et al. (2011) Fikreselassie et|
‘al. (2012) and Kumar et.al. (2018) |
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Abstract |

In vivo evaluation of fungicides showed Bordeaux mixtu

hie back disease of mango after each spraying and it has giv

Le (1.0%) was found to be the most effective in controlling th

nt per cent infection control along with thiophanate methyl,

hexaconazole, propiconazole and hexaconazole + zineb. All these fungicides inhibit the growth of fungus in first and second
fpraying on both the mango orchard during 2011-12 to 2012-%3 rﬁspectively. The study is to promote commercial cultivation of‘

he mango var. alphanso by small and middle scale farmers.

Keywords : Die back, fungicides, in-vivo, Lasiodiplodia, mango.
| ! !

‘I ntroduction
Mango (Mangifera indica L.) belonging to family‘
nacardiaceae is the most important commercially grown
fruit crop of the country, commonly cultivated in many
{ropical and subtropical regions. The mango is a juicy stone!
fruit called as the king of fruits. India has the richest collection
of mango cultivars. Cultivation of mango is believed to have
originated in south east asia from where it has been distributed|
orldwide to become one of the most cultivated fruits in the
ropics. Mango is considered to be an allopolyploid, most
brobably amphiploid and out breeding species having|
Fhromosome number 2n=40 (Mukherjee, 1950). |
Lasiodiplodia theobromae Pat. causes die back
fdisease of mango affects the plants twigs die from the tips|
ack into old wood, giving a scorched appearance to the limb.
he young green twigs start withering first at the base and then |
extending outwards along the veins of leaf edges. The affected|
Leaf turns brown and its margins roll upwards. Leaves scorch
nd fall, leaving a dead branch. In severe conditions, branches!
start drying one after another in a sequence resulting in death|
of the whole tree. Therefore, the present investigation has been
carried out with the management of die back disease and find
put the appropriate fungicides against the pathogen L.

‘theobromae.

Materials and Methods
The field experiments was conducted at two separate
fields. First at mango orchard of Horticulture field, Dr.!
alasaheb Savant Konkan Krishi Vidyapeeth, Dapoli (M.H.)‘
and another in farmer's field at Kapde-Wakan, Tah. Poladpur,
district Raigad (M.H.) during the years from 2011 to 2013. |

\

l

I
. o . |
Five fungicides thiophanate methyl (topsin, 0.2%), Bordeaux
mixture (1%), hexaconazole (topper, 0.1%), propiconazol
(tilt, 0.1%) and hexaconazole + zineb (avatar, 0.2%) that gave
the best inhibition of L. theobromae in vitro were used in the
field trials. Five fungicidal treatments were tried in randomM
‘block design (RBD). There were four plants per fungicid
treatment. The plants were thoroughly sprayed two times at
two months interval. The first spray was conducted in the
‘month of June and second in September. Observations on
disease severity were recorded one month after the spraying.
| Before the first spray the plants were tagged)
‘Isolation from the branches of treated and control plants Were‘
made to determine the infection on each plant. Both disease
lincidence and severity were evaluated before spraying and
‘after one months of second spray. The number of infected
branches were counted and percent disease reduction 01J
[disease over control was calculated to determine the efficacy
‘oftestfungicides under field conditions. |

IResults and Discussion \
In field experiment, Bordeaux mixture (1.0%)
‘proved to be the highly effective fungicide for the control of
die back disease of mango followed by thiophanate methyl
(0.2%), hexaconazole (0.1%), propiconazole (0.1%) and
hexaconazole + zineb (0.2%). It was accompanied with a
‘gradual reduction in the disease severity and disease incidenc
in treated trees as compared to untreated control trees. It was
also noted in the trees treated with fungicides that new
‘vegetative growth comprising of new shoots and leave
appeared and increased with each fungicidal treatment. After
the 2™ spray the trees sprayed with Bordeaux mixture 1.0 %



promising result followed by thiophanate methyl (0.2%),
ropiconazole (0.1%) and hexaconazole (0.1%) respectively.‘
hey produced large number of new shoots and complete

tisappearance of typical symptoms of the disease. However, |
he plants sprayed with thiophanate methyl (0.2%) and

{)ropiconazole (0.1%) still exhibit little gum exudation. Trees

treated with hexaconazole + zineb (0.2%) and propiconazole|

0.1%) produced less vegetative growth than trees treated with |
ordeaux mixture (1.0%) or thiophanate methyl (0.2%). In

Lntreated control plants, disease severity was increased with|

increase intime.

All the fungicides under field condition significantly‘

feduced the incidence of B. theobromae as compaired to the|
ontrol. Consistent with the result under in vitro condition,
aximum disease control was achieved in plants sprayed With‘

Bordeaux mixture (1.0%) and thiophanate methyl (0.2%)]

‘under field condition respectively.

Disease Intensity

Mean of infected branches of disease trees as
recorded before first spraying and the infected area of disease!
trees were recorded after first and second spraying. The
observations were taken before spraying, ten days after
spraying and one month after spraying (including first and!
econd spray) and same was analysed statistically and
presented in Table 1 to 3 and pooled analysis of fungicidal
spray presented in Table 4.

bisease Intensity of Die back Disease of Mango at
Horticulture field during year 2011-2012
The maximum disease reduction over control was‘
%ecorded in Bordeaux mixture (99.12 %). All the fungicidal
treatments were found significantly superior to control.|
Eordeaux mixture (1%) was found superior to the rest of
ungicides in checking the intensity of die back disease of
mango. It was followed by hexaconazole (0.1%), thiophanate|
ethyl (0.2%) and hexaconazole+zineb (0.2%) were found
ignificantaly superior over control. Among all the fungicides
Bordeaux mixture showed less mean percentage of infected|
branches i.e 0.035%. It was followed by hexaconazole,
{hiophanate methyl and hexaconazole+zineb i.e 0.065%,
0.110% and 0.193% respectively. Maximum disease reduction
over control was recorded in the treatment Bordeaux mixture
i.e. 99.12% followed by hexaconazole (98.37%), thiophanate‘
methyl (97.24%) and hexaconazole+zineb (95.15%)‘
respectively. Whereas, minimum disease reduction over
control (91.71%) was observed in the propiconazole (Table1). |

bisease intensity of Die back Disease of Mango at‘
Horticulture field during year 2012-2013 \
Maximum disease reduction over control was,
Lecorded in the treatment of Bordeaux mixture i.e 99.19%
followed by hexaconazole+zineb (98.29%), propiconazole|
96.34%) and thiophanate methyl (95.49%) respectively.‘
hereas, minimum per cent growth inhibition (86.45%) was
pbserved in the hexaconazole (Table 2). |
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All the fungicidal treatments were found
significantly superior to control. Bordeaux mixture (1%) was
‘found superior to the rest of fungicides in checking th
intensity of die back disease of mango. It was followed by
hexaconazole + zineb (0.2%), propiconazole (0.1%) and
‘thiophanate methyl (0.2%). Among all the fungicide?
Bordeaux mixture (1%) showed less mean percentage o
linfected branches i.e. 0.043%. It was followed byl
‘hexaconazole + zineb, propiconazole and thiophanate methyl‘
i..0.090%, 0.193% and 0.238% respectively.

| |
Disease intensity of Die back Disease of Mango at Farmer'ﬁ
%ield duringyear 2012-13

| The cent percent disease reduction over control wag
recorded by Bordeaux mixture. All the fungicidal treatment
Mere found significantly superior to control treatment.
Bordeaux mixture (1.0%) was found superior to the rest of
fungicides. It was followed by propiconazole (0.1%),
hexaconazole+zineb (0.2%) and hexaconazole (0.1%) which
were found significantly superior over control. Maximum
disease reduction over control was recorded in the treatment
Bordeaux mixture i.e. 100% followed by propiconazold
(95.38%), hexaconazole+zineb (95.22%), and hexaconazole
(90.76%) respectively. Whereas, minimum per cent growth
inhibition (89.20%) was observed in the thiophanate methyl
‘(Table 3) [

Pooled analysis of fungicidal spray |
| At one month after spraying, maximum mean
number of infected branches were observed in control (4.184)
ffollowed by hexaconazole + zineb (1.1%) and the minimum
‘mean infected branches were showed by Bordeaux mixture‘
1% (0.0 %) at first spraying (June month) and statistically on
jpar with thiophanate methyl (0.2%), hexaconazole (0.1%) and
propiconazole (0.1%) with 0.248 %, 0.119 % and 0.280 %
respectively. At second spraying (September month), the
minimum pooled mean of infected branches was showed by
Bordeaux Mixture (0.039%) and statistically on par with
&hiophanate methyl (0.2%), hexaconazole (0.1%),‘
propiconazole (0.1%) and hexaconazole + zineb (0.2%) with
‘0.174 %, 0.390 %, 0.141 % and 0.261 % respectively‘
(Table 4).

‘ These results are more or less in close agreement
with the following workers. Ahmed et al. (1995) reported
ﬁhiophanate methyl (1.5 g/lit.) and benomyl (0.5 g.lit.) were
‘effective in controlling die back of mango caused by B,
theobromae. Li et al. (1995) observed that the gummaosis is
disease in Japanees apricot and peach orchards caused by L.
‘theobromae were controlled by thiophanate methyl. Prakash‘
and Raoof (1989) reported that in India Lasiodiplodia
theobromae disease was effectively controlled by pruning thel
‘affected portions and spraying the wounded areas with 5:5:5

Bordeaux mixture. Mahmood et al. (2002) who recorded thai
1" foliar spray of thiophanate methyl (Topsin-M) @ 1 gL
‘reduced the infestation of L. theobromae to 10% and 2" spray
of the same fungicide completely inhibited the fungus as no
tissue yielded this fungus. Shelar (1994) who recorded that

-4 U | — _
(horticulture field 2012 and 2013, farmer's field 2013) showed
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Table 1. In vivo evaluation of fungicides against B. theobromae at Horticulture field, Dapoli (Sept., 2012)

