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Abstract

Micropropagation protocol for vegetable type Aloe vera (dfoe barbadensis

Mill.) has been developed using

shoot tip explants. The protocol standardized for multiple micro-sucker proliferation, induction of in vitro adventitious
roots and acclimatization of rooted micro-sucker from in vitro environment to greenhouse condition, Maximum proliferation
of micro-suckers was obtained with combined supplementation of Benzyl adenine (BA) 2 mg + Thidiazuran (TDZ)0.5mg+
0.1 mg Naphthalene acetic acid (NAA) to per liter basal Murashige & Skoog (MS) medium containing 0.8% agar and 3 %
sucrose. The maximum rootable micro-sucker (~ 2 m) long were achieved after transfer of culture to hormane free medium for
two weeks. The elongated micro-suckers were rooted successfully under in vitro condition, The better quality adventitious

roots formation observed with NAA 0.5 mg/l supplemented to % MS medium. The regenerated

plants were successfully

acclimatized under Hi- Tech greenhouse and maintained in protrays for further growth and development

Keywords.: Aloe vera, micropropagation, micro-suckers.

Introduction

Aloe vera (Aloe barbadensis Mill.) is an important
plant which belongs to family Liliaceae and extensively
used in therapeutic uses (Cera ef al., 1980 ; Davis and Leiter,
1988, Hart ef al., 1998 ; Anshoo et al., 2005). Recently, itis
widely used in several cosmetic preparations and culinary
purpose particularly in many districts of Rajasthan. The
leaf pads and flower stalks are mainly used for culinary and
pickle preparation. Among several genotypes only sweet
type Aloe vera is used for culinary preparation (Saroj e
al.,2004).

Aloe vera can be grown in arid and semi-arid
regions as ground story crap in orchards or agro-forestry
models. Its gel is very effective for treatment of wounds,
burmns and other skin disorders, placing a protective coat
over the affected area, speeding up the rate of healing and
reducing the risk of infection. Quality Aloe vera pads
produce can be harvested when grown under partial shade
conditions.
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Its commercial cultivation for vegetable farming
requires large quantity of planting material of sweet type
genotype which cannot be obtained through vegetative
sucker production since the in vive sucker production in
Aloe vera is rather slow and insufficient to meet the demand
for commercial vegetable farming. /n vitro propagation offer
a possibility to improve the regeneration efficiency of Aloe
vera. Several attempts have been made for in vitro
propagation of Aloe vera with varied success with different
combination of plant growth regulators (Meyer and Staden,
1991., Aggarwal and Barna 2004, Fattachi er al., 2004,
Wenping ef al., 2004 ), The hormonal requirements for in
vitro regeneration are varied for different genotypes (Ray
and Sarkar 1991, Chaudhuri and Mukundan, 2001, Liao et
al., 2004, Wenping et al., 2004, Saroha et al., 2005). Under
present investigation regeneration efficiency of sweet type
genotype of Aloe vera was evaluated with different
combination of plant growth regulators using shoot tip
explants.

Materials and Methods

Preparation of mother stock plants
The mother plant of Aloe vera was planted in
greenhouse at a spacing of 60 x 60 cm in well prepared
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beds. The suckers of 10-12 cm height were collected from
the mother plants and washed thoroughly in running tap
water for excision of shoot tip explant,

Preparation and sterilization of explant

The expanded leaves of sucker and basal portion
below 2.0 em to the shoot tip were washed with distill water
containing 0.1% Tween-20 for about 10-15 minutes. The
explants rinsed with water and soaked for 30 minutes in
0.2% Bavistin solution, The shoot tip after through rinsing
with distill water, were then subjected for surface sterilization
with 3-4 minutes under laminar flow hood. Explants were
dissected and trimmed to the size (~ 1.0 em) for inoculation
onto difTerent medium for micro-sucker proliferation.

Culture media and conditions for microsucker
proliferation

Surface sterilized shoot tip explants were
inoculated on MS medium supplemented with 30 g sucrose,
8.0 g agar and various concentration of BA (1, 2, and 4 mg/
) alone or in combination of TDZ 0.5 mg/l and NAA 0.1 mg/
I. The pH of the medium was adjusted 10 5.7 and sterilized
by autoclaving at 121°C 15 Ibs for | 5 minutes. The details of
the proliferation medium are given in Table 1. The cultures
were incubated at 26£2°C, 16 hrs photoperiod provided by
cool fluroscent tube with 1000.lux intensity. Observation
with respect to multiple sucker production were recorded
after | and 11l subculture. The period of each subculture
was four weeks,

Culture medium for rooting
After passing proliferated cultures onto elongation
phase for two weeks (i.e. MS medium without hormone)

-
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the elongated micro-suckers of about 2 ¢ long wer b
for rooting experiment. The micro-sucker Iran 5
rooting media containing Y2 MS medium supple
3.0% of sucrose, 0.8% agar and varied levels of
as IAA and NAA (0.1, 0.5, 1.0and 2.0 my/l),
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Acclimatization of planticts
For hardening ofthe plantlets in arig S

three step hardening procedure was adopied by trnnj;?! '
rooted micro-suckers into protrays containing m.'
mixtures of vermiculite and {:ucupnmhc;m;mmmgﬁlm
ratio of (3:1) and the plantlets were kept under acclimay ' the
hood (2522°C temperature and 80-90% RH), Sm?m
intensity for 10 days. Thereafter, transferred 1 greent luy
with 28+5°C temperature 60-70% RH) under 1 500qq iy T‘u“
intensity. The acclimatized plantlet were further trapg; Ighi

to environmental controlled glass-house covereq l::_:u
shade net of 50% light intensity for further Browth &::

development. Statistical analysis: The observat,
recorded with respect to different parameters were Er}alys,:,:
by calculating the mean value of 10-15 rcplinales{cultum
in each treatments. The experiment were arranged i,
completely randomized design for statistical analysis

Results and discussion

Surface sterilization of Aloe vera is extremely
important because the suckers normally emerged from
underground stem and axillary buds, which host 3 large
variety of microorganism. In this experiment, the expangeq
leaves of sucker and basal portion below 2.0 ¢m 1g e
shoot tip was removed and wash with distill wage
containing 0.1% Tween-20 for about 10-15 minutes was
important. The treatment with mercuric chloride was ngt
sufficient for in vitre establishment of culture. Thus, the

Table 1. Effect of BA and NAA on the percentage of responsive explants and multiple sucker production

Treatments % of Mo. of microsuckers No. of Average length of
MS responsive explants after 4 microsuckers microshoots (cm)
+ explants weeks of inoculation explants after
PGR (mg/l) third sub culture
BA +TDZ + NAA
T, 0.0 +0.0 +0.0 0 1.0 1 1.7
T, 1.0 +0.0 +0.0 100 2.0 3.4 ¢ i
T, 2.0 +0.0 +0.0 100 2.0 4.0 1.9
Ty 4.0 +H.0 +0.0 60 2.0 32 1.6
Ty 1.0 +0.5 +00 100 2.2 4.5 1.9
T, 20 +05 .+0.0 100 2.0 32 1.6
T, 40 +0.5 +0.0 60 2.0 2.6 1.3
Te 1.0 +0.5 +0.1 100 32 B.O 2.3
Ts 20 +05 +0.1 100 3.6 12 1.9
Tw 40 +05 +0.1 60 2.0 4 1.7
CD 0.17 0.71 0.30
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Table 2. EfMect of different auxins and their concentration on the root formation in microsucker

Amein Concentration mg/l % of microsucker Mo. of Average  length
with rools root/microsucker _ roots (cm.)
IAA 0.1 45 1.9 1.5
0.5 50 2.0 2.1
1.0 50 2.1 1.5
2.0 60 2.5 1.9
NAA 0.1 100 3.0 28
0.5 100 4.8 23
1.0 70 3.1 1.6
2.0 40 2.1 1.4
CcD 0.60 0.41

Table 3. Influence of hardening procedure on survival percentage of plantlets

Hardening steps

Survival % of plantlets

Vermiculite ; Cocopeat

Vermiculite : Vermicompost

(3:1) (3:1
Two step procedure: 70 40
In greenhouse for 10-12 days and subsequent
transfer in shade house .
Three step procedure: 100 60

In acclimatization hood kept in culture room
for 10-12 days and subsequent transfer to
Environment control greenhouse for 8-10
days, thereafter to shade house.

explants rinsing with water and soaking for 30 minutes in
0.2% Bavistin solution were also necessary steps of
decontaminant procedures. The shoot tip after thorough
rinsing with distil water, were then subjected for surface
sterilization with 3-4 minutes with 0.1% HgCl, solution under
laminar flow hood. Explants were dissected and trimmed to
the size (~ 1.0 cm) for inoculation onto different medium for
micro-sucker proliferation.

In the present study, shoot tip explants were
assessed for in vitro morphogenic response. The
concentration and combination of plant growth regulator
greatly influenced the responsive explants in terms of
percentage of responsive culture and rate of micro-sucker
proliferation. The highest percentage (100%) of explants
were found morphogenic responsive when cultured on
several medium composition as compared to medium
containing higher concentration of BA alone or in
combination of TDZ or NAA (as indicated in Table 1).
Medium devoid of plant growth regulators could not show
response for multiple sucker proliferation. After passing to
three sub-cultures, the proliferation of micro-sucker was
remarkably high (12 micro-shoots) in T, treatment (Table 1).
The maximum mean length (2.3 cm) of micro-sucker was
recorded in BA 1.0mg+0.5mg TDZ +0.1 mg NAA per litre
combination.
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Further, increase in concentration of cytokinin
(BA and TDZ) alone or in combination of NAA reduced
micro-sucker proliferation. The variation in proliferation of
shoots and responsive culture was also reported by Saroha
ef al. (2005), Aggarwal and Bama (2004) and Chaudhari and
Mukundan (2001). The results of these workers indicated
that the combination of two cytokinins along with auxin
either JAA, NAA or BA was superior as compared to
addition of cytokinin alone. The study of Sarcha et al. (2005)
further confirmed that TDZ | mg/l was superior to BA in

combination of Adenine Sulphate or NAA.

The culture with proliferated micro-suckers were
subjected to hormone free medium for 2-3 weeks for
elongation to get rootable size of micro-sucker. The cent
per cent rooting was observed in micro-suckers cultured
on 0.5 mg/l NAA. The longest root was achieved with 0.1
mg/l NAA . The response to all the concentrations of |AA
was poor for root formation in terms of rooting percentage
and number of roots and root length. f vitro rooting in
aloeveira has been obtained by Liao er af. (2004), Ray and
Sarkar (1991), Natali et al. (1990) with varied response of
different auxins.

Hardening of plantlets

The success of any in vitro regeneration protocol
largely depends on the survival and growth performance
of propagated plantlets ex vitro. Moreaver, under hot arid
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agro-ecosystem, hardening and acclimatization of plantlets
are very challenging compenent of micropropagation.
(Singh er al., 2005) In the present study a three step
hardening facility ( Table 4) was devised and maximum 100
per cent of plantlets were acclimatized successfully as
compared to low survival rate (40%) under the two step
procedure. This was achieved probably due to integration
of acclimatization hood as one of the important hardening
steps, which favorably supported the process and
facilitated the desired temperature (25-30°C) and humidity
(80-90%) suited to hardening during first stage of hardening
which favourably supported the in vifro produced delicate
roots in autotrophic media. In Aloe vera, Ahmed et al, (2007)
recarded 82 per cent survival in tissue culture Aloe vera
plantlets during acclimatization with mixture of garden soil,
compost and sand in proportion 2:2: 1. Similar results were
also noted by Agarwal and Barna (2004). Precce and Sutter
(1991) also emphasized that certain environmental
conditions are necessary for acclimatization of plantlets
using controlled environmental facilities.
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Response of pruning intensity and nutrients on vegetative
growth parameters and yield of Aonla (Emblica officinalis

Gaertn.) cv. Francis

Divya Tiwari*, H.K. Singh, and A.K.Shukla**
Department of Horticulture, NDUAT, Kumarganj, Faizabad, U.P.

Abstract

Pruning is very effective to induce healthy current season growth. 1t also responds to slow growing trees by
maintaining the size and shape without sacrificing yield. Further, proper nutrient management is also essential 1o maintain
soil fertility and plant nutrient supply to an optimum level. The aonla plant responses the light as well as severe pruning.
Thus, an investigation on response of pruning and nutrient management on vegetative growth and fruit yield has been
conducted during the two consecutive years.

The maximum increase in vegetative growth characteristics, fruit yield and quality was found in 50% pruning
intensity along with nutrient management by use of FYM (40 kg) and NPK (1000:500;1000 g/plant). Since, pruning remove
carbon-starved, fruiting exhausted shoots and promates new leaf growth to build up carbohydrate reserves for the next
flowering that allows the sprouting of lateral buds hence, ultimately influenced the plant growth, spread, trunk girth and
other vegetative characteristics of the plants. The significant interactive effect of treatments was attributed to the favourable
nutritional status of the leaf and soil resulting into increased biomass production of the fruit. A significant increase in yield
and yield parameters in aonla with nutrient application would have been due to vigorous vegetative growth and increased
chlorophyll content, which together accelerated the photosynthesis that increased the supply of carbohydrates to plants.

Key words: aonla, pruning, antiscorbutic, senile, rejuvenation, photosynthates,

Introduction yield has been conducted during the two consecutive years,
Aonla(Emblica officinalis Gaertn.} is an important * 2007 and 2008.

and highly remunerative arid fruit plant that grows under

wide range of agro-climatic conditions without much care.  Materials and Methods

The aonla fruit has been recognized throughout the world The field experiment was conducted at Main
as health care drug, valued to restore vitality and remedy Experiment Station, Department of Horticulture, NDUAT,
of a number of body ailments. The fair amount of  Faizabad, Uttar Pradesh. Thirty-six plants of sixteen years
polyphenols and tannins (gallic acid, elagic acid and old aonla cv. Francis; uniform in size and growth, planted
glucose), found in fresh and dried aonla fruit, retard the at a distance of 10x 10 m were selected. The experiment was

oxidation of vitamin C and functions as antiscorbutic laid out in a Factorial Randomized Block Design with 3
element. replications having 12 treatment combinations including 3
In spite of being such a valuable crop, most of the levels of pruning (un-pruned, 25% and 50% removal of one

old aonla orchards are declining in terms of productivity year old shoot), 2 levels of organic (Bio-press mud 20 ke/
and quality of fruits due to sole reason of poor management iree and FYM 40 kg/tree) and inorganic nutrients (50% and
practices. Hence, there is dire need to improve the health 100% RDF).

and productivity of such unproductive/senile orchards The full dose of FYM, bio-press mud,
through application of rejuvenation technology, efficient phosphorus, potassium and half dose of nitrogen were
management practices of nutrients, moisture management, applied as a basal dose in the menth of February, while
organic farming and control over pests and diseases. With another 1/2 dose nitrogen was applied after fruit bud
these objectives an investigation on response of pruning  bursting in the month of September. Pruning was done in
and nutrient management on vegetative growth and fruit the second week of February. Observations were recorded
on the plant height, spread, trunk girth, number of
determinate and indeterminate shoots per pruned and un-

Corresponding Authors address:
*C|SH, Lucknow, **CIAH, Bikaner
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pruned shoats, days taken to sprouting, per cent fruit sct,
days taken to fruit maturity and yield.

Results and discussion

EfTect of pruning intensity on vepetative growth parameters

The data presented in the Table-1(a) and (b)
showed that plant height, determinate and indeterminate
shoots and days taken to sprouting was significantly
influenced by pruning intensity in both the years of
experimentation while plant spread was influenced only in
2008. The maximum increase in plant height was recorded
in P, (50% pruning of previous season growth) 14.31 and
14.00 per cent and minimum in P, (control) | 1.81 and 10.58
per cent during 2007 and 2008 respectively. The maximum
plant spread was found to be 12,79 per cent in P, and
minimum 9.98 per cent in P, during 2008 but did not leave
much effect in the year 2007. Application of various pruning
intensity did not show significant influence on girth of
trunk during both the years of experimentation.

Further, significantly maximum number of the
determinate shoots (35,75, 34.67) and indeterminate shoots
(6.06, 6.02) were observed under P, as compared to minimum
determinate and indeterminate shoots under P, (27.50, 28.58)
and (3.70, 3.92) during both years respectively. The
maximum days taken to sprouting was obtained under P,
(11.67 and 13.25 days) as compared to P, (7.75 and 5.75
days) in the years 2007 and 2008 respectively.

Effect of organic manures and nutrient management on
vegetative growth parameters
A perusal of data presented in Table-1(a) reveal

that application of organic manures and nutrients did not

show significant influence on plant height, spread, girth of
trunk and indeterminate shoots during both the years of
experimentation. Nevertheless, application of nutrients
through 100 % RDF (1000:500: 1000 g/tree NPK) and 50 %
RDF (500:250:500 g/tree NPK) left significant effect on
increase of trunk girth (17.17 per cent) and minimum days
taken to sprouting (10,17 days) during 2008. Again,
application of recommended dose of nutrients showed
significant effect on number of the determinate shoots were
noticed under N, (34.67 in both years) and minimum under
N, (28.78,29.11) during 2007 and 2008 respectively.

Effect of interaction treatments on vegetative growth
parameters

The data related to effect of interaction treatments
on plant height, spread, trunk girth, determinate shoot,
indeterminate shoot and days taken to sprouting are
presented in Table-1(a) and (b). There was significant
maximum increase in plant height (16.00 and 16.67 per cent)
under P, M N and P,M,N, and minimum (10.83 and 10.16
per cent) under P M N, and P,M N, was found during 2007
and 2008, respectively. Interaction effect on plant spread is
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significant in 2008 with maximum and minimum values (| 3%
and 9.82 per cent) under P=M=HFand P,M.N., respectively,
Trunk girth was insignificantly influenced during baih the
years. |

The significantly maximum number of .
determinate shoots (40.00 and 38.33) under PMN 5.
minimum (24.00 and 25.33) umlicr P:D"_':H. Were nu-":m
during 2007 and 2008, respectively. Further. Maximyp,
number of the indeterminate shoots (6.75) under PuM]NI .
2007 and (6.3) under P,M N, and P.M,N, during 2008 g4
minimum (2.98 and 1.30) under P:M:IN| and PMN. wae
noticed during 2007 and 2008 respectively. The minimyy,
days (6.7 and 5.0 days) were taken for sprouting wi
treatment P,M N, and P,M,N,, respectively whereq;_

maximum (13.7 and 15.0 days) under P,M,N, during boy,

years 2007 and 2008.
Since, pruning remove carbon-starved, f‘mi"“g

exhausted shoots and promotes new |Eﬂf!§fﬂwth to builg
up carbohydrate reserves for the next ﬂl.‘f'-’-’ermg | hat allows
the sprouting of lateral buds hence, ultimately influenceg
the plant growth, spread, trunk girth and other vegetatiye
characters of the plants, The findings are in accordance
with Dhaliwal et al. (2000) in guava and Singh (2005) i
aonla.

The increase in plant height, spread, number of
determinate and indeterminate shoots would have been
caused due to the acceleration of the movement of
assimilates and increase in translocation of photosynthates
as a result of NPK application (Hartt, 1969; Teaotia ef al.,
1972 in guavaand Glonti, 1972 in orange) whereas, the resyly
of combined use of fertilizers and organic manures are in
close agreement with the findings of Santhy er al. (2001)
who reported that integrated nutrient supply increased
organic carbon, available nitrogen, sulphur, manganese and
iron improving soil fertility.

Effect of pruning intensity on yield parameters

It is evident from the data presented in Table-2
that irrespective of any treatment, the initiation of the
flowering in aonla started as early as on March 23 and
latest by March 30 during 2007 and from March 22 to March
31in 2008, It is crystal clear from the data that the response
of pruning on fruit set, duration of fruit maturity and fruit
yield had been significant in both years. Maximum fruit sel
(71.74 and 70.54 per cent) and fruit yield (125 and 130 kg/
tree) was noticed in P, whereas minimum (58.37 and 57.12
per cent) and (98 and 100 kg/tree) in P, Further, the minimum
days taken to fruit maturity (218 days in both years) was
also found to be in P, as compared to P, (228 and 229 days).

