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From the Chairman’s Desk
The rapid change in the agroecosystem leaves a snag in the establishment
of harmony in the discard of the disturbed agroecosystem. This disturbance is
caused by extention of cultivated areas, monoculture, intensive cultivation,
faulty cropping pattern, irrational crop husbandry by way of unbalanced
chemical fertilizer application, tapping of subsoil water, introduction of newer
varieties of crop and indiscriminate application of synthetic pesticides. The
pesticide consumption has increased by 20% per annum although agricultural
production is almost static. The insects and diseases cause over Rs. 29,000
crores crop losses per annum. This situation has come up because of killing of
natural endemics, resistant problem among insects and diseases to pesticides,
residue hazards of pesticides, and chemical fertilizers and upsetting of balnace
in nature.
Considering the above, there is a need of a different kind of agriculture
and a different kind of technology to achieve our goal for effective green
revolution. We have to phase out the unnecessary consumption of poisonous
chemicals and chemical fertilizers, and actively consider our strategies on
organic farming system. These strategies includes use of eco-friendly
approaches viz., bio-pesticides, bio-agents, bio-fertilizers, IPM, IDM, INM and
other allied eco-friendly components.
It is with these objectives, the executive committee of the society decided
to bringout a bi-annual journal Journal of Eco-friendly Agriculture to publish
latest research information on organic farming and management of agriculture
from all over the world.
I am, therefore, presenting before you the inaugural issue of the Journal of
Eco-friendly Agriculture, Volume 1, No.1, for your perusal and critical comments.
I further request you to send us research papers from your organization for
publication in this journal. Your kind support is very much required to run
this journal smoothly.
To publish this issue, I very sincerely thank Dr. C.D. Mayee, Chief Patron
for support and encouragement and to Dr. A.K. Bhattacharya, Dr. A.K. Misra,
Dr. R.M. Khan, Dr. Jagdish Chandra for editing this issue with dedication
and hard work. I also thank the members of the editorial advisory board for
encouragement and support. My sincere thanks are due to all the referees
who supported me in editing the articles.

R.P. Srivastava
Chairman
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Growth and yield of Basmati rice under organic mode
during initial years of conversion in relation to
nutrient management practices
B. S. Mahapatra, Alabhya Misra, Kishor Chilana, Ajay Kumar and S.P. Singh
Department of Agronomy, G. B. Pant University of Agriculture & Technology, Pantnagar (Uttaranchal), India.

ABSTRACT
The study compares the growth and yield of Pusa Basmati-1 during initial three years of conversion from
conventional cultivation to organic cultivation using Sesbania/Crotalaria as green manures alone or in combination
grown during summers and was also superimposed with vermicompost and Azolla during rice growth between 20022004 kharif. The experiment conducted at Organic Farming Research Block at the Seed Production Centre of G. B. Pant
University of Agriculture & Technology, Pantnagar for three years revealed that all the growth parameters and yield
of rice, available nitrogen in soil at tillering and at harvest stages of rice crop and organic carbon in soil at harvest
improved with organic management. The use of Sesbania/Crotalaria alone or in combination did not show any
significant difference for most of the characters studied except yield of Pusa Basmati–1 during 2002. However, the
use of vermicompost or Azolla had significant effect over no application for plant growth and yield of rice and
available nitrogen and organic carbon in soil. The available nitrogen showed significant positive relationship during all
the years of study with all plant growth characters, yield attributes, seed yield and soil organic carbon, and
available – N at rice harvest in all the three years.
Key words: Azolla, available nitrogen, organic farming, Pusa Basmati-1, Sesbania, Crotalaria, green manuring,
vermicompost.

Organic farming is an alternate agriculture, which has
been proposed as a solution to problems associated with
inputs of chemical fertilizers and pesticides. It takes an
ecological approach to nutrient supply and crop production
rather than chemical one. Complex relationships exist
between different components of the organic farming and
the quality and quantity of end products depend upon the
functioning of the whole system. As such it is very difficult
to isolate soil fertility from production and environmental
aspects of the system. Crop rotation is the central tool that
integrates the maintenance and of improvement soil fertility
with different aspects of crops and livestock production in
organic systems. Nutritional supply to crops under organic
systems are mainly dependent on organic sources of nitrogen
such as legumes, manures and composts, bio-fertilizers and
rotations are usually characterized by N–building phases
followed by N–utilization phases. Furthermore, incubation
studies have further shown that the supply of mineral
nitrogen from organic matter in organic systems can be in
excess of 300 Kg N ha-1 yr-1 (Hatch et al., 1991; Gill et al.,
1995; Bhogal et al., 2001). Thus, it indicates that the timing of
nitrogen availability to crops is important than the amount
required.
According to the current global statistics 26.46 m ha
land is under organic systems with Asia and India covering
0.7 m ha and 76,326 ha, respectively (IFOAM, 2005). In India,
©2006

northwest part of the country promotes organic agriculture
for various components such as horticulture, floriculture,
food crop production and bee keeping. Among various crops,
Basmati rice has got major export and domestic demand.
Hence, an attempt was made to evaluate different organic
sources in relation to growth and yield of Basmati rice starting
from the first year of cultivation to the third year of conversion
of land from conventional to organic mode. Studies were
also made to evaluate how available nitrogen plays a role to
organic Basmati production due to incorporation of green
manure and various organic sources of N during first three
years of conversion from conventional to organic mode.
MATERIALS AND METHODS
The experiment was conducted from kharif 2002 at the
Organic Farming Block located at the Seed Production
Centre, G. B. Pant University of Agriculture & Technology,
Pantnagar, (290N, Latitude 79.3’E longitude and 243.8m
above the sea level). It lies in the narrow belt under the
foothills of the Shivalik range of the Himalayas, known as
tarai. Soil of the experimental site had pH 7.8, high in organic
carbon, medium in total and available N and P, and high in
available K. Nutrition of Zn is a problem when rice is grown
under submerged soil conditions.
The design followed was split-plot design with summer
grown Sesbania, Crotalaria and their mixture in main plots
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and no organic manures, vermicompost and Azolla in split
plots. The number of replications was three. Sesbania and
Crotalaria were sown in the first week of May in all the three
years and were allowed to grow for 60 days. The
incorporation of Sesbania/Crotalaria and puddling were done
with tractor drawn implements. After puddling, individual
sub-plots were prepared and vermicompost was applied @
5 t ha-1 and was properly mixed. Azolla was inoculated @ 1.5
t ha-1 at 7 days after transplanting. Transplanting was done
on the next day with 35 days old seedling of Pusa Basmati 1 grown organically (for raising Pusa Basmati seedlings,
Crotalaria was sown in the end of March each year and was
ploughed down in May second week). The sprouted seeds
were sown in wet nursery with the application of Zinc sulfate
@ 25 kg ha-1. The transplanting was done at 15 x 15 cm row
to row and plant to plant spacing. Saturation to 5.0 cm
submergence was maintained from three days after
transplanting (DAT) to physiological maturity of rice crop.
In the present study, zinc deficiency was rectified by
spraying ZnSO4 @ 0.5%.
Plant growth parameters, like plant height, dry matter
production per hill and number of effective shoots at maturity
were recorded at harvest. Among yield attributes filled and
unfilled spikelets per panicle, and 1000 grain weight were
recorded. Seed yield was expressed at 14% moisture. From
the total biological yield (weight of harvested produce after
sun drying) of grain was deducted to obtain straw yield. The
soil available N and organic carbon were analysed as per
Alkaline KMnO4 method (Subbaiah and Asija, 1956) and
modified Walkley and Black Method (Nelson and Sommers,
1982), respectively.
Following plant protection, measures were practiced
to control weeds, insects and diseases.
(i)

To control weeds, two hand weedings were done (the
first at 20 DAT and the second at 40 DAT).

(ii)

To control insect pests Pheromone traps (5 mg
pheromone trap-1; 20 traps ha-1; 20 x 25 m distance)
were used within a week of transplanting for stem borer
and the lure was replaced after 30 days. The height of
trap was maintained at 30 cm above crop canopy.

(iii) Spraying of mixed formulation of compatible strains of
Pseudomonas fluorescens (PsF) + Trichoderma harzianum
(TH) (5 g l-1) at panicle initiation for sheath blight,
sheath rot and neck blast was done. One to two sprays
were given at weekly interval.
Data collected for various observations on rice were
subjected to analysis of variance (Gomez and Gomez, 1984).
2

Test of significance of the treatment differences was done on
the basis of ‘F’ test. The significant differences between
treatments were compared with the help of critical difference
at 5 per cent level of probability. Co-relations were worked
out from different parameters with available soil N at tillering
stage of the rice crop as described by Gomez and Gomez
(1984).
RESULTS AND DISCUSSION
The data pertaining to plant height and number of
effective shoots per hill at harvest are presented in Table 1,
dry matter per hill at maturity and 1000 grain weight in
Table 2, number of filled and unfilled spikelets per panicle
of rice in Table 3, seed and straw yield of rice in Table 4,
organic carbon at rice harvest and soil available N at tillering
and at harvest in Table 5 and correlation studies in Table 6.
From the data in respective tables, it was revealed that
summer green manure incorporation of Sesbania or Crotalaria
in the main plots either alone or in combination failed to
bring any significant effect on all the growth parameters,
yield attributes and yield in all the years. So was also the
case of available N at tillering and harvesting and soil organic
matter at harvesting. All the growth parameters, grain and
straw yield, available soil N at rice tillering and at harvest
and organic soil carbon at rice harvesting increased with
successive passing of years. It was maximum in the third
year of experimentation and conversion of conventional
mode to organic mode of cultivation.
Table 1. Plant height (cm) and number of effective shoots
hill-1 of rice at maturity under organic cultivation
Treatment

Main plot
Crotalaria +
Sesbania GM
Crotalaria GM
Sesbania GM
SEm±
CD (p = 0.05)
Sub plot
Control
Vermicompost
Azolla
SEm±
CD (p = 0.05)

Plant height at
maturity(cm)
2004

Number of
effective shoots
hill-1 at maturity
2002 2003 2004

2002

2003

88.9

100.8 124.0

8.3

9.4

11.2

97.0
96.2
4.11
NS

107.4 129.4
108.0 134.4
1.93 1.47
NS
NS

9.36
10.5
0.93
NS

10.6
11.9
0.95
NS

11.7
13.3
0.63
NS

90.5
97.7
93.9
2.67
NS

102.8 124.8
109.6 133.0
103.9 127.1
2.33 1.51
NS
4.7

7.1
11.3
10.1
0.61
1.9

8.0
12.7
11.2
0.72
2.2

9.4
14.1
12.7
0.65
2.0
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Table 2. Dry weight (g hill-1) at maturity and 1000-grain
weight of rice under organic cultivation
Treatment

Main plot
Crotalaria +
Sesbania GM
Crotalaria GM
Sesbania GM
SEm±
CD (p = 0.05)
Sub plot
Control
Vermicompost
Azolla
SEm±
CD (p = 0.05)

Dry weight (g hill-1) 1000-grain weight
at maturity
(g)
2002 2003 2004 2002 2003 2004
28.4

32.3

47.3

23.76 22.97 24.37

32.9
35.2
1.72
NS

36.4
39.5
1.55
NS

51.4
54.1
1.53
NS

24.76 23.31 24.71
25.07 23.94 25.34
0.724 0.404 0.45
NS
NS
NS

27.5
40.2
28.8
1.76
5.4

31.1
45.1
40.0
1.68
5.2

46.1
59.7
47.0
1.52
4.7

23.67
25.06
24.87
0.535
NS

22.87
23.89
23.47
0.449
NS

24.27
25.29
24.87
0.449
NS

Table 3. Number of filled and unfilled spikelets panicle-1
of rice under organic cultivation
Treatment

Main plot
Crotalaria +
Sesbania GM
Crotalaria GM
Sesbania GM
SEm±
CD (p = 0.05)
Sub plot
Control
Vermicompost
Azolla
SEm±
CD (p = 0.05)

Number of filled Number of unfilled
spikelets
spikelets
2002 2003 2004 2002 2003 2004
49.1

55.8

71.0

27.3

27.7

25.4

50.1
48.5
1.56
NS

56.4
58.2
1.13
NS

71.8
73.8
1.42
NS

28.3
28.0
0.43
NS

28.1
28.0
0.46
NS

26.4
26.8
.18
NS

49.0
52.3
50.5
1.30
NS

55.8
58.8
55.9
1.18
NS

70.7
74.3
71.7
1.40
NS

26.2
28.8
28.6
0.55
1.7

26.6
28.9
28.4
0.41
1.3

25.1
27.0
26.5
0.54
NS

The sub-plot treatments i.e. no manure, vermicompost
and Azolla inoculation had significant effect on all the plant
and soil parameters studied in all the years starting from
2002 to 2004, except for plant height in 2002 and 2003, 1000
grain weight and number of filled spikelets from 2002 to
2004, number of unfilled spikelets in 2004. Similar to main
plot treatments, the sub-plot treatment also showed an
increasing trend of respective parameters studied except for
1000 grain weight which is a genetic character of the variety.
Correlation studies revealed that soil available N
content at tillering stage of the crop showed significant
Journal of Eco-friendly Agriculture 1(1) 2006.