- - — +

Disease incidence before 10 dayd after Spraying One Month After Spraying
spray
Fungicides Conc. Mean of infected Mean of infected Disease reduction Mean of infected Disease reduction
(%) branches (%) branches (%) over control (%) branches (%) over control (%)
Thiophanate Methyl 0.2 3.063 (10.063) 1.705 (7.407) 31.73 0.110 (1.342) 97.24
Bordeaux Mixture 1.0 2.918 (9.797) 1.605 (7.164) 35.61 0.035 (0.536) 99.12
Hexaconazole 0.1 3.410 (10.621) 1.793 (7.460) 28.08 0.065 (0.991) 98.37
Hexaconazole + Zineb | 0.2 3.463 (10.708) 2.043 (8.179) 18.05 0.193 (1.758) 95.15
Propiconazole 0.1 3.270 (10.294) 2.043 (8.179) 18.05 0.330 (3.243) 91.71
Control 4.065 (11.607) 2.493 (9.003) 3.983 (11.445)
SEm+ 0.455 0766 ' 0.717
CD (P=0.05) NS NS | | 2.180
(Figures in the parentheses are arc sine values)
‘Table 2. In vivo evaluation of fungicides against B. theobromae at Horticulture fiell:l, Daé)oli (Sept., 2013)
Disease incidence before spray | 10 days after Spraying One Month After Spraying
Mean of infected branches (%) | Mean of infected Disease reduction | Mean of infected Disease reduction
Fungicides (Co/o;c. brawches‘(%) over control (%) branches (%) over control (%) |
0,
Thiophanate Methyl 0.2 2.865 (9.724) 2.065 (8.222) 27.87 0.238 (2.610) 95.49
Bordeaux Mixture 1.0 3.438 (10.657) 2.343(8.773) 18.16 0.043 (0.591) 99.19
Hexaconazole 0.1 2.898 (9.763) 2.330 (8.769) 18.62 0.715 (4.702) 86.45
Hexaconazole + Zineb 0.2 2.998 (9.926) 2.258 (8.416) 21.13 0.090 (1.471) 98.29
Propiconazole 0.1 2.305 (8.642) 2.245 (8.593) 21.59 0.193 (2.087) 96.34
Control 3.638 (10.981) 2.863 (9.727) 5.278 (13.258)
SEm+ 0.525 0.535 | 0.623
CD (P=0.05) NS NS 1.894
(Figures in the parentheses are arc sine values) | | \
[Table 3. In vivo evaluation of fungicides against B. theobromae at Farmers field (September, 2013) |
Disease incidence before | 10 days afte‘r Spraying One Month After Spraying
spray
Fungicides Conc. Mean of infected Mean of infected Disease reduction Mean of infected Disease reduction
(%) branches (%) branches (%) | over control (%) branches (%) over control (%) |
| Thiophanate Methyl 0.2 1.435 (6.833) 1.960 (8.017) | 4452 0.538 (2.806) 89.20 ‘
| Bordeaux Mixture 1.0 1.133(6.099) 1.560 (6.999) | 55.84 0.000 (0.000) 100 \
| Hexaconazole 0.1 1.495 (6.998) 1.903(7.908) | 46.14 0.460 (3.372) 90.76 ‘
I Hexaconazole + Zineb | 0.2 1.485 (6.990) 2.375(8.809) | 32.78 0.238 (2.351) 95.22 !
| Propiconazole 0.1 1.410 (6.754) 2.390(8.882) | 32.35 0.230 (2.169) 95.38 |
" Control 1.745 (7.370) 3.533(10.793) ! 4.980 (12.863) ‘
| SEm* 0.385 0.571 1.040
' CD (P=0.05) NS 1.737 b 3.163 ‘
| (Figures in the parentheses are arc sine values) | | |
|Table 4. Pooled results of fungicide sprays on the severity of die back of mangp (2011 -12 and 2012-13)
One Month After Spraying (%)
| | (thean no. of infected branches)
Fungicides June June Pooled mearr September September Pooled mean
2012 2013 2012 2013
‘Thiophanate Methyl 0.35 0.145 0.2475 0.11 0.238 0.174
IBordeaux Mixture 0 0 o 0.035 0.043 0.039
Hexaconazole 0.113 0.125 0.119 | 0.065 0.715 0.39
'Hexaconazole + Zineb 0.158 0.43 0.204 0.193 0.09 0.1415
|Propiconazole 1.265 0.943 1104 | 0.33 0.193 0.2615
'Control 3.615 4.753 4184 3.983 5.278 4.6305
| SEm= 0.612 | 0.549
CD (P = 0.05) 1.765 1.584
\
carbendazim (0.1%) was found to be most effective in| | Evaluation of various fungicides against die back
ﬁontrolling the disease intensity of die back of mango after‘ | disease caused by Diplodia natalensis in mango.‘
ourth spraying followed by thiophanate-M (0.1%), captan Pakistan Journal of Phytopathology,7: 208-209

(0.2%), benomyl (0.1%) and mancozeb (0.25%). Bokhari et|
I. (2008) found that Topsin-M reduces cent percent guava

Bokhari, A. A., Sahi, S. T., Khan, M. A., Ahmad, R. and Ud4
din, 1. 2008. In vivo studies on the biological and

ecline after second spray followed by alert plus and Reconil-| | chemical control of guava decline caused byJ
| different soil borne pathogens. Pakistan Journal of
Agriculture Science, 45(1):54-56.
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Capparis decidua (Forsk.) Edgew (Capparidaceae),‘
Lommonly known as Kair, is a hardy plant, resistant to almost
all type of abiotic stresses like heat, cold, drought salinity etc.|
aturally grow in arid region of India specifically Rajasthan,
aryana, MP, Gujarat states. This plant is also a vital‘
component in nutritional and income security of the rural|
eoples, especially in the arid region. Besides many
ocioeconomic and ecological benefits, all parts of this plant‘
have a number of medicinal properties. The plant is|
traditionally used to cure toothache, arthritis, cough, asthma,
nflammation, intermittent fevers, malaria, rheumatism, and!
swelling. Itis also believed to possess laxative, astringent and|
vermi-fuge properties (Jeseph and Jini, 2011; Singh et al.
bOll). The alcoholic extract of fruit pulp and root bark is|
reported to have anthelmintic activity (Singh and Singh, 2011),
and the seeds oil is edible when processed and which contain
hitrogen and sulphur, so used to cure skin problems (Singh et!
I. 2011; Baloda and Bangarwa, 2010 ). The blanched fruit is
used as a vegetable, green berries are used in food preparations
such as pickles and fully ripe fruits are consumed as fresh since|
ipe fruits has a unique type sweet test (Baloda and Bangarwa, |
010). Zia-Ul-Haq et al. (2011) studied the proximate
tomposition, amino acids, fatty acids, tocopherols, sterols, |
glucosinolate and phenolic content in extracts obtained from‘
ifferent aerial parts of C. decidua, reported its antidiabetic
and antioxidant activity. But there is no study on Kair fruits|
Legarding which maturity stage possess highest phenolic‘
ontent and antioxidant activity. In this study we reported the
changes happening during fruits ripening with regard to its|
Phenolic contentand total antioxidant activity.
Fresh fruits of Capparis decidua (Forsk.) Edgew‘
(kair) of different maturity stages (Tender to fully ripe) were|
harvested from the ICAR-CIAH, Bikaner research farm
Huring April-May, 2017 and divided in five groups as per their
maturity stages as stage 1 (Tender fruits), stage 2 (Little
mature fruits), stage 3 (Medium Mature fruits), stage 4
(Mature fruits) and stage 5 (fully ripe Fruits) as shown in!
figure 1. from each group 10 fruits were counted and weighed
0 note the average fresh fruit weight, these weighed fruits
ivere subjected to drying in oven at 60 + 3 °C till the constant|
eight and calculated the percent dry matter content. The‘
dried samples were ground using kitchen milling machine and
passed through 100 micron sieve for getting uniform samples|
?nd extracted with 70 % ethanol for total phenolic and total
antioxidant activity estimations. Total phenolic content was

!
‘determined with the Folin- Ciocalteu reagent (Medini et al.
2014) and expressed as mg GAE/g DW. Total antioxidang
lctivity (TAA) of the ethanolic extract was determined by
DPPH radical scavenging activity by following the method of
‘Re et al. (1999) and expressed as mg Vit C equi./g DW. AII‘
lanalyses were performed in triplicate and values expressed ag
the mean + standard deviation. Data analysis was carried ouﬁ
‘using the analysis of variance and OPSTATE statistical
computer package (www. http://hau.ac.infabout/opstat.php) |
In the present study, Ker fruits of different maturity
‘stages (shown in figure 1) were analyzed for changes in their
average fruit weight, dry matter content, total phenolic content
and total antioxidant activity along with maturity. Asignificant
difference was observed in all the analyzed parameters annd
inth fruit maturity (Table 1). Asignificant increase in average
fruit weight was observed with maturity, it increase from 0.38
g to 4.11 g per fruits. The increase in average fruits weight is d
‘natural phenomenon of fruit development as deposition of‘
nutrients in sink part of the plant with fruit growth is happen.
While, It was observed that dry matter content is continuously!
‘decreased from 30.31% (stage 1) to 23.22% (stage 5), it was
decreased slowly till maturity stage 4 but a drastic reduction
Wwas observed between maturity stage 4 to stage 5. Total
phenolic content and total antioxidant activity were alsg
increased from maturity stage 1 to stage 5. Total phenoli
lcontent increased from 3.98 mg GAE/g to 4.96 mg GAE/g
while total antioxidant activity increased from 0.64 mg Vit.C
‘equi./g to 1.57 mg Vit.C equi./g respectively from maturit))
stage 1 to stage 5. For total phenolic content and total
antioxidant activity, a non-significant increment was observed
till the maturity stage 3 but afterward a significant increase

Stage-5




Table 1. Fresh Fruit weight, Dry matter %, phenolic content and Total antioxidant activity of kair ( Capparis decidua) fruits at different maturity stages.

