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ccted target 0f 220 MT of vegetable production by 2020, augmentation in vegetable production
ifferent cropping system to fully exploit the natural resources. Number of cropping systems have
L ecosystems, however, a suilable vegetable based cropping system is lacking for semi-arid and
pattern of the component crops and their yield potential, drumstick (h:u_se
in the cropping system. An experiment comprising eleven treatments with
block design was conducted at Central Horticultural Experiment station, Vej alpur from 2004-
revealed that the interaction of component crops did not significantly reduce the growth
) over sole crop. Higher the cropping index (200%), drumstick equivalent yield (28.65 kg/
rved in the treatment combining drumstick and ridge gourd. This multitier

t by 70.1 and 64.0 per cent comparin g bower system and local system respectively.

Introduction

In India, the current status on vegetable produc-
tion (94.0 MT) is capable to supply only 175 g vegetables
per capita per day against the recommendation by dieti-
cian (300 g). To fulfill the recommended consumption level,
220 MT of vegetables required to be produced by 2020 1o
the projected population of 1.5 billion. The threat on shrink-
ing of agricultural land, ignited an opportunity for diversi-
fication towards plant architectural management and utili-
zation to fit them into the cropping system approach. The
present concept of cropping system defines the yearly
sequences and spatial arrangements of crops (horizonral
approach) and its interaction with farm resources. The plant
architectural arrangement and utilization (vertical approach)
in the cropping system has been completely neglected so
for,

Suitability of component crops depends prima-
rily on soil and climatic conditions, however, co mpatibility
aspects deserve prime consideration. Competition of crops
for external factors (light, space, nutrients) and internal
factors (flowering and fruiting period) leads to reduce yield
and poor suitability in the cropping system. Hence, selec-
tion of compatible crops and their planting geometry could
increase the productivity and net income (Shivaramu and
Shivshankar, 1992). Considering the nature of growth pat-
tern of the component crops and their yield potential, drum-
stick (base crop) and cucurbits (climbers or supportive
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crops) are the vegetables which are highly grown by the
poor farm holdings as pure crops. Presently, drumstick is
the most widely known vegetables for its drought tolerant
(Palada, 1996) highly nutritious vegetable (Ramachand ran,
1980) grown atabout 380.5 km? producing 1.1 to 1.3 million
tonnes of tender fruits (Rajangam er af.. 200 1. Presently,
drumstick is getting momentum in northern parts of India
t00. Cucurbitaceous crops like bitter gourd, bottle gourd,
ridge gourd, sponge gourd and snake zourd are cultivated
atanarea of 2.42 lakh ha, with production of 25.0 lakh t and
productivity of 10.024 t/ha in our country (Siddhu, 2002).
However, requirement of pandal for its cultivation is a
greater hurdle for enhancing the area under cucurbits to
the farmers, as it requires high investment.

Presently, the interspaces between the base crop
has been given priority , but the plant architecture can
also be utilized in the cropping system. Thou gh, number of
cropping systems has been developed for different eco-
systems but they showed poor success in arid and semi-
arid ecosystem due to the harse climate and poor economic
status of farming community. Hence, modified cropping
system using through plant architectural management and
utilization for developing a suitable vegetable based crop-
ping system for semi-arid and arid ecosystem is a prime
requisite. Hence, the present experiment was attempted to
assess the suitability of drumstick under multitier crop-
ping system, to analyze the impact of drumstick based
Cropping system on monetary returns, and to assess the
different existing cropping systems with drumstick based
system for economy and profitability.
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Materials and methods

A field experiment was conducted at Central Hor-
ticulral Experiment Station (CIAH) Vejalpur during 2004-
05 and 2005-06. The experimental site is located at 22° 41
33 - and 73 °33 -22 - and lies between 110-115m above
mean sea level. The annual rainfall mainly is confined to

three months (July to September) with an average of 35
rainy days a year. The annual maximum and minimum tem-
perature ranged from 42-43°C in May and 6-7°C in January,
respectively. The annual potential evapo-tran spiration
ranged from 1500-1600 mm against the annual precipita-
tion of 750 mm. The soil having pH of (6.9-7.22) EC-0.1-
0.2DSM, and available N-112.5-207kg/ha, P-6.75-22.05kg/
ha, K-139.5-253.125 Kg/ha. The treatment details are viz.
T1=drumstick (pure crop). T2=bottle gourd, T3=bitter
gourd, T4=ridge gourd, T5= sponge gourd, T6= snake
gourd, T7= drumstick + botile gourd, T8=drum stick + hit-
ter gourd, T9=drumstick + ridge gourd, T10=drumstick +
sponge gourd, T11=drumstick + snake gourd. Each treat-
ment was maintained at 5.0 x 5.0 m plot. The treatments
were laid out in randomized block design and the treat-
ments were replicated thrice. Cucurbits were sown in the
second week of June and nine and four hills (around three
year old drumstick) were maintained in pure and intercrop-
ping plots respectively. Afier establishment of vines, were
directed towards drumstick trunk so as to climb on and
they were strictly maintained at harvestable height. Except
irrigation, all other recommended package of practices was
followed to assess the potential yield of crops under sole
crop and half the dose of recommended fenilizers was ap-
plied to the intercrop treatments. The observations on
vegetative, floral, fruiting and yield parameters weére re-
corded and the average was used for the statistical analy-
sis. The drumstick equivalent yield was calculated by mul-
tiplying the yield of a particular intercrop to the market rate
of that crop and divided by the drumstick market rate and
finally add the drumstick yield with that figure.

The productivity of the intercropping was evalu-
ated by the land equivalent ratio (LER) and economic net
return. LER is often been considered to be an index of
intercropping advantages, The LER defined as LA+LB=A/
A+ B/B, where as LA, LB are the individual LER of Aand
B . LA is obtained by dividing the yield of crop A in inter
cropping (A) by the yield of the same crop in sole crop-
ping (AS). LB was calculated in the same (Vandermeer,
1989). Economic net income analysis was undertaken to
assess economic feasibility of different intercrops.

Results and discussion

Growth attributes

Plant vigour and earliness are the pnme param-
eters 1o be considered for gourds cultivation under semi-
arid and arid ecosystem. Plant length, days to female flow-
ering and fruiting in different gourd were observed and

analyzed. The data presented in Table-| ¢leg
that there was no significant different in the
of supportive crops on COD method thap
Ridge gourd and sponge gourd recorded 1y
length (more than 4.0 m) followed by bonje
gourd (more than 3.0 m). The lowest plan, length
corded in bitter gourd (less than 2.5 m). Earliness Was -
is an economically important parameters for gq.,_,l.dsm"f""'g
the gourds tested, bitter gourd proved 1o recorg y)
est female Nowering, followed by ridee gourd and
gourd. Snake gourd took more periods for female nl:;ﬂn#
ing. Further, it is understood from the non giﬁ“iﬁcaﬂ::f.r‘
ference between the G and COD methods indicatin, 5 .
ability of drumstick as support. This might be due!{ulztl;
compatibility of drumstick in terms of light provided 1o th
supportive crops growth and development. The diffire e
tial behavior of components crops in intercropping 5},5“:;
is concordance with finding of Kulbir singh e af, (2001)

rly indicy o
S¢ Parameqeyy
F’ur_'-‘ <rop (G
€ highes plnml
gourd ang Snake

Aman
12 earli.

Yicld attributes

It was observed that among the supportive crops
tested for yield, the highest yield was obtained in ridge
gourd (48.83 kg) followed by bottle gourd (43,96 kg) under
the COD method than 40.62 and 32.29 kg respectively in G
method. The lowest yield was recorded in bitter gourd in
both the methods. Assessing the feasibility of yield amaong
G and COD, showed that the higher values aver G method
proved an increment of 44,96, 36.15 and 38.70 per cent in
ridge gourd, bottle gourd, and snake gourd indicating the
need of support for harvesting higher marketable produce
over G method. This result is in concordance with the find-
ing of Abuselaha and Dutta (1995) who reported that sig-
nificant difference in the yield of gourds grown on I m
height trellis (33.41%) and bower system (36%) over ground
trailing method. This finding is in contrary with findings of
Palada (1996) who observed that drumstick trees are highly
competitive with eggplant and sweet com and reduced yield
up to 50 per cent. However, the significant improvement in
the yield of gourds strongly justified from the fact that
until July end, there was no dense vegetative shoot found
on drumstick trees. The open centered barren branches
might have facilitated sufficient sunlight to under storied
crops. The non-coincidence of lowering of drumstick indi-
cating its fitness 1o mullitier cropping system. Fukai and
Trenbath (1993) also reported that intercropping is most
productive when inter crops differ greatly in gr owth durd-
tion so that their minimum requirements for growth re-
sources occur at different times. Further, it was c:hstf‘-'-‘d
that when the fruit development started in drumstick trees
(November), the gourds finished their life cycle under sem”
arid ecosystem. However, a meager yield reduc! iﬂ_" M
wtickat 11.71,9.74, and 8.29 per cent observed with come”
nation of snake gourd followed bitter gourd and ridge gourd
indicating the thorough study on cropping system =
nutritional supplementation to avert this reduction- These

—-‘
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findings arc supported by the results ol Singh eral., (2001)
in sweet pepper indicating the vield reduction in the main
crop when intercropped with non leguminous crops. Reddy
et al,, (1993) also reporied that the reduction inthe yicld of

arecanut,

Economic feasibility

When the values of land equivalent ratio appears
to be greater than one under intercropping system, this
usually indicates the efficiency of this system over the
sole cropping system (Vandermeer, 1989). In this study. the
land equivalent ratio as an indicator of biological cfTiciency
intercropping system was always greater than one (Table
3). Highest land equivalent ratio was obtained in the treat-
ment combining drumstick with ridge gourd (2.39)i.e.2.39
times area is required to get the same produce in their mo-
noculture treatment. This multitier system approach not
only reduced the space by 2.39 times but also neglected
the use of trellis system of cultivation. The same treatment
recorded the highest drumstick equivalent ration (28.65 V/
ha). Willey (1979) reported that the practical significance
of LER can only be fully assessed when related to the
actual economic yield. However, Muoenke and Asiegbu
(1997) concluded that the highest LER values did not al-
ways reflect highest monetary return to the farmer.

The sustainability of any intercropping system is
influenced by the economic returms, which determine the
commercial feasibility of different intercropping. The eco-
nomics of various combination are given in Table 3. The
maximum net profit of Rs 103484/- followed by Rs. 97486/-
in drumstick + ridge gourd and drumstick + bottle gourd
combination respectively. The most economically satisfac-
tory intercropping system was obtained with drumstick +
ridge gourd (3.47%). followed by drumstick + bottle gourd
(2.98%). Itisacompulsion of farmers of semi-arid region
to grow crops in rainy season alone, for which investing in
preparing trellis cant be an econom ical. In the present study,
the drumstick based multitier system reduced the cost in-
put required for preparing trellis by 71 and 64 per cent
comparing the bower and traditional system respectively
as these two systems incurred Rs. 83000/~ and Rs.67100/-
respectively for preparing trellis (Table 4). Hence, itis con-
cluded that the drumstick multitier cropping system, not
only brings the drumstick grown areas under gourds and
vice versa, but also facilitates to introduce more annual
vegetables, favourable price during glut period, easy ac-
cessible for intercultivation enhance the input use effi-
ciency. Similar observation are also noted by Patil er al.,
(1992), Hegde et af (1993) and Nagwedar et al., (1997) drum-
stick in coconut based vegetable cropping system. Hence,
this system can be commercially exploited to the poor farm-
ing community.

ratio

-
] ']—.-'-l

Land equivalent

equivalent
vield (t/ha)

% Yield incrense
OVET pure crop

(¥s)

Drumstick Yield Supportive crop Drumstick
173
11.71

reduction
OVer pure crop

/B ratio
169
2.07
1.94
247
1.74
200
2.90
2.08
347
238
240

Met income
( Rs)
45140
32947
24036
35183
97486
69676
103484
75920
72613
G=ground spreading method, COD= climbed over drumstick

23089
26658

7. Drumsick + bottle gourd (COD)
B. Drumaick + bitter gourd (COD)
9. Drumstick + ridge gourd (COD)

3. Sponge gourd (G)
6. Snake pourd (G)

. Drumgiék
2. Bottle gourd (G)

3. Bitter gourd (G)
4. Ridge gourd (G)

Table 3. Profitability and compatibility of drumstick based multiter cropping system for semiarid ecosysteny { pooled data)

Cropping syslem

18
2216

38.70

10, Drumsick + sponge gourd (COD)
1. Diumstick + snake gourd (COD}
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Table 4: Comparative performance of drumslick based multiter system over bower and traditional

system

S.No. Factors

System of cultivation

Bowar Traditional Drumstick based
system syslem multitier sysiem

1 Spacing for each poles 30x3.0m 3.0x20m 50x3.0m

2 Cost for trellis formation 83600 67100 )

3 Cost of cultivation 16100 15800 29780

i Yield (kgha) 30000 23700 57160

5 Total expenditure 99700 82900 29780

6 Total income 66000 52140 133265

7 Net Income -33700 -30760 103485

8 Input reduction percent 71.064.0-
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Effect of nitrogen on growth and nutrient status of bae|
(degle marmelos Correa) under sand culture

Deepti Srivastava and K. K. Misra
Departme nt_ut‘ Horticulture, Govind Ballabh Pant University of Agriculture and Tech nology,
Pantangar, U.S. Nagar, Uttarakhand

Abstract

—_—

A pot experiment on Bael (4egle marmelos Correa) seedlings was conducted during September 2005 to May 2006
completely randomized design with three replications and nine treatments ofeach element at the Department uf‘Hgnicu]tur::“
Govind Ballabh Pant University of Agriculture and Technology, Pantnagar, Udham Singh Nagar, Uttarakhand. Nine difrtl‘tn;

treatments of nitrogen and phosphorus each were applied in
that nitrogen and phosphorus deficiency resulted in reduce

the experiment. Results of the present investigation revealeq
d vegetative growth attributes of bael seedling. In nirogen

deficiency maximum height of seedling (13.67 cm), number of leaves (15.00), length of leaf(11.20 cm), breadth of léaf(3.23 m)

were found with T, (control) and total chlorophyll content (1

814 mg/g fresh weight) was found with T_, While minimum,

values were obtained with T, (without nitrogen). In the present results, the critical level of nitrogen was considered as (.65

per cent on dry weight basis.

Key words: Bael, degle marmelos, leaf analysis, nitrogen deficiency, critical level.

Introduction

Bael (Aegle marmelos Correa) is one of the impor-
tant minor fruit crops with high nutritive and medicinal
value. It can thrive well in swampy, alkaline, stony sils.
Bael tree flowers in May-June and fruits become ready by
April-May. It requires substantial amount of nutrients for
maximizing yield and improving quality. Hence, its nutrient
requirements have to be carefully monitored through leaf
analysis for high productivity and quality. No established
standards are available for efficient nutrient programme
and fixing of critical levels for the deficiency of nutrients.
There are scanty reports in the literature about the devel-
opment of deficiency symptoms and fixing critical levels of
nutrients in fruit crops. Therefore, an investigation was
carried out to develop nutrient critical levels in the leaves
of bael seedlings which in addition showed the effect of
nitrogen on growth attributes of bael seedlings.

Materials and methods

The experiment was conducted during Septem-
ber 2005 to May 2006 in the glass house at College of
Agriculture of Govind Ballabh Pant University of Agricul-
ture and Technology, Pantnagar, district Udham Singh
Nagar (Uttarakhand), India. bael cv. PB 10 seedlings were
initially raised in sand for a period of two months and then
they were transplanted into plastic pots of size 25 cm diam-

eter, containing quartz sand. The sand was thoroughly
washed with running tap water and later on immersed in
solution prepared by dissolving 170 ml concentrated HCI
and 10 g oxalic acid making up the volume of one litre ina
volumetric flask with distilled water. The sand was kept in
this solution for 48 hours. This treatment brought the pH
of sand to near one. Later on washing was done with dis-
tilled water until the pH rose to 6.5. After transplanting,
plants were kept in glass house. Complete nutrient solu-
tion as suggested by Hoagland and Amon (1938) used to
raise seedlings for the first 30 days, so that the planted
material could establish itself well and acclimatize to the
new anchoring medium. Stock solution of all the macro-
elements and iron were prepared separately. A solution was
also prepared containing all the macro-nutrients except Fe.
Volume of working solutions was made up with double
distilled water. Plants were supplied with |8 differenl of
treatments including a control (complete nutrient solution).
For nitrogen, treatments were N, (without nitrogen). N, ¥x
(25%ofN), N, %x (50%of N), N, %x (75%0f N). N, x (1007
of N), N, 1.25 (125%0f N), N, 1.5 (150%0f N) N, 1.7
(175% of N), N, 2x (200% of N) and nine similar concent”
tions were given to the phosphorus. Composition of stock
solution and method of making complete putrient solutie”
as suggested by Hewitt (1966).

The seedlings were transplanted in three plastic
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pots each containing nine seedlings. Thus, there were 54
pots containing 486 seedlings. Each pot was supplied with
50 ml of nutricnt solution every day split into two equal
dose of 25 ml of nutrient solutions, throughout the experi-
mental period till the last observations. Growth atiributes
i.e., height of seedling, number of leaves per seedling, leaf
length and breadth, fresh and dry weight of leaves, leaf
area, stem girth, length of primary root, chlorophyll a. chlo-
rophyll b and total chlorophyll content were recorded at
monthly intervals throughout the experimental period till
the last observation. Leal samples were collected at
monthly intervals in the morning hours and then brought
to the laboratory on the same day. Afier collection, leafl
samples were washed in tap water and placed for drying of
waterl. The samples were placed in muslin cloth bags and
kn:pfl in oven at 60+2°C for 48 hours to get constant dry
weight. Grinding of the leaf samples was done with Rally
Mixi to the powder form and analysed for nutrient content
of leaves. For estimation of nitrogen digestion done by
Kjeldhal method. For digestion of P, K, Ca, Mg, Cu, Mn, Fe
and Zn used 9:4 of HNO,: HCIO, solution. The data for the
just noticeable deficiency symptoms of nutrients were noted
and corresponding levels of nutrient content of each of
the element was estimated as critical level of leaves.

Results and discussion
Data presented in Table | showed that the nitrogen
deficient plants developed uniform chlorosis on the lower
most leaves and progressed with the age of the seedling.
They become pale green with yellowish tinge in the later
stage. Different levels of nitrogen influenced all the growth
characters significantly. Maximum height of seedling (13.76
cm), number of leaves (15.00), length of leaf{11.20 cm) and
breadth of leaf (3.23 cm), fresh weight of leaves (1.10 g),
dry weight of leaves (0.48 g), leaf area (85.00 cm?), stem
girth of seedling (1.39 cm) and length of primary root (19.96
cm) were observed with T, (100% of N) in contrast mini-
mum values of height of seedling (9.90 cm), number of
leaves (9.00), length of leaf (4.63 cm), breadth of leaf (1.96
cm), fresh weight of leaves (0.90 g), dry weight of leaves
(0.29g), leaf area (66.33 cm?), stem girth (0.19 cm) and length
of primary root (9.50 cm) were recorded with T, (without
nitrogen) on the last date of observation. Maximum chlo-
rophyll a (0.953 mg/e fresh weight), chlorophyll b (0.650
mg/g fresh weight) and total chlorophyll content (1.814
my/y fresh weight) were recorded with T, as compared to
minimum values of chlorophyll a (0. 377 mg/g fresh weight),
chlorophyll b (0.082 mg/g fresh weight) and total chloro-
phyll content (0.452 mg/g fresh weight) were recorded with
T, treatment (without nitrogen) (Table 1) afier 90 days of
observation. Since nitrogen is a highly mobile element with
the plant system, a stage reached where the plant felt a
scarcity in nitrogen supply, nitrogen from older leaves trans-
located to the more active growing regions of the plant
where nitrogen required for growth processes. Nitrogen

Toml

Chlorophyll

b

Length Chlorophyll
a

of

Stem
girth

Breadth  Fresh Dry Leaf
area
{cm}

Length
of leaf

{em)

Table 1. Effect of variable nitrogen supply on growth attributes of Bael seedling.
Height of MNumber

Treatment

chlorophyll

(my/g
fresh

weight weight

of leaf
{em)

of leaves

seedling

{cm)

(em’)

of leaves

(g)

(mefgof
fresh

{mg/zof
fresh

primary

rool

of leaves

(2)

weight of
leaves)
0.453

weight of
leaves)

0.082

weight of
leaves)

0.377

{cm)

9.00 4.63 1.96 0.900 0203 66.33 0.191 9.50

9.90

0.630
0.648
0.6-18
0.003
0.011

(o)

0.952
0.953

—— o e —

7.53

2.70

10.60
3

11.40
12.40

0.026

0.007
0.021

1.936 0,129 0313
3781 0.383

0.145

0.069

0.077

0.931
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influenced the growth of plant. As the levels of nitrogen
reduced in the nutrient solution, there was corresponding
decrease in growth attributes and up to a certain limit in-
crease in the height of seedling. This is primarily due to the
role of nitrogen in the growth process reported by
Bhattacharya et al., (1972).

The lowest nitrogen content of leaves (0.24%)
with T, while maximum value of leaf nitrogen content
(1 45%} was found with T, (maximum concentration ofni-
trogen) on the last date of samp]mg (Table 2). Motiramani
(1968) reported that increasing nitrogen availability over a
period of time increased the nitrogen uptake, thereby re-
sulting into corresponding increase in plant nitrogen con-
tent. Other nutrients i.e. phosphorous, potassium, calcium,
magnesium, copper, iron, manganese and zinc showed non-
significant difference after 90 days of observation. The
present results are, however, in line with the finding of
Malik and Singh (1960). The critical level of leaf nitrogen
was canmdered as 00.65 per cent on dry weight basis.
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Nutritional survey of aonla orchards in Sikar district of

Rajasthan
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Abstract
Analysis of Aonla leaf samples showed that sulphur and manganes

phosphorus, potassium, calcium and zinc were found low to medium in range.
in sufficient in range. The overall mean values of nitrogen, phosphorus, potass
0.842. 0.105, 0.384,0.503, 0.387 and 0.0417 per cent, respectively whereas overall
iron were 9.34.9.15, 10.04 and 120.66 mg kg, respectively in aonla orchards.

e were found low in range whereas nitrogen,
The magnesium, iron and copper Were found
jum, calcium, magnesium and sulphur were
mean values of copper, manganese, Zinc and

Key workds: Aonla, nutritional survey, copper, mangancse, zinc, iron.
These locations are given as under:-

Introduction

Aonla is an important fruit crop which has high §.No,  Name of fruit Village Locatio
nutritive and medicinal value. It is one of the richest source Agrower
of vitamin *C’ ranging from 500 to 1500 mg/100 g pulp I Sh. Balbir Singh  Rashidpura Rashidpura
(Chandra and Chandra, 1997). Fruits are also rich in pectin 2. Shri Dana Ram  Rehnawa Rehnawa
and minerals like iron, calcium, phosphorus. The aonla 3. Shei Raju Sen Laxmangarh Laxmangarh
has been recommended by Ayurveda for balanced diet 4. Shri Puran Mal  Sargoih Sargoth
and sound health and is important ingredient of triphala P
and chavanprash. Due to multipurpose uses, the demand 5. Shri Roopchand  Pachar Gy
of aonla fruits is increasing day by day. Because of wide Pipalival
adap[i'-'e nature, this fruit crop is mainly grown on dry 6. Shri Kana Ram Pachar Pachar Il
land and waste land soils where major nutrients are defi- 1. sk Waiaa B Wachian pachar VI
cient and irrigation limited. Its cultivation is now becom-
ing quite popular in irrigated arid regions of Rajasthan, 8. - Gowt. Nursery  Palsana Palsana |
owing to its high nutritive and medicinal value and having In each orchard, five fruit trees with uniform size
higher productivity even in the waste land. It is also a and vigour were selected. The methodology for leaf sam-
value added horticultural crop which has bright future pros- pling as described by Anonymous, | 996 for aonla was fol-
pects for export, particularly to European co untries. Leaf lowed. Composite leaf samples were taken in the month of
analysis is a tool for determining the nutrient requirements July from the middle portion of 3-5 months old indetermi-
of fruit plants and its nutrient status is an indication of nate shoots. The sample size was 50 leaves per sample and
growth and productivity. Very little information IS avail- taken from all the identified five trees. These samples were
?M.E on nutnur-::tnal status PF aonla fruit crop under arid washed with ordinary water containing dilute ( 0.2%) deter-
Emgal?d cfmd'tm"s of meha"‘. Therefore, the present gent solution for about two minutes and were then dipped
investigation was conducted during year 2007-2008 fo iy, ginge gistilled water, 0.1 N HCI and double distilled
survey the aun.la arcl}ard with a view to gaining informa- water. Samples were dried in an oven at 70° C for 24 hours
tion about their nutrient status. and ground. The leaf samples were analysed for different

nutrients. Nitrogen and phosphorus contents were deter-

Materials and methods mined calorimetrically by using Nesseler's reagent and

Studies were conducted in eight orchards of aonla vanadomolybdophosphoric acid yellow colour method
selected at different locations in Sikar district of Rajasthan. (Jackson,1967), respectively. Potassium content was esti-

mated from digested aliquot of digestion 11 using flame pho-
tometer (Bhargavaand Raghupati, 1993). Sulphur was esli-
mated by turbidimetric method ( Tabatabai and Bremner,

Fatehpur-Shekhawati, Sikar (Raj.) 1970). Calcium and Magnesium were determined by Atomic

** professor and Uni.Head (Hort.), SK, Rajasthan Agricul- spectro photometer ( Bhargava and Raghupati, 1993) and
tural University, Bikaner (Raj.) micronutrients viz. Zn, Cu, Mn and Fe were determined from

+## principal Scientist (Hort.), CIAH, Bikaner

Cormresponding aurhor's address:
* Assistant Professor (Hort.), Bhartia Krishi Vigyan Kendra,
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Table 1. Soil fertility status of aonla orchards in Sikar district

Locations/ soil Rehnawa Laxmangarh

properties

Rashidpura

Pachar I Pacharll Pachar V|

Sargoth Palsaa

Isang |

Available 50.00
Nitrogen kgha
Available
Phosphorous
kgha!
Available
Potash kgha
Exchangeable
Calcium

cmol kg
Exchangeable
Magnesium
cmol kg
Available
sulphur mgkg'
DTPA
Extractable

Fe mgkg™
DTPA
Extractable

Zn mgkg'
DTPA
Extractable

Cu mgkg'

DTPA
Extractable

Mn mgkg”

N1 76.00

26,95 20,87 28.81

120.38 11235 117.75

3.9] 340 3.36

1.99 203 204

3.85 5.87 6.50

241 4.13 321

0.281 0.478 0.334

0.149 0.153 0.154

1.56 1.58 203

9700  108.13 II188 10938  Tog5s—

2647 231.59 2736  20.12

2.92

115.50 130.38 145.75  143.00

12388

3.34 4.05 3.82 3.65

2.76

2.00 .83 202 188

1.57

5.60 6.10 6.49 627 829

3.72 4,56 5.25 6.40 593

0.569 0.780 0885 0.469 0905

0.139 0265 0300 0412 - 034

2.62 3.24 355 494 45

digested aliquot of digestion 11 using AAS (Lindsay and
Morvell, 1978). Plant leaf nutrient parameters were tested in
one way classification (Randomized Complete Block De-
sign) with three replications.