Table 4. Seed and straw yield (kg ha-1) of rice under organic
cultivation
Treatment
Main plot
Crotalaria +
Sesbania GM
Crotalaria GM
Sesbania GM
SEm±
CD (p=0.05)
Sub plot
Control
Vermicompost
Azolla
SEm±
CD (p=0.05)

Seed yield (kg ha-1) Straw yield (kg ha-1)
2002 2003 2004 2002 2003 2004
2409 2736

3029

3127

3490

2597 2900 3236
2740 3083 3265
56.4 96.4 125.8
221
NS
NS

3411
3474
60.0
234

3784 4090
3897 4133
60.0 124.0
235
NS

2207 2508
2834 3211
2706 3000
94.7 80.0
292
247

2956 3357
3592 4032
3465 3782
118.1 92.5
364
285

2783
3423
3324
65.2
201

3964

3628
4399
4161
9.1
278

positive correlations with all the characters studied from
2002 to 2004, except for plant height maturity during all the
years.
The above results indicate that the application of
organic manures, green manures and bio-fertilizer viz. Azolla
are useful in maintaining and improving soil fertility and
physical, chemical and biological properties for better growth
and yield of rice (Pasricha, 1998). Organic matter added
through green manuring improves availibility of N and other
nutrients to rice plants and show better growth and yield of
rice, particularly in consecutive years of green manuring
(Chhabra and Chhabra, 2003; Mahapatra and Sharma, 1989).
In the present study the effect of different green manures,
vermicompost, Azolla is quite apparent through soil available
N at tillering stage of the rice crop. The plant growth
parameters and yield showed significant positive correlation.
Nitrogen is often regarded as one of the key limiting factors
responsible for lower productivity in organic farm (Eltun,
1996; Berensten et al., 1998; Torstensson, 1998) as evident
from soil available N and yield of Basmati rice which showed
increasing trend for 2002 to 2004 in successive years.
Furthermore, incubation studies have shown that the supply
of mineral from organic matter in organic systems can be in
excess of 300 Kg N ha-1 yr-1 (Hatch et al., 1991; Gill et al.,
1995; Bhogal et al., 2001) which indicates that problem may
be more in the timing of N availability than the amount. In
the present study with the same treatment from the first year
of conversion to the third year of conversion, there was an
increasing trend in available N (Fig 1a and b) and
subsequently an increasing yield trend. The yield increase
may be attributed to significant positive relationships and
to plant growth and yield attributes, ultimately responsible
3
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Table 5. Soil organic carbon (%) at harvest and soil available N (kg ha-1) at tillering and harvest stage of Basmati rice under
organic cultivation
Soil organic carbon (%) at
rice harvest
2002
2003
2004

Main plot
Crotalaria + Sesbania GM
Crotalaria GM
Sesbania GM
SEm±
CD (P=0.05)
Sub plot
Control
Vermicompost
Azolla
SEm±
CD (p=0.05)

S ee d Yield 20 02
S ee d Yield 20 04
A va ilab le N a t Ti llering 20 0 3

0.849
0.861
0.867
0.0052
NS

224.5
230.9
233.6
5.14
NS

237.5
245.4
246.5
4.76
NS

256.2
263.9
265.7
5.6
NS

198.3
203.9
205.7
4.29
NS

210.4
216.8
217.8
4.38
NS

216.0
222.8
223.7
4.64
NS

0.760
0.781
0.774
0.0061
NS

0.782
0.821
0.806
0.0044
NS

0.834
0.879
0.879
0.0079
0.024

209.0
245.7
234.3
5.21
16.1

220.5
260.2
248.7
6.09
18.8

236.3
281.5
268.0
6.42
19.8

186.3
214.6
207.0
4.68
14.4

196.7
219.8
228.4
5.11
15.7

201.5
234.8
226.3
5.49
16.9

S ee d Yie ld 2 00 3
A va ilab le N at Tille ring 2 002
A va ilab le N at Tille ring 2 004
270

3000

260

2500

250

2000

240

1500

230

1000

220

500

210

0

200
Crotalaria GM

S es bania GM

Fig. 1 a. Seed yield of rice and available N in soil at tillering
as affected by green manures
S eed Yield 2003
A vailable N a t Tillering 2 002
A vailable N a t Tillering 2 004

4000

300

3500
250
3000
200
2500
2000

150

1500
100
1000
50
500
0

Available N at Tillering (kg/ha)

Seed Yield 2002
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Soil available N (kg ha-1) at
harvest of rice
2002
2003
2004

0.793
0.804
0.811
0.0040
NS

3500

Crotalaria + S es bania GM

Soil available N (kg ha-1) at
tillering of rice
2002
2003
2004

0.760
0.770
0.785
0.0054
NS

Available N at Tillering (kg/ha)

Treatment

Table 6. Correlation of available nitrogen in soil at tillering
with different growth parameters and yield of rice
under organic cultivation
Available N at tillering
2002-03 2003-04 2004-05

Parameter
Plant height at maturity
Dry weight hills-5
No. of shoots at maturity
1000 grain weight
No. of filled spikelets
No. of unfilled spikelets
Seed yield
Straw yield
N at harvest
Organic Carbon

0.199
0.565*
0.583*
0.354
0.384*
0.507*
0.579*
0.541*
0.995*
0.812*

0.110
0.557*
0.558*
0.298
0.293
0.449*
0.534*
0.479*
0.996*
0.719*

0.068
0.583*
0.617*
0.358
0.347
0.399*
0.632*
0.571*
0.995*
0.696*

for yield (Table 6). The increase in Pusa Basmati–1 grain
yield from the first year onwards may be attributed to better
nitrogen nutrition of the crop as evidenced from soil available
nitrogen at tillering stage of the crop thereby, producing more
dry matter and effective shoots, ultimately responsible for
higher yield.
From the experimental results it can be concluded that
Pusa Basmati–1 grown under organic mode can reach to its
potential yield by the third year of conversion from
conventional mode through organic nutrient management.
Soil available N build-up is essential for expressing higher
rice yield under organic mode.
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Table 5. Soil organic carbon (%) at harvest and soil available N (kg ha-1) at tillering and harvest stage of Basmati rice under
organic cultivation
Soil organic carbon (%) at
rice harvest
2002
2003
2004

Main plot
Crotalaria + Sesbania GM
Crotalaria GM
Sesbania GM
SEm±
CD (P=0.05)
Sub plot
Control
Vermicompost
Azolla
SEm±
CD (p=0.05)

S ee d Yield 2 0 02
S ee d Yield 2 0 04
A va ilab le N a t Tillering 20 0 3

0.849
0.861
0.867
0.0052
NS

224.5
230.9
233.6
5.14
NS

237.5
245.4
246.5
4.76
NS

256.2
263.9
265.7
5.6
NS

198.3
203.9
205.7
4.29
NS

210.4
216.8
217.8
4.38
NS

216.0
222.8
223.7
4.64
NS

0.760
0.781
0.774
0.0061
NS

0.782
0.821
0.806
0.0044
NS

0.834
0.879
0.879
0.0079
0.024

209.0
245.7
234.3
5.21
16.1

220.5
260.2
248.7
6.09
18.8

236.3
281.5
268.0
6.42
19.8

186.3
214.6
207.0
4.68
14.4

196.7
219.8
228.4
5.11
15.7

201.5
234.8
226.3
5.49
16.9
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Fig. 1 a. Seed yield of rice and available N in soil at tillering
as affected by green manures
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Soil available N (kg ha-1) at
harvest of rice
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2003
2004

0.793
0.804
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0.0040
NS

35 00
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Soil available N (kg ha-1) at
tillering of rice
2002
2003
2004

0.760
0.770
0.785
0.0054
NS

Available N at Tillering (kg/ha)

Treatment

Table 6. Correlation of available nitrogen in soil at tillering
with different growth parameters and yield of rice
under organic cultivation
Available N at tillering
2002-03 2003-04 2004-05

Parameter
Plant height at maturity
Dry weight hills-5
No. of shoots at maturity
1000 grain weight
No. of filled spikelets
No. of unfilled spikelets
Seed yield
Straw yield
N at harvest
Organic Carbon

0.199
0.565*
0.583*
0.354
0.384*
0.507*
0.579*
0.541*
0.995*
0.812*

0.110
0.557*
0.558*
0.298
0.293
0.449*
0.534*
0.479*
0.996*
0.719*

0.068
0.583*
0.617*
0.358
0.347
0.399*
0.632*
0.571*
0.995*
0.696*

for yield (Table 6). The increase in Pusa Basmati–1 grain
yield from the first year onwards may be attributed to better
nitrogen nutrition of the crop as evidenced from soil available
nitrogen at tillering stage of the crop thereby, producing more
dry matter and effective shoots, ultimately responsible for
higher yield.
From the experimental results it can be concluded that
Pusa Basmati–1 grown under organic mode can reach to its
potential yield by the third year of conversion from
conventional mode through organic nutrient management.
Soil available N build-up is essential for expressing higher
rice yield under organic mode.
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‘Krishi Honnu’ – a new enriched organic manure
A. P. Biradar
Regional Agricultural Research Station, P.B.No.18, Bijapur-586 101 (Karnataka), India

ABSTRACT
A field experiment with nine treatments was conducted in randomized block design. Vermicompost and
Neem cake were mixed in the ratio of 4:1 and then 1 kg of phosphate solubilising bacterial culture dissolved in five
litres of cow’s urine and then sprinkled over vermicompost and neem cake mixture. This mixture was then put into
organic manure blending. It was named as ‘Krishi Honnu’. This ‘Krishi Honnu’ alone or in combination with
recommended dosage of fertilizers increased the pod yield of okra and reduced population of jassids. It was observed
that ‘Krishi Honnu’ @ 1.5-2.0 t ha-1 in vegetable ecosystem gave maximum benefit.
Key words: Organic manure, ‘Krishi Honnu’.

Indiscriminate use of chemical fertilizers and pesticides
has led to several problems such as environmental pollution,
decrease in crop yields, loss in soil fertility and pesticide
resistance in pests. The ill effects of chemical farming have
generated interest in organic farming by using farm and
urban wastes through vermi-culturing. Under this situation
alternative method of augmenting fertilizer and pesticides
assumes importance. One such method in recent time, which
received paramount importance, is the use of organic manures
such as vermicompost and oil cakes. Vermicompost is high
grade organic manure containing vital macro and micronutrients and secondary elements besides, containing plant
growth substances.
The farmers are using organic manures (FYM/
vermicompost) as well as neem cake individually for the
production of crops, after considering their role as useful
organic manure and insect antifeedant activity. Hence, an
attempt was made to develop a unique organic manure
serving the purpose of nutrient supply and insect antifeedant
activity by blending vermicompost, neem cake and other
ingredients. Later, same was named as “Krishi Honnu”
(Agriculture gold) by University of Agricultural Sciences,
Dharwad, after observing its spectacular results in okra ecosystem.
MATERIALS AND METHODS
Vermicompost and neem cake were mixed in the ratio
of 4:1 and one kilogram of Phosphate solubalising bacterial
culture (commercial) dissolved in five litres of cow’s urine
and was sprinkled over vermicompost and neem cake
mixture. Finally, the whole mixture was put into organic
manure blending unit for uniform mixing of all the
ingredients. Care was taken to maintain minimum of 10%
moisture in the final product and later this product was
named as ‘Krishi Honnu’(Agriculture gold) by University of
©2006

Agricultural Sciences, Dharwad. This product was evaluated
in okra eco-system for its impact on okra pod yield and pest
incidence.
A field experiment comprising nine treatments was
conducted at Regional Agricultural Research Station,
Bijapur (Karnataka) during 2000-01 and 2001-02. The
experiment was laid out in RBD with a plot size of 3x3 m
and replicated thrice. Organic manures/fertilizers required
for the treatments were worked out and applied in the soil
Table-1. Effect of ‘Krishi Honnu’ on the incidence of jassids
infesting okra
Treatments
Krishi Honnu @ 1 t ha-1
Krishi Honnu @1.5 t ha-1
Krishi Honnu @2 t ha-1
50% RDF + Krishi Honnu @ 1.0 t ha-1
Recommended dosages of fertilizers
(RDF) (125-75-62.5 kg NPK ha-1)
Krishi Sanjeevini (Commercial organic
manure)
Krishi Honnu @ 1 t ha-1 +
Recommended plant protection
measures (RPP)
RDF + RPP (Soil application of NPK100-50-100 kg ha-1 + spraying of
Monocrotophos 36 SL 1 ml litre-1 of
water – Oxy demeton methyl 25 EC @
1.3 ml litre-1 of water respectively)
Untreated control
SEm 
CD (p= 0.05)

Jassids
leaves-3
6.2
4.1
2.7
5.5
7.7
7.9
2.0

3.2

9.2
0.7
2.1

‘Krishi Honnu’ – a new enriched organic manure

Table 2. Effect of Krishi Honnu on okra pod yield

Treatment
Pod yield(t ha-1)
-1
Krishi Honnu @ 1 t ha
8.1
Krishi Honnu @1.5 t ha-1
9.1
Krishi Honnu @2 t ha-1
11.1
50% RDF + Krishi Honnu @ 1 t ha-1
10.9
Recommended dosages of fertilizers
9.2
(RDF) (125-75-62.5 kg NPK ha-1)
Krishi Sanjeevini (Commercial organic
6.6
manure)
Krishi Honnu @ 1 t ha-1 +
12.1
Recommended plant protection
measures (RPP)
RDF + RPP (Soil application of NPK12.3
100-50-100 kg ha-1 + spraying of
Monocrotophos 36 SL 1 ml litre-1 of
water – Oxy demeton methyl 25 EC
@ 1.3 ml litre-1 of water respectively)
Untreated control
6.3
0.5
SEm 
CD (p = 0.05)
1.2
by making small furrows as per the treatments with dibbling
of seeds. Okra (Arka Anamika) was sown in a spacing of
60x30 cm. Observations were taken at different growth
stages of the crop in respect of pest incidence (jassids, Amrasca
bigittulla) and pod yield.
RESULTS AND DISCUSSION
Pooled data presented in Table 1 reveals that, at 45
days after sowing the treatment that received ‘Krishi Honnu’
@1t ha-1 and need based application of recommended
chemicals recorded minimum population of jassids
(2 leaves-3) and was significantly at par with the treatment
that received ‘Krishi Honnu’ alone @ 1.5 or 2.0 t ha -1.
Commercially available organic manure (Krishi Sanjeevini)
was found significantly inferior over ‘Krishi Honnu’
treatments at different dosages by recording 7.9 jassids
leaves-3 and was at par with recommended dosages of
fertilizer (RDF) applied treatments (7.7 jassids leaves-3). The
impact of ‘Krishi Honnu’ on jassids and pod yield was dose
related.
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The pod yield in okra in untreated control was
6.3t ha-1 which increased significantly to 11.1 t ha-1 due to
application of ‘Krishi Honnu’ @2.0 t ha-1 and found at par
with the plots treated with 50% RDF and ‘Krishi Honnu’
@ 1t ha-1 or RDF followed by recommended plant protection
measures (RPP) treatment (Table 2). Application of ‘Krishi
Honnu’ might have improved soil physical properties,
availability of nutrients in soil and insect repellent/
antifeedent property in crop, thus, resulting in minimum
jassid population and higher pod yield of okra in ‘Krishi
Honnu’ treated pods. Similarly increase in yield of vegetable
crop was reported by Furr et al., (1976) and Nagraj et al.,
(2003) by application of organic manures. Paulraj and
Sreeramulu (1994) and Radhakrishnan et al., (2000) also
reported that application of organic manures increases the
yield and reduces the pest incidence by providing balanced
nutrients. The results closely corroborate with the findings
of Biradar et al., (1998) who reported that raising of subabul
seedling in vermicompost containing potting media mixture
reduces the psyllid incidence.
This study reveals that, application of a new enriched
organic manure Krishi Honnu alone or in combination with
recommended dosages of fertilizers increase the pod yield of
okra and reduced the population of jassids. In order to derive
maximum benefits, it is suggested to use Krishi Honnu
@ 1.5-2.0 t ha-1 in vegetables ecosystem.
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ABSTRACT
The present study was undertaken to compare the quality characteristics of chickpea (variety Pant G-186)
and wheat (variety UP-2338) grown by inorganic and organic farming. Inorganically produced chickpea reported
higher seed weight, seed volume, protein, mineral, moisture and energy value. No significant difference was observed
in flour and dough characteristics, in-vitro protein digestibility and sensory qualities of products chapati and dal of
both inorganically and organically produced samples. Cooking time of inorganically and organically grown chickpea
was similar. For wheat in-vitro protein digestibility, flour and dough characteristics of flour and dough made from
both the wheat were comparable. The organically produced samples of wheat and chickpea reported higher values of
minerals.
Key words: Chickpea, organic farming, organic food, wheat.

