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Effect of different combinations of organic manure on growth
and yield of ginger (Zingiber officinale Rosc.)
S.P. Singh, R. Chaudhary and A.K. Mishra
Department of Horticulture, Tirhut College of Agriculture, (RAU, Pusa) Dholi, Muzaffarpur - 83 121, INDIA.
Email: ashim_sigatoka@yahoo.com
ABSTRACT
A field experiment was conducted during kharif season of 2003-04 and 2005-06 to study the effect of different
combinations of organic manures on growth, yield and cost : benefit ratio of ginger (Zingber officinale Rosc.). Application
of different organic manurial combinations significantly influenced the growth and yield attributes of ginger during
three years of consecutive experimentation. However, application of FYM @ 330 qha-1 + pongamia oil cake @ 8.30 qha1
+ neem oil cake @ 8.30 qh-1 + sterameal @ 8.30 qh-1 + rock phosphate @ 8.30 qha-1 + wood ash @ 8.30 qha-1 gave the
maximum plant height (60.13 cm), number of tillers per plant (21.66) and fresh rhizome yield (20.09 tha-1), giving
maximum profit of Rs.2.24 per unit cost as compared to other organic manurial combination as well as inorganic
input (recommended dose of N:P:K::80:50:100 kgha-1) serving as control.
Key words: Ginger (Zingiber officnale Rosc.), Farm yard manure, Pongamia oil cake, Neem oil Cake, Sterameal, Rock
phosphate, Wood ash, Yield, Yield attributes.

INTRODUCTION
Ginger (Zingiber officinale Rosc.) is one of the important
spices crop all over the world and India is the largest
producer, consumers and exporter in the world. It is also an
important cash crop of Bihar occupying in an area of 808
thousand hectare with production of 1208 ton (2005-06). It
is marketed in different forms such as raw ginger, bleached
dry ginger, ginger powder, ginger bear, brined ginger, ginger
wine, ginger squash, ginger flakes etc. and is usually one of
the important constituents of ayurvedic medicine, pickles,
chatani and dish vegetables used in daily domestic purpose.
Farmers grow ginger either as sole crop or inter crop with
pigeon pea and chilli.
Consistent and indiscriminate use of inorganic
fertilizers has caused serous damage to the soil and ecology.
In recent years, organic agriculture has been gaining
considerable importance and many farmers are switching
over to this traditional method of cultivation as a means to
produce safe food stuff and conserve the environment.
Application of organic manures has various advantages like
increasing soil physical properties, water holding capacity
and organic carbon content apart from supplying good
quality of nutrients. Combined application of different
organic sources like FYM, oil cake, rock phosphate, wood
ash, vermicompost and bio-fertilizers results in high yield
in addition to improvement in the quality. Estimate by SOELSurvey show that India has 41,000ha (0.03 % of total
agricultural area) under organic farm, producing agricultural
crops like plantation, spice, pulses, fruits, vegetables and oil
©2009

seeds etc. Since, spices, like ginger form a part of many ethnic
medicines, the demand for organically produced ginger is
also increasing considerably in the developed countries
(Parthasarathy and Rajeev, 2006). In the present scenario of
quest for increasing productivity and quality of food, the
ecofriendly way out to achieve this goal is through the use of
organic inputs. It will not only be helpful for sustainable
agricultural development but will also avoid chemicalised
farming (Ghosh, 2000 and Sarkar, 2001). Hence, this
experiment was laid out to asses the effect of different inputs
of organic combinations for production of healthy ginger
rhizome with maximum cost : benefit ratio.
MATERIAL AND METHODS
The experiment was carried out at the Farm of
Department of Horticulture, T.C.A., Dholi of Rajendra
Agricultural, Bihar, Pusa, and Samastipur during 2003-06.
The treatment comprised of eight combination of organic
fertilizers namely, T1 - A+B+C+D+E+F, T2 - O+B+C+D+E+F
(A-Absent); T 3 - A+O+C+D+E+F (B-Absent); T 4 A+B+O+D+E+F (C-Absent); T5 - A+B+C+O+E+F (D-Absent);
T6 - A+B+C+D+O+F (E-Absent); T7 - A+B+C+D+E+O
(F-Absent) and T 8 - Control (Recommended dose of
N:P:K:80:50:100 kg/ha).
The letters A, B, C, D, E and F denotes: FYM @ 330 q/
ha, pongamia oil Cake @ 8.30 q/ha, neem oil cake @ 8.30 q/
ha, sterameal @ 8.30 q/ha, rock phosphate @ 8.30 q/ha,
wood ash @ 8.30 q/ha, respectively.
There were eight treatments including control and
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330 qha-1 + pongamia oil cake @ 8.30 qha-1 + neem oil cake @
8.30 qha-1 + sterameal @ 8.30 qha-1 + rock phosphate @ 8.30
qha-1 showed marked variation among themselves in respect
of growth attributing characters of ginger. The improvement
in plant growth parameters might be ascribed to organic
manures that influenced the physical, chemical and
biological properties of soil through supplying major and
micro-nutrients leading to better plant growth and
development. Earlier also Meelu (1996) and Patidar and Mali
(2004) have reported that organic manures increased the
growth attributes in rice and other crops. Similar effects on
plant growth by poultry manure were also reported by Jha
et. al. (2004). In our study also, T1 - FYM @ 330 qha-1 +
pongamia oil cake @ 8.30 qha-1 + neem oil cake @ 8.30 qha-1
+ sterameal @ 8.30 qha-1 + rock phosphate @ 8.30 qha-1 gave
the maximum mean plant height (60.13 cm) and number of
tillers per plant (21.66) followed by T7 - FYM @ 330 qha-1 +
pongamia oil cake @ 8.30 qha-1 + neem oil cake @ 8.30 qha-1
+ neem oil cake @ 8.30 qha-1 + sterameal @ 8.30 qha-1 + rock
phosphate @ 8.30 qha-1.

(Inorganic fertilizers) were replicated thrice in randomized
block design.
The experimental plot soil was of sandy loam texture
with pH-7.6, EC-0.39 dsm-1, organic carbon 0.38% and
available N, P, K was 114.0, 16.0, 100.00 kgha-1, respectively.
Disease free healthy rhizomes of cultivar Nadia with uniform
size of 25 to 30 g (average weight) were planted in the 3rd
week of May every year under All India Co-ordinate research
Project on spices. The plot size for each treatment was 3.0 x
1.0m with a spacing of 30 x 20cm. In control plots full dose of
P and K were applied as basal dose during field preparation
whereas nitrogenous fertilizers was divided into three equal
splits, the first split dose of nitrogen applied as top dressing
at two to four leaf stage after first weeding in the availability
of adequate moisture and rest two third dose of nitrogen
was applied 30 days after first application and third
application of nitrogenous fertilizer as top dressing was done
30 days after second split application of nitrogen in the
presence of adequate moisture. The crop was harvested at
full maturity (250 days after sowing) and yield data was
recorded. The plant height and number of tillers plant–1 were
recorded before harvesting.

Application of organic manure combination (Table-1)
had significant influence on yield of ginger during all the
years as revealed from analysis of pooled data. However,
different combinations of organic manure did not differ
RESULTS AND DISCUSSION
significantly form each other. Over the year incorporation of
Incorporation of organic manures combination
treatments T1, T7, T6, T5, T4, T3, and T2, registered 54.54, 43.31,
markedly improved the plant height (cm), number of tillers
37.85, 26.46, 23.08, 19.31 and 5.00 per cent increase in fresh
–1
plant and yield (t/ha) (Table-1). All the combination of
rhizome yield over control, respectively. Application of T1organic fertilizers gave better response as compared to control
FYM @ 330 qha-1 + pongamia oil cake @ 8.30 qha-1 + neem
(Inorganic fertilizers). The organic combination of manures
oil cake @ 8.30 qha-1 + sterameal @ 8.30 qha-1 + rock
viz., T1- FYM @ 330 qha-1 + pongamia oil cake @ 8.30 qha-1 +
phosphate @ 8.30 qha-1 + wood ash @ 8.30 qha-1 gave the
rock phosphate @ 8.30 qha-1 + wood ash @ 8.30 qha-1; T2 highest yield (20.09 th-1) followed by T7-FYM @ 330 qha-1 +
pongamia oil cake @ 8.30 qha-1 + neem oil cake @ 8.30 qha-1
pongamia oil cake @ 8.30 qha-1 + neem oil cake @ 8.30 qha-1
+ sterameal @ 8.30 qha-1 + rock phosphate @ 8.30 qha-1; T3 + sterameal @ 8.30 qha-1 + rock phosphate @ 8.30 qha-1 +
FYM @ 330qha-1 + wood ash @ 8.30 qha-1 + sterameal @ 8.30
wood ash @ 8.30 qha-1 (18.63 tha-1). These findings are in
qha-1 + wood ash @ 8.30 qha-1 rock phosphate @ 8.30 qha-1 +
conformity with the findings of Chopra and Chopra (2000)
wood ash @ 8.30 qha-1; T4 - FYM @ 330 qha-1 + wood ash @
and Kumar and Singh (2006). So far cost : benefit ratio is
-1
-1
8.30 qha ; T5 - FYM @ 330 qha + pongamia oil cake @ 8.30
concerned (Table 2), the maximum profit of Rs. 2.24 per unit
-1
-1
-1
qha + neem oil cake @ 8.30 qha ; T6 - FYM @ 330 qha +
cost was recorded with T1 - FYM + pongamia oil cake +
pongamia o cake @ 8.30 qha-1 + neem oil cake @ 8.30 qha-1 +
neem oil cake + sterameal + rock phosphate + wood ash in
sterameal @ 8.30 qha-1 + wood ash @ 8.30 qha-1; T7- FYM @
comparison to other organic input as well inorganic input.
Table1: Effect of organic inputs on growth and yield of ginger (pooled analyzed data from 2003-04 to 2005-06)
Character
Treat
ments
T1
T2
T3
T4
T5
T6
T7
T8
CD (P=0.05)
CV(%)

Height of the Plant (cm)
2003-04 2004-05 2005-06

Mean

46.60
33.73
33.80
39.80
40.33
42.93
44.40
34.87
5.37
7.73

60.13
47.60
58.23
50.85
52.01*
55.57*
56.84*
45.60
5.94
6.99

64.33
54.20
55.00
55.60
58.07
59.80
61.13
52.53
6.45
6.40

69.47
54.87
55.90
57.17
57.63
64.00
65.00
49.40
10.03
8.77
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No. of Tillers per plant
2003-04 2004-05 2005-06

Mean

12.80
8.00
9.13
9.87
10.60
10.93
11.80
8.33
1.05
5.89

21.66*
13.58
15.42
16.35*
17.37*
18.24*
19.55
13.26
2.21(T)
8.09

24.07
15.07
17.60
18.60
19.53
21.60
22.93
15.20
3.18
8.58

28.13
17.67
19.53
20.60
22.00
22.20
23.93
15.20
3.18
8.58

Yield (t/ha)
2003-04 2004-05

2005-06

12.72
7.06
11.11
9.56
10.39
11.11
11.89
8.11
1.73
9.67

23.89
17.78
17.22
19.44
20.56
21.66
23.00
13.89
2.54
7.38

23.67
16.11
18.22
19.00
19.89
21.00
21.00
17.00
3.67
1075

Mean

20.09
13.65
15.51
16.00
16.44
1`7.92*
18.63*
13.00
3.45(T)
12.81
23
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Table2: Effect of different inputs of organic combinations on ginger yield, net profit and cost benefit ratio
Treatments

T1
T2
T3
T4
T5
T6
T7
T8

Increase in yield over
control
(t/ha)
7.09
0.65
2.51
3.00
3.44
4.92
5.63
-

Gross
income (Rs.)

Cost of
Production
(Rs.)

Net Profit

Cost : Benefit
Ratio

502250
341250
387750
400000
411000
448000
465750
325000

155120.00
153140.00
138520.00
150970.00
138520.00
146820.00
152630.00
1250.00

347130
188110
249230
249030
272480
301180
313120
200000

1:3.24
1:2.23
1:2.280
1:2.65
1:2.97
1:3.05
1:3.05
1:2.60

(%)
54.54
5.00
19.31
23.08
26.46
37.85
43.31
-

* Selling rate Rs.2500/- per quintal
** Cost of organic inputs, seed and cost of cultivation:(i) A-FYM @ Rs.6/ - Quintal (ii) B-Pongamia oil cake @ Rs.2000/quintal (iii) C-Neem oil cake @ Rs.500/ - quintal
(iv) Sterameal @ Rs.2000/ - per quintal (v) D- Rock phosphate @ Rs. 1000/ - per quintal (vi) E- Wood Ash @ Rs. 300/ - per quintal
(vi) Inorganic fertilizers (N:P:K::80:60:100 kg/ha).

CONCLUSION
It is concluded that all the treatments having organic
input in different combinations proved its credential in terms
of improved growth and yield of ginger over use of
recommended inorganic input, which indicates sound
prospects of organic agriculture in future.
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Comparison of average observed ESP and salt dynamics with
the empirical equations and models
M.S.Kahlon, K.L.Khera and A.S.Josan
Department of Soils, Punjab Agricultural University, Ludhiana-141004,(Punjab) India
E-mail : dr.mskahlon@rediffmail.com
ABSTRACT
Amongst the empirical equations used for predicting the sodicity hazards of irrigation waters, the Modified Ayers
and Westcot equation could fairly and accurately predict the build up of ESP under all saline sodic water conditions
followed by Rhodes, Suarez and Bower equation. Bower equation over estimates the values at all RSCiw levels,
whereas Suarez equation underestimates the values. The modified simple mathematical models proposed by Bresler
and Burns to predict salt dynamics in soil were also tested under practical irrigated conditions in sandy loam soil. Salt
concentration in soil profile was well predicted by Bresler model (based on the law of conservation of mass which
states that the amount of salts added by water minus the amount leached out is equal to the net increment of salt in
the soil layer) without any modification after different irrigations, while the model proposed by Burns (based on
estimating both the downward leaching of salts after irrigation and the capillary movement of anions to the soil
surface after evaporation) could not predict the salt concentration as the actual and estimated values differed to a
great extent. If only downward component of Burns model (neglecting upward movement of salts through evaporation)
was taken into consideration, the estimated values of salt concentration were in good agreement with the observed
values.
Key words : Bower, Rhodes, Empirical equations, Bresler, Burns, Salt dynamic model, ESP, Sodicity hazard.

INTRODUCTION
The sodium adsorption ratio (SAR) of soil and drainage
water is a common index of the suitability of a water for
irrigation or the environmental consequence of a water for
irrigation or the environmental consequence of irrigation.
Since the SAR of drainage water is a valuable measure of the
maximum SAR within the root zone, empirical equations
have been developed to predict drainage water SAR based
on leaching fraction and chemical composition of the
irrigation water.
Bower et al (1968) reported that it was more logical and
feasible to relate the sodium hazard of irrigation water to the
SAR of the water draining from the rootzone. If no
precipitation of salts or solution of cations from soil
constituents occurred during irrigation cycles, then when
the concentration and composition of the soil solution in the
rootzone were at steady state. The SAR of drainage water
(SARdw) and that of the irrigation (SARiw) were related by
the equation.

SAR dw =

1
SAR iw
LF

Suarez (1981) criticised Bower equation and did not
accept a constant pH value of 8.4 for the soil solution in
equilibrium with CaCO3. He proposed that determination of
pH of the equilibrium solution (pHequ) is necessary for proper
©2009

use of pHc concept and that pHequ depends on the leaching
fraction (LF), partial pressure of carbon dioxide (PCO2) and
solution composition. Validity of the combination of Mg and
Ca was also questioned.
A pre-requisite for understanding irrigation
management problem with saline sodic water is a knowledge
of the process of salt accumulation and leaching in the
rhizosphere during irrigation. In a complex system, such as
soil, mathematical models for salt dynamics help
considerably in simplifying and understanding the various
processes taking place in the soil. Most of the earlier
investigations regarding the mechanism of leaching and
accumulations of salts in soils (Day and Forsythe, 1957;
Miller et al., 1965, and Nielsen and Biggar,1962) were carried
out on soils of uniform mechanical and chemical
composition and uniform moisture contents and under
conditions of steady state flow. Another disadvantage of
these models is that no account is taken of the redistribution
of salts under evaporative conditions. Kumar and Oswal
(1984) and Kapoor and Pal (1986) modified the models
proposed by the Burns (1974) and Bresler (1967) which were
simple and based on the principle that the net increment of
salt into a section of the soil profile is equal to the amount of
salt added by the influent water minus the amount leached
out in the drainage water. These models took into account
the redistribution of salts under evaporative conditions.
There has been limited validation of these models under
actual field conditions. In view of the scanty information on
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the above mentioned aspects, the present investigation was
undertaken with the objective to compare actual observed
ESP with the empirical equations and to study the salt
leaching and accumulation pattern in the rhizosphere using
an existing salt water dynamic models (Bresler 1967 and
Burns 1974) to optimize irrigation practices under arid and
semi-arid conditions.
MATERIALS AND METHODS

waters were prepared by dissolving calculated amount of
sodium chloride (NaCl) in good quality water. Just before
and 3 days after each irrigation soil samples were taken in
depth intervals of 0-15, 15-30, 30-45 and 45-60 cm to determine
moisture and salt contents.
Bresler Model :The salt concentration in different
layers of the soils at the end of redistribution were calculated
by using Bresler model as follows:

In-situ study was conducted to compare the actually
observed ESP with those predicted using empirical
equations. For this purpose three quality irrigation water
were used viz., a good quality tubewell water (referred to as
SW1) and two saline sodic waters (referred to as SW2and
SW3). These waters (Table1) were synthesized for each plot

VC – Vd Cd = (C1 - C0) X

Table 1. Composition of irrigation waters

Vd = Depth of water leached out of the relevant layer i.e.
drainage water (cm)

Characteristics
pH
ECi w (dS/m)
Ca2+ + Mg2+
(me/l)
CO32-+HCO3(me/l)
Na+(me/l)

Where
V = Depth of irrigation water applied (cm)
C = Salt concentration in irrigation water (dS/m)

SW1
7.80
0.58
3.0

SW2
8.33
1.92
3.8

SW3
8.36
3.58
4.2

Characteristics
Cl- (me/l)
pHaC
RSCbiw (me/l)

SW1
2.8
7.85
-0.8

SW2
6.8
7.10
4.8

SW3
11.6
6.95
10.2

2.2

8.6

14.4

1.2

7.8

15.0

C0 = Initial salt concentration in soil solution (dS/m)

1.5

10.7

21.8

SARci w
(me/l)1/2
adj. SARd
(me/l)1/2

2.0

17.7

37.9

C1 = Salt concentration in soil solution after redistribution
(unknown parameter)

separately by dissolving calculated amounts of sodium
bicarbonate and sodium chloride (commercial grade) in the
desired volume of tubewell water. The chemical composition
of irrigation waters is given in Table 1.
pHc = (pk2 - pkc) + p (Ca2+ + Mg2+) + p (CO3 2- + HCO-3)

Cd = Amount of salt concentration of drainage water (dS/
m)

q = Thickness of relevant soil layer (cm)
The unknown parameter (C1) can be calculated as
follows:

a

Where pk2 and pkc are the negative logarithms of the
second dissociation constant of H2CO3 and the solubility
product of CaCO3, respectively, p (Ca2+ + Mg2+) and p (CO2+ HCO-3) being the negative logarithms of the molar
3
concentration of (Ca2+ + Mg2+) and negative logarithms of
the equivalent concentration of (CO2-3 + HCO-3) respectively.
b

RSCiw = (CO2-3 + HCO-3) - (Ca2+ + Mg2+) (all cations and
anions in me/l)

c

SARiw = Na+ / Ö Ca2+ + Mg2+)/2 (all cations in me/l)

adj.dSAR = SARiw [(1 + (8.4-pHc)] (Bower et al, 1968)
To test the validity of Bresler and Burns model, an insitu experiment was conducted on a sandy loam (Typic
Ustocrept) soil in a 2 x 2 m (four plots) at PAU, Ludhiana.
The plots were flooded with good quality canal water for
about four months to ensure stability and uniformity of soil.
Five irrigation with different quality of waters (i.e. EC : 3,6,9
and 12 dS m-1) each of 5 cm depth were given. These different
26

…. (1)

C1 

VC – Vd Cd  C0 X
X  Vd

…. (2)

Burns and modified Burns model: Original Burns
model, which considers both downward movement as well
as upward movement of salts, overestimate the values
because under present situation the upward movement was
much less than the downward movement. Thus, following
modifications were made to calculate salt distribution in soil
profile.Only the downward movement of salt was considered
by ignoring the upward movement. Secondly, the moisture
content at the evaporative limit of each layer was taken to be
equal to actual moisture content of each layer just before
irrigation, because in our study, the moisture content of none
of the layers reached that limit proposed by Burns. All other
assumptions of Burns model were strictly followed in
calculating salt contents of different layers.
The following equations were used for calculating salt
content in first, second, third and fourth layer at the end of
evaporation:
Journal of Eco-friendly Agriculture 4(1) 2009
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Salt content of first layer after the salt addedfrom second,
third and fourth layers due to capillary action
= Sf11 + Sf21 ZC21 + 3ST21 3ZC21 + 4ST21 4ZC21
….(3)
Salt retained in the second layer after the salt
from fourth layer moved into first layer through second
layer = ( 1- 4ZC21) 4ST21
…...(4)
Salt retained in the third layer after the salt has moved
fourth into second layer through third layer
=

4

ST31(1- 4ZC31)

….

(5)

Amount of salt retained in fourth layer RST41
= (1- Zc41) Sf41

…. (6)

An attempt was made to calculate values of salt
concentration at different layers of the soil at the end of
redistribution of each irrigation assuming only downward
movement of salts and neglecting the upward movement.
Following equation was used for such calculations .

Cfi1 

STij
di 1, j  M i , j1

….(7)

Some of the notations used in above equations are
explained below:Sf11 = Total salt content of ist layer at moisture content of
field capacity
ZC21 = Fraction of water loss from second layer after ist
irrigation due capillary rise
3

ST21 = New salt content of second layer after first irrigation
at the end of evaporation when salt had moved up from
the 3rd layer

3

ZC21 = Fraction of water loss from the 3rd layer after first
irrigation through the second into first layer due to
capillary rise.

Cfi1 = Salt concentration of ith layer after the jth irrigation at
the moisture content of field capacity (dS/m)
di-1, j = Total amount of water drained from the ith-1 layer
after jth irrigation
Mi, j-1 = Total moisture content of the ith layer after jth-1
irrigationat the end of evaporation
STij = Total salt content of ith layer after jth irrigation before
any drainage from the layer
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Table 2. Depth wise distribution of soil pH, ECe (dS m-1) and
ESP under different quality waters
Soil SW1 SW2
Depth
(cm)
pH
0-15 8.27 8.91
15-30 8.18 8.83
30-45 8.14 8.70
45-60 8.08 8.57
60-75 7.89 8.44
75-90 7.82 8.35
90-105 7.77 8.28
S.D.± 0.19 0.24

RSCiw treatments
SW3 SW1 SW2 SW3 SW1 SW2 SW3

9.40
9.27
9.12
8.95
8.81
8.67
8.52
0.32

ECe (dS/m)
0.67 3.93 5.70
0.57 3.60 5.30
0.52 3.25 5.10
0.48 3.00 4.70
0.42 2.68 4.05
0.39 2.33 3.60
0.36 2.05 3.15
0.11 0.68 0.94

11.8
9.6
8.0
7.2
5.4
4.3
3.2
3.0

ESP
30.2
26.4
23.0
21.6
18.7
17.6
14.4
5.4

46.3
41.2
38.0
35.4
31.2
28.6
26.4
7.1

RESULTS AND DISCUSSION
Soil pH, ECe (dS/m) and ESP distribution in soil profile
Depth wise distribution of soil pH, ECe (dS/m) and
ESP in soil profile (Table 2) indicates that all these parameters
decreases with increase in soil depth. However soil pH, ECe
(dS/m) and ESP increase with increase in RSC of irrigation
water. Irrigation with high RSCiw accentuates the formation
of sodium carbonate which leads to excessive adsorption of
sodium on the exchange complex of soil and hence increase
the pH of soil. In most of the profiles, ESP decreased with
depth following more or less the trend of pH. In the surface
layer (0-15 cm) the differences in ESP values under different
treatments were quite high .This difference decrease at the
lower soil depths. The decrease in the difference of ESP values
among different treatments with depth was also reported by
Josan et al (1998), the rate of decline being more pronounced
under high saline sodic water (high RSCiw and SARiw). They
observed that ESP increased from 3 under canal water
treatment to 70 under high RSCiw water (14.8 me/l) treatment.
An increase in ESP of soil with waters of greater salinity and
SAR is due to the replacement of Ca + Mg from colloidal
complex by the Na of irrigation water.
SAR predicted using empirical equations
Data related to comparison of actual ESP with those
predicted using different equations presented in Table 3
which indicate that from amongst the empirical equations
used for predicting the sodicity hazards of irrigation waters,
the Modified Ayers and Westcot equation could fairly
accurately predict the build up of ESP under all saline sodic
water conditions followed by Rhodes, Suarez and Bower
equation. Similar results were also reported by Bajwa et
al.(1992). Irrigation with waters of high NaCl concentration
may increase the dissolution of CaCO3 and Ca-primary
minerals in the soil solution resulting in the release of Ca,
decrease in soil solution SAR and in turn control the build
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Table 3. Comparison between average observed ESP (0-105
cm) values with SARdw values calculated using
predictive equations
Predictive SAR dw
Treatments Observed Bower Rhoades
ESP (0105 cm)
SW1
7.5
12.8
4.6
SW2
20.8
35.7
15.2
SW3
38.6
77.4
32.7

Observed values of salt distribution in soil profile
The progressive build up of salts at the end of
redistribution (2 days after irrigation) in different layers of
the soils after every irrigation under different treatments is
reported in Table 4. Salinity of water was found to have
important bearing on salt accumulation in different layers
of the soil. It is clear from Table 4 that in each of the soil layer,
the salt build up was found to be nearly proportional to the
EC value of irrigation water. For example, at the end of the
fifth irrigation, the salt in different layers viz. 0-15, 15-30, 3045 and 45-60 cm was found to be respectively 3.15, 2.42, 1.94
and 1.40 dS/m for EC of 3 dS/m of irrigation water, 5.88,
4.61, 3.37 and 1.83 dS/m for EC of 6 dS/m, 8.54, 6.77, 4.25
and 2.67 dS/m for EC of 9 dS/m and 10.93, 8.67, 5.48 and
3.44 dS/m for EC of 12 dS/m of irrigation water. From the
above data, it is evident that the salt built was more at the
surface soil layer (0 – 15 cm) and it decreased progressively
with increase in soil depth.

Suarez Modified
Ayers and
Westcot
3.9
6.2
14.4
21.7
24.1
36.4

up of ESP to levels much lower than those predicted by the
Rhoades model. Under extreme arid climate with no or low
rainfall and high evaporation conditions, the precipitation
of Ca will be higher and, therefore, the validity of these
equations to predict the build up of ESP will have to be
checked for different types of soils and crop rotations Under
present study conditions the Bower equation overestimates
the values at all RSCiw levels, whereas Suarez equation
underestimates the values. The reason for the overestimation
may be the incorporation of mineral weathering coefficient
in Bower equation and underestimation of Suarez equation
may be due to over prediction of Cax, partial pressure of CO2
and HCO3/Ca ratio.