[ S.No. Maturity Stages | Fresh Fruit weight (g) | Dry Matter cohtent|(%) Total Phenol Total antioxidant activity
(mg GAE/g DW) (mg Vit C Equi./g DW)
\ 1 Stage 1 0.38 30.31 3.98 0.64
‘ 2 Stage 2 0.94 29.03 4.03 0.75
\ 3 Stage 3 1.34 28.61 4.22 0.81
‘ 4 Stage 4 2.84 27.49 4.64 0.87
‘ 5 Stage 5 411 23.22 4.96 157
| C.D. 0.09 0.81) 0.28 0.17
‘ SE(m) 0.03 0.25' 0.09 0.05

| *GAE- Gallic acid equivalent, DW-Dry weight basis |

l/vas observed in both the parameters (Table 1). Studies on the‘
presence of phenolic compounds and antioxidant compounds|
in kair fruits were also reported by Tlili et al. (2010) and Zia-
I-Hag et al. (2011). The absolute values reported by these‘
scientists for phenolic compounds are somehow differed from|
Eur values. This difference might be due to difference in
xtraction method or standard compound used, since they‘
pxpressed against catechin while we expressed against gallic|
‘acid. |
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Arid region of Rajasthan, while, already faces
broblem of saline underground waters, rapidly declining water
esources further add to its misery. Under such a situation, |
ﬁdicious use of irrigation water has, now a days, become
atter of concern for researchers. Development of technology‘
for efficient and safer utilization of poor quality water for crop
roduction is one of the thrust areas of research, as share of
ater allocation to agriculture is anticipated to reduce. It is!
ell known that judicious use of poor quality saline ground‘
waters is possible through micro-irrigation system. In case of
drip, relatively small amount of irrigation water is applied at|
Lrequent interval and movement of salts in root zone take place‘
t low leaching fraction pushing salts to periphery of wetting
Zone. As a result plants may experience low salinity stress|
ompared surface irrigation. However, the degree of‘
Eermissible water salinity for use in drip system depends on
Wwater quality, soil properties and salinity tolerance of|
articular crops. Drip irrigation is the most effective way to
upply water and nutrients to the plant, which not only saves
Wwater but also increases yield of fruits and vegetable crops|
fTiwari et al., 1998; Hatami et al.,2012; Nadiya et al., 2013;
gbal et al., 2014). This water saving is because maximum
amount of water is stored in the root zone and deep percolation|
losses are minimized (Singandhupe et al., 2007; Bhogi et al.,
?011). There is meagre information on use of saline water in
{sandy soils of western Rajasthan under drip method of|
Irrigation in vegetables. Considering these in view an
investigation was undertaken of sandy soils with poor quality\
erigation water, to study the efficiency of drip irrigation on|
rinjal.
| A field experiments was conducted on sandy soils of!
Agricultural Research Station, Bikaner in 2011 and 2012 to‘
assess the tolerance of brinjal to different levels of irrigation
Wwater salinity through drip and flood methods. Treatment|
gomprised three salinity levels of irrigation water (EC 0.25,‘
.0and 6.0 dS m™) under two methods of irrigation i.e. drip and
flood. The soils of experimental field was sandy in texture,|
Zlkaline in reaction (pH 8.4), low in organic carbon (0.10%)‘
nd medium in available phosphorus (24 kg P,O,/ha) and
potash (200 kg K,0/ha). The experiment was laid out in|
andomized block design with three replications in plot size of‘
m x 3 m. Brinjal seedlings, hybrid Kanhaya were
transplanted on 12 August, 2011 and 08 August, 2012 and final|
Earvesting was done upto first week of March during both the‘
easons of experimentation keeping crop geometry of 60 cm X

|
|
\
|
\
\
|
\ _ . \
30 cm. The standard recommended agronomic practices were
followed. Re commended dose of 40,60and 40 kg N, P,O, an
K,O ha™ was applied through urea, SSP and MOP at the time of
transplanting in all the plots and remaining 40 kg N ha™ wa
L[op dressed in two splits. Water was applied in drip irrigatiorj
through emitters having discharge of 4 Iph and operated at
‘pressure of 1.25 kg cm™. Sintex tank of 1000 litres capacity

each were use to supply water 0.25, 3.0 and 6.0 dS m™. The‘
required salinity was achieved by adding the pre calculated
amount of salts. The treatments were evaluated in terms of‘
K/ield attributing parameters, yield and water use efficiency.
[For analysis of salinity build up in soil profile due to saling
water irrigation under drip method, soil samples were alsg
L(aken at three points which were located horizontally at 0, 1§
and 30 cm apart from the either side of emitters. At each of
these three locations soil samples were collected from three
‘depths i.e. 0-15, 15-30 and 30-45 cm. Similarly, in case of
flood irrigation soil samples were taken from the same threg
depths but at only one location. Soil samples were collected at
&ransplanting and harvesting of crop and analysed as peﬁ
‘method outlined by Richards (1954). Rainfall received durin

the crop season was 166.3 and 188.2 mm during 2011 an

2012, respectively. \
‘Yield andyield attributes |
| The weight, fruits per plant and yield of brinjal fruits
‘differsignificantly with ECiw levels. Results showed thatdriq
method of irrigation was superior to flood method at all the
levels of ECiw and resulted in 26.5 per cent higher fruit yield|
‘The highest fruit yield of brinjal was obtained under dri%
method of irrigation with water having ECiw 3.0 dS m’
(BAW) over rest of the treatments and a significant decrease
P/ield was observed with water having ECiw 6.0 dS m* or}
pooled basis. Increase in the levels of ECiw to 3.0 dSm’
brought about significant improvement in fruit weight per
‘plant under drip irrigation, but further increment ECiw i.e. 6.3
dS m™ caused significant reduction in fruit weight per plant an

resultantly the marketable yield. Maximum number of fruitd
‘per plant (7.7) and highest fruit weight (59.5 g) were recordeq
in treatment ECiw 3.0 dS m™ under drip system (Table 1).
Increasing levels of ECiw decreased the weight, fruits per
‘plant and yield of brinjal fruits significantly in flood method of
irrigation. It might be owing to decreased nutrient availabilit>)
at higher salinity levels. The detrimental effects of increasing



salinity on plant water status and metabolism were generally
ore pronounced at flowering than the vegetative stage.‘
Kaswala et al. (2015) reported that fruit yield of brinjal was,
increased (22.2 %) with 4 dS m™ over 8 dS m™ of irrigation
ater salinity but, it was 5 per cent higher when compared tol
BAW (40.1t/ha).

Water Use and WUE \
| Maximum water use was observed in flood method
of irrigation which was 46.64 per cent higher than drip method
of irrigation. Whereas, highest mean water use efficiency of|

00 kg/ha-cm was observed in treatment having ECiw 3.0 dS
m™ under drip method of irrigation (Table 2). Aujla et al.
(2007) reported that 50 per cent water saving could bel
chieved through drip irrigation in brinjal while obtaining 4
Eer cent yield increase as compared to furrow irrigation.
Goswami et al. (2006) also reported that drip irrigation in|
Rrinjal gave superior fruit yield and saved 37-49 per cent‘

ater when compared to surface irrigation. Kadam and
Kartikeyan (2004) also advocated superiority of drip method|
?versurface method. |

Salinity Buildup |
Besides water economy noticed under drip irrigation

%ystem, study on salt accumulation in root zone further
encourages the use of drip irrigation system for optimum|
Eroduction of brinjal under saline irrigation situation. The EC,
f soil recorded after harvest of brinjal crop as affected by
salinity levels of irrigation water in 0-45 cm soil profile at 0, 15|
and 30 cm lateral distances from the emitter has shown that the
aximum salinity was registered at 30 cm distance from

T "Deepak Gupta, AK. Singh, B.L. Kumawat, N.S. Yadava and 1.J. Gulati, Indian Journal of Arid Horticulture Vol. 13 (1-2):109-111 |

‘emitters with 6.0 dS/m saline water (Table 3). In general, the
soil salinity increased with increase in salinity of irrigatio

water at all depth and locations. Zone of minimum salt
concentration existed below the emitter in studied soil profile.
The trend clearly indicate that the salt concentration in soil
‘profile increase with increase in lateral as well as vertical‘
distance from the emitters. This is due to differences in
moisture content of ponded, wetted zone of area irrigated by d
‘particular emitter. The ponded zone have always higher‘
moisture both laterally and vertically which starts decreasing
las we move toward wetted zone with minimum at the end off
wetting zone. This moisture variation causes movement of
salts from the near vicinity of emitter, creating comparativel

Imuch less saline zone in which root perform there activity. In
order words, it can be inferred that the salts are leached away,
Lfrom the active zone of plant providing better growind
lconditions. Salt concentration was highest at 30 cm distance
from emitter. This may be due to fact that salts have movea
With water away from active root zone. The trend clearl

indicates that the soluble salt distribution in the root zong
decreased gradually with the depth for all the treatments.
These resultsare in agreement with the findings of Bhargava e
al. (1995) who reported that application of saline water
increased the soil salinity upto a depth of 120 cm; however, the
increase was more within the top 60 cm of soil. |
‘ From the results, it is concluded that in tube well
irrigated area of arid tract water having EC 3.0 dS m-1 may be
used for reasonably good yields of brinjal under drip
‘irrigation. Drip method was found superior over flood methoq

in producing 26.5 per cent higher fruit yield of brinjal.
| |

Table 1. Effect of methods of irrigation and salinity of irrigation water on yield of brinjal ‘

Treatments Fruit weight (g) Fruits/plant Yield (q/ha) |

2011 2012 Mean 2011 | 2012 Mean 2011 2012 Mean |
Drip
0.25 ECiw dS/m 56.7 56.4 56.5 69 | 74 7.2 187.8 215.3 2015 |
3.0 ECiw dS/m 493 69.8 59.5 56 9.8 7.7 183.9 235.6 209.7 ‘
6.0 ECiw dS/m 33.2 48.1 40.6 42 ! 5.3 4.8 154.7 186.2 170.3 ‘
Flood | |
0.25 ECiw dS/m 414 49.6 455 6.1 6.8 6.5 170.5 1935 182.0
3.0ECiw dS/m 39.6 449 21 48 1 5.1 50 141.0 156.8 148.9 |
6.0ECiw dS/m 26.5 39.3 32.9 2,6 34 3.0 120.2 137.1 128.6
SEm+ 2.5 1.6 1.6 04 ' 0.5 03 28 8.29 44 |
C.D. at 5% 7.9 5.0 47 12 | 16 0.9 8.9 26.05 12.9 |
‘Table 2. Effect of methods of irrigation and salinity of irrigation water on Watelr use‘(mm) and WUE (kg/ha/cm) |
Treatments Water use (mm) | WUE (kg/ha-cm)