In the past several decades agricultural development
was focused on the use of external inputs, chemical fertilizers
and mechanization for intensive agriculture. Increased use
of chemical fertilizers over a long period of time has led to
contamination of food materials. This has placed emphasis
on organic farming to improve food quality and the health of
consumers. Organic farming is the concept of cultivation
without the use of pesticides and chemicals. Such foods are
called “organic food”. Organic farming can be defined as
the ecological production management system that promotes
and enhances bio-diversity, biological cycles and biological
activity of the soil. It is based on the minimal cost of the offfarm inputs and management practices that restore, maintain
and enhance ecological harmony. As far as nutritional
quality of plant food products is concerned, data are scarce.
This leads to difficulties in interpretation because organic or
conventional produce were not cultivated under comparable
conditions (similar location, climate etc). The present study
was therefore designed to compare nutrient quality changes
i.e. differences in grain quality, nutrient composition, cooking
quality and sensory quality in foodgrains grown by organic
and inorganic farming systems.

Both wheat and chickpea samples were ground in a
laboratory mill to get a semi coarse powder, which was used
for chemical analysis.
Physico-chemical characteristics: Physical hardness of
grains was determined by using Kiya Grain Hardness Tester.
Thousand grain weight was determined using method given
by Jackson et al., (1988). Hydration capacity, seed volume
and seed density were evaluated using methods given by
Williams et al., (1983). Flour quality was assessed for different
parameters viz. water absorption capacity by Smith and Circle
(1972), optimum water uptake by Anderson et al., (1969),
gluten content by A.A.C.C. (1969), particle size distribution
by Bedolla and Rooney (1984) and flour density by
Kulshrestha et al., (1992). Dough and chapati characteristics
were evaluated by checking stickiness of dough and full or
partial puffing of chapati.
Cooking quality: Cooking quality of chickpea was evaluated
by determining per cent cooking and cooking time using
method of Raghuvanshi and Bhattacharya (1986).

MATERIALS AND METHODS

Sensory quality: Sensory quality evaluation of dal made from
chickpea and chapati made from wheat flour was done using
sensory score card.

Experimental samples of organically produced wheat
(variety UP - 2338) and chickpea (variety Pant G - 186) were
obtained from Department of Agronomy, Govind Ballabh
Pant University of Agriculture and Technology, Pantnagar.
Control samples of wheat and chickpea grown inorganically
were obtained from Crop Research Centre, Govind Ballabh
Pant University of Agriculture and Technology, Pantnagar.

Chemical analysis: Proximate analysis of both wheat and
chickpea samples was done using methods of AOAC (1975).
In-vitro protein digestibility was determined by the method
explained by Akeson and Stahmann (1964). Minerals (viz.
total iron) were estimated by Wong’s method (Raghuramulu
et al., 2003), phosphorus by Fiske and Subba Rao method
(Ranganna 1986), calcium by method of AOAC (1975) and
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iodine by method quoted by Raghuramulu et al., (2003).
Manganese, cobalt, zinc and copper were estimated using
atomic absorption spectrophotometer. All values are reported
as means of triplicates.
RESULTS AND DISCUSSION
Physico-chemical characteristics: Among grain
characteristics the thousand grain weight and seed volume
were found to be significantly more in case of inorganically
produced chickpea as compared to organically produced
chickpea (Table 1), which may be attributed to large size of
seed. For other parameters viz. hardness, hydration capacity
and seed density, difference was non-significant and the
values obtained were comparable with values reported by
Singh et al., (1992). In flour and dough characteristics, no
significant difference was found for any of the parameters
analyzed viz. particle size distribution, water absorption
capacity, flour density, optimum water uptake and gluten
content. Except for gluten content, all other values were found
to be higher for inorganically produced wheat flour (Table
2). More retention of flour was seen in inorganically
produced wheat flour in mesh sieve size of <40 as compared
Table 1. Physical characteristics of organically and
inorganically grown chickpea and wheat
Sample

1,000 grain
weight
(g)

Hardness Hydration Seed
Seed
(kg seed-1) capacity volume density
(g)
(ml) (g ml-1)

Chickpea
Inorganic

174.932*

16.640

0.163

15.100*

1.192

Organic

149.494

18.320

0.142

13.540

1.070

t-value

26.043

-0.964

2.693

7.940

2.651

Inorganic

35.350

8.200

0.017

3.080

0.984

Organic

40.906

7.320

0.021

3.900

1.144

t-value

-10.545

0.756

-4.831

-6.403

-1.474

Wheat

* Significantly different

Table 2. Flour characteristics of wheat grown organically
and inorganically
Sample

Water
absorption
capacity (%)

Flour
density
(g ml-1)

Optimum water
requirement for
dough making
(ml 100g-1 flour)

Gluten
content
(%)

Inorganic

226.6

11.550

60.90

8.58

Organic

216.6

8.615

59.75

8.80

t-value

0.480

2.705

2.913

-1.319
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Table 3. Particle size distribution of wheat flour (%) of
wheat grown organically and inorganically
Sample

Sieve Size
16

36

60

85

100

Inorganic

4.980

86.43

5.88

0.75

0.44

Organic

4.005

80.93

8.18

0.99

0.34

t-value

0.089

2.206

-3.382

-2.999

1.105

to organically produced wheat flour (Table 3). Dough of
both the samples of wheat flour was non sticky while rolling.
Full puffing of chapati was observed in both the samples.
Cooking quality: Inorganically produced seeds of chickpea
showed better cooking quality in both open pan cooking
(soaked and unsoaked) (Table 4) and pressure cooking
(soaked and unsoaked) (Table 5). Difference in number of
cooked grains at different time intervals was significant but
no significant difference was observed in 100% cooking time.
The difference in values of per cent cooking may be attributed
to low seed hardness values found in in-organically
produced chickpea samples. According to Williams et al.,
(1983) cooking time could be affected by nutrient level of
growing environment including water, nitrogen,
phosphorus and other minerals.
Sensory quality: Results of sensory evaluation of dal cooked
from both chickpea samples and chapati from both wheat
samples showed no significant difference between colour,
texture, taste, appearance and overall acceptability. The
overall acceptability scores ranged from 7.26 to 8.16 (Table
6) in organically and inorganically grown samples,
suggesting both were liked.
Chemical analysis: Crude protein and energy were
significantly higher in inorganic chickpea than in organic
chickpea. However, in wheat grown by inorganic and
organic method of cultivation there was no significant
difference in proximate composition except for higher
moisture in inorganic wheat (Table 7). In vitro protein
digestibility, results were found to be higher in organically
produced samples (Table 8). However, statistically the
difference was non-significant. For mineral composition, the
values for minerals estimated viz. iron, calcium, manganese,
cobalt, zinc and copper were significantly higher in
organically produced sample (Table 9).
Therefore, it appears that except for higher mineral
content in organically grown chickpea and wheat, values
for all other parameters were not significantly different.
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Table 4. Comparison of open pan cooking of organically and inorganically grown chickpea, with and without soaking

Sample

45

60

Inorganic
Organic
t-value

0
0

0
0

Open pan (without soaking)
%
Time (min)
75
90
2*
0
34.641

12 *
10
5.547

Open pan (with soaking)
%
Time (min)
30
45

Sample
120

135

85 *
78
6.062

100
100

Inorganic
Organic
t-value

85
83
1.154

60

92 *
89
5.196

100
100

* Significantly different

Table 5. Comparison of pressure cooking of organically and inorganically grown chickpea, with and without soaking
Pressure cooking (without soaking)
%

Pressure cooking (with soaking)
%

Time (min)
Sample
Inorganic

30

45

Time (min)
60

Sample

15

30

35-40

7-8 *

49 *

100

Inorganic

49

99

100

Organic

6

42

98 -100

Organic

48

95

100

t-value

10.000

7.000

2.000

t-value

1.000

1.921

-

* Significantly different

Table 6. Sensory scores of chickpea dal and chapati of wheat grown organically (O) and inorganically (I)

Sample
Chickpea dal
t-value
Chapati of
wheat flour
t-value

Colour
I
O
7.80
8.06
0.928

Taste
I
7.56

7.50

7.36

O
8.0
1.406

7.60
0.372

7.30

Sensouy Score
Flavour
I
O
7.70
7.93
0.824

Texture
I
O
8.16
7.96
0.871

Appearance
I
O
8.03
7.90
0.478

7.63

7.26

7.36

0.196

7.46
0.515

7.33
0.217

Overall acceptability
I
O
7.93
8.13
0.830

7.26
0.301

7.50

7.53
0.113

Table 7. Proximate composition of organically and inorganically grown chickpea and wheat
Moisture
(%)

Crude protein
(%)

Crude fat
(%)

Inorganic

12.20

31.94

5.26

3.00

Organic

12.70

26.39

4.30

3.20

t-value

-1.436

4.443

-1.322

Inorganic

9.80*

17.15

2.96

Organic

8.90

16.07

2.56

t-value

8.999

1.998

-0.917

Sample
Chickpea

Wheat

Total ash Crude fibre
(%)
(%)

Carbohydrate
(%)

Energy Kcal
(in 100 gm)

4.82

42.78

346*

4.33

49.07

341

0.816

-11.116

8.660

1.40

1.50

67.18

364

1.67

1.80

68.99

363

-2.500

-0.200

-10.450

1.732

-1.732

* Significantly different

Table 8. In-vitro protein digestibility (%) of organically and inorganically grown chickpea and wheat
Chickpea

10

Wheat

Inorganic

Organic

t-value

Inorganic

Organic

t-value

50.224

55.286

-0.962

40.309

42.592

-0.800
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Table 9. Mineral composition (mg 100g-1) of organically and inorganically grown chickpea and wheat
Sample

Chickpea

Iron

Phosphorus

Calcium

Manganese

Cobalt

Zinc

Copper

Iodine
(µg/100g)

6.138

286.670

207.670

3.244

0.052

2.720

0.686

11.79*

Organic

8.846*

277.330

233.300

4.944*

0.070*

2.788*

0.714*

10.92

t-value

538.700

0.942

-1.466

13.908

31.177

68.006

24.248

50.229

Inorganic

6.464

279.000

44.330

3.096

0.038

2.818

0.470

21.25

Organic

7.634*

301.000

62.330

3.982*

0.054

3.040*

0.472

21.33

t-value

110.537

-0.949

-2.087

351.960

-27.713

221.971

-2.000

-0.311

Inorganic

Wheat

* Significantly different
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Production potential of rice (Oryza sativa) under in situ fertility
management as influenced by variety and weeding
G.C.Munda, D.P.Patel, Anup Das, Rajesh Kumar and Avinash Chandra
Division of Agronomy, ICAR Research Complex for NEH Region, Umiam–793 103 (Meghalaya), India

ABSTRACT
A field experiment was conducted in low land condition during rainy seasons (Kharif) of 2003 and 2004 at
Umiam (950 m MSL), Meghalaya to evaluate the production potential and physiological activities of rice (Oryza
sativa L.) cultivars under in situ fertility management with and without weeding. No external input including fertilizer,
pesticides etc. were applied except fresh Azolla bio-mass @250 g m-2 which was released 7 days after transplanting
(DAT). Highest grain yield was recorded in cv. RCPL 1-87-8 (37.0 q ha -1 ) followed by cv. Vivek Dhan 82
(31.99 q ha-1) and Mendri (30.9 q ha-1) and found significantly superior to cv. Manipuri (26.60 q ha-1) and RCM 9 (8.6
q ha-1). The increase in grain yield due to one hand weeding at 30 DAT was maximum in cv. Vivek Dhan 82 (52.8 %).
Chlorophyll ‘a’, ‘b’ and ‘total’ content was found significantly higher in cv. Vivek Dhan 82 compared to all other
varieties. Highest photosynthesis rate (28.2 µ mol CO2 m-2 s-1), stomatal conductance (556.2 m mol m-2s-1), transpiration
rate (8.16 m mol m-2 s-1), WUE (3.46) and leaf temperature depression (3.28oC) was also observed in cv. Vivek Dhan
82, whereas, cv. RCPL 1-87-8 recorded a photosynthesis rate, stomatal conductance and WUE of 22.5 µ mol CO 2 m2 -1
s , 484.0 m mol m-2 s-1, and 2.87, respectively. Therefore, cvs. RCPL 1-87-8 and Vivek Dhan-82 were found suitable
for cultivation under natural fertility management in mid hills of Meghalaya.
Key words: Natural fertility, photosynthesis rate, stomatal conductance, chlorophyll content, transpiration rate,
WUE, LTD, crop-weed competition

The existing crop production system of the farmers of
NEH region is by and large based on low input, low risk,
low yield technology. Organic farming and natural farming
are very common in this region. The average plant nutrients
consumption of north eastern hill states except Manipur is
about 13 kg ha-1 against the national average of 90 kg ha-1
(Anonymous, 2002). Similarly, the consumption of plant
protection chemicals in north eastern states is almost
negligible. The rice productivity of the region (1.60 t ha-1) is
much below the national average (1.95 t ha-1). Recently,
Sikkim and Mizoram have declared themselves as organic
states and rest of the NEH states are expected to follow it. It
is an added advantage that the inherent organic carbon
content of the soil of this region is higher compared to national
average. The NEH region receives higher rainfall, which
favours the growth of weeds and limits the crop yields due
to, increased crop-weed competition for nutrients and light.
Azolla (Azolla caroliniana L.) a potential bio-fertilizer for low
land rice can add 30–50 kg N ha-1 to the soil (Sardana, 1997).
Beside this, it also adds to the soil organic matter content
and macro and micro-nutrients. It also has the advantage
that by its carpeting effect, it reduces weed problems in rice.
However, studies on growth along with photosynthesis
and its associated parameters on yield of rice under in situ
fertility management in relation to crop-weed competition
are quite meager. Therefore, an attempt was made to study
the growth, yield potential, photosynthesis rate,
transpiration rate, stomatal conductance and other
©2006

associated parameters in rice under in situ fertility in hill
ultisols of Meghalaya.
MATERIALS AND METHODS
Field experiment was undertaken during rainy seasons
of 2003 and 2004 at the experimental farm of ICAR Research
Complex for NEH Region, Umiam (950 m MSL) Meghalaya.
The soil of the experimental site was low in available N (264.0
kg ha-1) and P (5.97 kg ha-1) and high in available K (321.0 kg
ha-1). The organic carbon content and pH of the soil was
2.46% and 6.1, respectively. Treatment combinations (10)
consisted of five varieties viz., V1-RCM-9, V2-RCPL 1-87-8,
V3-Vivek Dhan-82, V4-Mendri and V5- Manipuri and two
weed management practices viz., W0-No weeding and W1One hand weeding (HW) at 30 DAT were laid out in a
Factorial Randomized Block Design with three replications.
Rice crop was transplanted at 20x10 cm spacing in the
second week of July. The experiment was conducted at the
site where no external inputs (fertilizers, pesticides etc.) were
applied for last two years. The crop was raised on natural
soil fertility and the nutritional requirements of the crop were
met through the dual cropping of Azolla bio-fertilizer (Azolla
caroliniana L.) and in situ incorporation of crop and weed
residues. No crop residue, weed bio-masses etc. were
removed out of field except the grain yield. Harvesting of
rice was done by cutting panicles close to neck node and the
straw was chopped down using sickle and spade into the
soil. Fresh Azolla @ 250 g/m2 was applied to each plot of rice
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7 days after transplanting. No fertilizer and agro-chemicals
were used for plant nutrition, disease and pest management.
The leaf photosynthesis rate (Pn; µ mol CO2 m-2 s-1), stomatal
conductance (SC; m mol m-2 s-1) and leaf temperature (oC)
were measured in flag leaf at heading stage using portable
photosynthesis system (Model CIRAS-2, U.K.) and the
chlorophyll content was also measured in the same leaves
by the method described by Witham et al., (1971). Leaf
temperature depression (LTD) was calculated by subtracting
the leaf temperature from atmospheric temperature. Ratio
between rates of photosynthesis and transpiration (Pn/TR)
was used to determine the water use efficiency (WUE) as
described by Rosenberg and Kriiger (1993). Growth
parameters, yield components and yield, chlorophyll content
and different parameters related to photosynthesis were
recorded during the course of investigation for comparison
among the rice varieties. Data obtained were analyzed by
adopting standard statistical methods. Values depicted in
the tables are pooled average of the two (2003-2004)
consecutive kharif seasons.