Comparison between the observed and predicted values
of salt concentration in soil profile
Bresler model : Bresler model which was based on the
principle of law of conservation of mass did not take into
account the diffusion due to concentration gradient and the

Table 4.Observed and calculated values (using different models) of salt distribution (dS m-1) in soil profile after redistribution
Soil Depth
(cm)

3

6

9

12

3

6

Observed
Irrigation 1
0-15
15-30
30-45
45-60
Irrigation 2
0-15
15-30
30-45
45-60
Irrigation 3
0-15
15-30
30-45
45-60
Irrigation 4
0-15
15-30
30-45
45-60
Irrigation 5
0-15
15-30
30-45
45-60
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ECiw ( dS m-1)
9
12

3

6

Bresler

9

12

3

Burns

6

9

12

Modified Burn

2.40
1.80
1.02
0.84

3.80
2.94
1.72
1.17

4.97
3.73
2.07
1.39

7.60
5.43
2.97
1.55

2.29
1.46
1.11
0.77

3.72
2.68
1.38
1.04

4.97
3.48
1.61
1.30

7.44
5.27
2.64
1.68

3.27
2.61
0.72
0.35

6.24
4.70
1.94
1.04

9.02
7.60
3.60
1.64

13.17
11.02
5.40
5.40

2.08
1.16
0.60
0.31

4.20
2.72
1.40
0.74

6.61
4.16
2.12
1.13

8.85
5.60
3.03
1.36

2.60
1.96
1.40
1.08

4.94
3.40
1.98
1.42

6.76
5.18
3.02
1.67

9.80
7.13
3.56
2.17

2.87
1.94
1.40
0.94

4.98
3.64
2.08
1.30

7.10
4.96
2.68
1.70

9.46
6.51
3.08
1.90

4.01
2.91
1.04
0.62

6.92
4.86
2.14
1.06

9.70
7.84
3.86
1.68

14.20
11.19
5.78
2.24

2.42
1.40
0.81
0.46

4.80
3.02
1.50
1.02

7.16
4.68
2.40
1.46

9.96
5.80
3.22
1.72

2.84
2.20
1.48
1.16

5.46
4.32
2.93
1.62

7.72
5.94
3.40
2.20

10.12
7.76
3.93
2.60

3.06
2.30
1.60
1.14

5.48
4.26
2.60
1.55

7.70
5.72
3.30
2.17

10.09
7.54
3.72
2.27

4.36
3.20
1.22
0.86

7.40
5.14
2.42
1.24

10.10
8.16
4.24
1.94

14.45
11.40
6.02
2.56

2.60
1.62
0.96
0.61

5.22
3.30
1.73
1.26

7.64
5.02
2.91
1.60

10.33
6.27
3.76
2.17

2.94
2.30
1.75
1.20

5.58
4.48
2.90
1.72

8.15
6.28
3.94
2.47

10.83
8.17
4.63
2.86

3.28
2.61
1.90
1.24

5.76
4.38
2.94
1.80

8.17
6.20
3.64
2.40

10.41
7.97
4.27
2.67

4.87
3.54
1.22
0.86

7.90
5.50
2.42
1.24

10.82
8.16
4.24
1.94

14.87
11.40
6.02
2.56

2.75
1.80
1.32
0.82

5.43
3.62
2.10
1.62

8.03
5.22
3.18
1.96

10.84
6.66
4.07
2.43

3.15
2.42
1.94
1.40

5.88
4.61
3.37
1.83

8.54
6.77
4.25
2.67

10.93
8.67
5.48
3.44

3.50
2.90
2.16
1.46

5.90
4.80
3.36
1.96

8.40
6.38
3.97
2.60

10.71
8.64
4.90
3.16

5.33
3.92
1.67
1.32

8.40
5.96
2.82
1.90

11.43
8.90
4.82
2.42

15.37
12.13
6.92
3.03

2.84
1.92
1.42
1.03

5.61
4.10
2.43
1.94

8.19
5.76
3.51
2.27

11.07
7.07
4.38
2.70
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Comparison of average observed ESP and salt dynamics with the empirical equations and models

upward movement of salts due to capillary action. According
to this model the net increment of salts in any soil layer after
any irrigation was equal to amount of salt applied through
irrigation minus amount of salt lost through drainage. The
calculated values (Equation 1&2) of salt concentration of
different layer after each irrigation are given in Table 4. A
comparison of predicted and observed values of salt build
up at the end of redistribution in different layer after first
and fifth irrigation showed close agreement between the
observed salt concentration in the soil profile and that
calculated according to the model. The observed values were
slightly higher than the calculated values. Similar
observations were also reported by Kumar (1978). Values of
correlation coefficients ‘r’ between observed and calculated
values using Bresler’s model was 0.926 .
Burns model: A comparison of the predicted
(Equations 3 to 6) and the observed values of salt build up at
the end of evaporation in different layers after first and fifth
irrigation with water of different EC’s is given in Table 4. It
is evident from this that that there was no agreement between
the observed and calculated values of salt concentration in
different layers. These large deviations may be attributed to
the divergence between the assumptions of the model and
actual experimental conditions. Analysis of the table
indicates that salt distribution in the profile at the end of
evaporation was greater than that at the end of redistribution
after each irrigation. The increase in salt concentration after
evaporation indicated that there was a movement of water
in liquid phase.
Modified Burns model: A complete failure of the Burns
model to accounts salt dynamics led the author to compare
the actual values of salt distribution with the predicted values
of the modified Burns model, i.e. by taking into consideration
only the downward movement of salts (Equation 7). A good
agreement between the observed and predicted values of salt
distribution was observed (Table 4). A close resemblance
between the values of the calculated and observed salt
distribution indicated that the dynamics of salt in a soil
profile can be accurately predicted by modified Burns model.
CONCLUSION
It is observed that empirical equations used for
predicting the sodicity hazards of irrigation waters, the
Modified Ayers and Westcot equation could fairly accurately
predict the build up of ESP under all saline sodic water
conditions followed by Rhodes, Suarez and Bower equation
.The prediction of salt distribution by Bresler and modified
Burns model were very close to the actual observed values
and hence both models could safely be used for predicting
salt distribution in soil profile after different irrigations under
arid and semi arid conditions.
Journal of Eco-friendly Agriculture 4(1) 2009
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Biomediated release of phosphorus in rice growing soils of
Jammu
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ABSTRACT
The mineralization of added organic P in soils being less understood necessitated to evaluation of different sources of
organics. The performance of phosphate solubilising bacteria (PSB) in different soils of Jammu has been variable in
solubilising phosphorus. PSB in soils of R.S.Pura was able to solubilise phosphorus to the tune of 19.40 mg kg-1, on
the other hand the survival of PSB in Chodroi soil was poor. Rice residues and wheat residues amended soils released
lesser phosphorus than Sesbania and water hyacinth. Phosphorus mineralsable rate in the soils under study was
observed in the range of 0.02% to 0.40% kg-1day-1.
Key Words : Organics-Residues –PSB-Soils

INTRODUCTION
Much attention has been devoted to determine plant,
biological and environmental factors influencing the release
and mineralization of N from plant residues (Vanlauwe et
al, 1996, Bhat et al., 1996). However, relatively few studies
have been made on the incorporation of plant residues on
phosphorus cycling and its contribution to plant nutrition
(Dalal, 1979; Mclaughlin et al., 1988a; Umrit and Friesen,
1994). Of these studies, most were focused on chemical
reactions particularly, the effect of plant residues on portion
and inorganic P fraction of soil (lyamuremye et al., 1996),
few have considered biological transformation associated
with the release of phosphorus from residues and subsequent
accumulation and turnover of organic P during
decomposition (Mclaughlin et al., 1988a). Conventionally
available inorganic P soil testing may not properly assess
the potential contribution of residues phosphorus and
phosphorus transformation following the decomposition of
residues. Phosphorus immobilization by microorganisms,
turnover of microbial P and mineralization of microbial
byproducts seem to major process regulating phosphorus
cycling and phosphorus availability from plant residues
(Mclaughlin et al., 1988b).
Varadarajan and Samuel (1958) and Mandal and Khan
(1972) reported that substantial quantity of fertilizer can be
supplemented through the incorporation of crop residues
into the soil because the mineralization of organic forms of
phosphorus in soil contributes significantly to plant P uptake,
although quantification of organic phosphorus
mineralization has been impeded by methodology
(Randhawa, 2005).
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The efficiency of phosphatic fertilizer is very low due
to chemical fixation within a short period of its application
in the soil complex. Besides poor solubility of native soil P,
some times there is a build up of insoluble phosphorus due
to phosphatic fertilizers applied over a long period. In this
situation, seed or soil inoculation of phosphatic solubilizing
microorganisms may benefit the crop by increasing P
availability from insoluble source (Gaur, 1990). Because soil
microorganisms have enromous potential in producing soil
phosphates for plant growth. Phosphorus biofertilizers in
the form of microoganisms can help in increasing the
availability of accumulated phosphates for plant growth by
solubilization (Goldstein, 1986 and Gyaneshwar et al., 2002).
Keeping these facts in view the experiment was designed to
assess the impact of organics in releasing phosphorus in the
soils of Jammu.
MATERIALS AND METHODS
Jammu district of J & K State sprawls on an area of 3.2
lakh hectares and is located between 32o44" and 32o55N
latitude and 74o5’E longitude. Soil samples (0-15 cm depth)
were obtained from different rice growing areas of Jammu
district (map) for investigation and analyzed for different
physico-chemical properties (Table 1). Soil samples (20 gm)
from each site (Table 1) were incubated at 32oC ± 1 through a
period of 59 days with and without residues and the P release
was analyzed by ascorbic acid method through 0, 2, 9, 16,
23, 30, 44 and 59 days of incubation at 60% of WHC. Loss of
moisture was replenished at regular interval. To assess the
impact of organic residues (Table 4) and PSB on the release
of P, twelve treatments namely, To- control, T1 – inorganic
phosphorus, T2-phosphte solubilizing bacteria (PSB), T3 –
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Table 2. Counts of PSB in Pikovs kaya’s Agar with haloes.
S. No
1
2
3
4
5
6
7
8

Map : Soil sampling sites

Wheat Residues (100% P), T4-wheat residues (50% P) +
(inorganic phosphate) IP (50% P), T5-rice residues (100% P),
T6- rice residues (50% P)+ IP (50% P), T7- Sesbania (100% P)
T8- Sesbania (50% P) + IP (50% P, T9-water hyacinth (100%
P), T10-water hyacinth (50% P) + IP(50% P) T11-FYM (100%
P), T12- FYM (50% P) + IP (50% P) were prepared.

Sites
Chokroi
R.S. Pura
Miran Sahib
Chatha
Shamachak
Gajansoo
Mud
Bishnah

Count of PSB
2.2 x 103
3 x 105
1 x 104
1 x 104
3 x 105
2 x 103
3 x 105
2 x 103

Diameter (mm)
1.70
3.00
0.84
2.90
1.50
0.80
2.20
1.70

molybdate added. Test tube was shaken well and diluted to
45 ml and then added 0.25 ml of chlorostannous acid and
intensity of blue coloured solution was measured at 600 n,.
Further confirmation was carried out by monitoring changes
in the medium (Table 3).
Table 3. Changes in growth medium of phosphate
solubilising bacteria
Culture

Inital pH of
Medium
7.1
7.3

pH post 3
Days
6.2
6.4

Phosphate
solubilisation (%)
39%
32%

Table 1. Physico-Chemical properties of rice growing soils
of Jammu.

Culture I
Culture II

Location pH
(1:25)
Shama
6.75
Chak
R.S. Pura 7.30

EC
(dSm-1)
0.035

Miran
5.70
Sahib
Gajansoo 7.90

0.030

Available N , Available P, Organic P and Total P was
determined by methods as described by Suvbiah and Asija
(1956), Olsen and Sommers (1982), Watanabe and Olsen
(1965) and Jackson (1967) respectively. Total C was
determined by heat digestion method Gaur (1975), Cellulose,
Hemicellulose and Lignin was determined by 72% H2SO4
method as recommended by Van Sorest (1963) (Table 4).

Mud

7.10

0.029

Bishnah

8.24

0.033

Chatha

6.67

0.031

Chokroi

8.30

0.034

0.032

0.034

OC
Textural Organic P
(percent) class
(kg ha1)
0.75
Silty caly 166
loam
0.68
Clay
212
loam
0.61
Silty
148
loam
0.57
Clay
135
loam
0.49
Clay
92
loam
0.51
Silty caly 94
loam
0.48
Silty
150
loam
0.60
Clay
241
loam

C:N
ratio
11.0
9.0
10.4
10.9
9.8
11.8
10.06
11.7

Isolation of Phosphor bacteria
Phosphor bacteria from the soil were isolated by using
Ketznelson Bose Medium. Phosphor bacteria colonies were
identified by the clear “halo zones”. (Table 2) The average
number of phosphate soubilizing bacteria was calculated
on dry weight basis. The quantitative test of phospho
solubnilizing capacity was done by using Pilovskaya broth
with known amount of rock phosphate. Test microorganisms
pre-isolated were inoculated in Pikovskaya broth and
incubated at 28oC ± 1oC on shaker for 3-4 days. Broth was
finally centrifuged for getting phosphor bacteria. Aliquot of
0.1 ml for the supernatant was taken and 10 ml of ammonium
Journal of Eco-friendly Agriculture 4(1) 2009

Table 4. Biochemical properties of residues.
Content

Sesbania
(per
cent)
Nitrogen
1.79
Phosphorus 0.32
Carbon
49.60
Cellulose
27.72
Hemi
16.30
Cellulose
Lignin
4.76
C:N Ratio
27.70

Water
Hyacinth
(per cent)
1.43
0.47
47.20
30.32
20.83

Rice
Straw
(per cnet)
0.46
0.11
45.60
33.16
20.43

Wheat
straw (per
cent)
0.42
0.18
43.40
35.16
24.54

FYM
(per cent)

5.43
33

8.86
99.13

10.21
103.33

20.6
59.37

0.48
0.75
28.50
8.3
12.5

RESULTS AND DISCUSSION
Phosphate Solubilizing Bacteria
The objective of the survey of the designated soils was
to isolate PSB having the ability to solubilize indigenous P
source. Out of eight soils, under evaluation only two proved
to have phosphate soulbilizing population in concentration
ranging from 1× 104 – 3× 105 (table 2). Ten replications from
each site were taken and almost eighty samples were taken
31
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Fig. 1. Performance of phosphate solubilising bacteria in
solubilising phosphorus

and almost eight samples were analyzed. Out of all the
samples, 32 isolates were selected and out of these only two
were able to solubilize the phosphate and rest of genera lost
either their ability to solubilize the phosphate in medium.
The organisms were selected from the sites of R.S Pura and
Chatham after conducting a solubilization test. A
solubilization test was performed from selected culture to
determine the solubilization ‘halo;. Only haloes having 3.0
mm diameter were selected for further research work (table
2). Identification of these bacteria could not be carried out.
However, main consideration was given to the extent of halo
and changes in medium. PSB has shown a better performance
in soils of Miran Sahib (fig 1) followed by the soils of Chatha.
Mud soils have also shown effective release of phosphorus
with the application of PSB. However, in the soils of Gajansoo
PSB were able to solubilize phosphorus at par with the
treatment (T1). The soils of Bishnah also followed the suit.
But the trend was reversed in the soils of Chokroi where the
addition of PSB could not produce any significant effect in
solubnilizing phosphorus (fig 1). The better performance of
PSB in certain soils is due to their heterotrophic activities
which are known to solubilize phosphorus from insoluble
source (Gaur, 1990). Phosphorus enzymes (Leprince and
Quiquampoix, 1996) that catalyses hydrolysis of some esters
and anhydrites of H3PO4 (Page et al., 1982). The increase n
available concentration of phosphorus at different interval
of time is understood to be related to phosphatic activity in
the soil. However, the survival of PSB, limited in soils of
Chokroi, may be due to some antagonistic effect of microbes
inhabitating local niche in the soils of Chokroi which could
not be suitable for the activities of added PSB. Such
antagonistic effects have also been observed by Tewari et al.
(1988). However, sometimes the extracellular enzymes
activities secreted by microorganisms may get adsorbed on
clay and humic colloids and the release of phosphorus of
somewhat inhibited (Humgal et al., 1995).
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Rice and wheat residues produces significantly lower
level of phosphorous as compared to control (To). The effect
of these two residues in producing significantly less
phosphorus is attributed to their C:N rotios which were 99.13
and 103.33 for rice and wheat straw, respectively leading to
the immobilization of phosphorous. Besides the wheat and
rice residues are more ligniferous than sesbania and water
hyacinth. This was also observed by Vanlauwe et al (1996)
and Giller and Cadisch (1997). Sesbania and water hyacinth
effected more release of phosphorus in all the soils. The
percentage of increase in mineralization of phosphorus in
water hyacinth amended soils over Sesbania treated soils
was in the range of 4.51 in Shama Chak to 36.11% in R.S.Pura
soils. The more mineralization of phosphorus in Sesbania
and water hyacinth amended soils is due to narrow C: N
ratio besides enhanced phosphorous content in them. Bhat
(1991) in his study explained that synthesis of organic acids
leads to the formation of complexes to effect P availability
through different mechanism (Singh et al, 1992). Addition of
FYM to the different soils has shown variable effects in
releasing mineralizable phosphorus (fig 2). This variability
may be either due to immobilization of P in Mira Sahb,
Gajansoo and Bishna Soils, whereas in the rest of soils FYM
metabolilsed as good source of microbial substrate. Dhillin
and Dev (1986) subscribes to the present result. The
integrated use of inorganic with organics was observed in
different soils. In Chokroi the addition of inorganic P has
increased mean (X) phosphorous levels from 18.15% to 21.05.

Fig. 2. Effect of different oreganics on the release of
phosphorus

Similarly, in other soils where inorganic P had been added
in conjunction with organics had been able to enhance the
mineralization phosphorous from 2.18% to 28.1%, 9.36% to
34.50%, 5.42% to 21.49%, 13.8% to 43.97%, 2.49% to 42.0%
and 2.15% to 40.70% in the soils of R.S.Pura, Miran Sahb,
Journal of Eco-friendly Agriculture 4(1) 2009
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Chatha, Gajansoo, Shamachak and mud, respectively.
Increases in mineralization might be due to the competitin
with P linked to Fe, Al and Ca that keeps part of organic P in
soluble form. This is in contrast to the observation by Singh
and Bagel (1993) that addition of 60 kg ha-1 P with organics
resulted lowering of P by 0.2 to 0.8 units.

CONCLUSION

Mineralisation rates of phosphorus deduced in the
present study was observed in the range of 0.02 to 0.40 mg
kg-1 day-1 and were lesser than those observed by Oehl et al.,
(2001) and Hernandiz – Valencia and lopex- Hernandiz
(1998). However it is well within the range described by
Randhawa (2005).

S. No Study parameter

In order to probe into joint effects of various
independent variables on the release of phosphorus, the data
were subjected to multiple regression analysis using the best
possible regression models involving statistical programmed
SPSS 7.5 version. The adequacies of these models were also
tested. These regression models along with coefficient of
multiple determination (Pearson’s r2) values have been given
in Table 5. All the fitted models were best fit as can be judged
with the help of r2 value which was highly significant for
each individual regression equation, displaying that there
is joint contribution of different variables and had more
significant effect unlike individual impact. It is worth noting
that for all the organics wheat straw, the consolidated impact
of variables in their respective models was enhanced when
inorganic P was added. For Sesbania, FYM, water hyacinth
and rice straw, the percent contribution of independent
variables increased from 62.80% to 67.50% to 79.70%, 56.30%
to 75.60% and 49% to 61.00%, respectively, when inorganic
P was added to these organics. But in case of wheat straw
alone it was more (67.40%) as compared to wheat straw +
inorganic P (54.20%). Further, for individual parameters as
well as its combination with inorganic P, the included
independent variables were same. However, in some cases,
the direction of relationships were opposite for instance in
case of FYM had significantly inverse effect on it; whereas,
this variable had direct effect when FYM was coupled with
inorganic P. The increase in available P with the application
of FYM was probably due to the addition of FYM and reduced
fixation of phosphorus through chelating process. But FYM
was not able to reduce fixation in all the soils probably due
to the poor metabolization of carbon substrate in these soils.
All the individual relationships between independent
variables under correlation with FYM effect on the relative
release of phosphorus is also evident by highly significant
correlation (r = 0.375). This view has also been held by Gupta
et al., (1988) and Dhillon and Dave (1986). The significant
and highly significant contribution of independent variables
have been marked with * and **, respectively (Table 5).
Journal of Eco-friendly Agriculture 4(1) 2009

The conclusion drawn from the experiment, that
organics like Sesbania and water hyacinth degraded faster
Table 5 Regression models of various study biochemical
parameters including maximum variables (Enter
method) and coefficients of determinations.

1

Sesbania

2

Sesbania + IP

3

FYM

4

FYM + IP

5

Wheat straw

6

Wheat straw +
IP

7

Water hyacinth

8

Water hyacinth
+ IP

9

Rice straw

10

Rice straw + IP

Regression model

Coefficient of
multiple
determination
(%)
5541.10 + 396.05**X2 - 58.12**X3 + 62.80**
0.98 X4 - 3.67 X5 + 11.47**X6 7.34**X8 - 19.11**X9
9385.67 + 594.82**X2 - 95. 40**X3 - 67.50**
0.34X4 + 15.46**X5 + 16.05**X6 13.51**X5 - 29.46**X9
-34110.9 + 354.26**X1- 892.08**X2 62.60**
41.00**X4 - 31.51**X5 - 55.08**X7 +
3.08**X8 - 486.48**X9
-36169.4 + 347.44** X1 - 975.02** X2 79.70**
-46.41** X4 - 34.194**X5 - 84.39
X9+4.189** X7 + 535.77** X9
-12983.2 - 136.18** X1 + 2.42 X2 67.40**
0.31** X3 - 33.97 X4 - 4.47 X7 +
42.26** X8 + 34.96** X9
-14129.1 - 178.47** X9 - 10.89-0.29** 59.20**
X9-52.92 X9 + 4.67 X9 + 18.26 X9 +
48.29** X9
-29607.7+147.80** X1-295.03** +
56.30**
121.07** X2 - 100.93 X3 - 8.48 X5 +
91.20** X7 + 242.93** X9
-35620.7 + 224.83** X1 - 411.32 X2+ 75.60**
166.61X3 - 114.14** X5 - 14.01** X7 +
101.28** X8 + 289.25** X9
-1245.03+134.07**X1 + 186.25X2 49.00**
14.723X4 -112.52X5 -26.18X7 +
107.11X8 - 41.99*X9
-12346.4-12.06X1 + 353.02X2
61.00**
33.75**X4 + 177.80**X5 -212.57**X7 28.68X8 + 47.47*X9

Independent variables: X1, X2, X3, X4, X5, X6, X7, X8, X9 represent N, P,
C, Cellulose , Hemicellulose, lignin, C:N. C:P, C:N:P, respectively.
* Significant at 5% probability level.

than wheat and rice residues, suggested that beneficial effect
of former is immediate whereas, latter builds sustainable
carbon vis-à-vis phosphorus in soils. Isolation of P S B and
their better performance in some soils indicates that congenial
soil niche for these microbes is essential. Further investigation
is needed to explore the PSB biodiversity in soils of Jammu
for isolation and selection of promising phosphate solubilsers
for harnessing better crop yield.
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Effect of vermicompost amended alluvial soil on growth and
metabolic responses of rice (Oryza sativa L.) plants
S.N Panday* and Amalesh Yadav
Botany Department, Lucknow University, Lucknow – 226007, Uttar Pradesh, India
ABSTRACT
The pot experiment conducted with low fertile allvial soil amended with vericompost at 0, 10%, 25%, 50% and 75%
showed higher stimulatory effects at 50.0 per cent amendment level of vericompost than the NPK (120:60:60) with
respect to growth and biochemical responses in Oryza sativa L.
Key words: Vermicompost, alluvial soil, Oryza sativa L, metabolic responses.

INTRODUCTION

MATERTALS AND METHODS

The generation of huge amount of solid waste materials
by urban population in many cities is a worldwide
environmental pollution problem. Another serious problem
is decline in food production through loss of soil quality due
to excess application of inorganic fertilizers. These pose a
great socio-economic problems and loss in food quality
(Edwards, 1995; Bisht et at; 2007). Emphasis is currently being
laid on use of vermicompost in agriculture with a view to
minimize the synthetic chemical fertilizers inputs and
curtailing down the environmental pollution.
Vermicomposting offers a key strategy against the negative
consequences of excess use of inorganic fertilizers in
agricultural fields and discharge of soil wastes into the open
environment. The degradable solid waste material
conversion into organic compost using earthworms became
a product to sustain the agricultural and environmental
quality.

The vermicompost samples were collected from
“Muskan Jyoti Society”, that produces it from urban solid
wastes in Badshah bagh area, Lucknow. The samples
collected at 10 consecutive days and pooled to make a
composite sample was analyzed for its fertilizer value (Table
1). The composite soil sample collected from Aliganj area,
Lucknow was also analyzed for their physico-chemical
properties. Vermicompost was amended in soil at different
grades viz, 0, 10.0, 25.0, 50.0 and 75.0%. A control treatment

Benefits of compost application in agriculture depends
upon the sources of production and physico-chemical
properties of vermicompost. These, particularly the essential
nutrients level in the vermicompost, affect the metabolic
activities in plants, consequently, the growth of the plants.
Some workers reported it unsuitable for amendment in the
soil because of high content of heavy metals in it (Fernandez
and Ramirez 2002). Therefore, study was undertaken to
evaluate the fertilizers value of vermicompost produced from
urban population (Badashah bagh area, Lucknow) and its
impact in amendment of alluvial soil of low fertility on
growth and physiological responses of rice (Oryza sativa L.).
The results were compared with that of NPK (120:60:60)
applied soil.
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Table 1: Physio – chemical properties of composite alluvial
soil of Lucknow and vermicompost samples used
in the experiment.
Parameters
Texture
Bulk density
pH
Electrical conductivity (m
mhos/cm)
Organic mater (%)
Available N (Kgha-1)
Available P (Kgha-1)
Available K (Kgha-1)
Available Zn (ppm)
Available Cu (ppm)
Available Fe (ppm)

Average value
Alluvial Soil Vermicompost
Sandy loam
1.48
1.76
7.50
6.35
0.32
0.40
0.19
160.00
75.00
78.00
1.45
0.80
2.26

48.85
250.00
200.00
180.00
5.50
1.62
4.50

with NPK (120:60:60) was simultaneously run for
comparision. Each treatment was triplicated. The rice (Oryza
sativa L.) plants were grown in earthen pots filled with
vermicompost and NPK amended soils. Test plants were
observed for visible symptoms, growth (length, biomass,
yield) and metabolic responses (chlorophyll a and b contents,
amylase, catalase and peroxidase activity). The plants were
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harvested from the soil level, washed with deionised water,
mild calcareous nature and deficient in some micro nutrients
blotted dry, chopped into fine pieces and later dried in a
(Table –1) as also described by Agarwala et al. (1979).
forced air oven at 70oC for 24 hours at 68 days growth for dry
The vermicompost amendment in soil increased the
matter yield. Biochemical parameters were determined in
rice,
Oriza
sativa L. plant growth. The maximum growth yield
young leaves (3rd to 4th leaf from the top). The photosynthetic
was
observed
at 50.0% amendment level. Tillering was dose
pigments (chlorophyll a, b) was estimated following the
in
dependent.
Leaf tip burning and chlorosis (in young
method of Lichtenthaler (1983). The method followed for
leaves)
of
plants
grown at 75.0% amendment was noticed
assaying the catalase and amylase activity was of Euller
spreading
from
the
top. These could be due to the disorders
and Josephson (1959) and Katsuni and Fekuhara (1969),
in
availability
of
some
essential elements at high dose of
respectively. Data presented in the table are the mean ± SE
vermicompost
amendment
in soil (Agrawala and Sharma,
values of the three replicates and were statistically tested by
student ‘t’ test.
Table 2: The effect of vermicompost amendment in alluvial soil on growth and metabolic responses in rice, Oryza sativa L.
plants at 65 days growth.
Parameters
Length (cm)
Dry weight (g)/plant
Tillers/plant
Chlorophyll
mg/g/F.W.
a
b
Amylase (mg/g F.W)
Catalase (mg/g F.W.)
Peroxidase (mg/g
F.W)

NPK (120:60:60)

Vermicompost amendment (%)
10
25
50
24.66
25.61
29.16
± 2.52**
± 1.51*
± 1.21*
3.45
4.61
5.54
± 0.02
± 0.02
± 0.01
2.66
3.00
3.00
± 2.33*
± 0.33
± 0.33

75
28.86
± 1.01
508
± 0.02
4.66
± 1.53*

21.92
± 1.66
4.10
± 0.01
1.34
± 1.16*

O
19.0
± 0.63
3.00
± 0.02
1.32
± 0002

2.80
± 0.13
2.10
± 0.20
9.40
± 1.50
42.50
± 0.43
40.90

1.82
± 0.13
0.98
± 0.43
6.23
± 0.1.52*
32.00
± 0.13
15.35

2.30
± 0.12
1.80
0.04
8.56
± 1.16*
48.60
± 0.11
70.56

4.07
± 0.20
2.82
0.04
10.22
± 0.33
55.20
± 1.21*
40.31

4.00
± 0.11
3.10
0.13
10.85
± 0.02
58.81
± 0.33
39.20

3.60
± 0.12
2.01
0.11
6.88
± 1.21
60.50
± 1.21
35.00

± 0.20

± 0.43

± 0.24

± 0.26

± 0.04

± 0.02

F.W. = Fresh weight, ± -SE value, *Significant at 0.05 level, **Significant at 0.01 level.

RESULTS AND DISCUSSION
The vermicompost (VC) was slightly acidic. It
contained high organic matter, essential macro nutrient
(available N 25.0, P 200 and K 180 Kg ha-1) and micronutrients
(DTPA extractable available Zn 5.5, Cu 1.62 and Fe 4.5 ppm).
The vermicompost, produced from other sources of solid
waste materials had high fertilizer values indicating its
suitability for amendment in agricultural fields as reported
by some workers (Atiyeh et al; 2002; Zaller, 2007). High
organic matter content with humic substances and growth
hormones make it suitable in improveing the soil quality
(Cavender et at; 2003). Composite sample of alluvial soil
collected from Aliganj area, Lucknow, used for graded level
of vermicompost amendment (0, 10, 25, 50 and 75%) was of
36

1976). The pigment contents (chlorophyll a and b) increased
with increase in amendment levels but did not show
significant difference above 25.0% level. The amylase activity
was stimulated upto 50.0% level while further increasing
beyond this supperesed amylase activities in leaves. The
amylase activity hydorlyze the starch to provide energy for
the metabolic activities in plant cell, (Thevenot et al., 1992).
Thus, the increased biomass yield in rice plant may be
correlated with increased amylase activity.
The peroxidase activity was found maximum at 10.0%
amendment level and declined with further increase. The
catalase activity was low at 25.0 and 50.0% level compared
to control. Catalase activity was maximum at 75.0% level
due to the increase in stress conditions created by nutritional
Journal of Eco-friendly Agriculture 4(1) 2009
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disorders. The production of H2O2 during stress conditions
damage the cells, converted into H2 O and O2 by catalase.
The peroxidase and catalase activities protect plant cells
under stress conditions by their antioxidative reactions in
plants. The growth and metabolic attributes of vermicompost
amendment in rice was more effective at 50.0% than the NPK
(120:60:60) in alluvial soil.
CONCLUSION
It can thus be concluded from the findings that the
vermicompost produced from solid wastes is suitable to
promote growth of rice plants in alluvial soil. Its amendment
at 50.0 per cent level in the less alluvial soil was found
effective in stimulating the growth and metabolic process of
rice than the NPK (120:60:60).
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ABSTRACT
The experiment conducted to estimate changes in genetical parameters with changes in population size and to obtain
adequate F-2 population size for traits like resistance to root and stalk lodging at maize Breeding Block Umian
(Barapani) Meghalaya indicated possibilities of further work with lower number of plants.
Key words: Population size, resistance breeding, lodging, maize.