2011 2012 ‘ Mean 2011 2012 Mean

Drip !
0.25 ECiw dS/m 638 710 | 699 273 303 288
3.0 ECiw dS/m 638 710 699 267 332 300
6.0 ECiw dS/m 638 710 \ 699 225 262 244
Flood |
0.25 ECiw dS/m 1013 1036 ‘ 1025 168 187 178
3.0ECiw dS/m 1013 1036 | 1025 139 151 145
6.0ECiw dS/m 1013 1036 1025 119 132 126
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|| ECiw (dS/m)
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| Lasura (Cordia myxa L.) popularly known as Gondal
r Lehsua is an underutilized fruit crop grown in arid and semi
arid region of India and worldwide. In Rajasthan, flowering
occurs in 10th March to 23rd April under Jodhpur condition!
ith new leaves (Vashishtha et al., 1985). In Rajasthan‘
specially in western Rajasthan demand of lasura fruit is
increases near the festival of 'Holi' or in month of March. But,|
he availability of fruit in market is in month of May.
efoliation of leaves in lasura in the month of December-‘
January produces early flowering and fruiting in arid region.|
Sharma et al., 2013). So, the growers use traditional or
anual method of defoliation to advance the crop without use
pf any chemicals. An overriding need exists to develop new|
and modern system to advance the crop to increase yield.
ﬁ'herefore, to achieve desired production at desired period of|
time defoliation is one of the mostimportant factor.
Eight year old plants of lasura, planted 6x6 m apart at
orchard at Agriculture Research Station, Mandor, Agriculture‘
niversity, Jodhpur during the year 2016-17 were selected for‘
the study, single plant considered as an experiment unit was
replicated three times in Randomized Block Design with eight!
reatments. The treatments consisted of Manual defoliation,
hiourea 5g + Ethephon 2ml + DAP 5g Itr", Thiourea 7.5g +
Ethephon 3ml + DAP 7.5g Itr”*, Thiourea 10g + Ethephon 4ml
r DAP 10g Itr*, Ethephon 4ml Itr*, 2,4-D 3ml Itr*, 2,4-D 4ml,
tr* and water is sprayed as control. Observations were
recorded on physical parameters, flowering and yield of crop‘
uring experimental period. Physical parameters (i.e.
defoliation % at 10, 20 and 30DAT, burning of tips, days taken
in 80% defoliation, sprouting after defoliation, length of!
prout at 30, 45 and 60 days after sprouting and leaf area) were
recorded after recording initial observations in each treatment.
Five newly emerged shoots were selected and tagged!
Landomly in each treatment for measuring burning, length of‘
prout same as five fully developed leaves from each treatment
were selected for leaf area. Days taken to 80 per cent|
Svefoliation, sprouting after defoliation and flower initiation‘
ere recorded by visual observation through regular visiting
the orchard. The Number of flowers was counted on five|
elected branches and average numbers of flowers per branch
ere calculated. Total number of flowers which set into fruit
were counted and per cent fruit set was calculated on the basis|

of number of flower emerged. Number of days taken td
‘maturity stage of fruit from date of defoliation was counted a:
maturity of fruits days after defoliation. The yield/plant was
lcalculated by sum of weight obtained from all the pickings and
‘yield/ha. was calculated by multiplying the yield per plani
with number of plants (278) per ha. Fruit weight wa
lcalculated by average of five fruits from each treatment]
‘Statistical analysis was carried out as per methods prescribeq
by Panse and Sukhatme (1985).
| The analysis of data on physical parameters)
flowering and yield as influenced by different defoliatioq
methods are presented in table-1 & 2.
[Physical parameters and flowering \
Itis revealed from the data presented in table there is
‘significant effect of all the methods on physical parameter
and flowering. Manual method of defoliation recorded
significantly higher defoliation per cent (100%). Defoliation
‘per cent is also significantly increased with T.U. 10g
Ethephon 4 ml + DAP 10 g Itr* (88%) followed by lower
concentration of T.U. + Ethephon + DAP and Ethephon.
Similar effect of defoliation was reported in pomegranate b
‘Sheikh (2014). 1t might be because of abscission regulatinq
hormone ethylene. Abscission zones of most abscising organs
like leaves are highly sensitive to ethylene with only a few
‘reports of ethylene insensitive abscission, reported by Vag
Doorm (2001). Manual method of defoliation recorde
minimum days to defoliation (1 day). Among chemical
methods T.U. 10g + Ethephon 4 ml + DAP 10 g Itr* recorded
6.33 days for defoliation. The results are in accordance with
the findings of Sheikh, 2014. They found 84.33 per cent
‘defoliation after 21 days in pomegranate. The maximun1
burning of tips was recorded with all the concentration of 2,4-
ID (11% and 19.57%). Because if the above-ground parts of the
‘plant are sprayed or dusted with 2,4-D, the response ij
different, for leaf growth ceases, the rate of respiration of th
plant is increased, and its reserve food materials are broken
down and subsequently burned up. This study is supported by
‘Mitchell (1947). Results showed that minimum days iH
isprouting (9.67) and flower initiation (16) was recorded with
control because growth was initiated just after defoliation in
lasura tree, this was supported by Vashishtha et al. (1985). Bu
flowering with natural defoliation occurs late in month of



(ApriI.Among all the chemical treatments T.U. 10g + Ethephon
4 ml + DAP 10 g Itr* recorded earliest sprouting (14.67 days)‘
and earliest flower initiation (25 days) is caused due to use of|
ormancy breaking and flower initiative chemicals viz.
hiourea and Ethephon. Thiourea increases starch content of‘
cells (Rahman et al., 2002) and alters the protein structures|
(Pandey et al. 2013) there by increases C:N ratio of cell which
broke dormancy. Application ofethephon found effective for
induction of early flowering. Ethephon release ethylene when,
come in contact with the plant tissue. This in turn, triggers the
mechanism of flowering and brings the shoots to flowering.
These results were also recorded in pomegranate (Sheikh,‘
2014, Chandra et al., 2011), in many fruit crops (Tandel et
al.2010), in mango (Dalal et al. 2005), in custard apple (Vinay!
t al.2015), in Asian pear (Jana and Das, 2014) and in guava,
(Hiremath et al., 2017). Application of thiourea can induce
flowering in certain varieties of mango (Nartvaranant et al.,|
FOOO). maximum length of sprout (41.53, 48.77 and 54.73 cm)‘
at 30, 45 and 60 days after sprouting was recorded with
treatment T.U. 10g + Ethephon 4 ml + DAP 10g Itr* while|
inimum length was recorded with both the concentration of
,4-D. This result gets full support from Chandra et al. (2011)
and Sheikh (2014). High concentration of 2,4-D can inhibit|
ell division and growth (Tu etal.2001). The number offlower‘
aximum in treatment ethephon 4ml Itr* (222, 310.67 and
B78) was found and the minimum no. of flower was recorded|
'Ln 2,4-D 4mlltr*(53.67, 91 and 166.33) at 30, 45 and 60 DAD,‘
espectively. Similar findings are found in custard apple by
Vinay et al (2015) that defoliated plants with ethephon 2000|
Bpm recorded significant number of flowers on 30, 60 and 60‘
AT and similar results were observed in guava by Jain and
Dasora (2007) that 250 and 500 ppm ethrel recorded|
Lnaximum number of flowers per shoot. Treatment T.U. 10g +
thephon 4ml + DAP 10 g Itr* recorded maximum leaf area (72‘
cm’) followed by T.U. 7.5g + ethephon 3ml + DAP 7.5 g Itr”|
£67'67 cm?) which were on par with each other. Minimum leaf
rea 20 cm*was recorded with 2,4-D 4 ml Itr™. Mitchell (1947)‘
feported that presence of 2,4-D on young leaves prevent it|
from expanding, and new leaves curled up and become
Historted. Chemical caused a quick check in growth of Ieaves.‘
Treatment T.U. 5g+ Ethephon 2ml + DAP 5g Itr" recorded|
aximum fruit set (20.78%) which is at par with T.U. 7.5g+
thephon 3ml+ DAP 7.5g Itr*(20.77) and treatment T.U. 10g+‘
Ethephon 4ml + DAP105g Itr" (19%). Minimum fruit set|
ercentage was recorded with control (9.03%). This result get
ull support from Jana and Das (2014) on Asian pear, it Was‘
also proved in custard apple by Vinay et al. (2015) and in|
ango cv. Langra by Koruna et al. (2007). Contrary to this
ingh and Reddy (1997) reported maximum reduction in fruit

set with 1800 ppm ethephon in guava crop. Data revealed tha
‘treatment with high concentration of ethephon cause earl;j
Imaturity in lasura fruits. Treatment T.U. 10g + ethephon 4ml +
DAP 10g Itr* recorded minimum days (55.40) in maturity
‘closely followed by ethephon 4ml Itr* (55.47) and treatmen{
T.U. 7.5g + ethephon 3ml + DAP 7.5g Itr* (57.57) which werg
‘at par with each other. Maximum days for maturity werﬁ
recorded with control (64.80). These results are i
lconfirmation with results obtained by Aroosa et al.(2005) on
plum, on mango by Singh and Dwivedi (2009) and Oﬂ
‘pomegranate by Rathod et al. (2017) by the use of ethepho
and by Patel et al. (2016) on mango by use of thiourea. Early
maturity provides opportunities to have the commercial
‘advantages of early marketing in season which fetches
higher price of fruit. The maximum number of fruits (8426.681
was recorded with manual method. Among chemica
treatment ethephon 4 ml Itr* recorded maximum number of
fruits followed by Treatment T.U. 10g + ethephon 4ml + DAR
10g Itr* (7455.97) which were at par with each other.
Minimum number of fruits was recorded with control
‘(4889.77). Results related to maximum number of fruit
confirmed by Mishra et al. (2014), by Murthy (2014) in
lpomegranate and by Supe et al. (2015). maximum fruit weight
was recorded with treatment T.U.7.5g + ethephon 3ml + DA
7.5g Itr* (8.199) closely followed by T.U. 5g + ethephon 2ml +
DAP 5g Itr* (8.12g) and T.U. 10g + ethephon 4ml + DAP 10d
‘Itr'1 (7.85g) which in term at par with each other whereas
minimum fruit weight was recorded with control (6.39g).
These findings are in accordance with findings of Jana and Das
‘(2014); Jana (2016) with thiourea, George (2007); Murthy[
(2014); Rathod etal.(2017) with ethrel.