Effect oforganic manures and nutrient management on
yield parameters

The result obtained under present investigation
presented in Table-2 reveals that application of organic
and inorganic nutrient management significantly improve
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Table-1{n). Effect of the pruning intensity, organic manure and nutrient management on plant growth characleristics
(per cent increase over initial plant growth)

Treatments Plant height (%o} Plant spread (%) Trunk girth (%)
2007 2008 2007 2008 2007 2008
Pruning
P, 11.81 10,58 0933 .08 1692 1425
I?'L 13.51 1242 09.30 [0.57 18.00 17.08
P, 14.31 14,00 09.83 12.79 1833 1583
SEm £ 0.286 0.381 0.381 0.423 1.105 1.169
CDat 5% 0.837 1.111 NS 1.239 NS NS
Organic Manures
M, 12,89 1192 3l 10.83 |8.45 1578
M, 13.53 12.77 .66 11.40 17.06 1567
SEmt 0,234 0.310 0.310 0.346 0.902 0.954
CDat 5% NS NS NS NS NS NS
Mutrients
N, 13.23 1211 09.62 10,91 16.84 1428
N, 13.19 12,58 0935 1132 |8.67 17.17
SEm + 0.234 0,310 0.310 0.346 0.902 0.954
CDat 5% NS " NS NS NS NS 2.792
[nteraction
PMN, 10.83. 10.67 09.17 10.10 16,67 12.67
PMN, 1250 10.16 08.88 10.06 19,00 |5.67
PMN, 11.90 1093 09.47 09.93 14.67 13.00
P.MN, 1200 1067 . 09.80 09.32 1733 15.67
PMN, 1347 13.00 09.97 0993 17.67 16.00
P MN, 14.00 1233 0832 10,97 2014 18.67
PI M!N' 1363 I 1.67 09.17 10.44 1823 15.00
P MN, 12.95 1267 09.13 10.92 16.00 18.67
P.MN, 13.57 1233 09.58 1171 1800 1533
P,M,N, 13.00 13.00 m.97 12.19 1933 1633
P,M,N, 16,00 [4.00 09.78 13.32 15.67 13.66
PMN, 14.67 16.67 10,00 13.92 2033 18.00
SEm+ 0.572 0.759 0.761 0.847 2.210 2337
CD at 5% 1.674 2,222 NS 2,481 NS NS

the flowering attributes, fruit set and fruit maturity period
during both the years except fruit yield only during 2008.
The maximum fruit set (66.80 and 65.95 per cent),
fruit yield (115 and 119 kg/tree) and minimum days taken to
fruit maturity (222 days in both years) were found under
organic manure (M,) whereas minimum(60.84 and 60.07 per
cent), (108 and 110 kg/tree) and maximum (224 days, 226
days) under M, during both years 2007 and 2008
respectively Similarly, the maximum fruit set (64.89 and
64.50 per cent), fruityield (115 and 118 kg/tree) and minimum
days taken to fruit maturity in M, (221 and 222 days) was
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noticed under nutrients N, and minimum (62.78 and 61.52
percent), (109 and 111 kg/tree) and maximum (225 days and
226 days) due to the treatment N,

Effect of interaction treatments on yield parameters:
The significant effect was observed due to
interaction of different levels of pruning intensity, organic
manure and nutrients on fruit set, days taken to maturity
and fruit yield .
The earliest flower initiation was started from
March 23 recorded in P,M,N, during 2007 and from March
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Table-1({b). Effect of pruning intensity, orzanic manure a
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Days taken to sprouting

Treatments  Mo. of determinate shoots No. of indeterminate shoot
{Days)
2007 2008 2007 2008 2007 2008

Pruning

PO 3575 3467 06.06 06.02 07.75 05.75

Pl 3R 1242 04.60 04.88 0842 08.75

P2 27.50 2858 03.70 0392 .67 1325
SEm + 0.953 1.086 0.293 0.297 0.736 0.536
CDat5% 2.788 3.177 0.857 0.868 2.154 1.568
Organic Manure

MI 31.94 31.89 04,62 04.51 08.72 09.17
M2 31.50 31.89 04,96 0537 09.83 09.33
SEm 0.778 0.887 0.239 0.242 0.601 0.438
CDat5% NS NS NS NS NS NS
MNulrients

NI 2878 2011 04.76 04.76 0939 10.17
N2 3467 3467 (4.82 05.13 09.17 0833
SEm + 0.778 0.887 0.239 0.242 0.601 0.438
CDat5% 2.276 2.504 NS NS NS 1.658-
Interactions

POMINI 35.00 3433 06.00 0630 06,70 05.00
POMIN2 38.00 36,00 05.00 0600 07.30 06.00
POM2M1 30,00 30,00 (.50 06,30 0800 07.00

. POM2N2 40,00 . 3833 06.75 0540 09,00 (5.00

PIMIMI] 2867 26,00 455 .70 0900 10.00
PIMIN2 34.00 3467 (460 0500 0830 08.00
PIM2NI 28.00 2853 04,50 04.67 000 10.00
PIM2M2 37.00 37.67 .75 05.16 0730 07.00
P2MINI 27.00 2767 04,00 0130 10.00 14.00
P2MIN2 20.00 2967 03.57 03.76 11.00 12,00
P2M2NI 24.00 2533 (0298 0520 1370 15.00
POMINZ 3000 31.67 0430 05.40 12,00 12,00
SEm + 1,006 2171 0.586 0.593 1.473 1.072
CDat5%  5.57 £6.3531.713 1.736 4.308

22 in 2008 in P,M N, treatment. The late flower initiation
was seen in P, M N (March 30) during 2007 and P,M,N, in
2008 (March 31). [t is also evident that with mcr:ase in
pruning intensity time of flower initiation was delayed.

Maximum fruit set (74.92 and 74.61 per cent) and
fruit yield (139 and 145 kg/tree) was noticed in P,M,N, and
minimum fruit set (53.38 and 53.18 per cent) and [EE and 89
kg/tree) in P.M N during the years 2007 and 2008,
respectively. Furthf:r. minimum days of maturity penod were
noticed under P.M.N_ (215 and 216 days) and maximum
days under Fﬂmlli\l; {‘_532 and 237 days) during 2007 and
2008, respectively.
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Chandra and Govind (1995) found maximum fruit
yield (9.18 kg/tree) with 75 per cent pruning in the month of
February whereas, good quality was obtained with 25 per
cent pruning in guava. Kundu et al. {1995) also found that
yields were reduced significantly as the pruning severily
was increased. Mishra and Pathak (1998) reported that 50
per cent pruning in May produced highest yield (25.8 keg/
tree) than un-pruned (7.6 kg/tree) in winter crop of guava
cv. Sardar.

However, other factors like cultural practices and
nutrition of the plants also influenced flowering characters
to an appreciable extent, (Tripathi and Maity 2007). The
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Table-2. Effect of pruning intensity, organic manure and nutrient management on
flowering and fruiting characteristics
Time of Mower Fruit set Days taken to fruit Fruit yield
Treatments  IMitiation (Date) (%) maturity (Days) (kg/tree)
2007 2008 2007 | 2008 | 2007 2008 2007 | 2008
Pruning
| P, Mar25 Mar25 5837 | s1.72 228 229 o8 100
E Py Mar.27  Mar27  61.34 60.78 23 224 11 114
P, Mar,29  Mar30 7174 70.54 218 218 125 130
SEm + . - 0.235 0.850 0.783 0.399 2.326 1.384
CDat5% - i 0.687 | 2487 | 2291 1.166 6.804 1.050
Organic manure
M, Mar.27 Mar26  60.84 60.07 224 226 108 110
M. Mar27  Mar28 6680 65.95 22 222 115 119
] SEm - - 0.192 | 0.694 0.639 0.325 1.91 1.130
CD at5% - . 0.561 2.031 1870 0.952 NS 3.306
Nutrients
Ny Mar.27 Mar27  62.78 61.52 225 226 109 11
N: Mar.26  Mar2?7  64.89 64.50 22| 222 115 118
SEm - - 0.192 0.694 0.639 0.325 1.91 1.130
CD at5% - 0.561 2.031 1.870 0.952 NS 3.306
Interactions
| PMN,  Mar24  Mar22 5338 53.18 232 237 88 89
PMN,  Mar26  Mar25  54.67 54,39 225 225 98 98
PM.N, Mar26 Mar27 62,00 59.67 227 227 102 105
PM.N,  Mar23  Mar24 634 63.63 228 228 105 108
PM,N, Mar26 Mar25 5745 55.81 227 227 110 110
PMN, Mar27 Mar28  59.45 61.48 223 224 112 115
PMsN, Mar.28 Mar27  61.43 60.46 22 223 11 113
PM:N,  Mar25 Mar26  67.03 65.34 221 222 12 116
P.M,N, Mar29  Mar28  70.39 67.98 223 224 117 121
P.M,N, Mar28 Mar29  69.67 67.56 216 216 () 127
P-MaN;  Mar30  Mar30  72.00 72.00 217 218 123 125
P.MsNy  Mar20  Mardl 7492 74.61 215 216 139 145
SEm = - 0.470 1.700 1566 0.797 4,651 2768
CDat5% - 1374 4974 4581 2.332 13.608 8099

|| application of organic manures might have increased the
| production of organic acids which play a leading role in
availability of P (Mukherjee et al., 1991) that would have
induced early flowering than its counter part. Organic
manures antributes favourable effect on microbial and root
proliferation in soil, which caused solubilizing effect on
native N, P, K and other nutrients (Nambiar, 1994).
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Combined application of organic manures and
fertilizers favour vigorous growth and synthesized more
cytokinin in plants which might have helped in
translocation of this synthesized cytokinin as well as more
guantity of available phosphorus through the xylem vessels
and the accumulation of cytokinin and phosphorus in these
axillary buds would have favoured the plant to enter into
reproductive phase (Dange et al., 2002).
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A significant increase

. . in yield and yield parameters
n aonla with nutrien; : :

application wousld have been due to
growth and increased chlorophyll
e cther accelerated the photosynthesis

creased the supply of carbohydrates to plants. The
'I_Jcnuﬁciml role of supplemented organic manures in
improving soil physical, chemical and biological activities
15 well known, that helped in beter nutrient absorption by
plants, resulting higher yield (Prabu ¢t af., 2002).

vigorous vegelative
content, which tog
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[ntroduction

Aonla is an important fruit crop which has high
autritive and medicinal value. Itis one of the richest source
ofvitamin ‘C ranging from 50010 1500 mg/100 g pulp. Fruits
are also rich in pectin and minerals like iron, calcium,
phosphorus. The aonla has been recommended by
Ayurveda for balanced diet and sound health and is
important ingredient of triphala and chavanprash. Due to
multipurpose uses, l|_1c demand of aonla fruits is increasing
day by day. Because of wide adaptive nature, this fruit .
crop is mainly grown on dry land and waste land soils where
major nutrients are deficient and limited irrigation facilities
are available. Its cultivation has become quite popular in
arid irrigated regions of Rajasthan, owing to its high
nutritive and medicinal value and having higher
productivity even in the wasteland. It is also a value added
horticultural crop which has bright future prospects for
export, particularly to European countries. In Indian fruit
Industry, poor nutrition is the major cause of low orchard
efficiency resulting poor productivity and poor fruit quality.
Sufficient information on nutrient management in fruit crops
has been Benerated, but response and requirement of
nutr_i:nts of perennial fruit crops vary markedly in a
Particular area depending on soil and climatic conditions
and alsg depend on growth, bearing habit, age, root stock
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and management practices. Balanced nutrition of fruit crops
is paramount importance particularly in arid areas having
largely sandy soils of of the orchards for their fertility status
is done. For knowing the exact status of mineral nutrition in
the fruit trees, survey of the orchards for their fertility status
and plant nutrients is done. Studies on nutritional survey
of arid fruits in Rajasthan are meagre inspite of their great
importance and relevance. With this aim, the present study
was undertaken to evaluate the micronutrient fertility status
of different orchards in Sikar district of Rajasthan.

Materials and Methods

The present investigation were carried out in Sikar
district at the orchards of 8 aonla fruit growers spread over
the whole district during the year 2007-2008. Orchards were
selected in such a way that these can represent general
conditions of area under study. The details of locations
and name of the fruit growers are given in table.

5 MHo. Name of fruit Yillage le cation
Trower

l. Sh. Balbir Singh  Rashidpura Rashidpura

2, Shri Dans Ram Rehnawa Rehnawa

). Shri Raju Sen Laxmangarh Laxmangarh

4. Shri Puran Mal Sargoth Sargoth
Sharnma

5. Shri Roopehand  Pachar Pacharl
Pipaliwal

6. Shri Kana Ram Pachar Pacharll

7. Shri Panna Ram Pachar Pachar ¥ I
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orcha dSm] Shtmples were collected from eight fruit
5 on the basis of variability and orchard
ﬁrmmm"“ At different locations of Sikar district,
h;]]g c::nl’tun Ifrn:n !:[Iu:h “IFEEM orchards, tlm::: soil profiles,
. Edon soil fertility varintion o plant performance were
taken up. One hundred ninety twao representative composile
soil samples at diffieren; soil depths viz., 0-15, 15-30, 30-45,
45-60, 60-75, 7590, 90-105 nd 105-120 cin. were collected.
ﬁf‘lur processing, the soil sumples were analyzed lor
mersnutrients, The available Fe, Cu, Zn, and Mn were
extracted with DTPA, solution as per procedure of Lindsay

and Nc:rvcll C(1978) and were determined by atomic
absorption spectrophotometry,

Results ang discussion

The distribution of DTPA extractable

micronutrients as depth wise in 8 aonla fruit orchards in
Sikar district of Rajasthan was studied,

DTPA extractable Iron: The extractable iron in soils ranged
from 2'2.8 to 6.51 mg kg which showeda regular decreasing
trend with increasing depths. It is evident that 50 per cent
soil samples drawn from surface soil depth of aonla orchards
were deficient and remaining 50 per cent were sufficient in
DT PA: extractable iron in the present stud y. The deficient to
sufficient status of iron found in the soil might be due to
calcareousness, low organic carbon cantent, light textured
coarse sandy soils. Lal and Biswas (1973) observed that
available iron content ranged from 0.3 to 5.6 ppm in
Rajasthan soils and it was low i.e. 2 ppm in the desert soils,
whereas, similar observations were reported by Kumawat
(2005) and Rohitash (2007). These finding are in conformity
to the results of present investigation,

DTPA extractable zine: The DTPA extractable zinc content
in the soils ranged from 0.203 to 0.990 with the mean value
of 0.587 of all the soil depths, Taking 0.60 mg ke as critical
limit given by Tandon, 1992, 50 per cent soil samples drawn
from surface soil depth of aonla orchards were deficient
and remaining 50 per cent were sufficient in with respect to
available zinc content and also showed a regular decreasing
trend with increase in depth. The deficiency of zinc in soils
might be due to the presence of quartz, feldspar or the
exchange complex being such as to have sites saturated
with Ca/ Mg under alkaline soil reaction. Calcareous nature
and low organic matter are some of the other properties
where low levels of zinc are anticipated. These results are
in accordance with the findings of Bhatnagar and Chandra
(2003), Kumawat (2005) and Rohitash (2007).

DTPA extractable copper: It is evident that the DTPA
extractable copper content of soil depths ranged from 0,110
to 0.493 mg kg’ with their mean value 0.238 mg kg'. The
copper content showed a regular decreasing trend with
increase in depth, The 50 per cent soil samples drawn from
surface soil depth of aonla orchards were deficient and
remaining 50 per cent were sufficient in with respect to
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available copper content. The dﬂﬁ*‘:"-’“t_ o El.lﬂ‘lc.itn
available copper status of orchard soil might be 4 !t
high pH, calcarecusness, lower organic carbon apg i ”'l
textured coarse sandy soils. The present resulyg are j,
accordance with those reported by Baser Ell:ld Lodha
who reported that available copper status in sandy so;),
Rajasthan varied from 0.05 to 2.38 ppm. Similar ty .
results have also been reported by Bhatnnga(and Chang
{2003) who reported available copper status in sandy Soily
of Rajasthan varied from 0.08 to 0.51 ppm.

DTPA extractable manganese: The data presenieq
DTPA exiractable manganese content of orcharg Soils
showed a regular decreasing trend with increase in g, b
The DTPA extractable manganese content in the Soilg
ranged from 1.36 to 5.19 mg kg™ with their mean vajy, .
3.00 of all the soil depths. Twenty five per cent soil Sample
of aonla were found deficient and remaining 75 per g,
were sufficient in respect to DTPA extractable mangape,
Results of DTPA extractable manganese in all the Orcharg,
clearly indicate that deficiency of manganese in the agp),
orchards is now coming. The deficiency of DTPA extraciap, "
manganese might be due to the presence of high Ca.Cu.:
content and low organic carbon content. These results ap,
in accordance with those reported by Bhatnagar apy
Chandra (2003) and Kumawat {2005).
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able 1. DTPA Extractable Iron (1, 1 % Indian Journal of Arid Horticulture, 2009 4(2): 71-74
-.-...-'______—-——

in Aonla Orchards at Different Soil Depths in Sikar District .