INTRODUCTION
Root and stalk lodging is one of the most important
trait in commercial maize breeding. One of the main causes
that increase root and stalk lodging is presence of pathogens
like Fusarium, so the maize breeder has to pay special attention
to resistance to these pathogens during the selection process.
The generation of maximum gene recombination being the
F2 population, its influence was studied for grain yield and
other traits, but there is no evidence of the optimal size of F2
population necessary to develop hybrid combinations
resistant to pathogens of maize root and stalk lodging.
Therefore, an attempt was made to estimate changes in
genetical parameters with changes in population size and
to obtain the adequate F2 population size for trait such as
resistance to root and stalk lodging.
MATERIAL AND METHODS
The genetic material evaluated in the present study was
F2 population RCM-98 derived from cross of two inbred lines,
RC-AGM-INB-56 and RC-AGM-INB-67. Inbred line RCMAGM-INB-56 is derived from crossing RCM 1-1 x RC-AGMINB-67 (Khasi Riew Hadem) germplasm for which the FAO
maturity group is 550. RC-AGM-INB-56 has good general
combining ability and is tolerant to root and stalk lodging.
The inbred line RC-AGM-INB-67, a semi-dent type for which
the FAO maturity group is 700 RC-AGM-INB-67, has
excellent general combining ability, but sensitive to root
lodging in Umian (Barapani), Meghalaya, India conditions.
F1 generation of RC-AGM-INB-56 x RC-AGM-INB-67 was
self pollinated in 2000 to obtain F2 population. In 2001, 225
S0 plants randomly selected from F2 population RC-AGMINB-67 were selfed and crossed to six plants of tester that
©2009

was inbred line RC-AGM-INB-2. Inbred line RC-AGM-INB25 is a flint type, derived from Khasian germplasm for which
the FAO maturity group is 450. RC-AGM-INB-25 shows high
heterotic effects with both RC-AGM-INB-56 and RC-AGMINB-67 inbred line, and is tolerant to root lodging.
A total of 225 entries (half-sib progenies) were evaluated
within 35 sets of a replication within sets randomized
incomplete block experiment (Cochran and Cox, 1957). Each
set consisted of 15 half-sib progenies completely randomized
with each of the three replications. The entries were grown
at Maize Breeding Block, Umian (Barapani), Meghalaya, India
in 2002 and in 2003. A plot consisted of 5m long handdibbled rows with 0.60m between rows. Over-planted plots
were thinned to a uniform plant density of approximately
67,284 plants ha-1. All experiments were manually cultivated
and weeded as necessary for proper weed control. Data were
collected at harvest for root and stalk lodging on five scales
namely, 1-stalk broken bellow the tassel, 2-stalk broken
above the ear, 3-stalk broken at the level of the ear, 4-stalk
broken bellow the ear, 5-totally lodged stalk.
The analysis of data was based on plot means. Data
were analysed by pooling over sets and combining across
environments. From basic population size of 225 half-sib
progenies (25 sets with 20 half-sib progenies) 53,130
population with size of 100 half-sib progenies, 3,268,760
population with size of 200 half-sib progenies and 3,268,760
population with size of 300 half-sib progenies were obtained
through computer simulation. Form total number of
combinations 30 samples for each population sizes, except
500 where only one sample was possible were randomly
selected. Comparisons of mean values between different
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population sizes was done by t or t’ test in relation to whether
variances are homogenous or not (Steel and Torrie, 1960).
Half-sib family means from each sample were used to
construct the distribution histogram for each population.
One-sample test was applied to test distribution. Values of
D that are significant indicate non-normality of the
distribution (Snedecor and Cochran, 1989).
The analyses of individual population pooled over sets
and combined across environments were calculated to
partition the variation within population for each population
size into environments, sets, environments x sets interaction,
replications, genotypes, genotypes x environments and error
sources of variation. Genotypes x environments interaction
mean square were used to test the significance of the
genotypic source of variation. Error mean squares were used
to test significance of the genotypes x environment interaction
source of variation.
Estimates of genetic variance components were
calculated by equating the observed mean squares with
expected mean squares and solving the resulting system of
equations. Heritability was estimated on a half-sib progeny
mean basis within each population size. Genetic variance
component and heritability estimates were declared
significant if their values were 2 times greater than their
standard errors (Falconer 1989). Additive, dominance, and
epistatic variance components were confounded in the
genetic variance estimates for half-sib families, hence,
heritability estimates was considered an upper limit of the
narrow-sense heritability (Lamkey and Hallauer, 1999).
RESULTS AND DISCUSSION
Average estimates ranged from 1.712 for 200 HS
progenies population size to 1.730 for 100 HS progenies
population size. The maximum (1.826) and minimum (1.631)
sample average estimate was found in population size of
100 HS progenies (Table 1). No significant difference for
average estimates between estimated population sizes (Table
2) was observed.
According to t test, lower value of parameter D indicated
greater normality of distribution. The values of parameter D
became greater with decrease of population size (500 HS, D
= 0.047 : 300 HS, D = 0.053; 200 HS, D = 0.054; 100 HS, D =
0.04), but there was no evidence of statistically significant
deviation from normality in any sample (Table 3).
Genetic variability of estimated half-sib progenies was
at the level for all investigated population size. Estimates of
genetic variances were statistically significant for all samples
and population sizes and ranged form 0.19 for 100 HS

Table 1. Mean values and standard errors for different
population size
Sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Maximum
Minimum
Average

100
1.76± 0.03
1.78± 0.03
1.72± 0.03
1.73± 0.03
1.66± 0.03
1.85± 0.03
1.67± 0.03
1.77± 0.03
1.73± 0.03
1.77± 0.03
1.65± 0.03
1.75± 0.03
1.71± 0.03
1.67± 0.03
1.66± 0.03
1.79± 0.03
1.75± 0.03
1.69± 0.03
1.73± 0.03
1.63± 0.03
1.77± 0.03
1.73± 0.03
1.76± 0.03
1.70± 0.03
1.80± 0.03
1.71± 0.03
1.83± 0.03
1.64± 0.03
1.74± 0.03
1.74± 0.03
1.83
1.63
1.73

Population
200
300
500
1.72± 0.03 1.74± 0.03 1.717 ± 0.028
1.72± 0.03 1.68± 0.03
–
1.75± 0.03 1.67± 0.03
–
1.66± 0.03 1.71± 0.03
–
1.68± 0.03 1.70± 0.03
–
1.68± 0.03 1.78± 0.03
–
1.76± 0.03 176± 0.03
–
1.73± 0.03 1.73± 0.03
–
1.73± 0.03 1.74± 0.03
–
1.66± 0.03 1.73± 0.03
–
1.73± 0.03 1.71± 0.03
–
1.72± 0.03 1.70± 0.03
–
1.74± 0.03 1.76± 0.03
–
1.63± 0.03 1.69± 0.03
–
1.69± 0.03 1.71± 0.03
–
1.74± 0.03 1.77± 0.03
–
1.74± 0.03 1.73± 0.03
–
1.73± 0.03 1.72± 0.03
–
1.76± 0.03 1.69± 0.03
–
1.72± 0.03 1.68± 0.03
–
1.69± 0.03 1.72± 0.03
–
1.74± 0.03 1.71± 0.03
–
1.70± 0.03 1.69± 0.03
–
1.75± 0.03 1.76± 0.03
–
1.68± 0.03 1.73± 0.03
–
1.71± 0.03 1.74± 0.03
–
1.67± 0.03 1.69± 0.03
–
1.72± 0.03 1.73± 0.03
–
1.71± 0.03 1.76± 0.03
–
1.74± 0.03 1.71± 0.03
–
1.66
1.78
–
1.63
1.67
–
1.71
1.72
7.72

Table 2. Difference between mean values from estimated
population sizes
Sample
100
200
300
500

100
1.73
1.71
1.72
1.72

Population size
200
300
0.02NS
0.01NS
0.01NS
0.01NS
0.00NS
–
–
–

500
0.01NS
–
–
–

*NS statistically non-significant difference
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Table 3. Values of parameter D one sample test for different
population sizes
Sample
100
1
0.052
2
0.073
3
0.064
4
0.094
5
0.057
6
0.084
7
0.100
8
0.062
9
0.069
10
0.055
11
0.079
12
0.063
13
0.072
14
0.081
15
0.054
16
0.065
17
0.056
18
0.060
19
0.061
20
0.098
21
0.067
22
0.051
23
0.059
24
0.083
25
0.052
26
0.082
27
0.059
28
0.051
29
0.073
30
0.063
Average
0.068
Probability 0.95 0.99 0.95
Critical
value

Population
200
300
500
0.049
0.044
0.047
0.059
0.050
–
0.047
0.067
–
0.054
0.054
–
0.066
0.054
–
0.051
0.049
–
0.050
0.064
–
0.054
0.043
–
0.055
0.053
–
0.054
0.037
–
0.042
0.053
–
0.056
0.063
–
0.050
0.060
–
0.051
0.050
–
0.042
0.050
–
0.055
0.048
–
0.054
0.051
–
0.050
0.052
–
0.052
0.063
–
0.051
0.053
–
0.066
0.051
–
0.051
0.051
–
0.050
0.044
–
0.052
0.061
–
0.085
0.051
–
0.052
0.053
–
0.050
0.058
–
0.066
0.059
–
0.050
0.049
–
0.065
0.049
–
0.054
0.053
0.047
0.99 0.95 0.99 0.95 0.99

0.12 0.15 0.086 0.1071 0.071 0.055 0.055 0.068

progenies population size to 0.23 for 300 HS progenies
population size. (Table 4, 5, 6 and 7).
Values for genetic x environment variance interaction
were also statistically significant for all samples and
populations sizes and ranged from 0.26 for 200 HS progenies
population size to 0.28 for 100 HS population size. (Table 4,
5, 6 and 7).
Statistically significant estimates of heritability were
found for all samples in all population size. Their values
ranged from 0.59 (100 HS progenies population size) to 0.65
(500 HS progenies population size). (Table 4, 5, 6 and 7).
Journal of Eco-friendly Agriculture 4(1) 2009

Table 4. Estimate of genetic variance, genetic x environment
interaction variance, heritability, and their
standard error for population size of 100 half-sib
progenies Population size – 100 half-sib progeny
Sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Min
Max
Avg

2g
0.167
0.191
0.213
0.196
0.159
0.221
0.218
0.165
0.196
0.189
0.234
0.202
0.211
0.232
0.187
0.078
0.235
0.148
0.248
0.194
0.236
0.177
0.140
0.184
0.174
0.154
0.202
0.196
0.197
0.239
0.078
0.247
0.193

SE
0.042
0.052
0.049
0.049
0.046
0.052
0.048
0.044
0.045
0.050
0.055
0.045
0.051
0.055
0.045
0.031
0.057
0.039
0.053
0.045
0.055
0.044
0.036
0.050
0.045
0.043
0.055
0.047
0.045
0.056
0.031
0.057
0.048

2GE
0.223
0.320
0.243
0.343
0.320
0.327
0.210
0.313
0.207
0.303
0.323
0.237
0.293
0.377
0.127
0.323
0.400
0.173
0.200
0.290
0.187
0.377
0.230
0.187
0.370
0.347
0.287
0.423
0.297
0.233
0.127
0.423
0.283

SE
0.025
0.029
0.026
0.027
0.028
0.027
0.025
0.027
0.024
0.029
0.028
0.024
0.028
0.027
0.026
0.026
0.029
0.026
0.026
0.028
0.025
0.027
0.026
0.024
0.029
0.027
0.027
0.030
0.026
0.025
0.024
0.030
0.027

h2
0.583
0.541
0.627
0.586
0.511
0.616
0.652
0.550
0.638
0.549
0.616
0.651
0.597
0.518
0.502
0.358
0.599
0.549
0.671
0.625
0.627
0.585
0.574
0.542
0.559
0.527
0.540
0.600
0.633
0.620
0.527
0.651
0.585

SE
0.146
0.146
0.145
0.146
0.146
0.145
0.145
0.146
0.145
0.146
0.145
0.145
0.145
0.145
0.145
0.148
0.145
0.146
0.145
0.145
0.145
0.146
0.146
0.146
0.146
0.146
0.146
0.145
0.145
0.145
0.145
0.146
0.146

Table 5. Estimate of genetic variance, genetic x environment
interaction variance, heritability, and their
standard error for population size of 200 half-sib
progenies Population size – 200 half-sib progeny
Sample
1
2
3
4
5
6
7
8

2g
0.196
0.229
0.216
0.222
0.235
0.205
0.251
0.220

SE
0.032
0.038
0.034
0.036
0.041
0.034
0.040
0.036

2GE
0.147
0.307
0.240
0.247
0.333
0.243
0.240
0.290

SE
0.025
0.027
0.025
0.026
0.029
0.026
0.027
0.026

h2
0.627
0.626
0.253
0.644
0.597
0.613
0.649
0.623

SE
0.103
0.103
0. 103
0.103
0.103
0.103
0.103
0.103
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9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Min
Max
Average

0.256
0.221
0.235
0.248
0.196
0.263
0.252
0.232
0.254
0.211
0.196
0.181
0.240
0.242
0.253
0.217
0.274
0.257
0.228
0.267
0.245
0.247
0.181
0.274
0.227

0.038
0.036
0.038
0.038
0.034
0.040
0.039
0.038
0.040
0.034
0.034
0.031
0.040
0.039
0.040
0.036
0.042
0.040
0.035
0.040
0.039
0.039
0.031
0.042
0.037

0.200
0.253
0.290
0.293
0.347
0.217
0.203
0.253
0.247
0.237
0.293
0.227
0.293
0.317
0.263
0.297
0.273
0.267
0.177
0.207
0.270
0.267
0.147
0.347
0.257

0.025
0.027
0.027
0.026
0.027
0.026
0.026
0.027
0.027
0.025
0.027
0.025
0.028
0.027
0.027
0.026
0.026
0.027
0.025
0.025
0.027
0.026
0.025
0.029
0.026

0.284
0.626
0.630
0.666
0.577
0.678
0.672
0.636
0.662
0.637
0.591
0.602
0.618
0.642
0.653
0.621
0.675
0.653
0.662
0.690
0.245
0.256
0.591
0.690
0.630

0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.103
0.102
0.103
0.103
0.102
0.103
0.103

Table 6. Estimate of genetic variance, genetic x environment
interaction variance, heritability, and their
standard error for population size of 300 half-sib
progenies Population size – 300 half-sib progeny
Sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
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2 g
0.204
0.156
0.210
0.267
0.246
0.240
0.224
0.252
0.248
0.204
0.269
0.261
0.217
0.260
0.208

SE
0.028
0.024
0.030
0.024
0.023
0.023
0.030
0.023
0.023
0.028
0.034
0.033
0.029
0.033
0.028

2 GE
0.267
0.287
0.273
0.250
0.273
0.243
0.323
0.20
0.290
0.290
0.270
0.210
0.227
0.263
0.243

SE
0.026
0.026
0.027
0.027
0.026
0.027
0.026
0.026
0.026
0.026
0.027
0.026
0.026
0.027
0.026

h2
0.609
0.562
0.599
0.666
0.655
0.627
0.632
0.668
0.654
0.608
0.658
0.674
0.632
0.659
0.618

SE
0.084
0.085
0.085
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Min
Max
Average

0.216
0.207
0.251
0.243
0.232
0.268
0.232
0.232
0.254
0.247
0.195
0.202
0.259
0.204
0.282
0.156
0.281
0.232

0.029
0.029
0.033
0.032
0.031
0.024
0.031
0.030
0.033
0.029
0.028
0.028
0.034
0.028
0.035
0.024
0.025
0.031

0.267
0.267
0.267
0.257
0.323
0.323
0.273
0.247
0.278
0.227
0.287
0.230
0.277
0.230
0.280
0.210
0.243
0.269

0.026
0.027
0.027
0.027
0.026
0.027
0.026
0.026
0.026
0.026
0.026
0.026
0.027
0.026
0.027
0.026
0.027
0.026

0.635
0.607
0.644
0.647
0.636
0.656
0.637
0.653
0.657
0.650
0.595
0.619
0.650
0.624
0.668
0.562
0.674
0.637

0.084
0.085
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084
0.084

Table 7. Estimate of genetic variance, genetic x environment
interaction variance, heritability, and their
standard error for population size of 500 half-sib
progeniesPopulation size – 500 half-sib progeny
Sample

2 g
0.203

SE
0.022

2 GE
0.263

SE
0.026

h2
0.647

SE
0.066

CONCLUSION
The results indicate possibilities of further work with
lower number of plants per F2 population for traits like
tolerance to root and stalk lodging.
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In vitro bio-efficacy of horticultural mineral oils against
Sanjose scale, Quadraspidiotus perniciosus (Comstock), on
Apple in Kashmir
M.A. Parrey, A.Q. Rather, N.A. Wani, A.R. Wani and Asmat Maqbool
Division of Entomology, Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir-Shalimar Srinagar-191121 (J & K), India
ABSTRACT
The trials conducted for testing the effects of five horticultural mineral oils, viz., P.D. spray oil, ATSO oil, Orchex oil,
Arbofine tree spray oil and H. P. oil @ 1,2, and 3% concentrations with Diesel oil @ 4.76% as check against Sanjose
scale, Quadraspidiotus perniciosus (Comstock) infesting Red Delicious cv. of apple in the year 2004 during dormancy,
at two locations, Tailbal (Srinagar) and Hanjiwara Pattan (Baramulla), revealed the order of efficacy of the treatments
as H.P oil > P.D. spray oil > Arbofine > Orchex > ATSO > Diesel oil. The overall efficacy of different horticultural
mineral oils revealed that spraying of these oils @ 2% was very effective in managing sanjose sacle.
Key words: Apple, bio-efficacy, HMO’s, Sanjose scale.

INTRODUCTION
Apple fruit is widely grown in the temperate zones of
the world. In Jammu and Kashmir, largely a temperate belt,
apple is cultivated commercially and the economy of the
state is dependent to a greater extent on this fruit crop. The
area under this crop in the State exceeds 2.21 lakh hectares
and production stands more than 11 lakh metric tones
(Anonymous’ 1998). A wide variety of insect pests occur on
apple in the valley at varying levels of infestation and
accordingly cause damage to this fruit crop reducing yield
as well as quality. Some insect pests constitute one of the
major constraints for erratic and low production of apple
fruit. Among these, Sanjose scale, Quadraspidiotus perniciousus
(Comstock) sucking sap from the bark, foliage and the fruit
and recognized as a key pest of the apple crop in Kashmir
valley is highly destructive. The waxy coating on the pest
makes it very difficult to control. Gupta and Dogra (1988)
reported that the severity of damage caused by Sanjose scale,
Quadraspidiotus perniciosus (Comstock) is a major concern on
apple in Himachal pradesh.
The reddish round spots, appearing on the fruit as a
result of pest infestation, gives it bad shape and reduces the
market value. The pest is widely distributed in all apple
growing-countries of the world (Singh, 1963; Bhalla and
Gupta, 1993). The prolonged sucking of cell sap from twigs
and branches renders them weak, dry and causes ultimately
death. Although diesel oil emulsion insecticides do manage
the pest yet they do not offer a solution on long term basis.
The repeated sprays of insecticides, besides contaminating
the environment, are causing a serous threat to natural
enemies and develop resistance in the pest. Horticultural
mineral oils have been reported to play a vital role in
©2009

controlling this pest owing to their compatibility with
environment, biocontrol agents and other methods. The
present investigation were, therefore, undertaken to evaluate
some new horticultural mineral oils along with the
conventional spray oils aiming at to evaluate and
recommend the most appropriate for the control of Sanjose
scale.
MATERIALS & METHODS
The experiment was conducted at Tailbal (Srinagar)
and Hanjiwara (Pattan) on Red Delicious cv. of apple trees
of uniform age (15-20 years) during the year 2004. The
treatments (Table 1) were sprayed with the help of motorized
sprayer. Live Sanjose scale population was counted on four
spots, each having one square centimeter area, per three twigs
per tree form all three quadrants one day before treatment
and at subsequent intervals of 10th, 20th, 30th and 40th day
after treatment. There were three replications in each
concentration in each treatment. The data were subjected to
the analysis of variance and the critical difference at 5% level
of significance was worked out.
RESULTS AND DISCUSSION
The data on mean live sanjose scale-population / cm2
ranged from 12.88-22.49 and 8.54-18.43 before treatment and
5.133-0.883; 4.88-1.06; 3.020-0.583; 3.31-0.256 and 3.2862.880 after treatment in late dormancy period of ATSO oil,
Ochex oil, P.D spray oil, Arbofine, H.P oil and diesel oil
(Table, 1) respectively at - Tailbal (Srinagar). On 40th day
after treatment (DAT) the mean live sanjose scale population
was 0.883-3.730 and 1.800-3.753 at Tailbal and Hanjiwara,
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Table-1. Comparative bio-efficacy of different Horticultural mineral oils’ against San Jose scale on apple at Teilbal (Srinagar)
during, 2004.
Treatment

ATSO

Orchex oil

P.D.Spray oil

Arbofine

H.P. Oil

Diesel oil
C.D. (P=0.05)

Concentration
%

Pre treat.

1

14.30

2

13.39

3

12.88

1

15.67

2

17.352

3

15.90

1

15.52

2

14.38

3

22.40

1

13.29

2

19.38

3

13.74

1

15.18

2

22.49

3

15.93

1:10

14.18
6.68

* Mean live San Jose scale population
Post treatment (Days after spray)
10 days
120 days
130 days
40 days
4.14
3.70
3.47
3.42
(67.97)
(70.33)
(75.34)
(75.52)
5.13
1.79
1.59
1.23
(56.18)
(86.16)
(87.86)
(91.08)
4.31
1.63
1.26
0.88
(65.68)
(86.55)
(89.45)
(91.26)
4.88
2.57
3.16
3.96
(66.12)
(81.81)
(79.07)
(71.77)
1.88
1.68
1.06
2.51
(89.30)
(90.49)
(94.20)
(85.66)
2.10
1.32
1.35
2.47
(86.27)
(91.62)
(91.82)
(83.48)
3.02
2.51
2.25
3.62
(80.19)
(83.40)
(83.87)
(76.57)
1.32
1.07
0.72
1.49
(90.98)
(92.76)
(95.14)
(89.97)
1.23
1.31
0.73
2.04
(94.37)
(93.76)
(96.68)
(90.72)
3.38
2.84
2.64
3.73
(72.53)
(76.93)
(79.06)
(70.11)
2.10
1.87
1.50
2.35
(88.57)
(89.91)
(91.72)
(87.65)
1.88
0.58
0.68
1.92
(86.08)
(95.71)
(94.71)
(86.02)
3.07
2.27
2.09
3.31
(79.43)
(85.04)
(89.54)
(77.98)
1.60
1.19
0.76
1.83
(92.11)
(93.85)
(96.02)
(91.29)
1.09
0.58
0.25
1.95
(93.14)
(96.36)
(98.37)
(87.68)
2.90
2.88
2.99
3.28
(79.86)
(79.16)
(77.86)
(76.77)
0.91
0.90
1.17
1.16
(11.37)
(10.06)
(9.34)
(11.50)

Pooled mean
3.68
(72.23)
2.44
(80.32)
2.02
(83.24)
3.68
(74.69)
1.78
(89.91)
1.81
(88.30)
2.89
(81.01)
1.15
(92.24)
1.33
(93.88)
3.15
(74.66)
1.96
(89.64)
1.68
(90.63)
2.69
(83.00)
1.35
(93.32)
0.97
(93.89)
3.01
(74.41)

* Figures in Parentheses are percent mortalities of the ERM over pre-treatment.
* Each figure is mean of replicates and each replicate is mean of 12 observations.

during the year 2004, respectively. The results indicated that
live Sanjose scale population decreased significantly after
the treatments and the mortality of the pest increased
subsequently upto 40th DAT. The mortality per cent worked
out on the basis of live scales recorded (Table 1,2) at different
intervals i.e. 0th, 20th, 30th and 40th DAT showed that all the
treatments were superior over diesel oil (check). However,
these treatments showed variations in their efficacy against
the pest at various intervals. The results also indicated that
mortality of the pest was positively correlated with the
increase in concentration of any treatment. When data of
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both the locations was pooled together, H.P oil and P.D spray
oil were found most effective against Sanjose scale followed
by arbofine and ATSO oil infesting apple variety red
delicious. The diesel oil showed least effect (68.86%) against
the pest (Table 3). Anthon, (1960) Gupta et al, (1982); and
Bhardawaj (1990) reported that control of Sanjose scale is
usually achieved with superior miscible oils and late
dormant concentration (2%) gives better results than mid or
early dormant application which coincides with the results
obtained in the present studies. Singh et al (2001) while
evaluating some newer insecticides against Sanjose scale,
Journal of Eco-friendly Agriculture 4(1) 2009
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Table 2. Comparative bio-efficacy of different Horticultural mineral oils against san Jose scale on apple variety Red delicious
at Hanjiwara (pattan) during 2004.
Treatment

Arbofine

P.D

H.P.Oil

ATSO OIL

Diesel oil

Concentration
%

Pre-treatment

1

8.60

2

9.54

3

8.54

1

15.33

2

13.46

3

16.21

1

17.13

2

18.43

3

18.82

1

14.08

2

14.13

3

13.21

1:1
0

15.66

C.D (p=0.)

5.49

*Mean San Jose scale population (No.lcm2)
Post-treatment (Days after spray)
10 Days
20 Days
30 Days
40 Days
5.10
3.57
2.42
3.32
(41.07)
(56.59)
(70.34)
(59.44)
4.24
2.57
2.29
1.52
(55.59)
(76.25)
(79.19)
(84.15)
3.55
3.21
1.41
1.80
(57.93)
(66.03)
(83.56)
(78.74)
4.99
4.52
4.21
3.99
(66.88)
(69.11)
(71.95)
(73.45)
5.89
2.59
2.80
1.85
(55.43)
(80.92)
(78.08)
(85.55)
4.96
2.33
2.10
1.18
(70.29)
(85.05)
(85.62)
(92.37)
6.27
3.68
3.30
2.24
(63.60)
(78.67)
(80.98)
(86.73)
6.38
2.88
2.19
1.38
(63.84)
(84.49)
(87.53)
(92.73)
6.55
2.88
2.60
1.77
(65.34)
(84.33)
(85.90)
(90.40)
5.49
4.80
4.24
3.75
(58.81)
(68.70)
(68.63)
(72.91)
5.55
1.99
1.54
1.16
(58.92)
(89.21)
(89.21)
(92.03)
5.07
1.63
1.24
1.02
(61.56)
(86.93)
(89.87)
(91.70)
7.13
6.52
4.83
4.32
(53.46)
(57.89)
(69.26)
(72.62)
2.04
1.32
1.44
1.43
(15.73)
(13.78)
(11.55)
(12.15)

Pooled mea
3.60
(56.86)
2.65
(73.79)
2.49
(74.06)
4.43
(70.35)
3.28
(69.99)
3.53
(80.83)
3.87
(77.50)
3.20
(82.10)
3.45
(81.49)
4.57
(66.01)
2.56
(81.36)
2.24
(82.52)
5.70
(63.30)

*Figures in Parentheses are mean percent mortalities of the ERM over pre-treatment.
*Each figure is mean of 3 replicates and each replicate is mean of 12 observations.