Yield |
| Data regarding yield per plant and per ha showi
significant effects of different treatment. Data shows thal
Imaximum vyield per plant was recorded with T.U. 10g +
‘ethephon 4ml + DAP 10g Itr'(58.40 kg) whereas, minimuq
yield were recorded with control (31.23 kg). Among all the
treatments T.U. 10g + ethephon 4ml + DAP 10g Itr’(16235.20
‘kg) recorded maximum yield per ha however, minimum vyiel
per hawas recorded with control (8682.87 kg). A great numbe
lof studies provide evidence regarding efficacious role of foliar
applied of thiourea and ethephon in modeling physiologicaej
‘mechanism and improving final yield. These findings ar
lconfounding with Jana and Das (2014) and Jana (2016)
reported that application of thiourea resulted in modificatioq
lof C:N ratio of shoots gave maximum fruit yield in asian pear.
[Significant results were found by Murthy (2014); Elkhishen
(2015); Supe et al. (2015); Rathod et al. (2017) in reference to
‘yield inwith ethephon. |
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\
Tablel. Effect of different defoliation methods on physical parameters

Treatment Defoliation percentage Burning of | Dhys taken in | Sprouting leaf Length of sprout \
10 20 30 tips (%) 80 per cent after area 30 days after | 45 days after | 60 days after
D.AT. DAT. D.AT. défoliation defoliation (cm)? | sprouting sprouting sprouting |
(days)
T, Control 0 0 0 0 69 | 9.67 60 29.67 38.53 45.13 \
T, Manual 100 100 100 0 1 15 58 38.37 44.77 51.18
T, T.U.5g+Ethephon | 50 73 75.33 0 40 20.67 49 36.33 43.43 52.23 \
2ml+DAP 5g ltr L ‘
T, T.U.7.5g +Ethephon | 79 82 82.66 2.53 12 | 16.67 67.67 | 35.6 41.83 49.24 \
3ml+DAP 7.5g Itr™ L ‘
T, T.U.10g +Ethephon | 87 88 88 3 633 | 14.67 72 41.53 48.77 5473 \
4ml+DAP 10g ltr* L ‘
T, Ethephon 4 ml Itr* 49 64 66 0 48.67 | 18.67 5333 |27 31.13 39.27 \
T, 2,4-D3ml Itr’" 18 24.33 38.33 11 60 | 23 32 14.67 21.3 27.33 ‘
T, 2,4-D4ml Itr” 18.33 26.67 47 19.57 55.33 | 27 20 21 24.1 31.36 \
SEM+ 1.75 1.78 1.99 0.26 129 | 1.09 3.77 1.38 1.56 1.51 |
C.D.at5% 5.32 5.39 6.06 0.81 394 3.30 1145 |4.18 473 461 ‘
‘Table 2. Effect of different methods of defoliation on flowering and yield parameterL | |
‘ Treatment Number of flowers per branch Fruit aturlty of Numbers of | Fruit Yield per Yield kg Flower ‘
(30DAD) | (45DAD) | (60DAD) | set fruit days fruits per weight (g) plant (kg.) ha' initiation
‘ (%) a‘fter plant (DAD) ‘
defoliation
‘ T, Control 103 128.33 213.33 9.03 | 64.80 4889.77 6.39 31.23 8682.87 16 ‘
T, Manual 107.67 148.33 263 17.4 | 62.60" 8426.68 6.72 56.80 15734.80 | 21.67
| T T.U.5g+Ethephon | 120 157.33 241.67 20.78 [ 5670 | 6516.97 8.12 52.93 14715.47 | 27.67 ‘
2ml+DAP 5g lItr*
| T. TU.75g+Ethephon | 114.67 161.67 257.33 20.77 | §7.57 | 6780.07 8.19 55.50 15429 23 ‘
3ml+DAP 7.5g Itr*
| Ts T.U.10g +Ethephon | 142.67 205 311.67 19 55.40 | 7455.97 7.85 58.40 16235.20 | 20 ‘
4ml+DAP 10g Itr*
| T,_Ethephon 4 ml Itr? 222 310.67 378 154 [ 55.47 | 7704.25 6.32 48.67 13529.33 | 25 ‘
T, 2,4-D3ml ltr” 87.67 119.67 200.67 13.77 | 64.53 " 5473.27 6.97 38.20 10619.60 | 28.67
| T, 2,4-D4mlltr 53.67 91 166.33 15.67 | 63.70 | 5418.47 6.48 34.83 9683.67 29.67 |
SEM+ 6.63 5.20 7.58 073 [1.85 294.06 0.21 1.67 465.90 1.44
| C.D.at5% 20.11 15.78 22.99 223 [ 562 | 891.96 0.65 5.08 1413.16 4.38 |
| | |
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| Karonda (Carissa carandas Linn.), a xerophytic|
lant can be grown commercially in semi-arid ecosystem of‘
lestern India as protective hedge and block plantation. It is
hative to India and popularly known as Bengal currant or|
Christ's thorn. It is now considered as important arid and semi-
hrid zone fruit crop because of its hardy nature and its‘
nutritious fruits (Bhavyaetal., 2018). Therefore, it can be used|
for horticultural plantations in marginal and wastelands,
bwing its hardy nature with wide adaptability to saline sodic
soils with high pH level (Rai and Misra, 2005). Fruits of|
karonda are used for preparation of value added products like
bickles, chutneys, jelly, candy and Nakal cherry. Nakal|
merry'closely resembles the canned cherry fruits (Rai and
isra, 2005). According to Dey et al. (2017), the karonda
fruits are one of the richest sources of iron (39.1 mg/100 g). It/
Fs mainly propagated by seeds, which leads a different degree
of variation among the population. Various elite clones of
karonda have been identified at different places from its|
Kj\riable indigenous genetic resources (Athani et al., 2005;‘
ishra, 2007, Singh et al., 2015) which have to be multiplied
\egetatively for their popularization and adoption in farmer's|
[ield. Different asexual propagation methods have been‘
ecommended by several workers from different parts of
country with variable degree of success viz., air layering|
ﬁGhosh et al., 2011), chip budding (Ghosh et al., 2011),
oftwood grafting (Bhavya et al., 2018), wedge grafting‘
(Ghosh et al., 2011), hardwood cutting (Dey et al., 2017) and|
icro-propagation (Rai and Misra, 2005). However,
omparative study of hard and semi-hardwood cutting is|
lacking. Therefore, the present experiment was undertaken to|
study the comparative advantage of using semi-hardwood and
ard wood cuttings when treated with different concentrations!
pf IBAunder semi-arid ecosystem of western India.
The present work was carried out at Central
Horticultural Experiment Station (ICAR-CIAH), Godhra. The!
xperiment was laid out under factorial Randomized Block
esign with 6 treatments and 3 replication (Cochron and Cox,
1992). The experimental material consisted of 20 cm long!
tem cuttings with three nodes obtained from the middle
portion of six months old and one year old shoots for semi-
hardwood and hardwood cuttings respectively. The cuttings|
ere collected during the month of July from three year old‘
ealthy mother plant of karonda cv. Thar Kamal. Six

\ !
lconcentrations of IBA viz. 1000 ppm, 2500 ppm, 5000 ppm
and 7500 ppm were applied on the basal part of each cutting
Mhile in case of control, cuttings were untreated. Then thesg
treated cuttings were planted in 2 kg capacity poly-bags
containing growing media of Soil, FYM and sand in equal
‘proportion. Overhead water sprinkling over the cuttings Wa§
done daily in the morning hours. Subsequently the stem
cuttings were carefully maintained and examined during the
‘experimental period. There were 20 cuttings per treatment peH
replication. The different root and shoot growth parameters
were measured after 8th week of planting. Further, success
‘percentage and root length were also recorded. The collected
data were analyzed statistically and per cent data wer
angularly transformed and the critical differences (C.D.) at
0.05 level of probability were worked out for comparing the
‘means. ‘
A perusal of Table 1 indicated that various root and
shoot growth characters were significantly influenced by type
‘of cuttings and IBA concentrations. Among different types of‘
cuttings, significantly semi-hardwood cuttings recorded
higher number of primary (3.51) and secondary roots (24.28)
‘in comparison to hardwood cuttings. Similarly higher number‘
of shoots per plant (4.20) and success (35.00 %) percentage
\were observed with semi-hardwood cuttings while hardwood
cuttings recorded only 3.18 shoots/plant and 19.50 % success.
‘Similar kind of observations was made by Tripathi et al.
[(2014) at CHES, Chethali. Generally carbohydrates provide
energy and carbon skeleton for the synthesis of organic
‘compounds which are used for root formation (Deepika et aI.,‘
2015). The increase in number of roots was probably due to
accumulation of other internal substances and their downward
movement as reported in citrus species (Pandey et al., 2003).‘
These results are also in accordance with Singh et al. (2015)
who found that various factors influenced rooting in lemon
‘cuttings. Results regarding effect of growth regulators on
yarious characters of karonda cuttings showed that IBA 500q
ppm was found most effective for improving success
percentage (49.75 %), number of primary roots (5.00),
‘secondary roots (35.75) and shoots per plant (6.25) over other‘
concentrations of IBA including control. In general, IBA 5000
ppm was found to improve number of roots, shoots and
success percentage in both the types of cuttings. Semi—‘
hardwood cutting with IBA 5000 ppm recorded higher success

2018, Vol. 13 (1-2):116-117 |
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_ _ _ _percentage (61.10 %), -number—of _primary—roots (7.75),] —lcell division and cell elongation in suitable environment — —

Eecondary roots (35.75) and shoots per plant (6.50) over,
ardwood cuttings which recorded 38.40 % success, 4.25
humber of primary roots, 35.00 secondary roots and 6.0 shoots|
er plant. Application of auxin which might have caused‘
ydrolysis and translocation of carbohydrates and nitrogenous
substances at the base of cuttings and resulted in accelerated|

‘(Singh et al., 2015). These results were in agreement Witq
those obtained by Dey et al. (2017) and Bhavya et al. (2018) in
cuttings of karonda while Ghosh et al. (2011) in karonda air
‘Iayers. In conclusion, Karonda can be successfully
propagated through semi-hardwood cuttings in the month oIl
Wuly by treating them with IBA @ 5000 ppm. |

able 1. Effect of stem cuttings an concentrations on rooting, number of ghoot jand success percentage in Karonda.
Table 1. Effect of i d IBA i i ber of gh d in Karond
IBA Conc. (ppm) | Av. number of Primary roots Av. number of Second ary roots | Av. number of shoots/plant Success (%)
HWC SHWC | Mean | HWC SHWC | Mean] HWC [SHWC [ Mean |HWC SHWC Mean
Control 1.8 2.00 1.90 10.25 11.20 1‘0.72 ‘ 1.10 2.50 1.80 2.30(8.13) | 5.15(12.92) | 3.72
(10.52)
IBA 1000 2.20 2.75 2.47 18.80 18.50 1{8.65 ‘ 1.50 2.60 2.05 8.70 18.20 13.45
(17.60) (25.25) (21.42)
IBA 2500 2.75 3.10 2.92 22.03 21.10 i1.56 ‘ 2.10 3.90 3.00 15.30 30.00 22.65
(21.39) (33.21) (27.30)
IBA 5000 4.25 5.75 5.00 35.00 35.75 115.37 ‘ 6.00 6.50 6.25 38.40 61.10 49.75
(38.29) (51.41) (44.85)
IBA 7500 3.50 4.00 3.75 30.40 31.05 :10.72 ‘ 4.60 5.00 4.80 30.25 50.10 40.17
(33.52) (45.06) (39.29)
IBA 10,000 3.00 3.50 3.25 27.01 28.09 217.59 ‘ 3.80 4.70 4.25 22.06 45.50 33.78
(28.38) (42.42) (35.40)
Mean 291 351 23.92 24.28 ‘ ‘ 3.18 4.20 19.50 35.00
(24.55) (35.04)
CD (p=0.05) T=0.04 T=041 T=0.08 T=0.89
C=0.02 C=0.17 C=0.03 C=0.36
T X C=0.05 T X C=0.63