Lummnofﬂ"-'h"m" T—-I-_______ Soil depths (cm) |
___-—"'-_-_'m_ﬂ;-'—-—sfi—--—ji“ﬁ 45-60 60-75 7590 90-105 | 105-120 | Memn
s 1I14 1247 4010246 2009]5 4 +0,002.4 1 £0.0 238 0.08[2.32 £0.08|2,28 £0.51(2.41 10.24)
Rehnd 2120051422 40.08420 00504.16.10.01.12.£0.04 4.08 20061404 2006[3.99 2037]4.13 20.17
Lasmanger! I £00412.32 40,56 329 £0053.22 40,0713.20 £0.073.16 £0.06[3.10 £0.07| .05 £0.35)3.21 20.34
Sargath MY L0081 4008378 40770371 10.0003.7240.073.67 2007]3.63 £006(3.60 20.4001.72 £0.3
pachar =1 03 +00514.62 £0.044.58 1005/4.54 10.044.49 £0.044.47 2006[8.41 2084|171 £1.704.56 206
pachar—1! 337 £0.04)5.35 0.04 532 £0.04}s 31 20,00 523 :n,najs.m +0.05]5.14 £0.05]5.07 £0.42(5.25 0.3
pachar - V1 ©-31£0.10/6.48 20.1016.48 £0.08/6.44 10,07/638.20,07635 £0.06/6.30 £003(6.25 0.38/6.40 20.17
M 608 £0.06(6.06 40,06 5.99 +0,085.97 20,08[5.89 20,09 5.86 £0,09[5.81 £009]5.77 2032[3:93 20,17

ean 4.56 454 st lagr [ads 439 |44 4.34

+ indicates standard deviation, Deficient — 50%, Sufficient - 50%

Table 2. DTPA Extractable Zinc (mgkg")in Aonla Orchards at Different Soil Depths in Sikar District

Soil depths {cm)
i|cation of archards : .
15 15-30 30-45 45-60 a0-75 7590 90-105 105120 Mean

II;ﬂ:Ipurl 0,357 +0.021 0340 10024b:313 1002110297 10.0250270 +0.028]0237 £0,033{0.233 £0.017P 203 20.0250.281 20057
[Rehnawa 560 £0.051 | 537 +0.056}0.520 +0.057)0.497 £0.056{0470 20.054[0.440£0.059{0.413 +0.057 0.387 4005810478 +0.0800
Laxmangath 0413 40.0170393 +0021p3 70 ii.;l. 02910 347 +0.033{0.313 £0.025{0.293+0.025/0.283 £0.025 0 260 40.03710.134 ﬂusi
[Sargoth 0,653 40,045 0,630 £0.043]0.600 £0.039D 577 £0.042|0.550 £0,036|0.530+0.036/0.513 £0.039 0493 10.039§0.569 £0.067)
Pachar - | 0,850 40,041 D827 +0.047P-810 +0.0500.797 ﬂﬂm Q773 +0,045]0.750 20,043(0.730 £0 043 0. 707 40,045 P. T8O £0.065
[Pachar - I 1,953 40,0330 933 +0.033.913 £0.0330.857 +0.025 0873 +0.033|0:85720,042]0. 840 £0.037)0.817 +0 033 .BES 20,056
(Pachar- V1 ) §30 40.057]0.503 0,042 483 +0.0420.460 20.183 0,440 $0.037(0420£0 045(0.397 £0.046)0.517 0 061 469 20091
{Palmna-1 000 40.016[0.973 0.012p.953 20.012 1927 +0.017]0.903 £0.021{088040.024{0. 843 £0.0260.770 40.0860.903 ﬁmﬂ]
tm 0.663 ) 642 [.621 .59 0574 0551 0,532 0.519

* indicates standard deviation, Deficient -
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50%, Sufficient —50%
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Table 3. DTPA Exiraciable Copper (mg kg'') in Aonla Orchards at Different Soil Depths in Sikar District
Lechlion of oreliangs | | st =T e
0-18 00 | do-s | ase0 | eo7s [ 790 | soaps | 105120 | Men
Rashidpura 0,177 10,0390.167 £0,0310.157 10.031§0.143 20.026{0.1 53 40,026(0.143 £0.026(0. 13 10.012/0.120 40,008 1-149 20032
Rehnawa 0190 0.041[0,173 10029, 163 +0.021}0.153 10.021{0.143 20.012{0.137 £0.017]0. 137 20.009(0.127 40 D090.153 20030
L aximngar 1193 4002900183 10,029,167 £0.01280,1 53 £0.009]0.147 £0,005]0.137 £0 005[0, 130 +0,000)0.120 40 0000.154 20,029
Sargoth 0,177 10.012[0.163 001700150 £0.008[0.140 £0.008]0.1 30 20.000{0.123£0.00{0. 120 £0.000)0.110 40.0000.139 £0.023
Pachar - | 0333 40,0120 313 £0.012].297 £0,009].280 20,008[0257 +0.00910237£0,009]0.217 20,009 [0.190 0.0140.265 £0.047
char -1 0367 40,040/0.350 £0,043.333 £0,045[0.3 13 £0,045(0.29) £0.045{0.273£0.045{0.250 20,043 0 220 10.04310.300 £0.064
char - V1 0493 40.012/0.467 £0.01 2§ 443 £0.0091.420 +0 D08|0A0T £0.012{0.37720.0170.357 +0.017[0.330 40 0160412 10054
Isna - | 0.430.40.016[0.410 2001 0 383 £0.01700.363 +0.009(0330 £0.008J0.300.£0.008[0.270 40,008 0.243 #.0120.341 20064
Mean 1,295 0278 1262 0.246 0231 0216 0.202 0.183

+ indicates standard deviation, Deficient— 50%, Sufficient — 50%

Table 4. DTPA Extractable Manganese (mg kg'') in Aonla Orchards at Different Soil Depths in Sikar District

Soil depths {cm)
L.ocation of orchards
_ 0-15 15-30 3045 45-60 60-73 7390 90-105 | 105-120 Mean

Rashidpura . 1.84 £0.05]| 1.69 +0.09|1.62 £0.08]1.57 £0.09|1.51 £0.09] 1.46 £0.10(1 42 £0.11] 1.37 £0.121.56 20.17
1Rchnawa 1.94 £0.02| 1.71 £0.18]1.64 £0.20(1.57 40.21{1.51 $0.211 1.48 £0.61(1.42 £022{1.36 £0.23 I.S.R 10,33
L axmangarh 2,25 £0.81{2.19 +0.00/2.1 Iiﬂ.ﬂﬂ\l{ﬂl H.01{1.99 20,01} 1.93 +£0,02(1.89 +0.03| 1L.81 +£0.02(2.03 £0.32
Sargoth 2.84 £0.02|2.76 +0.02{2.70 £0.022.64 1002|259 20,0252 £0.01]2 49 +0.02]2.44 +£0.03|2.62 +0.13
Pachar -1 3.46 £0.02)3.40 +0.01{3.33 +0.0303.27 H0.03(3.21 0.023.15 £0.02(3.10 £0.01]3.01 +0.04]3.24 #0.15
IPachar —11 3.80 £0.03(3.70 £0.05|3.63 £0.823.56 ) .053.52 H).063.45 £0.04(3 .39 £0.03|3.32 £0.01|3.55 +0.33
Pachar-VI 5.19 £0.02|5.09 20.07|5.01 £0.08H.95 £0.07(4.90 +0.0814.84 £0.0914.78 +0.10{4.73 +0.11|4.94 30.17
Palsana— | 4.76 £0.80(4.66 +0.82(4.60£0.0 1}1.55 +0.03]4.50 40.02/4.43 +0.03}4 26 £0.14]4.31 +0.0004.51 +0.44

ean 3.26 315 308 3.02 2.97 291 2 B4 279

+ indicates standard deviation, Deficient —25%, Sufficient—75%
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Abstract

The Chakaiya variety of aonla was pre haryes

were harvested and stored at amben sprayed with CaCl,, GA and their combinations. Full mature fruils

Lt
mperature for § days without any tr:{:_‘tn Perature (7.48-21.34°C). The findin gs suggest that fruits can be stored al ambient
e ment whereas shelf life can be prolonged upto 20 days with 15.62 per cent decay

. a
oss by spraying 2 "{" Ca[ljlz 100 ppm GA : . : i
:'en:ntinn of ascorbic acid, higher req ucin]gzs.suzz}rrs:;:?m R

caCl. + 100 ppm GA, treated fruitg reducing sugar, total sugars and phenols were also estimated in 2%

Key Words: Emblica, aonla, pre harvest Spraying, nutrients, shelf life

Introduction . Calcium compound have shown promise in the quality
_ﬁmnh or Indian EGPSEberry (Emblica officinalis retention of fruits (Huber, 1983). The present investigation
Gaertn) is one of the. mast important indigenous fruit of ~ was conducted to find out the effectiveness of pre-harvest
India. Itis very ha_ﬂi}’ I‘:rm; which can be successfully grown sprays of CaCl,, GA,and their combinations on shelflife of
in various agro-climatic and soil conditions on which usual aonla fruits at ambient storage.
fruit crops do mot perform well. In addition to India naturally
growing aonla trees Iw;‘ave also been reported from Ceylon, ~ Materials and Methods
Cuba, Hawaii, Florida, lIran, [raq, Java, West-Indies, The experiment was carried out on seventeen
Trinidad, Pakistan, Malayaand China. Itisone of the richest  years old trees of aonla cv. Chakaiya planted under sodic
source of vitamin *C" (500-700 mg/100 g pulp), mineralsand  soil conditions at Main Experiment Station of Horticulture
phenolic compounds and well known for its neutraceutical Department, N.D. University of Agriculture & Technology,
and pharmacological properties (Chatterjee and Sil, 2007; Kumarganj, Faizabad, Uttar Pradesh, during 2009-10. The
Calixto et al, 1998) and is a wonderful antioxidant (Kumar ~ experiment consists of nine treatments including calcium
et al., 2006). The famous Indian Ayurvedic medicines  chloride, GA, & its different combinations as well as control.
chyavanprash and Trifla are prepared from aonla fruits. It~ The spray solutions were prepared in water and few drops
is processed into quality product such as preserve, pickle, of alcohol were used to dissolve the GA | before mixing it in
beverage, powder, Jam, etc. Due to its nutritive, medicinal waler and hair shampoo was used as sticker. The spraying
and antioxidant properties aonla fruits demand is increasing was done on the randomly selected bearing trees by sprayer
in processing, pharmaceutical and cosmetic industries 25 days before harvesting the fruits. The water with sticker
subsequently the area under aonla cultivation is getting

was sprayed on control. The fruit were harvesting at full
expansion in Indian states like Uttar Pradesh, West Bengal, maturity and stored in plastic baskets at ambient

Rajasthan, Gujraat, Haryana, Maharashtra, Chh atisgarh and temperature (7.48-21.34°C) for storage studies. Two kg fruits
even in Tamil Nadu. Quality fruits with longer shelf life are from E:"':h replication of every treatment were harvested
the requirement of processing industry. The foliar and mixed together thus 6 kg fruits were use.d in each
application of calcium chloride and GA, have very important treatment for storage studies. The nh§ervatmns were
role in increasing the shelf life of fruits. Earlier research recorded at an m.:mal. of five days durlr!g storage. T_hr:
shows that foliar spraying of micronutrients and plant experimen‘t was laid outin ::Dn?plr:te‘ randormz_ed de?l.gn with
growth regulators increased the quality and shelflife of the three repln:almnsl. The physiological _Inss in weight was
fruits, Singh and Vashistha (1999) and Srivastava (2003). recorded on physical balance. The fruits started decaying
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was isolated from the lot and their weight was recorded.
Th‘_* per cent decay loss was calculated against the initial
weight of the lot. Total soluble solids was estimated with
ERMA hand refractometer of 0-32% ran ge and calibrated at
20°C whereas 1o determine acidity a known volume of
sample was titrated against 0.1 N NaOH solutions using
phenclphthalein as an indicator, Vitamin *C" was estimated
by titration of a known volume of sample in 3%
metaphosphoric acid against 2, 6 dichlorophenol
indophenols dye (A.0.A.C., 1970). Total phenols were
extracted into 80% ethyl alcohol and colour was developed
by adding phenol reagent and sodium carbonate solution.
The colour was measured at 750 nm using
spectrophotometer. The total phenols were calculated by
the standard curve drawn with graded concentration of
Gallic acid (Swan and Hills, 1959). The reducing, non-
reducing and total sugars were estimated using Fehling's
solutions method given by Lane and Eynon (1923) as
described by Ranganna (| 978).

Results and discussion

~_ The physiological lass in weight among treatments
significantly increased with the storage period. CaCl, (2%)
* GA, (100 ppm) sprayed fruits showed lowest weight loss
(16.28%), while fruits under control recorded the highest
loss in weight (25.56%) at 20* day of storage (Table-1).
This may be due to the role of calcium on limiting respiration
which was attributed to altered membrane permeability
(Bangerth, 1979). Bangerth e al. (1972) also reported that
calcium could have reduced the endogenous substrate
catabolism during respiration by limiting the diffusion of
substrate from the vacuole to the cytoplasm and favoured
the uptake of sorbitol, thus, disallowing its involvement in
reactions related to internal breakdown. Similar results on
reduction in weight loss by calcium chloride and GA,
treatments were also reported in ber by Gupta e al, (1987)
and in peaches by Bhullar ef al. (1982).
The total soluble solids were significantly
increased among all treatments with the storage period
(Table-2). CaCl, (2%) + GA, (100 ppm) treated fruits had
maximum T.5.5, content throughout the storage peried in
comparison to other treatments. Higher total soluble solids
content in CaCl, (2%) + GA, (100 ppm) treated fruit was
attributed to increase in dry maiter accumulation
particularly starch, which in turn broken down to simple
sugars during maturation and ripening. (Upadhaya and Dixit,
1996) and Kumar er al. (2005) have also reported that CaCl,
and GA, increased the T.5.5 in aonla fruits which support
the present finding.
The acidity was significantly influenced by CaCl,
(2%) and GA, (100 ppm) there was an initial increase in
acidity up to 5 days of storage and thereafter decreasing
trend was observed till the end of storage (Table-3). An
increase in acidity of initial stage might be due to
biosynthesis of citric acid initially. Latter on decrease in
acidity may be due to conversion of acids into sugars (Pool
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et al.. 1972). Similarly CaCl, and GA, have bf";:‘-“"ﬂd to
increase and maintained higher ac idity n E“g‘gl _}'i; elal
(2004). The fuitspre harvest sprayed with Cacl (84 ang
GA, (100 ppm) retained the maximum mﬂ; S, 39
mg/100g) than other treatments on the ah o arves;
(Table-4). Pre harvest spray of CaCl2 +'f_3"""r a5 InCreaseq
the ascorbic acid that might be due 10 increased ]"EII of
calcium in the fruits. The ascorbic content slowly decn:.asmg
in all the treatments without any significant change in the
rate of decrease but retention was higher in C_aCl: {2%:'_3“['
GA., (100 ppm) treated fruits during slorage m comparison
to :;ther treatments. The loss in ascorbic acid is due 1o
rapid conversion of L-ascorbic acid into dehydro ascorbic
acid in the presence of ascorbinase enzyme (Mapson, 1970)
similar results on retention of ascorbic acid by CBCIH and
GA, treatment were also reported in mango (Mukherjee ang
Srmsla'-'?h!c?'lfi}:cl of reducing sugar Was higher on the
date of harvest in fruits which were BIVER P“’T'"“’"f’fst
treatments of CaCl, and GA, and their differen
combinations than control however maximum reducing
sugar was recorded in CaCl, (2%) and GA, (100 ppm) treateq
fruits. This clearly indicates the treatment effect ”r“’d}LENE
sugar content. Initially the reducing sugar Was slightly
increased up to 5 days (Table-5) but starts dfﬂl’*““:ﬁ after
10 days of storage. The fruits treated \:.-'uh CaCl, {2%) and
GA, (100 ppm) retained higher reducing SUEar than other
treatments. The initial rise in sugar content mi eht be due to
conversian of starch into sugars, while the subsequemt
decline was perhaps due to consumption of sugar for
respiration. CaCl, and GA, are reported to protect reducing
sugar in strawberry (Singh, et al. 2004). o

Non-reducing sugar content of fruits did not
differed significantly at harvest. However it was increased
in all the treatments during storage upto 15 days thereafter
started decreasing (Table-6). Pre-harvest spray of CaCl,
(2%) and GA, (100 ppm) maintained highest level of non-
reducing sugar followed by CaCl, (1%) and GA, (200 ppm)
in comparison to contrel. The decreasing in non-reducing
sugar in control was faster than in treated fruits. Calcium
and GA, have also been reported to protect non-reducing
sugar in litchi (Upreti and Kumar, 1996).

Similarly total sugar content was significantly
highest in CaCI2 (2%) and GA, (100 ppm) treated fruits
whereas fruits get other treatments also contains higher
total sugar in comparison to control. Total sugars content
initially increased but started decreasing after 15 days inall
the treatments that was continued till the end of storage.
(Table-7). It clearly showed the effect of treatments on level
of total sugar content during storage of aonla fruits. Calcium
and GA, are reported to protect total sugar in litchi (Rani
and Brahmachari, 2002),

The total phenols were significantly higher in all
treatments than control on the day fruit harvested and this
difference continued up to 25* day of storage. Highest total
phenol content was in fruit treated with CaCl, (2%) and
GA, (100 ppm) in comparison to other treatments and was
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Tahle 1. Pre-larvest treatment s effect on PLW (%6) during ambicnt slorage of aonla fruits.

Treat ments Days of storage
5 10 IS 20 25

Ty= Control {waler) 133 9.05 17.61 25.56 31.48
T2-100 ppm GA, 3.04 7.58 13.76 20,46 25.71
Ty-1% CaCl, 2.42 6.75 12.51 18.45 23.62
Te-1% CaCly# 100 ppm GA 2.17 7.15 12.66 19.37 21.67
Ty=1.5% CaCl,+100 ppm GA, 1.92 6.22 110 18.49 22.16
T,=2% CaCl 100 ppm GA, 1.61 5.03 9.79 16.28 20.41
T,-50 ppm G Ay+1% CaCl, 2.66 8.23 13.29 18.40 22.30
Ty-150 ppm GA;+1% CaCl, 2.15 7.33 13.04 18.08 21.46
T4-200 ppm GA,+1% CaCl, 2.12 6.69 10.06 17.53 21.53
CD at % NS 344 6.95 7.88 10.11

Table2. Pre-harvest treatments effect on total soluble solids (%) durinﬁ ambient storage of aonla fruits.

Treatments Days of storage
0 5 10 15 20 25

T)- Control (water) 8.73 897 9.37 2.73 10.07 10.37

T3-100 ppm GA, 8.7 903 2.67 10.43 11.23 11.33
Ty-1% CaCl, B.80 967 10.27 10.33 11.47 11.63
Ty-1% CaCly+100 ppm GA,; 8.83 9.70 10.47 10.70 11.63 .73
Ts-1.5% CaCl,+100 ppm GA; 9.51 10,00 10.57 11.23 11.73 12.00
T-2% CaCly+ 100 ppm GA, 1020 10,67 11.43 11.90 12.57 12.63
T3=50 ppm G Ay+ 1% CaCl, 897 10,07 10.73 1130 11.77 11.90
Ty-150 ppm GAy+1% CaCl, 2.3 10.50 10.70 11.77 12.03 12.37
Ts-200 ppm GA3+1% CaCly 9.70 10.57 11.13 11.83 12.23 12,53
CD at 5% 0.25 026 0.21 0.21 027 0.31
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: Lreatment ' g ;
M_harvtﬂ s effect on acidity (%) during ambient storage of aonla fruits.

Treatments = Days of storage
R Do B 5 10 15 20 25

T, Control (water) 1.88 2.17 1.75 153 137 1.4
T:-100 ppm GAs 209 2.30 .83 157 151 1.37
Ty-1% CaCla 222 2.61 .88 1.62 1.53 1.45
T,1% CaCls+100 ppm GA 239 2.68 1.92 1.73 1.62 1.53
T,-1.5% CaCly+100 ppm GA, 256 2.72 2.13 1.74 1.65 1.57
T,-2% CaCl;+100 ppm GA 285 2.94 2.30 1.88 1.75 .66
T,-50 ppm GAs+1% CaCl, 226 2.60 1.83 170 1.61 1.51
T,-150 ppm GA;+1% CaCl, 243 2.68 1.88 1.72 1.62 1.53
T,-200 ppm GA;+1% CaCl, 272 2.85 1.92 175 1.67 1.57
CDat 5% 0.15 0.18 0.35 0.15 0.17 0.17

Table 4. Pre-harvest treatments effect on ascorbic acid (mg/100 g) during ambient storage of aonla fruits.

Treatments Days of storage
0 5 10 15 20 25
Ty~ Control (water) 663.67 636.73 37737 508.40 448.07 421.37
T=100 ppm GA; 697.63 675.80 631.17 579.60 492.47 465.50
Tr 1% CaCls 706.36 685.01 66167 590.50 530.37 479.03
Te1% CaCl,+100 ppm GA, 710.70 695.33 668.73 603.67 544,33 486.93
Ts1.5% CaCly+100 ppm G A, 717.93 699.60 67620 618.23 559.3 499.60
Te2% CaCl,+100 ppm GA, 725.90 707.63 68260 631.60 572.13 538.00
Tr50 ppm GA,+1% CaCl, 709.27 688.10 66020 601.23 542.50 480.63
Tr150 ppm GA,+1% CaCl, 715.73 698.43 67087 617.10 554.33 495.80
T¢-200 ppm GA,+1% CaCl, 720.10 705.41 67833 624.33 566.57 514.70
CD a1 5% 3.69 394 6.84 5.89 813 32.98
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Table 5. Pre-harvest trentments effect on reducing sugar (%) during ambient storage of aonla fruits.