Table 3. Comparative bio-efficacy of different Horticultural mineral oils against San Jose scale on apple, variety–red delicious,
in Kashmir during 2004.
Treatment

Concentration %

ATSo oil

Orchex oil

P.D. Sprayoil

Arbofine

H.P.oil

Diesel oil

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1:10

Percent mortality
Teilbal
72.23
80.32
83.24
74.69
89.91
88.30
80.01
92.24
93.88
74.66
89.64
90.63
83.00
93.32
93.89
74.41

Pooled mean
Haniiwara
66.02
81.36
82.52
------70.35
69.99
80.83
56.86
73.79
74.07
77.50
82.10
81.49
63.31

69.12
80.84
82.88
------75.68
81.12
87.35
95.76
81.71
82.35
80.28
87.71
87.69
68.86

Each figure is mean of 12 replications.
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Q. pernicisous (Comstock) on apple in Uttaranchal concluded
that two sprays of koranda, methyl demeton and carbosulfan
@ 0.05% caused very effective reduction of San Jose scale.
Dinabandhoo and Bhalla (1975); Thakur and Hameed (1980
a,b) and Bhardwaj (1988) evaluated some insecticides on
apple and reported that methyl demeton, dimethoate and
Phosphamidon @ 0.02% proved to be more effective in
controlling the pest.
CONCLUSION
It is concluded that spraying of these oils @ 2%
concentrations was very effective in reducing Sanjose scale
in the apple orchards. Therefore, these horticultural mineral
oils (HMO’s) should be selected for the sound management
of this devastating pest.
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ABSTRACT
The experiment was conducted with Tetranychus urticae Koch to appraise the lethal concentration (LC50) and the lethal
time (LT50) of neemazal (Azadirachtin 1%), Tamil Nadu Agricultural University Neem oil’ A’ 60 EC (TNAU NO ‘A’)
and Tamil Nadu Agricultural University neem oil ‘C’ 60 EC (TNAU NO ‘C’). The LC50 of neemazal, TNAU NO ‘A’
and TNAU NO ‘C’ was 20.16, 52.70 and 35.75ppm, respectively. LT50 assessed was 1.16 to 1.98, 0.95 to 2.34 and
1.51 to 2.52 days for neemazal, TNAU NO ‘C’ and TNAU NO ‘A’ I, respectively. The same formulations along with
some other bio insecticides tested for its efficacy towards T. urticae revealed that formulated bio insecticides are
effective in managing T. urticae. NeemAzal had effectively reduced T. urticae and recorded 63.65 to 66.04 per cent
reduction, followed by TNAU NO ‘A’ (47.08 to 58.62) and ‘C’ (50.92 to 58.54). Standard check dicofol 18.5 EC was
promising in T. urticae management recording 69.50 to 73.15 per cent reduction.
Key words: Mortality response, Tetranychus urticae, Azadirachtin, NeemAzal, okra

INTRODUCTION
In agriculture, chemical pesticides are the sole
candidates, they vows control of pests, diseases and weeds
of various crops. The list of these pesticides is being
mushroomed by various pesticide industries, because of its
easiness to handle and quicker action. This modernization
although led to the higher productivity, it left the polluted
environment too for the future agriculturists. So, plenty of
researches of recent years are in line with the effect of these
newer pesticides on non-target organisms and its
excruciating effects on environment. Besides, the
methodologies used in all experiments are being carefully
viewed for their impact on the environment, admittedly
researchers fixing the environment safety as a prime objective
in any of their research.
But crop protection can not be left unconsidered for
environmental problems. So, the alternative management
options, which have no or low environmental risk need to be
developed to control the various pests devouring various
crops. The two spotted spider mite, Tetranychus urticae Koch,
is one such pest, claiming yield of various vegetables and
ornamental plants because of its characteristic feeding on
leaves, bracts and twigs. In okra it can cause damage
(Srinivasa and Sugeetha, 1999) and yield loss (Anonymous,
1996) to great extent unless supervised. Control of this pest
is primarily dependent on repeated applications of
conventional acaricides, such as organotin compounds,
©2009

mitochondrial electron transport inhibitor-acaricides
(fenazaquin, fenpyroximate, pyridaben, and tebufenpyrad),
and pyrethroids (Anonymous, 2003). Although effective,
their repeated use for decades has disrupted natural
biological control systems and led to resurgence of this spider
mite (Lee, 1990), sometimes resulting in the development of
resistance (Cho et ai., 1995 and Song et al., 1995). These
chemical insecticides also have undesirable effects on nontarget organisms and foster environnlental and human
health concerns. These problems have highlighted the need
for the development of selective T. urticae control alternatives.
Plant essential oils may be an alternative source for T.
urticae control because they constitute a rich source of
bioactive chemicals. As a result, much effort has been focused
on plant essential oils or phytochemicals as potential sources
of commercial insect control agents. Since, azadirachtin
(C3sH44016) belongs to large group of plant terpenoids and
to the narrower group of limonoids, is exhibiting its efficacy
towards major pests, three azadirachtin formulations along
with some other bio insecticides were selected for present
investigation. Despite the insecticidal activity of plant
essential oils has been well described (Isman, 2000), little
work has been done in relation to the toxicity of essential
oils against T. urticae. Again the LC50 is one of the important
parameter used to assess the toxicity of pesticides suitable
for pest control programmes before taking any chemical to
the field (Dey et ai., 200J). So, the present investigation was
triggered with the meaning to find out the LC50 and LT50 of
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azadirachtin formulations and also the efficacy of these bio
insecticides towards T. urticae.
MATERIALS AND METHODS
T. urticae populations used for pot culture and bioassay
were reared in the polyhouse on okra (var. Mahyco hybrid
NoJO) at 28 ± 1°C with 80 ± 5 per cent relative humidity
(RH). Leaves of the host plant severely infested with T. urticae
under field conditions were collected and kept on the potted
plants to initiate base culture of test mites. Subsequently,
leaf bits containing T. urticae were used to take up bioassay
and bioefficacy studies. As soon as the plants become densely
populated, replacements by fresh plants were done to
maintain the pure culture (Helle and Overmeer, 1985).
Estimation of LC50 and LC50
To study the dose-mortality response and to fix the LC50
and LT50 values for the bio insecticides viz., neemazal, TNAU
NO ‘A’ and TNAU NO ‘C’ the leaf disc bioassay developed
by Tabashnik and Cushing (1987) and recommended by
lRAC (1990) was done in the laboratory of the Tamil Nadu
agricultural University, Coimbatore. This method
incorporates exposure to insecticides via contact and
ingestion of residues on leaves and may resemble field
conditions more closely (Dhingra and Sarup, 1990).
Preliminary range finding tests were conducted to attain a
suitable series of doses which give a range of kills from 10100 per cent. Sufficient replicates were used to provide a
reliable regression line known as log concentration probit
mortality line. Five concentrations viz., 10,20,30, 60 and 120
ppm were used for neemazal and 10, 25, 48, 100 and 200
ppm were used incase of TNAU NO for LC50 estimation. For
LT50 estimation 30 and 60 ppm of neemazal, 48 and 100
ppm ofTNAU NO were-prepared and used. The uninfested
full okra leaves were dipped in the respective neemazal and
TNAU NO concentrations for 20 seconds and then shade
dried for five minutes. From the treated leaves, circular leaf
discs of 50 mm diameter size were cut and kept on the wet
cotton swab with filter paper in a Petri dish. Thirty adults of
T. urticae mites collected from the base culture were released
on the respective treated leaf disc, and sufficient replications
were maintained for each concentration. Mortality of the
adult mites was recorded at 24 and 48 h after treatment. For
assessing the LT50 values, the number of live mites was
recorded at 6, 12,24,48, 72, 96, 120 and 144 h after treatment.
The whole experiment was replicated three times and values
were taken to fit log dose and time response curves as per
Finney (1971).
Experiment on bioefficacy
Pot culture experiments at 28 ± 1 oC temperature with
50

80 ± 5 per cent relative humidity (RH) were conducted in
two seasons to evaluate the efficacy of bio insecticides
against T. urticae. The experiment was conducted in a
Completely Randomized Block Design (CRBD) with four
replications.
The spray was commenced when sufficient mite
population was noticed. A total of two rounds of spray were
given at 14 days interval. The 14th day observation was
considered as pre count for the second spray. The pre and
post-treatment count was made on the top, middle and
bottom leaf selected at random in each plant and the number
of nymphs and adults in 4 cm2 area in the respective leaves
were recorded on 0, 3, 5, 7, 10 and 14 days after spraying.
The mite population was assessed by using hand lens (10
X). The yield of okra were recorded at the time each harvest
from individual plants and compared with one another.
RESULTS AND DISCUSSION
Lethal Concentration
The results of the leaf dip bioassay to predict the LC50
of three azadirachtin formulations viz. neemazal, TNAU NO
‘A’ and TNAU NO ‘C’ for T. urticae are presented in table 1.
It is apparent from the study that LC50 value of the neemazal
was found lower as 20.16 ppm with the upper and lower
fiducial limits of 28.88 and 14.07, respectively, which
indicated that it is highly effective than the other two
formulations taken for an experiment. LC50 obtained for
neemazal is low when compared to the promising acaricides
dicofol and propargite, they were reported to kill 50 per cent
of T. urticae at 157.08 and 555.77 ppm, respectively (Aji et al.,
Table 1. Dose-mortality response of T. urticae to
azadirachtin formulations by leaf dip bioassay
Formulati Total
ons
no. of
mites
used
(n)

Neem
Azal
TNAU
NO 'A'
TNAU
NO 'C'

2 at Df
P = (n-2)
0.05

b ± SE

LC 50 Fiducial limit
(ppm)
(ppm)

30

2.41

Upper Lower
limit limit
28 1.54±0.04 20.16 28.88 14.07

30

0.62

28 1.19±0.26 52.70

74.40

34.99

30

1.55

28 1.07±0.24 35.75

57.02

22.42

2007). It is an azadirachtin formulation tested against
various pests and had registered its efficacy towards a range
of insect and mite pests. Furthermore the unique emulsifiable
property and spreading activity might be the reason why it
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had registered lowest LC 50 . Among the TNAU NO
fomlUlations the LC 50 value was found lower in TNAU
NO ‘C’ (35.75 ppm) followed by TNAU NO ‘A’ (52.70 ppm).
Upper and lower fiducial limits ofTNAU NO ‘A’ and TNAU
NO’C’ to two spotted spider mite is 74.40 and 34.99; 57.02
and 22.42, respectively. This result is in line with the result
of Schauer and Schmutterer (1981), they reported that the
low concentrations of azadirachtin are harmful to spider
mites.
Lethal Time
Based on the LC50 values obtained, two concentrations
in all the three formulations were used to obtain the time
mortality response of T. urticae. The results of the above study
were furnished in table 2. The LT50 values of the neemazal at
concentration of 30 ppm and 60 ppm were 1.98 and 1.16
days respectively. The time mortality response of TN AU
NO ‘A’ against T urticae at concentrations of 48 and 100
ppm were 2.52 and 1.51 days respectively. It is 2.34 and 0.95
days incase of TNAU NO ‘C’. Among the three azadirachtin
formulation)), neemazal was found effective in respect of the
lower LT50 values than the TNAU NO ‘A’ and ‘C’. The
primary cause for mortality of T. urticae is due to antifeedant
properties of azadiractin and starving, to an extent the effect
on moulting and metamorphosis (Rembold et al., 1987).

the result of Hiesaar et al. (1998), who reported the efficacy of
neemazal to T urticae, Aphis gossypii glov. and Thrips tabaci
lind .. Yield obtained from plants treated with neemazal is
225.67 to 229.25 g; this is 74.70 to 79.21 per cent more when
compared to untreated check. Other azadirachtin
formulations viz., TNAU NO ‘A’ and ‘C’ recorded 47.08 to
58.62 and 50.92 to 58.54 per cent reduction of T. urticae,
respectively. These findings obtain strength from the report
of Ramaraju (2004), who recorded 39.41 to 54.23 per cent
reduction of T. urticae when sprayed with TNAU NO ‘C’.
Neem oil sprayed plants harboured 18.14 mites per 4 cm2
after two rounds of application, and the per cent reduction
recorded was 44.70 to 53.66. NSKE 5 per cent was least
effective among azadirachtin based insecticides, as it has
low acaricidal properties (Sanguampong and Schmutterer,
1992),
In the present investigation azadirachtin based bio
insecticides registered its efficacy towards T. urticae. It is main
active ingredient of neem, it is an effective antifeedant and
possibly inhibits neuroendocrine systems (Mordue and
Blackwell, 1993), reproduction (Adel and Sehnal, 2000), cell
cycle events (Robertson, 2004) and protein sysnthesis
(Lowery and Smirle, 2000). Over 400 species of insects have
been shown to be susceptible to azadirachtin, exhibiting
abnormal molts, larval-adult intermediates, mortality at

Table 2. Time-mortality response of T.urticae to azadiractin formulations by leaf dip bioassay
Formulations

Concerntration Total no. of mites
used (n)

x2 at P =
0.05

Df (n–2)

b ± SE

LT 50
(days)

Fiducial limit (days)
Upper limit
2.35
1.42

Lower limit
1.63
0.92

Neem Azal

30 ppm
60 ppm

30
30

2.57
4.04

28
28

2.52 ± 0.26
2.29 ± 0.26

1.98
1.16

TNAU NO
'A'

48 ppm
100 ppm

30
30

14.71
8.56

28
28

3.48 ± 0.62
2.25 ± 0.32

2.52
1.51

3.27
1.89

1.75
1.17

TNAU NO
'C'

48 ppm
100 ppm

30
30

7.67
8.56

28
28

3.49 ± 0.43
2.01 ± 0.29

2.34
0.95

2.69
1.24

1.96
0.66

The differential toxicity among the three azadirachtin
formulations might be attributed due to the concentration of
other ingredients at varied proportions used in the products.
From the present results, it could be able to select the
particular effective azadirachtin formulation for achieving
better control of mites.
Bioefficacy
The data recorded on T. urticae populations revealed
that all the treatments were significantly superior over
untreated check. Among the bio insecticides tested, neemazal
at 3 ml rl recorded highest reduction of 63.65 to 79.21 per
cent over untreated check. This result is corroborated with
Journal of Eco-friendly Agriculture 4(1) 2009

ecdysis and delayed molts, often resulting in greatly extended
instar lengths (Riba et ai., 2003). Though the bio insecticides,
neem oil and NSKE possess the azadirachtin as the
insecticidal compound, the formulated candidates registered
better efficacy towards T. urticae. Among the formulated
botanicals, neemazal ranks first in efficacy, because of its
unique emulsifiable and spreading properties. So it can be
recommended in integrated mite management, as its oil free
properties ensures quick degradations and prevents
phytotoxicity, the serious problem of neem oil.
Other bio insecticides viz., Vitex nugundo fresh leaf
extracts, V. negundo dry leaf extracts and pongamia oil found
significantly least effective in T. urticae management. This is
51
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Table 3. Effect of bio insecticides on the population of T. urticae in okra
Treatments

Neemazal 1% (3 ml/l)
TNAU NO 'A' 60 EC
(30 ml/l)
TNAU NO 'C' 60 EC
(30 ml/l)
Neem oil (30 ml/l)
NSKE (50 g/l)
Vitex negundo fresh leaf
extract (50 g/l)
Vitex negundo dry leaf
extract (50 g/l)
Pongamia oil (20 ml/l)
Dicofol 18.5 EC (2.5
ml/l)
Untreated check (water
spray)

Experiment I (June – September 2005)
Mean* (nos/4 ROC (%)
Yield (g)
cm2)
14.20b
63.65
225.67ab
(3.84)
16.20bc
58.62
210.88bc
(4.09)
16.23bc
58.54
205.54c
(4.09)
18.14cd
53.66
199.40cd
(4.32)
19.27cd
50.78
198.52cd
(4.45)
21.13d
46.02
197.10cd
(4.65)
21.19d
45.87
173.35e
(4.66)
19.38cd
50.49
183.75de
(4.46)
11.94a
69.50
231.29a
(3.53)
39.15e
129.18f
(6.30)

IOC (%)
74.70
63.25
59.11
54.35
53.67
52.58
34.19
42.27
79.04
-

Experiment II (January – April 2006)
Mean* (nos/4 ROC (%) Yield (g) IOC
cm2)
(%)
13.52b
66.04
229.25ab
79.21
(3.74)
21.07bc
47.08
208.87cde
63.28
(4.64)
19.54bc
50.92
211.14cd
65.06
(4.48)
22.02cd
44.70
192.68de
50.63
(4.75)
23.77c
40.31
188.32e
47.22
(4.93)
26.00d
36.51
180.84ef
46.93
(5.15)
25.28c
36.51
180.84ef
41.36
(5.23)
26.89de
32.47
187.37E
46.47
(5.23)
10.69a
73.15
237.09a
85.34
(3.35)
39.82e
127.92f
(6.35)

PTC – Pretreatment counr * Pooled mean of two sprays ROC – Recution over control IOC– Increase over control
Values in parentheses are X + 0.5 transformed values
In a column means followed by a common letter are not significantly different (P = 0.05) by DMRT.

in accordance with the result of Ramaraju (2000), who quoted
V. negundo as the least effective bio insecticide in the
management of chilli yellow mites. Standard chemical,
dicofol 18.5 EC was foremost in its efficacy towards T. urticae
control, with 69.50 to 73.15 per cent reduction. It is promising
insecticide used in mite eradication programmes and can
control T. urticae up to 91.85 per cent (Ramaraju, 2004).
CONCLUSION
It is obvious from the experiment that the LC50 value
obtained for test formulations are high as against the standard
chemicals viz., milbemectin (1.05), abamectin (1.44),
fenpyroximate (10.82) (Aji et ai., 2007) and spirodiclofen
(0.33) (Rauch and Nauen, 2002). Again the efficacy
experiment also publicized that the dicofol is most effective
in controlling T. urticae. Though the bio insecticides are less
effective when compared to the insecticides those are in the
schedule of integrated mite management programme, its
safeness towards environment is incalculable as against
perils of synthetic insecticides. As these bio insecticides have
no or low selection pressure and resurgence problems it can
be included as one supportive option in the T. urticae
management programmes.
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Comparative persistance toxicity of insecticides/ biopesticides
against Helicoverpa armigera on chickpea
Ritu Srivastava and K.D. Upadhayay
C.S.A University of Agriculture & Technology, Department of Entomology, Kanpur-208002
ABSTRACT
Studies conducted on persistent toxicity/ residual toxicity of different insecticides mixture, biopesticides and botanicals
against H. armigera to manage its population below ETL revealed that roket 0.05% was the most persistent insecticide
giving continued mortality of its larvae up to 10 days after spray. It was closely followed by colphos 0-05% and
profenofos 0.05%, whereas eucalyptus formulation proved to be the least persistent. However, nimbicidine (neem
formulation) and eucalyptus formulation registered 53.33 per cent mortality in both the treatments.
Key words: Helicoverpa armigera, insecticides, biopesticides, persistance toxicity.

INTRODUCTION
The residual toxicity resulting from foliar spray of
insecticides could be of great significance in IPM, an effective
period over which an insecticide could persist in biologically
active form under field conditions. The period of effectiveness
can be evaluated on the basis of PT and RPT values denoting
persistent toxicity and relative persistent toxicity. The present
investigation was therefore, undertaken to study the
persistent toxicity of commercially available synergistic
mixture of synthetic pyrethroids and organophosphates
along with combinations of biopesticide and insecticides,
and biopesticides and botanicals against H. armigera
infesting chickpea.
MATERIALS AND METHODS
To test the persistency of different insecticides mixture,
a field trial was conducted at C.S.A. University of Agriculture
and Technology, Kanpur during Rabi season of two
consecutive years, 2003-2004 and 2004-05. Chickpea cultivar
KPG 59 was used as test crop. The experiment was laid out
in Randomized Block Design having thirteen treatments
including control in three replications. The sowing was done
in plot size of 3.6X3 m2 with plot to plot spacing of 30 cm.
The first spraying was given at 50.0 per cent flowering stage
followed by second spraying after 15 days.
Laboratory reared Helicoverpa armigera third instar
larvae were used to test persistency. The leaves from the
treated and control plots were brought to the laboratory at
an internal of on, 1,3,7,10 and 15 days after treatment in field
and kept in petridishes. One larvae (IIIrd instar) was released
into each tube and 10 such petridishes formed one
replication. Three replications of each treatment including
the control were maintained. Observations on mortality were
recorded after 24, 48 and 72h exposure period. The data on
©2009

mortality were corrected by using Abott’s formula (1925).
Persistence toxicity and relative persistence toxicity indices
following Sarup et al. (1970) were also worked out.
RESULTS AND DISCUSSION
It is evident from Table- 1 that insecticides mixture (roket
44 EC and colphos 405 EC) and profenofos 50 EC were found
significantly superior than other treatments.
Hundred percent larval mortality was observed in roket
0.05 per cent and the lowest of 46.66 per cent in neemarin 2.0
per cent formulation treated leaves at 72h exposure period
after zero hour of spraying. It was followed by colphos 0.05
per cent (93.33%) and profenofos 0.05% (90.00%), which were
at par with each other during 2003-04. All the combination
of insecticides/ biopesticides/ botanicals (nimbicidine+
biolep, endosulfan + nimbicidine and endosulfan+biolep)
were at par with each other with mean mortality ranging
from 73.33 per cent to 76.67 per cent, respectively. Nimbicidine
and eucalyptus formulation registered the maximum
(53.33%) mortality.
When leaves were fed to larvae after three days of
spraying, it was observed that in the treatments with
botanicals and B.t. formulation, the per cent larval mortality
gradually decreased (36.67% to 13.33%). Roket and colphos
again caused highest mortality of 93.33 per cent and 83.33
per cent, respectively, followed by profenofos (66.67%).
After seven days of spraying, the highest larval
mortality (73.33%) was observed in colphos and roket treated
plots. No significant difference was observed among the
treatments endosulfan+Biolep, profenofos, endosulfan and
endosulfan+nimbicidine with respect to larval mortality at
72h exposure period, after seven days of spaying.
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Table 1: Persistence efficacy of insecticides to H. armigera on chickpea leaves at different time intervals
Insecticides Conc. in No. of
(%)
larvae
Nimbicidine

2.0

30

Neemarin

2.0

30

Biolep

0.5

30

Delfin

0.5

30

Nimbicidine
2+0.5
+ Biolep
Endosulfan + 0.07+0.5
Biolep
Colphos
0.05

30

Profenofos

0.05

30

Roket

0.05

30

30
30

Endosulfan + 0.07+2
Nimbicidine
Eucalyptus
2.0
formation
Endosulfan
0.07

30

Control

–

30

Sem ±
CD (p = 0.05)

–

–

30
30

Mean per cent larval mortality at 72 h exposure period
0 DAS
63.33
(52.78)
53.33
(46.92)
56.67
(48.85)
63.33
(52.78)
73.33
(59.01)
76.67
(61.22)
100.00
(90.00)
86.67
(68.85)
93.33
(77.01)
83.33
(66.14)
46.67
(43.00)
83.33
(66.14)
0.00
(0.00)
4.61
9.52

1 DAS
46.67
(43.08)
43.33
(41.15)
46.67
(43.00)
40.00
(39.15)
53.33
(46.92)
60.00
(50.77)
80.00
(63.44)
73.33
(59.01)
93.33
(77.01)
80.00
(63.44)
23.33
(28.77)
60.00
(50.77)
0.00
(0.00)
2.97
6.12

3 DAS
20.00
(26.50)
16.67
(23.85)
30.00
(33.21)
26.67
(30.99)
36.67
(37.22)
56.67
(48.85)
76.67
(61.92)
73.33
(59.01)
90.00
(71.56)
56.67
(48.85)
16.67
(23.85)
56.67
(48.85)
0.00
(0.00)
2.45
5.06

7 DAS
3.33
(6.15)
6.67
(12.29)
13.33
(21.15)
10.00
(18.44)
26.67
(30.99)
53.33
(46.92)
73.33
(59.01)
50.00
(45.00)
76.67
(61.92)
43.33
(41.15)
0.00
(0.00)
46.67
(43.01)
0.00
(0.00)
4.90
10.12

10 DAS
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
6.67
(12.29)
26.67
(30.99)
36.67
(37.22)
30.00
(33.21)
40.00
(39.23)
23.33
(28.78)
0.00
(0.00)
23.33
(28.78)
0.00
(0.00)
3.07
6.34

15 DAS
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
6.67
(12.29)
3.33
(6.15)
10.00
(18.44)
3.33
(6.15)
6.67
(12.29)
3.33
(6.15)
0.00
(0.00)
6.67
(12.29)
0.00
(0.00)
6.15
NS

P

T

PT

RPT

15

22.22

333.33

1.54

15

20.00

300.00

1.38

15

24.45

366.75

1.69

15

23.33

349.95

1.62

15

33.89

508.35

2.34

15

46.11

691.67

3.19

15

62.78

941.70

4.34

15

52.78

791.70

3.65

15

66.67

1000.05

4.61

15

48.33

724.95

3.34

15

14.45

216.75

1.00

15

46.11

691.67

3.19

15

–

–

–

–

–

–

–

Figure in parenthesis are angular transformation
PT - Index of persistence toxicity
RPT - Relative persistence of toxicity while taking Eucalyptus formation as standard

Roket and colphos proved better than other treatments
with 40.0 per cent and 36.67 per cent larval mortality,
respectively, even after 10 days of spraying. The persistency
of combination of insecticides/ botanicals/ biopesticide
gradually decreased after seven days and after 10 days, they
caused only 16.67 to 6.67 per cent larval mortality. No
significant difference among the treatments with respect to
percent larval mortality at 72h exposure period after fifteen
days of application was observed.
Taking the PT value of eucalyptus formulation as
standard, roket, colphos, profenofos, endosulfan+
nimbicidine, endosulfan and endosulfan + biolep were 3.84,
3.63, 3.91, 2.81 and 2.53 times as persistent as eucalyptus
formulation, respectively. The neem, B.t. and their
combination were 1.06-1.81 times as persistent as eucalyptus
formulation. Similar trend of larval mortality was observed
Journal of Eco-friendly Agriculture 4(1) 2009

at 1, 3, 7, 10 and 15 days after spraying, respectively during
next experimental period. On the basis of RPT values, roket
followed by colphos, profenofos, endosulfan+nimbicidine
were 4.61, 4.34, 3.66 and 3.34 times more toxic than
eucalyptus formulation. The combination of insecticides
proved more persistent than plant products and B.t. when
used alone.
The findings of the present investigation are in
conformity with the results of Deole et al (2002), who reported
that spark, polytrin-C and nurelle D appeared to be persistent
insecticides with continued residual toxicity up to eleven,
twelve and thirteen days, respectively, against larvae of C.
carnea on cotton crop. However, very little work has been
done with regard to field weathered deposits of synergistic
insecticides mixture/combination against Helicoverpa
armigera, hence it is not feasible to compare the present
55
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studies. It was also concluded from the present study that
insecticides mixture having either cypermethrin with
profenofos or ethion as their components could be best
utilized to control this pest under field conditions. This fact
has also been reported by several workers (Dhingra et al.
(2003), Singh et al (2003), Chandrakar and Srivastava (2001)
and Ujagir et al. (1997).
CONCLUSION
It is concluded that insecticide mixture (rocket 44 EC
and colphos 405 EC) and profenofos 50 EC are significantly
superior giving 100, 93.33 and 90.00 per cent larval mortality
at 72h exposure period. The biopesticide nimbicidine (neem
formulation) and eucalyptus formulation registered the
maximum mortality (53.33%), among all the biopesticide
treatments. Taking the PT value of eucalytus formulation as
standard, roket, colphos and profenofos, endosulfan+
nimbicidine, endosulfan and endosulfan+biolep are 3.84,
3.63, 3.91, 2.81 and 2.53 times as persistence as eucalyptus
formulations, respectively. On the basis of RPT values, roket
followed by colphos, profenofos, endosulfan+nimbicidine
are 4.61, 4.34, 3.66 and 3.34 times more toxic than eucalyptus
formulation.
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Individual and joint effect of endosulfan and biolep on
tobacco caterpillar, Spodoptera litura (Fab.)
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ABSTRACT
Individual and joint effect of endosulfan and biolep (B. thuringiensis formulation) studied on third instar larvae of
Spodoptera litura revealed that endosulfan caused a well marked mortality even at a lower concentration of 0.0078 per
cent while biolep was most effective at higher concentrations of 1, 2 and 3 per cent. Results of joint effect showed an
additive effect with 1.0 per cent biolep mixed endosulfan while 0.5 per cent biolep showed a non-additive effect except
for a few concentrations of 0.0625, 0.0312 and 0.0156 per cent. However, an antagonistic effect was observed at 0.25
per cent of biolep.
Key words: Spodoptera litura, biolep (B. thuringiensis), endosulfan, Lc50, temperature.

The tobacco caterpillar, S. litura (Lepidoptera:
Noctuiidae) is a polyphagous insect pest and has been
recorded damaging 63 plant species belonging to 22 families
(Prasad and Bhattacharya, 1975; Jat and Bhardwaj, 2005;
Dhawan et al., 2007). Wide range of insecticides
indiscriminately used against this pest has resulted in
development of resistance (Mathirajan and Regupathy, 2002;
Chalam et al., 2003), mammalian, avian and fish toxicity,
biomagnifications and resurgence of insect pests. Latha et
al. (2002) studied the insect pathogens, Bacillus thuringiensis
var. kurstaki (Btk) and found effective against S. litura (Fab.)
Therefore, efforts have been made to determine the individual
and joint effect of endosulfan and biolep, a commercial
formulation of B. thuringiensis which is eco-friendly, safe,
easy to use, and cheap (Carlton, 1988) as compared to
chemical pesticides. Further, the activity of B. thuringiensis
can be compounded if the insecticide is used in combination
with doses low enough for the natural enemies to sustain
and to function simultaneously. Benz (1991) found that the
most insecticides were compatible with B. thuringiensis
having synergistic effect, little or no effect on spore
germination or cell multiplication.
MATERIALS AND METHODS
The nucleus culture of S. litura was maintained in the
BOD chamber at 27±1°C and 60-70 per cent relative humidity.
The caterpillars were reared on fresh castor leaves, Ricinus
communis. In order to maintain hygienic conditions the faecal
matter and dried leaves were removed daily from the rearing
glass jars. Third instar larvae were selected for bioassay. In
the first experiment, different concentrations of endosulfan
alone (0.125, 0.0625, 0.0312, 0.0156, 0.0078, 0.0039, 0.00195
©2009

and 0.000975 per cent) were prepared in distilled water. In
the 2nd experiment, 3, 2, 1, 0.5, 0.25, 0.125 and 0.015 per cent
concentration of biolep (a commercial formulation of B.
thuringiensis var. Kurstaki HD-1 3a, 3b, 90-102 billion spores/
gm) was prepared in 0.008 per cent normal saline solution.
Fresh castor leaves were impregnated in desired
concentrations, dried at room temperature and was offered
to 3 rd instar larvae. Five larvae were taken for each
concentration and was replicated thrice. The impregnated
leaves were removed after 24-hr (I experiment) and 12-hr (II
experiment) and then fresh leaves were provided to the larvae.
Mortality count was made 24–hr (I experiment) and 12-hr (II
experiment) after treatment. A parallel control was also run
for each concentration. For the observation on mortality after
treatment, the same number of 3rd instar larvae and desired
concentrations of endosulfan and biolep were used and
each set of desired concentration was replicated thrice. The
moribund larvae were treated as dead. Corrected mortality
(Abbott, 1925) was obtained and the data were subjected to
probit analysis (Finney, 1952).
To study the joint effect of biolep and endosulfan,
desired concentration of biolep (1, 0.5 and 0.25 per cent) was
mixed with different concentration of endosulfan (0.125,
0.0625, 0.03125, 0.0156, 0.0078, 0.0039 and 0.00195 per cent).
Rest of the experimental procedures were the same as
followed in case of individual treatment of endusulfan and
biolep.
RESULTS AND DISCUSSION
Table-1 revealed that susceptibility of 3rd instar larvae
was increased with increase in concentration of endosulfan.
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The highest mortality observed was 100 per cent at maximum
concentration of 0.125 per cent at 24-hr after treatment and
the lowest was 53.30 per cent at 0.000975 per cent at 72-hr
after treatment. While, 0.0312 per cent concentration the
mortality was 73.30 per cent at 24-hr after treatment which
increased to 93.30 per cent at 48-hr and finally 100 per cent
at 72-hr after treatment. The Lc50 values at 24, 48 and 72-hr
were 0.0061, 0.00134 and 0.00097, respectively.
Table-2 showed 73.30 per cent mortality at 12-hr which
increased to 100.0 per cent at 72-hr after treatment of biolep.
At 2.0 per cent biolep, 60.0 per cent mortality was observed
at 12-hr and reached to 100.0 per cent at 72-hr after treatment.
The LC50 values were found to be 0.902, 0.4365, 0.377 and
0.255 at 12, 24, 48 and 72-hr after treatment respectively.

per cent at 72-hr after application. For 0.0156, 0.0078 and
0.0039 per cent, the mortality rate decreased drastically with
concentration while, 0.00195 per cent concentration gave
only 20.0 per cent mortality at 72-hr after treatment. It was
observed from the mortality graph (Fig-2) that there was an
increase in mortality at 0.0625, 0.0312 and 0.0156 per cent
concentration of endosulfan when mixed with 0.5 per cent
biolep. However, no compatibility was observed with rest of
the concentrations. It revealed that 0.5 per cent biolep is not
compatible with endosulfan.