Table-1. Effect of variety and weed management on growth
parameters of low land rice under in situ fertility
management

RESULTS AND DISCUSSION
Growth parameters
From the pooled data (Table 1), it could be inferred that
the cv. Vivek Dhan 82 produced significantly taller plants
(117cm) compared to all other varieties followed by local
cvs. Mendri and Manipuri, which were at par with each
other. The plants of cv. RCM 9 were shortest (63.2cm).
Maximum root length was recorded in cv. RCPL 1-87-8 which
was at par with cvs. RCM-9 and Vivek Dhan 82. Shortest
root was observed in cv. Mendri (18.4cm) and was at par
with cv. Manipuri. The cv. RCM-9 produced significantly
higher number of tillers plant-1 over all other varieties but
was at par with cv. RCPL 1-87-8. However, highest total dry
matter (TDM) was recorded in cv. RCPL 1-87-8, which was
at par with Vivek Dhan 82 but remained statistically superior
to all other varieties. Cv. Manipuri recorded the lowest TDM.
Cvs. RCPL 1-87-8 and Vivek Dhan 82 produced 28.82% and
19.97% higher TDM, respectively, over cv. Manipuri. Longest
panicle was recorded in cv. Vivek Dhan 82 followed by cv.
RCPL 1-87-8 which were 6.3 cm and 3.2 cm longer than local
cv. Manipuri (21.6 cm). In respect of maturity period, cv. Vivek
Dhan 82 took significantly shorter duration (125 days) to
mature over local varieties cvs. Manipuri and
Mendri which took 28.3 and 29.7 days more, respectively, to
mature.
All the growth attributes were significantly improved
by weeding except maturity period, which remained
unaffected. Plant height, root length and panicle length
increased by 4.6 cm, 2.0 cm and 1.5 cm, respectively due to
Journal of Eco-friendly Agriculture 1(1) 2006.

Treatment

Plant Root Tillers Panicle Total Maturity
height length hill-1 length Dry
Period
(cm) (cm) (No.) (cm) Matter (days)
(q ha-1)

Variety
RCM-9
RCPL 1-87-8
Vivek Dhan 82
Mendri
Manipuri
SEm ±
CD (p = 0.05)

63.2
74.9
117.0
102.2
100.0
1.85
3.89

22.8
23.0
21.9
18.4
19.4
0.72
1.51

11.5
11.2
8.6
6.6
6.3
0.66
1.34

21.8
24.8
27.9
22.1
21.6
0.44
0.92

81.0
96.1
89.5
85.6
74.6
4.50
9.45

148.6
146.3
125.0
154.7
153.3
0.77
1.63

Weed
Management
No weeding
One HW (30 DAT)
SEm ±
CD (p = 0.05)

89.2
93.8
1.17
2.46

20.1
22.1
0.45
0.95

7.8
9.9
0.42
0.88

22.9
24.4
0.28
0.58

70.9
99.8
2.84
5.98

145.3
145.9
0.49
NS

Interaction
(V X W)
SEm ±
CD (p=0.05)

2.62
NS

1.10
NS

0.94
1.98

0.62
NS

6.36
NS

1.10
NS

weeding. There was 26.9% more numbers of tillers hill-1 and
increased TDM by 40.8% due to one hand weeding over no
weeding. The increase in growth attributes of rice due to
hand weeding was mainly due to reduced crop-weed
competition for space, light, nutrients etc. Also due to hand
weeding the soil aeration was improved and there was
incorporation of Azolla bio-mass into the soil, which might
have improved the soil fertility and gave subsequent better
crop growth.
Yield attributes and yield
Cultivar RCPL 1-87-8 produced significantly higher
number of panicles hill-1, grains panicles-1, yield and had
highest HI (Harvest Index) compared to all other varieties
(Table 2). Highest test weight (1000 grain wt.) was recorded
in cv. Vivek Dhan 82 and was found significantly superior
to all other varieties. Higher grain yield of cv. RCPL 1-87-8
was attributed to higher number of panicles hill-1 and grains
panicle-1. Lowest grain yield was recorded with cv. RCM-9.
This was ascribed to severe neck blast infestation as no plant
protection chemical was used. Similar trends in yield
attributes and yield of cvs. RCPL 1-87-8 and Vivek Dhan 82
was also reported by Anonymous (2002a). Significantly,
higher straw yield (72.4 q ha-1) was recorded in cv. RCM-9
compared to all other varieties followed by cvs. RCPL 1-87-8
(59.0 q ha-1) and Vivek Dhan 82.
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Table 2. Effect of variety and weed management on yield
attributes and yield of low land rice under in situ
fertility management

Table 3. Interaction effect of variety and weed management
on grain yield (q ha -1) under in situ fertility
management

Treatment

Variety

Panicles Grains 1000 Grain Straw H.I.
hill-1 panicle-1 grain yield yield (%)
wt. (g) (q ha-1) (q ha-1)

Variety
RCM-9
RCPL 1-87-8
Vivek Dhan 82
Mendri
Manipuri
SEm ±
CD (p = 0.05)

4.5
9.7
7.9
6.2
5.6
0.38
0.80

61.3
155.3
128.5
122.7
119.5
5.08
10.69

25.1
23.1
29.8
25.6
25.4
0.35
0.74

8.6
37.0
31.9
30.9
26.6
1.56
3.28

72.4
59.0
57.6
54.7
48.0
3.96
8.33

10.5
38.4
35.7
36.0
35.5
2.10
4.41

Weed Management
No weeding
One HW (30 DAT)
SEm ±
CD (p = 0.05)

6.0
7.6
0.24
0.51

106.1
128.7
3.22
6.76

25.5
26.2
0.22
0.46

21.8
32.2
0.99
2.08

49.1
67.6
2.51
5.27

29.9
31.7
1.33
NS

Interaction (V X W)
SEm ±
CD (p = 0.05)

0.54
NS

7.19
NS

0.49
NS

2.21
4.65

5.60
NS

2.97
NS

One-hand weeding significantly improved all the yield
attributes and yield over no weeding except HI, which
remained unaffected by weeding. Panicles hill-1 and grains
panicle-1 increased by 26.7% and 21.3% compared to no
weeding. 1000-grain weight also improved by 2.7%.
Similarly, increase in grain and straw yield due to weeding
was 47.7 and 37.7%, respectively. Similar effect of one HW
on grain and straw yield of rice was also noticed by
Channabasavnna et al., (2001). Higher yield was mainly
because of better growth and yield attributes resulted from
weeding. Interaction effect of variety and weeding was found
to be non-significant for all the yield attributes except grain
yield.
It is clear by seeing interaction effect of rice variety and
weed management (Table 3) that cv. RCPL 1-87-8 gave
significantly higher grain yield (43.87q ha-1) at one hand
weeding that was significantly higher to all other treatment
combinations. Maximum yield increase due to weeding was
noticed in cv. Vivek Dhan 82 (52.8%) followed by cv. Mendri
(49.4%) and cv. Manipuri (48.3%). There was 45.2% yield
improvement in cv. RCPL 1-87-8 due to one hand weeding.
Weeding might have created better growth environment for
rice in terms of better soil conditions, less competition for
plant nutrients and also incorporated weeds, Azolla etc. which
altogether helped in improving plant growth and yield
(Srivastava et al., 1988)
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Grain Yield (q ha-1)

Mean

(%) Increase in
grain yield

8.6
37.04
31.85
30.93
26.59
----

28.7
45.2
52.8
49.4
48.3
---

No weeding One HW
RCM-9
RCPL 1-87-8
Vivek Dhan 82
Mendri
Manipuri
Mean

7.52
30.21
25.20
24.81
21.40
21.83

9.68
43.87
38.50
37.06
31.74
32.17

SEm ± (VxW) = 2.21 CD (p=0.05) = 4.65

Photosynthesis and associated parameters
Highest Chlorophyll ‘a’ content was observed in cv.
Vivek Dhan 82 (0.967 mg g-1 fresh tissue) followed by cv.
RCM-9 and cv. RCPL 1-87-8 (Table 4). In case of Chlorophyll
’b’ content also, highest value was recorded in cv. Vivek
Dhan 82, followed by cv. RCM-9. Total Chlorophyll content
was significantly higher in cv. Vivek Dhan 82 (2.463 mg g -1
fresh tissue) followed by cv. RCM-9, compared to all other
varieties. Similar results were also reported by Anonymous,
(2002a). Stomatal conductance was not influenced by the
variety. However, relatively higher value was recorded in
cv. Vivek Dhan 82. This variety also recorded significantly
higher photosynthesis rate (28.2 µ mol CO2 m-2 s-1) compared
to all other varieties, which remained at par with each other.
A wide variation in leaf photosynthesis rate has also been
reported among the genotypes of rice (Basuchaudhuri and
Dasgupta, 1987), wheat (Kumar et al., 1998), barnyard millet
(Kumar et al., 2000) and finger millet (Kumar et al., 2002).
Increased photosynthesis rate in cv. Vivek Dhan 82 may be
due to higher chlorophyll ‘a’, ‘b’ and ‘ total’ content,
particularly chlorophyll ‘b’ content coupled with higher
sink capacity in the form of higher panicle length and grains
panicle -1 . Yoshida (1972) reported that high rate of
photosynthesis is associated with higher productivity unless
sink capacity is limited.
Chlorophyll content, stomatal conductance and
photosynthesis rate all remained unaffected by weed
management. Hand weeding failed to improve
photosynthesis and associated parameters.
Transpiration and associated parameters
The effect of variety on transpiration rate, leaf
temperature and LTD was found insignificant (Table 5).
Significantly higher WUE was recorded in cv. Vivek Dhan
82 compared to all other varieties. This might be due to higher
Journal of Eco-friendly Agriculture 1(1) 2006.
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Table 4. Chlorophyll content, stomatal conductance and
photosynthesis rate of rice as influenced by variety
and weed management
Treatment

Chlorophyll content
Stomatal
Photo(mg g -1 fresh tissue)
conduc- synthesis
tance
rate
Chlo.‘a’ Chlo. ‘b’ Total
(m mol (µ mol CO 2
m -2s-1)
m -2 s-1)

Variety
RCM-9
RCPL 1-87-8
Vivek Dhan 82
Mendri
Manipuri
SEm ±
CD (p = 0.05)
Weed Management
No weeding
One HW (30 DAT)
SEm ±
CD (p = 0.05)
Interaction (V X W)
SEm ±
CD (p = 0.05)

0.865
0.844
0.967
0.837
0.829
0.018
0.038

0.951
0.894
1.226
0.875
0.902
0.048
0.101

2.075
1.993
2.463
1.969
1.967
0.071
0.148

492.1
484.0
556.2
480.8
489.9
27.01
NS

21.4
22.5
28.2
21.7
23.1
1.66
3.48

0.861
0.876
0.011
NS

0.950
0.989
0.030
NS

2.072
2.114
0.045
NS

507.1
494.1
17.08
NS

23.6
23.2
1.05
NS

0.026
0.054

0.068
0.143

0.100
0.210

38.20
NS

2.34
NS

Table 5. Transpiration rate and associated parameters of
rice as influenced by variety and weed
management
Treatment

Transpiration
rate
(m mol m-2s-1)

Variety
RCM-9
7.91
RCPL 1-87-8
7.83
Vivek Dhan 82
8.16
Mendri
7.51
Manipuri
7.81
SEm ±
0.235
CD (p = 0.05)
NS
Weed Management
No weeding
7.87
One HW
7.82
(30 DAT)
SEm ±
0.149
CD (p = 0.05)
NS
Interaction (V X W)
SEm ±
0.333
CD (p = 0.05)
NS

Leaf
temp.
(0C)

Water use
efficiency
( Pn/TR)

Leaf temp.
depression
(0C)

26.4
26.4
25.7
25.9
26.1
0.373
NS

2.70
2.87
3.46
2.89
2.95
0.191
0.401

2.88
2.98
3.28
2.88
3.00
0.208
NS

26.1
26.1

2.99
2.96

3.08
2.93

0.236
NS

0.120
NS

0.132
NS

0.528
NS

0.269
NS

0.294
NS

photosynthesis rate, relatively higher transpiration rate and
LTD in cv. Vivek Dhan 82 compared to other varieties.
Transpiration rate, leaf temperature, LTD and WUE
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remained unaffected by weed management practice. The
interaction effect of variety and weed management was
found to be insignificant at all the transpiration and
associated parameters.
From the above findings, it may be concluded that rice
can be profitably grown even under natural fertility, if crop
residues, weeds etc. are recycled effectively. One hand
weeding and Azolla dual cropping can improve rice yield
substantially. Rice cvs. RCPL 1-87-8 and Vivek Dhan-82 were
found suitable for cultivation under in situ fertility
management in mid-hills of Meghalaya.
REFERENCES
Anonymous 2002. Fertilizer Statistics (2001-02). The Fertilizer
Association of India, New Delhi . 119 p.
Anonymous 2002a. Physiological studies under abiotic stress
environments: cold tolerance. DRR Annual Progress Report
(AICRIP) Vol-3 Plant Physiology, p. 6.71
Basuchaudhuri, P. and Dasgupta, D. K. 1987. Photosynthetic rate
and yield relationship in some late duration high yielding rice.
Indian J. Pl. Physiol., 30: 400-403.
Channabasavnna, A. S., Yalamali, S. G., Biradar, D. P. and
Shivakumar. 2001. Relative efficiency of new herbicide in
controlling weeds in transplanted rice (Oryza sativa). Agronomy
Digest, 1: 30-32.
Kumar, P., Dube, S. D. and Chauhan, V. S. 1998. Relationship
among yield and some physiological traits in wheat. Indian J.
Pl. Physiol., 3: 229-230.
Kumar, P., Lakshmi, N. J., Dube, S. D. and Mani, V. P. 2000.
Genotypic difference in photosynthesis and its associated
parameters in relation to yield among barnyard millet
(Echinochloa frumentacea) genotypes under rainfed condition in
hills. Indian J. Agric. Sci., 70: 347-377.
Kumar, P., Mani, V. P. and Gupta, H. S. 2002. Genotypic differences
in photosynthesis and associated parameters in relation to yield
in finger millet (Eleusine coracana (L.) Gaertn.) under hill
environment. Indian J. Pl. Physiol., 72 : 168-173.
Rosenberg, L. V. and Kriiger, G. H. J. 1993. Comparative analysis
of differential drought stress induced suppression and recovery
in carbon dioxide fixation, stomatal and non-stomatal limitation
in Nicotiana tobaccum. J. Pl. Physiol., 142: 296-306.
Sardana, V. 1997. Agronomic evaluation of biofertilizer to
supplement inorganic fertilizers for sustained crop production
–a review. Agric. Rev., 18 : 69-95.
Srivastava, L.L., Mishra, B. and Srivastava, M.C. 1988. Recycling
of organic waste in relation to yield of wheat and rice and soil
fertility. J. Indian Soc. Soil Sci., 36:693-697.
Witham, F.H., David, F.B. and Rovert, M. D. 1971. Experiments in
plant physiology, Von Nostrand Reinhold Co., New York., p.
55-56.
Yoshida, S. 1972. Physiological aspects of grain yield. Ann. Rev. Pl.
Physiol., 23: 437-446.