Treatments Days of storage S
0 5 10 s 2 5
T,- Control (water) 210 221 1.97 191 73 1s7
T~ 100 ppm GA, 2.45 2517 2.30 199 190 170
Tr1% CaCl: 2.64 273 2.37 206 1.91 1.80
T,1% CaCly+100 ppm GA, ' 2.87 311 2.57 231 2.03 182
T1.5% CaClg+100 ppm GA; 201 - 319 2.70 232 215 187
Te-2% CaCly+100 ppm GAy 2.97 328 2.87 243 241 217
T-50 ppm GA;+1% CaCls 2.61 291 2.57 2.11 2.00 180
Tg-150 ppm GA,+1% CaCl, 2.67 AN 2.62 223 2,25 191
Ty-200 ppm GA;+1% CacCl, 2.94 324 2.73 237 2,33 2.10
CD at 5% 0.42 020 0.22 022 0.11 028

Table 6. Pre-harvest treatments effect on non reducing sugar (%) during ambient storage of aonla fruits.

Days of storage
Treatments
] 5 10 15 20 25

Ty~ Control (water) 203 2.34 2.64 2.2 2.56 237
T2-100 ppm GAz 232 2.53 293 3. 292 2.87
Ts-1% CaCla 234 2.55 312 3.27 289 2.83
T,-1% CaCly+100 ppm GA, 238 2.57 310 34 3.02 2.99
Ts-1.5% CaCly+100 ppm GA;y 243 2.60 3.15 3.55 122 315
T-2% CaCl+100 ppm GA, 248 2.62 327 3.78 3 122
T;-50 ppm GAy+ 1% CaCl, 237 2.57 2,99 335 315 il
Ts-150 ppm GA,+1% CaCl, 241 2.59 118 3.62 3.21 3.12
T4-200 ppm GA,+1% CaCl, 245 2.61 321 3.76 3.28 3.23
CDat 5% 032 0.19 0.27 0.36 .16 0.46
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7, Pre-harvest ireaim
Table . Pre SNis effect on 1oy Sugar (%) during

ambicnt storage of aonla fruits.

Treatments Days ol slorage

R 0 5 10 15 20 15
T..‘Cuﬂlrﬂ (water) I pas oy T FET 3
Tl S 4.1 5.18 5l23 5.17 482 4.517
T e 498 5.35 5:-19 5.38 489 4.63
TEREEes S Ie 0 517 5.19 5.67 5.7 508 479
Ll kLo 534 5.75 5.85 5.87 5.37 5.02
Ti2% CaClt 100 ppm G, 545 5.89 6.14 6.17 5.72 5.39
Tl SRS Raeh 498 5.48 5.56 5.34 505 4.90
Te-150 ppm GAsH1% Cac, 5.08 5.68 5.83 5.85 5.46 5.03
T.-200 ppm GA+1% CaCl, 5139 5.83 s 04 513 5.61 .31

G M 046 0.59 0.49 0.59 026  0.74

Table 8. Pre-harvest ireatmenis effect an

lotal phenol (mg/l00g) during ambient storage of aonla Mruits.

Treatments Days of storage

i O 5 10 15 20 25
Ti-Control (water) 146.33 152.00 159.67 165.67 173.33 182,23
T:-100 ppm GA, 153,00 161.33 168.67 175.33 181.67 185,00
Ty-1% CaCls 154.67 164.00 171.00 176.33 18333 190.67
T,-1% CaCly# 100 ppm GA , 160.33 167,67 174.00 179.67 187.33 195.00
Ty-1.5% CaCly+100 ppm GA, 164.00 170.37 176.00 182.00 190.67 197.33
T42% CaCly+ 100 ppm G A, 170,67 175.00 186.67 195 67 203.00 210,67
Ty-50 ppm G Ay+ 1% CaCly 15%.00 165.00 172,33 176.33 185.33 192.33
T,-150 ppm GA,+1% CaCl, 162.33 168,33 175.00 180.33 187.33 193.33
T,-200 ppm GA,+1% CaCl, 167.67 176.33 182,00 190.67 197.67 206.33
CD at 5% 1.51 1,55 1.84 136 1.68 2.78

Table 9 Pre-harvest treatmenis effect on decay loss (%) during am bient starage of sonla fruits.

Days of siorage

Treamments
5 10 13 20 25

T,-Control { waler) Y] 6.29(2.61) 15.03 27.05 41.31
T,-100 ppm G A, 00 5.02(2.39) 12.75 20.50 32.25
T,-1% CaCl, i) 3.04{1.88) 11.41 19,88 18.58
T,-1% CaCl,+100 ppm GA, 00 00 (0.71) 8.04 17.59 26.38
Ti-1.5% Cally+100 ppm GA, ] 0o (0.7 6.85 16.66 15.47
T.-2% CaCly+ 100 ppm GA; 00 00 (0.71) 4.21 15.62 22.89
T+-50 ppm G A,+ 1% CaCl, 0o 3.57(2.02) 11.58 18,92 27.77
Te-150 ppm G A+ 1% CeCly 00 Q0 (0.71) T.14 17.91 25.20
T,-200 ppm G A+ 1% CaCl, oo 00 (0.71) 6.07 15.67 24,54
CDas% . 0.03 1.73 .93 1.73

! 1 i ’
Note- Transformed data { ¥ = /X + E Jare shown in parenthesis.
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Abstract

Eight isolates of fluorescent pseudomonads were isolated from the disease suppressed and identified and
characterized by physiological and biochemical and bacteriological tests. LPK2 aligned to same cluster (100% bootstrap
value) with reference strains of FPseudomonas fluorescens. All the strains of P fluorescens LPK2 showed 1AA production,
phosphate solubilisation, siderophore production and HCN production. Chitinase activity and -1,3-glucanase activity
was also pronounced in P. fluorescens LPK2. In dual culture technique, all the strains of Pseudomonas (LPK1 to LPK$)
inhibited the in vigro growth of £ wdum, Maximum inhibition of £ udum recorded in the case of I fluorescens LPK2. Ce||
free culture filtrate of also restricted the hyphal growth of £ wdum. Scanning electron microscopic studies on morphological
features in the hyphae of £ udum in the form of fragmentation and degradation of mycelia and loss of structural integrity of
conidia of £, udum were clear] y observed. In iron supplemented (30 M Fe*') medium inhibition of the pathogenic fungi was
reduced. Under iron-deficient condition, P fluorescens LPK2 inhibited £ udum by 65%. The inhibition of the pathogen by
F. fluorescens LPK2 under iron-sufficient conditions was 51% . '

—

Key words : Fusarium udum, pseudomonads, tomato,

Introduction pseudomonads have drawn considerable attention world

India s 8 principal Cafanus cajan growing country wide bcca_use of their plant growth promoting aF.d disease
A . A suppressive nature. Pseudomonads rapidly and
contributing nearly 90% oftotal world's production. Several aggressively colonize the root system and <
biotic and abiotic factors constrain the productivity of Y i y | uppress
pigeonpea under different cropping conditions responsible graain iield [Schipp-frs el ﬂ? TLP;:” Ergdj anlt ggarsnwih a;:-d
for its low productivity (700-800 kg/ha) against potential study, the main aim is to iIth’S‘ﬁ s I.j‘l ¥ :r't. 'l .l this
yield of 2500-3000 kg/ha. Pigeonpea, is attacked by more - d ds and thei WAt e oy i W Liovespl
than 100 pathogens (Nene et al, 1996). The disease of P o nmu_n &,5 o : eir role in suppression of £ udum
considerable economic importance at present is fusarium causing wilt in C. cajan.
wilt (Fusarium wdum). It infests the seeds and such seeds M .
either failed to germinate or produce diseased seed] ings of aterials and mtthud.s .
low survival potential. F|Ll0rf::5£&l1l bacteria were isolated from the disease
The chemical fungicides and pesticides are known ~ SUPPressed rhizos phere of the tomato (Lycopersicon
to be highly effective and promote in controlling fusarium esctilentum) plant cultivated at a farmer's field in Badgaon,
wilt but have various constraints. An altemative to these ~ Detul district (M.P.), India. Plants were gently uprooted
chemicals is the use of certain bio-control agents whichare ~ 2"d loosely adhering soil was carefully removed from the
inexpensive and eco-friendly and have no harmful effects  0°!s- The roots were cut into 2 ¢m long segments. Root
on human population. The plant-associated, fluorescent  S€BMents (1g) with tightly adhering soil were shaken in 9
ml of sterile distilled water for 30 minutes on a rotary shaker.
“Corresponding author e-mail The suspension was serially diluted to spread on
kamlesh.chaure@gmail.com Pseudomonas isolation agar (Himedia; M406) plates. Plates
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ubated at 28+ 1%C for 24.48 I
; colonies. The blue preey ﬂuand observed for

worescen i . Orescent pj
ﬂ'uduﬂi"g pacterial columcf;l Were carefy| 9 picke jllug;mn;
: ' ] ¥ i
maintained O King's B medium (KB sjyp at 4'C for

further Sﬂrc'_:ﬂing' Bmtljcdnucat Ch“mﬂltrimliun of the
pacteria strains e WI'T": Oul according 1 Holt ¢ gf

19

yamlesh

were inc

tion and -’:fﬂlf?i:ﬁﬁﬂﬂ :f Sunp
samplﬂ of diseased rpo parts an

randomly collected and fungal pathogen was?sz:fa; :;m
infeccted roots of pigeon pea (Cajamus cajany foj1owin “:I‘I
waler agar technique. After incubation g 28°C for one 1r\Eev.=:I:I>
plates were observed for the appearanee o fungal
pathogen. The fungal 15"?'“‘“ Were grown on the potato
dextrose agar (PDA) medium and cultures were maintain d
on potato dextrose agar (PDA) medium ang chnracteriz:d
following illustration and description of standarg
mycological literature after comparing with standarg
cultures obtained from the Division of piap Patholo
indian Institute of Pulses Research (IIPR), Kanpur, mdg-l:'
The morphological characters of £ udum sych as .t:o]un:,-'
growth, colour pigmentation in substrate, mycelial
characters, and micro and macro conidia production were
considered for the identification of fungi as given by Booth
{1971).

sl al pathogen

IAA Production
To observe 1AA production exponentially grown
~cultures (10°cells mI™) of the each bacterial isolate were
strains were incubated separately. The 24 h cell free culture
supernatants of the strains were analyzed for 1AA
production after measuring wavelength at 530 nm using
UV-VIS spectrophotometer (Shimadzu, Model UV-1601. The
calibration curve of pure IAA was used as a standard
following the linear regression analysis.

Phosphate Solubilization

Phosphate solubilization ability was detected by
spotting the culture (24 h) on Pikovskya's agar plates. The
guantitative estimation of phosphate solubilization was
carried out according to modified methed of Jackson (1958).
The data was recorded by comparing with the standard
curve in the similar set of conditions.

Cyanogen Determination

HCN (hydrogen cyanide) production was
determined by modified method of Bakker and Schippers
(1987). For these exponentially grown bacterial cultures (10

"cells mI') of each isolate was examined for putative HCN
production,

Effect of HCN on fungal growth: The strains of
Muorescent Pseudomonas were grown on Petri plates
containing NAM for 12 h. An agar discs (5 mm diam) cut
from 5 day old cultures of F; wdum was placed at the center

83

Dubey -
& D. K. Mahestwar Indian Journal of Arid Horticuliire, 2009 4(2): 82-94

of bottom part of another plate containing PDA. The plates
inoculated with fungi were placed in an inverted position
over the other plate, containing already grown culture of
the fluorescent ’sendomonas. The plates were made airtight
by pasting with adhesive cellophane tape. The plates with
NAM without fluorescent Pseudomaonas served as control.
Radial growth of the test fungi was recorded.

Siderophore Production

Siderophore production was determined on
Chrome-azurol S (CAS) medium following the method of
Schwyn and Neilands (1987). The bacterial isolates (24 h)
spotted separately on CAS medium and incubated at
28£1°C for 48 h. The siderophores production was
determined by evaluating the absorption spectrum of 48 h
supernatant at 400 nm, spectrophotometrically.

Siderophore Assay: For siderophore production
by bacteria, a special siderophore production liquid culture
was prepared which contained MM9 salts, tris buffer,
casamino acids (0.3%), L-glutamic acid (0.05%), (+) biotin
(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-
inoculated medium served as reference. After reaching colour
equilibrium the absorbance of the mixture was measured at
630 nm. The concentration of siderophore in cultures was
determined by using a calibration curve of hydroxalamine
as a standard under the same conditions and following the
linier regression analysis.

Time course of siderophore production:
Following the above method of quantification of
siderophore production, samples from the bacterial broth
were withdrawn at every 24 h intervals up to 168 h for the
quantitative determination of siderophore. A plot was

prepared comparing siderophore production with respect
to time.

Lytic Enzymes Production

Chitinase activity was observed by the method of
Renwick et al. (1991) in a defined medium having colloidal
chitin as sole carbon source. The bacterial cultures were
spolted on the surface of defined medium and ineubated at
28+1°C for 6-7 days. p-1,3-glucanase activity was assessed
using the same medium except colloidal chitin was replaced
by laminarin (Sigma). Bacterial cultures were streaked and/
or spot inoculated directly on to the plates. Chitinase activity
was identified by the development of clear halo around the
colonies or bacterial spots, while [3-1,3-glucanase activity
was confirmed with the bacteria growing on the medium
having laminarin as a sole source of carbon (Rangel-Castro
el al., 2002).

For the preparation of colloidal chitin (Berger and
Reynoldes, 1988), 10 g of crab shell chitin (Sigma) was slowly
dissolved in one liter of concentrated HCI under stirring
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conditions at 4°C temperature, The resultant viscous mixture
wils 1|.1cuhntrcd on waterbath at 37°C until the viscosity of
Tl‘[ﬂ mixture is decreased, To this mixture, 4 liters of sterile
distilled water was added and len overnight at 4°C. The
supernatant was slowly decanted and the precipitale was
cullc:'t_-:ri in a filter paper. This precipitate was then washed
extensively with sterile distilled water to attain a natural pH
[?.ﬂ], The saturated colloidal chitin was air dried and was
dissolved in 250 mi sterile distilled water prior (o use.

Biochemical quantification of chitinase:
Extracellular chitinase activily was assayed by measuring
the release of N-acetyl-D-glucosamine (Glc Nac) from
colloidal chitin as a substrate. The assay mixture consisted
of ﬂ':’. mlof 1 M sodium acetate buffer (pH 5.3), 0.5 ml of 2%
Cﬂ"ﬁ]d:ll chitin and 0.25 ml of bacterial supernatant. The
reaction mixture was incubated in a water bath at 37°C for
60 min and the reaction was stopped after boiling it for 15
min. The mixture was centrifuged at 5,000 rpm for 20 min
and the concentration of released Gle Nac was assayed at
330 nm spectrophotometrically from the aliquots following
DNS sugar estimation test using Glc Nac as standard. One
unit of chitinase activity was defined as the amount of
enzyme that liberated | pM of Gle Mac per h during these
conditions.

Production profile of chitinase in P fluorescens
LPK2: Exponentially grown culture (10%ells ml") of strains
were incubated separately on broth medium at 28 °C and
130 rpm on a rotary incubator shaker and the samples were
aseptically withdrawn after every 24 h. Supematant of the
strains were collected by centrifugation at 10,000 rpm for
15 min at 4°C and quantity of chitinase in the supernatant
in the form of Glc Nac was determined following above
mentioned method, and the production profile was observed
by correlating the quantity of Glc Nac with time.

DNA isolation

For the isolation of DNA from fluorescent
Pseudomanas spp. were grown in Luria Bertani (LB) broth.
The bacterial pellets were washed with 50 mM
ethylenediamine tetraacetic acid (EDTA, pH 8.5). The
washed cells were lysed by suspending in 0.5% sodium
dodecyl sulphate (SDS) for 10 min at 60°C. The resulting
lysate was cleared from cell debris by centrifugation at
10,000 rpm for 10 min, The supernatant was taken and
protein was removed by the addition of proteinase K
followed by addition of ethanol to collect the DNA, The
DNA solution was prepared by the addition of | ml phenol-
chloroform mixture. To the DNA extract 50 pg ml” RMase
was added and incubated at 37°C for 30 min. This was
followed by the addition of tris-phenol and centrifupation
at 12,000 rpm for 15-20 min at 4°C. The supemnatant was
heat sterilized and 100 pl, 0.3 M sodium acetate and | ml
cold isopropancl was added with continuous vortex. Finally,
the DNA was purified by the addition of phenol-chloroform
followed by the centrifugation at | 5000 rpm.
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168 rRNA Gene Amplification

Universal  eubacterial  primers FD|

i%{iﬁﬁhﬁCGTCGﬁCMCAGAGﬂTGﬁTCCT GGCTC
; and

5'CCCGGGATCCAAGCTTA AGGAGGTGATCCAGE(?;.
were used for amplification of 1492 bp region of the |65
rRNA gene on PTC 100 (M.J. Research, USA) thermal cycley
A 50 pl reaction mixture inclyded 5-10 ng of bacterial DNA:
as template, | plofeach primer, 1U of Tag DNA polymerase
(Banglore Genei, India) and 100 pim dNTPs, The reactign
conditions were: initial denaturation of 7 min at 94°C followeg
by 29 cycles of denaturation of 1 min at 94°C, extension of
I min at 72°C and annealing temperatures 54°C for 7 cycles:
53°C and 52°C for one cycle each, 51°C for 20 cycles and;'.
final extension of 10 min at 72°C. Amplified gene was
visualized in 0.8% agarose after electrophoresis.

165 rRNA gene sequencing:

Partial 165 rRNA gene sequencing was performed
in the same reaction mixture and following the same
amplification conditions as described in full 165 rDNA. The
only difference was in primers. In the partial gene
amplification, primers fl and r1 were used. The PCR
products were analyzed on 1.2 % agarose gel in TAE bu ffer,
run at 50 V for 2 h. Gels were stained with ethedium bromide
and visualized as described above. The amplicons were
purified with Banglore Genei, PCR purification kit and
quantified spectrophotometrically at 260 nm compare with
calf thymus DNA. The cleaned partial 16S rDNA amplicon -
was sequenced with DNA sequencing system.
Sequence analysis of 168 rDNA sequences using
biginformatics tools:

The PCR products were purified and sequenced. Theses
all sequences were subjected for phylogenetic analysis.
The homology of partial sequences were compared with
the sequences from the DN A databases and similar
sequences showing above 95% were retrieved by
nucleotide BLAST (basic local alignment search tool)
program at NCBI BLAST server (www.ncbi.nlm.nih.gov/
BLAST). Multiple sequence alignment of retrieved
sequences was done by EBL ClustalW server
(www.ebi.ac.uk.clustal/index.html). Phylogenetic tree
constructed 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

84

Antifungal activities of Pseudomonas fluorescens LPK2

Antagonistic properties of Pseudomonas
Suorescens LPK2 was tested against £ udum on PDA plates
using dual culture technique (Skidmore and Dickinson,
1976). 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.
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gxponentially grown culture (108 ml-1) oF L) 22 was spotted
5 em juxtﬂpﬂﬁfd from the ﬁ‘.mg_al dise and incubatud ot
28+10C for 5 days. Growth inhibition was cajculated by

measuring the distance between the bacterial and fungal
colonies a3 ccmparﬁ:.i o cunt.rol. Growth inhibition was
calculated by measuring thlr: distance between the edge of
bacterial and fungal colonies. The zone of inhibition was
recorded by using given below formula: Inhibition (94) =
(C)~(T)/(C)x 100, where, C=Radial growth in control and
T=Radial growth in dual culture,

Effect of culture filtrates on the inhibition of pathogenic
Sungi o

Antagonistic bacteria were inogulated in
respective broth cultures and incubated i rotary incubator
shaker at 150 rpm and 280C for 7 days. Afier incubation
broth culture of the strains were collected by centrifugation
at 10,000 rpm for 15 min at 40C and passed through Millipore
filter (0.45 pm). Such culure supernatants were poured in
the wells of the fungal challenged plates. After incubation
at 280C for 5-7 days, inhibition of the pathogenic fungi was
recorded.

their

Antagonism in iron-deficient and iron sufficient
conditions

Invitro test for antagonism of P fluorescens LPK2
was made under iron-deficient and iron-sufficient (30 and
60 pM Fe3+) conditions towards the Fusarium udum. Iron
deficient medium was prepared by treating bacterial broth
(250 ml) with 8-hydroxyquinoline solution in 100 ml
chloroform (up to final concentration (0.1%). It was then
vigorously shaken. Excess of hydroxyquinoline was
removed by chloroform extraction until the disappearance
of yellow color. Medium was boiled to remove the smell of
chloroform. Agar (2%) was added and the content
autoclaved at 15 Ib /inch-2 (1210C) for 20 min. Antagonism
was carried out by following the methodology mentioned
as before. Bacterial broth supplemented with 30 and 60 pM
Fe3+ was used to carry out in vitre fungal assay under iron
sufficient condition. Methodology for antagonism study

was adopted as mentioned above.