In the 3rd set of experiment, 0.25 per cent biolep was
mixed with different concentration of endosulfan and the
result revealed that the highest mortality of 100.0 per cent
was achieved at 0.125 per cent of endosulfan. At 0.0625 per
cent concentration the mortality was 66.60 per cent at 12-hr
The results obtained from joint effect when 1.0 per cent
after treatment which increased to 100.0 per cent at 72-hr
biolep was mixed with desired concentrations of endosulfan
after treatment. But for rest of the concentrations there was a
showed that 0.125, 0.0625 and 0.0312 per cent concentration
significant decrease in mortality. Graphic analysis showed
rd
Table 1. Toxicity of endosulfan to 3 instar larvae of Spodoptera litura
Endosulfan

X

Y

Regression equation

Heterogeneity

Significance

24-hr after treatment

2.96

5.22

1.522X? 0.1731

X²(6) =3.20

P<0.90

Lc50
0.006

48-hr “

“

2.60

5.60

2.246X? 0.2415

X²(6) =5.107

P<0.70

0.00135

72-hr “

“

2.23

4.90

2.876X? 0.5614

X²(6) =10.15

P<0.30

0.00097

Significance

Lc50

Table 2. Toxicity of biolep (B. thuringiensis formulation) to 3rd instar larvae of Spodoptera litura
Biolep

X

Y

Regression equation

Heterogeneity

12-hr after treatment

1.99

5.10

2.94X ? 0.2060

X² (5) =2.63

P<0.90

0.902

24-hr “

“

1.66

5.05

2.03X ? 1.7015

X² (5) =5.21

P<0.50

0.4365

48-hr “

“

1.70

5.45

4.40X + 2.370

X² (5) =19.23

P<0.01

0.377

72-hr “

“

1.33

5.63

4.60X + 0.488

X² (5) =6.95

P<0.30

0.255

X= log concentration

offered 100.0 per cent mortality after 12-hr of treatment (Fig1). The mortality increased when 1.0 per cent biolep was
added to different concentrations of endosulfan and these
two were compatible with each other and can jointly increase
the mortality of the larvae. However, at 48-hr after treatment,
the mortality was found to be increased for several
concentrations viz., 0.00156, 0.0039, 0.00195 and 0.00975
per cent of endosulfan. Therefore, it may be concluded that
1.0 per cent biolep was compatible with endosulfan but
compatibility decreased with time and concentration.
In the second set where 0.5 percent biolep was added
to different concentration of endosulfan the data showed
that 0.125 and 0.0625 per cent gave 100.0 per cent mortality,
respectively at 12-hr of application but 80.0 per cent mortality
was obtained at 0.03125 per cent at 12-hr and finally 100.0
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no joint effect between the two at 24-hr after treatment and
there was decrease in mortality at every concentration when
0.125 per cent biolep was added to endosulfan. Likewise
result was obtained at 48-hr after treatment. The better
efficacy of spinosad against lepidopteron pests was reported
by Sridevi et al (2004). Salama et al. (1984) reported that
pyrethroides potentiated the activity of B. thuringiensis against
S. littoralis and opined that pyrethroides had a mild effect on
sporulation process of B. thuringiensis to other insecticides.
The hypothesis that application of mixture of B. thuringiensis
and chemical insecticides at reduced concentration would
protect the crops as well as either material used alone was
attributed to a synergistic effect (Jaques and Laing, 1978).
Endosulfan and biolep yielded a different Lc50 values.
Endosulfan is much more effective than biolep because of
Journal of Eco-friendly Agriculture 4(1) 2009

Individual and joint effect of endosulfan and biolep on tobacco caterpillar, Spodoptera litura (Fab.)

120
P erc ent mortality

thuringiensis (Narayanan, et al., 1976a, b). Chandrasekhar
and Joshi (1984) found that combinations of insecticides and
Bacillus cereus was more effective when the insecticide was
applied 24 hours before treating with B. cereus as compared
to those combinations in which treatment of insecticides was
made 24 hours after the application of B. cereus against
Trichoplusia ni.
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Joint effect of biolep+endosulfan against 3rd instar larvae of
S. litura

their different mode of action. Lc50 values in both endosulfan
and biolep decreased significantly with time of observation
and a significant progressive mortality might be caused by
slow acting compounds. The resulting effect of endosulfan
on 3rd instar larvae of S. litura revealed that mortality rate
varies with concentration of endosulfan. Maximum mortality
was observed at 72-hr after treatment in most of the
concentration. While, 0.125 and 0.0625 per cent of endosulfan
were found to be quite effective in killing the larvae at 24-hr
after treatment. Biolep gave a significant result at 3, 2 and 1
per cent concentration as compared to lower concentrations.
This phenomenon was earlier observed by (Govindrajan et
al., 1975) that non-susceptibility of S. litura is due to low pH,
low concentration of ascorbic acid and phenol and relatively
lower proteolytic activity of the gut. Also X-ray studies of the
larvae reveals that there was no paralysis of hind gut or
general paralysis in S. litura at low concentration of B.
Journal of Eco-friendly Agriculture 4(1) 2009

High concentration of biolep like 1.0, 2.0 and 3.0 per
cent were effective and caused immediate cessation of feeding
but this symptom was not observed at lower concentrations
where larvae showed recovery and again start feeding. (Yang
et al., 1985) found that 3rd instar larvae of S. litura on exposure
to B. thuringiensis sub sp. Kurstaki become sluggish and feed
less. Arora and Padmanathan (2002) also observed lower
toxicity to larval population of H. armigera, further, Babu
and Santharam (2002) used imidacloprid with other
insecticides to reduce the population of leaf hopper on
groundnut.
Biolep (1.0%) when used with different concentrations
of endosulfan resulted in prominent improvement in
mortality with in hours of exposure showing biolep to be
compatible with endosulfan. Synergistic combinations
between B. thuringiensis and conventional insecticides have
been noted against the cotton leafworm, S. littoralis Boisduval
(Salama and Foda, 1984). Justin et al. (1989) also showed
that the 3rd instar of S. litura when treated with bactospein
(B. thuringiensis formulation) showed an increase in the
activity of endosulfan, monocrotophos, fenvalerate and
cypermethrin. These results are further confirmed (Pree and
Jonnae, 1996) that dipel 2X concentration (B. thuringiensis
formulation) enhanced the efficacy of endosulfan and
resistance to endosullfan was reduced from 7- fold to 2-fold
in neonate larvae of cotton boll worm, H. armigera. Low
concentration of endosulfan also increased the toxicity of B.
thuringiensis but when both used at equitoxic concentration
were less toxic than similar concentration applied alone.
It was also observed that 3rd instar larvae of S. litura
were quite susceptible to endosulfan and higher
concentrations of biolep. This is in agreement with Babu
and Subramanium (1973) that 2nd and 3rd instar larvae of S.
litura were susceptible to B. thuringiensis formulations
(thuricide HP, biotrol BTP 25 W, bactospein and thuricide
dust). Latha et al. (2002) evaluated from groups of chemicals
against 3rd instar of S. litura and found the additive effect of
B. thuringiensis var. kurstaki which further potentiated the
insecticidal activity of B. thuringiensis var. kurstaki by
resulting in quick toxic effect. Methoxyfenocide applied as
foliar spray @200g a.i./ha significantly reduced larval
population of S. litura and increased groundnut pod yield
(Santharam et al.,2004). Rajeswaram et al. (2005) reported
that after three consecutive application of carbosulfan alone
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and in combination brought down aphids, leaf hoppers and
thrips population over control. Combined effect of B.
thuringiensis var. kurstaki and SINPV with insecticides was
found significantly superior over control of the larvas of S.
litura on cauliflower (Jat and Bhardwaj, 2005).
CONCLUSION
The results reveal that only higher concentrations of
biolep were compatible with endosulfan than the lower
concentrations. The same results were also obtained by (Zaz,
1990) that endosulfan at 4.0 percent was compatible with B.
thuringiensis at high concentration of 7.4X108.
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ABSTRACT
Leaf extract of twenty-three plants were evaluated for their antifungal activity against fungi causing mango
malformation, Fusarium moniliforme var. subglutinan s= Fusarium subglutinans. Although, all the leaf extracts checked
the radial growth of test fungus, extracts of Azadirachta indica A. Juss., Achyrenthes roses and Calotropis gigantea proved
more effective against F. subglutinans. While, the leaf extract from Eagle marmelos (L.) Corr., Ricinus communis L. and
Ficus racemosa L. were found less effective. It was also found that isolate F1 from Sabour was comparatively less
aggressive among all the isolates of F. subglutinans.
Key words: Plant extracts, mango malformation, antifungal activity, Fusarium moniliforme var. subglutinans, vegetative
malformation.

INTRODUCTION

MATERIALS AND METHODS

Mango (Mangifera indica L.) is an important fruit crop
widely grown under subtropical and tropical climate.
Malformation is a severe threat to its cultivars in India and
several other countries causing great economic loss to the
mango production (Kumar et al., 1993; Kumar and
Chakrabarti, 1997; Misra et al., 2000). It is estimated that
approximately 50.0-80.0 per cent losses occur every year in
India (Kumar and Chakrabarti, 1997). It also causes gross
deformations of vegetative and floral tissues in mango (Ploetz,
2001). Fusarium subglutinans (=Fusarium moniliforme var.
subglutinans) is isolated from vegetative as well as floral
malformed tissue (Kumar and Beniwal., 1987; Chakrabarti
and Ghosal, 1989). Application of different fungicides
though tried (Misra et al., 2002),which may adversely affect
the environment, has not given satisfactory result and
repeated applications are required. At present removal of
affected tissue is reported, which control the disease to some
extent (Singh et al., 1983). The presence of antifungal
compounds in managing the disease in certain plants have
been recognized (Mahadevan, 1982). In other reports also,
botanicals have been reported to control the growth of fungal
pathogens (Bhatnagar et al., 2004; Mamatha and Rai, 2004;
Ramanathan et al., 2004; Khan et al., 1998, Gupta et al., 2007).
The present study was, therefore, undertaken to evaluate
extracts of twenty-three different plants species (selected on
the basis of literature) for their antifungal activity against
the mango malformation pathogen, F. subglutinans.

Twenty three plant species reported to have antifungal
activity, were selected (Table 2). Efficacy of leaf extracts of
these was evaluated against five different isolates of F.
subglutinans isolated from the different agroclimatic areas
from the floral malformed tissues showing variable
morphological growth characters (Table-1). Leaves of
selected plants were thoroughly washed and shade dried
after removing extra water through blotting paper. Extracts
were made as per method described by Gerard et al., (1994).
Fifty grams of leaf samples from each plant species were
mixed with 50.0 ml of sterile distilled water, crushed in mortar
and pestle and then filtered through fine muslin cloth. The
extracts were subjected to low speed centrifugation at 3000
rpm for 5 min and supernatant was decanted. This was
randomly designated as 100.0% concentration. Clear
supernatant of plant extracts were diluted with sterile
distilled water of equal quantity to get concentration of 50.0%
and this dilution was tested for antifungal activity by
poisoned food technique (Grover and Moore, 1962). Ten ml.
of each plant extract was incorporated in 90.0 ml of PDA
and sterilized. From this sterilised medium, 20.0 ml of the
amended medium was poured in sterilized petriplates. The
plates were inoculated with seven days old cultures of F.
subglutinans grown on PDA with uniform disc of five mm of
each of the five isolates seperately (F1, F4, F10, F11 and F18).
Suitable control with fungus in PDA was also maintained.
The radial growths (diameter) of the colony were measured
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Table-1: Isolation and cultural character of pathoge from malformed tissue of mango collected from different mango growing
areas.
Culture No. Place of
collection
F1
F4
F10
F11
F18

Sabour
Sabour
Kanpur
Unnao
Ranchi

Symptom

Pathogen

Metabolite
colour

Growth
Character

Sporulation

FM
FM
FM
FM
FM

F. subglutinans
F. subglutinans
F. subglutinans
F. subglutinans
F. subglutinans

Dark red
Red
Red
Violate
Violate

Pinkish White
Reddish
Reddish
White colony
Pinkish white

++
++
+
+++
++

Table-2. Per cent inhibition of F. subglutinans isolates by leaf extracts of different plants.
Per cent inhibition of F. subglutinans isolates over control

Plant (Leaf extract)

Curcuma longa L.
Achyrenthes roses
Cannabis sativa L.
Ricinus communis L.
Cassia fistula L.
Syzygium cumumi
Argimone maxicana
Osimum sanctum
Calotropis gigantia L. R. Br.
Tagetes erecta L.
Partheinium
Solanum nigrum L.
Havia bengalensis
Lantana indica
Eagle marmelos (L.) Corr.
Ficus religiosa L.
Malvasiarum cenza
Euphorbia hitra L.
Azadirachta indica A. Juss.
Helianthus annus
Bougainvillea
Moras alba
Ficus racemose L.
CD (p=0.05)

L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
L23

F1
44.22
48.22
43.44
38.40
45.49
45.14
45.49
45.14
48.22
45.83
44.44
44.44
44.10
45.83
38.32
43.75
44.10
45.14
49.83
43.06
40.36
44.10
41.67
1.02

F4
43.62
48.30
43.54
39.82
44.90
43.54
46.26
44.22
47.30
46.26
42.86
42.86
42.86
45.58
36.73
43.54
43.54
44.22
48.58
40.82
39.46
42.86
39.10
0.88

F10
43.22
47.53
42.67
38.97
43.06
43.06
43.75
43.75
47.53
45.14
40.97
40.97
40.97
45.14
35.42
42.36
40.97
43.06
47.75
38.89
37.50
40.79
36.50
1.57

F11
44.15
48.85
43.36
37.16
43.36
43.36
43.36
42.66
47.85
45.45
40.56
41.26
41.96
44.06
36.36
40.56
41.26
41.26
48.06
39.15
39.16
40.56
37.36
1.57

F18
43.55
47.24
42.76
35.69
43.79
42.76
43.79
43.79
48.90
45.52
42.41
42.07
43.10
44.10
36.21
41.72
41.38
42.76
47.17
39.66
38.62
42.76
35.90
1.16

Av.*
43.75
48.03
43.15
38.01
44.12
43.57
44.53
43.91
47.96
45.64
42.25
42.32
42.60
44.94
36.61
42.39
42.25
43.29
48.28
40.32
39.02
42.21
38.11

Av.*=Average of five isolates of F. subglutinans

seven days after inoculation. Per cent inhibition was
calculated in comparison to control (Vincent, 1947).
RESULT AND DISCUSSION
All the 23 plant species studied for the efficacy of their
phytoextracts, inhibited the growth of all the five isolates of
pathogen (i.e. F. subglutinans. However, the extracts from
Azadirachta indica A. Juss., Achyrenthes roses and Calotropis
62

gigantea L. R.Br. were comparatively more inhibitory to F.
subglutinans with average PI (percentage inhibition) of 48.27,
48.02 and 47.94 per cent, respectively while extract from Eagle
marmelos (L.) Corr. Ricinus communis L. and Ficus racemose L.
were less effective (36.60, 38.00 and 38.11% inhibition,
respectively). It was also found that isolate F1 from Sabour
was comparatively less aggressive among all the isolates of
F. subglutinans (Table -2). Bhatnagar et. al. (2004) tested 17
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In vitro evaluation of plant extracts for the control of different isolates of Fusarium
subglutinans
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Percent inhibition
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Plant extracts (Leaf)

plant species including A. indica A. Juss., Curcuma longa L.,
Osimum sanctum along with Dathura and Isabgol against
wilt of Cumin caused by F. oxysporum f. sp. cumini. and found
that extract of Dathura and Isabgol were more effective
fallowed by A. indica., O. sanctum and C. longa. Ravishankar,
(2004) reported antifungal activity in leaf extract of Lantana
and A. indica against F. solani, which causes leaf blight of
Terminaia catappa. Leaf extracts (at 100.0% and 50.0%
concentration) from Strychnos nuxvomica, Calotropis procera,
A. indica, O. sanctum and A. sativum inhibited spore
germination and growth in F. solani, F. oxysporum and F.
equiseti (Dwivedi and Shukla, 2000). Gupta et al., (2007) has
also reported the efficacy of plant extracts of C. longa, and C.
gigantea against Fusarium sp.
CONCLUSION
The studies show that plant extracts check the growth
of F. subglutinans. Therefore, further studies on aqueous and
chemical extracts from different parts of plant of A. indica, A.
roses and C. gigantea may further be made with different
concentrations for the control of F. subglutinans causing
mango malformation.
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Eco-friendly approach for the management of Bacterial Soft
Rot of Radish seed crop
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ABSTRACT
In an effort made to evaluate antagonistic rhizosphere bacteria (Pseudomonas fluorescens, Hisar isolate B-10; Bacillus
sp., Hisar isolate B-13), organic amendments (mustard and cotton cake) and plant extracts (marigold and eucalyptus)
in 29 different treatment combinations for the management of bacterial soft rot (Pectobacterium carotovorum subsp.
carotovorum) of radish seed crop, combined treatments i.e., organic amendments + bioagents + plant extracts, organic
amendments + bioagents or bioagents + plant extracts were found to be more effective in reducing disease incidence
than against individual treatments. Treatment of stecklings with marigold (20%) + Pseudomonas fluorescens isolate B10 (108 cfu ml-1) + soil amendment with mustard cake provided maximum soft rot control (78.4% reduction over
control). This treatment was found superior to dip treatment with streptocycline and soil application of bleaching
powder recording 22.2 and 81.5 per cent disease incidence, respectively.
Key words: Radish, seed crop, bacterial soft rot, Pseudomonas fluorescens, Bacillus sp., mustard cake, cotton cake,
marigold, eucalyptus and integrated disease management.

INTRODUCTION
Radish (Raphanus sativus L.) is one of the important
vegetable crops grown round the year in most parts of India.
The production of its seed, an important input in quality
vegetable production, has adversely been affected by a new
bacterial soft rot disease resulting in total crop losses in
Haryana recently in some instances. The disease was for the
first time noticed in radish seed growing regions of Haryana
during 2002 (Anonymous, 2002), which in the later years
occurred in epidemic form. It is characterized by yellowing
of leaves, poor seed setting, wilting and finally death of the
plant resulting in total crop losses. Little information
available on this disease needed eco-friendly approaches
for its long lasting management keeping in view the hazards
posed by agricultural chemicals. Integrated approach for
enhanced disease control using plant extracts, biocontrol
agents or some conventional methods singly or in
combination has been illustrated (De et al., 1996; Raju and
Raoof, 2002). Use of plant extracts (garlic clove extract) with
fungicidal mixture (ammonium copper phosphate) resulted
in inhibition of E. chrysanthemi, Xanthomonas campestris pv.
campestris and Pseudomonas syringae in vitro whereas in field,
integration of garlic extract, peat oxyhumate and fungicidal
mixture treatments resulted in optimum control of bacterial
diseases of tomato (Komorova and Korunets, 1997). The
present study aims at finding an optimum treatment
combination using antagonistic rhizosphere bacteria, organic
amendments and plant extracts found effective in our earlier
©2009

studies (Raju et al., 2004; Raju et al., 2005).
MATERIAL AND METHODS
A two year field study was conducted during 2003-04
and 2004-05 at Research area, Department of Plant
Pathology, CCS Haryana Agricultural University with 29
treatment combinations using biocontrol agents, organic
amendments and plant extracts each replicated thrice in a
randomized block design. Treated radish stecklings of the
cv. Punjab safeda (70 days old) were transplanted in plots
(3.6 x 3.6 m) at a spacing of 60 x 60 cm. Pectobacterium
carotovorum subsp. carotovorum (108 cfu ml-1, 18 h old), the
incitant of bacterial soft rot of radish seed crop obtained from
diseased radish, was applied to the cut surface of radish
steckling with cotton swab for induction of soft rot.
Compatibility of the biocontrol agents with plant
extracts and agrochemicals: For devising any suitable
environmentally safe integrated management strategy for the
control of plant diseases using bioagents in combination
with plant extracts or chemicals, it is necessary to determine
their compatibility before integrating them for their
effectiveness in field. The antagonistic rhizosphere bacteria
were tested by filter paper disc assay for their compatibility
with plant extracts and agrochemicals. Plant extracts were
tested at 10.0 and 20.0 per cent conc. whereas, antibiotics at
100 and 250 ppm. Inhibition zones were recorded and the
antibacterial activity of plant extracts and agrochemicals was
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expressed as inhibition annulus (Smale and Keils, 1966).
Inhibition annulus =  (R1 - R2) (R1 + R2)
R1= radius of zone of inhibition + radius of bacterial agar
assay disc
R2 = Radius of bacterial assay disc
Integrated management: Two antagonists, viz.,
Pseudomonas fluorescens (Hisar isolate B-10) and Bacillus sp
(Hisar isolate, B-13), organic soil amendments (Mustard and
cotton cake) and phytoncides (aqueous leaf extracts of
marigold and eucalyptus) exhibiting maximum inhibition
of P. c. subsp. carotovorum in the in vitro and pot study were
further evaluated in 29 treatment combinations under
artificial inoculation conditions. Bacterial bio-control agents
(18 h old fresh growth) were applied by dipping of stecklings
in antagonistic bacterial suspension (108 cfu ml-1) for 2 h
before inoculation with soft rot causing bacterium. Organic
amendments were added @ 250 kg ha-1 to the soil in the pits
before transplanting of the radish stecklings. Treatment with
botanicals included dipping of cut ends of the stecklings in
10.0 per cent aqueous plant extract for 6 h followed by air
drying before inoculation with the test pathogen. In
combination treatments, stecklings were initially dipped in
plants extracts for 6 h, air-dried followed by treatment with
biocontrol agents. Streptocycline (dip treatment of stecklings
in 250 ppm for 2 h) and soil application of bleaching powder
(12.5 kg ha-1) were used for comparison as standard checks.
Stecklings inoculated with the test pathogen alone constituted
pathogen inoculated check.
All the recommended agronomic practices were
followed in raising the radish seed crop. Data on soft rot
incidence was taken periodically throughout the study and
expressed as per cent disease incidence. Seed yield was
recorded and expressed as per cent increase in seed yield
over pathogen-inoculated control. Observations on disease
incidence and seed yield were recorded in individual
treatments separately and were compared with pathogeninoculated check. Data on seed yield was expressed as Kg
ha-1.
Number of seedlings
Per cent D isease
showing soft rot
=
in cid ence
Total number of seedlings
in the plot

x 100

% soft rot incidence incontrol %
soft rot incidence in treatment
Per cent Reduction in
x 100
soft rot over control
% soft rot incidence incontrol
Seed yield in Treatment 
Seed yield in control
Percent Increase in
=
x100
yield over control
Seed yield in control
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RESULTS AND DISCUSSION
Compatibility of the antagonists with plant extracts
and agrochemicals: Marigold at 10.0 per cent (37.7 mm2
inhibition annuulus) and tetracycline at 100 ppm (57.4 mm2)
were found to be least toxic to the bioagents tested (Table 1)
among the aqueous leaf extracts and antibiotics tested. P.
fluorescens (B-10) was more tolerant to all the tested treatments
than Bacillus sp. (B-13) marigold and eucalyptus at 10.0 per
cent did not have any adverse effect on the growth of B-10. In
general, the bio-agents were found to be more sensitive to
antibiotics than the plant extracts tested.
Integrated management: It is clear from the results
presented in Table 2 that dip treatment of stecklings in
Table 1: In vitro compatibility of the potential bioagents with
antibiotics and plant extracts found effective
against P. c. subsp. carotovorum

Treatment

Conc.
(%)

10.0%
20.0%
10.0%
Eucalyptus
20.0%
Streptocycline 100 ppm
250 ppm
100 ppm
Tetracycline
250 ppm
Control
Mean
Marigold

Bioagent
B-10
B-13
(Pseudomonas
(Bacillus sp.)
fluorescens)
Inhibi Inhibitio
Inhibitio
Inhibiti
tion
n
n
on zone
zone annulus
annulus
(mm)
(mm) (mm2)
(mm2)
0.0
0.0
4.0
75.4
2.0
47.6
6.0
114.9
0.0
0.0
5.0
98.1
1.3
22.5
7.7
166.7
2.7
47.6
4.3
75.4
5.3
106.2
8.0
175.8
0.3
16.5
5.3
98.1
4.7
98.1
10.0
235.5
0.0
0.0
0.0
0.0
42.3
129.9

Mean
(mm2)

37.7
81.3
49.1
94.6
61.5
141.0
57.3
166.8

Mean of three replications
Treatments
Biocontrol agents
Trts. X Biocontrol ageents

CD (P=0.05)
12.0
6.0
16.2

P. fluorescens (109 cfu ml-1) for 2 h was most effective among
individual treatments in controlling radish soft rot (23.9 %)
and provided significantly higher yields (407.4 kg ha-1) over
control during both the crop seasons. Soil amendment with
mustard cake @ 250 kg ha-1 (56.1 % soft rot reduction) and
dip treatment of stecklings in aqueous leaf extracts of
Marigold (55.2 %) were also found superior to the
corresponding individual treatments i.e., cotton cake and
aqueous leaf extracts of eucalyptus.
The combined treatments, marigold leaf extract + P.
fluorescens were found effective in providing the maximum
control (70.5 % reduction) of soft rot among all the two-way
combination treatments (Table 2). In general, treatments
Journal of Eco-friendly Agriculture 4(1) 2009
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Table 2: Integrated management of bacterial soft rot of radish seed crop under disease stress conditions
2004
Treatment

Marigold
Eucalyptus
Mustard cake
Cotton cake
Pseudomonas fluorescens
Bacillus sp.
Marigold + Mustard cake
Marigold + Cotton cake
Eucalyptus + Mustard cake
Eucalyptus + Cotton cake
Marigold + P.f
Marigold + Bacillus sp.
Eucalyptus + P.f
Eucalyptus + Bacillus sp.
P.f + Mustard
Bacillus sp.+ Mustard cake
P.f + cotton cake
B.sp + Cotton cake
Marigold + P.f + Mustard
Marigold + P.f + Cotton
Marigold + B.sp + Mustard
Marigold + B.sp + cotton
Eucalyptus + P.f + Mustard
Eucalyptus+ P.f + Cotton
Eucalyptus + B.sp +
Mustard
Eucalyptus + B.sp + cotton
Bleaching powder
Streptocycline
Inoculated control

2005

Soft rot
Incidence
(%)

Seed
yield
(Kg ha-1)

? Soft rot
Incidence
(%)

31.6(34.2)
31.1(33.9)
30.5(33.5)
34.5(36.0)
17.1(24.4)
27.9(31.9)
19.7(26.3)
25.6(30.4)
21.5(27.6)
28.4(32.2)
18.8(25.7)
31.2(34.0)
19.4(26.2)
30.7(33.6)
26.2(30.8)
30.7(33.7)
19.5(26.3)
33.5(35.4)
12.3(20.5)
17.1(24.4)
22.1(28.0)
28.6(32.3)
13.8(21.8)
16.7(24.1)

335.0
304.5
293.8
254.9
437.4
372.0
433.8
370.1
353.4
354.0
489.6
334.2
442.2
313.4
376.4
338.3
426.4
326.0
589.4
443.6
423.3
362.3
497.1
484.7

37.3(37.7)
40.8(39.7)
37.1(37.5)
44.7(41.9)
30.8(33.7)
36.0(36.9)
27.5(31.6)
33.0(35.1)
31.2(33.9)
34.0(35.7)
26.7(31.1)
38.5(38.4)
29.4(32.9)
39.5(39.0)
33.1(35.1)
36.8(37.3)
29.6(33.0)
36.8(37.4)
19.4(26.1)
28.0(32.0)
29.6(32.9)
35.0(36.3)
24.7(29.8)
28.9(32.5)

18.4(25.4)
25.0(30.0)
62.8(52.4)
13.4(21.5)
65.5(54.0)

461.7
389.1
94.4
386.8
79.6

26.3(30.9)
33.9(35.6)
71.5(57.7)
22.2(28.1)
88.4(70.1)

Cumulative data (2004+2005)
Mean
Seed
Mean soft rot
Per cent
Per cent
seed
yield
incidence reduction in
increase in
yield
(Kg ha-1)
(%)
soft rot
seed yield
(Kg ha-1)
314.4
34.5(36.0)
55.2
324.7
332.2
265.5
36.0(36.9)
53.3
285.0
279.4
282.5
33.8(35.5)
56.1
288.2
283.6
200.3
39.6(39.0)
48.5
227.6
203.0
377.4
23.9(29.3)
68.9
407.4
442.2
315.1
32.0(34.4)
58.5
343.6
357.3
415.2
23.6(29.1)
69.3
424.5
465.0
347.1
29.3(32.8)
61.9
358.6
377.3
342.0
26.3(30.9)
65.8
347.7
362.8
330.1
31.2(34.0)
59.4
342.1
355.3
431.5
22.7(28.5)
70.5
460.6
513.0
308.6
34.9(36.2)
54.7
321.4
327.8
382.0
24.4(29.6)
68.2
412.1
448.5
293.5
35.1(35.7)
54.4
303.5
303.9
363.8
29.7(33.0)
61.4
370.1
392.6
314.7
33.7(35.5)
56.2
326.5
334.6
397.4
24.6(29.7)
68.1
411.9
448.2
313.7
35.2(36.4)
54.3
319.9
325.8
539.9
15.8(23.4)
79.4
564.7
651.6
405.0
22.5(28.4)
70.7
424.3
464.8
380.4
25.8(30.6)
66.4
401.8
434.9
338.0
31.8(31.3)
58.7
350.2
366.1
434.3
19.2(26.0)
75.0
465.7
519.9
409.9
22.8(28.5)
70.4
447.3
495.3
441.7
326.1
73.2
352.8
70.7

22.4(28.3)
29.5(32.9)
67.2(55.0)
17.8(25.0)
76.9(61.4)

70.9
61.7
12.7
76.9
-

451.7
357.6
83.8
369.8
75.1

501.2
375.9
11.5
392.2
-

* Mean of three replications ; P.f= Pseudomonas fluorescens; B.sp = Bacillus sp.