15

Journal of Eco-friendly Agriculture 1(1): 16-22 : 2006

Bio-efficacy of Bacillus thuringiensis formulations on
Spilarctia obliqua (Walker) (Lepidoptera: Arctiidae)
Garima Gupta1 and A. K. Bhattacharya
Department of Entomology, G.B. Pant University of Agriculture and Technology, Pantnagar 263 145 (Uttaranchal), India

ABSTRACT
Bio-efficacy of two Bacillus thuringiensis formulations (Dipel and Halt) were investigated against Spilarctia
obliqua (Walker) using diet incorporation method. Seven concentrations of each formulation were incorporated in the
artificial diet. Larvae were allowed to feed for short term (48 hours) and continuously on Bt fortified diets. Feeding
for short term on Dipel fortified artificial diet revealed that growth and success indices gradually decreased with
increase of this compound in the diet. However, complete larval mortality was recorded during development when
larvae were reared continuously on Dipel fortified diet. Similarly, larvae failed to reach pupal stage at 500 ppm when
reared for short term and at 62.5 to 500 ppm when reared continuously. On Halt fortified diet surviving larvae
showed decrease in growth and success indices with the increase of this formulation in the diet. The overall growth
and development of this inset was adversely affected by both the formulations. LC50 and LT50 were lower for Dipel
and Halt when larvae were continuously reared on artificial diet as compared to short term exposure. LC50 and LT50
were lower for Dipel as compared to Halt in both the methods of exposure. Therefore, it became apparent that Dipel
was more effective than Halt for this inset.
Key words : Bacillus thuringiensis, Spilarctia obliqua

Bihar hairy caterpillar, Spilarctia obliqua (Walker) is a
polyphagous pest and causes serious losses to crops in
various parts of India (Bhattacharya and Rathore, 1977). The
management of this pest is mainly based on the use of toxic
insecticides which has resulted in environmental pollution
and hazard to beneficial organisms. Although insecticides
can effectively control insect pests but their ill effects has
been well documented in a classical book Silent Spring by
Carson (1962). Therefore, at present emphasis should be laid
on lesser use of insecticides and developing other
eco-friendly control strategies for the suppression of this pest
below economic threshold and injury level. Keeping this
background in mind, an attempt has been made to understand
the use of eco-friendly bio-insecticide, Bacillus thuringiensis,
for the control of this pest.
MATERIALS AND METHODS
A nucleus culture of Spilarctia obliqua was maintained
in the laboratory by rearing larvae of this insect on castor
leaves, in glass jars (2115 cm) covered with muslin cloth, at
30±10C and 80±5% R.H. Larvae obtained from this culture
were used for this experiment. The composition of artificial
diet used in this investigation was: wheat (boiled) 13.25 g,
soybean (boiled) 4.42 g, yeast powder 3.07 g, sodium
ascorbate 0.31 g, methyl paraben 0.31 g, sorbic acid 0.15 g,
agar agar 1.54 g, formaldehyde (10%) 0.15 ml and water

1

(distilled) 76.80 ml. For the preparation of artificial diet basic
commodities were boiled in distilled water for 60 minutes
and transferred to a Waring Blender. Half the quantity of
distilled water was added and the contents blended for
obtaining a homogenous mixture. Yeast powder, methyl
paraben, sorbic acid, formaldehyde (10%) and sodium
ascorbate were added to this mixture and blending was
continued for about 2-3 minutes. In a separate beaker agar
was boiled with remaining quantity of water, cooled to 600C
and added to above mixture. Mixing was continued to get a
homogenous mixture. Different concentrations of Dipel and
Halt were added at this stage. This diet was poured into a
large plastic container and allowed to cool at room
temperature. Finally, the diet was stored in the refrigerator
for future use (Bhattacharya,1993). The levels of formulations
tested were two or three doses above and two or three doses
below the recommended field dose. Various concentrations
of these formulations were prepared by serial dilution
method.
Two formulations, Dipel 8 L (B. thuringiensis kurstaki)
(Cheminova India Limited, Mumbai) and Halt 5 WP
(B. thuringiensis kurstaki, H 3a, 3b, 3c (Wockhardt Life Science
Limited, Mumbai) were used in this experiment. Seven
concentrations of each formulation (7.8, 15.6, 31.3, 62.5, 12.5,
250 and 500 ppm) were incorporated in the artificial diet.
Experiments were carried out in two different ways. For
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each formulation two sets of vials were prepared. In one set,
larvae were reared continuously on diets containing different
levels of formulations. In another set, larvae were reared for
48 h on treated diet and thereafter transferred to artificial
diet without Bt formulation. Artificial diet alone without
formulation was used as control. A small amount of diet
was placed at the bottom of plastic vial (6  2.5 cm), which
was provided with a screw cap having brass wire mess for
aeration. On this diet newly emerged larvae (0-12 hrs. old)
obtained from nucleus culture was placed with the help of
a camel hair brush. Initially larvae were reared in groups
but after 10 days they were reared individually and diets
were provided ad-libitum. Each treatment was replicated three
times and ten insects were used in each replication. The
experiments were conducted at 28±10C and 75±5% R.H.
Observations were recorded on larval survival at 48 h
interval, larval period, pupal period, per cent pupation and
per cent adult emergence. From these observations growth
index (Pant, 1956) and success index (Prasad and
Bhattacharya, 1975) were computed. Data recorded on larval
mortality were subjected to probit analysis with computer
software developed by Mondal et al., (2001). Median lethal
concentrations (LC50) were calculated in four different ways
(i) maximum mortality at highest concentration (day) (ii)
mortality at start of pupation in control (day) (iii) cumulative
observable mortality on a specific day (day) and (iv) mortality
at median lethal time (LT50) at highest concentration. The
data on various developmental parameters was analysed
by complete randomised block design to compare the effect
of different doses of B. thuringiensis.

RESULTS AND DISCUSSION
Growth and development on Dipel fortified artificial diet
Short term exposure: Larval survival was 6.6% at 500 ppm on
8 days after feeding (DAF), while 100% larval mortality was
recorded on 10 DAF (Figure 1A). However, 20 and 30%
larval survival was observed on diets containing 250 and
125 ppm of Dipel, respectively. Larval period was prolonged
when larvae were reared on 7.8 to 125 ppm of Dipel fortified
diet. However, no marked change was recorded in pupal
period at higher concentrations (Table 1) but it was
prolonged when 125 and 250 ppm of this formulation was
added in the diet. Pupation and adult emergence decreased
with increase in level of Dipel in the diet. A drastic reduction
in both pupation and adult emergence was recorded on 125
and 250 ppm Dipel fortified diets. Similarly, growth and
success indices also decreased with increase in the level of
Dipel in the diet. This clearly suggests toxic effect of this
formulation. El-Halim (1993) observed that larval and pupal
periods of Spodoptera littoralis were prolonged when they
were reared on artificial diets fortified with different levels
of Dipel 2X. Similarly, Wang et al., (1994) observed decrease
in pupation and increase in developmental period of Heliothis
armigera when reared on diets which were surface treated
on surface with B. thuringiensis kurstaki.
Continuous exposure: Larval growth indicates that increase
in the level of Dipel in the diet resulted in greater adverse
effect on larval survival (Figure 1B). Use of 125 to 500 ppm of
Dipel in the diet resulted in complete larval mortality after 6
DAF. All larvae died on 34, 28, 24 and 8 DAF when 7.8, 15.6,

Table 1. Growth and development of S. obliqua on diets fortified with different levels of Dipel, when fed for 48 hours (short
term exposure)
Fortified diet

Larval period
(days)

Pupal period
(days)

Pupation
(%)

Adult emergence
(%)

Growth
index

Success
index

AD + 7.8 ppm Dipel

26.4

10.7

96.7(83.5)

96.7(83.5)

2.608(2)

0.976(3)

AD + 15.6 ppm Dipel

27.6

9.9

93.3(77.7)

93.3(77.7)

2.584(3)

0.993(2)

AD + 31.2 ppm Dipel

29.3

10.4

76.6(61.2)

76.7(61.2)

1.933(4)

0.866(4)

AD + 62.5 ppm Dipel

27.9

10.5

73.3(59.2)

73.3(59.2)

1.922(5)

0.856(5)

AD + 125 ppm Dipel

28.7

12.6

26.7(30.8)

26.7(30.8)

0.638(6)

0.622(6)

AD + 250 ppm Dipel

28.9

13.2

5.1(4.7)

5.1(4.7)

0.312(7)

0.553(7)

AD

24.8

11.1

100.0(90.0)

100.0(90.0)

2.782(1)

1.000(1)

p=0.05

1.3

0.9

13.9(13.5)

13.9(13.5)

Data in parenthesis indicate angular transformed value except in growth and success indices which indicate ranking of the diet
AD = Artificial diet
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32.2, 62.5 and 125 ppm of Dipel was used in the diet.
Similarly, complete larval mortality was observed on 4 DAF
on diet fortified with 250 ppm of this formulation. Larvae
failed to pupate on all Dipel fortified diets which indicated
that this insect was highly susceptible to this formulation.
Singh and Bhattacharya (2005) revealed that incorporation
of Dipel in the diet of S. litura resulted in greater adverse
effect on larval survival. Extension of larval period on Dipel
treated diets was also recorded.
Growth and development on Halt fortified artificial diet
Short term exposure: Feeding of larvae on diets containing 7.8
to 15.6 ppm of Halt indicated little effect on survival pattern
of larvae (Figure 2A) . However, a marked decrease in larval
survival was recorded on diets containing 250 to 500 ppm of
Halt fortified diet. Larval period was somewhat prolonged
with the increase of this formulation in the diet, but no marked
adverse effect on pupal period was recorded (Table 2).
Pupation and adult emergence was reduced drastically in
250 and 500 ppm of Halt fortified diets. No adult formation
was recorded when 500 ppm of Halt was added in the diet.

Growth and success indices also decreased with the increase
of Halt in the diet. McGaughey and Kinisinger (1978) reported
90 to 100% mortality of larvae of Sitotroga cerealella when 125
and 250 mg l-1 of B. thuringiensis was in the artificial diet of
this insect.
Continuous exposure: Complete larval mortality was recorded
on 10 DAF when they were continuously reared on diets
containing 250 and 500 ppm of Halt (Figure 2B). Similarly,
all larvae died when 62.5 to 125 ppm of Halt was used in the
diet. A marked increase in larval period was recorded when
7.8 to 31.2 ppm of Halt was added in the diet. Similarly, a
little increase in pupal period was observed when these levels
of Halt were used in the diet. Pupation and adult emergence
ranged from 16.7 to 30.0% on diets fortified with 7.8 to 31.2
ppm of Halt. Lower growth and success indices were also
recorded in above mentioned diets.
Bioassay
Table 3 revealed that LC50 value for Dipel varied when
probit analysis was carried out using four bases of larval
mortality. It ranged from 3.935 to 23.198 ppm when 0-24h

Table 2. Growth and development of S. obliqua on diets fortified with different levels of Halt fed for 48 hour (short term
exposure) and continuous exposure
Fortified diet

Larval period
(days)

Pupal period
(days)

Pupation
(%)

Adult emergence
(%)

Growth
index

Success
index

AD + 7.8 ppm Halt

24.6

10.4

100.0(90.0)

100.0(90.0)

2.861(1)

1.034(1)

AD + 15.6 ppm Halt

24.8

10.5

100.0(90.0)

100.0(90.0)

2.837(2)

1.020(2)

AD + 31.2 ppm Halt

26.2

10.2

100.0(90.0)

100.0(90.0)

2.538(4)

0.991(4)

AD + 62.5 ppm Halt

27.9

10.1

96.7(83.8)

96.7(83.8)

2.000(5)

0.954(5)

AD + 125 ppm Halt

30.7

11.0

80.0(63.9)

80.0(63.9)

0.772(6)

0.600(6)

AD + 250 ppm Halt

32.1

11.3

33.3(34.9)

33.3(34.9)

0.524(7)

0.537(7)

AD + 500 ppm Halt

31.7

12.0

33.3(35.2)

-

-

-

AD

26.1

10.6

100.0(90.0)

100.0(90.0)

2.700(3)

1.000(3)

CD (p=0.05)

0.7

0.8

12.3(10.0)

12.2(10.0)

AD + 7.8 ppm Halt

31.0

13.6

30.0(23.2)

30.0(23.2)

0.587(2)

0.579(2)

AD + 15.6 ppm Halt

31.0

13.3

16.7(23.8)

16.7(23.8)

0.301(3)

0.489(3)

AD + 31.2 ppm Halt

32.0

15.3

16.7(23.8)

16.7(23.8)

0.292(4)

0.478(4)

AD

26.1

10.6

93.3(77.7)

93.3(77.7)

2.533(1)

1.000(1)

CD (p=0.05)

1.4

3.3

9.4(11.8)

9.4(11.8)

Short term exposure

Continuous exposure

Data in parentheses indicate angular transformed value except in growth and success indices which indicate ranking of the diet
AD = Artificial diet, - = No adult emergence
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Figure 1. Per cent larval survival of S. obliqua reared for (A) 48 hrs and (B) continuous exposure on artificial diet containing
different levels of Dipel
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Figure 2. Per cent larval survival of S. obliqua reared for (A) 48 h and (B) continuous exposure on artificial diet containing
different levels of Halt
Table 3. Median lethal concentration (LC50) of Dipel and Halt when larvae of S. obliqua were reared for 48 hours (short term
exposure) and continuous exposure on artificial diet fortified with these two formulations
Formulation
Exposure

Dipel
Regression
equation

Halt

LC50
for
heterogeneity (% of formulation)

Regression
equation

2

LC50
2 for
heterogeneity (% of formulation)

Short term exposure 1. Y=0.530+2.311X

15.098

85.900

1.