Compound microscopy of post-interaction evenfs in
Jungal mycelia

Fungal mycelia growing towards the zone of
inhibition 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
fungal morphological abnormalities occurred due to
antagonism mediated by the rhizobial strains. Images of

fungal deformities were captured by using Image Analyser
(Biovis),
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Scanning electron microscopy (5 EM) of post-interaction
al mycelia

rents m‘{ﬁl::intagﬁist and the test organism are grown

in pure cultures, Agar disc (5mm dia.meter}l are 1o be cut

from the actively growing margin of the co]j:rm:s and p]:a-fcd

3cm apart on the surface of the Petri dishes containing

freshly prepared, sterilized and solidified potato Dextrose

agar medium, Incubamd Petri dishes at 25°C w:_lh

continuous light after incubation of 4 days collect m:,rlr:chal

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 bu ffer. Afier
three 10 min rinses in distilled water, samples were
dehydrated through 70, 80, 90 and 100% ethanol (3 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 LEQ 485 VP Scanning Electron
Microscope. Photo-micrographs were recorded by the same
machine.

Results
Mycelia were hyaline, branched and felted. Aerial
mycelia were usually less developed and with profuse
development of sperodochia (macroconidiophores), long
creeping, slender, septate and measured 3-5 pm in width on
PDA. Conidia were formed from simple or verticillately
branched conidiophores and each conidiophore had
monophialides on the ultimate tips of which conidia were
produced. Microconidia were single or double celled
hyaline, ovoid, fusoid, reniform, mostly curved and
scattered, whereas macroconidia were produced in masses
on pionnotes sporodochia. Macroconidia were hyaline, thin
walled, falcate, septate slightly curved or sickle shape.
Eight isolates of fluorescent pseudomonads were
obtained from the disease suppressed rhizosphere of the
tomato (Lycopersicon esculentum) based on production
of water soluble fluorescent pigment on Psendomonas
isolation agar (PIA). The isolates were abbreviates as LPK |
to LPK3. All the isolates were Gram-negative, non-spore
forming, non-capsulated, motile and rod shape structures.
They were fast growers with average mean generation time
of 1.2 to 1.4 hours (Table 1). Although the optimum
temperature was 28°C but growth occurred at wide range of
temperatures from 5°C to 42°C. On NAM the colonies were
smooth, translucent, large, low convex, 2-4 mm in diameter
with regular spreading edge. Greenish blue fluorescent
pigment was produced by the isolates which turned into
brown colour in old cultures, On MacConkey’s agar, pale
colourless colonies were formed. The isolates were positive
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for catalase, oxidasc, and urease activities but negative for
MR, VP tests and H,5 production. PHB accumulation was
absent while citrate utilization was shown by all the
fuorescent pseudomonad isolates (Table 1).

‘ After amplification of 165 rRNA gene with
universal fd] and rd| primers, the amplified products were
compared with low range ruler DNA (Banglore Genei, India)
and observed that total length of amplicons was
ﬂPPrPximﬂ[cly 1500 bp (1.5 kb) which shows the
amplification of nearly full length 168 rRNA gene from all
pseudomonads. The size of the PCR product corresponded
1o the size of the 165 rRNA genes among all eight isolates.

Neighbour-joining dendograms were generated
(based on cluster algorithm) using 165 rDNA sequences of
1solated pseudomonads and representative FPreudomonas
5Pp. sequences from EMBL/Gen Bank/DDBJ/PDB (Fig. 1).
The 165 rDNA sequence of the fallowing strains (type
strains unless otherwise indicated) were obtained from
GenBank: Psendomaonas aeruginosa PT121 (EF515832),
Psendomonas aeruginosa PAW (EF434506), Pseudomonas
NMuorescens 2R37 (EF178447), Pseudomonas fluorescens
0st5 (DQ439976), Pseudomonas fluorescens AEI
(AY247063), Pseudomonas aeruginosa ATCC 15692
(EF178445), Psendomonas fluorescens ATCC 17386,
Pseudomonas fluorescens MM-B16, Psendomonas
Sfluorescens AU2039A, Pseudomonas aeruginosa
MCCB103 Pseudomonas aernginosa PT121 (EF515832).
Phylogenetic analysis of 165 rDNA sequences of
pseudomonads (LPK 1 to LPKS5) with other reference strains
revealed LPK 1 and LPK3 belong to same cluster with 100%
bootstrap value and maximum similarity with LPK4 {100%5),
E aeruginosa PT121 (94%) and I aernginosa PAW (94%)
(Fig.13. LPK2 and LPKS showed maximum similarity with £
Sluorescens strains (Fig. 1), A neighbour-joining dendogram
was generated using the sequence from Pseudomaonas sp.
LPK2 and representative Psendomonas Tuorescens
sequences from GenBank (Fig. 2). Form this analysis, LFK2
aligned to same cluster (100% bootstrap value) with
reference strain Psendomonas fluorescens 2R37 (Fig. 2).
This analysis has proven that LPK2 is strain of Psendomonas
JMuorescens and can be designated as Psendomonas
Juorescens LPK2.
All the strains of Pseudomonas spp. (LPKI to
LPKR) were positive to IAA production with the
development of pink colour with and without the addition
of tryptophan into the culture media (Table 2). Tryptophan
supplementation in the medium induced IAA production.
This trend was common in all the strains of Pseudomonads,
Most of the Psendomonas strains produced HCN as
evidenced by the change of the colour of filter paper from
yellow to moderate and reddish brown (Table 2).
Psendomonas sp. LPK2 produced deep reddish colour
as well as good activity of HCN, while LPK7 was negative
for HCN activity (Table 2. In the presence of glycine and
FeCl,, the deep brown colour of filter paper was observed,
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that was clear indication of induced HCN production by
bacterial strains. All the strains of Prendomanas spp. were
screened for siderophore production on CAS agar. A
the strains of Pseudomonas spp. produced siderophores
forming orange halos around their spots on the CAS agar
(Table 2). Maximum size of orange halo was produced by
P. fluorescens LPK2. Secretion of siderophore by p
fluorescens LPK2 started after 12 h of incubation ang
lasted up to 5 days but on further incubation the
production was declined (Fig. 2a). To know the type of
siderophare, 48 h old supernatant of the strain LPK2
scanned at 400 nm showed major peak, corresponded with
hydroxmate type of siderophores.

Chitinase activity was determined by the
development of clear halo around the colonies or bacterial
spots, while p-1,3-glucanase activity was confirmed by
appearance of bacterial presence in the medium
supplemented with laminarin as a sole source of carbon,
Pseudomonas spp. LPK2, LPK4 and LPKS showed
chitinase activity (Table 2). Pseudomonas sp. LPK2
showed the maximum chitinase activity followed by LPK§
(Table 2). Chitinase formation was started after 24 h of
incubation by Pseudomonas sp. LPK2 which reached
maximum at 120 h and on further incubation its activity
was declined (Fig. 2b).

In dual culture technique, all the strains of
Psendomonas (LPK1 to LPK8) inhibited the in vitro growth
of £ welun (Table 2). Maximum inhibition of E udum recorded
in the case of P fluorescens LPK2. 1t was recorded as 83%
higher in comparison to control after 168h of incubation
(Fig 3). Cell free culture filtrate of Psendomonas spp. LPK2
also restricted the hyphal growth of F wdum (Fig, 3).
Morphelogical abnormalties in the hyphae of Fusarium
udum obtained from the zone of interaction during dual
cultures was observed by light microscopy and in scanning
clectron microscopy, revealed loss of structural integrity
of the mycelium of £ udum. Twisting, hyphal perforations,
lysis and empty cell formation, septation, fragmentation
and degradation of mycelia of £ udum was observed under
light microscopy (Fig. 4). Fragmentation and degradation
of mycelia and loss of structural integrity of conidia of F
udum were clearly observed under Scanning electron
microscopic analysis (Fig. 5).-These features of mycelia
may be due to production of lytic enzymes by strains LPK2.

Volatile compounds produced by Pseudomonas
sp. LPK2 exhibited antagonistic activity when challenged
against £ wdum after 5 days of incubation. This strain
caused 45% reduction in vegetative growth of # udum (Fig.
6). On further incubation zone of inhibition of fungal
pathogen decreased. Mycelial growth of both the
pathogens decreased significantly in dual cultures by the
antagonists with respect to control in iron deficient
conditions (Fig. 7). In iron supplemented (30 uM Fe")
medium inhibition of the pathogenic fungi was reduced. In
this case, Pseudomonas sp. LPK2 reduced fungal growih
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.11:.,»;inmll}'. However, pcrcr:nlt i“hibiliun was lowered in 60
WM Fe! supplemented medium in comparison to normal
conditions of the medium. Under iron-deficient conditions
remarkable inhibition of /- udunt was recorded. It was found
(hat under iron-deficient condition Psendomonas sp. LPK2
inhibited 65% vegetative growth of - udym (Fig. 7), On the
ather hand, the inhibition qf the pathogen b o B i
sp. LPK2 under iron-sufTicient conditions was 51% (Fig, 7).

Discussion

Fusarium is a group of filamentous fungi widely
distributed in various seil types. This is a large
cosmopolitan genus of imperfect fungi and is of primary
jnterest because MUMErous species are important plant
pathogens (Nelson, 1991). Fusarium spp. occur frequently
among the fungal microflora associated with secdling
disease, and wilt is a major cause of plant mortality in many
important crops (Minton and Garber, 1983). Isolates of
Fusarium produce colony growth with fluffy, appressed or
intermediate types of mycelium. Key macroconidial
characters are shape, size and septation that distinguish
{he isolates from each other.

Due to wide distribution of different Psewdomonas

spp. inthe soil environment and relatively easy cultivation,
genus Psewdomonas is among the best-studied bacterial
group worldwide (reviewed by Kumar et af,, 2005). Some
noble strains of Psendomonas aeruginosa were isolated
from our group from the rhizosphere of potato (Guptaeral.,
2002) and Sunflower (Bhatia et al., 2005). Keeping this fact,
more strains of fluorescent pseudomonads having PGP
characters, were isolated from the rhizosphere of tomato
(Lycopersicon esculentum),
A number of workers (Gupta ef al., 2001; Validov er al.,
2005) isolated, identified and characterized fluorescent
pseudomonads from the rhizesphere of agricultural crops
such as potato, tomato, cotton and tea. [nitially, Kloepper
ef al. (1988) identified it as plant growth promoting
thizobacteria (PGPR) due to its rapid and aggressive
rhizosphere colonization that proved as most powerful
inoculants to improve plant growth and grain yield (Lucy
ctal., 2004),

The morphological, physiological, and biochemical
characteristics for the identificatibn of rhizospheric
pseudomanads (L.PK | to LPK8) followed the characteristics
mentioned by Palleroni (1984) and Holt et al. (1994). The
strains identified as fluorescent pseudomonads belong to
Pseudomonads fluorescens and P. aeruginosa showed blue
gf:t:n fluorescent colour due to the presence of pyocynin
Pigment (Paulitz and Loper, 1991). The organism losses its
Pigment production under iron sufficient condition due to
inhibition of siderophores production such as pyoverdin
(Paulitz and Loper, 1991 ).

Five strains of Pseudomonas spp. (LPK1 and LPK5)
were characterized according to 165 rDNA sequence
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rains were showing maximum sequence
pective cluster ol reference strains.
based on |65 rDNA homology

Pseudomonas sp. LPK2 is placed in F‘“””drmf":m
f16S rDNA gene analysis has
fluorescens clade. The use o peaihe
become promising. This is realized that | 65 rDrH:Lw uir:nlaf:f
allows a first P]'!ylug,‘lzﬂﬂﬂc arﬁ]:-?gtllig hivcnheen carried
Molecular microbiological characte o D
out to characterize different groups of bacteria by using
165 rDHf\r;:g?ri:f ;ﬁm growth occurs due to Indole ﬁc:u:
Acid (IAA) production (Chabot et al., 1998), phosphat
il ival er al., 2000), siderophores
solubilisation (Nautiyal er al., o A
production (Gupta ef al, 2001) and HCN production (An
et al, 1998), whereas indirect plant growth-promotion occurs
due to growth restricting conditions by producing
antagonistic substances such as antibiotics (Kang ef al.,
2004), Iytic enzymes (Lim and Kim, | 995). A bacterium can
affect plant growth by one or more of lhESB‘rI‘IEChaI'I I_ErITIS
and used different abilities for growth-promotion at various
times during the life cycle of plants (Sessitsch er al., 2005).

Interestingly, all the strains of Psewdomonas spp.
produced siderophore which was agreement with the
findings of Bhatia ef al. (2005). The study further su pported
by Sindhu et al. (1999) who found 83% the fluorescent
pseudomonads as siderophores producer while their
quantities, in the form of orange halo vary. P fluorescens
LPK2 showed hydroxamate type of siderophores
production. In case of LPK2 absorption maxima was
recorded at 400 nm. Similar observations especially from
Muorescent psendomonads have been made by several
workers (Gibson and Magrath, 1969). Iron in the soil is
unavailable for direct assimilation by microbes because of
its unavailable form i.e., ferric iron or Fe'*, which is prominent
in the soil and sparingly soluble about 10" M at pH 7.4
(Neilands and Nakamura, 1987). Siderophores secreted by
PGPRs have been shown to have a very high affinity for
iron and bind most of the Fe!* that is available in the
rhizosphere, and prevent the pathogens present in
immediate vicinity from proliferation because of lack of iron
(O’ Sullivan and O" Gara, 1992),

Inhibitory effect of P. fluorescens LPK2 was
observed against F. udum under iron-sufficient. It was found
that inhibitory activity of strains of P fluorescens LPK2
was partially neutralized when iron was supplemented to
their respective medium. Significant reduction in the fungal
inhibition has also been evidanced by Fuhrmann and Wollum
(1989). Microbial siderophore production generally seems
to be switched on when the Fe*' concentrations is less
than 20uM (Lynch, 1990). In the present study, LPK2
examined for inhibition of £’ udum under iron (30 uM 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

homology. All the st
homology with their res
In Phylogenetic tree
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findings were obtained by Derylo and Skorupska (1993)
who reported that 60 uM Fe'* suppressed the siderophore
production in Piendemonas sp. This gives evidence that
one of the mechanisms for the inhibition of F maliime was
due to the involvement of siderophores produced by r
STnorescens LPE2
Harrison et al., {1995) cbserved HCN production
in Psendomonas aureofaciens and one strain of P putida
from take-all suppressive soil. HCN is formed
stoichiometrically in an oxidative reaction catalyzed by HCN
synthase and its aclivity induced by glycine the precursor
of HCM (Castric, 1981). Glycine amendment in the culture
media of P fluorescens LPK2 enhanced the quantity of
HCN production showed its induced behaviour. HCN is a
secondary metabolite produced by some Gram-negative
bacteria such as P fluorescens and P aeruginosa,
Chromobacterium violaceum (Askeland and Morrisom,
1983) and have a deleterious efTect on growth of pathogens.
HCM and other volatile compounds produced by
F. flugrescens LPK2 exhibited antagonistic activity on the
growth of F, udum and caused growth inhibition of F, wdum.
The mode of action of HCN in disease control is partially
understood but it is believed that cyanide ions derived
from HCM are the potent inhibitor of many matelo-enzymes,
especially copper-containing cytochrome C oxidase (Blumer
and Haas, 2000) which are critical in respiration of living
beings.

' In our observations, P fTuorescens LPK2 released
extracellular chitinase and f-1.3-glucanase enzymes.
Chitinolysis plays an important role in biological control of
plant diseases and has been substantiated with increased
disease control by chitin-supplemented application of
chitinolytic biocontrol agents. Chitinase and ji-1, 3-
glucanase are key enzymes in the decomposition of fungal
hyphal wall (Rangel-Castro ef al., 2002). In the present
study, It is thought that cell wall lysis occurred by concerted
action of both chitinase and -1,3-glucanase. chitinase since
chitin and i-1,3-glucan are known to be the major
components of most fungal cell walls (Lim and Kim, 1995).
It has been also demenstrated that extracellular chitinase
and laminarinase synthesized by Psendomonas stuizeri
digestand lyse mycelium of £, salani (Lim et al., 1991).

Microscopic abnormalities in fungal pathogens
under the influence of P fluarescens LPK2 clearly showed
degeneration and degradation of the hyphae of F udum.
Abnormal hyphal swelling, digestion of fungal cell wall,
cyloplasm coagulation, hyphal perforation, hyphal tip
degradation and halo cells formation appeared in mycelia
of F ndum were caused by P fluorescens LPK2 mediated
by HCN and chitinolytic enzymes. Losses of structural
integrity of conidia were also observed. Thus, it showed
the hyphal wall interaction with bacterial cells rapidly lysed
the hyphae, causing leakage of the fungal cytoplasm. Gupta
et al. (2001) have been demonstrated the loss of sclerotial
integrity, hyphal shriveling, mycelial and sclerotial
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deformities and hyphal lysis in M. phaseoling by
Pseudomonas GRC,,. Microscopic studies revealed the mog,.
of the action of antagonistic activity and help to localize
site of interaction between antagonists and fungy)
pathogens. In vitro, fungal growth inibition assq,
suggested that antagonistic nature of Jf'. ﬂuoresc-fmlg LPK2
against F. udum mainly due to production of antimicrobia)
substances, such as chitinolytic enZymes, HCHN, antibioties,
siderophore and nutrient competition. I-!nwem:r. role of othey
inhibitory metabolites such as toxins and proteolytic
enzymes in the inhibition process of fungal pathogens cap
not be ruled out (Dunne ef al., 1998). P fliorescens LPK2
showed inhibition of £ udum in cell free culture fltrates,
There are several factors involved in the microbia|
antagonism which including staling g:ruwth pmdum: FH
of media, growth rate of interacting mlcmbels. competition
for nutrients and space, competitive colonization, nature
and chemical composition of growth media, lonic or nutrient
imbalance caused due to nutrient impoverishment and
physical factors. Many researchers I_mw: a_tl:mpted the
development of biocontrol agents against soil-bome plant
pathogens since the discovery ofthe PGPR by Kloepper o/
al. (1980}
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Fig 4: Compound microscopic photographs of post
interaction events in F udum due to P fuorescens
LPK2; hale cell formation and hyphal perforation (A).
hyphal tip degradation (B), digestion of fungal cell wall
(C) and halo cell formation (D) (see arrows)
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iochemical characters o f fluorescent ps.n:udomornds