CD(P=0.05)
Treatments
Years
Trt. x Years

Disease incidence
(12.0)
(6.1)
(8.6)

comprising of marigold leaf extract, P. fluorescens or mustard
cake were more effective in checking radish soft rot incidence.
However, P. fluorescens + cotton cake was found more effective
(68.1 % reduction) as compared to P. f + Mustard (61.4 %) in
checking soft rot development. In terms of yield promotion,
irrespective of the treatment, the incorporation of P. fluorescens
resulted in significant increase in yields. In two-way
combination treatments, maximum yields (460.6 kg ha-1) was
obtained when stecklings were treated with marigold leaf
extract + P. fluorescens followed by 424.5 kg ha -1 with
Journal of Eco-friendly Agriculture 4(1) 2009

Seed yield
38.0
23.2
32.9

treatment consisting of marigold + mustard cake. The
treatment comprising of Bacillus sp. + cotton cake was least
effective (319.9 kg ha -1) amongst the two combination
treatments in terms of yield promotion.
The results reported herein indicate that integrated
treatment comprising of aqueous leaf extract of marigold (10
%), P. fluorescens (109 cfu ml-1) and mustard cake (250 kg ha1
) provided maximum soft rot control (79.4 % reduction)
followed by eucalyptus + P. fluorescens + mustard cake (75.0
% reduction), these treatments were equally effective to the
67
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dip treatment of stecklings with streptocycline (250 ppm)
during the two year study. The treatment involving marigold
+ Pseudomonas fluorescens + mustard cake was found superior
among all the treatment combinations both in terms of
disease suppression as well as yield promotion (564.7 kg
ha-1). All the treatments (treatments involving combination
of three inputs) were found to be statistically at par with
each other. However, significantly higher yields were
obtained in eucalyptus + P. fluorescens + mustard cake (465.7
kg ha-1), eucalyptus + P. fluorescens + cotton cake (447.3 kg
ha-1) and eucalyptus + Bacillus sp. + mustard cake (451.7 kg
ha -1) in comparison to other treatment combinations.
However, two-year study indicated that soft rot incidence
was significantly more and seed yield was significantly less
during the 2004-05 crop season. Soil treatment with
bleaching powder provided minimum control of disease
(12.7 % reduction over control) and resulted in minimum
seed yield (83.8 kg ha-1).
Among the treatments comprising of one component
i.e. dip treatment of stecklings in suspension of P. fluorescens
for 2 h and dip treatment in aqueous extracts of marigold
provided soft rot control statistically at par with antibiotic
(streptocycline) dip treatment. At the same time, increased
seed yield was recorded in P. fluorescens treatment in
comparison to streptocycline dip treatment. The increased
seed yields recorded in treatments receiving P. fluorescens (B10) may be due to the plant growth promoting substances
and the antibiotics produced by rhizosphere bacteria which
might have checked the development of the pathogen and
promoted yields (Shabaev et al, 1998). Among the treatments
with two components, marigold + P. fluorescens provided
maximum control of soft rot under disease stress conditions.
Whereas, treatments comprising of three components, viz.,
aqueous plant extracts + antagonistic rhizosphere bacteria
+ organic amendments, aqueous leaf extracts of marigold +
P. fluorescens + mustard cake provided maximum protection
of radish stecklings from P. c. subsp. carotovorum followed
by eucalyptus + P. fluorescens + mustard cake. Least control
of soft rot was recorded in marigold + Bacillus sp + cotton
cake. In general, higher disease incidence was recorded
during 2004-05 crop season which can be attributed to the
prevalence of congenial environmental conditions
(temperature and rainfall). Jalali and associates (2004) from
their study offered positive indications that application of
marigold and Eucalyptus citriodora aqueous leaf extract could
be effectively used in the management of soft rot of potato
caused by Pectobacterium carotovorum subsp. carotovorum. The
effectives of marigold and P. fluorescens (B-10) observed in
the present study are in conformity with the earlier findings.
Successful control of bacterial diseases of tomato was
obtained by spray of garlic suspension and soil application
of peat oxyhumate (Komorova and Korunets, 1997). In the
present investigation, effort made to integrate bioagents,
organic amendments and plant extracts, for the management
bacterial soft rot of radish seed crop was found effective in
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checking incidence and increasing seed yield substantially
under artificial disease stress conditions.
CONCLUSION
It can be concluded from the present studies that in
regions where the disease is a major problem, organic soil
amendment with mustard cake (250 kg ha-1) in combination
with dip treatment of radish stecklings with marigold leaf
extract (10.0%) for 6 h + P. fluorescens (isolate B-10 @ 109 cfu
ml-1) for 2 h may provide effective soft rot reduction in radish
seed crop. However, the effectiveness depends upon the
population of test pathogen in soil and weather variables
existing during the crop growth period, which in turn may
influence the disease incidence.
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ABSTRACT
Among the ectomycorrhizal inoculants, mixed inoculation of Pisolithus tinctorius + Laccaria laccata on Himalayan
cypress (Cupressus torulosa D.Don) seedlings resulted in maximum and significant increase in plant height (46.36 %),
root length (43.33 %), collar diameter (44.51 %), shoot biomass (57.8 %), leaf biomass (69.12 %) and root biomass (64
%) over uninoculated control, followed by their individual inoculations. The treatment combination of P. tinctorius +
L. laccata and phosphorus dose of 70 mg plant-1 proved best and resulted in highest increase in plant height (87.50 %),
collar diameter (82.35 %), shoot biomass (88.50 %) and root biomass (131.33 %) over control. Nutrient uptake by C.
torulosa was influenced by ectomycorrizae and different levels of phosphorus and their combinations under nursery
conditions. The inoculation of P. tinctorius + L. laccata exhibited maximum increase in nitrogen (51 %) in phosphorus
(70 %) and in potassium (52.63 %) contents of seedling over control, while the treatment combination of P. tinctorius+
L. laccata and 70 mg phosphorus plant-1 resulted in highest increase in nitrogen (68.85%), phosphorus (160o%) and
potassium (70.96 %) contents of seedling over control. The findings indicate that the ectomycorrhizal inoculants merit
adequate attention and wider application for the production /protection of forest seedlings in nurseries.
Key words: Growth performance, Nutrient uptake, Cupressus torulosa, Ectomycorrhizal inoculants.

Himalayan cypress (Cupressus torulasa D.Don) is a large
evergreen tree belonging to family Cupraceae. The tree has a
local distribution in the western Himalayas from Chamba to
Nepal and occurs in patches of varying extent, either pure
and / or in association with deodar, spruce, silver fir, blue
pine or oak. The importance of ectomycorrhizal association
with forest tree roots arises from the fact that these trees
usually have low rooting densities as compared to the
agricultural crops, thus limiting their ability to absorb
immobile soil nutrients (Read, 1993). Like other soils, forest
soils also face acute shortage of essential nutrient mainly
due to continuous erosion. Moreover, ectomycorrhizal fungi,
in addition to their deep penetration in the soil, form a mantel
or sheath on the root surface and penetrate between the
cortical cells to form a complex root system called Hartig net
(Harley and Smith, 1983). Ectomycorrhiza also appear to
increase the tolerance of trees to drought, high soil
temperature, soil toxins and very low soil acidity (Marx and
Cordell, 1989 ). Fertilization of forest soil is not easy as forests
occupy remote, less accessible and less fertile lands. Thus,
use of native microbial inoculants as natural nutrient
mobilizer gains importance for better growth, development
and survival of forest seedlings. Recent research work by
©2009

Dar et al (2008) established the beneficial impact of
ecotomycorrhizal inoculants and nutrient uptake by Cedrus
deodora under nursery conditions. Himalayan cypress also
faces severe problems in the successful establishment under
existing nursery conditions. Most of the seedlings die within
1-3 years owing to low amount of soluble nutrients in the
raw humus zone (Verma, 1991). In order to give impetus to
the raising of Himalayan cypress seedling in the nursery,
this communication aims at exploitation of efficient
ectomycorrhizae for the better growth and development of
Himalayan cypress.
MATERIAL AND METHODS
The experiments were carried out in the Forest Nursery
situated at a distance of 60 km from Srinagar city in northwest
direction at 1524 m above sea level at the Regional Research
Station and Faculty of Agriculture, SKUAST-K, Wadura,
Sopore during 2006-2007. Cupressus seedlings (12- monthsold) growing in polybags (9”x7”) of almost equal height (20
±1 cm) and collar diameter (3.3 ±0.5 mm), were selected for
the present investigation. Three types of inocula designated
as ECM-1,ECM-2 and ECM-3 were used. The ECM-1 was the
pure culture of P. tinctorius and L. laccata, respectively.. The
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cultures were obtained from the Environmental
Biotechnology Laboratory, Division of Environmental
Sciences, SKUAST-K, Shalimar. These ectomycorrhizae were
mass-multiplied on Modified Melin Norkan’s (MMN)
medium: in 250 ml Ehlenmeyer flask. The inoculants were
used slurry and spread @ 25 ml plant-1 in the soil without
disturbing the root system of seedling. Inorganic fertilizers ,
phosphorus in the form of the diammonium phosphate (0,
50 and 70 mg P2O5 plant-1) and nitrogen as urea and
potassium in form of murate of potash (70 and 30 mg plant1)
were also applied . Full doses of all three inorganic
fertilizers were applied just after 10 - days of the
ectomycorrhizal inoculation. The experiments were
conducted under completely randomised design and
replicated thrice. Data were recorded on plant height, collar
diameter, shoot biomass and root biomass. The methods used
for determination of nitrogen phosphorus and potassium
contents in plants were micro-Kjeldhal (Jackson 1973),
vanadomolybdate Phosphoric yellow colour development
(Bhargava and Raghupatti, 1993) and flame photometer
(Systronics.)

that fungus mantels of ectomycorrhizae have been reported
to absorb and accumulate nitrogen, phosphorus, potassium
and calcium more rapidly and for longer periods, and thus
leading to increased growth. Dehn (1982) reported that
increase in plant height by ectomycorrhizae could be
attributed to the production of growth promoting substances
like auxins. The increase in collar diameter could be due to
the release of growth substance by ectomycorrhizae and
increase in the nutrient availability in the root zone (Vijaya
and Srivasuki 1997). Mycorrhizae enhance host plant growth
by improving the supply of mineral nutrients of low mobility
in soil, phosphorus in particular and also micronutrients.
Nutrient uptake: The inoculation of C. torulosa seedling
with different inoculants led to a very significant
improvement in the plant nutrient status(Table 2). The
application of phosphorus levels of 50 and 70 mg plant-1
exhibited 6.60 and 11.60 per cent increase, respectively.
Similarly, the ectomycorrhizal inoculation of P. tinctorius +
L. laccata, P. tinctorius and L.laccata resulted in 51, 40.8 and
27.5 per cent increase, respectively in N content over control.
Among the interactions, the treatment combination of P.
tinctorius + L. laccata along with 70 mg phosphorus plant-1
was the best treatment resulting in maximum increase of
68.8 per cent in nitrogen content of seedlings followed by P.
tinctorius and .L.laccata in combination with the same
phosphorus dose. Phosphorus content in plant was
significantly higher in response to different ectomycorrhizae
various levels of phosphorus and their combination over
control. (Table 2). The mean value recorded for inoculation
of P. tinctorius and L. laccata were at par while the inoculation
of P. tinctorius + L. laccata resulted in 70.0 per cent increase
over control. The levels of 50 and 70 mg phosphorus plant-1,
exhibited a significant increase in P content of the seedlings
over control, i.e. 22.32 and 44.64 per cent, respectively.
Maximum increase in P content was recorded in response to
treatment combination of P. tinctorius + L. laccata and 70 mg
phosphorus plant-1 which resulted in 160.0 per cent increase

RESULTS AND DISCUSSION
Growth performance: Seedling inoculation with P.
tinctorius + L. laccata resulted in increase in plant height
(46.36 %), collar diameter (44.51 %), shoot biomass (57.8 %)
and root biomass (64 %) over control (Table-1) followed by
inoculation of P. tinctorius along with phosphorus dose of
70 mg plant-1 . Among phosphorus doses 70 mg P2O5
plant-1 proved to be the best for all the growth parameters
and showed 38.42, 35.58, 32.0 and 47.80 per cent increase in
plant height, collar diameter, shoot biomass and root
biomass, respectively . However, among the interactions,
the mixed inoculation of P. tinctorius and L. laccata in
combination with 70 mg P2O5 plant-1 proved to be the best
and resulted in 87.50, 82.35, 88.50 and 131.33 per cent
increase in plant height, collar diameter ,shoot biomass and
root biomass over control. Tam and Griffiths (1994) reported

Table 1 : Effect of ectomycorrhizae and various levels of phosphorus on growth performance of Cupressus torulosa
Plant height (cm)
Collar diameter (cm) Shoot biomass (g)
Root biomass (g)
P- level
0 mg 50 mg 70 mg
0 mg 50 mg 70 mg 0 mg 50 mg 70 mg
0 mg 50 mg 70 mg 0 mg 50 mg 70 mg
0 mg 50 mg 70 mg
Ectomyco plant-1 plant-1 plant-1 Plant-1 Plant-1 plant-1 Plant-1 plant-1 plant-1 Plant-1 plant-1 plant- Plant-1 plant-1 plant-1 Plant-1 plant-1 plant1
1
-inoc
No
Inoculant
EC M-1
EC M-2
EC M-3

41.00

44.20

47.60

8.50

8.90

10.50 26.34

28.10

30.06

4.20 4.40 5.11

50.70
49.70
54.00

61.60
58.50
63.50

74.40
71.70
76.80

10.20
9.80
11.20

11.75 14 .60 33.24
11.38 13. 20 31.23
13.63 15.50 38.13

41.26
40.60
45.56

46.30
44. 03
49.66

6. 31
5.62
7.62

8.66
7.22
10.47

4.20 4.40 5.11
9. 72
8.36
11.91

14.60
13.20
15.50

CD (P < 0.05) ECM-1 = P. tinctorius; ECM-2 = L. laccata; ECM-3: P. tinctorius + L. laccata
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Table-2

Effect of ectomycorrhizal inoculants, various levels of phosphorus and their combinations on the plant niutrient
content ( N, P & K) of C. . torulosa at nursery stage

Inoculants

No inoculants
ECM-1

0
0.93
(0.96)
1.30
(1.14)

Uptake of nutrients (%) by the seedlings at 2 phosphorus doses plant -1
Nitrogen
Phosphorus
Potassium
50
70
0
50
70
0
50
0.99
1.04
0.08
0.10
0.11
0.31
0.32
(0.99)
(1.01)
(0.28)
(0.31)
(0.33)
(0.55)
(0.56)
1.40
1.44
0.13
0.16
0.17
0.42
0.47
(1.18)
(1.20)
(0.36)
(0.39)
(0.41)
(0.64)
(0.67)

70
0.34
(0.58)
0.50
(0.70)

ECM-2

1.20
(1.09)

1.26
(1.12)

1.31
(1.14)

0.11
(0.33)

0.12
(0.34)

0.16
(0.39)

0.41
(0.64)

0.46
(0.68)

0.48
(0.69)

ECM-3

1.39
(1.17)
1.20
(1.09)

1.50
(1.22)
1.28
(1.13)

1.57
(1.25)
1.34
(1.15)

0.13
(0.36)
0.11
(0.33)

0.17
(0.41)
0.13
(0.36)

0.21
(0.45)
0.16
(0.40)

0.46
(0.67)
0.40
(0.63)

0.49
(0.70)
0.43
(0.65)

0.53
(0.72)
0.46
(0.67)

Mean

ECM-1 = Pisolithus tinctorius; ECM-2 = Laccaria laccata; ECM-3 = Pisolithus tinctorius + Laccaria laccata(Data in parent theses are square root
traznsformation values)

over control. There was significant increase in potassium
content of seedling inoculated with ectomycorrhizae and
different doses of phosphorus in compatision to control
(Table 2). The application of phosphorus levels of 50 and 70
mg plant-1 exhibited 10.0 and 15.0 per cent increase in
potassium content of seedlings over control. However,
ectomycorrhizal inoculation of P.tinctorius + L. laccata proved
to be the best with 52.63 per cent increase over control
followe4d by P. tinctorius and L. laccata with respective 42.72
and 40.27 per cent increase over control. Among interactions,
the inoculation of P.tinctorius + L. laccata alongwith 70 mg
plant-1 proved to be efficient with 70.96 per cent increase
over control. However, the results recorded for P. tinctorius
and L. laccata at 50 mg phosphorus plant-1 and with no
phosphorus dose were at par. Bisht et al (2003) in their studies
on the influence of microbial inoculations on C. deodara
observed similar results. The work of Martin and Botton
(1993) also lends support to present research findings.
Ectomycorrhizae have been reported to produce proteolytic
enzymes which release and take up nitrogen from various
peptides (Abuzinadah and Read ,1989). Ectomycorrhizal
fungi increase phosphorus uptake by secreting substances
which release phosphate from organic forms and from poorly
soluble inorganic forms (Lapeyrie et al. 1987). Hatting (1975)
attributed the increased P uptake due to extensive and
continued growth of mycorrhizal roots extending beyond
the vicinity of root surface. Further, solubilization effect on
native and applied phosphorus and release of several organic
acids might have enhanced the availability of phosphorus
(Singh et al. 1998). Thalkappian and Sivasaravann (2000)
concluded that increased root colonization by mycorrhizae
might augment the uptake of nitrogen, potassium,
phosphorus and other micronutrients.
Journal of Eco-friendly Agriculture 4(1) 2009

CONCLUSION
The study concludes that tremendous scope exists for
the application of ectomycorrhize inoculants for the
production /protection of forests seedlings in nurseries.
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ABSTRACT
Leaf blight disease in grapevine caused by Alternaria vitis (Cav.) Sacc. is becoming serious in Andhra Pradesh, India.
Hence studies were carried out to develop a management strategy with cold sterilized compost water extracts of
different materials like vermicompost, sugarcane press mud, FYM + fish meal + paddy straw at 70:15:15 (weight /
weight) and the extracts of organic materials like neem seed kernels (NSKE), Grape berry fermented juice (GBJ)
against the mycelial growth and spore germination of A. vitis. Among all the treatments, a 10-day fermented GBJ at
25.0 and 50.0 per cent; 20-and 30-day fermented GBJ at 50.0 per cent showed 100.0 per cent inhibition of mycelial
growth followed by a 20-day fermented NSKE at 10.0 per cent (50.7%), 10 day fermented GBJ at 50.0 per cent showed
highest inhibition of spore germination (93.64%). Compost water extracts were found effective in inhibiting the spore
germination.
Key Words: Grapevine, Alternaria, compost water extracts, neem seed kernel extract, grape berry fermented juice.

INTRODUCTION
A foliar disease in grapevine caused by Alternaria vitis
(Cav.) Sacc, a minor problem till recent times, has now become
a serious problem in Andhra Pradesh, India. The disease
was first reported (Vidhyasekaran et al., 1961) on Khandhari
variety of grape in TamilNadu and later in Haryana (Suhag
et al., 1982) on Thompson seedless, Beauti Seedless, Perlette,
Delight, Kishmish Charni and Kishmish Beli varieties.
Compost water extract is made from compost
suspended in a barrel of water for 7-14 days (Steve Diver,
2002). When the compost decomposition is invigorated
through adjuvants like biocontrol agents or molasses etc.
then the extracts are called as compost tea. The key factors
influencing the effectiveness of the compost were the age of
the compost and nature of its source ingredients (Brinton et
al., 1996). Compost teas are very beneficial in plant disease
management and they can be included in the integrated
disease management strategies of field and horticultural
crops (Block, 1997; Orlikowski and Wolski, 2000; Quarels,
2001). Even the addition of this organic extracts to growing
media encourage the growth of benign organisms, which
suppress the plant diseases (Dixon et al., 1998). Compost
teas show multiple modes of activity in suppressing plant
diseases like, induced resistance, antibiosis and competition.
Regardless of the mode of action, prophylactic application
before pathogen infection is necessary for optimal control
through all known mode of actions (Scheuerell and Mahaffee,
2002). The water extracts of cattle and horse manure ad grape
©2009

marc reduced mycelial growth and inhibited conidial
germination of Botrytis cineria and reduced the incidence on
detached grape leaves (Ketterer, 1992). Similarly the
fermented extracts of composted microbiologically active
substrates significantly reduced the infestation of grape
leaves by Plasmapara viticola under growth chamber
conditions (Sackenheim et al., 1994).
In India no work has been done against grapevine
diseases with compost extracts made from biologically active
organic materials. In view of importance of Alternaria leaf
blight disease the present investigation was taken up to test
the efficacy of compost water extracts and other organic
extracts like grape berry fermented juice and neem seed kernel
extract against the pathogen.
MATERIALS AND METHODS
Isolation of pathogen
The pathogen, Alternaria vitis was isolated from the
leaves of Thompson seedless variety, showing typical
symptoms, collected from Grape Research Stations,
Rajendranagar. Pure cultures were made by single spore
isolations and maintained on PDA medium (Ho & Ko, 1997).
Water extracts of neem seed kernels (NSKE), vermicompost
(VCE), sugarcane press mud (SPME), FYM + paddy straw at
75:25 (FYME), FYM + fish meal + paddy straw at 70:15:15
(FME), grape berry fermented juice (GBJ), were tested at
different concentrations against A. vitis.
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Table-1: Efficacy of various organic extracts on mycelial growth of Alternaria vitis at different fermentation periods.
Treatment (%)
NSKE 5
NSKE 10
VCE 20
VCE 25
SPME 5
SPME 10
FYME 12.5
FYME 25
FYME 50
FYME 12.5
FME 25
FME 50
GBJ 12.5
GBJ 25
GBJ 50
Mean

10 days
10.32(18.56)2
18.56(25.10)
9.52(17.74)
7.96(16.12)
5.55(13.15)
7.93(16.18)
8.75(16.94)
6.36(13.34)
7.17(14.89)
7.17(14.88)
3.18(10.13)
3.18(10.13)
58.76(50.05)
100.0(90.00)
100.0(90.00)
23.63(27.81)
Sem ±
C. D. (0.05)

Inhibition (%)
20 days
30 days
45.23(42.26)
29.83(33.07)
50.75(45.43)
40.84(39.72)
5.55(13.57)
11.11(19.44)
3.18(10.13)
12.70(20.86)
3.18(10.13)
13.50(21.54)
3.18(10.13)
8.73(17.06)
7.14(15.36)
12.7(20.86)
3.18(10.13)
11.57(19.75)
24.67(29.77)
16.79(24.17)
7.14(15.35)
7.14(14.95)
8.733(17.15)
4.75(12.59)
8.75(16.94)
127(20.86)
23.05(28.64)
43.58(47.52)
39.25(38.78)
82.08(65.21)
100.0(90.00)
100.0(90.00)
22.20(26.25)
27.46(30.91)
Fermentation Period
Treatment
0.46
1.02
1.29
2.88

Mean
28.56(31.30)
36.72(36.75)
8.73(16.92)
7.95(15.70)
7.41(14.94)
6.61(14.46)
9.53(17.72)
7.03(14.41)
16.21(22.94)
7.15(15.06)
5.55(13.29)
8.21(15.97)
43.11(40.76)
73.78(64.66)
100.0(90.00)
24.43(28.32)
Interaction
1.77
4.98

Statistical design: Factorial CRD. 1Factorial Period. 2Values in parenthesis are angular transformed values. NSKE: Neem seed kernels extract,
VCE: Vermicompost extract, SPME: Sugarcane press mud extract, FYME: FYM + Paddy straw extract, FME: FYM + Fish meal + paddy straw
extract GBJ: Grape berry fermented juice.

Table-2: Efficacy of various organic extracts on spore germination of Alternaria vitis at different fermentation periods.
Treatment (%)
NSKE 5
NSKE 10
VCE 20
VCE 25
SPME 5
SPME 10
FYME 12.5
FYME 25
FYME 50
FYME 12.5
FME 25
FME 50
GBJ 12.5
GBJ 25
GBJ 50
Mean

10 days
47.77(43.71)2
40.50(39.37)
44.3(41.72)
55.49(48.16)
45.65(42.46)
65.87(54.31)
51.34(45.77)
50.77(45.43)
67.08(55.15)
37.40(37.61)
41.14(39.89)
40.34(39.31)
55.14(47.96)
64.67(53.7)
96.04(78.54)
53.57(47.55)
Sem ±
C. D. (0.05)

Inhibition (%)
20 days
30 days
23.68(46.46)
52.50(46.46)
52.92(46.67)
55.84(48.36)
52.92(46.67)
46.67(43.06)
56.25(48.70)
53.34(46.92)
58.75(50.10)
38.75(32.45)
73.75(59.18)
29.17(38.45)
31.25(33.95)
34.17(35.59)
34.17(35.63)
52.92(46.68)
53.92(47.15)
49.58(44.76)
52.92(46.68)
48.34(44.04)
59.92(50.57)
54.58(47.63)
80.42(63.78)
55.67(48.63)
50.00(45.00)
49.58(44.76)
65.00(53.77)
67.50(55.32)
82.92(65.67)
85.42(67.58)
54.72(47.81)
51.72(46.04)
Fermentation Period
Treatment
0.74
1.65
4.64

Mean
28.18(37.91)
49.75(44.84)
47.96(43.81)
55.02(47.93)
47.72(43.67)
56.26(48.70)
44.17(41.56)
45.95(42.98)
51.55(45.90)
46.22(42.77)
51.81(46.03)
58.81(50.47)
51.57(45.91)
65.72(54.26)
88.12(70.60)
53.29(47.13)
Interaction
2.86
8.03

Statistical design: Factorial CRD. 1Factorial Period. 2Values in parenthesis are angular transformed values. NSKE: Neem seed kernels extract,
VCE: Vermicompost extract, SPME: Sugarcane press mud extract, FYME: FYM + Paddy straw extract, FME: FYM + Fish meal + paddy straw
extract GBJ: Grape berry fermented juice.
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Making composts
3

Pits of 1 x 1.5 x 0.45 m were filled with compost
materials (FYM + paddy straw and FYM + fish meal + paddy
straw) separately. They were covered with black polythene
sheet. These composts were turned manually at every 3rd
day for aeration and sprinkled with water regularly to
maintain moisture for better decomposition and left for 45
days for ripening. Vermicompost, neem seed kernerls and
grape berries were obtained commercially. Sugarcane
pressmud was obtained from the sugar industry.
Preparation of extracts
Water extracts of the compost material were prepared
by using the procedure adopted by Steve Diver (2002) with
modifications. Ripe composts and amendments were soaked
with water in 1:1 ratio (w/v) in plastic drums; they were
aerated periodically by turning them with a wooden stick.
The mixtures were fermented for 10, 20 and 30 days. The
water extracts were cleared by coarse filtering through muslin
cloth and followed by two layers of whatmann filter paper
no 4. Grape berries of Dilkush variety were crushed and
fermented anaerobically for varied periods of 10, 20 ad 30
days in separate air tight containers. The fermented juice
was cleared by passing through two layers of whatmann
filter paper no 4.
Compost extracts and grape berry fermented juice were
cold sterilized using bacterial proof membrane filters made
up of cellulose acetate (Zhang et al., 1998a) with 47mm
diameter, 0.45 mm pore size (Dhingra & Sinclair, 2002).
Sterile extracts were aseptically collected into sterile conical
flasks and used for the studies.

performance at all the three fermentation periods, compared
to similar concentrations of other treatments.
In the present study, among the treatments tested GBJ
proved to be the best in inhibiting the mycelial growth and
spore germination followed by NSKE. Yeast isolated from
10 day fermented unsterilised GBJ showed 67 per cent
inhibition of mycelial growth with 3mm of inhibition zone
in dual culture. these results are in agreement with literature
(Lima et at., 1997; Suzzi et al., 1995;) where the efficacy of
yeasts as antagonists was proved in vitro. The former workers
showed that several isolates among 586 natural and vine
yeasts completely inhibited the growth of Alternaria alternata
and other pathogens of grapevine where the later workers
reported that yeasts and yeast like fungi obtained from fruits
vegetables were the most effective antagonists of Botrytis
cinerea and Rhizopus stolonifer of Grapevine.
Other than GBJ the water extracts like SPME, VCE,
FYME, FME were not effective in inhibiting the mycelial
growth. But, have influenced the pathogen in the form of
variations in the colony characters like sparse sporulation,
uneven growth, sectoring etc. However, they were effective
in inhibiting spore germination (Fig-1). 30 days fermentation
is effective over other fermentation periods. These results are
in agreement with the findings of Ketterer (1992), who
reported the inhibition of spore germination as one of the
possible mode of actions of compost water extracts. The
aqueous extracts of composts maintains inhibitive properties
after both filter sterilization and autoclaving (Wang & Huang,
2000), But autoclaving can destroy the systemic acquired
resistance inducing effect of the compost extracts (Zhang et
al., 1998b). In some experiments comparatively best

Method for testing the efficacy of extracts
The efficacy of water extracts and GBJ on the mycelial
growth was assessed using the Poisoned food technique
(Nene & Thaplial, 2002). Similarly, effect on spore
germination was assessed by employing the slide
germination technique (Reddik & Wallace, 1910).
RESULTS AND DISCUSSION
A. vitis differed in sensitivity to the different extracts
(Tables-1). Among the 10-day fermented extracts GBJ at 50
and 25.0 per cent showed 100.0 per cent inhibition growth
and the spore germination was inhibited by 96.04 and 64.67
per cent, respectively and at 12.5 per cent germination
inhibition was 58.76 per cent. At 20 day and 30-day
fermentation also 50.0 per cent GBJ inhibited 100.0 per cent
mycelial growth and 82.92 per cent and 85.42 per cent
inhibition in the spore germination (Tabel-2). The higher
concentration of GBJ tested in vitro was superior in its
Journal of Eco-friendly Agriculture 4(1) 2009

Fig. 1. Efficacy of water extracts of Alternaria vitis. 1,2,3 are %
inhibition of mycelial growth due to 10, 20, 30 day fermented
extracts, respectively. 4, 5, 6 are % inhibition of spore germination
due to 10, 20, 30 day fermented extracts, respectively

75

K. Praveena Deepthi, T. Vithal Reddy and T. Narsi Reddy

performances were obtained with filter sterilized extracts
(Labrie et al., 2001; Wang & Huang, 2000; Hardy &
Sivasithamparam 1991; Nakasone et al., 1999; Cronin et al.,
1996), on the other hand the inhibitory nature of compost
extracts was lost upon both filter sterilization and
autoclaving (Mc Quilken et al., 1994). This indicates that the
efficacy of water extracts depends not only on the key
ingredients, age of compost (Brinton et al., 1996), but also on
the method of sterilization. All these results indicate that the
efficacy of compost water extracts is a result of complex
interactions of various factors like source ingredients, age of
composts, fermentation periods, method of sterilization, type
of pathogen upon which it has to act.
CONCLUSION
From the present study it is concluded that GBJ and
NSKE were best in inhibiting the A. vitis in vitro. However,
compost water extracts have inhibitory effects on the spore
germination of the pathogen. Effect of the water extracts in
the disease suppression and physiology of host, their
mechanism of protection offered need to be studied.
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ABSTRACT
Frequent occurring antagonists, isolated from five leaves based liquid biodynamic pesticide perpetrations (LLBP) viz.
Azadirachta indica, Calotropis gigantea, Pongamia pinnata, Lantana camara and Ricinuns communis were evaluated in vitro
for their antifungal activity against five isolates each of F. oxysporum f. sp. psidii and F. solani, collected from different
locations showing variations in their cultural characters. Although, all the antagonists inhibited the growth of the
pathogens significantly, the antagonist isolated from R. communis L. proved best (37.24-45.04 % inhibition) followed
by C. gigantea (35.76-43.70% inhibition) against selected isolates of F. solani. In case F. oxysporum f. sp. psidii, bacterial
isolate isolated from R. communis (LLBP 2) showed greater inhibition capacity (33.11-40.27% inhibition) against the
five selected isolates of F. oxysporum f. sp. psidii.
Key words: Leaves based liquid biodynamic pesticide, guava wilt, antifungal activity, Fusarium oxysporum f. sp.

psidii, Fusarium solani.