Y=-2.668+3.346X

0.810

195.70

2.
3.
4.
Continuos exposure 1.
2.
3.
4.

5.954
8.166
6.222
2.966
0.576
11.791
15.098

85.900
11.072
186.745
5.691
3.935
21.520
23.198

2.
3.
4.
1.
2.
3.
4.

Y=-2.668+3.346X
Y=-2.668+3.346X
Y=-0.646+2.237
Y=4.151+1.256X
Y=3.290+1.748X
Y=2.713+1.832X
Y=3.323+0.814

0.810
0.810
0.459
3.382
4.203
2.581
0.852

195.70
195.70
333.74
4.738
9.508
17.721
114.74

1
2

Y=0.530+2.311X
Y=0.851+2.027X
Y=-3.52+2.366
Y=3.711+1.707X
Y=4.079+1.547X
Y=3.089+1.433X
Y=3.425+1.153X

Mortality at the beginning of pupation in control (day)
Cumulative mortality on specific day
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Figure 1. Per cent larval survival of S. obliqua reared for (A) 48 hrs and (B) continuous exposure on artificial diet containing
different levels of Dipel
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Figure 2. Per cent larval survival of S. obliqua reared for (A) 48 h and (B) continuous exposure on artificial diet containing
different levels of Halt
Table 3. Median lethal concentration (LC50) of Dipel and Halt when larvae of S. obliqua were reared for 48 hours (short term
exposure) and continuous exposure on artificial diet fortified with these two formulations
Formulation
Exposure

Dipel
Regression
equation

Halt

LC50
χ2 for
heterogeneity (% of formulation)

Regression
equation

LC50
χ2 for
heterogeneity (% of formulation)

Short term exposure 1. Y=0.530+2.311X

15.098

85.900

1.

Y=-2.668+3.346X

0.810

195.70

2.
3.
4.
Continuos exposure 1.
2.
3.
4.

5.954
8.166
6.222
2.966
0.576
11.791
15.098

85.900
11.072
186.745
5.691
3.935
21.520
23.198

2.
3.
4.
1.
2.
3.
4.

Y=-2.668+3.346X
Y=-2.668+3.346X
Y=-0.646+2.237
Y=4.151+1.256X
Y=3.290+1.748X
Y=2.713+1.832X
Y=3.323+0.814

0.810
0.810
0.459
3.382
4.203
2.581
0.852

195.70
195.70
333.74
4.738
9.508
17.721
114.74

1
2

Y=0.530+2.311X
Y=0.851+2.027X
Y=-3.52+2.366
Y=3.711+1.707X
Y=4.079+1.547X
Y=3.089+1.433X
Y=3.425+1.153X

Mortality at the beginning of pupation in control (day)
Cumulative mortality on specific day
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Table 4. Median lethal time (LT50) of Halt for S. obliqua during short term and continuous exposure
Regression equation

Exposure / Formulation
Short term exposure
Dipel (31.2 ppm)

Dipel (62.5 ppm)

Dipel (125 ppm)

Dipel (250 ppm)

Continuous exposure
Dipel (7.8 ppm)

Dipel (15.6 ppm)

Dipel (31.2 ppm)

Dipel (62.5 ppm)

1.
2.
3.

LT50 (hours)

1.
2.
3.
1.
2.
3.
1.
2.
3.
1.
2.
3.

Y=2.116+0.836X
Y=2.269+0.760X
Y=0.306+1.787X
Y=1.682+1.026X
Y=1.866+0.934X
Y=-0.304+2.07X
Y=-0.183+2.118X
Y=0.138+1.959X
Y=-1.083+2.615X
Y=0.457+2.117X
Y=0.803+1.948X
Y=1.179+1.906X

5.246
5.365
3.284
4.379
4.502
1.759
4.023
4.635
2.108
13.932
15.007
3.341

2803.8
3902.9
423.2
1709.9
2250.6
357.4
279.4
302.3
211.8
139.6
142.4
100.9

1.
2.
3.
1.
2.
3.
1.
2.
3.
1.
2.
3.

Y=0.971+1.604X
Y=1.112+1.538X
Y=2.539+1.007X
Y=0.588+1.833X
Y=0.452+1.898X
Y=2.460+1.084X
Y=0.388+2.011X
Y=-0.002+2.195X
Y=1.359+1.697X
Y=-0.376+2.567X
Y=-303+2.529X
Y=-0.358+2.367X

7.442
7.571
1.819
10.05
10.54
2.128
12.190
16.337
4.671
21.423
20.708
18.397

325.6
336.4
277.6
254.6
249.2
220.3
196.5
190.1
139.5
124.1
124.8
91.2

Mortality at the beginning of pupation in control (day)
Cumulative mortality on specific day
Mortality at highest concentration (day)

old larvae were allowed to feed continuously on diets
containing 7.8 to 500 ppm of Dipel. However, this range
increased from 85.90 to 186.74 ppm after 48 h of feeding on
diets containing 7.8 to 500 ppm of Dipel. For Halt, LC50
ranged from 4.738 to 114.74 ppm when larvae were
continuously reared on diets fortified with 7.8 to 500 ppm
while it was 195.70 to 333.74 ppm when larvae were allowed
to feed for short term on above diets (Table 3). Singh and
Bhattacharya (2005) reported LC50 of Halt and Dipel for
continuous exposure as 62.3 to 99.7 ppm and 4.7 to 293.4
ppm, respectively. Similarly, for short term exposure it was
168.7 to 352.0 ppm for Halt and 10.8 to 524.8 ppm Dipel for
larvae of S. litura. Scalco et al., (1997) recorded LC50 from 6 to
300 ppm of ten formulated products of B. thuringiensis kurstaki
for neonate larvae of Eupoacilia ambiguella. High LC50 were
obtained in short term exposure of larvae in both the
formulations of Halt and Dipel. This may be due to recovery
of larvae from disease when they were transferred from
20

2 for heterogeneity

treated to untreated fresh diet. Higher recovery of second
instar larvae of H. virescens, after 6 and 18 h feeding as
compared to 30 h of feeding on Dipel treated cotton leaves
was reported by Ali and Watson (1982). Low LC50 of Dipel
for S. obliqua recorded by continuous as well as short term
exposure indicated high toxicity of this formulation as
compared to Halt. Similar results were obtained by Singh
and Bhattacharya (2005) when different concentrations of
Halt and Dipel were incorporated in the diets of S. litura.
LT50 calculated on the basis of specific day ranged from 100.9
to 2803.8 h at 31.2 ppm to 250 ppm for short term exposure
on Dipel containing diet (Table 4). LT 50 for different
concentrations were comparatively lower when larvae were
allowed to feed continuously on Dipel treated diets
(Table 4). It ranged from 91.2 to 336.4 h in diets fortified with
7.8 to 62.5 ppm of Dipel. For Halt, LT50 based on specific day
ranged from 127.8 to 4835.6 h when larvae were allowed to
feed only for 48 h on Halt fortified diets at 125 to 500 ppm
Journal of Eco-friendly Agriculture 1(1) 2006.
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Table 5. Median lethal time (LT50) of Halt for S. obliqua during short term and continuous exposure
Expsoure / Formulation
Short term exposure
Halt (125 ppm)

Halt (250 ppm)

Halt (500 ppm)

Continuous exposure
Halt (7.8 ppm)

Halt (15.6 ppm)

Halt (31.25 ppm)

Halt (62.5 ppm)

Halt (125 ppm)

Halt (250 ppm)

Halt (500 ppm)

1.
2.
3.

Regression equation

2 for heterogeneity

LT50 (hours)

1.
2.
3.
1.
2.
3.
1.
2.
3.

Y=2.048+0.801X
Y=1.426+1.130X
Y=0.847+10.47X
Y=1.245+1.622X
Y=-0.183+2.345X
Y=-1.431+2.984X
Y=1.682+1.487X
Y=0.283+2.190X
Y=-1.063+2.880X

5.083
4.854
4.479
13.365
10.503
7.665
18.991
15.957
13.215

4835.6
1454.8
738.5
205.5
164.0
142.9
170.1
142.1
127.8

1.
2.
3.
1.
2.
3.
1.
2.
3.
1.
2.
3.
1.
2.
3.
1.
2.
3.
1.
2.
3.

Y=-1.968+2.673X
Y=-1.742+2.565X
Y=-1.489+2.458
Y=-1.715+2.814X
Y=-3.975+3.856X
Y=-8.266+5.836X
Y=-1.537+2.812X
Y=-3.238+3.596X
Y=-3.618+3.782
Y=-3.372+3.844X
Y=-4.521+4.383X
Y=-5.326+4.777X
Y=-4.975+4.643X
Y=-5.029+4.677X
Y=-4.975+4.643X
Y=-4.487+4.635X
Y=-3.574+4.235
Y=-4.487+4.535X
Y=-1.492+3.338X
Y=-1.492+3.388X
Y=-2.443+3.836X

1.178
0.792
0.606
10.353
2.542
0.364
7.480
1.319
1.072
7.835
3.194
1.432
1.848
3.51
1.848
4.821
4.718
4.821
1.292
1.293
3.753

404.1
424.4
435.4
243.5
212.5
187.5
211.1
195.2
189.8
150.4
148.6
145.1
140.6
139.6
140.6
111.3
105.8
111.3
88.0
88.0
87.0

Mortality at the beginning of pupation in control (day)
Cumulative mortality on specific day
Mortality at highest concentration (day)

(Table 5) while it was 87.0 to 435.4 h for larvae which was
continuous exposed at 7.8 to 500 ppm treated diets (Table 5).
These results showed that Dipel is quicker in action as
compared to Halt.
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Neem- A safer protectant against stored
grain pests in maize
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ABSTRACT
Insecticidal activity of neem leaf powder (NLP) (2%w/w) and neem seed kernel powder (NSKP) (2% w/w)
were evaluated against four storage pests of maize keeping in view the qualitative and quantitative losses caused by
storage pests in maize. NSKP was highly effective compared to NLP against Sitophilus oryzae and Tribolium castaneum
causing high adult mortality. Grain treatment with NSKP caused 36.67% adult mortality of S. oryzae at 20 days after
treatment (DAT) and 53.33% mortality of T. castaneum (at 30 DAT) whereas, NLP caused 6.67% mortality of S.
oryzae (at 20 DAT) and 41.67% mortality of T. castaneum (at 30 DAT). All adults of S. oryzae and T. castaneum died
in NSKP-treated grain at 50 DAT. Complete adult mortality was observed at 80 days after NLP treatment in case of
S. oryzae whereas, in case of T. castaneum, complete adult mortality was observed at 40 days after NLP treatment.
NSKP also gave high larval mortality (73.33%) and pupal mortality (3.3%) of Corcyra cephalonica compared to NLP
causing 48.33% larval mortality and 1.67% pupal mortality at 40 days after release. Adult emergence of S. oryzae, T.
castaneum, Sitotroga cerealella and C. cephalonica was affected in NSKP and NLP treated grains. Thirty-five days after
infestation, adult emergence of S. oryazae (4.67) and T. castaneum (14.0) was very low in NSKP-treated grains as
compared to the adult emergence of S. oryzae (27.67) and T. castaneum (22) in NLP treated-grain. No adult emergence
was observed upto 140 days. Likely, juvenile action of neem on S. oryzae, T. castaneum, and S. cerealella resulted in
reduced adult emergence.
Key words: Neem, stored grain pests, maize

Maize is damaged by several insects in storage, of
which rice weevil, Sitophilus oryzae Linnaeus; rice moth,
Corcyra cephalonica Stainton; rust red flour beetle, Tribolium
castaneum Herbst., Angoumois grain moth, S. cerealella Olivier;
lesser grain borer, Rhizopertha dominica Fabricius and khapra
beetle, Trogoderma granarium Everts are of economic
importance. The protection of grain from destruction by
insects has from many years dependent largely on chemical
treatments to eradicate or repel the pests. However,
indiscriminate use of insecticides has resulted into several
problems like increasing insecticide resistance in insects and
pesticide residues in food stuffs.
Recent trends in the management of storage pests focus
on utilizing the potential of botanicals with insecticide
effects. Therefore, this study on use of neem products against
stored grain pests of maize was carried out to develop a
safer method of control.
MATERIALS AND METHODS
The present study was undertaken to test the relative
toxicity of neem leaf powder (2%w/w) and neem seed kernel
powder i.e. NSKP (2% w/w) against S. oryzae, T. castaneum,
S. cerealella and C. cephalonica, which are considered the most
1

destructive pests of maize in storage. The plant products viz
neem leaves and neem seed kernels were dried, crushed and
ground to a fine powder. Maize grains were treated with
weighed quantities of neem leaf powder (NLP), neem seed
kernel powder (NSKP) and malathion dust separately.
Untreated seeds served as control.
Efficacy of neem products on rice weevil, S. oryzae
The grain protectant were evaluated for their efficacy
as a preventive measure by treating the maize grains before
the rice weevil infestation. The efficacy of grain protection
was studied by releasing ten pairs of freshly emerged adults
of rice weevil in 250 g maize grains of each treatment with
three replications. Weevil damage was studied by releasing
ten pairs of freshly emerged adults for 10 days for oviposition
in 250 maize grains of each treatment with three replications.
Observations recorded were: adult mortality at 10 days
interval till all the exposed adults died; adult emergence of
the fresh progenies at 35 days, 70 days, 105 days and 140
days after adult release (viz., in four successive generations);
Weevil damaged grains were counted and per cent of
damaged grains was calculated during 100 days of storage
period.
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Efficacy of neem products on rust red flour beetle
T. castaneum
The grain protectants were evaluated for their efficacy
as a preventive measure by treating the maize grains before
the red flour beetle infestation. The efficacy of grain
protectants were studied by releasing ten pairs of freshly
emerged adults of red flour beetle in 250 g maize grains of
each treatment with three replications. Beetle damage was
studied by releasing ten pairs of freshly emerged adults for
10 days for oviposition in 250 maize grains of each treatment
with three replications. Observations recorded were: adult
mortality at 10 days interval till all the exposed adults died;
adult emergence of the fresh progenies at 35 days, 40 days,
105 days and 140 days after adult release (viz., in four
sucessive generations). Beetle damaged grains were counted
and per cent of damaged grains were calculated during 100
days of storage period.
Efficacy of neem products on rice moth, C. cephalonica
Two hundred grams of maize grains for each treatment
was taken in glass jars, replicated thrice and twenty freshly
hatched larvae of C. cephalonica obtained from the culture
were released and the jar were covered with muslin cloth
tied with rubber band. The observation on larval mortality,
pupal mortality and adult emergence were recorded.
Efficacy of neem products on angoumois grain moth,
S. cerealella
The impact of grain protectants on grain moth
population build up was studied by releasing three pairs of
freshly emerged adult moths into the jar containing 250 g

maize grains of each treatment with three replications. Grain
damage was studied by releasing three pairs of grain moths
in 250 maize grains of each treatment with three replications.
Observations recorded were grain moth emergence at 35 days,
70 days and 105 days after adult release (viz., in three
successive generations). Damaged grains were counted and
per cent grain damage was calculated during 100 days
storage period.
RESULTS AND DISCUSSION
Insect repellent property of neem leaves has been
known in rural India since ages. Even now dried neem leaves
are mixed with grains which provide protection against
storage pests. The insecticidal action of neem seed, neem
leaf, neem bark and neem oil against storage pests was
reported by several workers (Anand Prakash et al., 1980;
Srivastava 2001, Pandey et al., 1985 a,b; Karnawar and
Dlamini, 1987; Peneira and Wohlgemuth, 1982; Haiderzada,
1986; Chauhan et al., 1987; Mahanjuola, 1989; Buiyah and
Quinones, 1990)
In the present investigation the efficacy of neem seed
kernel powder and neem leaf powder was evaluated against
four storage pests of maize.
Efficacy of neem products against weevil and rust red flour
beetle
Adult mortality
First day after adult release, 100% mortality of rice
weevil and red flour beetle was observed in malathion treated
grain while no mortality was observed in NSKP and NLP