Table 1 Morphological, physiological and b
il i PR LFK7 LPKS 1934 102 3
Chlaract oristics LPFk1 LPFK LPK LPK LPKS L
1 3 4 6 = g E—
Giram renct on . - - - K - a : ) & E:
Growthat:  4°C E : E - - + i ; & . )
H1°C + + + + + = N i i . 5
Muotiliny + * * + + +
+ (b -
Fliorescentdiffusible  +(bg) +(bg) +ibe) +(tg) +() +Hy) +ig) +(bg) (be) Hy)
pigment i
MNon-Mluorcscent nan- . . : . - - = -
diffisille pigment i
Capsule . . i i ) ) g 5 _
Endospon: : . . : . - . . =
PHDB accumulation i A " i o = - - |‘1 I']- |‘]
Generation time (h) 1.4 13 13 14 1.4 1.3 I.4 1.2 :
Calalase i + + + + + + * * s +
Oidase + + + + + + + b M = b
Ureale + + + + + + + + + + +
H,5 produciion . - 5 i 3 i . = = = &
M. R_test - . . . . - - = = -
V. P st : . . . & N . = . - .
Celatin hj'l;ﬂ‘ﬂlyg's_ + + + + " + + ¥ + + +
Starch hydrolysis + + - + + + + * g + +
Arginine hydrolysis + 4 + + + + + + + - +
Citrate wlil ization it + + + + + + * + + +
Utilization of* :
Glumse + : + + + + + + + + +
Meso-Inasitol . v & . . . A _ < i "
Maltose + + + = + + + + + - +
Mannita| + + + + + + + + + + +
Mannose B : . z - - . N . - s
Hibose + + + + T + + + + + +
Trehalose = s g = = . - . - + +
Abbreviations: +, posilive; -, negative; PIB- poly hedroxyl butyrate; HaS- hydrogen sulfide; MR- methyl red; VP-vogs
proskaur, bg- blue green; - yellow, Pseudomonas aeruginosa MTCC-193; P, puiids MTCC-102 and P. fluorescens MTCC-
103
Table 2 Plani growth-promating and antfungal properiies ef P seudomonas spp. sirains
; . " E i . Apfsgoaniam
Strains 1AA " ::.I:;%:::::‘ﬂn ‘5_|il rephore !I'I(:N Chitinase P ld-glucanase ety e r.
» wdlw m
LPE 1 * + + + + + -
LPK 2 + o+ -+ +++ ++ + " g
LPK 3 i . + . 2 + i
LFK 4 + + + - . .
LPK 5 + o + +# " .
LFK & - * + . .
LPK 7 .+ +4 +e . + . n
LPK & - + + a <
Standard siraing
MTCC - + . "
1934
MTCC - + z T .
o2
MTCC B g . )
103

Abbreviations: A - 1A A negative, *, IAA positive; B -, Phosphate solubilization negative, + .phosphate
solebilizavion P05j|_i"=- C = Absence of halo formation; +, small halos <0.5 cm wide surrounding
colonies; ++, medium halos > 05 cm wide surrounding colonies; +++ large halos >1.0cm wide
surrounding colonies; D -, HCN negative. +, HCN positive; E -, chitinase negative, + chilinase positive
small hales <05 ¢m wide surrounding colonies; ++, medium halos > 0.5 cm wide surrounding colanies;
F - B-1.3-glucanase ncgative, +, f-1 I-glucanase positive, Prevdomonas aeruginosa MTCC-1914; P.

fluorescens MTCC-103: P purida MTCC-102
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Abstract

E’f”"" of variability, heritability and genetic advance of fruit yield and its contributing characters were estimated
in twelve diverse Benotypes of bottle gourd. The study indicates that there is considerable amount of genetic variability for
|l the characters studied. The length of edible green fruit exhibited highest value of genotypic and phenotypic coefficient
of variations (GCV and PCV). High estimates of heritability, genotypic coefficient of variations and genetic advance as per
cent of mean were observed fuf length of edible green fruit, number of fruits plant” and weight of edible green fruit. This
indicates that these characters in bottle gourd can effectively be improved through selection.

‘(f_];wrdr : Bottle gourd, heritability, genetic advance.-

—

Introduction : Hindu University, Varanasi. The spacing between row to

Bottle gourd (Lagenaria siceraria(Mol.) Standl.)  row was keptat 2m and plant to plant was Imin a Smx 4m-
i an important vegetable crop belonging to family plot size. The crop was maintained according to standard
cucurbitaceae and is commercially grown in almost all parts agronomic practices. Observations were recorded on five
of India. It is a monoecious and highly cross-pollinated randomly selected plants for 14 different characters

crop in which large amount of variations are observed in including vegetative as well as fruit characters such as
many economically important traits. The exploitation of ~ daysto germination, days to first staminate flower anthesis,
genelic variability in the available genotypes is a pre- days to first pistillate flower anthesis, number of primary

requisite in a breeding programme for effective selection of branches plant', vine length, node number bearing first
superior genotypes. Since natural genetic variation for most staminate flower, node number bearing first pistillate flower,
of the yield attributes is considerably high in bottle gourd. days to first fruit harvest, length of edible green fruit, number
There is an urgent need of information on the nature and of fruits plant”, length of edible green fruit, number of fruits
magnitude of variation available in the material and part plant™', weight of edible green fruit, number of seeds fruit
played by environment in expression of different characters. ', 100-seed weight and edible fruits yield plant™'. The
Keeping in view the above facts the present investigation statistical analysis was carried out as per formula suggested
was undertaken to estimate the magnitude of heritable and by Panse and Sukhatme (6) and was used for calculating
non-heritable components of variation and genetic other genetic parameters. Genotypic and phenotypic

paramelers such as coefficient of variations, heritability coefficients of variations were calculated as per the formula
and genetic advances in twelve diverse genotypes of bottle suggested by Burton and Devane (2). Heritability in board
gourd. sense and genetic advance were calculated as per the

formula given by Allard (1) and Johnson et.al. (3),
Material and methods respectively.

Twelve diverse genotypes of bottle gourd having distinct
diversity in morphology and performance were sown in Results and discussion
fﬂndnmizedblmkdgsig“ with three replication during rainy The extent of variability present in twelve diverse
season at Vegetable Research Farm of the Department of ~ genotypes of bottle gourd was measured in terms of range,
Horticulture, Institute of Agricultural Sciences, Banaras mean, variations (PCV and GCV), heritability (broad sense)
and genetic advance (GA) and GA as per cent of mean
“Corres = ‘ : [Table-1]. All the genotypes differed significantly with
rad Ponding ﬂll-“hﬂl‘ s e-mail: respect to different characters studied. Wide range of
Pradeephort@gmail.com
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variation was observed in all the charneters studied. Number
oF fruits plant” varied from 3.83 (VRBG-40) to 7.20 (VRBG-
101, length of edible green fruits from 28.97cm (PGOG-62)
1o 60.00cm (VRBG-110) and fruits yield plant” from 5.33kg
(PBOG-40) to 9.63kg (VRBG-110) (Table-2). Prakash ef al.
(7) also reported wide range of variation for most of the
characters studied in this crop

The GCV, which gives a picture of extent of genetic
variability in the population ranged from 5.21 (days te first
fruit harvest) to 23.68 (length of edible green fruit). The
GCV values were considerably high for characters such as
number of fruits plant, weight of edible green fruit and
fruits yield plant”, The characters having higher range of
variation have a better scope for improvement through
selection. This finding is in agreement with those reported
by Tyagi (4). A perusal of data in table-1 shows that there
was close relationship between PCV and GCV and was
observed low for all the characters except vine length and
fruits yield plant* which indicated less influence of
environment for most of the characters,
With the help of GCV alone, it is not possible to determine
the amount of variation that is heritable, | leritable variation
can be found out with greater degree of accuracy. The
heritability estimates of |00-seed weight (98,90 %) was
highest and was moderate for vine length (71.50%6) and
number of primary branches plant” (71.00%) which suggest
that the environmental effects constitute a major portion of
total phenotypic variation and hence direct selection for
this characters will be less effective. Expected genetic
advance and its estimates as per cent of mean for various
characters revealed that length of edible green fruit (48.21),
weight of edible green fruit (43.60) and number of fruits
plant! had high GA. High heritability along with high
expected GA were recorded for length of edible green fruit
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and 100-seed weight which was also recorded by fing;,
of Prasad and Prasad (5). If heritability was mainly gy
non-additive gene action, the expected GA coy|g s
expected. It is clear from table-1 that the characters |;,
length of edible green fruit and I'JLImhF:r' of seeds Fruip:
pussegsing high heritability nlupg with GA couly i
effectively used for selection as it is 315? suggested |,
Johnson ef al.(3). High heritability along with low (} A Wa
observed in characters namely m_lmblﬂ‘ of seeds frujr, dayy
to first pistillate flower anthesis and days to first fruits
harvest indicated that expression of these characters vy,
governed by non-additive gene action.
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analysis in garden pea (Pisum sativum L.)
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Abstract

Genetic variability and character association were studied for yield and its component characters in 20 genotypes
of pea (Pisum sativum L.) during rabi, 2009-10, Analysis of variance revealed significant difference for all the characters
mc!mating the presence of good amount of variability in the genotypes studied. The estimates of GCV, heritability and genetic
gain were higher for plant height, whereas, high heritability with moderate GCV and genetic gain were observed for days to
first flowering, days to 50 % flowering, days to first fruit setting, days to first pod picking and number of pickings, i“f"':atmﬂ
good scope for selection. Association studies revealed that green pod yield per plant was positively and significantly
associated with pod length, pod weight and number of grains per pod. The result suggested that these traits could be

considered as major yield contributing traits in garden pea.

Key words: Garden pea, genetic variability, heritability, genetic advance, character association.

Introduction

Pea (Pisum sativum L.) is an important crop grown
throughout the world. In India, it is grown mainly as winter
vegetable in the plains of North India and as summer veg-
etable in the hills. Pea is used as fresh vegetable, canned,
processed or dehydrated and seeds are consumed as pulse.
Green pods are highly nutritive, containing high percentage
of digestible protein (7.2%), carbohydrates (19.8%) and min-
erals (0.8%) (Avkroyd, 1963). Genetic variability plays an
important role in selecting best genotypes for making rapid
improvement in yield and other desirable characters, Herita-
bility is an index for calculating the relative influence of en-
vironment on expression of genotypes. The expected ge-
netic advance is important to have an idea of effectiveness
of selection. Estimates of heritability together with genetic
advance predict the expected progress to be achieved
through selection, Correlation coefficient is a statistical mea-
sure, which is used to find out the degree and direction of
relationship between two or more variables, it also measures
the mutual relationship between various plant characters
and determines the component characters on which selec-
tion can be exercised for genetic improvement in yield. Keep-
ing in view the study was conducted to find out the extent
of variability, heritability, genetic advance and character as-
sociation for yield and its contributing traits in garden pea.

*Corresponding authors e-mail:
pramodhorti201 1 (@gmail.com

98

Materials and methods

The present investigation was carried out at Ex-
perimental farm, Department of Horticulture, 5.K.N. College
of Agriculture, Jobner, Rajasthan during rabi 2009-10. The
experimenial material consisted of twenty diverse pea geno-
types namely, VRP-5, VRP-6, VRP-7, VRP-22, AP-1, VRP-
343, VRP-90, VRP-216, VRP-158, VRP-238, VRP-147, VRP-16,
AP-3, Arkel, VRP-179, VRP-135, VRP-219, VRP-330, VRP-
138 and EC-9126. Experiment was laid out in randomized
block design with three replications. The pea seeds were
sown at a spacing of 30 cm x 10 em. Recommended agro-
nomic practices and plant protection measures were fol-
lowed to maintain optimum plant stand. The observations
were recorded on five randomly selected competitive plants
from each plot in every replication for plant height (cm),
days to first flowering, days to 50 % flowering, days to first
fruit setting, days to first pod picking, number of pods per
plant, pod length (cm), pod weight (g), number of grains per
pod, number of pickings, pod yield per plant (g), pod yield
per hectare (q), TSS of green seeds (%) and protein content
in pods (%) (A.0.A.C., 1960). The data were averaged and
statistically analyzed for analysis of variance as per the
method suggested by Panse and Sukhatme (1995). The ge-
notypic and phenotypic coefficients of variation were
worked out as per the method suggested by Burton and De
Vane (1953). The heritability in broad sense and expected
genetic advance were worked out using formulae of Hanson
et al. (1956) and Johnson er al. (1955). The genotypic and
phenotypic correlation coefficients were calculated from the
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Lenotypic ;mdlphclmlypi“ COVariances
described by Singh and Chuudllary (197
jula given by Johnson et al. (1955),

and variances as
7) and as per for-

Result and discussion
The analysis of variance (Tapje 1

.cant differences among the
:;ng clllnralc:‘lers which indimleﬁ‘:{;?;fﬁiﬂéh r:r all the ob-
netic variability was present in the genefic r::;wt"un't IDF'EE.
extent of genotypic variability indicated he ami- "r::'. - The
"a given character for its improvement (Burton, | ;;! ility of
males ufphn_:nutypm cfoe_ﬂ'lcicru of variation [‘P{:\,r ) Bati-

pic coeficient of variation (GCV), heritability " h Eenu-
sense and genetic advance as perc entage of mean ![n rua!:i
ous characters are [_:rrcsente::l in table 1. The heﬁrlﬂr‘l-
coefficients qf variation (PCV) were h igher thanlihc ro ypic
characters which indicated the positive effect of enyir ?
ment in enhancing differences among the genotypes at ﬁ:_
notypic level. Phenotypic coefTicient of variation (PC v}Pw“

highest for plant height (31.87%) followed by daysto 50 e

cent flowering (24.13%), days to first floweri g
days to first fruit setting (21.24%), pod w;i;r;l% ﬁé%gjﬁ
number of pods per plant (16.42%) and days to first pu&
picking(iﬂ.?ﬁ%} whereas, minimum value of PCV was re-
corded for protein content in pods (6.29%). The genotypic
coefficient of variation (GCV) for plant height was maximum
(30.18%), followed by days to 50 per cent flowering (23.88%),
days to first flowering (20.97%), days to first fruit setting
(20.94%) and days to first pod picking (15.05%) while, it was
lowest for protein content in pods (4.30%). Similar results
were earlier reported by Sureja and Sharma (2000) and
Sardana el al. (2007). ;

High heritability (>75%) along with high genetic
advance (>45%) was observed for plant height (89.65,
§7.92%) and days to 50% flowering (97.94, 47.90%).
Whereas, high heritability coupled with moderate genetic
advance was recorded for days to first fruit setting (97.23,
41.86%), days to first flowering (96.74, 41.80%), days to first
pod picking (97.40, 30,08%) and number of pickings (93.47,
28.04%). Low heritability and low genetic advance were re-
corded for number of grains per pod (46.23, 9.95%) and pro-
tein content (46.66, 5.97%) in the pod (Table 1). High herita-
bility and moderate to high genetic advance for plant height,
days to 50 per cent flowering, days to first fruit setting,
days to first pod picking, days to first flowering and number
of pickings indicated that effect of environment in expres-
sion of these traits was negligible as these trails were gov-
emed by additive gene action. Thus, these trais respond to
selection owing to their high genetic variability and trans-
missibility. Low heritability coupled with low genctic ad-
vance was recorded for number of grains per pod and pro-
tein content in the pod indicated that expression of these
traits significantly influenced by environment because, these
traits were governed by non-additive gene action. _These
results were jn close conformity with the earlier findings of
guptﬂ et al. (2006), Sardana ef al. (2007) and Sharma ef al.

007).

The correlation studies revealed that in general

indicated sig-
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estimates of genotypic correlation coefficients were higher
than the corresponding phenotypic correlation coefTicients,
which indicated a strong inherent association among f.hITcr-
ent traits under study (Table 2). The lower phenotypic u[al-
ues might be due to environmental interactions. A signifi-
cant positive association of pod yield per plant was ob-
served with pod weight (0.469), pod length (0.395) and num-
ber of grains per pod (0.392) at phenatypic level and with
number of grains per pod (0.763), pod length (0.663), pod
weight (0.542) and number of pickings (0.376) at genotypic
level, which, suggested that these characters could be con-
sidered as major green pod yield contributing characters in
pea. Similar results were earlier obtained by Chaudhary and
Sharma (2003), Sureja and Sharma (2004), Cho udhary et al.
(2004) and Nawab et al. (2008). Pod yield per plant regis-
tered significant and negative correlation with days to first
Rowering (-0.326) and days to first pod picking (-0.369),
which, indicated that selection should be practiced for less
days to flowering and first fruit setting (earliness). The re-
sults were in accordance with Chaudhary and Sharma (2003),
Choudhary et al. (2004) and Sureja and Sharma (2004).

The present investigation revealed that wide vari-
ahility existed for different morphological traits in the
germplasm of pea. High heritability coupled with high ge-
netic advance was noticed through plant height and days
to 50% flowerings, suggesting that these characters could
be considered reliable indices for selection, to enhance the
pod yield. Correlation studies revealed that pod vield was
significantly and positively associated with pod weight, pod
length and number of grains per pod. Similarly a significant
and negative association of pod yield was observed with
days to first fruit setting and days to first flowering, which
suggested that for these traits will help for improvement in
pod yield in garden pea. The negative association for these
two traits with pod yield suggested that selection for earli-
ness should be practiced to improve the yield.
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hinder the crop production.

Two sets of well water were collected, one before the monsoon rains in the month of April-May and second after
(he cessation of monsoon rains in the month of October, After the rains, salt concentration in the well water was r:duccd'."
Goil samples WEre ::ﬂs‘o cc.lllcr:.r:d from areas irrigated by water of some of these wells, and analysed to study the cff;(:.t 3

inuous use of irrigation water on them. Amount of salt retained in soil after the rains was linearly related to initial
linity inthe soil. Being low rainfall in the studied area, the negative values of salt regime constant'd’ were sflsu of very low
order indicating very less leaching of salts from the crop root zone and thus, continuous use of higher salinity water might

Key words: seasonal variation, underground irrigation waters, influence on  soils.

A T
[ntroduction

The concentration and nature of the salts present
in irrigation water determine its quality. The nature of salts
in irrigation water, sometimes may be more important than
(he total amount of salts e.g. if the proportion of sodium in
irrigation water is high, the soils may become gradually
unproductive. Even water of doubt full quality can be used
without serious damage to soils and crops, if the necessary
precautions are taken in irrigation and soil management.
The limits for maximum permissible salt content of water
depend also on the nature of the salts and amount of rainfall.
Saline irrigation water is better suited on soils which are
permeable and where the water table remains 1.8 to 3 meters
below the surface.

A large area in Bikaner district of Rajasthan is
irrigated by tube wells. A critical study of the variation in
quality of well waters and their influence on soils in long
use was under taken.

Materials and methods

Water samples were collected from fifty six tube
wells from twenty villages of Bikaner district of Rajasthan.
The first set of samples was drawn before the monsoon in
April - May 2004 and the second set of after the cessation
ﬂf}'nﬂnsuun rains in October 2004. For salt balance studies
soil samples (0-30 cm depth) from twenty selected sites

b Cnrmpnnding author's postal address:

SMS, Soil Science, Krishi Vigyan Kendra,
r“:al fml Emswm

€-mail: ranjeetsingh 1 970@gmail.com

were also collected in month of April-May and October
2004 and salt balance in irrigated soils was calculated by
equation given by Szabolcs (1969) as d =b — [a+(cv/mds)x
10%] where,

d = salt leached or accumulated, g/100 g soil

b = amount of salt at and of cbservation, g/100 g soil

a = amount of salt at start of abservation, g/100 g soil

¢ = salt content in rain water, g/L

v = amount of monsoon rains, mm

m = thickness of soil layer, m

ds = bulk density of soil, mg/m’

Water and soil samples were analysed using standard
methods and procedures. Soils of the studied area are
aeolian, coarse textured, calcareous and alkaline in nature
with low fertility status, low water holding capacity and
susceptible to wind erosion

Results and discussion

The analytical data of tube well waters are
presented in tablel. Value under A relate to the pre-monsoon
period and values under belated post- monsoon period.
Calculated valued of SAR, RSC and pH, EC are given in
table 2. Soil data are presented in table 3 and 4.

Data presented in tablel indicate that the tube
well waters contain relatively high sodium, chloride and
bicarbonate barring a few exceptions. Another feature about
these waters is that magnesium is generally higher than
calcium. After the monsoon rains, salt concentration is the
tube well waters were reduced. The ions which have
decreased are sodium, Chloride and sulphate while,
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magnesium, bicarbonate are increased and calcium and
carbonate ions not showed much difference. P values of
all irrigation waters were noticed to fluctuate during April-
May to October (Table-2). The mean P" value of water
samples was increased from 8.30 to 8.44 during April -May
to October. The increase in p" of these irrigation waters
during rainy season might be due to increase in
concentration of neutral salts of calcium and magnesium.
The results get support from findings of Gupta et af. (1982).