Results and discussion

Data on the determination of macro and micronu-
trients status of aonla orchards in Sikar district are pre-
sented in Table |, The range and mean values of N, P, K,
Ca, Mg, S, Cu, Zn, Mn and Fe contents of the aonla leaves
showed that there were wide variations for these nutrients
amogst the different orchards studied.

The nitrogen content of aonla leaves ranged be-
tween 0.458 to 1.568 per cent with mean value 0.842 per
cent. The minimum nitrogen content (0.458%) was obtained
at the orchard of Rehnawa, while maximum value (1.568%)
was obtained at the orchard of Pachar-11. Analysis of aonla
leaf samples revealed that 88 per cent leaf samples were
found low and 12 per cent leaf samples were found suffi-
cient in nitrogen content. The low concentrations of nitro-
gen could be attributed to low nitrogen status of soils (88.63
to 106.13 kg ha''), poor organic matter (0.098 to 0.136 per
cent), high pH (8.21 to 8.67) and inadequate application of
nitrogen. The results of present investigations are in ac-
cordance with those reported by Bhatnagar er al., (2001),
Bhatnagar and Chandra (2006 and 2007) and Rohitash
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(2007).

The content of phosphorus in aonla leaves ranged
from 0.141 to 0.184 per cent with mean value 0.165 per cent.
The maximum phosphorus content (0. 184%) was obtained
at the orchard of Laxmangarh, while minimum content
(0.41%) was obtained at the orchard of Palsana-1. The evalu-
ation of aonla leaf samples showed that 50 per cent leaf
samples were found low and remaining 50 per cent leaf
samples were found sufficient in phosphorus content. The
variation in phosphorus content of aonla fruit crop is in
accordance to the available phosphorus status of the or-
chard soils (21.49 to 25.56 kg ha™') and proper uptake and
utilisation by the plant tissues. The present findings are in
conformity with the findings of Reddy et al. (1991),
Bhatnagar and Chandra (2006 and 2007).

The potassium content of aonla leaves ranged
from 0.210to 0.580 per cent with mean value 0.384 per cent.
The maximum potassium content (0.580%) was obtained at
the orchard of Pachar-11, while minimum content (0.210%)
was obtained at the orchard of Rehnawa. Analysis of aonka
leaf samples revealed that 37 per cent leaf samples were
found low and 63 per cent leaf samples were found Sum‘
cient in potassium content. The fair potassium content I?
aonla leaves might be due to medium potassium staus of
orchard soils (113.38 to 139.00 kg ™!), The present find"
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(oven dry basis) in leaf
i b ry }in leaf samples of Aonla collected from

Locanon Macronuteenis (%) Micro nutrients {mgkg')

N r K Ca Mg 5 Cu Mn Zn Fe
Rashidpura 0,742 0.181 0.330 0,630 0.39% 0,03 76 744 588 624 k]
Retmawa 0458 0.157 0.210 0430 0426 0.00% 849 067 953 I.:ﬂ'r. 5
Laxmangarh 0500 0.184 0260 0390 0466 (.00 920 621 B840 o2 56
Sargoth 0.576 0.180 0.300 0350 0472 00356 572 6.69 1118 107,64
Paclar ~| 0.968 0.158 0.520 0810 01 00425 10.01 10.11 .54 125.53
Pachar || 568 0.167 0,580 0,380 1364 00159 1.0 10,58 1.9 14524
Pactar - V| 1.054 0150 0.430 0530 0358 0.0459 11,48 1246 BA4 158.32
Palsam -1 nE72 0141 0390 0290 0294 0.0450 11.25 1160 1262 15068
Mean 0842 0.165 0,384 0.503 0387 0.7 034 9.15 10,04 120,66
Range D458 1o 0.141 10 02100 0¥0W0RE 0294 DMs6te 570 SESI24 6Mu D710 1583
mms om o ams  am  em lm e 0ss

! 01y 0.0011 050 054 055 595

CD(Fa) 0218 0.00% 0101 0078 0056 0.0031 145 1.55 160 118
Low (%) 88 50 W 50 100 - 10 13
Sufficient (%) 12 5 63 50 100 - 100 - n 100
High (%) -

ings are in conformity with the findings of Reddy et af,
(1991), Bhatnagar et al., (2001) and Bhatnagar and Chandra
(2006 and 2007).

The calcium content of aonla leaves varied be-
tween 0.290 to 0.810 per cent with mean value 0.503 per
cent. The maximum calcium content (0.810%) was obtained
at the orchard of Pachar-1, while minimum content (0,.290%)
was obtained at the orchard of Palsana-1. Analysis of aonla
leaf samples revealed that 50 per cent leaf samples were
found low and remaining 50 per cent leaf samples were
found sufficient in calcium content. Sufficient calcium con-
tent in leaves may be due to presence of high amount of
caleium (2.59-4.29 cmol kg'') in orchard soils, whereas low
calcium content in some of the orchards could be due to
low irrigation frequency, because the movement of calcium
in plant is facilitated by higher amount of available water in
the soil. These results of present study are in confirmation
with those reported by Rohitash (2007) in aonla.

The magnesium content of aonla leaves varied
between 0.294 to 0.472 percent with mean value 0.387 per
cent. The maximum magnesium content (0.472%) was ob-
tained at the orchard of Sargoth, while minimum content

(0.294%) was obtained at the orchard of Palsana-1. Analy-
sis of aonla leaf samples revealed that all the leaf samples
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were found sufficient in magnesium content. The results
are in conformity with the finding of Kumawat (2005) in ber
orchards in Jaipur district and Rohitash (2007) in aonla.

The sulphur content of aonla leaves varied be-
tween 0.0336 to 0.0459 percent with mean value 0.0417 per
cent. The maximum sulphur content (0.0459%) was obtained
at the orchard of Palsana-1, Pachar-11 and Pachar-1V while
minimum content (0.0356%) was obtained at the orchard of
Sargoth. The data shows that all the leaf samples were
found low in sulphur content. The low content of sulphur
in leaves of various fruit trees could be due to low sulphur
status of 50il (5.99 to 6.91 mg kg'') of the studied orchards.
The results of present study are in conformity with the
findings of Gathala er al. (2004) in pomegranate and
Rajkumar (2004) in ber and pomegranate.

The copper content of aonla leaves varied be-
tween 5.72to 11.48 mg kg™ with mean value 9.34 mg kg™
The maximum copper content (11.48.mg kg'') was obtained
at the orchard of Pachar-V1, while minimum content (5.72
mg kg'') was obtained at the orchard of Sargoth. Analysis
of aonla leaf samples revealed that all the leaf samples were
found sufficient in copper content, The variations in cop-
per content of leaves could be explained in accordance to
the availability of nutrients in soil, variation in pH and or-
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ganic carbon status. Similar findings were also reporied by
Sharma and Mahajan (1990), Bhatnagar ef al., (2001),
Gathala et al. (2004), Bhatnagar and Chandra (2006 and
2007) and Rohitash (2007).

The manganese content of aonla leaves varied
between 5.85 to 12.46 mg kg-1 with mean value 9.15 mg kg-
I. The maximum manganese content (12.46 mg kg-1) was
obtained at the orchard of Pachar-V1, while minimum con-
tent (5.85 mg kg-1) was obtained at the orchard of
Rashidpura. The analysis of aonla leal samples showed
that all the leaf samples were found low in manganese con-
tent. The location wise variations in manganese content of
all fruit crops studied could be explained in accordance to
the availability of nufrients in soil, variation in pH and or-
ganic carbon status. Similar findings were reported by
Bhatnagar ef al,, (2001), Bhatnagar and Chandra (2006 and

2007) and Rohitash (2007).

The zinc content of aonla leaves varied between
6.24 10 12.62 mg kg with mean value 10,04 mg kg™, The
maximum zinc content (12,62 mg kg'') was obtained at the
orchard of Palsana-1, while minimum content (6.24 mg kg™")
was obtained at the orchard of Rashidpura. Analysis of
aonla leaf samples revealed that 13 per cent leaf samples
were found low and 87 per cent leaf samples were found
sufficient in zinc content. The location wise variations in
zinc content of all the taken fruit crops studied could be
explained in accordance to the availability of nutrients in
soil, variation in pH and organic carbon status. The result
of study is in accordance to those reported by Bhatnagar
and Chandra (2006) and Rohitash (2007).

The iron content of aonla leaves varied between
83.71 to 158.32 mg kg' with mean value 120.66 mgkg'. The
maximum iron content (158.32 mg kg') was obtained in the
orchard Pachar-VI, while minimum content (83.71 mgkg")
was obtained in the orchard at Rashidpura. Analysis of
aonla leaf samples revealed that all the leaf samples were
found sufficient in iron content. The location wise varia-
tions in iron content of all the taken fruit crops studied
could be explained in accordance to the availability of nu-
trients in soil, variation in pH and organic carbon status.
Similar results were reported by Bhatnagar and Chandra
(2006 and 2007) and Rohitash (2007).
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Genotyping of some elite date palm germplasm
using RAPD marker

K. P. Hidayath, L. D. Parmar and C. M. Muralidharan
Date Palm Research Station, 8. D. Agricultural Universiti Mundra, Kachchh

Abstract'

In India wild groves of seedling date palms are found on the coastal beht frém Anjar to Mandvi in Kachergtjchh
district of Gujarat and these groves are believed to be 200 years old. A great diversity is existing in morphological character-
istics of indigenous date palms of Kachchh, hence molecular characterization of this precious genetic resource is significant.
Improvement of date palm through conventional breeding methods is very difficult due to its long life cycle, strongly
heterogeneous nature and impossibility to determine the sex at early stages of development. Marker assisted selection based
on molecular characterization can overcome these hurdles. The study was done at Date palm Research Station, Mundra and
C.P. College of Agriculture, Sardarkrushinagar, Gujarat. RAPD fingerprints were performed on DNA extracted from 10 elite
date palm germplasm. The analysis had two objectives - to detect polymorphism within cultivars of date palm and to
investigate the genetic diversity of the indigenous date paim germplasm of Kachchh. Out of eight random primers screened,
two primers OPD 16 and OPD 20 produced comparatively good polymorphic bands. The efficiency of RAPD as a simple
molecular marker for cultivar identification and genetic relationships among different date palm germplasm are discussed.

Keywords: Date palm (phoenix dactylifera L..), RAPD polymorphism, genetic diversity.

Abbreviations: CTAB, Hexadecyltrimethylammonium bromide; EDTA, Disodium ethylene diamine tetraaceteate: PCR, Poly-
merase chain reaction.

Introduction y Materials and methods
Date palm (phoenix dactylifera L.), is one of the Plant material

important cultivated crops in arid regions of the world. The A set of 10 date palm germplasm (Table 1) has
date belt stretches from the Indus valley in the east to been used for the study of which four are exotic varieties
Atlantic Ocean in the West. At present in India, commer- (label 1-4)and the remaining six are local germplasm (label
cial cultivation of this crop is restricted to Kachchh district 5-10). The plant material consists of the young leaves col-
of Gujarat. The wild date groves found in this area are rich lected from Date palm Research station, S. D. Agricultural
in genetic diversity, which is due to the dioecious nature of University, Mundra, Kachchh.

date palm and cross-pollination. Besides its socio-economic
importance the date groves contributes a lot to the stabil- Table 1. List of date palm germplasm

ity of arid environment that have been tainted due to tre- Germplasm Labe] Exotic/Indigenous
mendous industrialization in the area. RAPD (Random Bathee

Exotic
Amplified Polymorphic DNA) technique (Williams ef al, Halawy é Exotic
1990) has been widely used as a method to identify genetic Khadrawy 3 Exotic
polymorphism in several crops, which in turn helps to as- Khalas 4 Exotic
sess genetic diversity and 1o take measures to improve the MDP-02 5 Indigenous
existing varieties or to protect the genetic resource for fur- MDP-03 6 Indigenous
ther crop improvement researches. In the present study MDP-05 7 Indigenous
RAPD molecular marker was used to examine the genetic MDP - 06 8 Indigenous
polymorphism in the available elite date palm germplasm MDP - 09 9 Indigenous
which are suitable to agro-climatic conditions of Kachchh. MDP- 10 10 Indigenous

MDP = Mundra Date Palm
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DNA dxtraction

DNA extraction performed in Biotechnology Labo-
ratory, C. P. College of Agriculture, Sardarkrushinagar.
Gujarat Total cellular DNA of 10 germplasm was extracted
from | g leaflets according to Doyle and Doyle (1990) with
some modifications, The leaves were first ground into fin¢
powder with liquid nitrogen. DNA was extracted in 10 ml
extraction buffer (3% CTAB, | M Tris pH 8, 0.2 M EDTA
and 1.4 M NaCl) for one hour at 65°C, After complete
extraction of DNA, it was purified by treating with RNase
(5 mg/ml) and phenal : chloroform : isoamyl alcohol in25:
24 1 ratio (v/v). The purified DNA pellet was washed in 70
per cent ethnol and dissolved in TE buffer (10 mM Tris
HCI,pH8,0.1 mM EDTA).

Primers and RAPD assay : :
A total of eight primers were tested to amplify the
isolated DNA. These primers are listed in Table 2, For PCR
amplifications, a 20 pl reaction mixture was used which
contained 10x Tag DNA polymerase buffer, 1.5 mM MgCl,,
0.25 mM each of dATP?, dCTP, dGTP and dTTP, 30 ng tem-

plate DNA, 50 pm oligonucleotide primer and | unit of Taq
DNA polymerase.

Table 2. List of RAPD primers with sequence
Primer

Mucleotide sequence (5'to 3')

OPAI CAGGCCCTTC
OPAZ TGCCGAGCTG
OPAS GGG TAACGCC
opPC2 GTGAGGCGTC
OPD16 AGGGCGTAAG
OPD20 ACCCGGTCAC
OPFI13 GGCTGCAGAA
OPF20 GGTCTAGAGG

Amplifications were performed in a thermal cycler
(Eppendorf Master Cycler®) and the apparatus was pro-
grammed to execute the following conditions: an initial
denaturation step of 4 min at 93°C, followed by 40 cycles
composed of | min at 93°C, 1 min at the annealing lempera-
ture (37°C), and 2 min at 72°C. A final extension of 72°C for
8 minutes was included. The amplified DNA fragments were
visualized along with a DNA marker on 1.8% agarose gel
with 1 X TAE buffer and detected by staining with ethidium

bromide. Gels were photographed on polaroid films under
UV light,

Data analysis

For each DMA sample, RAPD bands were trans-
formed into a binary matrix where the presence of polymor-
phic DNA band at particular position on gels is scored 1,
while a 0 denotes the absence, The index of similarity be-
tween each two cultivars was calculated using the formula:

A
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an, ;
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B, =2 N,/ (N,7Ny), whee 1, 1 the number
fragments obse rved in individuals a and h,_ an
are the total number of fragments observed iy N
Bl 3 respectively (Lynch. 1990). The genetjc iﬂ‘lﬂa 53

g the different germplsam was calculageq .. ity

1d N. ang \qn
Indiy;

amon " oL )

available banding patterns. ith b
ts and discussion .

Resu A total of eight primers of arbitrapy, _—

sequence primers were screened for their abifj, - -Ctide

istently amplified banding patterns gpq Bengy,
;{{::I;rigsrphism in the tested date palm fultiua”:n .
these primers, only two [l:‘JFD -l6and OPD . 20)ren e:ing
polymorphic and unambzggogsly scorable bangs, 5 ¢ i
four RAPD primers ‘(Tablr: 3) including OPD- |
unique polymorphic bands useful to identify oy
germplasm. While smear or no amplified progye "
observed with the other primers. Details of RAPD
made by each primer are ‘hslrfd in Table 4. Eyq
pol ymorphism are shown in Figure 1,

S Wepe
Profi leg
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Table 3. Date palm cultivars identified using differen RAPD
primers.

—_—

Primer No. of polymorphic  Varieties
bands discriminated
OPA-2 1 MDP-02
OPD-16 MDP-09 and MDP.|g
OPF-13 I MDP-10
OPF-20 1 MDP-06
| Four T

Total i

—_—

Table 4. Details of RAPD polymarphism detected using
different primers.

Primer Amplificd Total  No.ofPolymorphic
bands bands % of polymorphism

OPA-1 8 1 125

OPA-2 7 1 143

OPA-9 8 0 0

oPC-2 Smear — —

OPD-16 10 3 30.0

OPD-20 8 2 250

OPF-13 7 | 143

OPF20 10 [ 100

I

The matrix compiled using the data availﬂﬁ'*_f"’_:"
RAPD profile of primer OPD-16 showed a genetic Elml]”:l:
of 0.842 to 0.947 (Table 5) among the different 1
germplasm. Thus it may be assumed that these ECUl}'i
emerged in Kachchh regions are characterized by 2
degree of genetic similarity at the DNA level Th
similarity (0.842) was observed between MDP-10and -
03 indicating that among the local germplasm these
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OPA-2 7

OPD-20
M 1

Figure 1: RAPD polymorphism in 10 samples of date palin revealed with the four random primers.
M: Standard melecular size marker (2 kb); lanes 1-10 accessions described in matenals
and methods and Table 1.

2 3 4 5 67 B %210

have the greatest genetic difference, but the data is not
sufficient to draw any conclusion regarding the genetic
_similarity between exotic and local date palm germplasms.

Table 5. Similarity index based on RAPD profile
3 using primer OFD-16.
Cultivars MDP03 MDPLOS5 MDP-09

MDP 05 0.947
MDP 09 0947 0947
MDP 10 {1842 0947 0900

There may be reason to view with caution sys-
tematic conclusions based on RAPD analysis alone. As
reported by Williams ef al. (1993), the small alterations in
PCR parameters or quality of target DNA can alter RAPD
patterns. Further standardization of DNA extraction proce-
dure, PCR parameters and gel documentation process may
overcome the appearance of unclear bands and smear for-
mation, Use of more number of primers will be useful for
the complete varietal identification of all the tested date
palm cultivars. This study can be extended for accurate
identification of date palm varicties cultivated and wild rela-
tives of Phoenix germplasm collection, which will acceler-
ale the crop improvement research using marker assisted
selection (MAS).

Collection, conservation and documentation vari-
able genetic resource of the date palm available in Kachchh
is significant for crop improvement work. The results from

OPD-16

M1 2 3 4 5 6 7,

8 910

15

OFF-13
M1 2 3

8 910

4 5 6 7

(his study suggest that the use of RAPD markers to detect
polymorphism is useful for identification of date palm
genmplasim.
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Line x tester analysis for combining ability in okra
[dbelmoschus esculentus (L.) Moench. ]

K.D.Ameta, A. K. Shukla, 1.B. Maurya and L. N, Mahawer
Rajasthan College of Agriculture, Udaipur 31 3203

Abstract e

Combining ability effects were estimated for different characters in a line x tester crossing programme comprigy, 3
hybrids produced by crossing of 15 lines and 3 testers. Parents and hybrids differed significantly for gca and sc effecy,
respectively. High average degree of dominance revealed predominance af nun-addii'trc gene effects for all the trais, The
parents Swati-10, Heritage green, Punjab Padmini, Ankur-40, VRO-6 and Arka Anamika were good general combiney f,,
majority of characters in various environments, Therefore, these lines can be used for hybridization for producing Promising
recombinants. This indicates that parent showing high gea for fruit yield per plant might be due to hi;h gca for frujy weight,
fruit length, fruit girth and number of fruits per plant. High sca effects were reported for cross combinations, BO-3 Arka
Anamika in E,, Swati-10 x Parbhani Kranti and heritage Green x Arka Abhay in E, and BO-3 x Parbhani Kranti in E, environmeq,

Key words: Combing stability, Line, Tester, Gea effects, Sca effects, Gene effects, Non-additive, Dominance, parents ang

Hybrids.

Introduction

Okra [Abelmoschus esculenrus (L.) Moench], com-
monly known as bhindi has a prominent position among
vegetable due to its wide adaptability, year round cultiva-
tion, export potential and high nutritive value. In any sound
breeding programme, the proper choice of parents based
on their combining ability is a prerequisite. As such stud-
ies intended to determine the combining ability not only
for necessary information regarding the choice of parents
but also the simultaneous nature and magnitude of desir-
able traits. Accordingly the present investigation was un-
dertaken to have an idea of the nature of the gene action
for green fruit yield and other important attributes in ckra.
Line x tester analysis is a useful tool for preliminary evalu-
ation of genetic stock for use as combiners, which may be
used to build up a population with favourable fixable and
genes for effective yield improvement.

Materials and methods

The experimental material comprised of 15 female
parents (lines) viz. Heritage green, Go-2, Bo-2, Punjab
Padmini, Swati-10, Swati-25, Ankur=40, Pusa Sawni, VRO-5,
VRO-6, Varsha Uphar, and 3 Pollen parents (testers) viz,
Parbhani kranti, Arka abhay and Arka anamika were se-
lected on the basis of per se performance, adoption and
geographical diversity. They were crossed in the line x tester
design thus 45 hybrids were produced. The 45 F s and
their parents were grown in randomized block design with
three replications at Horticulture Farm, Rajasthan College

16

of Agriculture, MPUAT, Udaipur, (24°-35"N and 73°42'F)
atan elevation of 582.17above mean sea level. The climue

of Udaipur is semi-arid sub-tropical, characterized by hy
summers and cold winters. The hottest months are Aprl,
May and June (Maximum temperature 43-44° C), whereas
during December and January, the minimum temperanre
often goes below 5 °C. The average annual rainfall is 750
mm, 70-80 % of which is received through the north-west
mensoon during July-September. The soil was sandy leam

in texture consisting 62.3 % sand, 21.6 % silt and 16.5%
clay having soil pH 7.8, electrical conductivity 0.46 dS'm,
organic carbon 0.54 %, available N 73 mg/kg, Olsen P 143
mg/kg and available K 70.2 mg/kg of soil. The experiment
was conducted in three environments viz., summer 2003
(E,), rainy 2005 (E,) and summer 2006 (E,). The seedswere
sown in single row of 3.6 m length keeping 45 cm distanc®
between row and 30 cm within row. The observations Were
recorded for yield and yield contributing traits viZ- plant
height (cm), number of branches per plant, height of i
effective fruiting node (cm), days to 50 per cent ﬂlnwE! Ing.
number of fruits per plant, fruit length (cm), fruit girth (e
days to harvest, fruit weight (g) and yield per plant (2
Combining ability analysis was computed according
model given by Kempthrone (1957).