Table 1. Efficacy of neem products on adult mortality of rice weevil, Sitophilus oryzae in maize
Treatment

Dose
(g kg-1 seed)

Adult mortality (%) of rice weevil in days after release
Days
0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

NSKP

2

0.00
1.67 36.67 63.33 70.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
(0.00) (4.31) (37.20) (52.80) (56.92) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00)

NLP

2

0.00
0.00
6.67 16.67 23.33 36.22 48.32 65.00 90.00 100.00 100.00 100.00 100.00 100.00 100.00
(0.00) (0.00) (14.7) (24.50) (28.86) (37.22) (44.03) (53.82) (75.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00)

Malathion
dust

3

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
(90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00)

Control

-

0.00
0.00
0.00
1.70
1.67 10.00 11.67 18.33 20.00 30.00 46.67 65.00 76.67 96.67 100.00
(0.00) (0.00) (0.00) (4.31) (4.31) (18.50) (19.89) (25.19) (26.45) (33.00) (43.00) (53.80) (61.33) (81.39) (90.0)

CD (p = 0.05)

-

2.53

8.75

7.60

9.21

6.07

5.32

8.32

5.05

9.20

4.83

4.59

9.88

7.12 4.02

NS

Values in parenthesis are angular transformed values.
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Table 2. Efficacy of neem products on adult mortality of rust red flour beetle, T, castaneum in maize
Treatment

NSKP
NLP
Malathion dust
Control
CD (p = 0.05)

Dose
(g kg-1 seed)

2
2
3
-

Adult mortality (%) of red flour beetle in days after relaease
Days
1

10

20

30

40

50

60

70

80

0.00

0.00

0.00

53.33

78.33

100.00

100.00

100.00

100.00

(0.00)

(0.00)

(0.00)

(46.91)

(62.48)

(90.00)

(90.00)

(90.00)

(90.00)

0.00

0.00

0.00

41.67

61.67

100.00

100.00

100.00

100.00

(0.00)

(0.00)

(0.00)

(40.18)

(51.78)

(90.00)

(90.00)

(90.00)

(90.00)

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

(90.00)

(90.00)

(90.00)

(90.00)

(90.00)

(90.00

(90.00)

(90.00)

(90.00)

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

(0.00)

(0.00)

(0.00)

(0.00)

(0.00)

(0.00)

(0.00)

(0.00)

(0.00)

NS

4.16

11.50

7.21

4.20

2.02

2.70

3.20

NS

Data in parenthesis are square root transformed values.

treated grain (Table 1 and 2). Twenty days after release,
36.67% weevil mortality was observed in NSKP treated
grains. At thirty days after release, high adult mortality of
rice weevil (63.33%) and rust red flour beetle (53.33%) was
recorded in neem seed kernel powder treated grain compared
to adult mortality of weevil (16.67%) and red flour (41.67%)
in neem leaf powder (NLP) treated grain. At fifty days after
insect release, 100% beetle mortality was observed in both
the neem products treated grain while 100% weevil mortality
was observed only in neem seed kernel powder (NSKP)
treated grain. Neem leaf powder treated grains showed 100%
mortality of rice weevil after 90 days. Significant difference
in adult mortality was observed between two neem products
(NSKP and NLP) treated grains from 20 days after release of
weevils and from 30 days after release of beetles. Control
showed significant difference in adult mortality and 100%
adult mortality was observed after 140 days of release of
weevils.
Neem seed kernal powder (NSKP) was highly effective
as compared to neem leaf powder (NLP) against S. oryzae
and T. castaneum causing high adult mortality (Table 1 & 2).
NSKP at low dose (2%W/W) was effective against S. oryzae
in protecting maize seed, for 2 weeks and at higher
concentration (10%w/w) it was effective against S. oryzae,
R. doinica, T. garanarium over long periods of time (Sharma,
1995). It caused 100% adult mortality of S. oryzae and T.
castaneum within 50 days after treatment confirming the
findings of Kossou (1989). NLP was also found to be effective
in controlling S. oryzae and T. castaneum. Complete adult
mortality was observed at 90 days after NLP treatment in
Journal of Eco-friendly Agriculture 1(1) 2006.

case of S. oryzae (Table 1) confirming the findings of Kossou
(1989). Whereas in case of T. castaneum, complete adult
mortality was observed 50 days after NLP treatment
(Table 2).
Population build-up in successive generations
Maximum number of adult weevil and red flour beetles
emerged in control at 35, 70, 105 and 140 days after insect
release i.e., in four successive generations (Table 3). Thirtyfive days after release, significant difference in adult
emergence of weevils and beetles was observed between
NSKP and NLP. Among the two neem products, less number
of weevils were emerged in NSKP (4.67) as compared to NLP
(27.67) treated grains. Beetle emergence was low in NSKP
(14.0) as compared to NLP (22.0) treated grains. Adult
emergence was not observed in NSKP treated grains at 105
days and 140 days after rice weevil release and adult
emergence was observed only in NLP treated grains after
105 days of rice weevil release (Table 3). No adult (weevil/
beetle) emergence was observed in malathion treated grains
and the same trend continued upto 140 days.
Efficacy of neem products on Angoumois grain moth,
S. cerealella
Maximum number of grain moth adults emerged in
control at three successive generations viz. 35, 70 and 105
days after insect release. However no adult emergence in
malathion treated grain at successive generations were
recorded (Table 3). Emergence of adult grain moth was low
in NSKP (7.67) as compared to NLP (11.33) at 35 days after
25
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Table 3. Effect of neem products on adult emergence of Rice weevil, Red flour beetle and Angoumois grain moth in maize

Treatment

NSKP
NLP
Malathion dust
Control
CD (p = 0.05)

Dose
(g kg-1 seed)

2
2
3
-

Adult emergence at days after release
Rice weevil

Red flour beetle

Angoumois grain moth

Days

Days

Days

35

70

105

140

35

70

105

35

70

105

4.67

2.33

0.00

0.00

14.00

9.00

15.33

7.67

11.00

10.33

(2.26)

(1.54)

(0.71)

(0.71)

(3.80)

(3.06)

(3.97)

(2.84)

(3.36)

(3.29)

27.67

33.67

39.33

16.33

22.00

21.33

23.00

11.33

17.67

13.33

(5.31)

(5.84)

(6.3)

(4.08)

(4.74)

(4.64)

(4.84)

(3.44)

(4.25)

(3.71)

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

(0.71)

(0.71)

(0.71)

(0.71)

(0.71)

(0.71)

(0.71)

(0.71)

(0.71)

(0.71)

52.00

11.60

277.67

476.67

54.67

79.00

120.33

36.33

66.67

194.67

(7.24)

(10.79)

(16.65) (21.83)

(7.42)

(8.91)

(10.99)

(6.07)

(8.19)

(13.97)

0.35

0.73

0.47

0.67

0.53

0.43

0.58

0.62

0.57

0.73

Data in parenthesis are Square root transformed values

release. Significant difference in adult emergence was
observed between the two neem products treated grains.
Adult emergence was observed in a decreasing trend in NLP
and NSKP treated grains in successive generations.

less amount of food resulting in few larvae reaching stage
due to the presence of azadirachtin in neem products
(Sharma, 1992).
Adult emergence

Efficacy of neem products on rice moth, C. cephalonica
Larval mortality
First day after release of larvae, 100% mortality was
observed in malathion treated maize grains as compared to
no mortality in control (Table 4). Even though, larval mortality
was high in NSKP (33.33%) compared to NLP treated grains,
no significant difference in larval mortality was observed
among the two neem products. Fifteen days after release,
high larval mortality 71.67% was observed in NSKP
compared to 45.0% in NLP treated grains.
Pupal mortality
Maximum pupal mortality was observed in NSKP
powder treated grain (3.33%) and a minimum pupal
mortality was observed in NLP treated grain (1.67%)
(Table 4). NSKP gave high larval mortality of 73.33% and
pupal mortality of 3.3% in C. cephalonica (Table 4). To an
extent of 48.33% larval mortality and 1.67% pupal mortality
of C. cephalonica was recorded at 40 days after release in NLP
treated grains (Table 4). These results are in confirmity with
the findings of Chauhan et al., (1987), Senguttuvan et al.,
(1995) and Sharma (1992). The efficacy of neem products are
due to the anti-feedant activity. Rice moth larvae consume
26

Maximum adult emergence was recorded in control
(98.33%) followed by neem leaf powder treated grains (50%).
Rice moth adult emergence was significantly reduced in
NSKP treated grains (20%) and no adult emergence was
observed in malathion treated grains (Table 4).
Adult emergence of S. oryzae, T. castaneum, S. cerealella
and C. cephalonica was affected in NSKP and NLP treated
grains (Tables 3 and 4). Even though, NLP was effective in
reducing the adult emergence of S.oryzae, T. castaneum, S.
cerealella and C. cephalonica but the efficacy was very low as
compared to neem seed kernel powder (Table 3 and 4).
Similarly, the juvenile action of neem on larvae and pupae of
Corcyra and oviposition deterrent or ovicidal action of neem
on S. oryzae, T. castaneum and S. cerealella resulted in reduced
adult emergence.
Effect of neem products on grain damage caused by stored
grain pests of maize
Grain damage by rice weevil, S. oryzae
During hundred days storage period, grain damage
caused by rice weevil was high in control (54.76%). Among
the grain protectants, grain damage was nil in malathion
Journal of Eco-friendly Agriculture 1(1) 2006.
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Table 4: Efficacy of neem products on larval mortality, pupal morality and adult emergence of rice moth, C. cephalonica in
maize
Treatment

Dose
(g kg-1 seed)

Larval mortality (%) in days after release
Days
1

5

10

15

20

25

30

35

40

Pupal
Adult
mortality emergence
(%)
(%)

NSKP

2

33.33 51.67 65.00
71.67 71.67 71.67
71.67 71.67 73.33
(34.99) (45.96) (53.87) (57.91) (57.91) (57.91) (57.91) (57.91) (57.91)

3.33
(8.61)

20.0
(26.26)

NLP

2

26.67 36.67 43.33
45.00 45.00 45.00
48.33 48.33 48.33
(30.95) (37.09) (41.10) (42.09) (42.09) (42.09) (44.04) (44.04) (44.04)

1.67
(4.31)

50.00
(45.00)

Malathion dust

3

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
(90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00) (90.00)

0.00
(0.00)

98.33
(0.00)

Control

-

0.00
(0.00)

1.67
(4.31)

1.67
(4.31)

1.67
(4.31)

1.67
(4.31)

1.67
(4.31)

1.67
(4.31)

1.67
(4.31)

1.67
(4.31)

0.00
(0.00)

98.33
(85.69)

CD (p = 0.05)

-

11.36

11.77

12.01

10.00

8.60

8.21

8.43

7.98

8.18

7.00

10.16

Data in parenthesis are angular transformed values

Table 5: Effect of grain protectants on grain damage caused
by the infestation of S. oryzae, T. castaneum and
S. cerealella during 100 days storage period in
maize.
Treatment

Dose
(g kg-1 seed)

Grain damage
(%)
S. oryzae T. castaneum

S.cerealella

NSKP

2

10.64
(19.00)

10.76
(19.14)

10.92
(3.59)

NLP

2

25.77
(30.48)

16.59
(24.03)

4.33
(12.00)

Malathion
dust

3

0.00
(0.00)

0.00
(0.00)

0.00
(0.00)

Control

-

54.76
(47.74)

33.31
(35.24)

66.56
(54.69)

CD
(p = 0.05)

-

2.29

2.10

2.82

Data in parenthesis are angular transformed values

treated grains and less in NSKP (10.64%), while it was high
in NLP treated grain 25.77% (Table 5).
Grain damage by rust red flour beetle, T. castaneum
Grain damage caused by red flour beetle was maximum
in control (33.31%) followed by NLP treated grains (16.59%)
and was nil in malathion treated grains (Table 5). Significant
difference was observed in grain damage among NSKP
(10.76%) and NLP (16.59%) treateds grains during 100 days
Journal of Eco-friendly Agriculture 1(1) 2006.

storage period.
Grain damage by angoumois grain moth, S. cerealella.
During 100 days of infestation, grain damage caused
by grain moth was maximum in control (66.56%) (Table 5).
No grain damage was noticed in malathion treated grains,
while it was low (<5%) in NLP treated grain.
Grain damage caused by S. oryzae and T. castaneum
was highly reduced in NSKP treated grains as compared to
NLP due to population decrease of these species in successive
generations (Table 5). Velumani et al., (1993) also reported
that defatted NSKP was effective in reducing the damage by
S. oryzae and R. dominica whereas, NLP exhibited higher
efficacy in reducing the grain damage caused by S. cerealella
than that of S. oryzae and T. castaneum. Even though NLP
was effective in reducing the adult emergence of S. oryzae,
T. castaneum, S. cerealella and C. cephalonica but the efficacy
was very low as compared to NSKP.
Malathion as treated check insecticide was found to be
highly effective in controlling the stored product pests of
maize compared to two neem products evaluated. The
effectiveness of malathion against S. oryzae, T. castaneum,
C. cephalonica and S. cerealella is well documented
(Table 1 to 5). However, NSKP can be recommended in place
of malathion in view of its safety.
Grain damage caused by S. oryzae and T. costaneum
was highly reduced in NSKP treated grains as compared to
NLP due to population decrease of these species in successive
generations. However neem leaf powder exhibited higher
27
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efficacy in reducing the grain damage caused by S. cerealella
than that of S. oryzae and T. costaneum. Even though NLP
was effective in reducing the adult emergence of S. oryzae, T.
castaneum, S. cerealella and C. cephalania but the efficacy was
low as compared to NSKP. Hence, neem seed kernel powder
is recommended for the control of insects.
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Bio-efficacy and selectivity of bio-pesticides against
citrus insect pests and their natural enemies
V.J. Shivankar, C.N. Rao and Shyam Singh
National Research Centre for Citrus, Amravati Road, P.O. Box - 464, Nagpur - 440 010 (Maharashtra), India.