Electrical conductivity of underground irrigation
waters of Bikaner district showed decreasing trend from
April-May to October (Table 2). The mean value of EC of

irrigation waters was decreased from 2.58 to 2.02 dSmv
'.Systematic decreasing trends was observed in EC of
waters between the periods of April-May to October. The
highest and lowest EC values of all the samples were
”b“r"’?d during the months of April-May and October,
respectively. The EC of irrigation waters was decreased
2 l_~71 per cent during the observation period. Owing to the
rain water induced dilution and leaching of salts the
electrical conductivity decreased during the rainy season.
Similar results were also reported by Kameriya (1977).

It is evident from the data presented in table 2 that a
systematic decreasing trend in SAR values was observed
in all irrigation waters between the period of April-May to
October. The highest SAR values of all waters were
observed during the month of April-May, while the lowest
values were observed during the month of October. The
men SAR value of irrigation waters of Bikaner district was
decreased from 14.84. To 9.77 (34.16 per cent) during the
study period. The decrease in SAR value during rainy
season might be due to a decrease in the salt concentration.
This showed that there was improvement in the quality of
underground irrigation waters both in salinity and sodium
hazards after monsoon rains. Similar finding were also
reported by Gupta er ol (1982).

Residual sodium carbonate contents of all
irrigation waters were observed minimum during the month
of October and maximum during the months of April-May
(Table 2). The decrease in mean RSC values of irrigation
waters of Bikaner district was recorded from 1,30 to 0.44 me
L' during April-May to October. This showed that there
was improvement in the quality of underground irrigation
waters with respect to alkali hazards. This might be due to
leaching of soluble salts and increase in neutral salts of
calcium and magnesium during raining season. The results
of present investigation get support from the findings of
Datta and Taygi (1996).
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Salt balance in plant root ZOne is Very imporap,

Water evaporates in a pure state leaving salts behind, 5
water is removed from the Sﬂ'fl bj}' 'E‘-’ﬂlffﬂrﬂliun.r
evapotranspiration the salt concentration in the soil solutigy,
is increased. Each irrigation adds some salts to 5o
depending upon the water entering the soil and the sq),
cuncf.'ntration in the water. This salts remains n the sgi)
and accumulates unless it is leached away by rain water o
water applied in excess of crop requirement. In the Presen;
study, salt removal by rain water Was estimated using the
equation given by Szabolcs (I'JG‘J?. R'-'§H|IS c_nl‘salts balance
studies of soils of Bikaner district given in table 4 ang
discussed as follows. The negative values of salt regime
constant 'd’ (Table 4) indicated that the salt added through
irrigation water was either leach ed down to lower layers of
the soil profile or washed through the surface run u!ﬁ Itis
further clean from the data that amount of 5a!t retained i
soil after the rains was linearly related to initial salinity in
the soil. In other words, higher was the amount of
accumulated salt in soil after the irrigation cycle, greater
was the amount of salt leached/washed. However, being
low rainfall in the studied area, the negative values of saly
regime constant *d’ were also of very low order indicating
very lees leaching of salts from the crop root zone and thus
continuous use of higher salinity water might hinder the
crop production.
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Table 4. salt regime constant (d) as related to salt and water characteristics of selected villages of Bikaner district of

Rajasthan during 2004
Sample ECe(dSm")  ECe(dsm") EC.@sm™) Total rin Soil depth Bulk dun!::.'r.y m
Code during April-  during Oct. water (mm} {m) (Mg m) constant
May-2004 2004 =) i) 100/g sojy)
(a) (h) (c) ) ¢ d
Pal , 1.79 376 0,01 114 0.30 1.56 -0.0150
Kil, 3.95 1'92 l}r{ll 114 0.30 148 -0.0210
Pem, 6.21 483 o0 114 0.30 1.54 0.0200
Pem, 5.06 181 0.01 114 0.30 1.55 -0.0180
Sud, 1.80 i'_w l}:ﬂl 181 0.30 1.54 0.0070
Jet, 23.23 13.60 0.01 181 0.30 162 0.1310
Thu, 4.22 296 0.01 181 0.30 1.58 -0.0180
Aka, 1.63 202 0.01 123 0.30 1.49 0.0260
Jha, 17.10 11.97 0.01 1213 0.30 1.51 00810
Cha, 5.31 ].3-3 ﬂ:ﬂ] 123 0.30 1.45 -0.0240
Kot 6.33 442 0.01 123 0.30 1.53 -0.0290
Mul, 1.40 0.90 0.0l 182 0.30 1.48 0.007%
She 7.09 4.16 0.0l 182 0.30 1.49 -0.0460
Kho, 5.78 409 0.01 182 0.30 145 -0,0280
Dhap, 7.00 404 0.01 182 0.30 1.51 -0.0460
Muk | 20.20 17.45 0.01 222 0.30 149 -0.0420
Muk » 7.48 4.05 0.01 222 0.30 1.57 -0.0500

—
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Pea occupies an important position amongst the
vegetable crops of India and 15 one of the few crops that
can be successfully grown during the winter season in In-
dia. However, Ascochyta blight caused by Ascochyra pisi
Lib. is responsible for substantial yield losses in pea to the
wne of 30-75 per cent under favourable conditions for dis-
ease development (Roger and Tivoli, 1996). The disease is
pﬂpﬂyclic and can develop rapidly during periods of wet
weather and moderate temperatures. Since the pathogen
survives mainly through seeds (Kaiser, 1972). In the present
investigation, the efficacy of the fungicides against the
pathogen Ascochyta pisi under laboratory conditions was
studies. \
Isolation made from diseased leaf samples on 2%
PDA medium yielded Ascochyta pisi during Rabi 2005-06.
Efficacy of fungicides against Ascochyta pisi fungus was
done by poison food technique under laboratory condi-
tions at Department of Plant Pathology, Faculty of Agricul-
wre and Regional Research Station (SKUAST-K), Wadura,
Sopore. Three replications were maintained with three doses
for each treatment. Mycelial disc of 5 mm dia. from 7 days
old fungal culture of Ascochyta pisi was placed in the cen-
tre of each Petri plate containing 2% PDA medium incorpo-
rated with different fungicides. The medium without fungi-
cide served as control. These petriplates were incubated at
25°C for 7 days. The diameter of test fungus was measured.
The per-cent inhibition of mycelial growth was calculated
using the formula given by Vincent (1947).
PDI= Growth in control — Growth in treatment x 100
Growth in control
. The data in Table | revealed thatall the fungicides
significantly inhibited mycelial growth of the fungus
Ascochyta pisi under laboratory conditions. Benomyl was
_f'i'“fid most effective fungicide against Ascochyta pisi. It
nhibited 100% mycelial growth of this fungus at all three

107

doses viz, 400, 500 and 600 ppm followed by carbendazim
which also gave 100% mycelial growth inhibition at only
two doses viz, 500 and 600 ppm but 95.54% mycelial growth
inhibition at 400 ppm. Next best fungicides were diniconazole,
hexaconazole and thiram which also effective against the
pathogen. Least effective fungicide was ziram which gave
21.66% fungal growth inhibition at 1000 ppm.

Bashir and Ilyas (1983) reported that benomyl,
daconil and topsin -M were found most effective under
laboratory conditions in inhibiting mycelial growth and spore
germination of Ascochyta rabiei causing Ascochyta blight
of chickpea. Khan and Khan (2006) also found that benomyl
showed 100% inhibition in radial mycelial growth of
Macrophomina phaseolina causing Macrophomina leaf
spot of mung bean. Srivastava and Mishra (2008) observed
that 100% inhibition in mycelial growth of Colletotrichum
truncatum (leafblight of urd bean) by carbendazim, benlate
and hexaconazole.
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Table 1, Inhibitory effect of fungicides on the myeelial growth of Ascochyla pisi under Jaboratory

Conditions —
—— Concentration (ppm) Mean of mycelial 9% Inhibition over
growth (mm) control
Benomyl 600 0.0 (1.00)* 100.0
500 0.0 (1.00) 100.0
400 0.0(1.00) 100.0
Carbendazim 600 0.0 (1.00) 1000
500 0.0 (1.00) 100.0
400 3.5(2.12) 95.54
Diniconazole 400 0.0(1.00) 100.0
300 0.0 (1.00) 100.0
200 4.5(2.34) 94.27
Hexaconazole 400 0.0 (1.00) 100.0
' 300 . 0.0 (1.00) 100.0
. 200 5.2 (2.49) 93.38
Thiram 1000 0.0 (1.00) 100.0
2000 0.0 (1.00) 100.0
1000 8..5(3.08) 89.17
Captan 4000 0.0 (1.00) 100.0
3000 0.0 (1.00) 100.0
2000 7.5(2.92) 90.45
Dodine 700 21.5(4.74) 72.61
600 26.0( 5.19) 66.88
500 34.5 (5.96) 56.05
Copper oxychloride 3000 20.5 ( 4.64) ' 73.89
2000 - © 29.0(5.48) 63.06
1000 : 39.5( 6.36) 49.68
Mancozeb 4000 - 23.0 (4.90) 70.70
3000 34.5 (5.96) 56.05
2000 475 (6.96) 39.49
Zineb - 3000 " 23.5(4.95) 70.06
2000 35.5 (6.04) 54.78
1000 48.0 (6.98) 38.85
Ziram 3000 28.5(5.34) 63.49
. 2000 47.0 (6.93) 40.13
1000 61.5 (7.91) 21.66
Control - 78.5(8.92) .
CD (0.85)

* Figures in parenthesis are square root transformed values.
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Asheourd [Benincasa hispidg (Thumb) Cogn ] is
on impartant warm vegfrlab le Brown for its fruit used in r:un-
factionery and ayurvedic medmmfll Preparations (Indira and
Peter, 1987). An_-.ung the cucurbilacepus vegelable, where
s ripe fruit is bFrllEd in sugar o make a confectionery known
a5 petha (Joydip Mandal et. al. 2002), In spite of ts eco.
nomic importance, very |][l|E‘ﬂIIEI‘J!pI5 has been made so far
1o improve the crop ‘produtllﬂn- The genotypes under cul-
(ivation are nondescript ones. Poor genetic stock, inadequate
and impmptrmanagemtn! practices and incidence of many

sitic diseases are main constraints for low yield. To
overcome (his dcu:l.?pr:nenl of early maturing and high
yielding wricliw’hyhr[d 15 most urgent need for the farm-
ors. Hence, this experiment as conducted to identify the
uilable varieties to this area, Since, there is a continuous
demand for new high yielding varieties, genotypes devel-

d at various centers under All India Coordinated Re-
search Project (AICRP) and at vegetable Breeding Station,
Agricullural Research Institute, Rajendranagar, Hyderabad
were evaluated to identify the suitable genotypes for this

area.

The experiment was conducted at Vegetable Breed- .

ing Station, Agricultural Research Institute, Rajendranagar,
Hyderabad during Kharif 2005-2007 in clay loam soil to
evaluale the material developed at ICAR stations, State
Agricultural Universities for their suitability in Andhra
Pradesh. The agro climate of Hyderabad is characterized by
minimum temperature 20.3° C, maximum temperature 32.6°C,
average rainfall 733 mm and humidity of 63.3%. The experi-
ment was laid out in Randomized Block Design with 4 repli-
calions having plot of § m x 2.5 m with adopted spacing 5 m
1 0.5 m. observations were recorded on vine growth , num-
ber of lateral/vine, node number at which first female flow-
¢rs appeared, number of fruits /vine, average fruit weight,
fruit length, diameter and yield per hectare. The crop was
raised as per the recommended cultivation practices during
the season, The data was statistically analyzed as described
by Panse and Sukhatme (1987).

Tablel. Preliminary information on five genotypes in
Ashgourd under study.

2.No  Mame ofl'the Entry Source

| HYDBH-24 ANGRAU, Hydrabad
2 HYBH-24 ANGRAU, Hydrabad
3 BH-21 Vellanikkara

4 Pusa Ujjawal  IARI

5 Shakti ANGRAU, Hydrabad

The preliminary information on five genotypes of
Ashgourd under study is given in table 1. The results re-
vealed that the mean node number to first female Mower
appeared ranged from 9.8 to 11.5 (Table-2). It was found
that the appearance of first female flower was on the lowest
node in HY BH-25 (9.8) followed by local Check Shakti (10.2).
The trait such as days to appearance of first female flower-
ing and node number at which first female Nower appears
are most useful parameters indicating earliness of genotype
(Samadia, 2002). Number of female flowers and fruit per plant
are the major deciding factors to assess the yield potential
of genotypes. The genotypes with more number of female
flowers at earlier nodes along with early fruit setting and
picking should result in higher and early production. In the
present study, the number of fruits/vine ranged from 1.0 to
1.4, The check Shakti recorded significantly highest fruit
number than all the genotypes under study. The average
fruit weight at maturity stage varied from number than all
the genotype under study. The average fruit weight at ma-
turity stage varied from 2.7 kg lo 4.4 kg. Genotype HYBH-25
recorded significantly highest average fruit weight (4.4 kg)
followed by HYBH-24 (4.2 kg) than other genotypes. In
Ashgourd medium sized fruits are preferred for domestic
purpose than large sized fruits. Marketable yield ranged
from 3.2 kg to 5.2 kg/vine. Among the genotypes, HY BH-24
recorded significantly highest fruit yield/vine (5.2 kg) which
is on par with Shakti (4.6 kg) and HYBH-25 (4.4 kg. Low
yield was observed in Bh-21 (3.2 kg) per vine. Similar results
were repoted at Indian Institute of Vegetable Research,
Varanasi (Anonymous 2006-2007), Performance of growth
and plant vigour revealed that there was no significant dif-
ference in terms of vine length and number of laterals/vine.

These results suggested that genotypes HYBH-
24 and HYBH-25 developed at Vegetable Breeding Station,
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Table 2. Morphometeric and yield characters of ash gourd genotypes.

Genotypes Yine Mool Mode al Average Nu:r:-f :—r:lth 5 ruit :'u:ln_i _ﬂgl-d-‘-""

Length lateralsivine 1" female I'LIJIL wi. {ﬁ:: I:mg} !;::‘;“’;' g/vine tha

[ny) Mower kgl
HYDI-24 5.0 33 TE 15 1.5 56.5 gﬂ.s 6.5 T
HYRH-25 59 13 9.8 4.2 1.2 8.7 1.9 4.8 191
Pusa Ujjwal 6.6 79 106 13 1.1 53.2 0.7 1.5 14.1
Shakaife) Y 13 102 13 1.5 54.0 559 5.1 W02
SEmz 0.2 01 0.3 02 ol 27 2.9 0.4 L&
CDas% 06 NS 0.9 0.6 0.2 NS NS 1.2 49

T —

Joydip Mandal, P.S., Sirohi and Behra, T.K. 2002, Gey, elca

Agricultural Research Institute, Rajendranagar, Hyderabad | :
studies on flowering and fruit maturity in Ashgoyrg

can be grown in and around Hyderabad, Andhra Pradesh as
they are performed better compared to other genotypes. [Benincasa hispida (Thumb) Cogn.). Orissg Jonr
nal of Horticulture. 30 (1): 40-42, .
References Panse, V.G. and Sukhatme, P.V. 1985. Statistical methodg fa
Annonymous. 2006. Annual Report of All India Co-ordinated Agricultural workers. IV ed. Published by JEAI?:
i Rsearch Project on Vegetable crops. Pp. 155. New Delhi. Pp. 59.

Indira, P.and Peter, K.V. 1987. Under exploited tropical veg- ~ Samadia, D.K.2002. Performance of bottle gourd genotyp
etables, Kerala Agricultural University, under hot arid environment. Indian Journal of t1,,.
Vellanikkara. Pp. 4-8. . ticwltwre. 59(2): 197-170
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PCR com}}atible, genomic DNA extraction procedure
or lasora (Cordia myxa (Roxb.)

P.N. Sivali

ngam' and Dhurendra Singh

Central Instingte for dri
nstitite for Arid Horticulture, ICAR, Beechwal, Bikaner- 334006

Cordia myxa (Roxb.) is commonly known as
wpgsora” 1 is an under-exploited fruit and herbal tree in
qural India. It belongs to the family Boraginaceae and

ably originated in the Indian sub-continent (Samadia
2005). It i5 -.-:aidel_v C!iSIFibUIFd in the arid and Sl:mi-:lri[i
regions of India and yields fruitduring April-May. Immature
s of lasora are used for making pickles and vegetable
d matured fruits are very nutritious. rich in

rob

curries, an
carbohydrates and total ash. This fruit tree is not a
.;.;.mmerﬂiﬂl crop but it grows naturally in the non-cultivable

or waste lands, backyards, on roadsides and farm
poundaries (Samadia, 2005). Conservation and
ynderstanding genetic diversity of this under-exploited crop
is the primary fﬂ’-'l“if‘f'l“'!“l for identification of superior
genotypes for its improvement and exploitation.
Considerable diversity on the basis of morphological
paramelers has been reported in the naturally growing

ulation of fasora in Rajasthan (Samadia, 2007). No report
is available on the genetic diversity of lasora germplasm
using DNA markers. Good quality, PCR compatible genomic
DNA is essential for most of the PCR based markers. Our
experience showed that the genomic DNA extracted from
leaf tissue of Jasora using many commercial kits did not
yield amplicons with random hexaprimers (RAPD primers)
in PCR (unpublished data). Therefore, standardization ofa
PCR-compatible DNA extraction proc edure is essential for
lasora. Here, we report the standardized PCR-compatible
genomic DNA extraction procedure from the leaf tissue of
lasora.,

Young leaf tissues (2* leaf from top of the twig)
were collected from a single /asora tree and stored in an
ice-box and brought to the laboratory immediately. One
hundred mg of leaf tissue was weighed and sto red at -20°C
from eighteen samples (three samples for each treatment)
(Table 1). Each sample was ground separately in a pestle
and mortar with liquid nitrogen and transferred to 1.5 ml
microcentrifuge tube. One ml of DNA extraction buffer
(Dellapont er al., 1983) (Table 1) was added to three samples
separately and processed. These samples were incubated
A65°C in a water bath for one hour. Samples were then

'Cﬂlﬂ‘ﬂlpundingauthur email:
Prsvalingam@gmail.com

111

removed from the water bath and brought to room
temperature. To remove protein and other organics. 0.6
volume of chloroform: isoamyl alcohol (24:1) was added to
the sample and mixed for 20 minutes and centrifuged at
10000 rpm for 10 minutes at 4 °C. The supematant was
removed and transferred to a fresh microcentrifuge tube
and again chlorofom: isoamylalcohol (24:1) was added.
mixed and centrifuged at 10000 rpm for 10 minutes at4 °C.
The supernatant was removed and transferred to a fresh
microcentrifuge tube. To the supernatant, 0.8 volume of
isopropanol was added and mixed gently and centrifuged
at 10000 rpm for 10 minutes at 4 °C. The supemnatant was
decanted and to the pellet 400pl of 70 % ethanol was added
and centrifuged for 10 minutes. The supernatant was
decanted and the pellet was dried at room temperature for
30 minutes. 100p! of sterile double distilled water was added
to the pellet and allowed to dissolve for two hours at reom
temperature or overnight at4 °C. After dissolving, an aliquot
of 50p1 was taken from each sample and transferred to a
fresh micro-centrifuge tube, Two pl of RNase A (10mg/ml)
(MBI Fermentas) was added to each sample and kept at 37
sC for 30 minutes, The volume in each sample was made up
10 200 pl with sterile double distilled water. Equal volume of
chloroform: isoamyl alcohol (24:1) was added,mixed and
centrifuged as described above and the supemalani was
removed and transferred to a fresh microcentrifuge tube.
To the supernatant, 1/10* volume of sodium acetate (pH
4.8) followed by 0.8 volume of isopropanol were added and
mixed gently. The subsequent steps are same as described
previously.