INTRODUCTION
Guava (Psidium guajava L.), an important fruit crop, is
widely grown under subtropical and tropical climate. Wilt
disease, one of the major threats to guava cultivation, is
caused by several pathogens, but the important ones are
Fusarium oxysporum f. sp. psidii and F. solani (Prasad et al.,
1952; Chattopadhyaya and Bhattachariya, 1968; Edward
and Srivastava, 1957; Edward, 1961; Pandey and Dwivedi,
1985). Its management through chemicals being ineffective
and moreover not possible due to huge soil mass (Misra,
2006). Therefore, investigations on safer and effective
managemnt technique was needed. Gupta et al, 2007
although reported some botanicals effective against guava
wilt, but there is need to identify the effective antagonists,
which can multiply itself in the huge soil mass and check
the disease. Earlier management of mango bacterial canker
disease (MBCD) through antagonist from leaves based liquid
biodynamic pesticide preparation was reported by Kishun
et al., (2006). There is good prospect for development of
biodynamic-based organic bio-fungicide for management of
fungal diseases of white molds of field crops (Fravel, 1999).
Diver (1999) also suggested biodynamic agriculture for the
control of diseases of field crops. However, no such work
has been taken up in case of guava wilt pathogens. Therefore,
the present study was undertaken to evaluate antagonists
from five leaves based liquid biodynamic pesticide
©2009

preparation for its antifungal activity against wilt pathogen
isolates (F. oxysporum f. sp. psidii and F. solani) of guava,
isolated from different agroclimatic zones of India.
MATERIALS AND METHODS
Most frequent antagonists, one from each, isolated from
five leaves based liquid biodynamic pesticide (LLBP) from
Azadirachta indica (LLBP 1), Calotropis gigantea (LLBP 2),
Pongamia pinnata (LLBP 3), Lantana camara (LLBP 4) and
Ricinuns communis (LLBP 5) were selected for the antifungal
activities (Table 1). Liquid preparations had the composition
of 25 kg leaf (A. indica, C. gigantea, P. pinnata, L. camara and R.
communis separately), 5 liters of cow urine, 5 kg cow dung,
one biodynamic set (BD 502-507) and 150 liters of water.
These were kept in plastic drum for 10 days for build up of
antagonist population. Samples derived from these liquid
preparations were subjected to low speed centrifugation at
3000 rpm for 5 min and supernatant decanted. This was
randomly designated as 100.0 per cent concentration. From
this 100µl of the clear supernatant were spread in four PDA
petri plates (25µl each) for the isolation of antagonist. One
microbial colony, which showed the maximum frequency in
each leaves based liquid biodynamic pesticide were isolated
and tested for their antifungal activity by duel culture
technique (Vincent, 1947) in a replicated trial. The plates
were inoculated with antagonist and test fungus on PDA
with uniform disc of 5 mm each of 5 isolates of F. oxysporum
f. sp. psidii (i.e. F10, F18, F24, F30 and F38) and five isolates
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Table-1. Population of most frequent microbial population
isolated from leaves based liquid biodynamic
pesticide preparation.
Leaf based liquid bio-dynamic
pesticide (LLBP)

Azadirachta indica + CU + CD+ BD set
(LLBP 1)
Ricinus communis + CU + CD + BD set
(LLBP 2)
Pongamia pinnata + CU + CD+ BD set
(LLBP 3)
Calotropis gigantea + CU + CD + BD set
(LLBP 4)
Lantana camara +CU + CD + BD set
(LLBP 5)

Most frequent
antagonist colony
per 100µl sol
Bacterial
Fungal
37
Nil
37

Nil

30

Nil

31

Nil

Nil

42

Cow urine – CU, Cow dung – CD, Leaves based liquid biodynamic
pesticide - LLBP

of F. solani (i.e. F2, F12, F15, F20 and F29) collected from
different locations of wilt prone guava growing areas
showing distinct growth characters. The observations were
taken on fifth day. Growth of F. solani and F. oxysporum f. sp.
psidii was recorded in treated and control plates (Fig 1, 2)
and the per cent inhibition was calculated (Table 2, 3).

Table-2. Per cent inhibition of F. solani isolates by most
frequent isolated antagonist from leaves based
liquid biodynamic pesticide preparation.
Isolate
F2
F12
F15
F20
F29
CD (p=0.05)

Per cent inhibition of F. solani isolate
LLBP 1 LLBP 2 LLBP 3 LLBP 4 LLBP 5
33.11
37.24c
26.89
37.24c
23.45e
31.79
38.41b
27.81
43.70a
27.81d
34.23
38.92 b
28.18
38.92b
34.90c
34.89
40.26 a
28.86
36.23d
37.58a
34.44
45.04a
27.82
35.76 d
35.76b
N.S.
1.45
N.S.
0.92
0.73

Table-3. Per cent inhibition of Fusarium oxysporum f. sp psidii
isolates by most frequent isolated antagonist from
leaves based liquid biodynamic pesticide
preparation.
Per cent inhibition of Fusarium oxysporum f. sp
psidii isolate
Isolates
LLBP 1
LLBP 2 LLBP 3 LLBP 4 LLBP 5
F10
37.33a
33.11d
28.96
30.34b 33.10a
b
b
F18
34.44
37.08
26.49
33.11a 30.46c
F24
29.53c
40.27a
28.86
29.53b 29.53d
F30
25.50d
38.92a
25.50
32.21a 32.21b
F38
29.16c
35.76c
31.79
31.79a 25.16e
CD (p=0.05)
0.88
1.79
N.S.
1.56
0.11
F2

Although the five antagonists, four bacterial and one
fungal population showing maximum frequency in isolation,
separated and isolated from leaves based liquid biodynamic
pesticide preparations (LLBP), inhibited the pathogens
growth significantly, the antagonist isolated from R.
communis L. (LLBP 2) proved best with (37.24-45.04 per cent
inhibition) followed by C. gigantea (LLBP 4) with (35.7643.70% inhibition) against 5 selected isolates of F. solani
(Table 2, Fig. 1). F. oxysporum f. sp. psidii bacterial isolate
from R. communis (LLBP 2) had greater inhibition capacity
(33.11-40.27%) against the five selected isolates of F.
oxysporum f. sp. psidii (Table 3, Fig. 2). Reganold (1993) found
that bio-dynamically managed soils (i.e., treated with
biodynamic compost and biodynamic field sprays) had
greater capacity to support heterotrophic microflora activity,
higher soil microorganism activity, and different types of
soil microorganisms than mineral fertilizers and pesticides
managed soils. The present results also show that the leaves
based liquid biodynamic pesticide preparations have useful
microbes for the management of soil borne disease due to F.
solani and F. oxysporum f. sp. psidii.
When analysis was done with the antagonists from
LLBP 1 - LLBP 5 vis-à-vis different isolates of the test fungus
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F12

F15

F20

F29

58
56
54
52
50
48
46
44
42
40
LLBP1

LLBP2

LLBP3

LLBP4

LLBP5

Antagonist from leaves based liquid biodynamic pesticide

Fig.1 Growth of Fusarium solani isolates in presence of most
frequently isolated antagonist from leaves based liquid
biodynamic pesticide preparation.

i.e. F. solani, it was found that isolates responded differently
with the different LLBP antagonists. Antagonist from LLBP
2 was most effective against isolate F29, whereas LLBP 4
and LLBP 5 were most effective against F12 and F20 isolate
of F. solani, respectively. Similarly different isolates showed
variable reaction to different antagonists. In case of F.
oxysporum f. sp. psidii also, the LLBP 1 antagonist was most
effective against F10, LLBP 2 for F24 and F30, LLBP 4 for F18
and F30 and LLBP 5 for F10 isolate. This showed that there
is variation among the different isolates of F. oxysporum f. sp.
psidii.
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Fig.2 Growth of Fusarium oxysporum f. sp psidii isolates in
presence of most frequently isolated antagonist from leaves
based liquid biodynamic pesticide preparation.

CONCLUSION
The antagonists isolated show promise against soil
borne pathogens F. solani and F. oxysporum f. sp. psidii. These
can either be used in raw form or suitable preparation for the
control of the disease. As different isolates of F. solani and F.
oxysporum f. sp. psidii respond differently to the different
antagonists, consortium of different effective antagonists,
may be recommended for the control of wilt disease of guava.
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ABSTRACT
An experiment was conducted under net house conditions at PDBC, Bangalore to evaluate the interaction effect of
entomopathogenic nematode (EPN), Heterorhabditis indica at three dosage and Arbuscular Mycorhizal Fungus (AMF),
and Glomus intraradices on the development and reproduction of root-knot nematode, Meloidogyne incognita in tomato.
Observations recorded at harvest revealed that application of H. indica @ 4x105/m2 along with AMF reduced the no. of
galls and egg masses per root system, no. of eggs/eggmass and hatch rate of eggs. Enhancement in growth, development
and yield of tomato in terms of shoot height, shoot weight, root weight, no. of branches/plant, no. of flowers, no. of fruits
and fruit yield was obtained. This treatment was followed by the H. indica. @ 2x105/m2 + AMF and H. indica alone @
4x105/m2. The persistence of H. indica was more in the plot receiving a dose of 4x105/m2 followed by 2x105 and 1x105s/
m2. However, there was no difference in per cent mortality of Galleria melonella larvae by H. indica with or without AM
fungus treatments.
Keywords : Meloidogyne incognita, Entomopathogenic nematode, development & reproduction, tomato, Glomus intraradices

INTRODUCTION
Root-knot nematodes (Meloidogyne spp.) are the most
economically important plant parasitic nematode group
world wide, attacking nearly every cultivated plant,
reducing production. Tomato suffers an extensive
quantitative and qualitative damage through out the tropics
and subtropics (Netscher and Sikora, 1990). Chemical
nematicides can be used to manage nematodes but are often
highly toxic. Limited nematicide availability and high costs
of treatment have created a need to find alternatives of
hazardous chemicals in nematode management (Barker et
al., 1994). Entomopathogenic nematodes (EPN) of the
families, Steinernematidae and Heterorhabditidae are
available commercially to control soil insect pest. Hussaini
(2003) conducted extensive surveys for EPN in different parts
of India and documented several species/isolates. Several
workers have reported an antagonistic interaction between
EPN and plant parasitic nematodes. Suppressive effects of
EPN have been demonstrated (Bird and Bird 1986; Gouge et
al., 1997, Grewal et al., 1999, lewis et al., 2001, Perry et al.,
1998; Ishibashi and Kondo 1987., Smitley et al., 1992). This
aspect has gained impetus because there are few available
and effective biological control methods for PPN management
and this antagonism is an off-target effect of an insect
pathogen widely used. The possible mechanisms of
interaction between EPN and PPN reported are that they
©2009

share a common habitat in the soil which leads to spatial
competition and crowding of nematodes near the roots of
host plants (Bird and Bird, 1986); and build up of nematode
antagonists (Ishibashi and Kondo, 1986). An Arbuscular
Mycorhizal Fungus, G. fasciculatum was found effective
against root-knot nematode by several workers (smith, 1987;
Kiran Kumar et al., 2006). From the preliminary experiment
in pot culture experiments reduction of invasion and
development of root-knot nematode in tomato due to EPN
and AMF application was found. A standard dosage and
method of application of EPN to suppress PPN in field/net
house experiments is not well documented (Bird and Bird,
1986). In turf, Smitley et al., (1992) used a mix of 2.47 x 109
H.bacteriophora and 2.08 x 109 S.carpocapsae IJ/ha, whereas a
single application of 2.47x 109 S.riobrave IJ/ha suppressed
plant parasitic nematodes in field experiments. Tsai and Yeh
(1995) found that suppression varied with plant parasitic
nematode and host plant species.
The present investigation was aimed at to demonstrate
the efficacy of H. indica in combination with AMF on the
development and reproduction of root knot nematode, M.
incognita (Kofoid and White), growth and yield of tomato and
also to document the effect of AMF on the persistence and
pathogenicity of H. indica.

Interaction Effect of Heterorhabditis indica and Arbusular Mycorhizal Fungus, Glomus intraradices

MATERIALS AND METHODS
M. incognita culture
Root-knot infested tomato (Lycopersicon esulentum Mill.
var. Pusa Ruby) plants from the culture fields were
uprooted. The roots were first rinsed and washed gently in
running tap water to remove all adhering soil particles
avoiding loss of egg masses. Clean roots were teased with
the help of a pair of teasing needles to expose gravid females
carrying egg masses.
The collected egg masses were hatched and emerging
infective juveniles (IJs) inoculated on tomato plants in
earthen clay pots filled with sterilized soil. Pure cultures of
M. incognita thus obtained were multiplied by transferring
to large pots using steam-sterilized sand soil mix (1:1) and
tomato as a host plant. The culture pots were maintained
regularly in the green house and the same culture was used
as a inoculmn.
Extraction of egg masses was done by uprooting the
tomato plants from culture pots, the roots gently washed
under running tap water and then egg masses from such
roots were detached gently with the help of a forceps and
placed in layer of thin water in Petri plate. Larvae hatched
out after 24 to 72 hours were collected in water, counted
and used for inoculation.
Entomopathogenic nematode culture
The larvae of greater wax moth, Galleria mellonella, were
collected from the abandoned beehives in the GKVK campus,
Bangalore and were maintained on artificial diet (Dutky et
al. 1964). The adults were kept in the oviposition cage for egg
laying and the eggs were transferred to artificial diet. Pure
cultures of EPN species. H. indica PDBC EN 13:31 was reared
on last instar wax moth larvae. The IJs were stored in tissue
culture flask (250ml) at a density of 500IJs/ml for 5 days.

drainage hole at the bottom (15 cm deep). After three weeks,
the seedlings, ready were transplanted.
Experiment layout
The experiment was conducted in a net house at PDBC,
Bangalore with eight treatments and five replications with
plot size of 1m2. The treatments included were : T1 H.indica@1x10 5 /m 2 ; T2 - H.indica@2x10 5 /m 2 ; T3 H.indica@4x105/m2; T4 - H.indica@1x105/m2 + AMF; T5 H.indica@2x105/m2 + AMF; T6 - H.indica@4x105/m2 +
AMF; T7 - AMF alone and T8 - Control (no EPN, no AMF).
The inoculation of root-knot nematode, EPN and AMF
was done at the time of transplanting.
Hatch rate of root-knot nematode eggs
Egg masses were collected from tomato plants infected
with RKN and treated with NaOCl (0.1%) to dissolve the
egg matrix and separate the individual eggs. A known
number of eggs (50) were carefully transferred to each vial
containing 10 ml of distilled water and incubated at room
temperature (28±2oC) for 96h. Observations were recorded
at 24,72 and 96h.
Persistence of EPM
A known volume (200g) of soil from each treatment
was collected randomly in a plastic container with lid at
harvest and subjected to baiting technique using 5 Galleria
larvae box-1 and the mortality rate was recorded at 24, 48, 72
and 96h.
RESULTS AND DISCUSSION
Growth and yield of tomato

Preparation of tomato seedling and transplanting

The data presented in the Table 1 revealed that growth
of tomato plants was significantly increased in treated plots
compared to control. However, H. indica @4 x 105/m2 + AMF
treated plots recorded highest shoot length (132.8cm), root
length (38.0 cm) and no. of branches/plant (25.2). Maximum
fresh and dry shoot weight (268.4g and 39.6g) and root
weight (22.6 and 3.45), respectively. This treatment is
followed by H. indica @4 x 105/m2 + AMF and H. indica @4
x 105/m2 alone. Whereas, in control minimum shoot and
length (92.0cm and 22.0cm), no of branches (14.2) plant-1
and minimum shoot and root weight were recorded.

Seeds of tomato (L. esculentum Mill. var. Pusa Ruby),
procured from an authentic source, were surface sterilized
with 10.0 per cent H2O2 for 3 min. and washed with distilled
water before germination. Surface sterilized seeds of tomato
were broadcasted in the 12" size of pots or flat trays with

The number of flowers and fruits plant–1 and weight
of the fruits were recorded and presented in the Table 2. The
same trend with maximum flowers (24.0), fruits (21.0)
plant–1 and yield (582g) plant–1 in the plants treated with H.
indica @4 x 105/m2 + AMF followed by H. indica @4 x 105/m2

Glomus intraradices culture
Arbuscular mycorhzal fungus, Glomus intraradices
mixed consortium, supplied by TERI, New Delhi in
powdered form consisted of 200 infective propogules
gram–1. Roots of the tomato plants were treated with this
powdered culture at the time of transplanting.
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Table 1. Effect of H. indica and AMF on growth of tomato infected by M. incognita
Treatments

H.indica@1x105/m2
H.indica@2x105/m2
H.indica@4x105/m2
H.indica@1x105/m2 + AMF
H.indica@2x105/m2 + AMF
H.indica@4x105/m2 + AMF
AMF alone
Control (no EPN and no AMF)
SE ±
CD@5%

Shoot
length
(cm)
108.00
118.60
122.60
111.20
129.00
132.80
113.00
92.00
3.8906
11.266

% ± over Shoot weight (g)
control
Fresh
Dry
17.39
184.00
27.0
28.91
213.80
30.5
33.26
242.00
36.0
20.86
191.20
28.2
40.21
247.00
37.4
44.34
268.40
39.6
22.82
162.00
23.0
141.20
20.4
2.9259 1.3732
17.305 3.9767

Root
length
(cm)
26.80
29.0
33.20
28.20
26.20
28.00
29.40
2.00
1.5237
4.4126

% ± over
control

Root weight (g)
Fresh
19.0
21.0
21.00
20.00
23.20
24.60
19.80
9.60
1.350
3.8372

21.81
31.81
50.90
28.18
64.54
72.72
33.63
-

Dry
2.40
2.70
2.62
2.50
2.80
3.45
2.30
1.30
0.1147
0.3322

No. of
branches
/plant
18.00
19.40
23.80
19.80
23.0
25.20
16.80
14.20
1.7068
4.9428

% ± over
control
26.76
36.61
67.60
39.43
61.97
77.46
18.30
-

Table 2. Effect of H. indica and AMF on yield of tomato infected by M. inconita
Treatments
H.indica@1x105/m2
H.indica@2x105/m2
H.indica@4x105/m2
H.indica@1x105/m2 + AMF
H.indica@2x105/m2 + AMF
H.indica@4x105/m2 + AMF
AMF alone
Control (no EPN and no AMF)
SE ±
CD@5%

No of
flowers/plant
16.80
18.40
20.60
16.40
22.80
24.00
15.00
13.80
1.4559
4.2161

% ± over
control
21.73
49.27
65.21
18.84
33.33
73.91
8.69
-

No. of
fruits/plant
16.80
19.80
19.20
18.00
20.00
21.00
16.00
14.40
1.3907
4.0272

+ AMF (22.8, 20.0 and 531.2g) and H. indica @4 x 105/m2
alone (20.6, 19.2 and 463.4), respectively was observed.
Reproduction of root-knot nematode
The least number of galls root–1 (22.6), no of eggmasses
root (24.0) and no of eggs eggmass–1 (314.0) was recorded
in the roots of the plants treated with H. indica @4 x 105/m2
+ AMF and that followed by H. indica @4 x 105/m2 + AMF
(38.3 &21.6) and H. indica @4 x 105/m2 alone (42.0, 38.6 and
343.6), respectively. Whereas in control, the highest no. of
galls (186.2), eggmasses (213.0) and eggs egg-mass–1 (435.0)
was recorded (Table 3).
–1

Hatch rate
The hatch rate percentage of root-knot nematode eggs
was less in eggs form plants treated with H. indica @4 x
105/m2 + AMF compared to all other treatments at all the
three observation times (24h, 72h and 96h) being 25.8, 68.0
and 85.2, respectively and followed by H. indica @4 x 105/m2
+ AMF (38.0 & 21.6) and H. indica @4 x 105/m2 alone.
Whereas in control, the highest per cent hatch rate was
observed at 24h, 72h and 96h, respectively (Table 3).
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% ± over
control
16.66
33.33
37.50
25.00
38.88
45.83
11.11
-

Yield/plant (g) Yield/ha (Qtl)
18.20
442.20
463.40
429.00
531.20
582.00
411.00
379.80
2.9517
66.4658

309.77
324.55
343.25
317.77
393.48
431.11
304.44
281.33
-

% ± over
control
10.10
16.42
22.00
12.95
39.86
53.23
8.21
-

Persistence of EPN
The per cent mortality of wax moth larvae in all the
treatments was maximum (100%) after 96h. However, at 24h,
the highest per cent mortality was observed in the soil treated
with H. indica @4 x 105/m2 + AMF, H. indica @4 x 105/m2 +
AMF H. indica @4 x 105/m2 and 2x105/m2 alone and there
was no significant difference between these four treatments.
Whereas in soil treated with H. indica @4 x 105/m2 with and
without AMF the per cent mortality was 32.0 per cent only.
But at 72h, all except these two treatment showed 100.0%
mortality (Table 4). There was no significant difference
between the treatments either with H. indica alone at three
dosage or in combination with AMF. Hence, it is inferred
that there is no adverse effect of AMF on the survival and
pathogenicity of EPN at three dosage tested.
From the above experiment it is found that the
development and reproduction of root-knot nematodes in
the plants raised form soil treated with the EPN, H. indica
and AMF compared to control was adversely affected and
growth and yield of tomato consequently increased.
Present results are in conformity with Lewis et al., (2001)
where they studied the stage specific effects of dose and
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Table 3. Effect of H. Indica and AMF on reproduction of M. incognita infecting tomato
Treatments

H.indica@1x105/m2
H.indica@2x105/m2
H.indica@4x105/m2
H.indica@1x105/m2 + AMF
H.indica@2x105/m2 + AMF
H.indica@4x105/m2 + AMF
AMF alone
Control (no EPN and no AMF)
SE ±
CD@5%

No of
galls/root
89.00
53.40
42.00
65.40
38.00
22.60
123.60
186.20
2.9461
8.5317

%±
No of egg
over masses/root
control
52.20
78.60
71.32
49.20
77.44
38.60
64.87
52.20
79.59
36.00
87.86
24.00
33.62
136.60
213.40
3.5597
10.3085

% ± over
control
63.16
76.94
81.91
75.53
83.13
88.75
35.98
-

No. of
eggs/egg
mass
384.20
355.00
343.60
473.00
321.60
314.60
407.40
435.00
11.0265
31.9317

% ± over
control
5.69
18.39
21.01
14.25
26.60
27.67
6.34
-

Hatch rate % of RKN eggs
24h
72h
96h
64.4
60.80
62.80
62.40
56.80
25.80
69.20
70.40
1.3484
3.9049

78.40
78.40
76.00
76.40
71.20
68.00
83.20
83.60
1.3315
3.8559

% ± over
control

90.40
89.60
88.50
89.20
88.00
85.20
91.20
95.40
1.4861
4.3126

5.24
6.07
7.23
6.49
7.75
10.69
4.40
-

Table 4. Effect AMF on the persistence of H. indica in tomato infested by M. incognita
Treatments
H.indica@1x105/m2
H.indica@2x105/m2
H.indica@4x105/m2
H.indica@1x105/m2 + AMF
H.indica@2x105/m2 + AMF
H.indica@4x105/m2 + AMF
AMF alone
Control (no EPN and no AMF)
SE ±
CD@5%

24
32.0 (33.94)
56.0(36.47)
56.0(36.47)
32.0(34.16)
56.0(33.94)
56.0(33.94)
4.2466
16.7321

Per cent mortality of Galleria larvae (h. after)
48
72
68.0(58.84)
84.0(74.31)
88.0(76.84)
100(90.00)
100(90.00)
100(90.00)
68.0(58.84)
88.0(76.84)
88.0(76.84)
100(90.00)
100(90.00)
100(90.00)
6.6934
5.1818
19.7428
16.3841

96
100(90.00)
100(90.00)
100(90.00)
100(90.00)
100(90.00)
100(90.00)
0.0000
0.0000

Figures in the parenthesis are arc sine transformed value

application times of S. feltiae in M. incognita in potted tomato
plants. Lower concentrations of 100 & 500IJs reduced the
umber of galls, egg masses, eggs, and egg hatch rate plant–1.
Reduced egg production plant–1 was related to the decreased
galling due to reduced penetration of M. incognita. The
decreased hatch rate of eggs exposed to soil treated with
S.feltiae had been attributed to the nematicidal effects of
metabolites produced by the symbiotic bacteria. Application
of S. feltiae @ of 2.5x109 IJ/ha–1 simultaneously with M.
incognita suppressed the invasion of latter in tomato
seedlings. Grewal et al. (1999) found temporary suppression
of M. incognta penetration when dead IJ of S. riobrave or S.
feltiae were applied, but found no effect when living
nematodes were used. They suggested that allelochemicals
released upon the death of inundatively released IJ could
contribute to plant parasitic nematode suppression. The
bacterial metabolites from xenorhabdus are toxic to plant
parasitic nematodes (Hu et al., 1999), which repulse or
immobilize Meloidogyne sp. J2 (Grewal et al., 1999). Rootpenetrating EPN/bacteria release small quantities of
nematode antagonistic metabolites upon their death, that
disperse through neighboring root tissue, protecting the root
from further penetration by plant parasitic nematodes.
Journal of Eco-friendly Agriculture 4(1) 2009

However, Lewis et al. (2001) reported that, M. incognita were
not obviously affected by S. feltiae treatment while inside the
roots, the development neither slowed nor the fecundity
decreased on a per-female basis. This represents indirect
evidence that impact on soil dwelling stages of M. incognita
may account for the effects of treatment with S. feltiae. The
present findings are, however, at variance.
CONCLUSION
It can thus be concluded that the develpment and
reproduction of root knot nematodes in the plants raised
from soil treated with EPN, H. indica and arbuscular
mycorhizal fungus compared to control was adversely
affected and growth and yield of tomato consequently
increased.
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ABSTRACT
A herbal disinfecting wax containing turmeric, Aloe vera and honey bee wax was prepared. Manual application of this
wax on physiologically mature mango fruits cv. Lucknow Safeda delayed rate of ripening, reduced CPLW, total
microbial load, disease incidence and thus improved the shelf life compared to control and dewaxed fruits.

INTRODUCTION
India is one of the largest producers of mango. However,
its post-harvest life is limited due to physiological changes
occurring during ripening and senescence stages which
leads to softening of pulp, deterioration in quality and
microbial spoilage. In recent years, plant growth regulators,
suitable packing, ethylene suppressant, chemicals , wax
emulsion etc., are being used to prolong the shelf life of
fruits. Surface coatings of waxes, natural and synthetic, are
being used extensively on bulky organs to modify internal
atmospheric composition and thereby delaying ripening,
reducing water loss, and improving the cosmetic look of the
skin (Trout et al., 1952; Drake and Nelson, 1990). Surface
coatings are of two types but with the increasing importance
of use of organic and natural products in food chain,
emphasis is being given to use herbal coatings (Cassandro
and Baks, 2001).In the present study, the effect of a newly
developed herbal wax on ripening, storage behaviour and
surface microbial load of mango is reported.
MATERIALS AND METHODS
The herbal wax under test was developed in
microbiology lab of CISH using bee wax(listed as GRAS),
turmeric and aloe vera extract (well known for their cosmetic
and anti microbial properties) as ingredients in a
standardized proportion.
Uniformly hard green mature mangoes cv. Lucknow
Safeda, a late sucking variety, were harvested with 8-10 mm
stalk in the morning hours from CISH orchard. After
harvesting, fruits were washed, surface dried and subjected
to three post-harvest treatments ( ten fruits treatment-1) viz.,
control, dewaxed (wax removed by application of alcohol
swab) and waxed (smeared with thin film of herbal wax of
0.01%). The fruits were then packed in ventilated 0.5 per
©2009

cent CFB boxes and stored under ambient conditions (28±
5oC and 80-90% RH) for 10 days.
Reactions on various physico-chemical attributes viz.,
ripening pattern, per cent cumulative physical loss in weight
(CPLW), firmness, chromacity values (Hunter’s L, a, b values
and yellowness index), TSS and acidity were observed as
per methods described by AOAC (1984) and Ranganna
(1986). The per cent disease incidence was calculated on the
basis of number of fruits showing stem end rot (SER) or
anthracnose, while surface microbial load was determined
by using the serial dilution and pour plate techniques as per
method described by Speck (1984).
RESULTS AND DISCUSSION
The data revealed that the CPLW increased with the
advancement of storage period, the maximum being on the
10th day of storage. As evident from Table 1, the per cent
CPLW was maximum (10.3%) in the dewaxed fruits, while it
was minimum (5.5%) in herbal wax smeared fruits. Besides,
wax treated fruits delayed ripening characterized by
maintenance of firmness , higher percentage of green and
semi ripe as compared to control and unwaxed fruits on 4 th
and 7th day of storage (Fig. 1). On 10th day, only 50.0 per cent
of herbal wax treated fruits were in semi ripe stage indicating
that the shelf life of these fruits was extended for another 23 days as compared to other treatments. The wax treatment
on fruit surface reduced the moisture loss due to partial
development of thin film coating of wax , which in turn
reduced evapo-transpiration , rate of respiration and
ethylene production as evidenced by Fig. 2 and 3. Use of
wax has been shown to reduce water loss and respiration
and change the ripening pattern of apple fruit (Trout et al.,
1952). Drake and Nelson (1990) found changes in apple
respiration rate and retention of firmness and weight due to
wax application. With regards to chromacity values,
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Table 1. Effect of herbal waxing on CPLW, TSS , and acidity
of mango fruits during ripening and storage
Treatment

Storage period (days)
0
4
7
10
8.2 14.0
16.0
18.2
8.2 12.6
17.0
17.8
8.2 15.0
17.0
18.4
1.0 0.50
0.26
0.05
1.0 0.62
0.33
0.24
1.0 0.42
0.30
0.03
3.2
6.2
9.3
2.5
0.4
5.5
3.9
8.5
10.3

Control
Waxed
Unwaxed
Control
Waxed
Unwaxed
Control
Waxed
Unwaxed

Acidity (%)

CPLW (%)

7

C2H4(ppm/Kg/hr

Biochemical
parameter
TSS(%)

6

Control
Waxed

5

Dewaxed

4
3
2
1
0
0 day

4 day

7 day

10 day

Storage period

Fig. 3 : Effect
of waxing
on
(ppm/Kg/hr)
production
Fig. 3: Effect
of waxing
onC
C22H
H44(ppm/Kg/hr)
production
in mango in
Lucknow Safeda
during
storage.
mango cv.cv.Lucknow
Safeda
during
storage
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Fig. 4 : Effect of waxing on disease (%) of mango cv. Lucknow
Safeda during storage
Fig. 4: Effect of waxing on disease (%) of mango cv.