Results and discussion ) e mifie
The analysis of variance revealed highly il
cant difference among all the traits which i"d'ﬂ:ﬂ,um
presence of considerable amount of genetic m;usm;
(Table 1). The mean square due to crosses, lings 3"

g
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Table 1. Summalion o fcombining ability in various environments

Souree Plm1 Numberol  Height Daysto  Number Fru Fruit girth Days o Frun Vield per
height  branches  offirst 50% of fruis ~ length harvesting  weight plant
Perplamt  cffective flowering  per plant '
fruiting
node
E-1 Envronment
E;GC‘AT 24168  .0.005 05631 -0.07T13 4. 115*  0.15479*  0.037526%* 003022 0.19582**  1411.6*
EIGCAL 1097.0%* 065395 42829  23463** 28.442*% 38868+ (.39772*  21B12%*  18469°"  14049°*
I°SCA 29853 5.4193% DO878%  111.55%  20076% 32276%*  2.0932** 116.38**  90398**  79631**
E-2 Env monmenit
I'GCAT 32766** 0061853* 0.10106 0.1019  0.42326* 0020207 0.02916°°  0.16089°* 3.0436** 6093
L'GCAL BB6.5S'*  14979**  EO27B*  70209%  I6.064% 28BR8*  (.42754%%  70.797**  31065%*  SB416**
I'SCA  I75L1%  10966* 74471 25822%  §7301% 264170% 944 272.59%%  IST75t  13306%*
E-1 Environment
DIGCAT J2738%  0.093974%% 0.5839* 022308° 1.9553%* 00302 0.038759*° 0.12262 0. 774044 583.9**
LIGCAL 93901 | 10%6e 9294%  11047%  ITE56%* 1. TIRTHE 041544 10.0g3%* 7 ER4G™  GI2Gwe
10.69%* BRAO9®®  55557%%  12064%*  31.122¢%  2.0524°*  60.909** 537 J0433*

i ;1 SCA 23487

Table 2. Best parents identified on the basis of per

environment in okra

se performance and GCA effects for various traits in different

s. Character Per Se GCA Common
[+
I.  PlantHeight E, L,Ly,Ls L, Li Ly Ly L, Ly All
Ex LwwLliT,L,T, L Ly Ly Ly Ly Ly, L
E; Ly L, Ti, L, Le L, Liy, Ls, Ly, Lig Li. Ly Lis, Lo, L
2. Numberof E, L,L,L,L,T, Ly, Ly, Ly Loy, Ly L,
branches E! L"h L'lh L'Ih Lh T]l Lﬂl va Tl- I-'I!n LI I-"U\ T]-
per plant E;, L.L.L.T.T L, Lo, L3, Ty, T Ly, Ty
3. Height of E, L,LsL,L,,LsLg Ly Lgy Lygy Ly L L.. L,
first E: Ll, L-s, L], [-r::-. L, L-|51 ]-"h Lh Lh T3 LS. L
effective E‘l L’I! Li: LI'.I:! Lm T1 L'|1 Lm ]-'21 L‘J‘r T! L",‘.l T:
fruiting
node
4, Daysto50% E; Lu,Ts, Ty L, Ls La, Le, Ly, Li, Lo Ly
ﬂnwen’ng E, Ly Ly Ly T, Lg Ly Lin L Lyy Ls, T, Lt I-u
5 Ei LaLs,Li,TiLs Lis, Ls, Ly, Ty, Ly Ly, L, Ty
5. Numberof E; Ty LsLysLaly, Ly Lo Lin Ly Ty L,
fruits per E: Lu, Ty, L Ls, L Lii, Ly, Ls, Ly, Ty Liy, Lay Le, T;
plant E, L,L,T,T.L Ly Ly ks, Ly, Ty L, L, T,
6. FruitLength E; L, Ls, Lis, Ly, Liyy Le, Ly, Liy, Lis, Li Ly, La, Ls, Liny Ly Le
E, La.L,LsLp Le» Ly Lize Lias L Le. Lia
E» L Ls Lis, L, L L4, Ly, Liz, Ls, Lo Li, Ls, Li2
7. Fruitgidh E, TuL,Luly L Ly, Lig Tos Lyss Lyg Ly Ly Lyss Ly T
Es  Ti Li Lya, Lisy Lo, Te, Ly, Lis, Ly, Lis, Ls, T2 Ly, Lyay Lys, T
E, LuwLiuly Lia Ligs Lis, Ta Ly LiLisLlis T
8. Daysto Ev  Lu, Ty, Lz Ta, Ly, Ls Ls, Ls, L, Ly, Ly Li
harvesing E, Lg,L,,L;yT,Ls Li Ly Ly, L, T, Lii Lis
Ei LiLyTyLinLe L3, L, Las, Ly, Ly Liy, Lo
9. Fruit “"-‘ish E. LE! I--||1. T].: Lar L: Lih I-‘I 11 I-'l- L., L'IJ I-‘l I L4
E: L:; LTy LeLs Liy Lo, Ly, L, L, Ts Ly, T
E! L.u L"J"u L?l L']r T'j ]-'?h L'l]r L‘c- Lh T.'I L«H L‘?r T}
10, Yield per Ei LeLliLl:, LT Li, L, Ls, Ly, Ly Lii Le
plant E, L.T,Li,LsLly L, Ll Ly Ly Ly, Lals
Eyz T, Ts Ty La Lia Liz, Lis, Ly, L, Ly La

17
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Table 3. Best hybrids identified on the hasis of per s¢ performan

CAVIFGaNMents in okm

5. No. Characicr Per Se :
l. Plant H eight E, W T L & Ty Lax Ty Ly
% T Lax T
E; Ly x Ty La x Ta Lax Ta Lo
xTy. Ly xTy
E, LyxTyLxTylexTyla
Ty, Lix Ti
2. Number of E, L,xTy Ly XTiLaxTa Lo
branches x Tz, Ls xT:
per plant E,; Lyx T, Ly x Ty Le¥ Ty L
xT:. LuxT; .
E, L,yxTyLexTybuxTals
I.Th L} 3'1']-':!
3. Heightof first  E, Lyx Ty Ly xTp LixTa Lo
clilective ATy, LaxT,
fruiting node E: Lex Ty, Lyy x Tas Lisx Tz, Ls
.KT}.. Lr, XT:
Es LyxTy Ly xTa Lox T Ln
?G-T“ L|]1T;_
4. Drays o 50% E, LyxTa Le x Ty, Lizx Tiy La
flowering xT,, L, xT,
E; LixTy Lig x Ty, Luux Ty, Lo
x Ty, Lyx T,
Es Lax T3 Ly X Ts, Lusx T
LyxT,LyxT,
5. Number of E| LixTy Lig xTs LixTaLs
fruits per xTy,L,;xT,
Iﬂi‘ll'll E; LiixTs, Ln x Tz Lix T La
xT,
E]_ L.;.x'ra, E‘li X T]. L| x Th LII
KTy, LiuxTy
6. Fruit Length E, LyxTg Lys % T Ly Ty
LiwxTinLls xTy
E, Lyx Ty Ly Ty Lyyx Ty Ls
xTi, LiaxTy
E.l LJxT]rLI! HT.E: ]-'HXT_'h L"il
KT;. I..-3 KT.".
7. Fruit Ei".h E; Lﬁx'l',, I..-_-| XTITLH:‘T:. L-'_l
xTy, L x Ty
E; LyX Ty Lys x Ty Ly x Ty, Ly
x Ty, Ly T
E, LyxTp Ly X Ty Lux Ty,
I.|$ xTs Ls xT;
8. Da}'g to E-| L” X T;. [-"'.I X T., L|] X T" Lq.
harvesting xTy, Lyx T,
E, LyxTy Ly x T, Lix T,
Ly, xT;uL,; xT,
E; Lygx Ty, Lyy x Ty, Ly x Ty,
Le x Ty, I.-| X T|
9, Fruit weigh E, LiyxT),Ly x Ty, Lux T3, L,
Ty Lyx T,
E; LixTs, Lygx Ty Lyyx Ty, La
xT,, Ly xT,
E; Lax Ty Ly xTy, Lix Ty Ly
xTy, L, xT,
10. Y ield perplant  E, LixTy, Lea X T3, Lisx T3, L,
xTy, Ly, xT,
EJ L"thI: L-l xTJ+L|KTh L”
KTl, L. x Ty
Es Lix Ty Liz X T3, Lax Ty, Ly

xT,,L,xT,

~

an Journal of Arid Horticulture, 2009 4, Ig
§CA ellects for various traits in Uilfere "
n

SCA E _T.,‘,;E;ﬁ\ |
Lpx T Ly % Tyl xTa bl Lyx Ty L |
x T3, Lie XT3 ERT ™~ |

% Ta Lo ¥ T Lax Ty La Lix T,,
:{:-.‘Th L, x Ty ik xT,
Lyx i Lw 2Ty Ls x Ty, Lax Ty L, T
Loa % Tz L x Ty 4
Lyx Ty bls xTylioXx T ks Lux Ty L, x T
% Tz Lis T Ls XTy I
LioX Ty Liy X TaLsX Ter LaX Ty L, 57
Ls w T, Le x T2 L||x"f't 1
Lg% Ta Lo xTplrx T Ly Lisx T, Lixt
I

x T L xTa

Lg% T“ I.-;|. X Tg Loga X T]- L.l Tb L, xT
I

Ly xT,LzxTh Ly x T Ly, x7
Lux Ty Ly xTyLlex Tx Ls L||!=cTth le
X Tj1 I"'I X T' I
Lyz%.Ti Ly X Talex TiuLe Lox Ty L, xT

xTy Ly xTy Lip xT, o
L“KT}, I.-|3 anLJsKTJ- L”HTLL”_HT
I--u. xTLI:'"I'}I H'TI I

Mil

Lix T Lix T3 LiaxTy, La

x T|, Li! X TJ

L,|5::T_'|., Ly x T, leTJ- L:I'I.KT;‘ L” Ty

L”_ X T,. L-. X T| LIJ X T_.
Lix Ty Ls xTi,Ly 2Ty L Mil

x Ty Ls % T,

Lix T.FL”_ ¥ Ta, Lsx Ta, Lix Ts

LI !I{T;, |.6 X T|

Lyx Tyl % TiLax Ty Ly
x Ty Ly xTy

Lypx Ty Ly xToLyux T
L xTy Lax Ty

Lex Ty Ly xTylysx Tags
LuxT, Ly xT,

Lox Ty Ly 2 Talyux Ty,
L+ KT.. L|3 X TJ

LuxTyLyxT,
le TJ- L|] KTI
LQH T]q L|] xT]_

Lia x T
L,,xT;. L, xT,

Lex Ty Ly xTolyx Ty, Ly L;x T,
HTI. Lg. KT:
L.X TIrLIl XT],ngﬂ T_],. L||IT|

Li xT),L: x Ty

Lyx T3 Ly xT L, x Ty Ly
® Ty Ly xTy

Lyx Ty Ly X Tolyy x Ty
LII] H.Tl. L|$ XT]

L.KT“ L.‘_ le.Lu,KT],L”
x Ty Ly T

LuxTy, Ly xT )Ly x Ty,
Lipg XT3 L; x T,

Lax Ty, Ly x Ty Lax Ty,
Lis xTyL, 5T,

Lix T L iTy
LyxTuLlnxT
Nil

LsxTy.LuxD

LuxTiLi ¥ T

Lisx Ty, Ly xT3 LiaxT LixTs

I.-,;, HT:,L; X T: T
Lax Ta Ly 2T Lyex Ta, Lex Tn Ly x 12
Ly xTy, L3 x T

1% o, Lo X o Lix s, Lo ¥T)

Lix T:l1 L: xT..L.xT;, Lz

X T;, L; x T] T
Lyx Ty, Ly xTy,Lizx Ty La Lyx Ta, Ly 2
xTuLl; xT LxT

Lyx Ty Ls xTs

Lyx Ty, Ly xTa,Lzx Ty, La
x Ty Ly xT,
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Symbol used in the tables

Symbol _Name of line Symbol  Name of Tester
L, Heritage Green T, Parbhani Kranti
Ls GO-2 T, Arka Abhay

1 BO-2 T; Arka Anamika
Ly Punjab Padmini

L« Harbhajan

L Nirmal-303

Ly Co-3

Ls Pusa Sawni

L Swati-10

Lig Swati- 25

L Ankur-40

L VRO-5

Ly VRO-6

L4 Ratnaraj

Lys Varsha Uphar

. were significant for all the characters in all the environ-
- ments except due to lines for first effective fruiting node,

The mean squares due to lines x tester were si enificant for
?ll the traits in all the environments except for plant height
inE,, E,and E, and for fruit girth in E,. The o*GCA effects
due to lines and testers revealed that both the lines and
testers contributed for various characters in different envi-
ronments. Estimates of o*SCA effects were greater than
a*GCA effects due to lines and testers for all characters in
all the environments, which suggested the role of non-
additive gene action in the inheritance of most of the char-
acters. The preponderance of non-additive gene action was
also reported by (Singh and Singh, 1978), (Arora, 1993),
{Sood and Sharma, 2001) and Prakash et al. (2002). Recur-
rent selection could be used for the improvement of these
characters. Out of ten traits under study, the negative gca
and sca effects were estimated for three characters viz.
days to 50 percent flowering, days to harvesting and height
of first effective fruiting node were considered desirable,
since these traits are negatively correlated with fruit yield
per plant. However, positive estimates of gea and sca ef-
fects for the remaining traits were considered desirable.
The estimates of 15 famale lines and 3 male testers for 10
characters (Table 2) indicated that parents
An overall appraisal of GCA efTects of the par-
ents (lines and testers) used in the present study indicated
that, in general, none of the parent was a good general
combiner for all the traits studied. Estimates of GCA effects
showed that line L, was a good general combiner over the
environment as it showed significant GCA effects in
favourable direction for varying sets of 6, 7 and 4 charac-
tersinE . E, and E, respectively followed by line L, L, L,
and L, Among testers, T, was good combiner for a set of
three characters in E _two in E, and four in E, including

19

yield per plant except in E, environment,

A perusal of SCA effects among hybrids revealed
that highest magnitude of positive SCA effects for vield
per plant was revealed by L,xT,inE;L,xT andL xT,in
E,and L, x T in E, environment. None of the cross combi-
nation exhibited consistently high SCA effects for all the
traits studied. The crosses showing high SCA effects did
not always involve parents with high GCA effects sug-
gesting that the interallelic interactions are important for
the concerning characters. These findings are in agree-
ment with the findings of Pratap ef al. (1981 a), Poshiya
and Shukla (1986 ), (Patel, 1988), (Poshiya, 1992), (Shinde
ei al., 1995) and (Pawar et al., 1999).

Besides yield, crosses L, x T, and L, x T, also
revealed desirable SCA effects for number of branches per
plant in E, and height of first effective fruiting node in E,
and E,. Likewise, cross L, x T, showed high positive SCA
effects for number of fruits per plant in all the environ-
ments; and cross L, x T, for fruit weight in E and E, envi-
ronment.
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Micropropagation and in-vitro conservation of elite geno-
type of cactus pear (Opuntia ficus indica Mill.)

Dhurendra. Singh®, 1 N. Sivalingam , R, Bhargava and R.S. Singh
Cemiral Institute for Arid Horticolture Bikaner -334006, Rajasthan, Indio.

Abstract

Micropropagation techniques of cactus pear for a thorn-less, vegetable type elite genotype. which was collected
under permplasm collection programmes, was developed successfully through single bud explant. Ph.:,rsmlnglcnrly mature
hads an cladodes were collected and single bud segment was used for culiure initiation. Maximum multiple shoots @E shl:h‘.?ls.l’
cxplant) formation was achieved on MS medium supplemented with 30 g sucrose, 8 g agar and 2 mg 6- Benzylaminopurine
(BAY+ 0.1 mp alpha-Naphihalene acetic acid (NAA) per liter. Multiple shoot clump were further su bjected to culture ﬁ:.'r shoot
clangation medium devaid of plant growih regulators. The elongated shoots were rooted cent per cent under in vitro
conditions. The roated plantlels were successfully acclimatized under three step hardening procedure. Under in virro
consenvation study, i vitro rooted plantlets were used for further conservation by reducing growth of the plantlets and P:"
mimimizing sub-culturing process, The rooted plantlets were transferred on agar solidified MS medium supplemented with
activated charcoal 3 g/l and different combinations of BA (0,0.5, 1.0mg/T) and NAA (0, 0.5, 1.0 mg/l). The higher concentration
of BA (1.0-mg/1) was found to increase shoot proliferation and was detrimental to root growth of the in vitra plantlets whereas
higher concentration of NAA (1.0 m/l} was found to influence both shoot and root growth positively. This technique of in
viro conservation was found efective in maintaining cultures continue for more than six years. Further, proliferated growth
of im vitro maintained plantlets were harvested and transferred 1o new containers for increasing number of stock materials,

Key words: Micropropagation , in-vifro conservation . Cacius pear

Introduction network with the aim to promote cactus pear as an impor-

Cactus pear (Opuntia ficus indica Mill.) belongs tant fruit crop world wide (Pimienta et al., 1993). In this
1o family Cactaceae has specialized photosynthesis mecha- regard efforts were made in India in introduction, collee-
nism known as Crassulacean Acid Metabolism {CAM) and tion and conservation of both indigenous and exotic geno-
high water use efMiciency (WUE) even in areas with annual types (Math er al,, 1999), As a results of intensive efforts
ramnfall as low as 120-150 mm. It is well adapted plant of made at CIAH, Bikaner, about 35 genotypes having elite
Indian dessert and largely utilized as bio-fencing to pro- characteristics have been conserved in field repository.
tect vegetable farm or garden from wild animals and other Some of the promising elite genotypes identified, now re-
herbivores by the farmers. Moreover, this crop is gradually quire large number of propagules for further research and
gaining popularity as fruit and vegetable crops in hot arid extension purposes. Conventionally, cactus pear is propa-
regions of the world, Both spine and spineless cultivars gated either through seed or cladodes: however, both meth-
are available in Mexico, but most of the Indian genotypes ods are either not desirable or inefficient (Malda er al.
are thorny. The developed Nations such as Mexico, Chile, 1999). Vegetative method of multiplication through cladodes
and America have recognized this crop as fruit, vegetable, also suffers seriously with fungal infection of foot rot dis-
animal leed and industrial raw material (Nobel, 1995). This ease which leads to poor survival of plantlets {Mauseth,
crop is also commercially used in cosmetics and dye in- 1979). Therefore, there is an urgent need for propagation
dustry. Visualizing the horticulwwral, industrial and com- of cactus pear through tissue culture technigue to build up
mercial potential of cactus pear, Food and Agriculture Or- large population of plant materials of superior and desired
ganization has successfully implemented a cactus pear genalypes. Although, micropropagation has been success-

fully attempted for several members of Cactaceae family
(Johnson and Emino 1979; Mauseth, 1979; Escobar et al.

*Correspondig aurhor’s e-mail: 1986; Clayton et af. 1990 and Khalafalla er al. 2007). How-
dhurenb/jgmail.com ever, no attempls were made for large scale multiplication
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of thornless cactus pear, Further, conservation ol elite t ype
genotypes is a prerequisite for improvement of ¢ rops. Some
cactus genotypes which are spineless and of vepelable
types are severely damaged by various insecis pesis, her-
bivores and diseases. Therefore, safe conservation tech-
nology viz., fm vitro conservation is also highly desirable
for sustainable and efficient resource management of
germplasm. Keeping in view the above reasons, the present
investigation was planned with the objective of faster mul-
tiplication and fir-vitro conservation of superior genolypes
of vegetable type cactus pear for its utilization in arid agro
ecosystem of India.

Materials and methods
(A) Micro propagation study

Preparation of mother plant and collection ol explants

Selected genotype of Cactus pear (Opuntia ficus
indica Mill.) was maintained in green house irrigated and
f:nil:'zutd as per general recommendation with proper plant
protection measures. Actively prowing buds from cladodes
were collected and single bud segment with adjacent tis-
sues were used for culture initiation |

Explant preparation and sterilization

The segments of cladodes containing single bud
(areole) of 2 x 2 em size were collected from mother plants
and subjected to washing in running tap water and rinsed
in mild concentration of detergents followed by gentle rins-
ing in tap water. Thereafter, explants were treated with 0.1%
HgCl, for 5-7 minutes. The surface sterilized explant were
thoroughly washed several times with sterile water under
laminar flow hood and sized to | x 1 em before inoculation.

Culture media and conditions for cladodes induction

Surface sterilized explants were inoculated verti-
cally on 30 ml Murashige and Skoog (1962) MS medium
supplemented with 30 g sucrose, 8.0 g agar and various
concentration of BA (0, 1,2 and 4 mg/1) alone or in combi-
nation of NAA 0.1 mg/l. The pH of the medium was ad-
justed to 5.7 and sterilized by autoclaving at 121°Cand 15
Ibs for 15 minutes. The cultures were incubated at 26+ 2°C
temperature and 16 hrs photoperiod provided by cool fluo-
rescent tube with 2000 lux light intensity.

Culture media for rooting

After third subculture period the multiple shoot
clumps were subjected for elongation to hormone free me-
dium for three weeks. Thereafier, microshoots were trans-
ferred to rooting medium containing M5 medium supple-
mented with 30 g of sucrose, 8.0 g agar, 3 g activated char-
coal and varied levels of NAA and |AA at concentration of
(0.,0.5,1.0 or 2.0 mg/l). The cultures were incubated at 26 +
2° C temperature and 16 hrs photoperiod provided by cool

Muorescent tube with 2000 lux light intensity.
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tion and

Hardening of in-vitro produced plantlets

Under arid agro-ccosystem where both low and
high temperatures are extreme, atmospheric humidity is very
low and wind speed is very high, thus hardening and accli-
matization of plantlets are very challenging component of
micropropagation. The hardening of in vitre produced
plantlets were taken under three step hardening procedure
i.e. i) Transfer of plantlets to acclimatization hood inside
the culture room. ii) Transfer of plantlets in environment
control green house. iii} For further growth and develop-
ment in glass house equipped with intermittent fozging
device, different combination of potting mixture such as
vermiculite, coco peat or vermi compost, were tried for sur-
vival and acclimatization of plantlets to pots.

(B) In vitro conservation study

Rooted plantlets developed
micropropagation study were used for further investiga-
tion of in vitro conservation, maintenance, growth inhibi-
subsequent survival components.
Micropropagated cladodes were transferred to MS medium
with 8 g agar 3 g activated charcoal supplemented with 0.0,
0.5,1.0, mg BA and 0, 0.5, 1.0 mg NAA/| for maintenance of
the culture and growth inhibition. The chservations on
different parameters such as shoot and root growth, per-
centage of vitrified cultures and promotive/inhibitory ef-
fect on roat growth were recorded after six month of cul-
ture incubated for in vitro conservation. The cultures were
incubated at 26 £ 2° C temperature and 16 hrs photoperiod
pravided by cool fluorescent tube with 1000 lux light inten-
sity.

under

Results and discussion

Effect of BA and NAA on the multiple shoot induction :

Observation recorded with respect to morphoge-
netic responses of cladode explant to medium supplemented
by BA alone or in combination with NAA are summarized
in Table 1. Explant inoculated on medium devoid of BA or
MNAA alone did not show any response. However, different
level of BA and NAA produced a remarkable effect on the
percentage of explant with shoots. The mean maximum
percentage of explants with shoot (80%) were obtained
with higher concentration of BA 4 mg/l either alone or in
combination of NAA 0.1 mg/l. All concentrations of BA
with higher concentration of NAA | mg/l found a decreas-
ing influence on the shoot induction. :

A perusal the data revealed that the different lev-
els of BA and WAA resulted in significant variation on
number of days taken for axillary bud breaking in inocu-
lated cladode explant under in vitro condition. Higher con-
centration combined treatment of BA and NAA resulted in
earliest bud break. Initially after first subculture performed
after incubation of culture for four weeks period. There
was no difference in induction of number of shoots among
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Table 1. EffectofBA and NAA on the multiple shool induction in caclus pear

Treatments Days taken  Percentage No. of No. of Shoot
for bud of explant  shoot/explant shoot/explant  length
break with shoot afler | after [ {cm)

sybeulture subculture
BA MNAA

Ti 0.0 0.0 00 0o 0.0 0.0 0.0

T, 1.0 0.0 351 70 1.0 6.2 3.4

v 20 00 324 75 1.0 '8 3.1

T, 40 00 302 80 1.0 7.6 2.0

Ty 0.0 01 00 00 0.0 0.0 0.0

To 1.0 01 304 70 1.0 7.1 3.1

T, 20 01 28 80 1.0 8.6 2.9

Ty 40 0.1 265 80 1.0 8.1 2.5

Ts 0.0 1.0 00 00 0.0 0.0 0.0

To 1.0 10 245 20 1.0 3.2 1.9

Tn 2.0 .o 22.1 30 1.0 1.8 1.7

T, 40 10 194 18 1.0 4.2 1]

SEm. 0.29 0.223 0.14

C.D. 0.81 0.623 0.382

Table 2. Effect of NAA and IAA on the rooting of microshoot of cactus pear
: Treatment Concentration MS Media

(mg/L) Rooting No. of roots (%)

Ty Control 0.0 3333 1.7
T2 NAA 0.5 80.00 23
i3 NAA 1.0 100.00 4.4
Ta NAA 2.0 66.67 4.6
Ts IAA 0.5 60.00 22

" Ts IAA 1.0 7333 2.4
Ty IAA 20 100.00 3.1
SEm. 0.22
C.D. 0.613

all treatment of both BA and NAA. However, there was
remarkable difference in number of shoot per explant after
third subculture, The treatment without BA or with only
NAA failed to induced shoot in the explants. Whereas, in
all the treatments of BA alone or in combination with NAA
produced shoots which were varied to different treatments.
The differentiation of multiple shoots was maximum (8.6
shoots/explant) after third subculture with T, treatment (2
mg/l BA + 0.1 mg/l NAA), The influence of T, treatment
was at par with T, treatment, Except the treatment T
and T, ,, all treatments were found to produce rootable size
of microshoot, This may be due to the effect of higher
concentration of NAA in these treatment .All the concen-
trations of BA alone or in combination of NAA produced
promotive influence axillary bud breaking which gave rise
1o differentiation of multiple shoots in the cladode explants.
These results are in agreement with the findings of Escobar
et al. (1986), Mohamed-Yaseen ef al. {1995), Giusti e/ al.
(2002) and Garcia-Saucedo ef al. (2005). The less percent-
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age of explants with shoots was observed with treatment
higher level of NAA | mg/l in combination of BA. These
results are in close conformity of the results obtained by
Khalafalla et al. (2007) who observed no improvement in
shoot multiplication when NAA 0.5 mg/l used in combina-
tion of BA on kinetin in cactus. Thus, the synergetic influ-
ence of NAA at higher concentration did not improve the
number of shoots per explant. This may be due to higher
concentration of NAA with respect to BA must have sup-
pressed stimulative effect of BA.