HWC- Hard wood cutting, SHWC-Semi Hard wood cutting
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|Pomegranate
Pomegranate high valued fruit crop which was
‘barely few hundred acres in 1960-69 has shot up roughly to!
11,93,000 ha with annual production 13.46 lakh ton and|
productivity of 10.27 ton/ha in 2014-15 in India, which is
‘contributing 70% of the total area froml
‘Maharashtra(Anon.,2015).Such important fruit crop is‘
attacked by several insect and non-insect pests as well as
diseases. Therefore, it is necessary to adopt integrated pest!
management in pomegranate. In this context the knowledge
of key pest, natural enemies, pollinators , their life cycle and
lscouting of pest has become important in Integrated pest|
management. |
a. Pests of National Significance:
lInsect pests |
1. Anar butterfly:Deudorix Isocrates Fabricus 2. Stem borer‘
:CoelosternaspinatorFebricius 3. Shot hole borer:
XyleborusperforansWollastan 4.
Whitefly:SiphorinusphillyreaeHaliday5. Thrips:
‘ScirtothripsdorsalisHood 6. Fruit borers:‘
|Conogethespunctiferalis, 7. Root knot nematode: M.|
incognita
Ib. Pests of Regional Significance: |
|1. Pomegranate aphid : Aphis punicaePasserini2. Mealy |
bugs: FerrisiavirgataCockerell 3. Mites :Tenuipaluspunicae
4. Fruit fly :Batoceraspp5. Fruit sucking moth: |
OtherisfullonicaEudocimaspp6. Scale insect,
:Parasaissetianigra
7. Termites :Odonotermes spp. \
8. Animal and rodent pests : snails, animals like monkeys,‘
squirrels, Jackals etc
lc. Predator, parasite & Parasitoids \
(Natural enemies) |
1. Coccinelids (LBB,)
12.Crysoperla, \
‘3. Egg parasitoid : Trichogrammaspp. |
4.NymphalParasitoid: 1.Ceranisusmenes 2. Encarsiainaron
I5.Larval Parasitoids: Tetrastichus spp., 2.Telenomus spp.,|
‘3.Chelonusblackburni, 4.Carcelia spp., 5.Campo|etis‘
chlorideae, 6.Bracon spp., 7.Braconid wasp, 8. Tachinid
Iflies \
6. Larval/pupal parasitoids: 1.Parasitic wasp, 2.Predatory
‘mites, 3.Predatory birds |

|
\
\
|
|
|
quality of arid horticultural produce |
|
\
\
|
\

D) Population Dynamics of Key pest

‘i. Aphids (Aphispunicae passerine) More incidence oceurs

during December and February.

lii. Thrips: Maximum population build up is found in

‘mrigbaharand severity in July to August whereas, incidence iq

ambiabahar was noticed in Febto March.

liii. Whitefly: More incidence of whitefly occurs during
mbiabahar followed by Hasta baharandmrigbahar. Thei
hitefly, mealy bugs and scale insect are found abundan

during Ambiabahar. \

iv. Shot Hole borer: Maximum pest intensity found in rainy

lseason because of the congenial condition available for the

growth of ambrosia fungus(Monocrosporusambrosium)
whichis food source for the grub of this pest inside tunnels.

vi. Fruit borer: Maximum bulid up of this pest has been

reported duringMrigbahar(June October). ‘

vii. Stem borer: Since there is one generation of pest in a

yearthe maximum damage is found in between June to April |

yiii. Fruit sucking moth: The incidence of the FSM is generally‘
maximum August to October and peak period of damage is
between 8to 11 PM in the night.( Figure 1-3) |

‘ix. Root knot nematode, (M. incognita): Maximum activity‘

August to January ( and peak activity at 44 MW which was

ffound negatively correlated with maximum and minimum

‘temperature airand soil . (Walunjetal, 2015 and 2017) |

Pre management strategies:

l* Avoid planting in heavy soil to avoid wilt \

‘- Collection and destruction of infested fruit of previoua
season.

l» To follow recommended plant spacing.
planting or crowding.

o Avoid Mrigbahar as per availability of irrigation facilities |

l» Follow the crop rotation & avoid cucurbits cultivation |

* Growing/ planting of Agetusspp.in between the plants.

l Use of biopesticide, neem based pesticide or 5% Neem seed

| extractonincidence of pests. \

* Followthe resting period of three months.

A Atthetime of planting: |

Termites & White grub : Apply by dusting over pit & mix the

0.3% Fenvalerate dust . Apply FYM by through mixing

Trichoderma plus @ 20 g/ plant \

ﬁphids/whitefly & Mites: Spray the B. bassiana,‘

Metaryziumanisopolae@ 5g/lit or need base Dimethoate

@1.5ml/litwater ‘

Avoid close
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B. Before bahar initiation: At the resting period
| Resting of orchard for 60-70 days after harvest with!
| application of FYM at 25 ton/ha with split application|
ready mix of {Trichodermaviridaeand
| Pacelimyceuslilacinus} @ 17 g/plant at the time of bahar!
| and 17 g per plant at 90 days after bahar in ring method .|
Planting of tagetusspecies between plants.(Anon.,2016)
| Cleaning: Collection and burning of dried/ infested fruits!
| to Kill overwintering stages of pests. Spraying of
Bactinashak @ 250& 500 ppm with captan 50wp @ 2.0
| gllit as preventative measure for Oily spot onl
| pomegranate. |
pplication of recommended dose of N.P.K. (650:250:250)
| &traceelement (Ca,Mg,B,Znso4) \
| aste application to the stem for controlling short hole borer, |
stem borer and mealy bugs.(Geru 4 kg + 30 ml
| chloropyrifos + 50 g copper ox chloride /10lit water) \
| On monitoring the stem borer incidence by excreta through |
hole, Use iron hole so as to kill the larvae and make it clean
| and inject 5 ml fenvalerate plus 2 ml dichlorovos 76WSC|
@ 5 mlin 1 litre of water from stock solution and plug the
| hole with sticky soap or mud. |
C. After bahar initiation: At the vegetative & fruiting |

Need base one or two insecticidal application of
| Imidacloprid 17.8 SL (0.3 ml/lit) Azadiraction 10000/
| PPM@ 1.5/lit & cyantrinilprole 18.5SC( 0.3 ml/lit) upto|

flowering stage for the control of aphids,thrips, mites and
| mealy bugs (Walunjetal., 2015) |
| Need base one or two insecticidal application of spinosad

2.5 EC (1.0 ml/lit followed by neem based
| (azadirachtin10000 ppm@ 2.0ml/lit), Two sprays Neem!
| oil, plus karanj oil each @3 ml/lit up to 30-90 days at 50

per cent  flowering stage for the control of thrips (
| Anon.,2018b.) |
| Three spraying of bioagentBeaveriabassiana,

verticilliumlecani, & Metaryzaanisopolae during fruit
| formatting stage for the control of Deudorixisocrates @ 5|
| g/litof water atan interval week.

Need base application of Emamectin benzoate @ 0.5g/lit,
| neem seed kernel extract (NSKE) 5% for the control of|
| fruit borer and other pests. |

One spraying of Beaveriabassiana @ 6 g/lit &
| verticilliumlecani 2 g/lit at an interval of 7 days for the|

control of mealy bugs/ white files
| Use of yellow sticky cards (flyfix) for the control of White‘
| files. |

Moth catches during night time (8.00 to 11.00 pm) for the
| control of fruit sucking moth |
| Use of cover bags ( polypropylene cloth) as barriers to|

fruit.(Walunj, A.R. 2017)

2. Aonla (EmblicaofficinalisGaertn.): |

Among the insect pests, the aonla shoot gall maker, |
Betousastylophora Swinhoe, leaf folder, Garcillariaacidula
bark eating caterpillar, Indarbelatetraonis Moorethrips, anar!
ruit borer, Deudorix Isocrates Fabricius, Curculio spp. and‘
‘mealy bug have been reported to be of major importance

Avid
\
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- — =1 = “Anagyrusdacylopii and predators Tike
\ cryptolaemusmontrouzieri Muls |
. Use of Lecaniicilliumlecani@30-60 g/10 lit for‘

spraying. (Ann.,2009)
|« Use neem based pesticide or 5% Neem seed extract|
| for spraying. |
« Spraying of Buprofexin@ 1.5 ml followed by
\ B.bassiana6.0 gfollowed by Azadirachtin 10,000
| ppm 3.0 followed by V. lecanii @ 6.0 g showed better‘
control of mealy bug on custard apple. (Anon.,2018
| a) |
4.FIG
h. Fig stem borer, thrips, Fruitfly and fig mite |
Management

. Removeanddestruct of affected shoots and fruits
. Spraying of dimehtoate or chlorpyrifos @15 ml/10!
\ litof water at the time of rainy season @ an interval of|
15 days. Or Use neem based pesticide or 5%
|« Neem seed extract for spraying. To avoid fruit fly‘
‘ infestation, fruits should be harvested when these are|
still firm/ unripe.
|« Fallen infested fruits should be collected and!
| destroyed |
o Insert the Iron spike in larval tunnel to kill the
| caterpillar.
. Application of DDVP or fenvalerate or quinalphos or|
Kerosene or petrol @ 5 ml in each larval tunnel
| through syringe or wash bottle or cotton wool and|
| sealing the holes with mud. |
o Thrips can be controlled by spraying with
\ cypermethrin 10EC @ 1.0 ml/lit
«  Use of fruit fly : methyl eugenol traps for monitoring
| and trapping of fruit flies. |
| .« Two Sprays of thiodicarb 75 WP @1.5g/lit water is|
recommended fortnightly interval on onset of
| monsoon for the control of stem borer (Ann.,2012) |
b.BER \
A. Major Pests of National Significance
1. Fruit fly: CarpomyiavesuvianaCosta 2. Fruit borer:!
eridarchisscyrodes Meyr. 3. Stone Weevil:
Aubeushimalayanus\oss
B. Pest of Regional Significance |
. Insect pests ‘
1.Bark eating caterpillar: Indarbelaquadrinotatawalker 2.
Mite, EriophyescernusMssee3. Leaf eating caterpillar:!
uproctisspp4. Grey hairy caterpillar:‘
hiacidasposticaWalker

Pest management \
| ?  Wild varieties should not be allowed to grow near
about the ber orchard.

| 2 Deep raking of soil underneath trees during summer!
‘ will help in pupal mortality