0day
20

4 day

18

7 day

-1

12

CO2 (% Kg hr )

14

-1

16

10 day

10
8
6
4
2
0

Control

Waxed

Dewaxed

Treatments

Fig. 2 : Effect of waxing on CO2 (%/Kg/hr) production of
Fig. 2: Effect of waxing on CO (% /Kg/ hr ) production of mango cv. Lucknow Safeda during storage
mango cv. Lucknow Safeda during storage
2

greenness in terms of ‘a’ values was more (-6.9) and
yellowness index was less (65.9) in waxed fruits compared
to control ( -5.9, 68.6) and unwaxed (-4.5, 69) fruits. Quality,
in terms of TSS and acidity of the fruits, was affected
significantly during ripening and storage as evident from
Table 1. Slow development of TSS in waxed fruits was noted
as compared to control and unwaxed fruits. Acidity in terms
of citric acid was also influenced by different post harvest
treatments. Waxed treated fruits showed higher acidity
compared to unwaxed and control fruits owing to less
utilization of organic acids due to lower rates of respiration
during storage. The incidence of diseases viz., stem end rot
86

Lucknow Safeda
10th
dayin
of wax
storage
(SER) and anthracnose
was on
also
less
treated fruits
(Fig. 4). Surface microbial load analysis showed that initially,
the microbial counts were same in all the three treatments
(Fig. 5). However, as the ripening proceeded, the surface
counts of yeast, mould and bacteria increased in control and
unwaxed fruits, while lower counts were observed in waxed
fruits. This might be because of the fact that in waxed fruits
TSS, acidity and firmness did not support the microbial
growth. Moreover, turmeric and aloe vera, due to their
antimicrobial property, helped keeping the surface microbial
load low. These results are in confirmity with Davis et
al.(1999), who reported a five log reduction in population of
Escherichia coli by waxing treatment. Cong et al., (2007)
evaluated the effect of chitosan and polyethylene wax (PE)
coatings on storage of melon at ambient temperature.
Application of natamycin in combination with the bilayer
films decreased decay severity and weight loss during
storage. Cassandro and Baks (2001) have reviewed the work
done on post-harvest physiology and quality of coated fruits
and vegetables and have recommended the use of surface
coatings for prolonging shelf life of horticultural
commodities.
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CONCLUSION
Thus, it is concluded that herbal wax prepared by using
eco-friendly ingredients like turmeric and aloe vera extract
can be used as wax emulsion in delaying ripening and also
prolonging the shelf life with minimum spoilage of mango
fruits.
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ABSTRACT
Mahua (Bassia patifolia) has been used for liquor production, for centuries, by the tribals. However, wine from mahua
flower is not common. Countries like Japan have strong liking for flower wines and thus mahua wine has a vast export
potential. Pre-treatments were standardized for shelf stable mahua juice and good quality mahua wines. Washing
and KMS dip treatment for 10 minutes each, lead to 100 fold reduction in microbial population. Heating (100oC) and
sulphitation (500 ppm KMS) are required for shelf stable mahua flower juice. Wine made from fresh mahua flower
juice was found superior to dried mahua flowers.

INTRODUCTION
Mahua (Bassia latifolia), the Kalpavriksha, is one of the
most valued tree among tribal communities. Its every part is
of service to the people of central India (Anon,1976). Besides
other uses, mahua flowers are used for preparation of potable
liquor using indigenous tribal technology. However, the
drink thus prepared is of low quality and sometimes health
hazardous. Moreover, one disadvantage with liquor over
wine is the former contains mostly alcohol and other
nonvolatile nutrients of the fermenting substrate, destroyed
during the process of alcohol distillation which are other
wise present in wine. As yet, no work has been done on
preparation of good quality mahua flower wine. Mahua
flowers are generally dried and used through out the year
for various purposes including preparation of liquor. During
the drying and handling process, poor hygiene deteriorates
the quality of the product. This paper reports the
standardization of processing treatments such as washing,
heating, sulphitation etc., for making shelf stable mahua juice
for use in wine preparation. Pre-treatment of the flowers for
development of mahua wine was also standardized.
MATERIALS AND METHODS
Yeast Culture
The yeast culture Saccharomyces cerevisiae St-2, used for
the present investigation, was obtained from the culture
collection of microbiology laboratory of CISH, Lucknow. The
culture was maintained on Yeast Extract Peptone Dextrose
(YEPD) Agar slants.
Mahua flower
In the month of April, the flowers drop naturally and
©2009

are picked up by labourers. Mahua flowers from
Rehmankhera area were collected in morning hours on
polythene sheets (20 X 20 m) laid down under the trees, filled
in clean polythene bag and brought to lab under hygienic
conditions.
Effect of washing treatment on microbial load of mahua
flower
Following treatments were given:
T1- Flowers washed under running tap water for 5 minutes
and strained.
T2- Flowers washed under running tap water for 10
minutes and strained.
T3- Flowers washed under running tap water for 5 minutes,
strained and dipped in 200 ppm KMS solution for 5
minutes.
T4- Flowers washed in running tap water for 5 minutes,
strained and dipped in 200 ppm KMS solution for 10
minutes.
Mahua flowers (100 g) from each treatment were kept
in sterile polythene bag and weighed. Sterile distilled water
(100 ml) was added in each packet and shaken. One ml from
decimal dilutions of surface washing was plated on Nutrient
Agar (NA) and Rose Bengal Chloramphenicol Agar (RBCA)
media for estimation of bacterial, yeast and mould counts,
respectively (Colin and Lyne, 1987).
Standardization of processing operation for shelf stable
mahua juice
Fresh mahua juice was given the following treatments.

Standardization of pretreatment conditions for Mahua wine preparation

T1- Unheated juice bottled.

T7- Juice heated up to 100°C added 250 ppm KMS and
bottled.

tannins and reducing sugars as per methods of AOAC (1985).
Microbiological quality of mahua wine was carried out as
described for juice. For judging the sensory attributes of the
wine, organoleptic evaluation was conducted by a panel of
seven semi - skilled judges by the method as described by
Amerine et al. (1965). The attributes considered in the scoring
were colour, clarity, aroma, taste, tannin astringency, freedom
from acetic acid, sugar and impression. The overall final
rating was obtained by calculating the average of the scores.
All the experiments were carried out in triplicate and the
data was subjected to statistical analysis using statistical
package for agricultural workers developed by O.P.Sheoran
of CCSHAU, Hisar.

T8- Juice heated up to 100°C added 500 ppm KMS and
bottled.

RESULTS AND DISCUSSION

T2- Unheated juice bottled and bottles pasteurized in
boiling water for 10 min.
T3- Unheated juice with 250 ppm KMS bottled.
T4- Unheated juice with 500 ppm KMS bottled.
T5- Unheated juice with 1000 ppm KMS bottled.
T6- Juice heated up to 100°C and bottles pasteurized in
boiling water for 10 min.

T9- Juice heated up to 100°C added 1000 ppm KMS and
bottled.
All the treatments were analysed for microbial quality
at zero, fifteen and sixty days interval. One ml from decimal
dilutions was plated on nutrient agar (NA) media and rose
bengal chloramphenicol agar (RBCA) media for estimation
of bacterial, yeast and mould counts, respectively.
Standardization of pretreatments for development of
mahua wine
Mahua wine was prepared by use of following
treatments:
T1- Fresh mahua flower juice
T2- Flower juice heated to 78°C
T3- Extract of solar dried mahua flower
T4- Extract of whole fresh flowers
T5- Extract of open dried mahua flower
Standard procedure followed for wine making
The total soluble solids (TSS) and acidity of mahua
juice were adjusted to 200Brix and 0.5 per cent with cane
sugar granules and citric acid. The Juice in narrow mouth
glass vessel was treated with 200 ppm KMS and inoculated
with yeast maintained on YEPD slant and mass multiplied
in YEPD broth. Mouth of the jars was closed with cotton
plugs. After 5 days, cotton plugs were replaced with
fermentation locks. After 15 days (till TSS becomes constant),
the wine was siphoned in 300 ml capacity glass bottles with
the help of a plastic siphon. Bottles were pasteurized at 100°C
and stored at room temperature.
Biochemical analysis of mahua juice and wine was
carried out for TSS, acidity, volatile acidity, ascorbic acid
Journal of Eco-friendly Agriculture 4(1) 2009

Production of liquor from mahua is traditional process
being explored since past number of centuries by the tribals
(Mande et al., 1949). But wine from mahua is a novel product
especially with the view that it will be a flower wine.
Countries like Japan have strong liking for flower wines and
thus mahua wine has a vast export potential. Biochemical
analysis of mahua flower juice shows in (table1) that it is
rich in sugar (TSS 130B ) and may be utilized for production
of wine. However, the acidity is quite low and need to be
raised for wine production.
Table 1: Biochemical composition of mahua flower juice
Parameters
TSS (0B)
Acidity (%)
Ascorbic Acid (mg/100ml)
Tannins (%)
Reducing sugar (g %)

Mahua juice
13
0.11
3.15
0.11
1.04

Effect of washing treatment on microbial load of mahua
flower
There is no standard harvester / protocol of harvesting
of mahua flower. These flower drops on the road side where
these are picked up by labourers and handed over to the
traders who dry them for use in future. However, the
microbial quality of such flowers is very poor because of
high TSS and juicy nature and these gather dust and other
contamination from road. Sapers (2001) has discussed the
efficacy of washing and sanitizing methods for disinfection
of fresh fruit and vegetable products. The response of
microorganisms to washing and sanitizing treatments
depends on the conditions of contamination that affect
attachment and survival on produce surfaces (Colin and
Lyne, 1987). Therefore, washing treatment was employed to
reduce the microbial load. Our results are in concurrence
with our earlier report to effect of washing on reduce
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microflora on mango fruits (Garg et al., 1995). Washing for
longer period led to ten fold reduction in microbial load (Fig.
1). The surface microbial analysis showed that the bacterial
load of mahua flowers in T1 was 5.63 X 104 cfu / ml which
decreased to 4.52 X 103 cfu / ml after washing (T2). KMS dip
treatment further reduce the microbial load. The effectiveness
of KMS increased with increase in contact time. After KMS
dip treatment for 5 minutes (T3), the bacterial load was 2.4 X
103 cfu / ml which further decreased to 1.7 X 102 after ten
minute dip treatment. The yeast and mould counts decreased
from an initial count of 4.2 X 103 cfu / ml in T1 to 3.8 X 103
cfu / ml in T2, while in case of KMS treatment (T3), the counts
were 1.7 X 103 cfu / ml which decreased to 1.2 X 102 cfu / ml
after 10 min dip.
Standardization of processing operation for shelf stable
mahua juice
The results revealed that unpasteurized untreated juice
(T1) spoiled within two days. Pasteurization alone could
control spoilage up to 15 days. After that the juice spoiled
which might be due to secondary contamination during
storage. Lower level of SO2 (125 ppm) was slightly more
effective (T3) compared to pasteurization but former could
not prevent the spoilage completely (Table 2). In rest of the
treatments, except T 7 no microbial load could be observed
after 15 and 60 days of storage. In case of T 7, no growth was
observed after 15 days, but after 60 days of storage microbial
growth was observed. It was found that 125 ppm SO2 is
insufficient for controlling microbial spoilage of mahua
flower juice. Increasing the SO2 concentration to 250 ppm
and above resulted in complete check of microbial growth
up to 2 months of storage study period. Our results have
reflected that KMS treatment (500 ppm) along with heating
90

Table 2: Standardization of processing operation for shelf
stable mahua juice for future use in wine making

T6
T7
T8
T9

15
60
15
60
15
60
15
60
15
60
15
60
15
60
15
60
15
60

8.9 X 108
>107
negligible
5.6 X 103
negligible
4.2 X 103
negligible
negligible
negligible
negligible
negligible
negligible
negligible
1.5x101
negligible
negligible
negligible
negligible

Yeast &
moulds
Counts
(CFU/ml)
2.9 X 104
>107
negligible
3.4x102
negligible
2.0 X 103
negligible
negligible
negligible
negligible
negligible
negligible
negligible
0.7 x101
negligible
negligible
negligible
negligible

has been found effective in preparing shelf stable mahua
juice. Veiga and Maderia-Lopez (2001) have reported the
effect of preservatives, including SO2 treatment, on thermal
inactivation of the spoilage yeast, Pichia memvranefacience.
Addition of each of preservatives resulted in a decrease in
the maximum temperature growth from 38.60C to approx.
36 0C whereas the minimum temperature for growth
increased leading to a narrowing of temperature range for
growth.
Standardization of pre-treatments for development of
mahua wine
The developed wine was subjected to microbiological
analysis during storage. No microbial growth could be
observed up to six months of storage in all the samples. The
biochemical changes in mahua wine prepared from different
pretreated flowers are depicted in Table 3. The results
indicated that wine prepared from fresh mahua flower juice
(T1) has least browning, better appearance and better sensory
acceptance (Fig. 2). The lower sensory acceptability of wine
made from rest of the treatments might be due to the fact that
heating, solar drying or open drying resulted in some
irreversible biochemical changes in mahua flower which
deteriorated the quality of wine. Making wine from fresh
Journal of Eco-friendly Agriculture 4(1) 2009
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Table 3 : Biochemical changes in mahua wine prepared from different pretreated flowers.

Treatment

TSS (0B)

Acidity (%)

Volatile acidity
(%)

Ascorbic acid
(mg/100ml)

Tannins (%)

Alcohol (%)

Non-enzymatic
browning

Storage
period
(Months)
0
1
2
4
6
0
1
2
4
6
0
1
2
4
6
0
1
2
4
6
0
1
2
4
6
0
1
2
4
6
0
1
2
4
6

T1

T2

Treatments
T3

T4

T5

5.8
5.8
5.9
6.0
6.2
0.62
0.62
0.51
0.48
0.45
0.137
0.137
0.135
0.135
0.136
4.51
3.22
2.51
1.94
1.24
0.17
0.16
0.09
0.05
0.04
8.90
8.90
8.81
8.81
8.80
0.010
0.010
0.011
0.011
0.011

6.0
6.2
6.2
6.4
6.6
0.61
0.55
0.54
0.52
0.46
0.131
0.131
0.130
0.129
0.115
3.01
2.72
1.42
0.95
0.34
0.63
0.20
0.13
0.08
0.07
9.10
9.10
9.15
9.16
9.21
0.018
0.019
0.019
0.021
0.024

6.0
6.2
6.4
6.6
6.6
0.62
0.61
0.61
0.58
0.57
0.124
0.124
0.123
0.123
0.122
6.52
5.19
2.35
1.40
0.76
0.46
0.21
0.11
0.07
0.06
7.12
7.12
6.96
6.93
6.75
0.023
0.029
0.031
0.033
0.038

6.4
6.6
6.6
6.8
7.0
0.62
0.61
0.57
0.57
0.55
0.115
0.115
0.113
0.113
0.110
17.0
13.6
1.45
0.16
0.15
0.21
0.21
0.08
0.08
0.08
5.91
6.0
6.10
6.10
6.10
0.039
0.041
0.045
0.049
0.052

7.0
7.2
7.4
7.6
7.8
0.62
0.62
0.63
0.65
0.65
0.134
0.134
0.131
0.130
0.129
16.1
14.3
3.62
2.56
2.25
0.33
0.19
0.09
0.09
0.04
8.10
7.82
7.82
7.82
7.81
0.084
0.085
0.088
0.089
0.092

C. D. (p=0.05)
Due to
treatment
0.03

Due to
period
0.03

Due to
interaction
0.07

0.001

0.001

0.002

0.001

0.001

0.002

0.11

0.11

0.25

0.01

0.01

0.02

0.02

0.02

0.04

0.001

0.001

0.002

Treatments: T1-fresh flower juice; T2- flower juice heated to 780C; T3- Extract solar dried mahua flower; T4- Extract of whole fresh flowers; T5Extract of open dried mahua flower

flowers is more convenient to the industry as the amount of
energy required for drying flowers is saved. Our results
suggest that mahua flowers, after picking, may be directly
brought to processing unit, washed, disinfected and juice
may be extracted. This juice may be directly used for wine
preparation or stored by using heating and KMS (500 ppm)
Journal of Eco-friendly Agriculture 4(1) 2009

treatment. KMS used (500 ppm) releases about 250 ppm SO2
of which more then half amount is lost during storage of
juice (Fostal, 1985). Hence, the preserved mahua juice could
be stored and utilized directly for developing mahua wine
later as per convenience.
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CONCLUSION
From the above results it is concluded that washing
and KMS dip treatment (10 minutes each) leads to 100 fold
reduction in surface microbial population of mahua flowers.
Heating (100 oC) and addition of KMS (500 ppm) are required
for shelf stable mahua flower juice and wine made from
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Influence of Integrated Nutrient Management on soil carbon
mineralization in Maize-Wheat cropping system of typic
haplustepts
Gayatri Verma and A.K. Mathur
Department Agricultural Chemistry and Soil Science, Rajasthan College of Agriculture, Udaipur, Rajasthan 313301, India
* email ID – gayatriverma phd@rediffmail.com

Long-term field experiment on sandy clay loam soils
with maize-wheat cropping system at Instructional Farm,
Rajasthan College of Agriculture, Udaipur were studied. The
climate of the experimental site is sub-tropical, characterized
by mild winters and distinct summers. The mean annual
rainfall of the region varies from 650 to 750 mm. The
experiment consisted of 12 treatments replicated four times
in a randomized block design. These are : T1-100% NPK
(based on soil test values); T2-100% NPK + Zn; T3-100% NPK
+ S; T4-100% NPK + Zn + S; T5-100% NPK + seed treatment
with Azotobacter; T6 -FYM @ 20 t ha-1; + (100% NPK - NPK
of FYM); T7 -100% NPK + FYM @ 20 t ha-1; T8 - FYM @ 20 t
ha-1; T9 -100% NPK; T10 100% NP; T11 - 100% N and T12control. The details of the experimental site are presented in
Table 1.
Fresh soil samples at the harvest of maize crop (200405) and wheat crop (2005-06) were drawn to assess carbon
mineralization. Carbon mineralization was determined by
the method of Jenkinson and Powlson (1976). freshly drawn
soil samples were incubated for 3 days, fumigated with
chloroform for about 18 to 24 hours and after 24 hours
fumigation, chloroform was removed by repeated
evacuations. 50 g of soil sample was placed in Mason jar.
Approximately 1.0 ml of water was added to the bottom of
each mason jar to prevent soil desiccation. The soil sample
was then incubated in closed gas tight mason jar for a period
of 10 days.
A vial containing 1.0 ml of 2.0 M NaOH was placed
into each meason jar. Blank jar without soil was similarly
maintained during the incubation period. After the
incubation period the vials were titrated to determine the
total C respired. Then an amount of BaCl2 equivalent to the
initial quantity of NaOH was added to each vial
(respirometer). The contents of the respirometer was then
titrated using phenolphthalein indicator with 0.1 M HCl.
The amount of CO2-C evolved during the incubation was
calculated from the volume of acid needed to attain pH 7
from the blank minus that required for the samples.
©2009

Soil carbon is one of the most important indicators of
soil quality because of its role in physical, chemical and
Table 1. Initial physical and chemical characteristics of soil
A.

B.

C.

Characteristics
Mechanical composition
Sand (%)
Silt (%)
Clay (%)
Textural class
Taxanomic class
Physical:
Bulk density (Mg m-3)
Particle density (Mg m-3)
Hydraulic conductivity (cm hr-1)
Field capacity (%)
Permanent wilting point (%)
Available water (%)
Chemical:
pH (1:2)
Electrical conductivity (dS/m at
25oC)
CEC [cmol (p+) kg-1]
Organic carbon (%)
CaCO3 (%)
Available nitrogen (kg ha-1)
Available phosphorus (kg ha-1)
Available potassium (kg ha-1)
Available sulphur (mg kg-1)

Value
35.3
39.1
25.6
Sandy clay loam
Typic Haplustepts
1.48
2.63
0.278
29.40
6.45
22.95
8.2
0.48
15.50
0.85
3.28
427.75
22.4
671
21.0

biological processes. Soil carbon pool generally consists of
series of fractions from very active to passive and slow pool.
These fractions act as highly sensitive indicators of soil
fertility ad productivity. Long-term fertilizer experiments
have consistently shown the benefits of organic manuring,
adequate fertilization and crop rotations on soil carbon
content (Reeves, 1997). Since information on the carbon
sequestration is scanty, there is dire need of conducting
relevant investigations. Keeping in view this fact, the present
study on effect of integrated nutrient management on carbon
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Table 2. Effect of integrated nutrient management on
carbon mineralization after harvest of maize crop
Treatments

T1 - 100% NPK
T2 - 100% NPK + Zn
T3 - 100% NPK + Zn + S
T4 - 100% NPK + S
T5 - 100% NPK + Azotobacter
T6 - FYM @ 10 t ha-1 +
(100% NPK - NPK content of FYM )
T7 - 100% NPK + - FYM @ 10 t ha-1
T8 - FYM @ 20 t ha-1
T9 - 150% NPK
T10 - 100% NP
T11 - 100% N
T12 - Control
SEm ±
CD at 5 %

Carbon mineraliztion
(g CO2-C kg-1 soil)
Maize
10 days 20 days 30 days
2.9
8.0
17.8
2.4
7.5
17.2
2.8
7.9
16.4
3.2
8.5
16.5
5.5
9.9
21.9
5.1
9.6
23.0
5.9
6.6
6.0
4.5
3.1
1.3
0.100
0.287

10.0
10.3
9.8
8.2
7.0
6.6
0.184
0.530

22.9
25.3
19.1
15.4
14.2
10.6
0.306
0.881

mineralization in calcareous soils was carried out at 10, 20
and 30 days of incubation.
The results of the study indicated that among 12
treatments, application of FYM @ 20 t ha-1 recorded maximum
carbon mineralization followed by 100.0% NPK + FYM @ 10
t ha-1. Data further showed that with increase in number of
incubation days, there was increase in the carbon
mineralization rate i.e. after 30 days of incubation, maximum
value of carbon mineralization was observed. Lowest value
was found under control plot. All the treatment recorded
significant increase in carbon mineralization rate over control
at 10, 20 and 30 days of incubation (fig.1 and 2).
The results revealed that maximum carbon

Fig. 2. Effect of integrated nutrient management on carbon
mineralization after harvest of wheat crop

Table 3. Effect of integrated nutrient management on
carbon mineralization after harvest of wheat crop
Treatments

T1 - 100% NPK
T2 - 100% NPK + Zn
T3 - 100% NPK + Zn + S
T4 - 100% NPK + S
T5 - 100% NPK + Azotobacter
T6 - FYM @ 10 t ha-1 +
(100% NPK - NPK content of FYM )
T7 - 100% NPK + - FYM @ 10 t ha-1
T8 - FYM @ 20 t ha-1
T9 - 150% NPK
T10 - 100% NP
T11 - 100% N
T12 - Control
SEm ±
CD at 5 %

Carbon mineraliztion
(g CO2-C kg-1 soil)
Maize
10 days 20 days 30 days
2.6
8.0
18.2
2.3
7.4
17.5
2.5
8.0
16.9
3.0
8.6
16.9
5.4
9.7
22.0
5.0
9.6
23.2
5.8
6.5
6.1
4.7
3.2
1.4
0.099
0.284

10.2
10.4
9.9
8.3
7.2
6.3
0.198
0.569

23.0
25.2
19.2
15.7
14.5
10.3
0.346
0.995

mineralization occurred in the treatment receiving FYM alone
followed by the treatment receiving both NPK + FYM. The
amount of mineralized CO2-C increased with the application
of increasing level of fertilizers from 100.0 to 150.0% NPK.
This might be attributed to regular addition of manure, which
enhanced the water soluble fraction of carbon and acted as
an important source of bio-energy as compared to inorganics
alone (Franzluebbers et al., 1994 and Salinas et al., 1997).
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Monitoring of Adoretus cribratus White with different source
of light traps in Kashmir Himalaya
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The present investigations carried out for the first time in Kashmir Himalayan region during 2002-2005 revealed that
Adoretus cribratus (White) was prevalent form June onwards with its peak activity recorded during the first fortnight
of July. The peak activity coincided with the vegetative, flowering and late growth stage of the major cropping system
of the Kashmir Himalayan region. Although its seasonal abundance was influenced by various weather parameters,
range of mean maximum temperature and mean minimum temperature from 26.7oC and 13.65oC, respectively,
appeared to be a more predominant factor.
Keywords: Monitoring, Adoretus cribratus, light-trapping, Kashmir Himalaya

The Adoretus cribratus (White) (Scarabaeidae:
Coleoptera) is commonly known as June beetle or flower
beetle. Its larvae damage agricultural crops, particularly the
cabbage, cauliflower, mustard and turnip. Beetles are known
to damage fruits like apple, apricot while larvae cause
damage to roots by feeding activities and adults are leaf
chafers. In addition, these are also the serous pests of rose
bushes. Due to changing pattern of major cropping system
resulting in changes of pest complex, it is essential to monitor
the pest under the prevailing agroclimatic conditions of a
particular area so that suitable control measures at
appropriate time can be devised. So far no detailed work on
monitoring of the selected insect pest through insect lighttrapping has been done earlier, in Kashmir Himalayan
region. However, some studies have been carried out on
insect damaging crops and economically important plants
in Kashmir Himalayan region (Raina and Baghat 2005,
Baghat and Raina, 2006) and in western Himalayan region
(Adsule 1990), Devi et al. (1994), Chandel et al. (1994), Nain
& Singh (1994) and Patel (1999). Papers regarding lighttrapping of click-beetles in Central Asia (Bogush, 1958) and
studies carried out recently by Allosopp & Logan, 1999 on
the seasonal flight activity of scrab beetles in Queens land
are of great concern.
Seasonal abundance of A. cribratus was monitored
continuously from June 2002 to November, 2005 through
fluorescent light trap, fabricated locally and operated
through solar power battery, at Pahalgam. The light-trap
was placed slightly above the ground adjacent to field/
cropping areas, and to the forest zones at (Pahalgam),
situated a 33o. 50' North-latitude an 75o.5' East-longitude at
©2009

an elevation of c 2700 Mts. above mean sea level. The lamp
on the insect light-trap was switched on at 7:00 pm and
switched off at 5:30 am throughout the trapping period.
The trapped insects, were either retained alive or killed
by placing block of Plaster of Paris, saturated with killing
agents, on the bottom of the trap. The chlorinated
hydrocarbons, viz., tetrachloroethylene, trichloroethylene
and tetrachloromethane was used as killing agents. The
samples taken daily from trap at 07:00 hours (with the help
of camel hair brush and entomological forceps) were placed
in polythene bags/envelops and brought to laboratory for
identification. Cumulative monthly data on the selected
target insect species trapped daily in different seasons
during 2002-2005 was compiled. The meteorological data
during the period of study was taken from the meteorological
observatories of the Department of Meteorology, Kashmir.
The data revealed that the occurrence of A. cribratus
adults on the light-trap started during June when the mean
max. and min. temperature ranged from 26.6oC to 8.5oC. The
peak activity of the pest was recorded during July, 20022005. The four years study also revealed maximum
population of A. cribratus in July. The pests prevalence
coincided with one vegetative and late growth stages of the
major cropping system of Kashmir Himalayan region. During
this period, the mean maximum and mean minimum
temperatures ranged from 26.2 to 27.5oC and 12.2 to 14.7oC,
respectively with average rainfall of 9.5 to 12 mm. The pooled
data also revealed that A. cribratus remains active from June
to September with peak emergence during July and ceases
beyond September (Table 1).
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Table 1. Seasonal abundance of A. critratus adults during 2002-2005 in Kashmir Himalayan region.
Year

2002

2003

2004

2005

Month

June
July
Aug.
Sept.
June
July
Aug.
Sept.
June
July
Aug.
Sept.
June
July
Aug.
Sept.

No. of adults collected

nil
60
15
11
nil
45
22
8
59
252
85
77
58
260
89
57

The present findings indicated that the mean maximum
temperature (26.7oC) and mean min. (temp 13.6oC) as well
as rainfall of 10 mm proved conducive for the multiplication
of the A. criticus. Correlations of light-trap catches of other
insect pests with weather parameters have also been reported
by Bhatanagar & Saxena, 1995.
The authors are thankful to Head Department of
Zoology, University of Kashmir for providing necessary
facilities. The help rendered by Entomology experts Dr. V.V
Ramamurthy, IARI, New Delhi and Dr. Sudhir Singh,
Scientist-C, FRI Deharadun is duly acknowledged. Thanks
are also due to Meteorology Department, Kashmir for
providing meterological data.
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SHORT COMMUNICATION

Preliminary observations on the natural enemies of Lymantria
obfuscata Walker infesting Willow tree in Kashmir Valley
Zakir Hussain, Muneer Sofi , Rifat Raina and Mudasir
Division of Entomology
Sher-e-Kashmir University of Agricultural Sciences and Technology, Shalimar campus, Srinagar, 1911 21 (J & K), India

The Indian Gypsy moth, Lymantria obfuscata Walker
[Lymantriidae :Lepidoptera] is a major pest of Willow
causing defoliation. Natural enemies of the pest were studied
in Kashmir with objective of collecting informations on pupal
parasitoids when there is pesticide umbrella found in all
agro habitates during 2006-07.From two study sites as many
as 895 pupae were collected and caged. Four pupal
parasitoids namely Pimpla sp.(Ichneumonidae:
Hymenoptera),Theronia atalantae (Ichneumonidae:
Hymenoptera), Brachymeria intermedia Nees (Chalcididae:
Hymenoptera) and Brachymeria lasus Walker were recorded
from all sites.
The findings of the present investigation were more or
less in line with observation of Masoodi et al (1986). The

©2009

results of this suggest that pupal parasitoids were found in
abundance in valley under social plantation.The parasitoids,
Pimpla sp. and B. intermedia Nees were found in greater
numbers at the both sites while T. atalantae and B. lasus Walker
were less abundant. These observations suggest that the
preponderance of these parasitoids may be utilized against
other major lepidopteran pests infesting different crops in
the valley.
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