Effect of NAA and 1A A on rooting in microshoots

The data given in Table 2 show effect of NAA
and IAA on rooting percentage and number of roots in
microshoot when transferred to MS medium containing
different concentration of NAA and IAA. The mean maxi-
mum rooting percentage (100%) was obtained in T, and T,
treatments. However, significantly higher number of roots
{4.4) was recorded with NAA | mg/l.

—
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In the present experiment, it was observed that
rooling percentage in microshoots was better with MAA |
mg/l. Auxin mediated induction of roots in cacti is well
documented. /m vitro studies by Johnson and Emino (1979),
Mohmed-Yasseen ef al. (1995) and Garcia-Saucedo e af,
{2005) also suppont the present findings. These results in-
dicate that the higher concentration of auxing have better
stimulative influence on root initiation whereas lower con-
centration exhibited delayed rooting which may be due to
in-sufficient quantity for root induction. Similar ohserva-
tions were reported by Mata-Rosas ef al, (200 1) with Mexi-
can caclus Twrbinicarpus lawi and Jaurez and Passera
(2002) with Opuntia ellisiana Griff, Zen g et al. (2003) ob-
tained root formation with MS medium + 0.1 mg IBA I after
10 days of culture with Opuntia dillenii cv. Milpa Alta.

Acclimatization of the plantlets

In vitro propagated plantlets were successfully
acclimatized by transferring them into small pots of plastic,
containing potting mixture of different medium. The rate of
survival of the plantlets (Table 4) in the pots was 100%

with vermiculite + cocopeat mixture of 3:1 (w/v) which was’

followed by another mixture i.e. vermiculite + vermicompost
(60%). The lowest survival of plantlets (50%) observed
with two step procedure of hardening. The higher per-
centage of survival of plantlets with vermiculite along with
gither cocopeat may be due to the complementary good
properties of vermiculite and cocopeat in terms of poros-
ity, high cation exchange capacity (CEC), highly decom-
posed, stable and zood water holding capacity. Preece and
Sutter (1991)also emphasized that certain environmental
conditions are necessary for acclimatization of plantlets
using controlled environmental facilities.

Similar achievements (100% survival of plantlets)
were reported by Johnson and Emino (1979), Vyaskot and
Jara (1984), Mohamed-Yasseen et al. (1995), Giusti ef al

(2002) and Garcia-Saucedo ef al. (2005).

In vitro conservation of plantlets

Under in vitro conservation study, in vitro rooted
plantlets were used for further conservation by reducing
growth of the plantlets and by minimizing subculturing
process. The effect of BA, NAA and their combinations on
the in vitro growth , injury and survivability of the cul-
lures was evaluared. The rooted plantlets were transferred
on agar solidified MS medium supplemented with activated
charcoal 3g /litre and different combinations of BA {0, 0.5,
1.0 mg/1) and NAA (0, 0.5, 1.0 mg/l). The higher concentra-
tion of BA (1.0 mg/l) was found to increase shoot prolifera-
tion and was detrimental to root growth of the in vitro
plantlets whereas higher concentration of NAA (1.0 mg/l)
was found to influence both shoot and root growth posi-
tively (Table 3). This technigue of in vitro conservation
was found effective in maintaining cultures continue for
more than six years. Further, proliferated growth of in vitro
maintained plantlets was harvested and transferred to new
containers for increasing numbers of stock materials. Ad-
dition of auxin in the. medium had optimal positive influ-
ence on shoot and root growth, This is due to physiologi-
cal action of NAA in cell division and stimulation of apical
dominance in the micro-shoots and adventitious root for-
mation including cell elongation.The study conducted on
auxin induced morphogenetic responces in long-term in
vitro subcultured Mammillaria san-angelensis Sanchez-
Mejorada { Cactaceae) by Rubluo er af (2002) and con-
cluded that auxin may be invelved in i vitro morphoge-
netic response in Cactaceae. Further these results may be
supported by the findings of Sajid et al (2006) who studied
the effect of diverse hormonal regimes on In vitro growth
of grape germplasm.,

Table 3. Effect of BA, NAA and their combination on the in vitro growth, injury and
survivability of the cultures

Treatments BA NAA  Increasein Increase in  Percentage Root growth
Shoot Root length  of vitrified  promotive/inhibitory
length cm. cm, culture effect

T, 0.0 0.0 1.0 1.0 3333 Promotive

T, 00 05 2.6 16 1333 Promotive

T, 0.0 1.0 3.1 26 1333 Promotive

Ts 0.5 0.0 1.1 00 40.00 Inhibitory

Ts 0.5 0.5 0.5 0.0 5333 Inhibitory

Te 0.5 1.0 0.4 0.0 5333 Inhibitory

LE] 1.0 0.0 0.6 00 60.00 Inhibitory

Ty 1.0 0.5 0.5 0.0 7333 Inhibitory

Ty 1.0 1.0 0.6 0.0 80 Inhibitory

SEm. 0.102 0.1

C.D. 0.29 032
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Table 4. Inflience of hardening pmeedure on survival percentaze of lanitlels

Hardening sicp Survival Y% of plaWEE '

Vermiculite : Cocopeat Visliome: ¥ ek ompo
{3:1) O:1) —

Two slep procedure: 80 "

Transfer 1o Environment control greenhouse

for 8-10 days and subsequent transfer in

5had; housc cquipped with intenmitent

fogging.

Three sicp procedure: 100 60

Pntrr.:_r}r hardening in acclimatzation lood
kept in culture mom for 10-12 days and
subsequent transfer to Envimnment control
greenhouse for 8-10 days, thereafler to shade
house equipped with intermitient fo geing.

Fig. 1. Micropropagated cladode of Cactus pear
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Abstract

Eight isolates of rhizobia were isolated from pigeonpea nodule

—

and identified and characterized by physiological

and biochemical tests, Isolate KCCS showed maximum potential antagonistic characters. Phylogenetic analysis of 168 rDNA

sequences of KCCS5 with other reference strains, Form this ana
=obium fredii. All the strains of Pseudomonas Spp-

with reference strains of Sinarhi

lysis, KCC3 aligned to same cluster (100% bootstrap value)

were positive to IAA production and

phosphate solubilisation. Only KCC2 and KCCS were produced siderophore. KCCS produced maximum quantity of siderophore.

In dual culture technique, maximum inhibition of . udtum
restricted the hyphal growth of £ udum. Morphological
zone of interaction during dual culture were observed by
loss of structural integrity of conidia of F. udum were clear
supplemented (30 pM Fe™) medium inhibition of the

condition KCCS inhibited maximum vegetative growth of F. udum
Key words: Fusarium, Rhizobium, Psendomonas, phosph

recorded
abnormalities in the hyphae of Fusarium
light microscopy- Fragmentation and degradation of mycelia and
ly observed under scan ning
pathogenic fungi

ate solubilisation,

free culture filtrate of KCC5 also
welum obtained from the

inthe case of KCCs. Cell

electron microscopic analysis. In iron
was reduced. 1t was found that under iron-deficient
as compared to under iron-sufficient conditions.

[AA production.

Introduction

Pigeonpea (Cajanus cajan) is one of the impor-
tant pulse crops and a very popular food in developing
tropical countries. India is principal pigeonpea-growing
country contributing nearly 90% of total world's produc-
tion and it is widely grown in almost all the states. F. udum
is the most important soil-borne disease of pigeon pea
causes fusarial wilt. Biological control of F. udum has at-
tracted the attention throughout the world. In general, now-
a-days, the idea of controlling soil bome plant pathogens
including F. udum with chemical pesticides or fungicides
has been shifted to the option that biological control can
have an important role in agriculture. The beneficial effect
of Rhizobium in legumes in terms of biological nitrogen
fixation has been a main focus in the recent years. Obvi-
ously, rhizobia are known (o increase nodulation and nod-
ule weight in legumes along with increase in host plant
growth and development besides, Rhizobia are reported
10 inhibit several soil-borne ph ytopathogenic fungi includ-
ing Macrophomina phaseolina (Perdomo ef al., 1995;
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Arora el al., 2001), Fusarium oxysporum (Antoun et al.,
1987; Nautiyal, 1997), Rhizoctonia bataticolaand Pythium
sp. (Nautiyal, 1997). The antagonistic activities of rhizobia
are mainly due to the production of secondary metabolites
such as siderophores (Rioux eral., | 986; Arora er al., 2001;
Deshwal et al., 2003), antibiotics (Breil et al., 1996), HCN
(Beauchamp et al., 1991; Antoun el al. 1998), and
phytoallexin production (Chakraborty and Chakraborty,
1988: Deshwal et al., 2003).

The present study investigates the diversity of
fast growing rhizobia of pigeonpea nodu les based on varia-
tions in partial sequences of the 16S rRNA gene, analysis
of morphological, physiological, biochemical data, assess-
ment of secondary metabolite production and antagonism
against Fusarium udun.

Materials and methods

Rhizobium isolates

Pigeonpea nodulating bacteria were isolated from
nodules of pigeonpea plants grown in farmers field of Betul
district (M.P.), India in July and August. This area comes
under a temperature range of 18°C (in winters) (0 41°C(in

I——
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summers). For the isolation of the root nodulatin g bacteria,
method of Vincent (1970) was followed, ¢ cajan seedlings
were uprooted carefully and root nodules were collecied
and washed with the sterile distilled water followed by sur-
face treatment with 95 % ethanol (2 ml) and again rinsed
with sterile distilled water. Washed nodules were surface
sterilized quickly (2-3 min} with 0.1% mercuric chloride
(HgCl,) and again cleaned for at least 6 times with sterile
distilled water 50 as to remove the traces of HzeCl. The
nodules were crushed in a half filled culture whe v:ith 5a-
line water (0.85% NaCl) with the help of sterile glass rod. A
milky bacterial suspension obtained was serially diluted
and streaked on pre-incubated yeast extract mannitol
(YEM)agar (Vincent, 1970) plates. Plates were incubated at
28 = 1°C for 4-5 days and observed for specific features of
rhizobia. Intotal eight isolates were obtained from Cajanus
cajn which were maintained separate ly on YEM agar slants

at 4°C, for further. These were named as KCC (Cajanus
cajanrhizobia).

Phenotypic characterization of isolated bacteria
Marphological and physiological characteristics
were determined for eight test isolates and the type strains
of Sinorhizobium meliloti. Gram's staining of the isolates
was done to provide information on presumptive tests of
isolates. Colony morphology of nodule isolates (colony
color, colonial form, elevation and colonial margins) were
determined on YEM agar plates containing congo red dye
using standard bacteriological techniques (Vincent, | 970).
For the biochemical tests of log phase cultures (10° cells
ml') of root nodule isolates were used. They were sepa-
rately inoculated in YEM broth as well as on YEMA and
incubated at 28°C. All the tests were carried out in tripli-
cates and at least three times.” Motility was examined fol-
lowing hanging drop method. Generation time of each iso-
iates was measured. The isolates (single colony of each)
were inoculated in 50 ml of YEM broth in conical flasks and
incubated at rotary shaker (150 rpm at 28+1°C) for 48 h. The
growth (turbidity produced) was measured by O.D. method
by O.D. at 610 nm after every 6 h in UV-VIS spectropho-
tometer (Shimadzu, Model UV-1601. The generation time
was calculated by following formula: Generation Time= (T2
-T1)3.3 ("log OD,-OD ), where, (T2 - T1) is time interval
taken at any two points in the log phase of growth and
("log OD,- "log OD,) is difference between the log values
of ODattime T, h to *log value of OD at time T, h. Growth
on/in glucose peptone agar (GPA) (Klezkowska ef al., 1968),
Hofer's alkaline broth (HAB8) (Hofer, 1935), 2% NaCl
(Sadowsky etal., 1983), calcium glycerophosphate (Hofer,
1941}, catalase activity (Graham and Parker, 1964), Oxidase
Aclivity (Kovaks, 1956) gelatin hydrolysis (Sadowsky ef
al., 1983), hydrolysis of urea {Lindstrom and Lehtomaki,
1988), citrate utilization (Kosar, 1923), in presence of KNO,
(El- Idrissi et al., 1996), acid production {Arora er al., 2000),
hydrogen sulfide production (Zobell and Feltham, 1934),
MR-VP test, utilization of carbon sources (El-Idrissi et af.,
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1996), poly hydroxy butyrate (PHB) accumulation (Navarini
et al,, 1992) were checked for each isolated bacteria.

fsalation of fungal pathagen

The cropping areas of Badgaon, Betul district in
Madhya Pradesh, India were surveyed and wilt prone area
were marked. Samples of diseased root parts and seeds
were randomly collected and fungal pathogen Fusarium
udnm was isolated from infected roots of pigeon pea
{Cajanus cajan) following the water agar technique (Mus-
ket and Malone, 1941). This technique was used for the
isolation of external and internal mycoflora of the discased
seeds and infected roots showing reddish brown lesions
on the hypocotyls. The external surface mycolora was
isolated by directly placing the seeds and infected plant
material on the water agar medium containing 2% agar and
penta-chloro-dinitrobenzene (PCNB). For the isolation of
internal mycoflora, seeds and diseased roots were surface
sterilized by soaking them in 0.5% sodium hypochlorite
solution for 3-5 min, Samples were then rinsed in several
changes of sterile water to remove the traces of sodium
hypochlorite, and placed on the surface of pre-incubated
water agar plates, After incubation at 28°C for one week,
plates were observed for the appearance of various fungi.

Identification of fungal pathogens

Different fungal isolates from infected seeds and
plant materials were grown on the potato dextrose agar
(PDA) medium, The fungal cultures were maintained on
potato dextrose agar (PDA) medium and characterized fol-
lowing illustration and description of standard mycologi-
cal literature and comparing with standard cultures obtained
from the division of Plant Pathology, Indian Institute of
Fulses Research (IIPR), Kanpur, India. The morphological
characters of F wdum such as colony growth, colour pig-
mentation in substrate, mycelial characters, and micro and
macro conidia production were recorded and compared with
those as described by Booth (1971). Isolated fungal cul-
tures of £ udum, with their known cultures from lIPR,
Kanpur, was maintained on PDA medium at 4°C.

144 praduction

To observe IAA production exponentially grown
cultures (10'cells mI") of the strains were incubated sepa-
rately on broth medium for 24 h. Supematant of the strains
were collected by centrifugation at 10,000 rpm for |5 min at
4°C and 2 ml supematant of each was transferred sepa-
rately toa fresh tube to which 100 pl of 10 mM O-phospho-
ric acid and 4 ml of Salkowaski reagent (1 ml of 0.5 mM
FeCl, in 35% HCIO,) were added. The mixture was incu-
bated at room temperature for 25 min, and the absorbance
of pink colour developed was read at 530 nm using UV-VIS
spectrophotometer (Shimadzu, Model UV-1601. The con-
centration of IAA in cultures was determined by using a
calibration curve of pure JAA as a standard following the
linear regression analysis.
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Phosphate Solubilization

Phosphate solubilization ability of isolated sirains
was detecled by spotting them scparately on Pikovskya's
agar plates. Plates were then incubated at 28+ 1°C for 3d,
and observed for the clearing zone around the colonics
{tl;iur: to the solubilization of inorganic phosphate by bacte-
r]ﬂl. The quantitative estimation of phosphate solubiliza-
tion was carried out after modified method of Jackson,
(1958). Exponentially grown ( 10*cells ml"') cultures were
incubated in Pikovskya's broth supplemented. After 48 h,
supematants were collected by centrifugation of cultures
passing through 0.45 um millipore filter membrane. Obser-

vations were made by comparing with the standard curve
in the same conditions.

Siderophore production

Siderophore production was determined on
Chrome-azurol S (CAS) medium following the method of
Schwyn and Meilands (1987). For the preparation of CAS
assay solution, 6 ml of 10 mM HDTMA solution was di-
luted upto 100 ml with double glass distilled water and a
miixture of 1.5 ml iron (111) solution (1 mM FeCl,.6H,0in 100
mM HCI) and 7.5 ml of 2 mM aqueous CAS solution was
slowly added under stirring. Anhydrous piperazine (4.307
g) was dissolved in water and 6.25 ml of 12 M HCI was
carefully added to it. This buffer solution (pH 5.6) was
rinsed into the volumetric flask which was than filled with
water to afford 100 ml of CAS assay solution. The CAS
shuttle solution was obtained by adding s-sulfosalicylic
acid to the above solution at a concentration of 4 mM. The
bacterial strains (24 h old cultures) spotted separately on
CAS medium. Plates were incubated at 28+1°C for 48 h.
Formation of orange to yellow halo around the colonies
showed the production of siderophore. Presence of
hydroxamate type of siderophores was determined follow-
ing the method of Giibson and Magrath (1969) evaluating
the absorption spectrum of 48 h supernatant at 400 nm,
spectrophotometrically.

Siderophore Assay For siderophore production
by bacteria, a special siderophore production liquid cul-
ture was prepared which contained MM salts, tris buffer,
casamino acids (0.3%), L-glutamic acid (0.05%), (+) biatin
(0.5 ppm)and sucrose (0.2%). Bacterial cultures were grown
in this medium for 48 h at 28°C under rotating conditions
and its cell density was monitored spectrophotometrically
at 610 nm. After incubation, culture supernatant (0.5 ml)
was mixed with 0.5 ml of CAS assay solution. An un-inocu-
lated medium served as reference. After reaching colour
equilibrium the ahsorbance of the mixiure was measured at
630 nm. The concentration of siderophore in cultures was
determined by using a calibration curve of hydroxalamine
a5 a standard under the same conditions and following the
linier regression analysis.

Time course of siderophore production: Follow-
ing the above method of quantification of siderophore pro-
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Juction, samples from the bacterial broth were withdrgy,

at every 24 h intervals up to 168 h for the '-'I'lamnau,,n
determination of siderophore. A plot was prepared fﬂmt
paring siderophore production with respect to time, .

DNA iselation
For the isolation of DMA from Muorescen

Psendomonas Spp. WETe grown in Luria Bertani (LB) hu-mhl
The bacterial pellets were washed with 50 mM ethylene di;
amine tetraacetic acid (EDTA, pH 8.5). The washed ce|js
were lysed by suspending in 0.5% sodium dodecy] sy).
phate (SDS) for 10 min at 60°C. The resulting lysate wag
cleared from cell debris by centrifugation at 10,000 rpm foy
10 min. The supematant was taken and protein was re.
moved by the addition of proteinase K followed by add;.
tion of ethanol to collect the DNA. The DNA solution was
prepared by the addition of | ml phenol-chloroform mix.
ture, To the DNA extract 50 pg ml' RNase was added and
i cubated at 37°C for 30 min. This was followed by the
addition of tris-phenol and centrifugation at 12,000 rpm for
15-20 min at 4°C. The supernatant was heat sterilized and
100 pl, 0.3 M sodium acetale and | mlcold isopropanol was
added with continuous vortex. Finally, the DNA was puri-
fied by the addition of phenol-chloroform followed by the
centrifugation at 15000 rpm.

165 rRNA gene amplification

Universal eubacterial primers FD1 5*CCGAATTCGTCG-
ACAACAG AGTTTGATCCTGGCTCAG3" and RDI
5 CCCGGGATCCAAGCTTAAGGAGGTGATCCAGCCY
were used for amplification of 1492 bp regicn of the 163
rRNA gene on PTC 100 (M.J. Research, USA) thermal cy-
cler. A 50 pl reaction mixture included 5-10ng of bacterial
DNA as template, 1 plofeach primer, 1U of Tag DNA poly-
merase (Banglore Genei, India) and 100 pm dNTPs. The
reaction conditions were: initial denaturation of 7 min at
94°C followed by 29 cycles of denaturation of | m inat94°C,
extension of 1 min at 72°C and annealing temperatures 54°C
for 7 cycles; 53°C and 52°C for one cycle each, 3 1°C for 20
cycles and a final extension of 10 min at 720C, Amplified
gene was visualized in 0.8% agarose after electrophoresis.

|65 rRNA gene sequencing

Partial 165 rRNA gene sequencing was performed
in the same reaction mixture and following the same ampli-
fication conditions as described in full 16SrDNA. The only
difference was in primers. In the partial gene amplification.
primers f1 and rl were used. The PCR products were am;
lyzed on 1.2 % agarose gel in TAE bufTer, run at S0V for=
h. Gels were stained with ethedium bromide and visualiZ
as described above. The amplicons were purified i
Banglore Genei, PCR purification kitand quantified SPE
trophotometrically at 260 nm compare withtcalf thym :5
DNA. The cleaned partial 168 rDNA amplicon W25 ;
quenced with DNA sequencing system.
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Sequence analysis of 165 rDNA sequences using
bhivinformatics tools

The PCR products were purified and sequenced.
Theses all sequences were subjected for phylogenetic
analysis. The homology of partial sequences were com-
pared with the sequences from the DNA databases and
similar sequences showing above 95% were retrieved by
nucleotide BLAST (basic local alignment search tool) pro-
gram at NCBI BLAST server (www.nebi.nlm.nih.gov/
BLAST). Multiple sequence alignment of retrieved se-
quences was done by EBI ClustalW e
(wwiw.ebi.ac.uk.clustal/index html). Phylogenetic tree con-
structed by using genebee server (www.genebee.msu.ru/
services/phtree-reduced html). Phylogenetic tree obtained

with bootstrap values in cluster algorithm, phylip format
and topological algorithm

Antifungal activities of Sinorhizobium Jredii KCC5

Antagonistic properties of Sinorhizohium fredii
KCC5 was tested against £ udum on PDA plates using
dual culture technique (Skidmore and Dickinson, | 976). Five
days old mycelial discs (5 mm diameter) were placed in four
corners of solidified medium in plates containing modified
PDA by addition of 2% sucrose. Exponentially grown cul-
ture (10" ml') of KCCS was spotted 2 cm juxtaposed from
the fungal disc and incubated at 28+1°C for 5 days. Growth
inhibition was calculated by measuring the distance be-
tween the bacterial and fungal colonies as compared to
control. Growth inhibition was calculated by measuring
the distance between the edge of bacterial and fungal colo-
nies. The zone of inhibition was recorded by using piven
below formula: Inhibition (%) = (C)—(T)/ (C)* 100, where,
C=Radial growth in control and T=Radial growth in dual
culture.

Effect of culture filtrates on the inhibition of pathogenic
fungi

Antagonistic bacteria were inoculated in their re-
spective broth cultures and incubated in rotary incubator
shaker at 150 rpm and 28°C for 7 days. After incubation
broth culture of the strains were collected by centrifuga-
tion at 10,000 rpm for 15 min at 4°C and passed through
Millipore filter (0.45 pm). Such culture supernatants were
poured in the wells of the fungal challenged plates. After
incubation at 28°C for 5-7 days, inhibition of the patho-
genic fungi was recorded. :

Antagonism in iron-deficient and iron sufficient condi-
tions

In vitro test for antagonism of S. fredii KCC5 was
made under iron-deficient and iron-sufficient (30 and 60
UM Fe'") conditions towards the Fusarium udum. lron
deficient medium was prepared by treating bacterial broth
(250 ml) with 8-hydroxyquinoline solution in 100 ml chloro-
form (up to final concentration (0.1%). It was then vigor-
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ously shaken. Excess of hydroxyquinoline was removed
by chloroform extraction until the disappearance of yellow
color. Medium was boiled 10 remove the smell of chloro-
form. Agar (2%) was added and the content autoclaved al
15 1b/inch®(121"C) for 20 min. Antagonism was carried oul
by following the methodology mentioned as before. Bac-
terial broth supplemented with 30 and 60 pM Fe'* was used
to carry out in vilro fungal assay under iron sufficient
condition. Methodology for antagonism study was adopted
as mentioned above.

Compound microscopy of posi-interaction events in fun-
gal mycelia

Fungal mycelia growing towards the zone of inhi-
bition were processed for microscopy. Fungal mycelium
were picked up from the zone of inhibition with the help of
sterile needle and transferred to a drop of lacto-phenol on
the clean glass slide. Specimens were examined under a
light compound microscope (Olympus BX 51 TRF) for fun-
gal morphological abnormalities occurred due to antago-
nism mediated by the rhizobial strains. Images of fungal
deformities were captured by using Image Analyser
(Biovis). i

Scanning eleciron microscopy (SEM) of post-interaction
events in fungal mycelia

The antagonist and the test organism are grown
in pure cultures. Agar disc (Smm diameter) are to be cut
from the actively growing margin of the colonies and placed
3cm apart on the surface of the Petri dishes containing
freshly prepared, sterilized and solidified potato Dextrose
agar medium. Incubated Petri dishes at 25°C with
continuous light after incubation of 4 days collect mycelial
sample from the region of interaction. For preparation of
SEM samples, the mycelia were collected with the help of
micro-niddle in sterile environment from the zone of
interaction with bacteria on the surface of gelled agar in
Petri plate. Then it were fixed overnight at 4°C in 4%
glutaraldehyde in 0.05 M phosphate buffer (pH 7.3) and
washed three times (10 min each) in phosphate buffer, After
three 10 min rinses in distilled water, samples were
dehydrated through 70, 80, 90 and 100% ethanol (5 min in
each stage) and three changes in 100% ethanol at room
temperature, Ethanol was then replaced by liquid CO, and
the samples were air dried. Then samples were mounted on
stubs and coated with gold. These coated specimens were
observed at 15 kV in a LEO 485 VP Scanning Electron
Microscope. Photo-micrographs were recorded by the same
machine.