? Resistant varieties viz. Tidaki and Illaichi as

| moderately resistant to this pest.(ShewaIe,‘

‘ B.S.,2002) However, the chandegaon sel-1,,

Mehurun and chalisgaon were found less susceptible

\ to borer( Papade.,R.E., 2016). \

|

Arid Horticulture Vol. 13 (1-2):118-121

« Collection and destruction of infested fruits should
be aregular feature. Similarly, the shed fruits after the
harvest should be destroyed. J

n

. Off-season fruits of the various species of ber prove
to be an important link in carrying over its populatio
to the main crop-season and hence off-season fruitq
should not be allowed in or near the ber orchard.
«  Deepraking of soil underneath trees during summer. |
« Collection and destruction of infested/shed fruitq
from time to time.
Monitoring the pest population through different
types of traps light or with methyl eugenol (2 mI)+‘
malathion or DDVP 2 ml + water 1 lit by keeping in
jar or (locally made plastic bottle with circular hole )
to facilitate the entry of fruit fly.
. Spraying (rotationally) with fenvaleraté
0.01%,Deltamethrin0.002%,,Quinalphos 0.05 %
and Carbaryl 50 WDP at 0.2 % after fruit set at aq
interval of 30 days(Shevale and Padule, 1992;).
« First sprays of spinosad 2.5 Sc followed by
indoxacarb @ 1.0 ml/lit should be given at 50%
flowering and 50% fruit setting for the control of fruit
borer and stone weevil. (Ann.,2014) \
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Lasoda or lehsua ( Cordia myxa L) belongs to family‘
Boraginaceae, found growing all over the country especially
in arid and semi arid situations so far. Lasoda is not explored,
to full potential economically and hence immediate attention
to explor the potential of its cultivation. It is a medium sized!
road leaved deciduous tree. It has great capacity to tolerate
drought and hence quite widespread in arid and semi arid
tegions of North India. Being a multipurpose tree species, it!
as long been associated with health, nutrition and other
diversified uses. The Immature fruits are used as vegetable,
pickled with raw mango and can be dehydrated for use in off|
eason. The fruits and other plant parts are used in curing
arious ailments viz. skin diseases, dropsy, dysentery, cholera,
headache etc. The fruitsare astringent, diuretic, demulcent and|
xpectorant. The fruit contains about 80% pulp, 8.32 g crude
Erotein, 25.7 g crude fibre and 57.08 g of carbohydrates
(Aberoumand, 2011). Pareek and Sharma (1993) also reported |
Lasoda fruits are rich source of carbohydrates, phosphorus and
scorbic acid (40 mg/100 g). The nutritive value of forage per‘
100 g dry matter: crude protein 15 g, crude fibre 20 g, ash 14 g, |
crude fat 6 g, N free extract 47 g, Calcium 2.5 g, Phosphorus
0.3g (Oudhia,2007).
\ The fruits are also rich source of phenolic compounds;
which have antioxidant properties. Aberoumand (2011) also
Peported ample amount of total phenolics (402 mg/100g) in the
fruits of lasoda ‘
Lasoda is commercially propagated by budding.
However, several factors have restricted the expansion of area
nd production of Lasoda. Among these limiting factors, Iow‘
quantity and non availability of quality planting material are
some of the negative factors that hinder the increase of areal
nd production of Lasoda. The percentage of successful
udding in Lasoda is highly variable and often is low, probably
Hue to failure of scion bud to sprout and budding at|
inappropriate physiological stage. Hence, the present
nvestigation was carried out to explore the better success and
suitable time of buding in Lasoda particularly under arid and|
§emi arid conditions. |
This study was carried out in the instructional
Nursery, Department of Horticulture, SKN College of|
griculture, Jobner during the year 2013, 2014 and 2015. For
aising root stocks, ripe fruits of lasoda were collected and the!

sowing of seeds was completed in 2™ week of June, 2012 in
‘plastic bags filled with a mixture of soil, FYM and sand (1:1:1)‘
and 200 g of single super phosphate per cubic meter of potting
mixture. One year old generative root stocks of Lasoda were
lused for budding. Consisting six treatments, 20 plants peH
treatment and four replications, thus having 480 plants as
experimental material were taken for the study. Seedlings
were maintained in sand conditions by providing ampld
‘quantity of fertilizers, water and other requirements when‘
required.. There were six treatments of budding dates
comprising budding on 30" June, 15" July, 30" July, 16"
ugust, 31% August and 15" September. Defoliation (removal
of leaf blades with petioles intact on the shoot) was performed
2-3 days before the scion bud collected. Scion bud excised
‘from twigs and defoliated just prior to budding. Budding was
carried out as per the treatments during experimentation.
| The data pertaining to patch budding performance of
‘scion and stock were recorded. The bud take percentage wa
calculated by counting number of sprouted scions in everj
treatment. Budding success (%) was counted on the basis of
‘continued survival of sprouted scion after four months of
budding. Days required for first sprouting were recorded b
watching the scion regularly in the nursery. Scion buds used
were taken from vigorous flushes of terminal shoots with
‘prominent auxiliary buds. Apatch of 1.5-2.0 cm long and 5-1d
Imm in width with one slightly swollen bud was selected. \
The union point was wrapped with a plastic strip. The
lbudded plants were maintained under natural shade net house
conditions. Observations were recorded for days taken to bud
sprout and sprout percentage of Lasoda buds. However,
success per cent of Lasoda budding was recorded four month
after budding. The experiment was setup under randomized
block design with four replications which had 120 budding
leach. The different parameters under study were statisticall)ﬁ
‘analyzed for analysis of variance. Means were separated using
Fisher's least significant difference at 5 per cent level 01J
significance. |
‘Days taken to bud sprout |
The data mentioned in Table 1 indicated that budding
[done on different dates during the experimentation period had
significant influence on days taken to bud sprout in Lasoda. The
Iminimum number of days (11.44 and 11.98) required for bud
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sprout recorded when budding was performed on 30" June during‘
2013 and 2015 respectively. This treatment was found!
Fignificantly superior over rest of the treatments except when
budding performed on 15" July which remained at par to it.
However, budding performed on 15th July during 2014 took]
minimum of 12.10 days to bud sprout which was significantly‘
better than other dates of budding but this treatment was found
statistically at par with treatment of 30" June. \
Further, the analysis of pooled data in same table clearly
‘indicated that minimum days of 12.13 were taken when budding‘
was done on 30" June which was found significantly superior over,|
all the treatments except budding done on 15" July which was at
par to it. This might be due to congenial atmospheric conditions as
ell as the physiological activities of rootstock and scion for
better union and sprouting of scion buds during last week of June
to first fortnight of July during experimentation. Similar results|
were also reported by Ganpathy et al., 1985 in Coorg Mandarin.
‘Sprout percentage of bud |
\ Data presented in Table 2 indicated that budding|
performed on 30" June recorded maximum sprout percentage
‘(95.0 %) during 2013 and 94.46 per cent in 2015 However, in the
ear 2014, maximum sprout percentage (95.5 %) was recorded‘
when budding was performed on 15" July which was noted at par

ablel. Effect of different budding dates on days taken to bud sprout in lasoda.
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with budding performed on 30" July during 2014 and buddin
‘performed on 30" June during 2013 and 2015. Further, the poole
‘data in the same table clearly indicated that maximum sprouj
percentage of 93.33 was observed when budding was performe
lon 15" July. This treatment was found significantly better than
other treatments except budding performed on 30" June and 30"“
July which were remained at par to it.
|Success per cent of Lasoda bud |
The examination of data mentioned in Table 2 further
Irevealed that budding performed on 30" June gave maximu
success per cent followed by budding performed on 15" July and
30" July in the year 2013 and 2015. However, maximum success
\per cent of 92.50 % was recorded when budding was performed
on 15" July (92.50%) followed by 30th July (91.50%) durin
2014. Further, in pooled analysis of three years data (Table 2%
Iclearly indicated that significantly maximum success percentage
of lasoda buds were observed when budding was performed o
‘15‘“ July among all the treatments except budding performed oz
130" June and 30" July which were statistically at par to each other;
It may be accounted to rapid complete union of xylem and
‘cambium tissue and congenial physical state (Hartmann et al.‘,
|1997) of the scion and root stock favouring survival of the
sprouts.

| Treatments Days taken to bud sprout | | |
2013 2014 2015 Pooled
| 30" June 11.44 12.97 | 11.98 12.13 |
15" July 12.32 1210 12.75 12.39 ‘
[ 30™ July 20.05 16.75 | 20.59 19.13 \
 16™ August 19.13 18.65 | 19.83 19.20 ‘
| 315 August 16.13 1958 | 17.00 17.57 \
| 15" September 23.25 22.90 23.75 23.30 |
' SEm+ 1.12 072 0.32 0.75 ‘
| CD at 5% 333 212 0.94 2.26 |
[Table 2. Effect of different budding dates on sprouting and success per cent of lasodajbud. ‘
' Treatments Sprout percentage of bud ‘ Success per cent of bud
2013 2014 2015 | Pooled 2013 2014 2015 Pooled [
30™ June 95.00 84.00 94.46 91.15 92.50 81.50 92.40 88.80
[ 15" July 92.50 95.50 92.00 | 9333 91.25 92.50 91.36 91.70 |
30" July 91.25 94.00 90.48 91.91 88.75 91.50 89.20 89.82
| 16™ August 66.25 86.50 65.33 | 72.69 62.50 82.50 64.13 69.71 |
| 31 August 55.00 77.00 53.93 , 6198 47.50 72.00 57.46 58.99
| 15" September 23.75 54.50 24.76 | 3435 17.50 49.00 34.73 33.74 |
| SEm + 3.07 1.55 0.37 , 218 2.60 1.33 2.06 1.67
I 'CD at 5% 9.13 4.60 111 I bs7 773 1.96 6.12 5.04 ‘
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Watermelon [Citrullus lanatus (Thunb.) Mansf.] is‘
lone of the most important cucurbitaceous fruit crop grown in|
different parts of Rajasthan as well as in India. It is consumed
‘as dessert fruit and very often known as thirst quencher. It is‘
extensively cultivated both under irrigated and riverbeds.|
Watermelon is very low in cholesterol and sodium. It is rich
source of lycopene, a powerful antioxidant. Its 100g edible
portion contains 95.8g moisture, 0.2g protein, 0.2g fat, 0.2g
fibre, 3.3g carbohydrate, 16 K cal energy, 11mg calcium,
‘12mg phosphorus, 7.9mg iron, 13mg magnesium, 0.0ng‘
thiamine, 0.04mg riboflavin, 0.1mg niacin and 1mg vitamin C
(Gopalan et al., 1999). Correlation is the important selection
\parameters in plant breeding. Correlation coefficient!
measures the mutual relationship between various plant
characters and determines the component characters on which
selection can be based for genetic improvement in yield. It has|
‘been widely used to identify traits that have significant effect‘
on yield for potential use in selection. The present
linvestigation was undertaken to explore the possibility of]
‘developing hybrids possessing resistance/ tolerance to‘
prevailing abiotic stress with higher yield, better shelf-life,
high lycopene, high carotenoids content and better fruit|
quality. In view of its wide variability and economic
importance, the present investigation has been undertaken‘
with the aim to estimate correlation analysis among different|
horticultural traits including yield and quality characters in
Watermelon. |

The present field experiment was undertaken during|
the kharif 2012 and zaid 2013 at NICHE Area of Excellence,
S.K. Rajasthan Agricultural University, Bikaner which is
situated at 28°01' N and 73°22' E at an altitude of 234.70 meters|
above MSL. The experimental material comprised of eight
genotypes of watermelon viz., Sugar Baby, Thar Manak, Asahi
'Yamato, RW-187-2 (Durgapura Kesar), AHW-19, Durgapura,
Lal (RW-177-3), 1C-582909 and Arka Manik which were
crossed in all possible combinations (excluding reciprocals)\
during zaid 2012. The resultant 28 F,'s along with parents were,
evaluated during kharif 2012 and zaid 2013 in Randomized
Block Design (RBD) replicated thrice. All the recommended!