Four pl from each tube was loaded on a 0.7 %
agarose el with 10pl sterile double distilled water and 2l
of 6x loading dye and electrophoresed. After electrophoresis
was viewed under a UV transilluminator to check
the quality of DNA. Quantification of DNA was done
spectrophotometrically. The genomic DNA extracted from
Jasara was used in PCR to check its compatibility. A 50 as
well as 25 pl PCR reaction volume was set up containing
100 ng of template DNA, 3mM MgCl,, 20 pmol random
BE 07 :Operon Technologies, USA), 1U Tag DNA
mM dNTP (MBI Fermentas) with the
| profile: initial denaturation of 94°C for 5

the gel

primer (OP
polymerase, 0.2
following therma
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Table 1 Eflect of different treatments on DNA yield, quality

h, Indlicn Journal of

Arid Horticulture, 2009 4¢2): 111-1]3
and its compatibility in PCR

. L —
—— s _ Quality of DNA Com patibj);
S.No. B Mer details DNTg;YTd in PCR* v
ng 1
Without R Nase A treatment red DNA with degraded Yes
I. DNA  extraction  bulTer 0.40-045 al;::
only sheared DNA  with Yes
o€ DNA extraction bulfer + 045-0.48 dL:;TS’adEd RNA
0.1% p-ME ing of DNA with Yes
i DNA exraction buffer + 0.75-0.80 Lq:g,;é‘:;: RIEA.
0.5% B-ME ine of DNA with Yes
4, DNA extraction buffer + 0.75-080 yeﬂg,.:.;lllj Illnriﬁ
1.0% B-ME ine of DNA  with Yes
5. DNA exwraction buffer + 0.60-0.63 No. shetridg
0.1% SDS degraded RNA :
6 . S No shearing of DNA  with Yes
: DNA extraction buffer + 0.65-0.70
1% PVP degraded RNA
With RNase A treatment A Y
7. DNA cxriction buffer  035-400  Sheared DNA, no RN ”
only
8. DNA extraction buffer +  044-046  Less sheared DNA, no RNA e
0.1% p-ME .
9. DNA extraction buffer + ﬂ?z_{]?? Mo Sheﬂnng UF DNJ‘I"'H no RNA ?ES
0.5% B-ME :
10. DNA extraction buffer + 0.71-0.75 No shearing of DNA, no RNA Yes
1.0% B-ME .
Il DNA exwaction buffer +  0.52-064  No shearing of DNA, no RNA Yes
0.1% SDS
12 DNA extaction buffer +  060-063  No shearing of DNA, no RNA Yes
1% PVP

DN A extraction buffer- 100mM Tris-HCl (pH 8.0) + 1.4 M NaCl + 20mM EDTA + 2% CTAB
' DNA yield measured at 260 nm through spectrophotometer

“* PCR compatibility checked with RAPD primer, OPBE-7

B-ME: fi-mercaptoethanol; SDS: Sodium dodecyl sulphate; PVP: Polyvinyl pyrrolidone

min followed by 35 cycles of 94°C for 30 seconds, 36°C for
I minand 72°C for 2 min 30 seconds. Final extension was
setat 72°C for 10 min. The PCR products were loaded on a
1.4 % agarose gel pre-stained with ethidium bromide,
electrophoresed and viewed under a UV transilluminator.
The standardized DNA extraction and PCR procedure using
random primers were validated with 22 lasora genotypes
available at the experimental farm of Central Institute for
Arid Horticulture.

On the basis of different treatments in the
extraction of PCR compatible genomic DNA from lasora,
higher amounts of DNA (0.75-0.80 pg/ul) was obtained with
DNA extraction buffer containing 0.5 or 1.0 % B-ME without
RNase A treatment followed by additives like SDS or PVP
(Table 1). Similarly, the quality of DNA was also better in
the 3-ME treated samples. The quality of DNA in these
samples was equally good even after RNase treatment,
except for a slight reduction in the yield of DNA (~ 0.5 pg/
ul). Though, the yield and quality of DNA varied with
different additives used with DNA extraction buffer, all the
DNA samples with or without RNase treatment were found
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to be PCR compatible. The results obtained indicated thay
the quality of DNA may be improved by DNA extraction
buffer alone which could easily remove the PCR inhibitors
present in the leaf tissue. The /usora leaves contain high
polysaccharides/mucilaginous substances (Samadia, 2005)
and phenolics which inhibit Tag DNA polymerase activity
(Fang er al., 1992) in PCR. PCR incompatibility of genomic
DNA extracted through commercial kits might have been
due to the ineffective removal of inhibitors. However, this
problem has been addressed by our current method. It was
observed that the additives used in the present study could
improve the DNA yield greatly. DNA extracted using 0.5 0
1.0 % (-ME added to the extraction buffer and without
RNase A treatment was found superior to all other
ireatments. The reason for higher DNA yields may be due
to the fact that f-ME is a reducing agent and it probably
inhibited the activity of DNA dearading nucleases (Lodhi
et al., 1994). Among the treatments, DNA extraction bufTer
with 0.5% B-ME without RNase treatment was found to be
the best for DNA extraction and 25 pl of final volume in
PCR is sufficient. Genomic DNA extracted from 22



of lasora ah’ﬂilﬂhl: at I!IE Cl-‘?LH farm l.LsiI'Ig this
ﬂenﬂ'ﬂ’ﬁ was found PCR compatible with differen; RAPD
ﬁrﬂ“duwﬁjs procedure could be very ysefy in studying
o ‘i: ilhcreiey through DNA based markers and alsg
s 60t ement. To our knowledge, this is the first
for ;rsun 2 DNA extraction procedure for the mucilaginous
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Floriculture is now emerging as an important ven-
ture in the world, especially as a potential money spinner.
Many flowers and oramental plants grown for domestic as
well as for export market provide more returns per unit area
than other horticultural crops. Marigold (Tageres sp.) is on
annual flowers to cultivate easily and have wide adaptabil-
ity to different soil and climatic conditions. It belongs to
family Compositeae and native of India. It has a great eco-
nomic potential for loose flower trade. It is especially used
for making garland, decoration and induced in landscape
plans due to its variable height and colour. Marigolds have
also great medicinal importance .e, leaf extract is good rem-
edy for ear-ache and flower extract is used as blood purifier
and against bleeding piles. Besides, it is also found impor-
tant in controlling nematodes because, it produce
thiophenes, which are naturally occurring biocides. Appli-
cation of plant growth substances showed tremendous
potential in modulating growth and related processes. They
are considered bio-soft wards, which elicit rapid as well as
long term responses in crop plants (Yadav er al., 1994 and
Malik ef al., 1996). NAA is an important growth substance,
which stimulates the cell division, cell enlargement and cell
elongation in apical region. BA and kinetin are cytokinin
which has been found essential for growth and develop-
ment of plant organs, retention of chlorophyll, transloca-
tion of nutrient (Pandey and Sinha, 1986). Considering the
importance of plant growth substances, to find out the best
growth substance and its concentration in response of
growth and flowering of African marigold.

The experiment was undertaken on African mari-
sold (Tagetes erecta Linn.) var. Cracker Jack™ at Horticul-
tural Farm, Department of Horticulture, SKN College of Ag-
riculture, Jobner. The soil of experimental plot was loamy
sand with 8.10 pH and 1 20 dSm™ EC at 25°C. The experiment
was laid out ina RBD (Randomized Block Design) with three
replications. The randomization of the treatrments was done

*Corresponding authors email:

s_banshiwal@rediffimail.com
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number table. Crop was raised qy,,.
ing rabiseason of 2009-10in 2.4x LE. ;Tlm S{rﬂ{rlnainmim
ing 60 x 45 cm spacing. The treamerss FAPTIEC Of thee
level cach of NAA (100, 200, 300 ppm), A(25,30,75 ppm)
and kinetin (50, 100, 150 ppm) i ma}: g 10 treatments
including absolute control. For preparation of solution, IN
NaOH with fresh water (Chawla, 2009) was used as sticking
agent, Two successive spray of these growth 5uhs:la nces
was done at 30 and 45 DAT (days afﬁer transplanting) of
seedlings. All essential cultural practices were followed 1
maintain optimum plant stand. The mean plot data recorded
on five randomly selected plants on growth and flowering
traits were subjected to statistical analysis (Panse and
Sukhatme, 1995).

The application of growth substances broughi
perceptible variation in plant growth and flowering attributes
of marigold as compared to control (Table 1). Spray of NAA
had maximum plant height (40.82, 73.95 ¢m), number of
branches/plant (10.59, 13.93) and plant spread (32.64 x 29.51,
58.31 x 54.62 cm) at 45 and 90 DAT, respectively. Number of
flower per plant (55.04) and longevity of intact flowers (17.29
days) also recorded maximum with MAA application. This
increase in plant growth and flowering with the application
of MAA might be due to active cell division, cell elongation,
cell enlargement and osmotic uptake of water and nutrients
(Pandey and Sinha, 1984). These results are in close confor-
mity with those of Kumar er al. (2008) in gladi olus,
Mukhopadhayay and Mukhopadhayay (1990) in Camation
and Singh and Kumar (2003) in Rose. The application of
kinetin had more pronounced effect on number of days taken
to first flower appearance was recorded lowest with kinetin
(38.66 DAT) as compared to NAA and BA application. There-
fore, kinetin had maximum number of pickings (8.10), which
was significantly higher over NAA and statistically at par
with BA. This change in first flowering appearance and num-
ber of pickings was might be due to cell division and cell
elongation promoted by cytokinin. These results have also
been inconsonance with Sonvir ef al. (2002) and Kim et al.
(2003).

with the help of random

The increasing concentrations of plant growth
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substances significantly _incrensr:d growth and flowering
parameter of African marigold (Table 2). NAA @ 300 ppm
recorded highest plant height (43.26, 77 26 em), number of
branches/plant (11.26, 14.53) and plant spread (33.80 X 30.46

60.80 x 56.86 cm?) at 45 and 90 days after transplanting of

seedlings, respectively. NAA @ 300 ppm also recorded
maximum number of lowers per plant and h ighest longevity
of intact flower (18.00 days). The minimum number of days
taken to first flower appearance (55.66 days) and highest
numb;!:nt‘"lpiclr:ingls i:-i 1) ‘-;-fas observed with kinetin @150
ppm. Similar results have also been obtaine ¥

and Khandelwal (2008) in gladiolus, Singly a-.:ﬂh;;;iﬂ:g;g
in rose and Singh (2003) in French marigold. Sharma et al.

(1995) foun.d increase in plant height of chrysanthemum
with increasing levels of NAA from 25 to 100 ppm spray.

References

Chawla, H.S. 2009. Introduction to plant bio-technology.

Published by oxford and IBH Publication Pvt. Ltd.
MNew Delhi. pp.- 18-27, .

Choudhary, D.K. 2008. Effect of plant growth regulators on
growth, floral characters, vase life and corm pro-
duction of gladin]us (Gladiolus grandgﬂr_:rum L.)
M.Sc. Thesis (Horticulture), submitted to

Rajasthan Agricultural University, Bikaner Cam-
pus- Jobner.

Kim,S.D.,Kim, H.H., Lee, H.D., J.W. and Yun, T.2003. Effect
of growth regulators on occurrence of suckers, lat-
eral shoot elongation and cut flower quality in sec-
ondary flowering of Dendranthema grandiflorum

‘Beagkwang'. Journal of the Korean Society of
Horticultural Sciences, 44 (4): 335-538.

Kumar, P.S., Bhagawati, R., Kumar, R., and Ronya, T, 2008.
Effect of plant growth regulators on vegetative

growth, flowering and corm production of gladi-
olus in Arunachal Pradesh. Journal of Ornamen-
gal Horticulture, 11 (4): 265-270,

Malik,C.P.,, Sanjeev, K and Bhatia, D.S., 1996. Alternating

plant archetypes with PGRs and genetic transfor-
mation biological soft wards in agro biotechnol-
ogy. Agro Annual Review of Plant Physiology, 2:
13-64.

Mukhopadhyay, A. and Mukhopadhyay, A. 1990. Response
of carnation to foliar application of NAA and gib-
berellic acid. Haryana Journal of Horticultural
Sciences, 19 (3-4). 280-283.

Panse, V.G and Sukhatme, P.V, 1995. Statistical Methods for
Agricultural Workers. ICAR, New Delhi.

Pandey, S.N. and Sinha, B.K., 1984. Role of Auxin, Plant
Physiology. Vikash Publishing House, New Delhi.
pp. 432-436.

Singh, A. K. 2003. Effect of plant bio-regulators on growth,
biomass and flowering in French marigold (Tagetes
petula). Indian Perfumer, 47 (3): 279-184.

Singh, A.K. and Kumar, S. 2003, Effect of NAA on growth
and flowering in rose cv. Super Star. Journal of
Ornamental Horticulture, 6 (3): 248-251.

| Sonvir, S., Ramesh, K., Manreet, S., Sooch, S., Kumar, R.,

Spoch, M., Misra, R.L. and Sanyat, M. 2002. Effect
of NAA and kinetin on plant growth and flower
production in carnation. Floriculture Research Tend
in India. in: Proceedings of the National Sympo-
sium on Indian Floriculture in New Millennium held
at Bangalore from 25-27 February, 295-297.
Yadav, N., Yadav, N.K. and Kumar, A., 1994, Effectof BAon
transpiration, water potential and its components
in genotypes of wheat contrasting in drought tol-

erance. Journal of Agronomy and Crop Science,
173:61-68.

117



SHORT COMMUNICATION

Heterotic response in
[Luffa cylindrical (R

P.K. Singh. B.R. Choudhary. D.R. Bh
Indian Instilute of Vegelable Researc

ﬁ
INDIAN 10URNAL oF

sponge gourd
oem) L.]

ardwaj and Rarnesh Singh
h. Varanasi (UP) 221 005
—

e 'nil'ncfg:mﬁc gourd [Luffa cylindrica (Roem) L.] plays
in 1::;. cal role in the diet of human nutrition, especially
duﬁn;m;m.f:;:mr:]% ." is one ol"_ imost pnpular_vcgcmhlc
gourd ;'s a mn:l:c st o ol ln‘dm,lﬂparn Be
ot ol |E:*ﬂu'5|'chP S Srods @nfinetio ds
exhibits high th:r] acilitales exploration of heterosis. It
2004) which Sues osis (Mole et al., 2001 and Ram et . al.
el 5:;}!:-““ a great scope of improvement through
p oreeding. Today hybrids are gaining popularity
;e to their carliness, high productivity, better quality and
?maptalmn to environmental condition. Realizing the
portance of hybrid vigour, an investigation was
undertaken to identify potential parental combinations in
order to have superior hybrids with good yield and quality
traits.
Fifteen diverse sponge gourd inbreds viz., VRSG-
l. VRSG4. VRSG- 5. VRSG-6, VRSG-8, VRSG-II, VRSG-12,
VRSG-41. VRSG-42. VRSG-44, VRSG5, VRSG-46, VRSG-
49, VRSG-52. VRSG-61 were selected and crossed with three
testers (VRSG-2. VRSG-3 and VRSG-66) resulting in45 F 5.
The F s and parents were evaluated under complete
randomized block design replicated thrice at lIVR Seed
Production Centre. Kushinagar (UP) during rainy season
of 2009. Seeds were sown keeping row to row and plant to
plant spacing 3 m and 70 cm, respectively. Eight competitive
plants in each treatment under each replication were
recorded for node on which first female flower appeared,
days to anthesis of first female flower, fruit length (cm),
circumference of fruit (cm), marketable fruits per plant, early
yield per plant (g) and total marketa ble yield per plant (g).
The data were analyzed by Line x Tester analysis outlined
by Kempthorne (1957) and heterosis was calculated as
percentage of F, performance in the favourable direction
ofits better parent (BP) as suggested by Hayes ef al. (1955).
The data presented in Table 1 revealed significant
and desirable heterosis over BP for all the characters except
circumference of fruit. For two traits namely node on which
first female flower appeared and days to anthesis of first
female flower negative heterosis was considered to be
better, whereas for remaining five traits the positive
heterosis was considered to be desirable for judging good

. was recorded for early yie
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rids in sponge gourd. The results if’dicalcd that
t and total marketable yield per plap,
traits. The highest positive heterogis
Id per plant in VRSG-1x VRSG-6¢
tal marketable yield per plant i
494). Only one cross combination
ibited significant and positive
t length The highest fruit yield
recorded by the best performing hybrid VRSG-4 X VRSG-66
could be attributed due to increased number ot_‘ marketable
fruits, fruit length and circumference of fruit. The best
performing hybrid for num ber of marketable fruits per plant
was found to be VRSG-4 x VRSG- 66 which showed 44.70%
heterosis over BP. These findings are supported by the
results of Ram &t al {2{]04) in SﬂﬂTPUTia and Mole el al
(2001) and Hedau e al. (2004) in ridge gourd.

The characters as node on which first female flower
appeared and days to anthesis of first female flower for
which negative heterosis is desirable was shown by the
crosses VRSG-6 x VRSG-66 (45.09%) and VRSG-5 x VRSG-
2 (-22.37%). respectively. The results are also in conformity
with those obtained by Ram ef al. (2004) in sathputia and
Singh et al. (2007) in bitter gourd. The number of significant
crosses and range of heterosis based on BP are presented
in Table 2. Among 45 F s. only 13 cross showed overall
best performance for different traits. Considering the
marketable fruits per plant and total marketable fruit yield
per plant the best performipg hybrid is VRSG-4 x VRSG-66
which may be tested for yield and other economic traits for
performance under different agro climatic conditions for
the development of hybrids.

F, hyb
early yield per plaln
were most heterotic

(76.31 %) followed by to
VRSG-4 x VRSG-66 (72.8
VRSG-8 x VRSG-66 exh
heterosis (15.53%) for frui
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Heterosis
er design,

etter parent
5, No. Chamaie? Cross Heterosis (%)
wode on which first female flower appeared VRSG-6x VRSG-66 -45.09%*
: VRSG‘-SEKVRSG-EG -38.30*
; VRSG-52x VRSG-2 -34.04*
Days to anthesis of first female flower VRSG-5x VRSG-2 220374
VRSG-46x VRSG-56 .20.93%*
VRSG-44x VRSG-66 16275+
3 Fruit length (cro) VRSG-8x VRSG£6 15530
| VRSG49x VRSG-66 13.19
VRSG41x VRSG-66 12.59
4 Circumference of fruit (cm) VRSG-5x VRSG-3 105]
| VRSG41 x VRSG-66 965"
VRSG-5x VRSG-66 749
5 Marketable fruits per plant VRSG-4xVRSG-66 44.70**
| VRSG-46x VRSG-2 36.40*
VRSG46x VRSG-3 3193+
& Early yield per plant (g) VRSG-1x VRSG-66 76315+
VRSG-4x VRSG-2 §2.20%+*
VRSG-5x VRSG-2 2373+
1 Total marketble yield per plant (g) VRSG-4x VRSG-66 72.84%*
VRSG-8xVRSG-2 48.03*
VRSG-8x VRSG-66 42 62*
"F:Me 2. Mean performance and range of heterosis in sponge gour
5 Mo, Characters Mean of Mean of Range of No. of desirable
' parents hybrids heterosis (%)  and significant cross
over better parent
l. Node on which first 1510 13.49 -45.091068.87 5
female flower appread
L Days to anthesis of first  56.19 51.86 -22.37t06.21 T
female flower
3 Fruit length (cm) 2841 3115 -8.95t0 15.52 !
4 Circumference of fruit 6.05 6.26 204810 10.91 -
(cm) X
5 Marketable fruits per 478 5.74 -36.67 to44.70 3
plant
b, Early yield per plant (g)  64.01 7239 -68.48t0 76.31 g
T Tolmarketable yield ~ 404.81 531.81 -34.78t0 72.84

per plant (g)
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