Results

All the isolates of pigeonpea nodules were
characterized by morphological, physiological and bio-
chemical means (Table 1). All the isolates (KCC1 to KCC8)
were Gram-negative, non-sporing, and non-capsulated
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' ia from Cajfam
Table I Morphological, physiolagical and biochemical characters of root nodulating bacteria from Cajanus

cajan var. Manak isolates

. .

Characieristes KCC KCC KCC KCC KCC KCC KCC KCC MTCC '*1’{_]‘?3‘-" MSSP MTCC

| 2 3 4 5 b 7 8 L) — 100
Gram reacimn = . - B . a E = "
Growihar 8°C + + + + . * % o T 4: T 4

"o - 2l a4

Matility + + + + + i2 = - " + :
Capsule + + g by & * - ' .
Endospore - - - N :_ _;_ + : '_
PHI accumulation + + . + + + +
Generatian time (h) 26 25 28 25 26 24 25 15 27 29 16 2.4
Catalase 4 + + + + ¥ = - : : A .
Oxaidase - 4+ + - + + ™ b ks
Hs: & _ i + i + . ; - .
Gelatin hydrolysis 4 A 8 = - . +
Surch hydralysis a = . + - ¥ X N :
Citrate u}lll.'lim:iu" + " + + + ¥ + + + + + +
Growthan Gpa i = + 4 + i * + - o .
Growth in H AR . g s + + - +
2% MaCl tolerance + ¥ 4 + + + 4 + + * + +
8% KNO . talerance B . 5 . b s :
Ca- glye . : + + - 4
Utilzation of:
Arabinose + +* ' : . + + + + + + +
P alanine . % 3 + + + + . . + + :
Sucrose + + + + + + + + + ¥ > +
Glucose + + + + & +* + + + + + +
Mannital + b § + ¥ ¥ + + T + + +
meso-lnasitol - * n - + + + + + + + +
Laclose n + _ +* + + 3 + + + 4

Abbreviations: + positive, -, negalive, GPA- glucose peplone agar; HAB- Ho

butyrate: Ca- glye, precipitation in

fler’s alkaline broth; PHB- poly hydroxyl

Calcium glycerophosphate; Sinerhizobium  mealiletf MTCC-100; Rhizobium

legum inasarum MTCC-99; Mesorhizobium lori M TCC-2378, Burkholderia sp.

MSSP (Pandey and Maheshwari, 2005)

which were motile with s ngle sub-polar flagellum. The iso-
lates formed red, semi-translucent, rounded, smooth, mu-
coid colonies on CrY EMA with 2 to 4 mm diam after 48 h of
incubation.

All the isolates were fast growers with average
mean generation time of 2.9 h showing catalase and oxi-
dase activities and produced yellow colour to bromothymal
blue indicated acid production. Almost all the isolates were
positive for urease and gelatinase production, utilized cit-
rate and precipitated calcium glycerophosphate, Except
KCC5, all the isolates were negative for starch hydrolysis.
Isolate KCCS5 was negative for urease, while KCC4 was
unable to utilize citrate and arabinose. The isolates failed
to grow on GPA but were able to grow in HAB and could
tolerate 8% KNO, as well as 2 % NaCl (Table 1). All the
isolates utilized dextrose, glucose and glycerol when the
carbon sources replaced mannitol in YEMA. Isolates KCC|
and KCC2 were unable to utilize cellobiose and KCC?2 and
KCC3 were negative for lactose utilization, The characters
of isolates were compared with standard rhizobial strains
viz., Sinorhizobium fredii MTCC-1 00, Rhizobium
leguminosarum MTCC-99 and Mesorhizobium loti MTCC-
2378 and most of them possessed characteristics similar to
S. fredii MTCC- 100 (Table 1),

After amplification of 165 rRNA gene with uni-
versal fd] and rd1 primers, the amplified products were

compared with low range ruler DNA (Banglore Genej, In-
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dia) and observed that total length of amplicons was ap-
proximately 1500 bp (1.5 kb) which represented the amplifi-
cation of nearly full length 168 rRNA gene from all the
Cajanus cajan isolates. The size of the PCR product corre-
sponded with the size of the 16S rRNA genes among all
eight isolates. _

Neighbour-joining dendo grams were penerated
(based on cluster algorithm and topological algorithm) us-
ing 165 rDNA sequences of cajanus cajan root nodulating
isolates and representative rhizobial sequences from EMBL/
Gen Bank/DDBJ/PDB (Fig. 4). The 16S rDNA sequence of
the following strains (type strains unless otherwise indi-
cated) were obtained from GenBank: Sinorhizobium fredii
S8 (EF506208), Sinorhizobium Jfredii 525 (EF506206),
Sinorhizobium Jredii S42 (EF506204). A nei ghbour-joining
dendogram was generated using the sequence from Rhizo-

“bium sp. KCC5 and representative Sinorhizobium fredii

sequences from GenBank (Fig. 5). Form this analysis, KOCS
aligned to same cluster (100% bootstrap value) with other
reference strains (Fig. 5). This analysis has revealed that
Cajanus cajan nodu lating isolate KCC5 can be named now
as Sinorhizobium fredii KCCS,

Except KCC4 all strains of Rhizobium spp. (KCC
| to KCC8) were positive for JAA (indole acetic acid) pro-
duction as evidenced by the development of pink colour
of the cell free supematants (Table 2). Rhizobium sp. KCC5
produced maximum 1AA and its production was induced in



Kamlesh Choure, Rakesh Bhargava, R. C. Dubey and D. K. Maheshwari, Indian Journal of Arid Horticulture, 2009 ( 1); 26-36

Table 2 Plant growth-promoting and antifun
Strains IAA"

Phosphate solubilization

al properties of Rheobium srains
T HCN®_ Siderophore’ Antagonism against F. udum

KCC 1 T ++ " e i

KCC2 - + . - .

KEC 3 +* = = + +
KCC4 + + . + +
KCCS - + & - ++
KCC6 + + g -+ +
KCC7T + + = + +
KCC8 .- + k i -

Standard strains

MTCC 100 B " .

MTCC 99 - ¥ . 5

MTCC 2378 - + 2

Abbreviations: A -, IAA negative, +, IAA positive; B -, Phosphate solubilization negative; +, phosphatc
solubilization positive, C-, HCN negative, +, HCN posilive; D -, Absence of halo formation; +, small halos <0.5 ¢m
wide surrounding colonies: ++, medium halos > 0.5 cm wide surrounding colonies; +++, lage halos >1 Dem wide
surrounding colonies: Sinorh & obium melifoti MTCC-100; Rhizobium leguminosarum MTCC-99; Mesorhizobium foli

MTCC-2378

presence of tryptophan. In KCCS, the IAA production
was started after 18 h of inoculation. The IAA production
increased corresponding to incubation period and reached
maximum after 168 h of incubation (Fig. 2). During phos-
phate solubilization all strains of Rhizobium spp. formed
clear halos around their spot inoculation by solubilizing
tricalcium phosphate on the Pikovskya's agar. All strains
solubilized inorganic phosphate (Table 2A). Lowest pH
recorded was 3.8 subjected after 7 d incubation. No acidic
phosphatase activity was recorded. Phosphate solubiliza-
tion was started afier 24 h of incubation in all the strains
and maximum in Rhizobium sp. KCC5 at 7* d of incubation
(Fig. 2B). None of the strains of Rhizobium spp. was able
to produce cyanogens (Table 2). All the strains were
screened for siderophore production on CAS agar, Rhizo-
bium sp. KCC2 and Rhizobium sp. KCC5 showed

siderophore activity as revealed by orange halo around
their colonies (Table 2). Secretion of side rophore by both
the strains started after 12 h of incubation. On further incu-
bation up to 5 days, siderophore production got increased
but later on production got declined. To know the type of
siderophore, 48 h old supemnatant of the strain (Rhizobium
sp. KCCS) scanned at 400 nm showed major peak. This
peak corresponded with hydroxamate type of siderophore.
None of the strain was able 1o develop wine colour in the
reaction mixture following the methods of Amow (1937)
which ruled out the possibility of catechol-phenolic type
siderophore.

All the Rhizobium strains were screened for an-
tagonistic activity against Fusarium udum. Only Rhizo-
bium sp. KCC2 and Rhizobium sp. KCCS5 inhibited the
growth of both pathogenic fungi on PDA plates at 28°C

1AA (pg)
¥

=3
-

4 I

Phosphate solublilzation (g}

,;/
1 7
54 54 !_i-“"
' A producten [F=0.095T) / = Sidaroghors (Fe0.9627) R —
] —— Rmgresssn [F) I ||I non-nsar regreasan (17) £ Regression (71
1l 4—= T T T T T T 1] T T T T T T T 1] T T r T -
TR I - S R WM & T O 1E 1M 168 % 48 TTo% 1M 1M 168

Incubation tima (h)

Incubation time (h)

Fig 1. Time course of [AA production (A), siderophore production (B) and phosphate solubilization (C) by
Sinorhizobium fredii KCCS (C) (Values are means of standard deviation of three replications)
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(Table 2). Increase in gl inhibition corresponded to
incubation period. Strain KCC'S was able to inhibit 56 % of
F wdum after 6 days of incubation. (Fig. 3). None of the
standand strains Sinorhizobium melifori MTCC-100, Rhizo-
hivm leguminorarum MTCC-99, and Mesorhizobium lot
MTCC-2378 inhibited & wdum (Table 2). Cell free culture
liltrates of Sinorhizohium Jredii KCCS also restricted de-
velopment of £ ucdum. It was observed that fungal inhibi-
tion by Sinorhizobium Jredii KCC5 was more pronounced
in dual culture conditions in comparison to that of cell free
culture filtrates (Fig. 3),

To find out the siderophore-mediated inhibition
of E udum, Sinarhizobium JSredii KCC5 was examined to
inhibit it on modified YEM medium supplemented with 30
and 60 uM Fe™', In this experiment, the mycelial growth of
the pathogen significantly got decreased by the antago-
nist with respect to conirol in iron-deficient conditions.
Inhibition of the pathogen was reduced in iron supple-

af Aridd Harticulture, 2009 4¢¢ ): 26.34

mented (30 pM Fe*') mcd:'unz. However, inhibitign Was Jgy
pronounced on the 60 pM Fe™! supp!emcnh:d Medium j,
comparison to normal cm:urlltmns. Sinorhizobiym Jredy
KCC5 showed 56% inl:il:'ntmn of . udwm in 3p UM Feo
supplemented medium (F{g:. 4) after 6 days. D”“‘}“hmjun_
Under iron-deficient conditions rcmﬂrkabl::lrnhihitiun of £
walum was observed and under Isucl:n ;_:rrevalhng “““ditiun,.
Sinorhizobium fredil KCCS |1nhrhu¢d 489 vegetativ:
growth £ udum, respectively (Fig. 4!, 1

Morphological abnormalties in the hyphae of
Fusarium udum obtained from the zone n{‘ interaction il
ing dual cultures was observed by light Microscopy and i
scanning electron microscopy, revcalcdllolss of structyrg
integrity of the mycelium of £ udum. Tw:stln g hyphal pe.
forations, lysis and empty cell I‘urm_auon, septation, frap.
mentation and degradation of mycelia of £ udum were o,
served under light microscopy (Fig 5). Fragmentation ang
degradation of mycelia and loss of structural integrity of
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Fig 2. Phylogenetic relationship between bacterial strains of Rhizebium and representing species (A) and Rhizobium

sp. KCC5 and representing species (B) based on
algorithm. Bootstrap values arc indicated
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Fig 3. Inhibition of Fusarium wdim by Sinorhizobium
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filtrate (Values are means of standard deviation of three
replications)
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. Incubation time (h)
Fig 4. Antagonism between Fusarium udum and

Sinorhizobium fredii KCCS under iron sufficient and iron

dleﬂr.:ienl conditions (Values are means of standard devia-
tion of three replications)
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Fig 3: Posl interaction events in Fusarium udum duc o
Sinorhizobiwm fredii KCCs, control (A) hyphal degrada-
tion (B) halo cell formation, hyphal perforation and diges-

tionof fungal cell wall (C) Syloplasm coagulation (D) (see
arrows)

Fig 6: Scanning electron microscopic photographs show-
ing mycelial and conidial destruction by antagonistic in-
leraction effects of Sinorhizobium fredii KCCS; hyphal
lvsis (A and B). lysis of conidia (C and D) (sce arraws)

conidia of £ udum were clearly observed under Scanning
electron microscopic analysis (Fig 6). These features of
mycelia may be due 1o production of siderophore by strains
Sinorhizobium fredii KCCS.

Discussions

Rhizobia are a-protecbacteria able 1o establish
symbiotic interactions with leguminous plants leading to
the formation of root nodules where they fix atmospheric
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nitrogen. All the isolates from Cajanus cajan were fast
growing with average generation time 2.6 I All isolates of
from Cajanus caja n were Gram-negative. acrobic. non-
spore forming and cocci inshape (Holt et af . 1994). Colony
morphology of Rhizobium has been demonstrated to play

an important role in process of svinbiotic nitrogen [ixation
(Vincent. 1972). Most of the strains were positive for cata-
lase and oxidase activity and utilized citrate. The strains
precipitated calcium glycerophosphate. All strains failed

to grow on GPA but able to grow in HAB and tolerated 8%

KNO, and 2% NaCl. The characlers reported in the present

study of all bacterial strains arc similar to those as de-

scribed by Holt et al, (1994).

The strains were able to utilize wide range of
carbohydrates including hexoscs, pentoses. disaccharides
and trioscs. This is also in accordance with the earlier find-
ings that sinorhizobia with other fast growing rhizobia arc
capable of growing on varicty of carbon substrates (Jor-
dan, 1984; Elkan, 1992). Further. the morphological and
physiochemical characters of the strains were found to be
similar to that of genus Sinorhizobium genera Holl et al..
(1994), :

Out of eight strains of Rhizebim spp. (KCCI 10
KCC8) isolate KCC5 was found most potential antagonist
against £ uelum. Therelore, it was further characlerized by
165 rDNA sequence homology. In Phylogenetic iree based
on 165rDNA homology Rhizobium sp. KCC3 is placed in
the Sinorhizobium fredii clade.. The use of TDNA gene
analysis has become promising. Polymerase chain reac-
tion (PCR) amplification of DN A gencs from environmen-
tal DNA sanples, combined with fingerprinting techniques
such as denaturing gradient el electrophoresis (DGGE).
terminal restriction fragment analysis (T-RFLP), amplified
rDNA restriction analysis (ARDRA). cloni ng and sequenc-
ing. provide detailed information about the species com-
position of whole communitics (Nicol et ai., 2003 Torsvik
and Ovreas, 2002). This is realized that 165 tDNA homal -
ogy allows a firsl Phylogenctic afTiliation of new isolate,
Molecular microbiological characteristics have been car-
ried oul to characterize differcnt groups of bacteria by us-
ing 165 rDNA sequencing, Recently, Pandey et al. (2005)
have also characterized Burkholderia spp. MSSF from reol
nodules of A imosa pudicaon the basis of 168 rDNA analy-
5i5.

Siderophore production by root nodulating
rhizobial sirains has been well documented (Smith et al.,
1985 and Carson et al., 2000). Various strains of rhizobia
have been reported to produce a wide range of
siderophores such as rhizobactin, citrate, catechol.
anthranalate under iron deficicnt conditions (Smith e af .
1985: Guerinal et al., 1990 and Deshwal er af. 2003). In the
present study, Sinorhizobium fredii KCC5 produced
hydroxamate type of siderophore. Earlier, Arora et al, (2001 )
and Deshwal er al. (2003) reported hydroxamate and cat-
echol type siderophores from S. meliloti RMP] and




Bradyrhizobiym (Arachis) sp. respectively. Hydroxamate
type of siderophore production appears to be confined (o
R fcj_{u.rm'nn.-::rrmu as reported carlier by Patel ef al. (1988)
and in Bradvrhizohinm by Guerinot (1991). Gibson and
Magrath, (1969) stated the presence of hydroxamate type
of siderophore in majority of rhizabia, Prabably this was
due to study of limited host range of leguminous plants
(Young, 2003). In rhizobia, the ability 1o synthesize
siderophores is restricted Lo a limited range of strains, rather
than wide distribution (Carson e af.. 2000). These results
were also complementary with the study of Arora ef al.
(2001) wha tound on ly 20% ol rhizobial isolates produced
siderophares.

Inhibitory effect of S. fredii KCCS was observed
against £ udum under iron sufficient conditions. It was
found that inhibitory activity of strains S, fredii KCCS5 was
strongly neutralized when iron was supplemented to their
respective medium. Significant reduction in the fungal in-
hibition has also been evidanced by Fuhrmann and Wollum
(1989). Micrabial siderophore production generally seems
1o be switched on when the Fe** concentrations is less
than 20uM (Lynch, 1990), optimal at 5-10uM Fe™ and in-
hibited beyond this concentration (Neilands, 1981). In the
present study, KCCS examined for inhibition of F. udum
under iron (30 pM Fe*') supplemented conditions showed
reduction in inhibition against both the fungal pathogens.
On increasing the concentration of iron to 60 pM Fe,
more inhibition was recorded in comparison to normal iron
condition. Similar findings were obtained by Derylo and
Skorupska (1993) who reported that 60 M Fe** suppressed
the siderophore production in Psewdomonas sp. This gives
evidence that one of the mechanisms for the inhibition of
F udnum was due to the involvement of siderophores pro-
duced by S. fredii KCC5 Similarly, reduced inhibitory ac-
tivity of rhizobacteria due to siderophores was observed
under iron rich conditions as supported by Lynch (1990),

Microscopic abnormalities in fungal pathogens un-
der the influence of S. fredii KKCCS5 clearly showed degen-
eration and degradation of the hyphae of F udum. Abnor-
mal hyphal swelling. digestion of fungal cell wall, cyto-
plasm coagulation, hyphal perforation, hyphal tip degra-
dation and halo cells formation appeared in mycelia of £
udum were caused 5 fredii KCCS5, Losses of structural
integrity of conidia were also observed. Thus, it showed
the hyphal wall interaction with bacterial cells rapidly ly-
sed the hyphae, causing leakage of the fungal cytoplasm.

In vitro, fungal growth inhibition assay by S. fredii
K.CC5 revealed significant reduction in radial growth of F,
udum. Inhibition zones between the test organisms viz., 5.
Sredii KCCS against F udum mainly due to production of
siderophore and nutrient competition, However, role of other
inhibitory metabolites such as toxins and proteolytic en-
zymes in the inhibition process of fungal pathogens can
not be ruled out (Dunne e al., 1998). Antagonistic strains
of Rhizobium sp. (Perdomo e al., 1995), B. japonicum

34

Kamlesh Clioure, Rakesh Bhargava, R. C. Dubey and D. K. Maheshwari, Indian Journal of Arid Horticulture, 2009 47 ): 26.36

(Deshwal et al., 2003), S. fﬂem"uﬁ (Aroraeral, 200 )inkg
ited M. phaseolina and its disease incidence in diff ib.
crop plants. Inhibition of Fusarium OXYSPOrim l:aur?m
wilt disease in chickpea have also been reported 1 :s|ng
involvement of Rhizobium sp. NBRI9S 13 (Nautiy) i}'}; e
and S. mefifori (Antoun e al., 1998). S. fredij ke Cs Sih::. 7
inhibition of £ ucfum in cell free culture filirg : Di“ﬂ‘-‘ﬂtd
bacteria imparted varying degrees of inhibitiop, of gmmn

and conidia germination of phytopathogenic fung; du':‘lh
production of antifungal compounds in culture ey o
(Skidmore and Dickinson. 1976: Upadhyay ang Rai mﬂl_;és
There are several factors involved in the microbia) . L

e ; . aMtagg.
nism which including staling growth products, pH of me
dia, gmwrh rate of interacting microbes, com ;

i - COMpetition for
nutrients and space, competitive colonization, nayyr, "
chemical composition of growth media, ionic or Nutrieny
imbalance caused due to nutrient impmrerishmem and
physical factors, Isolate of pigeonpeanodule, S, fregi; KCCs
have been proved a great potential in controlling phyto.
pathogenic fungus F. udum. Further work is in progresg .
interaction studies for preparation of combination of two

or more than two biocontrol agents fur better contro| of F
i,
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Abstract

A field experiment was conducted during 2004-09 to study the effect of soil water conservation practices viz., FYM
muleh (@30 Uha), cluster bean (Cyamopsis tetragonoloba) straw mulch (@ 8 tha), bui (derva psendotom eitose) 2rass saw
mulch (@ 8 t'ha), sub-surface application of FYM (4@ 12 tha) on soil properties. The soil samples were collected after the
harvest of brinjal crop in January each year. The pooled data of five years were analysed for various soil physicochemical
properties. Among various soil moisture conservation practices application of FYM mulch was found superior than others.
Itimproved soil hydraulic conductivity from 29.35 in control to 27.12 cm h*', soil moisture content at field capacity from 3.30
to 3.88% w/w, wilting point from 1.2010 1.54% w/w, organic carbon from 0.38 102.4 1 g kg, available N from 78 to 120 kg har
', P from 8.1610 13.74 kg ha', K from 43010 621 kg ha, available Fe from 4.1 10 7.1 mgkg”, Mn from 4.5 to 6.5 mg kg™, Cu from

0.13t0034 mgke'and Zn from 0.08 to 0.30 mg ke,

Key words: Soil properties, organic mulch, farmyard manure, sandy soil and arid region

Introduction

Soil and water conservation are the two most im-
portant aspect for management of light textured sandy soils.
These soils are characterized by high leaching rate of irri-
gation water and nutrient from the root zone of the crop. To
improve the water and nutrient level in the soil the addition
of farmyard manure (FYM) in the crop fields is a common
practice because FYM directly adds much of organic car-
bon (Duiker and Lal, 1999) and other nutrients to the soil.
The method of FYM application or other residues incorpo-
ration as organic mulch can play a great role in improving
the micro-climate of soil and enhancing the supply of nu-
trients. These organic mulches also directly affect the mi-
croclimate around the plant and in the subsurface region
of soil by modifying the radiation budget of the surface,
add nutrient to the soil, improve moisture holding capacity
and hydraulic conductivity of soil, reduce crusting by
avoiding the direct impact of rain drops on the soil particle
and decreasing the soil water loss (Gupta and Gupta, 1985,
Gupta, 1989; and Singh er al., 2006). The decrease in soil
waler evaporation results in more uniform soil moisture
content and increasing the efficiency of irrigation water,
which is of paramount importance in dry areas. Therefore,
the present investigation was conducted to find out the
influence of organic mulches on change in soil properties
in arid condition.

*Corresponding author’s e-mail:
shekharciah2010§gmail.com
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Material and methods

Field trials were conducted from July 2004 to June
2009 on very deep, coarse loamy sand Typic
Torripsamments {sand 86%, silt 5%, clay 8%) at the re-
search Farm of the Central Institute for Arid Horticulture,
Bikaner, India, located between27° 11" to 29° 3' N latitude
and 717 54'to 74° 12" E longitude with a mean annual rainfall
of 250 mm with brinjal (egeplant) (Solanum melongena L..)
as the test crop. The region is characterized by high wind
velocity coupled with high evaporation rates, high tem-
perature and solar radiation, low and irregular distribution
of rainfall and generally experience water deficit during plant
growth period. The soil was calcareous, alkaline in reac-
tion single grain structure having bulk density 1.58 Mg m-
', soil moisture retention capacity ranged from 3.30% w/w
at field capacity and 1.20% at wilting point for 0.0to 15.00
cm depths; saturated hydraulic conductivity 2935 cm h';
pH (1:2.5 soil water suspension) 8.2; EC 0.07 dS m'; soil
organic carbon (SOC) 0.38g kg, total N 0.002 | %; available
N 78 kg ha''; available (Olsen) P,O, 8.16 kg ha'; and
available K,0430 kg ha'; anvailable Fe . 1: Mn L5 Cunn 5,
and A 008 me ke

The experiment was laid out in a randomized block
design with three replications of four soil water conserva-
tion treatments, viz., FY'M mulch, cluster bean (Cyamopsis
retragonoloba) straw mulch, bui (Aerva psendotomentosa)
grass straw mulch, sub-surface application of FYM at 20
cm depth and control. All the treatments were imposed
after 15 days of transplanting in the month of July each
year. The plot sizes were 5.0 mx 1.5 m. The FY M and straw
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mulches were applied@ 30 and 8 t ha'', respectively. The
sub-surface application of FYM was done @ 12tha'', The
N'.{Urcn}. P.O, (di-ammonium phosphate) and K O {muriate
c:! potash) were applied (@ 80. 60 and 40 kg ha'!, respec-
Tively.

After the harvest of brinjal crop in the month of
January each year. the soil samples were collected from
each treatment at 0-15 em depth and analysed for pH, EC,
CaCO,, organic carbon, available N, P, and K following
their standard methods as described by Jackson (1973).
Available micronutrients i.e., Fe, Mn, Cu and Zn in soil
samples were extracted with 0.005 M DTPA (Lindsay and
Norvell. 1978) and analysed by atomie absorption spectro-
photometer. Soil bulk density was determined using core
mj:th-ud (Blake and Hartge, 1986) and moisture retention
with a pressure plate method (Richards, 1954). The satu-
rated hydraulic conductivity was determined by constant
head method (K lute, 1965).