‘package of practices was followed for raising the crop. Thé
lobservations on 18 attributes including growth, yield
attributes and quality parameters were recorded on fiwﬁ
‘randomly selected plants from each replication during both
{the years. The collected data were averaged and correlation
(phenotypic and genotypic) was computed as described by
‘Singh and Choudhary (1977) and as per formula (Johnson et
@al. 1955). \
All possible phenotypic (above diagonal) and
‘genotypic (lower diagonal) correlation coefficients between
fruit yield and its components were worked out and presented
in Table 1. The perusal of data indicated that the magnitude o#
\genotypic correlation coefficients for most of the characters
were higher than their respective value of the phenotypiq
correlation coefficients.
IHighest positive and significant correlation at phenotypid
‘Ievel was exhibited by number of marketable fruits per planﬁ
(0.718) with marketable fruit yield per plant followed by frui
lweight (0.557), number of primary branches per vine (0.392)|
‘fruit diameter (0.391), main vine length at harvest (0.356),
TSS content in fruits (0.352), carotenoids content (0.315),
llycopene content (0.271), fruit length (0.237) and flesh
‘firmness (0.186). On the other hand marketable fruit yield per‘
plant was significantly and negatively correlated with 100-
Iseed weight (-0.377) followed by number of seeds per fruit (4
0.289), days to opening of first female flower (-0.232), days to
first fruit harvest (-0.156), internodal length (-0.145) and
jnumber of node at which first female flower appeared (4
0.137).
| The existence of association between different
characters is usefully determined by studying correlation
existing between these. For this purpose, it is important to
know that genetic correlation among different characters,
‘which may provide information regarding the correlated‘
response to selection. In the present study, generally, the
genotypic correlation coefficients were higher than the
‘corresponding phenotypic ones indicating the inherenq
association among the various traits (Table 1), which may be
lascribed to the low effect of environment on the character
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%xp?essﬁn. The association of characters such as nTarkFtabE‘ JlGO—seFd weight, number of seeds per fruit, days tofope*ning*o}*

fruit yield, fruit weight and various quality parameters is very!
important, before sets out to develop hybrids or parental lines.

he knowledge of correlation between these characters is also
helpful in the choice of parents for developing better F|
hybrids. Interestingly in the present study, marketable fruit‘

ield per plant was found to be significantly and positively
correlated with number of marketable fruits per plant, fruit|
‘vveight, number of primary branches per vine, fruit diameter,‘
main vine length at harvest, TSS content in fruits, carotenoids
lcontent, lycopene content, fruit length and flesh firmness in|
pooled analysis at phenotypic level, thus it would be easier to
‘develop variety having all these characters. Marketable fruit‘
lield per plant exhibited significant negative correlation with|

Ifirst female flower, days to first fruit harvest, internodal length
‘and number of node at which first female flower appeared
Similar results were earlier obtained for significant positiv

Icorrelation of fruit yield with number of fruits per vine and
‘TSS (Singh and Singh, 1988); with vine length, number o[
fruits per vine, fruit weight and fruit diameter (Sundaram e
lal., 2011); with number of primary branches per plant, fruit
weight, and number of fruits per plant (Choudhary et al.

‘2012); with fruit weight and number of fruits per plant (Yada\}
let al., 2013) in bitter gourd and with fruit weight, number of
fruits per cluster and fruit length (Choudhary et al., 2014) iq
‘ridge gourd.

| Table 1. Phenotypic (above diagonal) and genotypic (below diagonal) correlation coefficients among different characters in watermelon in pooled data
Characters MVL (m) | PBs INL (cm) | DOFFF NFFFA NMF/P DFFH FD (cm) FL (cm) FW (kg)

| MVL (m) 1.000 0.247** 0.077 -0.151* 0.066* | 0.095 0.181** 0.331** 0.207** 0.388**
PBs 0.246 1.000 -0.149* -0.137* -0.153* 0.303** -0.194** 0.264** 0.186** 0.195**

[ INL (cm) 0510 -0.012 1.000 0.076 0.807*% -0.321%* 0.269** 0.186** 0.137* 0.200%*
DOFFF 0.079 -0.509 0.662 1.000 0.407** -0.270%* 0.399** -0.067 -0.054 -0.015

INFFFA 0.707 -0.193 0.769 0.758 1.000 ! -0.357** 0.600 0.073 0.162 0.224**

|| NMF/P -0.206 0.625 -0.726 -0.728 -0,566 | 1.000 -0.352%* 0.038 -0.076 -0.169*
DFFH 0.689 -0.335 0.607 0.740 0977 -0.435 1.000 0.048 0.084 0.194**

|| FD (cm) 0.941 0.419 0.590 0572 0534 | -0.275 0.563 1.000 0.502%* 0.522**
FL (cm) 0.965 0.482 0.709 0.711 0739 | -0.588 0.488 0.983 1.000 0.435**

\ FW (kg) 0.986 0.303 0.654 0.339 0781 | -0.512 0.691 0.991 0.989 1.000

ILRT (cm) 0973 0.335 0.333 0.068 0718 | -0.243 0.594 0.737 0.920 0.860
100 SW (g) 0.426 -0.175 0.351 0.208 0430 ' -0.672 0.460 0.147 0437 0.479

|[ TSS (%) 0.343 0.627 -0.511 -0.009 0.044 | 0.169 -0.207 0.531 0.327 0.458
FF (g/cm?) 0.216 0.207 0.078 -0.281 0.013 0.357 -0.147 0.148 0.280 0.067

Il'CC (mg/100g) | -0.567 -0.397 -0.540 -0.227 -00343 | 0.541 -0.145 -0.881 -0.949 -0.867

| CC (mg/100g) | -0.460 0.115 -0.525 -0.299 -0,430 | 0.590 -0.379 -0.642 -0.738 -0.621
NS/F 0.280 0.249 0435 0.407 0512 -0.422 0.390 0.231 0.775 0.411

LMFY/P (kg) 0.683 0.940 -0.245 -0.493 0.028 | 0.671 0.115 0.604 0.333 0.291

| * Significant at p=0.05 and ** significant at p=0.01 | | |

Table 1 contd..

|| Characters RT (cm) 100SW(g) | TSS (%) Aoty | ¢ cc NS/F MFY/P (k) |

(mg/100g) (mg/100g)

|| MVL (m) 0.194** 0.020 0.255** 0.242*] -0.075 -0.036 0.031 0.356** |
PBs 0.079 -0.255%* 0.145* 0.164* 0.054 0.273** -0.171* 0.392** ‘

[ INL (cm) 0.137* 0.264** -0.001 -0.035 | -0.301** -0.271%* 0.331** -0.145* \

| DOFFF -0.088 0.136* -0.263** -0.153*) -0.206%* -0.141* 0.199* -0.232%* |
NFFFA 0.146* 0.332** -0.246** -0.061 ' -0.239** -0.242** 0.295** -0.137* ‘

| NMF/P -0.203** -0.544** 0.238** 0.134* | 0.441%* 0.436** -0.370** 0.718** \
DFFH 0.107 0.285** -0.121 -0.084 -0.200** -0.236** 0.285** -0.156*

|| FD (cm) 0.259** -0.099 0.246** 0.156* | -0.039 0.025 -0.100 0.391** \
FL (cm) 0.297** 0.041 0.136* 0.155* | -0.119 -0.088 0.044 0.237** |

| FW (kg) 0.395** 0.109 0.227** 0112 ' -0.172* -0.087 0.030 0.557** !

|| RT (cm) 1.000 0.253** 0.182** 0.084 | -0.181** -0.293** 0.072 0.107 \
100 SW (g) 0.621 1.000 -0.181** -0.264** -0.414%* -0.370** 0.605** -0.377**

I[ 7SS (%) 0.352 -0.271 1.000 0.223** 0.007 0.107 -0.140* 0.352** |
FF (g/em?) 0.063 -0.665 0.748 1.000 | 0.145* 0.141* -0.150* 0.186** |

ITic (mg/100g) -0.537 -0.384 -0.534 0171 ! 1.000 0.665** -0.427** 0.271%* !

|| CC (mg/100g) -0.319 -0.381 0.022 0.27 | 0.515 1.000 -0.305** 0.315** 1
NS/F 0.432 0.633 -0.208 -0.259 -0.411 -0.398 1.000 -0.289**

|| MFY/P (kg) 0.448 -0.331 0.609 0.440 | -0.131 0.111 -0.126 1.000 |

* Significant at p=0.05 and ** significant at p=0.01 | |

\
‘ MVL= main vine length at harvest (m), PBs= number of primary branche&per v‘ine, INL= internodal length (cm), DOFFF= days to opening of first female ‘
flower, NFFFA= number of node at which first female flower appeared, NMF/P= number of marketable fruits per plant, DFFH= days to first fruit harvest, FD=
| fruit diameter at harvest (cm), FL= fruit length at harvest (cm), FW= fruit weight|at harvest (kg), RT= rind thickness at harvest (cm), 100 SW= 100-seed Weight‘
(9), TSS=TSS content in fruits at harvest (%), FF= flesh firmness (g/cm?), LC= lycopene content (mg/100g), CC= carotene content (mg/100g), NS/F= number
| of seeds per fruit, MFY/P= total marketable fruit yield per plant (kg) | | |
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