~~
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Results and discussion
Soil properties

Flvsical properiies

There was no change in texture. siructure, bulk,
density and particle density of 50il due to applicatiqy of
soil water conservation practices. However, a Sigifican;
change in porosity, water holding capacity and it
conductivity of soil was recorded (Table 1), Fy) e
and FYM subsurface incurpuratlinn treatments were foung
significantly cffective in increasing the soil moisture reqe.
tion capacity both at field capacity and wilting point, pey.
taining to the status of hydraulic conductivity of sgjl, 4
the treatments recorded significant improvement in hydray.
lic conductivity as compared to control. The results are i
consonance with the findings of Blevin er al. (1983). They
reported that straw mulching had no effect on bulk density
of soil. Mulching studies conducted in the inter-row space;
of cowpea ( Vigna ungiculata, Cv. FS-68) with native weeds
@ 6t ha' increased the infiltration rate by 10-20% ang
muisture retention (at -0.01 MPa) by 6.0-20 per cent {Gupta,

1986).

Table 1. Physical properties of seils (0-15 em) afier five years of experimentalion {Pooled data af five years from 2004 10 2009).

Treatments Bulk Particle Porosity Sollmoisture  Soil moisture Sat,

density density atF.C. H.C. at WP

Mg m* Mg m? (%) wiw (%a) wiw (%) em bt
FY¥M mulch 157 277 EER) 388 154 2712
Cluster bean straw mulch 158 277 42.56 335 1.15 2845
Grass straw mulch 1.58 27 4206 330 091 28.76
FYM incorporation 158 277 47 96 358 146 28.10
Control 1.58 278 4316 330 120 2035
CDat3% NS NS 0368 0,067 0.184 0315

Chemical properties

Soil water conservation practices could not bring
significant changes in values of pH and EC as com pared to
control (Table 2). However, CaCO content was si gnificantly
higher in the treated plots as compared to control. A slight
decline in the value of pH may be attributed to the produc-
tion of organic acids, phenolic and carboxylic compounds
and secretions of growing biomass.

The SOC of these soils is generally low both at
surface and subsurface horizons (Table 2). The low con-
tent of organic carbon (0.36 to 2.42 g kg'') in these soils is
due to limited biological activity and rapid decomposition
- of biomass under prevailing arid climatic conditions (Gupta,
1989). The effects were positive and appreciably higher in
the FYM mulch treatment, SOC were recorded significantly
higher in all the treated plots as compared to the control.
The highest SOC(2.42 g kg') was recorded in FYM mulch
treatments. The result is in agreement with the findings of
Duiker and Lal (1999). They reported a positive linear ef-
fect of organic mulch application rate on soil organic car-
bon concentration.

Table 2 presents the pooled data for available N, Pand

K content in soil. A comparison of available N and P con-
tents of the treated plots with control plots clearly indi-
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cates that application of organic mulches results in signifi-

cant increase in nutrient status of the soils under the present

agroclimatic conditions. FY'M mulch registered maximum

content of available N (120 ke/ha) and P {13.74 kg/ha) of
the soils as compared to control showing N and P values
of 78 kg/ha and 8.16 kgha, respectively. Increase in avail-

able N, P and K due to FYM mulching is due to direct

addition of NPK through FYM to the available nutrients

pool in the soil. The decomposition of organic matter is

accompanied by the release of appreciable quantities of
carbon dioxide which, when dissolved in water, forms car-

bonic acid, which is capable of decompasing certain pri-

mary minerals (Tolanur and Badanur, 2003). Further, the

beneficial effect of FYM on the available K is also due to

the reduction of potassium fixation and release of K due to

the interaction of organic matter with clay. Significantly

higher available W and P were recorded with straw mulch-

ing as compared to control. This may be attributed to the

reduction in soil temperature due to straw mulching influ-

encing the biological processes (Hartfield and Prueger, 1996)

and enhances soil N mineralization (Tian ef al., 1993)- I

has been shown that in calcareous soils, CO, production

plays an important role in increasing the phosphate avail

abiliy.
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Table 2. Chemical properties ol soils of 0-15 ¢cm depth afer five vears of experimentation (Pooled data of five years from

2004 10 2009),

Treatments il EC a0, Ore.C  Aval.N  Avail PO, Avail. KO Fe  Mn  Cu Zn
WSm') (%) pkg (keha')  (kgha') (kg ha') tmeke')
F¥M muleh 830 0,08 2.0 242 120 13,74 621 71 05 034 030
Cluster bean 8.20 0.10 132 .68 1 11.56 193 5.0 53 0.25 0.20
ISTH L ml.l.ll:]'l
Cirnss SIRwW |111.|Il::h R.21 012 1.4 .57 ] 10,50 352 4.5 4.6 024 018
1Y M incorporation §.20 0.07 25 068 03 11.72 453 56 55 028 0.21
Control 8.20 007 1.0 0.38 78 8.16 430 1. 4.5 0.13 0.08
CD w 5% N3 NS 0.660 005 9320 1425 0.591 0218 0675 0026 0041

The data on DTPA extractable micronutrients (Fe,
Mn, Cu and Zn) are given in table 2, The initial status of
available Zn and Cu contents indicated that soils were de-
ficient in these nutrients because of their coarse texture.
Treatments were found to be significantly effective in in-
creasing the available micronutrient status of soil. An in-
crease in micronutrients status was observed in all the
treated plots as compared to control. However, Mn was at
par in grass mulch treatment and control.

It was concluded that based on improvement in
nhysico-chemical properties of soil FYM mulch was proved
1o be the best treatment. Cluster bean straw mulch may be
another option for improved soil properties,
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Abstract A g

A Tield experiment to study the Effect of organic and inorganic sources ul'mtmgl:*n on growth, yield ang quality of
cabbage was conducted at Horticuliure Farm, SKN College of Agriculture, Jobner, “""‘"““? 'L'hf)wud "“.’ tthe plant heighy, plany
spread, number of leaves and leaf aren incrensed significantly with the fﬂl'-'ufi““fj “PF'"—'“‘“““ of ﬂlegcrl 48 compared 1o
control. The highest values for these parameters were recorded with the Elpplltfltlﬂﬂ ol nitrogen .5“ Yo through ureg + S,
through vermicompost. The yield increased maximally and significantly W'“—'"f nitrogen was supplied as 5 ﬂ%_ through urea |
0% through vermicompost, It was also recorded that application ufﬁﬂ?'ﬁ nitrogen Thm“ff'-h urea -+ 5{9% nitrogen tJ1rnug||
vermicompost registered a significant higher values of growth, yicld, nitrogen and protein content m_ leaves ﬂthhag._-,
However, 50%; nitrogen through urea + 50 % nitrogen through poultry manure was lound sccond most importan; Iredtimen
in it'll:l'msing the traits under study, which was statistically at par with 50% nitrugi.‘n thro I.Jj:',h urea -+ 50% nilmgcn Ihruugh
vemicompos,

Key words: Brassica Oleracea, vermicompost, yield

Introduction nutrients (Abusaleha 1992; Jose et al., 1988), Therefore i
Cabbage (Brassica oleracea var. capitata L.) is is hypothesized that the yield and quality of cabbage can
one of the most important member of genus Brassica grown be enhanced to a great extent by application of nitrogen
in world. Golden Acre is very popular variety of cabbage through a combination of urea with different organic
being used by the farmers in the vicinity of big cities owing sources of nitrogen besides increasing the soil fertility in a
to its earliness, round and compact head. The productivity sustainable manner, With this background, the present ex-
ofcabbage in India is very low (16.5 tonnes) in comparison periment was conducted to evaluate the effeet of organic
to European countries (25.17 tonnes) and it is true with and inorganic sources of nitrogen on growth, yield and
Rajasthan in comparison to other states of India. Available quality of cabbage (Brassica oleracea var. capitata L),
literature reveals that the low soil fertility, nutritional imbal-
ances, adverse climatic conditions, etc. are some of the Material and Methods

pasic reasons for low productivity of cabbage in Rajasthan, The experiment was conducted on Golden Acre

Itis a well known that nitrogen increases the variety of cabbage at Horticulture Research Farm, S.K.N.
growth and yield of most of the crops, particularly leafy College of Agriculture, Jobner. The climate of this region is
vegetables including the cabbage. Application of nitrogen semi-arid characterized by aridity of the atmosphere and
through inarganic fertilizers can enhance the srowth and extremity of temperature both in summer (45.5°C) and win-

yield 1o considerable extent, it adversely affect the fertility o : -
= figy ler (- i sl
and productivity of soil in longer duration. Therefore, it is & C). Theaverage rainfallof this areais S00 mm. m

: . " " 4 g H 1em-
|!n poram 1o supplemlﬂtlr the nitrogen by organic sources Eirw't;"llﬂ ;:;f L;rt:scdurlnlg the pler.l B ﬂ”|u|}r|:,u :;:jdsfipﬁ.,;%
like urea. 'lhc_F'r’M is rich source of organic matter and san.dfl M ol dxgir:mcma sty wa-i Iua_ }: H 8.0, clec-
abli to replenish most of the mucm_nulricnls being taken wical clnn;fl::tii?l II -‘,f: ;!;ﬂ:. Thf ]S.gi.j;rz;;ﬂ;m;;;s.prnv
up ycmp{ﬁblle-NﬂSSItr and Hussein, 2001). Poultry ma- sion, orpanic ¢ g a ]ﬂ,m :Jn '-|_h| N, PO, and K0
Aure and vermicompost are the concentrated source of M- f s Tk P n e '

trients. ". Is well documented that it is an excellent source 0f130,15.20 and M,D kg ha', res?cmwe{?r' ized
of organic matter which increases uptake of several other The experiment was laid out in a Random

Block Design (RBD) with three replications, The treatments
40
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were comprised of total |7 combinations of urea,
vermicompost, FYM and poultry manure including control
(no fertilizer). The seeds were first raised in nursery and
then mransplanted in field after 6 weeks. The distance be-
rween plant lo plant as well as row to row was kept at 45
cm. N:P:K was_ applied at the rate of 150 :80:75 kg ha"
respectively as per zonal recommendation. For treatments,
nitrogen was supplied through FYM, vermicompost, poul-
wry manure and urea. Full dose of phosphorus, potash,
=yM, vermicompost and poultry manure were applied at
the time of transplanting, while urea was applied in two
split doses i.e. halfat the time of transplanting and remain-
ing half dose at 30 days afier transplanting. Standard prac-
tices were followed to raise the crop.

Five plants were randomly selected in each plot
and tagged for observations on various traits like plant
height, plant spread, number of leaves per plant, leaf area
and average weight, volume and diameter of head and yield
at marketable maturity. Among quality attributes nitrogen
content, protein content and vitamin *C’ content were ana-
lyzed (A.O.A.C., 1960).

Results and discussion
Growth attributes

Plant height, plant spread, number of leaves and
leaf area increases significantly in most of the treatments
with the application of nitrogen either alone or in combina-
tion of organic and inorganic sources. Application of ni-
trogen 50% through urea + 50% through vermicompost
(T,) recorded the maximum plant height (21.55 cm), plant
spread (42.74 cm), number of leaves per plant (22,34) and
leafarea (2010.6 cm?®). These values were followed by ap-
plication of nitrogen 50% through urea + 50% through
poultry manure (T ). Statistically treatments T, and T ,
were non significant in most of the growth traits (Table 1),
Increase in yield and other attributes to the involvement of
nitrogen in chlorophyll synthesis, protein synthesis and
assimilation of various other organic compounds of physi-
ological significance in the plant system. The organic ma-
nures not only provide the plant nutrients, but also im-
prove the physical properties of the soil such as porosity,
CEC and WHC, etc. Gopal and Lal (1996) reported that
number of leaves and plant height of cabbage cv. Golden
Acre increased with increasing levels of nitrogen.

The increase in plant growth with the application
of urea in combination with vermicompost might be due to
the fact that the urea readily supplied nitrogen in early
crop growth stages whereas vermicompost prolonged the
supply of nutrients to crop during the entire growing sea-
s0n. Vermicompost might have also improved the physical
and biological properties of soil. The physiological param-
elers pertaining to photosynthesis, stomatal conductance
and transpiration also exhibited significant increment with
nitrogen supplied through urea in combination with
vermicompost. It indicates that the increase in these physi-
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ological paramelers might be attributed via increased [on
absorption from soil, enhanced carbohydrale assimilation
and production of new tissues which have ultimately in-
creased vegetative growth. The other sources of nitrogen
.. FYM & poultry manure in combination of urea found
efTective in increasing growth of cabbage because of simi-
lar properties of soil. Tomar ef al. (1998) also reported that
with the application of vermicompost leaf area of carrot
was significantly increased. Similarly, the plant height, root
and shoot biomass in tomato were significantly increased
when 20% commercial horticulture medium was replaced
by vermicompost. These results are in close agreement
with Thanunathan ef al. (1997) in onion and Reddy ef al.
(1998) in garden pea who observed significantly increased
values of growth parameters due to application of
vermicompost,

Replacement of vermicompost with poultry ma-
nure also enhanced the vegetative growth of cabbage. It
might be due to the fact that poultry manure contains uric
acid having 60 percent nitrogen. The uric acid rapidly
changes to ammonia form causing its immediate and effi-
cient utilization for better plant growth and development.
Enhanced vegetative growth with the application of urea
in combination with poultry manure has also been reported
by Jose et af (1988) in brinjal and Wang er al. (1996) in
cabbage, cucumber and white guard. Jose er al. (1988) ob-
tained highest plant height and early flowering in brinjal
with the application of nitrogen 50% through urea and 50%
through poultry manure. Yadav (2002) also reported the
maximum increase in growth and yield attributes in okra
with the application of poultry manure added urea. Awodun
{2007) also reported that application of poultry manure @6
tha increase the growth and yield parameters such as num-
ber of leaves, stem girth and length of internodes of fluted
pumpkin relative to control.

Yield attributes and yield

Among all the treatment combinations, treatment
T, (50% N through urea and 50% N through vermicompost)
produced the maximum weight, highest diameter and maxi-
mum volume of head. These parameters were significantly
higher over other treatments except T , (50% N through
urea + 50% N through poultry manure). The yield was re-
corded maximum with application of nitrogen 50% through
urea and 50% through vermicompost (T,) which was higher
than other treatments, but statistically at par with the ap-
plication ofnitrogen 50% through urea +50% through poul-
try manure (T ). The treatments T, and T , registered an
increase in yield in the order of 39,52 and 22.33 percent,
respectively over control  (Table 2).

The significant improvement in yield and yield
attributes on account of vermicompost application along
with urea might have attributed to the translocation of nu-
trients from soil, particularly at later stages of crop growth
when sink was able to synthesize the enhanced amount of
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Table 1. Effect of organic and inorganic sources of nitrogen on plant height, plant sp of leaves ang lear s

per plant in cabbage. - Plant spread Noof leaves  [eare——
Treatment Pln:,:,::lghl {cmF;l {Per plant) ‘ETE\
T Eoniil 1520 33.13 17.10 14533
T.I. IU;J;DN (urea) 18.65 38'2? ?g:; 1749,
T,  75%N (urea)+25%N (FYM) 18.55 3643 i 17197
T, 50%N (urea)+50 %N (FYM) 1835 23 Iﬂij"‘ 17354
T, 25%N (urea) +75% N (FYM) 18.15 3479 i 16492
T,  100%N (FYM) 1720 M2 - i 15669
T,  75%N (urea)+25%N(VC) 18.45 3836 gy 17%9
T,  50%N (urea)+50%N (VC) 2155 421 = 20106
T, 25%N (urea)+75% N)(VC) 1920 37.11 . 17442
T, 100%N(VC) 18.10 35.56 18.85 16588
T, 75%N (urea)+25%N (PM) 19.05 35.16 1838 16193
T, 50%N (urea)+50% N (PM) 19.70 4038 20.85 18765
T, 25%N (urea)+75%N (PM) 18.15 36.12 19.49 1715.1
T, 100%N(PM) 17.65 3427 1821 16079
T, S0%N (urea)+25%N (FYM)+25%N(VC) 19.00 3585 i 16959
T, S50%N (urea)+25 %N (FYM)+25%N (PM) [8.70 3472 19.68 17338
T, S50%N (urea)+25%N (VC)+25%N(PM) 1935 38,60 2032 18286
SEm+ 067 118 0.65 5123
CD(P=0.05) 193 339 185 . 147.19

VC= Vermicompost, PM= Poultry manure

Table 2. Effect of organic and inorganic sources of nitrogen on weight, diameter and volume of head and yield in cabbage.

Treatment _ ' Average head Average head volume Yield (gqha')
weirht (kg diameter {em} (ce)

T, Control 0616 .14 0.762 252.16
g 100% N (urea) 0.700 13.03 0.866 276.52
T 75% N (urea) +25% N (FYM) 0673 1279 0.835 2160
T, 50% N (urea) +50 % N (FYM) 0.662 12,66 0.824 269.54
Ty 25% N (urea) +75% N (FYM) 0.649 12.05 0.802 263.50
T 100%N (FYM) 0.631 11.68 0.783 25645
T. 75% N (urea) +25% N (VC) 0.705 1292 0.875 20076
ot 50% N (urea) +50 %N (VC) . 0.808 14.76 1.003 351.82
T, 25% N (urea) +75% N)(VC) 0678 12.85 0.847 283.15
T 100% N (VC) 0,638 12.17 0.792 265.77
i 7 75% N (urea) +25% N (PM) 0.693 12,66 0.860 28691
3 i 50% N (urea) +50 % N (PM) 0.787 13.46 0976 30848
T, 25% N (urea) +75% N (PM) 0,659 12.54 0.823 28009
T 100%N (PM) 0.641 11.80 0.791 26122
Tl 50% N (urea)+25%N (FYM) +25%N(VC) 066! 1245 0.820 28288
Ti 50%N (urea) +25%N (FYM) +25% N (PM) 0642 11.79 0.796 27235
T 50% N (urea)+25% N (VC) +25% N (PM) 0.703 12.78 0871 302.12

SEmd 0.026 0527 0,036 15.94

CD(P=0.05) 0.076 1514 0.104 458

VC= Vermicompost, PM= Poultry manure
42
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carbohydrate assimilated by the enhanced rate of photo-
gynthesis. Further. increased vegetative growth might have
P.I.D.,_.i,dgd more sites for translocation of photosynthates,
' hich ultimately resulted in increased yield. Higher rates
arphutnsyn:hegis. transpiration and stomatal conductance
due to application of vermicompost in present investiga-
tion also strengthen these findings. These resulls were in
accordance with the findings of Reddy er al. (1998} in gar-
den pea. Tomar er al. (1998) in brinjal and Oliveira et al,
(2001)in cabbage. Reddy ef al. (1998) reported that maxi-
mum number of pods per plant, seeds per pod and yield of
garden peacy. FC-1 can be obtained by application of 10t
vermicompost ha! along with recommended doses of NPK.
(27.5:60:50 kg ha"). Likewise, Oliveira et al. (2001) reporied
that highest head weight (700 g) and yield (38 t ha"") of
cabbage cv Mastukaze was obtained with the application
of carthworm compost @ 27 and 29 { ha, respectively,
Azarmi ef al (2008) concluded that addition of vermicompost
@ 15tha significantly increase the growth and yield of
tomato. Premsekhar and Rajashree (2009) also reported that
FYM (@20 t/ha recorded the highest yield of okra (10.39 v/
ha) with the B:C ratio of 3.56.

Quality attributes

Nitrogen content in |eaves, protein content in
head and vitamin C content were increased with the appli-
cation of organic sources of nitrogen along with urea as
compared to control (Table 3). However, there was no sig-
nificant effect of organic manures or urea on vitamin C
content of the head. Application of nitrogen 50% through
urea + 50% through vermicompost exhibited maximum ni-
trogen content of 3.57% in leaves and protein content of
14.61% in head of cabbage. It might be due to improved
nutritional environment in the rhizosphere as well as its
utilization in the plant system, leading to enhanced trans-
location of nutrients, vitamins and proteins in heads. An-
other reason might be the increased activity of nitrate re-
ductase which helped in synthesis of certain amino acids
and proteins as reported by Lopes et al. (1996) in cowpea
and Rajkhowa ef al. (2000) in green gram. Yadav (2002) also
reported that organic manures in combination with inor-
ganic form of nitrogen increased the protein content in
okra. Mukesh Kumar et al showed that total chlorophyll
content was increase with the application of poultry ma-
nure and vermicompost as compared to urea, Premsekhar
and Rajashree (2009) also reported that chlorophyll con-
tent in the leaves of okra have been significantly improved
with the application of organic sources of nutrients.
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Abstract

. Water is one of the precious input on which
is scarcity available in hot arid areas of Rajasthan.
vegetable production. The water is applied to the plant

It is estimated that the efficiency of canal irrigation system i

efficiency. Therefore, a field experiment on the use of dr

the year 2006 & 07 in the rainy season at research farm of CO

m}llchcs were used singly and in their possible com
with the treatment of drip 0.70 V and among the mulches t

fruit yield was recorded with application of 0.70 V of water a

Key words: Drip irrigation, bottle gourd, mulching

productivity of vegela ble crops depends. However the precioys
Besides rain waler,
s either through gravity flow system or pressurized irrigation yst

s about 40% resulting in wastage of water with low app!h;m
ip irrigation system with and without mulches was conducted duri:n
A, SKRAU, Bikaner. There were four volume of water ang rei
bination. The maximum length of fruit and number of fruils were obseryeg
hese parameters were higher under organic mulch. The maximyp,
nd with organic mulch singly and in combined form.

—_—

Inpuyy

both surface and ground water being useq
or

Introduction

Rajasthan, though the largest state in the coun-
try the area under vegetables in the state is 135682 ha with
production of 818900 M tones (Annony.2009). The pro-
ductivity in the state is 6.0 tones/ha which is very less than
the national productivity of 16.1 tones/ha. It is attributed
to poor cultural management practices including irrigation

management, especially in arid region, where leaching losses.

of water is very high. Therefore, the root su ffers for water
deficit and the potential of crop is not expressed in true-to-
type. Micro irrigation has got rid-off such problem and it is
benefiting option as far as water use economy is concerned.

Water is the most valued agri-input required for
successful growth of the plants. Being chief constituent of
protoplast, universal solvent and carrier of solutes in plant
metabolic system, water is most inevitable input govern-
ing the cultivation of any crop. In vegetable crops which
are largely herbaceous in nature, water management de-
serves special significance especially in bottle gourd crop
which requires wide spacing. Furthermore, in arid region
where water has been scarce input for the production of
vegetables for long period, any technique offering water
to the plant in efficient manner is a matter of worth consid-
eration. Drip irrigation system, letting in water drop by drop
to the plant, has been proved efficacious in harvesting
better crop yield at the cost of per unit consumption of
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water. In arid regions due to high thermal stress, wind ve.
locity, low and erratic rainfall, moisture losses through
evaporation and transpiration is more and affect the much
productivity of the vegetables. It has been observed tha
temperature in the plant root zone during peek summer
season (40-45 DC) leading to rapid drying of soil which
seriously affect the growth and establishment of the plant.
Walkar( 1969 Jreported that even at | DC difference in soil
temperature could have a significance role on plant growth.
The technique of mulching both organic and inorganic is
effective in minimizing the water loss from soil surfaceasa
result of solar radiation and wind action. Therefore, the
present investigation was carried out to find out the opt-
mum water requirement under drip system in bottle gourd
under arid conditions.

Material and methods

The field experiment was conducted during tharf
season of 2006 and 2007 at College of Agriculture, Bikaner.
The experimental site lies in hyper arid partially irrigated
western plain (zone 1C) of Rajasthan that comes ‘-'""i“. e
agro climatic zone (major Region) and M9EI (subregior
as per NBSS and LUP. The average annual rainfall is vane
from 141 mm to 325 mm. The mean daily maximum 80613
to 42°C during summer with relative humidity less lh3ﬂ4
per cent and 23.6°C during winter. The soi! having pH &
with percolation rate 9 cm/hour (Singh. 2002).
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Further experiment, was undertaken on Hybrid
«Ward™ which is one of the popular hybrid of bottle gourd.
The drip irrigation system consisted of 75 mm and 63 mm
main and sub main line, respectively, with lateral (16 mm)
spacing 160 cm and dripper (3 Iph) spacing 75 cm. There
were five treaiments of irrigation consisting four levels of
irrigation viz. 1.0.0.85.0.70.and 0.55 volume applied through
drip and 1.0 volume of irrigation through surface (flood
irrigation) method. The three sub treatments of with and
without mulch of 25 micron LLDPE black polythene film
(mulch) and organic mulch “Kheep” (Dry Kheep was used
@ 0.5 kg /running meter). The experiment was laid out in
split plot design and was replicated four times.

The daily irrigation was applied as per plant re-
quirement and calculated on the basis of class *A’ pan
evaporation data. The volume of water required was calcu-
lated by multiplying the pan evaporation with the crop
coefTicient at different crop stages, pan coefTicient, the plant
to plant spacing, the row to row spacing and per cent wet-
ted area (Rana et al., 2004). The calculated water on the
basis of pan evaporation was applied as per treatment. In
surface irrigation, measured quantity of water required by
plant per day was applied.

Results and discussion

The length of fruit was significantly influenced
by application of different volume of water in both years
{2006 and 2007). The maximum length of fruit was recorded
under the treatment drip 0.70 volume which was signifi-
cantly higher than rest of the treatment. The higher num-
ber of fruits per plant was recorded with drip 0.70 water
volume treatment ie. 10.63 and 10.12 while the lowest i.e.
8.74 and 8.67 with the surface irrigation treatment in both
the years of observation (2006 and 2007), respectively. The
application of water volume 0.70 significantly influenced
the average weight of fruit ( 448 and 443 g ) and yield of
fruit (401.6 and 391.2 q ) than the surface irrigation in 2006
and 2007, respectively. To achieve the maximum yield un-
der 0,70 water volume, the average water quantity 2,26 and

2.14 liter /day/plant was applied, however, it was applied
3.23 and 3,06 liter in surface irrigation treatment in 2006 and
2007, respectively. The probable reason is that the water
volume 0.70 seems to be optimum water quantity which is
required by plant, however more water volume increase
the vegetative growth of plant which inhibited the expo-
sure of sunlight, which is essential for flowering and fruit-
ing (Singh and Gangwan, 1972). Different mulches viz. no
mulch, polythene mulch and organic mulch showed sig-
nificantly variation on yield and yield attributing charac-
ters in the study. It is evidence from the table - that the
soil temperature was influenced by the difTerent mulches
and it was minimum {30.02, 29.92 °C ) under organic mulch
than no mulch (35.02,35.27 °C ) however, it was maximum
under polythene mulch (40.29 , 40.56 °C ) in both years
(2006 and 2007), respectively. Similarly, average number of
fruit per plant and average weight of fruit were increased
under organic mulch; however, black polythene mulch
could not influence both the parameters. The highest fruit
yield (406.8 and 395.6 g/h) was obtained with organic mulch
whereas no mulch recorded only 365.6 and 358.4 g/ha. in
2006 and 2007, respectively. Because, the organic mulch
developed of suitable soil moisture regime favorable for
efficient nutrient uptake and also increase micrabial popu-
lation resulting in better biological growth and higher har-
vest (Mangal, 1990 and yadav,2007). The organic mulch
maintains the both temperature and moisture in soil which
is essential for better root development and other physi-
ological activities of the plant. On the other side, a great
reduction was observed in yield under black polythene
mulch in comparison to control. It may be attributed to
increase in temperature beyond the optimum limit under
black polythene which inhibits the physiological activity
of plant

It is evident from the study that the significantly
higher No. of fruit (11.85 and 10.75) and maximum yicld
(493.4 and 476.0 g/h) were recorded with application of 0.70
volume of water with organic mulch in both years 2006 and
2007, respectively.

Treatments Soil temperature Lenpgth of  Average Mo,  Average Yield Averape
at40°C fruit(cm)  of fruits per  weight of {g/ha)  waterapplied
(upto 30 cm depth}) plant fruit (gm) (Lt/day/plant)
2006 2007 2006 2007 2006 2007 2006 2007 2006 2007 2006 2007
Surface irrigation 3567 3571 3119 3145 874 867 378 3B 2749 2712 323 306

Drip 1.0 water volume 3456 462 3381 3265
Drip0.85 water volume 3492 3512 3469 3365
Drip0.70 water volume 3518 3527 3641 3368
Drip0.55 watervolume 3523 3542 3455 3342

971 243 399 39 3257 3256 325 306
10,03 978 432 408 3639 3544 274 260
1063 10,12 448 433 4016 3912 226 114
1045 9.80 443 405 JB20 3715 178 168

S.Em.+ 031 028 037 039 008 0056 3.18 368 263 10.55 :
CDat 5% NS NS Ll4 129 025 0173 980 1136 &1l 3251 - -
No mulch 1502 3527 3618 3546 993 954 439 413 3656 3584 265 251
Polythene mulch 4079 4056 2864 2826 921 921 361 358 2765 2732 265 251
Organic mulch 3002 2992 3794 3639 1065 994 454 435 4068 3956 265 251
SEm.+ 075 08 021 028 004 0038 220 230 206 640 - -
Chat5% 250 267 06l 085 013 OJ1 635 665 597 1851 - -
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Table 2. Interaction effect of water volume and mulches on the yield hmricﬁ;?;r?:?rﬁi?;ﬂ?r ————
Treatments Yield (q/ha) : e h" plant
Without Polylhene Organic Without mule urnfl 'Eh“"f‘ Organig
mulch muleh mulch T——r c'} Mulch
3006 2007 2006 2007 2006 2007 2006 2“ 200 Eﬂﬂ?_ﬁﬁﬁ“fﬁﬁ-
7 ~ f / " _—__—-"‘--.,
Surface 384.0 2807 2461 2405 294.8 2927 885 & 38 895 g5
irrigation
Drip 1.0 334.8 328.5 2779 2050 364.4 3515 975 925 426 921 1036 44
water
volume
Drip 0.85 3965 3852 2813 2710 4141 4065 1031 975 932 945 1146 g,
water
volume
Drip 0.70 4207 4142 2906 2842 493.4 4760 1051 912 9354 951 1185 g,
water '
volume
Drip0.55 392 3852 2865 2775 467.4 4525 1022 979 948 2807 1165 g
waler :
volume
SEm.+ 462 1433 - : e 0.1006 0.0856 - . g g
CDat 5% 13,35 41,39 - - - 02906 0.2474 - - e :
Reference Singh,K., Wadhwa, B.K.and Pandita, M.L. 1977.Effect of

Anonymous. 2009, NHB, Data Base

Yadav, PK., Gour,J.K., Singh ,J.and Chandra, A. 2007, Veg-
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-Rajasthan Agriculture University, Bikaner, pp 5
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tion and Sociate Welfare, Govt.of India, Mew Delhj
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Horticultural produces grown in arid region are of
explicit quality with great nutritional, medicinal, organo-
leptic and economic importance. Some of the arid vep-
etables like kachri, mateera, clusberbean elc. and frui?s
such as ker, khejri, ber, lasora, guarpatha and aonla, ele
on barren lands are available 10 the rural masses o pmlvide:
food and nutrition security. Most of the arid food resources
are available in plenty during a particular season, byt all
cannot be utilized to the fullest extent dye to ma;ny rea-
sons. Thus people residing in arid areas hardly get on con-
siderable advantage from the abundantly available re-
sources. Rural masses consume these food resources as
such available to them in the form of simple vegetable or
by simply in the form of dehydrated product or fruits are
consumed in raw form. However, there is much scope in
evolving the techniques of value addition and providing
market to such underutilized commodities for more net re.
LTS,

Various standardized techniques are practiced
commercially for processing of arid fruits and vegetables
(Table 1). '

Table 1. Some potential value added processed products
of arid horticultural crops :

5. Crops Value added products

No.

I Ber Ber candy, preserve, squash,
RTS, Jam, chutmey, pickle,
powder

2 Aonla Preserve, candy, shreds,
powder, chyawanprash, pickle

3 Ker Powder, Pickle

4 Aloe Jam, squash, laddu, biscuit,
pickle

5 Khejri Sangri, pickle, biscuits, laddu

] Mateera Squash, RTS

7 Watermelon Squash, RTS

B Kachri Dried  vepetable, pickles,
chutney

9 Clusterbean  Dried pickle

Corresponding aurhor's address:
" SMS (Home Science), Krishi Vigyan Kendra, RAU, Bikaner
" Professor and Programme Coardinator, Krishi Vigyan

Kendra, RAU, Bikaner
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Negligible quantities of value added products from
arid fruits and vegetables compared to their production are
available in the market. Thus rural masses can choose this
enterprise for their employment and income generation. It
requires proper technical knowledge and skill for prepar-
ing these value added products. For technical guidance
proper trainings are required. Trainings can be helpful in
creating awareness among the rural masses as well as can
provide technical knowledge and skill in specific aspects.
Krishi Vigyan Kendra, Bikaner is one such Institutes which
provides various types of trainings to the rural masses
including farmers, farm women and rural youth. Krishi
Vigyan Kendra organizes various types of trainings as
vocational trainings, on campus training4 and off-<campus
trainings (Table 2). During last five years 10 off campus. 6
on-campus and | vocational training were orpanized by
Krishi Vigyan Kendra on value addition. Lecture cum-in-
teractive demonstration technique were followed in the
trainings in which participants themselves were involved
in preparing value added products which instilled lot of
confidence in them,

Table 2. Type of No. of Trainings on preparation of value
added products organized by KVK, Bikaner during 2003 1o
2007

5. No. Type of Duration No. of trainings
trainings :
| Off-campus | day 10
2 On-campus ~ 2-3 days 6
3 Vocational 36 days 1

(under Rajasthan Mission
of Livelihood, Jaipur)

One 36 days vocational training on fruit and veg-
etable preservation was organized under the sponsorship
of Rajasthan Mission of Livelihood (RMOL) Jaipur. This
training also included other aspects related to marketing,
labeling, packaging, Banking, etc. to make them confident
in establishing their own small scale enterprise for self-

employment.
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Other extension activitics like exhibitions and dis-
tribution of folders/leaflets help in motivating masses for
utilizing the value added products. Five such exhibitions
on value addition of arid fruits and vegetables were orga”
nized in which recipes prepared by trainees were displayed
and awards were distributed to trainees whose recipes Were
adjudged the best. Aonla value added products by way of
these above mentioned extension techniques have been
popular from the last 4-5 years in Bikaner district (Table 3)
and have motivated the fruit growers and unemployed ru-
ral women for income generation.

Table3. Extension activities carried out on value addition
of arid horticultural crops

S.  Twpe of Tile Name of
No. aclivity Authﬂl{fﬁl_l
Folders/ it R ERE
Pamphlets 9T &
i, & g
ag w™ M
Fend M8
do- Wm:{ﬁ?m-ﬁﬁmﬂﬁﬂ.
U Oy o gt o
td & HJE
o
da- fft=t vor & smr & A oA
Exhibitions  Five exhibitions conducted

After receiving the trainings 80 per cent of the
participants started preparing some of the selected prod-
ucts like aonla, pickle, preserve, chutney, etc. at the house-
hold level. Three participants started their own units espe-
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cially on Aonla Produces and are eaming a gooq -
of money. Mrs. prem Kumari Tanwar has establ; shed hql
own small scale unit on Aonla products (aonla jyjce : r
serve of candy) and deve!upcrd a good market in Billant‘
and outside stale qlso. Shri Amar Singh Sangwa 'ha;
expertised in preparing Ch:rwanp_rash and is caming g
amount of money. Mr. Gopal Rathi has prepared drieg S
products. I N

Thus. considering the nutritional and medicing|
importance of arid fruits and vegetables, genera| puh|::
has been attracted towards the value added producys 4nq
nave started consuming these products which in turp ¢,
give the economic benefit to the rural masses in genery,
and farm women's and producers of fruits and vegetab|e

in particular. _
Most of the arid food resources are availab|e in

" plenty during particular season but all can not be utilizeq

to the fullest extent due to many reasons. Thus people
residing in arid areas hardly get on considerable advap.
tage fro the abundantly available resources. There is mych
scope in evolving the techniques of value addition ang
providing market to such underutilized commodities for
more net returns, It requires proper technical knowledge
and skill for preparing these value added products.
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Effect of gamma irradiation on seed germination and survival
of seedlings of pomegranate (Punica granatum L.)
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Pomegranate (Punica granatum L.) is the
important crop of arid and semi-arid regions of India
Maharashtra is the leading state for area and productjor
of pomegranate followed by Karnataka and Andhra
Pradesh. At present, Maharashira occupies about 92,000
haareaout of 1.3 lakh ha area available under pomegranate
in India. In pomegranate, genetic base is VEFY narrow,
Therefore, creation of variability is utmost important need
for crop improvement programine, Attempts have been
made earlier to induce mutation in pomegranate by treating
seeds with gamma rays (5-20 kR) and various forms were
obtained with desirable traits. However, the dwarf mutation
forms were most commonly observed in pomegranate
(Akhund- zade-IM. 1979 and Levin, 1990). Gamma
irradiation as a breeding tool to create variability in both
horticulture and field crops was reported by several
workers (Haskins and Chapman, 1956; Mikaelsen, 1968
and Pathak, 2003). Several released varieties of field and
fruit crops have been enlisted which were developed
through gamma irradiation {Anon., 1981), Considering the
significance of gamma irradiation in crop improvement,
the present study was under taken and response of gamma
irradiation on seed germination and subsequent survival
of seedlings of pomegranate was studied.

The present investigation was carried out at the
Mational Research Centre on Pomegranate, Solapur,
Maharashira during 2006-07. The seeds of pomegranate
cv. Ganesh was extracted and dried in shade during January
2007, The dried seeds were treated with gamma radiation
at Bhabha Atomic Research Centre, Trombay, Mumbai. In
all. 11 gamma radiation treatments viz., 0,3,6,9, 12, 15, 18,
21,24,27, 30 kR with four replications were taken for the
present study. In each replication, 50 seeds were sown in
polythene bags containing sand, soil and FYM in 1:1:1
ratio during first week of May 2007, The experiment was
laid out in randomized block design. Standard nursery
practices were followed during the experimentation. The
seed germination was recorded on 10, 14, 18, 22 and 26
days afier sowing (DAS) and expressed in terms of per
cent germination. Survival of germinated seedlings was
counted on 70 DAS and expressed as per cent survival.
The data were analyzed statistically and used for
interpretation of the results.

*Corresponding author's e-mail:
nrepomegrantei@indiatimes.com

Sced germination

y The seed germination was significantly
nfluenced by gamma irradiation treatments at different
germination stages (Table 1). In general. the germination
started from 8 days afier sowing (DAS) and continued till
26 DAS in different treatments. On 10 DAS, seed
germ!natiun ranged from 4.0 to 29.5 per cent. The seed
germination was higher at control, 3 kR and 6 kR and
their values were at par to each other. Beyond 6 kR
treatments, the seed germination was decreased and it was
noted minimum (4.0 %) at 30 kR indicating that higher doses
(> 6 kR) of gamma rays had negative effect on germination.

On 14 DAS, the germination ranged from 11.5 to
35.0 per cent. Control, 3kR and 6kR showed higher
germination which ranged from 51.5 to 55.0 per cent, but
these treatments were at par to each other. Beyond 6 kR,
the germination per cent gone below 50.0 per cent and in
general, the germination decreased gradually with
increasing doses of gamma irradiation and thus, the
minimum germination was recorded at 30 kR (11.5%). The

- same trend was noted at 18 DAS and 22 DAS also and
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their germination per cent ranged from
23.0-63.5, respectively.

On 26 DAS. almost all the germinable seeds have
germinated and after that, no further germination was
noted. The germination per cent ranged from 23.0 and 67.5
in different treatments. Although, the maximum seed
germination (67.5 %) was recorded with 6kR but control, 3
kR and 6 kR treatments were at par. Beyond 6 kR treatments,
the seed germination, in general, was in decreasing trend
and recorded minimum (23.0 %) at 27 kR which was at par
with 24 kR and 30 kR. Interestingly, 9 kR and 12 kR
treatments were at par to each other and their values ranged
from 41.5 and 47.0 per cent showing below 50.0 % seed
germination. Now, it is clear from the data that L.D 50 for
cv, Ganesh would be 9 kR or 12 kR, However, irradiation
treatment beyond & kR was found to be lethal as they
showed inhibitory effect on seed germination, The decrease
in germination percentage of seeds might be atributed to
the possible chromosomal aberrations caused by the
mutagens (Gordon and Weber, 1955). According to Evans
(1965), the reduction in germination of irradialed seeds 1s
a cumulative expression of at least three different types of
effects occurring in the meristematic cells that is
cytologically identifiable, Earlier reports indicate that seed

19.5 - 60.5 and
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treatments with 5-20 kR ganunn rays in pomegranalc
induced mutation and produced difterent desirable forms
including dwarf types (Akhund- zade-IM, 1979; Levin,
1990). Our study (not included) also indicated that in
irradiated seedling population some dwarf forms are there
and they will be reported separately.

Survival of seedlings
Regarding the survival ol seedlings on 70 DAS.
the survival ranged from 8.9 10 954 per cenl and the
treatments differed significantly (Table 1), The survival of
seedlings did not difTer signilicantly among control to 15
KR treatments and their values ranged from 92.1- 95.4 per
cent. Subscquently the survival percentage decreased alter
ISKR with increasing doses of gamma radiation and least
values recorded at 27 kR and 30 kR (8.9 1o 10.4 %). The
lethal dose for survival of 50 per cent seedlings was found
to be close 1o 24 kR. Beyond 24 kR, the gamma irradiation
was lound to have deleterious effiect on the survival of
seedlings. The reduction in survival per cent at higher
doses of gamma radiation may be atiributed to cell death
and higher rate of ionization in the nuclei. The drastic
decrease in survival percentage beyond 18 kR may be due
to physiological imbalance and damages caused at the
molecular level, which results in chromosomal aberrations
causing considerable cytological changes. This is in line
with the findings of Vishwanathan er ., (1992) in their
observation on the effect of gamma irradiation in
Naempferia. The reduction in survival of irradiated
seedlings might be atributed to auxin destruction in the
juvenile seedlings (Skoog, 1935) and failure of the
assimilatory mechanisms in the later stage (Quastler and
Baer, 1950).
From the study, it is concluded that LD 50 for cv.
Ganesh found to be 9 kR or 12 kR. However, uptol5 kR
doses, there was no deleterious effect on survival of
pomegranate seedlings. Among different irradiation doses
tested. 27 kR and 30 kR were most deleterious and caused
very poor survival of seedlings.

7 Jaelliarv, Joellan Janrnal of deid Heovtienlinre, 2009, Il s 40
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Table 1. Effect of gamma irradiation on seed germination and seedling survival of pomegranate cv. Ganesh

Genmination (%)

Survival (%) al

Treatment
70 DAS
10 DAS 14 DAS 18 DAS 22DAS 26 DAS

Control 295 51.5 55.0 1 58.5 61.5 05 4
3kR 29.5 55.0 60.0 63.5 64.5 93.3
O6kR 240 53.5 60.5 62.5 67.5 95.1
9 kR 160+ 310 415 46.0 47.0 92.1
12kR 18.0 32.0 3835 40.0 41.5 92.4
I5kR 12,0 21.3 260 29.0 33.0 93.5
I8 kR 7.50 15.5 190 21.5 22.5 g5. |
21 kR 8.0 19.5 20.5 i35 35.0 70.5
24 kR 9.0 18.0 240 26.5 28.0 54.2
27kR 6.0 16.0 19.5 25.0 23.0 89
J0KR 4.0 1.5 190 23.0 23.5 1.4
CD (0.05) 9.06 6.46 745 8.67 9.06 8.72
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Estimation of genetic parameters, character associations and
path analysis for fruit yield and its components in Ber

(Ziziphus muriatiana Lamarck)
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Punfab Aevicultural Universiry, Regional Research Station, Bathinda - 151 (001

——

Arid region in India is spread over 38.70 million
ha covers about 12 per cent of the total area of the count ry.
The tracts of hot arid region are found in the states of
Rajasthan (19.6 mha) followed by Gujarat (6.2 m ha), Andhra
pradesh (2.2 m ha). Punjab (1.5 m ha}), Harvana (1.3 m ha),
kamataka (0.8 m ha) and Maharashtra (0.1 m ha), Farming
being a ditTicult task in the arid tropics, the agro-climate of
such regions favours the cultivation of certain fruit crops,
Indian jujube (Ziziphus manritiana Lamk.) commonly
known as Her belonging to family Rhamnaceae, is
indigenous to India and is one of the important fruit trees
that can be successfully cultivated in the hot arid regions
of India. The fruits of Indian jujube are rich in vitamin C, A
and B complex. In Punjab it is cultivated on 2,894 ha having
annual production 43,410 mt (Anon. 2006). Out of more
than 90 cultivars only 11 are commonly cultivated
commercially in different agro climatic regions of India
(Morton 2005).

The choice of a suitable cultivar is of paramount

“importance for its success. The breeding strategy for

genetic improvement of fruit yield and its components
depends upon the genetic diversity for different traits.
The assessment of genelic parameters like genotypic
coefficient of variability (GCV), phenotypic coefficient of
variability (PCV), heritability (h*) and genetic advanceis a
pre-requisite for making effective selection and
improvement in the base population.

Path analysis based on phenotypic correlation
coetlicients further unravels the contributions of different
traits towards fruit yield. Presently very little information
is available on this crop regarding genetic parameters to
be helpful for the effective selection leading to an ideal
genotype having high fruit yield. Thus the present
investigation was under taken to assess the nature and
magnitude of genetic parameters and their utilization for

4% *Assistant Horticulturists, *Plant Breeder and *Senior
Plant Breeder, PAU Regional Station, Bathinda,
Punjab 151 001
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the development of superior genotypes of Indian jujube
suitable for semi arid regions of Punjab.

The experimental material comprising of 9
different cultivars viz., Gola, Muria Murhera, Sandhura
Narnawl, Katha phal, Umran, Seb, Najuk, Chihara and
Walaiti collected from difTerent parts of India during 1995-
96 was accommodated in randomized block design with
four replications at PAU, Regional Research Station.
Bathinda, Punjab. The average rainfall at the experimental
site was 400 mm. The annual maximum temperature was
31. 45 °C and annual minimum temperature was 16.85°C.
The soil was sandy loam and characterized with pH (8.3 1),
organic carbon (0.32%), electrical conductivity (0.24 dS/
m), available M (212 Kg/ la), available P(21.5 Kg/ ha) and
available K (357.0 Kg/ ha). In each replication 3 plants of
each cultivar were grown at geometrical spacing of 7.5 x
7.5 metres. Data were recorded on fruit yield per plant
(ke), fruit weight (g), fruit length (cm). fruit breadth (em).
stone weight (g), total soluble solids (TSS), acidity (%),
pulp percentage and pulp: stone ratio for five years 2002-
03,2003-04, 2004-05, 2005-06 and 2006-07. The genotypic
and phenotypic coefficient of variation and heritability (in
broadsense) were computed as suggested by Singh and
Choudhary (1979), while genetic advances were estimated
as per the procedure of Johnson ef al. (1955). The path
analysis was carried out following Dewey and Lu (1959,

The analysis ol variance showed significant
differences among the cultivars for all the nine traits. The
high estimates {>15%) of GCV recorded for stone weight,
fruit weight, pulp: stone ratio, fruit yield per plant, total
soluble salts, and fruit length, indicated the presence of
adequate genetic variation among the genotypes and
suitability of these autributes for further improvement by
selection. The heritability estimates were high for all the
traits (Table 1) Nanohar ef af, (1986} also reported that the
fruit weight, yield per plant and pulp:stone ratio showed
hizh GCV.The heritability estimates were high for all the
traits (Table | ). Nanchar e ol (1986) and Bisla and Daulta
(1986) also reporied moderate to high estimates of
heritability for various characters along with high genetic
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wains in this crop. As characters like stonc weight, fruit
weight, pulp stone ratio, fruit yield per plant and lotal
soluble salts showed high heritability estimalcs coupled
wilh high genetic advances, it can be inferred that these
traits are under the eomtrol of additive gene action :I!l'ld
phenotypic selection for their improvement will be elTective,
Kaushik ¢r af. (2004). Saran ef af. (2007) and Tomar ilrl.'lj
Singh (1987) also reported considerable range of genetic
variability for these traits in their germplasim,

The phenotypic correlation coeflicients between
different characters are depicted in table 2. The estimates
of correlation coefficients showed significant positive
association of fruit yield per plant with pulp percentage
(0.5467) and pulp: stone ratio {0,5329) while negative
association with stone weight {-0.5166) and total soluble
salts (-0.3567). Among the other components fruit weight
was positively correlated with all other traits expect stone
weight and acidity. Fruit length as well as breadth showed
positive association with total soluble salts while negative
association with acidity and stone weight. Pareck and
Dhaka (2003) silso observed that fruit length, fruit breadth,
fruit weight and pulp weight had significant positive
association with fruit yield. Pulp percentage and pulp:
stone had negative association with total soluble salts,
acidity and stone weight. Significant association among
fruit yield components indicated that correlated response
to selection for these traits will result in ultimate
simultaneous improvement of fruit yield. Heritability
estimates were higher for component traits as compared
1o fruit yield per plant. Also the GCV values were closer to
PCV values for components than for fruit yield. So it can
be concluded that components are less susceptible to
environmental fluctuations than yield per se and are thus
relatively more amenable to improvement.

Path analysis carried out to estimate the direct
and indirect contributions of various component traits for
recommending a reliable selection criterion revealed that
fruit weight (0.638 | ) followed by pulp percentage (0.5050)
and 1o1al soluble sals (0.4997} had high direct effects on
fruit yield (Tahle 3). Fruit weight also showed indirect
contribution via fruit length ((0.3378). fruit breadih (0.4463),
pulp percentage (0.4284) and pulp: stone ratio (0.4115)
revealing that fruit weight is the major contributor towards
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plant. Fruit length and fruit bready, alsg
toral soluble salis and pulp Percenta,
Highest direct effect of f:uil 'E'r":'ﬂ" was also reporgeq |,
pareek and Dhaka (2003). It is CDII.cqlud{‘d II|'|:','|| d“r-mg
celection due weightage should be paid to fruiy Weiglh,
total soluble salts and pulp percentage for g,
development of suitable cultivars of Indien jujuhe for eyl

arid region of Punjab.
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Table 1. Estimates of penetic parameters for fruit yield and its components in Ber

Heritability  Genetic  GA

Characiers ch FC‘I.!’ “'I:] myﬂnm {q,fu_] Mean Cv{%:'
Fruit yield per plan (kg) 19.88 2118 88.08 19.01 3844 4945 7.31
Fruit weight (g) 2282 2345 94.66 926 4573 2025  5.42
Fruit length (cm) 17.19 17.38  97.87 15] 3503 431 354
Fruit breadth (cm) .12 IL18 99,02 068 ° 2280 296 110
Total soluble salis (%) 18.28 18.56 97.01 043 3?1[]3 T o 3'21
ﬁﬂ'idil}' t?ﬁ} 10.95 11.0] 98.87 170 '}‘}‘42 |ﬁ 51 | 17
Pulp(%) 1.32 133 9775 2.52 268 9399 0.0
Pulp stone ratio 22.69 24.86 83.31 717 4;} 66 lﬁlﬂﬂ ]i}-li
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Table 2. Phenotypic correlation coefficients o fseag yield and
component characters in Ber

~Characters

Fruit

ol 4¢1): 51-53

FI'I.HT FI'I.III. Fru
it T =
ield per weight ol Acidity st
T O b bk Souble (3 | e, P Pub
m) (cm) Salts weight (%)  stone
— (h) (%) (8) ratio
Fruit yield
per plant 10000
(kg)
Fruit 02s77 0000
weigl‘t{E-}
Fruil 0.5294** 10000
1H1Elh 0.0761
(em)
Fruit 0.6995** 0.0419
breadth -0.0687 : 1.0000
(cm)
Total . 0.4357** 0,3678*
Soluble . 7 0.6134%*
; 1. .
Salts (%) el
Acidity : - 3
-0.1454
(%) 0.4871** 0.4917** gspeges -0.2527  1.0000
Stone - -0.3355  -04012*
weight ()  0.5166%* 0.1410  0.2091 0.0875  1.0000
0.6713%*
Pulp %)  0.5467** N30 ? ek : 1.0000
3442%  0.3647*
Pulp store « 0.6450%* 02412 . HBNIS: Mo
. 05329 - 0.1433 20221 0.9336
i . 0.3851° Gy 1.0000
*Significant 5% level of probability
**Significant 1% level of probability
Table 3. Path analysis coefficients of fruit yield versus component characters in Ber.
Characters Fruit Fruit Fruit Total Acidity  Stone  Pup Pulp PCC*
weight length breadth  soluble (%) weight (%) stone with
(&) (cm) (em) salts () ratio fruit
(%) yield
E‘t weight o cug 04883 07980 40107 02504 00907 0330 0099 a5y
E‘;‘; length 3375 09225 00478 1eap 02619 0084 0asar 0003 o6
Emi; breadth o, 4ea 00386 L1409 4560 o699 0381 0a268 V002 g 0689
cm
gﬂ:a'{ﬁluhif 070 03393 06998 4007 0346 00565 0ams 005 356
alts (%o
0.0003
Acdity %)  -03108 04936 OS82 91263 -05326 -0.0236 -0.1842 0.1454
Sone weight 5514 03701 01609 41045 00466 -0.2702 -0.3000 %7 g5166
(&) '
-0.0012
Pup ()  oa2ss 02827 0285 o170 01942 01605 05050 0.5467
Pup  stone 0 02225 01635 41959 01181 01340 04714 R
ratio '

Bold figures are direct effects
Residual effect 05132

*PCC stands for phenotypic comelation coefficient
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Effect of antioxidant and mustard oil emulsion on pogt
harvest shelf life of fresh fruits of date palm cv. Barhee

i ' hudasama
Piyush Verma*, C. M, Muralidharan and V. R. C :
Date Palm Research Station, SDAU, Mundra — Kachchh = 370 421 (INDIA)

~ Date palm (Phoenix dectylifera L.) is a highly
nutritious fruit crop. It is usually eaten as fresh (fruits
harvested at khalal stage) and fully ripened fruit (harvested
at pind or tamer stage). Date is highly nutritious fruit.
Besides carbohydrate and protein, date fruit provides small
amount of copper, magnesium, chlorine, sulphur, VitA ,B,
and B, The following contents are an average for all date
varieties at khalal stage: moisture 59.2%, nitrogen 1.2%,
fat 0.4%, carbohydrate 33.8%, energy 144 calories’kg,
calcium 22 mg/| 00g, and phosphorus 38 mg/1002m,

Its origin is not known exactly but is an ancient
fruitindigenous to countries near to Persian Gulf. Till date
in India the commercial plantations are restricted only to
Kachchh district of Gujarat. Due to the climatic conditions
of the region fruits do not reach 1o pind or tamer stage and
hence growers are compelled to harvest the fruits at khalal
stage (as fresh fruits). Earlier there was a little market of
these fruits restricted to Kachchh and some parts of
Saurashtra region in Gujarat. But now-a-days market of
fresh fruits has spread to far southern states viz.
Maharashtra, Karnataka, Tamilnadu and Kerala.

Like other horticultural commodities date fruits
are also perishable. With the increase in demand of fresh
fruits to far away places, it is challenging for the Erowers
and traders to keep their fruits in fresh condition till they
reaches to consumer,

Antioxidants have proved to improve the post
harvest shelf life of various fruits (Jayachandran er al,
and Renhua Huang er al. 2007). Presence of antioxidant
content in fruit and vegetable species itself has been found
to enhance their keeping quality (Claire Hebert and Louis
Gauthier, 2007). Several antioxidants are easily available,
Out of hence, ascorbic acid considered as safe and on the
other hand it adds nutritive value also.

Use of edible oils to extend the shelf life of
horticultural produce is an old practice. Several workers

*Corresponding author’s address:
Asstt. Prof., SDAU, Mundra
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T e ——
have used mustard oil emulsion to extend the post harves
shelf life (Verma e/ af, 1999, Verma and Dashora, 200

In the present study, these two approaches Were
used alone and in combination to see their effect gp Post
harvest shelf life of fresh date fruits of cv, Barhee.

Mature Barhee dates at khalal stage Were
harvested from the same tree from 11" block of farm of
Date palm Research Station, Mundra — Kachchh, The
orchard is under standard agricultural practices with proper
pest management, Soil of orchard is sandy to sandy loam,
Fruits were brought to laboratory for treatment immeadiamy
after harvesting. Fruits were thoroughly cleaned with 5
piece of cloth. After that they were subjected to differen
treatments. Fruits were dipped in 0.1 and 0.2 per cen
ascorbic acid solutions separately. For mustard gj]
emulsion treatment first oil was added to water (for 4 %
solution 40 ml mustard oil in 1 litre water.) and then
emulsion was made using teepol so that oil could miy
thoroughly in water. In case of combination of treatment
fruits were treated first with ascorbic acid and then dipped
in oil emulsion.

Fruits were given dipping treatment of 20 seconds
and 5 seconds for ascorbic acid and oil emulsion
respectively. An absolute control was also maintained.
After this, total six treatment combinations viz. (i) control,
(ii) mustard oil emulsion @ 4%, (iii) ascorbic acid @ 0.1%,
{iv) ascorbic acid @ 0.1% + mustard oil emulsion 4%, (v)
ascorbic acid @ 0.2%, (vi) Ascorbic acid @ 0.2% + mustard
oil emulsion 4% were tried. Each treatment was replicated
thrice. After proper treatment fruits were kept in perforated
polyethylene bags of 100 gauge. Each bag was having 3
strands of date palm, All the treatments were kept in ambient
condition. Initial observations were recorded before
subjecting the fruits to treatments, Later observations were
recorded on 4", 8" and 12* day of experiment. Treatments
were evaluated for PLW (%), rotting (%), marketability (%),
fruit weight (g), seed weight (), pulp: stone ratio and TSS
(%). PLW was measured using the following formula:
PLW%= " Initial weight--Final weight X 100

Initial weight
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cnp and marketability were recorded by visual
Rm“”:L ion. Fruit and sced weight were recorded by
hserve wei"lm"g the fruit. TSS was recorded by hand

er. Experiment was laid out in factorial in

: ometel. i . . t
Mrf{::ﬂﬂy randomized design using the technique of
con

x (1950).
Cochran ';{‘;Eﬁs ;.-._1 priscntcd in Tables | and 2. Perusal
gata indi cated that with the use of 4 per cent mustard oil
of ision, per cent PLW. rotting per cent and TSS increased
emyls marketability, fruit weight and pulp: stone ratio
whi .-ﬁas-: d significantly over without oil. So itis clear thal
:Ii;i:ninﬂ F,T;:T:ess enhanced by the use of oil emulsion

nstead of retarding it. - I
i After this analysis, the comparison of main effect

of ascorbic acid will not give the right idea, hence in the

rescnt study, comparison among ascorbic acid treatment
Elanf i.e. without oil was made to know the effect of
Jscorbic acid. Minimum PLW 02.53,7.46 and 10.95% was
recorded in fruits treated with 0.2% ascorbic acid while
maximum of 3.60,9.60 and 17.57 % in control on 4*, 8" and
12® day respectively. Same trend was also recorded in
rotting and marketability also where minimum rotting i.e.
1.05,20.73 and 26.19% was found in 0.2% ascorbic acid
reated fruits which was significantly at par with 0.1%
ascorbic acid while maximum rotting of 10.60, 28.79 and
13.65% was recorded in control on 4%, 8% and 12" day

respectively. Marketability per cent was also non
signilicantly affected by the concentration of ascorbic
acid, though maximum marketability 85.91, 70.1 | and 64.50%
was obscrved in ascorbic acid @ 0.2 per cent and minimum
in control (80.21, 61.85 and 56.93%) on 4*, 8% and 12* day
of storage, respectively.

_ Perusal of Table 2 revealed that maximum fruit
weight (11.78, 10.00 and 10.51 g on 4™, §" and 12" day,
respectively) was recorded in ascorbic acid 0.2 per cent
treated fruits. Effect on pulp: stone ratio and TSS was
found to be non significant. Better effect of ascorbic acid
lo enhance shelf life is due their role in protecting the
tissue against stress and participates to disease resistance
also (Claire and Gauthier, 2007). In the cell or tissue system
first they get digested and then reduce the respiration
process. Present study provides evidence that post
harvest shelf life of cv. Barhee can be increased by using
ascorbic acid, which is well supported by Farag (1998) in
date palm, Jayachandran et al., (2007) in guava and
Mohammed and Wickham (2005) in pineapple.

Oil emulsion enhanced the ripening process
which reduces the shelf life instead of improving it.
Though the several workers have been found to increase
the shelf life of other fruits (Verma er al.. 199% and Verma
and Dashora, 2000). But result of the present study were
not in line them and oil emulsion was not able to prevent

rable 1. Effect of ascorbic acid and mustard oil emulsion on PLW, rotting % and marketability %.

. PLW
4" day 8" day " day
Without With Without With Without With
oil oil Men. o oil  Mea ol Mean
A Initial value =10
Without Asc. acid 360 3.66 3.63 9.60 9.50 955 17.57 23.43 20.50
Asc. Acid (0.1%) 3.03 426 3.65 8.16 9,00 8.58 11.99 20.58 1629
Asc. Acid (0.2%) 253 5.40 1% 746 1076 9.1 10.95 20.94 1595
Mean 3.05 444 841 9,75 13.51 21.65 '
SEm+ CD (5%) SEm+ CD(5%) SEmt CD(5%)
Ascorbic acid (A) 0.030 0.094 0.105 0325 0.902 2778
Qil emulsion( B) 0025 0.077 0.086 0265 0.736 2269
AXB 0.043 0.133 0.149 0459 1.275 NS
Rotting (%)
Initial value =0
Without Asc. acid 10,60 2100 1580 2879 5125 4002 33.65 70.90 5228
Asc. Acid (0.1%) 4,05 21.18 1261  23.17 60.13 4165  28.51 7422 5136
Asc. Acid (02%) 405 2298 1351 20.73 5780 13926  26.19 75.22  50.70
Mean 623 21.72 24,23 5639 29.45 73.45
SEm+ CD (5%) SEm+ CD(5%) SEm+ CD(5%)
Ascorbic acid [ A) 1.025 NS 0.524 1614 1.333 NS
Oil emulsion( B) 0.837 2578 0.428 1318 1.088 3353
AXB 1.449 4465 0.741 2283 1.885 5807
Marketbility (%)
Initial value = 100
Without Asc. acid 8021 6983 7502 61.85 3929 5057 5693 20,03 3848
Asc. Acid (0.1%) 85.91 6965 7778 67.59 3048 4903 62,14 16,81 3947
Asc. Acid (02%) 8591 6778 7684  70.11 3279 5145 64.50 15.86  40.18
Mean 84.01 69.09 66.51 34,19 61.19 17.57
SEm+ CD (5%) SEmt CD (5%) SEm+ CD(5%)
Ascorbic acid (A) 0918 NS 0.533 1.644 1.295 NS
Oil emulsion(B) 0.749 2.309 0.436 1342 1.057 3257
AXB 1298 3.999 0.754 2325 1.831 5642
55
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Table 2. Effect of ascorbic acid and mustard oil emulsion on fru
i weght (g)
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fan Jio
gl pulp: stone ratio and TS5 (%

s

g e 12* day
nitial value = 12, ik Wit
i 8" day 1 :
ey With Withoutoil ~ Withoil  Mean btttecbS | Mean
Witoutoil Mean r 566 1008 1035 o
o 9.70 9.61 45 9.40 838 4.
Wihout Asc. aerd 09 1018 11.09 598 9.4 10.57 7.93 By
Ase. Acid (0.1%) 11.03 1043 1043 1000 9.04 9.52 : Xe 9.1
Asc Aaid [0 29 11.78 .61 .20 I 9.92 EQL cnumf.
Mean 11.27 10.74 Cch (5%) o 0 )
SEmz CD (5%) SEmt NS s 595
Ascorbic acid (A) 0.149 NS 0071 e 023 0.73
Oul emusion(B) 0.122 0375 b 0309 0411 I.266
AXR 0.211 0&50 a.100 L
Seed weight (g)
Initial value = 1 04 L1l 111 1.18 1.25 1.21
W ithout A se. acid 1.25 134 1.30 111 byl 1.05 1.05 112 | 08
Asc. Acid (0.1%) 118 .14 1.16 1.12 *t 1.14 1.10 115 112
Ase. Acid (0.2%) 1.17 112, .14 I.18 : 1.11 1.17
Mean 1.20 120 1.14 l'g} 5%) SEm#+ CD (5%)
SEm+ CD (5%) SEm# C 4‘] 0.041 NS
Ascorbic acid (A 0.029 0.051 0.013 0.0 0.033 NS
Oil emulsion(B) 0.024 NS 0011 0.034 0.057 NS
AXBE 0.042 N5 0019 0.053
Pulp: Stone rang
Initial value = 10 72 7.28
Without A sc. acid 780 79y 7.55 169 167 T-‘S: ;;; P :;}
Asc. Acid (0.1%) 8132 814 8.23 7.92 8.04 ?.':‘Iq [ 592 o
Asc. Acid (0.2%4) 9.05 8.48 8.76 743 7.15 1.2 §04 6.56 '
Mean 8.39 797 7.68 762 B+ ch (5%)
SEm+ €D (5%) SEm+ CD (5%) 0466 NS
Ascorbic acid (A) 0.145 0445 0082 0251 4 l 1173
Oil emulsion(B ) 0.118 0364 0.067 NS 038 e
AXB 0.204 NS 0.115 NS 0.659
TSS (%) -
Initial valuye = 28
W ithout A sc. acid 29.00 3050 2995 3030 3250 3150 32.00 15.00 3359
Asc. Acid (D.1%) 29.00 3000 2950 30.00 33.00 31,50 32.00 3500 334
Asc. Acid (0.2%) 29.00 30,00 29.50 30,00 32,00 31.00 i:.gg ;:.gg 32.50
Mean 29.00 30.16 30.16 32.50 ; :
SEm+ CD (5%) SEm+ CD (5%) SEm+ CD (5%)
Ascorbic acid (A) 0.479 NS 612 NS 0479 NS
Oil emusion(B ) 0.39) NS 0.500 1.54 0391 1.204
AXB 0.677 NS 0866 NS 0677 NS

the ripening process. It is concluded that (1. There is great
potential in antioxidants to increase the post harvest shelf
life. (2. Oil emulsion retards the shelf life and should not
be used. (3. Ascorbic acid should be further used with

different concentrations, (4. Some other antioxidants
should also be tried.
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Ber is the most important arid fruit crop
contributing over 80 per cent of the total fruit area in
Rikaner district of western part of Rajasthan and cultivated
in approximately 600 ha area in the district. During recent
past, a decline in its productivity has been observed and
there are many factors responsible for it, Among those,
incidences of pests and diseases have been found
significant. As many as B0 insect species have been found
feeding on ber tree in India (Butani, 1979). Ber fruit fl v is
one of the major insect causing considerable damage 1o
the crop. Beside it, ber butterfly, Tarncus indica was
reported in Gujarat on ber (Shah et al, 1990) has been pest
of minor significance. However, for last few years, it has
become the most destructive pest of ber in the district.
Keeping in view the severity the present investigation
has been made in order to study a delicate relationship of
weather factor to the larva population and incidence and
current status of T indica at different locations of Bikaner
district. The observations of larvae were recorded at
weekly interval at ber orchard Krishi Vigyan Kendra,
Bikaner. Five full grown trees were selected at random.
From each selected tree, 20 leaves were taken at random
from top, middle and bottom parts. For counting larval
population, the mean values of larvae infestation per tree
for each orchard under given location were calculated.
Meteorological data regarding temperature °C {maximum
and minimum) per cent relative humidity (moming and
evening) were obtained from the meteorological
observatory, Agriculture Research Station, Beechwal,
Bikaner from July to December. The weekly means of the
above parameters were computed for the standard weeks.
Correlation coefficients (r-value) for the larva of ber
butterfly and abiotic factors responsible for seasonal
variations were worked out. A comprehensive visits in all
the ber growing area of district Bikaner were made during
the last week of July, 08 and first week of Aug® 08 to study
the incidence of T, indica at different locations, As many
as 16 locations of Bikaner, Kolayat, Nokha, Dungargarh
and Lunkaransar were visited and from each orchard,
observations of larva per tree were recorded.

. Seasonal incidence of ber butterfly was studied
during 2008 under unsprayed condition. The population
of larvae was recorded at weekly interval starting from
first week of July 1o the last week of November, Data
presented in Table-1 depicted that the larvae of ber
butterfly appeared on the crop in the first week of July and
lf:uilt up in the population started from 3 1* standard week
i.e. first week of August and continued to increase up to
the last week of: September and declined gradually till
November. The population of larvae ranged from 1.10 to
10.20. The peak activity of larvae (10.20/ ree) was recorded
in first fortnight of August. The data on correlation
between larval incidence and abiotic factor presented in

. Table-2 revealed that the maximum and minimum
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temperature showed positive correlation with larvae (r=
0.16 and r=0.61). The moming relative humidity (r=0.77),
evening relative humidity (= 0.69) and mean relative
humidity (r=10.76) had significant positive correlation with
larvae. The rainfall also showed positive correlation.

Data on incidence of T indica in different
locations of Bikaner district are presented in 1able 3. The
average number of larva per tree was maximum (15.08) at
Kolayat tehsil followed by Nokha (13.67), Dungargarh
(11.93), Bikaner (10.58) and Lunkaransar ( 10.55). In Kolayat
tehsil the average number of larvae per tree ranged from
11.12 to 18.46 where as these was recorded maximum in
Diyatra village and minimum in maandal village. The range
of larva per tree was observed 11.55 to 16.45 in Nokha
tehsil followed by 9.20to 15.73,9.60t0 1 1.82 and 8.33 to
12.66 in Dungargarh, Bikaner and Lunkaransar tehsils,
respectively. The minimum number of larvae was observed
in Jagdevwala village of Lunkaransar tehsil.

Severity of the pest, a number of visits of different
ber orchards of Bikaner and Kolayat tehsils were
underiaken in the month of August, September and October
to know the current status of the pest. Five orchards from
three locations were visited. In each orchard, five full
grown trees were selected at random. From each selected
tree, 20 leaves were taken al random from top, middle and
bottom parts. For counting caterpillar population, the mean
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Table 1. Seasonal incidence of ber butterfly on ber Ty (%) Rainfall ~ Popu.of
St Observation period _Temperature ( C) Relative o Eve Mean _ (mm) larvae/plant
Week M, Min. Mor. 3;;; 6.2 0.0 30—

27 03 July to 09 July 40.3 299 58.2 42'4 . 59.3 4.9 220
28 10 July to 16 July 37.7 274 76.2 35'5 48.155 0.0 320

29 17Julyto23 July  38.2 28.6 60.71 314 4822 7.0 3.00
30 24Julytod0uly  39.8 293 63.3 %rn' : 73 98.5 8.10
31 31 Juv 06 Aug. 357 27.1 85.9 e 57 230 10.20
32 07Aug to13Aug.  35.3 26.6 80.2 9.7 66.7 0.0 822
33 14 Aug. to 20 Aug.  36.6 26.7 3.7 4~4 5125 0.0 9.39
34 21Aug.to27Aug. 370 26.5 68.1 34. i i 266
35 28 Asl;lfl:.ﬂm 03 372 271 72.8 35.6 54.

36 04 Sept. to 10 6.6 255 73.4 40.5 56.95 0.0 5.12

i g PR 0.0 4.14
s SEE::}M 7 368 249 74.1 358 4W ‘ ‘
38 18 Sept. to 25 16.1 24.0 78.5 44.3 61.4 0.0 430
i ' 53.9 0.0 270
39 26Sept.1002 Oct.  36.] 242 74.6 33.2 . 39 0.0 110
40 03 Octto090ct.  39.4 246 63.14 21.6 423 i b
4] 10 Oct to 16 Oct, 386 234 56.6 18.8 37.7 u'n n'uu
42 170ct10230ct.  36.3 19.8 61.7 21.6 41.65 - i
43 24 Oct to 30 Oct. 36.1 17.8 46.5 13.8 30.15 U.u o
44 © 31 Oct.to06 Nov.  35.0° 17.5 47.8 19.7 33.75 0. 00
45  07Nov.to 13Nov. 34.4 16.5 50.71 15.4 33.055 0.0 0.00
46 14 Nov. to 20 Nov, 38.4 133 63.6 33.6 48.6 0.0 0.00
‘47 21 Nov.to 27Nov.  28.0 8.9 5329 18.2 35.745 0.0 0.00
48 28 Nov.to04 Dec.  29.1 8.3 58.14 19.6 38.87 0.0 0.00
Table 2. Correlation co-efficients ulation of larvae and abiotic factors

S.Mo. Weather parameters Larval population/tree

| Maximum temperature "C 0.16 NS

2 Minimum temperature °C 0.61*

3 Relative humidity morning % 0.77*

4, Relative humidity evening % 0.69*

5 Average relative humidity % 0.76*

6 Rainfall {(mm) 031 NS

* Significant at 5 % level
NS = Non significant
Table 3. Level of incidence of ber butterfly T. indica in Bikaner district

Location surveyed

Av. No. of larvae/tree

Overall mean & rdnge.n'i:hsﬁ

S.MNo.  Tehsil

l Bikaner Pemasar 11.82+2.1] 10.58
K.V.K, Farm 1033 £ 1.92 (9.60— 11.82)
Hussinsar 9.60% .48

2. Kolayat Diyatra 1846 £ 1.11 1508
Kolayat 15.67 + 1.67 (11.12- 18.46)
Mandal 11.12 +2.88

3. Nokha Nokha 1645 £2.15 13.67
Deshnok 13.01 + 145 (11.55 - 16.45)
Maniyana 11.55+1.18

4. Dungagarh Dungargarh 1573 £ 1.77 1193
Likhmidshar 1088 £ 1.11 (9.20- 15.73)
Uppani 920+£225

5. Lunkaransar Jagdevwala 833+148 10.55
Hansera 1017 £ 132 (8.33 - 12.66)
Khajuwala 1266 + 3.01
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of caterpillar infestation per tree for each orchargd
values O n location were calculated.
under SIVE ring the visit, it was observed that the

: ol efred on ber in the month of May, June and
bungfﬂrcs HPIFi'w up to October and November. These
rema.mfd a:an be seen on shrubs throughout the year,
huucrnlcsmes (20 to 30mm in wing éxpense) had dark
The bunlﬂrk body and light blue coloured wings with dark
brown g::re were also dark black oval spots on head,
spols. nd wing base. The full grown caterpillars were
thorax ]T‘ heavy, flashy and slug like and yellowish green
?-,en:rﬂ FThe head of the caterpillars was yellowish orange
& WI::LThe caterpillar constitutes the destructive stage.
ﬂnhir feed on young leaves by scrapping chlorophyll in
I yleavi ng behind a white transparent layer, later on
'mesued fall off leaves. In severely infested trees, the
Lisaurin g capacity of trees was adversely affected. The
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young plants were completely defoliated. Thys this pest
could be devastating in the nursery and young plantation,
The data on incidénce of ber caterpillar are present in Table
| revealed that dverage number of Caterpillar per tree was
maximum (18.46) at Diyatra in Kolayat tehsil followed by
Beechwal (9.2) and Pemasar (6.6) of Bikaner tehsil. Keeping

Fincidence of this pest there is need

in view the severity o
to work out effective control of this pest in ber orchard
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