ABSTRACT
Bio-efficacy trials of botanicals were conducted against citrus blackfly, Aleurocanthus woglumi Ashby, psylla,
Diaphorina citri Kuwayama and also their selectivity to predominant predators of blackfly, Mallada boninensis Okamoto,
Serangium parcesetosum Sicard and the eulophid parasitoid of psylla nymphs, Tamarixia radiata Waterstone at NRC for
Citrus, Nagpur. Application of Neem oil recorded 27.56% blackfly egg hatching after 30 days of treatment as
compared to 55.89% in control. In case of citrus psylla, cent per cent nymphal mortality was observed after 24 hours
of treatment in all the six botanicals tested. Alpinia galanga rhizome extract (1%) was found to be safer to T. radiata
(82.7% adult emergence) whereas, A. galanga and Acorus calamus rhizome extracts (1%) proved safer to the predators,
M. boninensis and S. parcesetosum.
Key words: Bio-efficacy, selectivity, citrus blackfly, psylla, natural enemies

Citrus blackfly, Aleurocanthus woglumi Ashby and
psylla, Diaphorina citri Kuwayama are the major insect pests
of citrus throughout India. The numerous nymphs of the
former excretes honey dew profusely and causes formation
of black fungal layer on the entire tree making it unproductive
for next 3-4 years while the latter causes heavy deblossoming
and dieback. It is also responsible for transmission of deadly
greening disease. In citrus eco-system, bio-agents like Mallada
boninensis Okamoto and Serangium parcesetosum Sicard are
found in abundance, feeding on various stages of blackfly
psylla and Tamarixia radiata Waterston, a predominant
parasitoid of psylla. The use of plant products against insect
pests is gaining importance in recent years in view of
environmental pollution and health hazards posed by the
excessive use of synthetic insecticides. Therefore, trials on
indigenous botanicals against psylla, black fly and their
bio-agents were conducted at NRC for Citrus, Nagpur.
MATERIALS AND METHODS
A few promising plants viz., Safed Kanher (Nerium
odorus) roots, Nirgundi (Vitex negundo) stem and leaves, Safed
batch (Acorus calamus) rhizome, Neem seed kernel (Azadiracha
indica) and Badakulanjan (Alpinia galanga) were evaluated
against D. citri, M. boninensis, S. parcesetosum and T. radiata.
Shade dried plant materials were extracted in ethanol and
1% solution for each botanical was prepared from the pure
extracts. Twig dip method was followed in case of citrus
psylla and T. radiata whereas dry film method using Potters
Tower was followed for M. boninensis and S. parcesetosum.
In case of twig dip method, the citrus twigs with healthy
and the parasitised nymphs of psylla were treated with
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respective botanicals @ 1.0 % and observations were recorded
on psylla nymphal mortality and number of parasitoid adults
emerged. In case of dry film method, the botanicals were
sprayed @ 1% with the help of Potters Tower. Observations
were taken on larval mortality before and after the treatment
at regular intervals.
Field experiment on ovicidal efficacy of neem oil along
with different insecticides was conducted against citrus
blackfly. There were seven treatments with four applications,
which included three organophosphates, one synthetic
pyrethorid, one insect growth inhibitor and a plant product.
Spraying was carried out against egg stage of the pest.
RESULTS AND DISCUSSION
Citrus blackfly: Bio-efficacy studies revealed that application
of neem oil recorded (27.6%) hatching of citrus blackfly eggs
compared to 55.9% in control after 30 days of treatment.
Among the insecticides, methomyl (0.012%) proved most
effective (12.76% egg hatching) followed by 22.4%in
bifenthrin (0.01%) (Table 1).
Citrus psylla: Nymphal mortality ranged from 0 in Nerium
odorus to 13.3% in Vitex nigundo after six hours of treatment.
Among the botanicals, N. odorus and A. galanga recorded
only 36.6% and 43.3% nymphal mortality, respectively, after
12 hrs. of treatment as compared to more than 50% nymphal
mortality in other treatments. A. calamus, Vitex nigundo, and
Azadirachta indica recorded 100%, 96.3% and 90% nymphal
mortality respectively after 18 hrs. of treatment. However
after 24 hrs. of treatment all botanicals tested gave 100%
nymphal mortality (Table 2).
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Table 1. Ovicidal efficacy of different insecticides against
citrus blackfly

Table 3. Effect of certain botanicals on emergence of
Tamarixia radiata

Insecticide

Treatment
Badakulanjan
(Alpinia galanga)
Safed batch
(Acorus calamus)
Safed kanher
(Nerinm odorus)
Nirgundi
(Vitex Negundo)
Neem seed kernal
(Azadirachta indica)
Control

Conc. (%)

Diflubenzuron

(0.025)

Acephate

(0.06)

Monocrotophos

(0.036)

Methomyl

(0.012)

Neem oil

(4.0)

Bifenthrin

(0.01)

Control

-

SEm 
CD (p= 0.05)

-

Egg hatching (%)
(days after application)
10
30
0.82
44.18
(5.20)
(41.61)
0.38
36.07
(3.53)
(36.87)
0.87
40.72
(5.35)
(39.64)
0.24
12.76
(2.81)
(20.88)
0.46
27.56
(3.89)
(31.63)
0.34
22.42
(3.34)
(28.25)
1.09
55.89
(5.74)
(48.33)
0.36
3.51
0.78
7.65

SEm 
CD (p = 0.05)

Table 2. Efficacy of certain botanicals against citrus psylla
Diaphorina citri

Safed Kanher
(Nerium odorus)
Nirgundi
(Vitex nigundo)
Safed batch
(Acorus calamus)
Neem seed kernal
(Azadirachta indica)
Badakulanjan
(Alpinia galanga)
Nemax
Control

Conc.
%
1

1
1
1
1
1
-

Adult emergence (%)
82.70
(65.42)b
75.30
(60.20)c
58.50
(49.89)d
48.10
(43.91)e
42.80
(40.86)e
85.40
(67.54)a
1.68
3.54

Figures in parenthesis are arc sine transformed values

Figures in parenthesis are arc sine transformed values

Treatment

Conc. (%)
1

Nymphal mortality (%)
6h
12 h
18 h
24 h
0.0
36.6
73.3
100

1

13.3

66.6

96.3

100

1

3.3

73.3

100.0

100

1

3.3

63.3

90.0

100

1

6.6

43.3

86.6

100

1

3.3
0.0

53.3
0.0

83.3
0.0

100
0.0

Tamarixia radiata : The data revealed higher emergence of
T. radiata adults (82.7%) from the A. galanga treated psylla
nymphs than those treated with other botanicals, indicating
A. galanga to be safer to psylla parasitoid, T. radiata (Table 3).
Serangium parcesetosum : None of the botanicals recorded
mortality of S. parcesetosum larvae at 12 hrs. of treatment.
Larval mortality was, however, significantly higher than
control from 24 hrs. onwards. A. galanga and A. calamus
recorded significantly lesser grub mortality than other
botanical treatments irrespective of time lapse. However,
neem seed kernel recorded the highest mortality ranging from
9.8% to 56.7% between 24 and 72 hrs. after treatment. Table
4 revealed that A. galanga and A. calamus proved safer to S.
parcesetosum as compared to other botanicals.
Mallada boninensis: All botanical treatments recorded
significantly higher larval mortality of M. boninensis than
control. However, A. galanga and A. calamus recorded 36.7%

Table 4. Selectivity of certain botanicals against larvae of S. parcesetosum
Botanical

Conc. (%)

Badakulanjan
(Alpinia galanga)
Safed batch
(Acorus calamus)
Safed kanher
(Nerium odorus)
Nirgundi
(Vitex negundo)
Neem seed karnel
(Azadirachta indica)
Control

1

SEm 
CD (p =0.05)

-

1
1
1
1
1

24
3.2
(10.31)b
3.4
(10.63)b
8.4
(16.80)c
7.1
(15.50)c
9.8
(18.24)c
0.00
(0.00)a
1.33
2.8

Larval mortality of S. parcesetosum (%) (Hours after treatment)
32
48
60
6.4
10.1
16.4
(14.70)b
(18.53)b
(23.89)b
6.2
10.3
16.2
(14.42)b
(18.72)b
(23.73)b
24.9
29.4
42.4
(29.87)cd
(32.83)c
(40.63)c
20.6
31.1
48.2
(26.99)c
(33.89)c
(43.97)d
27.5
35.3
45.4
(31.63)d
(36.50)c
(42.36)cd
0.00
1.5
2.7
(0.00)a
(7.04)a
(9.46)a
1.76
1.86
1.19
3.7
3.9
2.5

72
22.2
(28.11)b
23.5
(29.00)b
54.9
(47.81)cd
52.3
(46.32)c
56.7
(48.90)d
3.1
(10.14)a
0.99
2.1

Figures in parenthesis are arc sine transformed values
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and 23.2% mortality of M. boninensis larvae, respectively, after
72 hrs. of treatment proved safe. Among other treatments,
larval mortality was significantly higher in N.odorus (52.4%),
V. negundo (48.7%), C. flexuosus (45.4%) and A. indica (50.8%).
Hence, A. galanga and A. calamus proved safer to M. boninensis
than other botanicals (Table 5).
Jyothi et al., (1990) also reported some indigenous
botanicals to be effective against citrus aphid. Shivankar and
Table 5 : Selectivity of certain botanicals against
M. boninensis larvae
Botanical
24
Badakulanjan
2.1
(Alpinia galanga) (8.33)
Safed batch
2.7
(Acorus calamus) (9.46)
Safed kanher
9.8
(Nerium odorus) (18.24)
Nirgundi
9.4
(Vitex negundo) (17.80)
Lemon grass
8.9
(Cymbopogan
(17.36)
flexuosus)
Neem
9.6
(Azadirachta
(18.00)
indica)
Control
0.0
(0.00)
1.024
SEm 
CD (p =0.05)
2.13

Larval mortality % at differed
32
48
60
4.7
7.6
14.3
(12.52)
(16.00) (22.22)
4.5
7.4
13.8
(12.20)
(15.79) (21.81)
25.2
31.5
39.1
(30.13)
(34.14) (38.70)
22.4
30.1
38.7
(28.20)
(33.27) (38.47)
21.6
28.3
56.5
(27.69)
(32.14) (27.17)

72
36.7
(27.76)
23.2
(28.79)
52.4
(46.38)
48.7
(43.97)
45.4
(42.36)

24.2
(29.47)

32.2
(34.57)

41.4
(40.00)

50.8
(45.46)

0.0
(0.00)
0.928
1.93

0.0
(0.00)
0.889
1.85

2.1
(8.30)
1.192
2.43

2.5
(9.10)
1.043
2.17

Figures in parenthesis are arc sine transformed values
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Rao (2002) reported ethanol extracts (1%) of Alpinia galanga
and Acorus calamus rhizomes were safer to the chrysopid
predator, M. boninensis. Similarly, butocarboxim (0.1%),
methyl demeton (0.06%) and malathion (0.06%) were found
to be safer than other insecticides tested (Kalidas and
Shivankar, 1994), the re-establishment of the major predators
viz., S. parcesetosum and M. boninensis within 15 days after
the spray substantiates the claim.
The results indicated that application of neem oil at
4% significantly reduced the hatching of blackfly eggs and
was at par with bifenthrin (0.01%), the second best insecticide
after methomyl (0.012%). A. calamus followed by V. negundo
extracts (1%) was found to be effective against citrus psylla
while, A. galanga and A. calamus were safer against the bioagents.
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ABSTRACT
Non-target toxicity of five insecticides including ready-mix combination products namely, profenofos 50%
EC (Carina 50 EC), cypermethrin 25% EC (Colt 25 EC), profenofos 40% + cypermethrin 4% EC (Roket 44 EC), ethion
40% + cypermethrin 5% EC (Colfos 405 EC) and triazophos 35% + deltamethrin 1% EC (Spark 36 EC) and one insect
growth regulator, novaluron 10% EC (Rimon 10 EC) each at three dosages were tested on the pupae and adults of
Trichogramma chilonis Ishii and adults of Bracon brevicornis Wesm. Novaluron (0.0075%, 0.01% and 0.0125% a.i.) was
found to be safest to both the parasitoids. Cypermethrin (0.0025, 0.005 and 0.0075 % a.i.) showed low to moderate
level of toxicity to the adults, though toxicity to T. chilonis pupae was moderate to high. Profenofos (0.0375, 0.05 and
0.0625% a.i.) and all three ready-mix formulations viz., profenofos + cypermethrin (0.033, 0.044 and 0.055% a.i.),
ethion + cypermethrin (0.034, 0.045 and 0.056% a.i.) and triazophos + deltamethrin (0.027, 0.036 and 0.045% a.i.)
were extremely toxic (>90% mortality) to both the parasitoids.
Key words: Trichogramma chilonis, Bracon brevicornis, toxicity, insecticides, IGR.

Pesticides are essential components of Integrated Pest
Management Systems. But their usage should be done
judiciously with other components of pest management. So,
assessment of potential effect of pesticides on beneficial
arthropods is recognized as one of the essential pre-requisites
for their inclusion in the IPM programme. Keeping this in
mind, laboratory tests were conducted to study the toxicity
of five insecticides including ready mix combination
products and one insect growth regulator (IGR) against two
important parasitoids of lepidopteran crop pests.

Adult mortality was recorded 6 h after treatment. The adults
were fed with 50% honey solution before release. To study
the toxicity of these chemicals on Bracon brevicornis adults,
five pairs of the parasitoid were released in glass vials lined
with chemicaly treated filter papers as in case of T. chilonis.
The adults were fed with 50% honey solution before release
and adult mortality was recorded 24 h after treatment.

MATERIALS AND METHODS

RESULTS AND DISCUSSION

The toxicity of five insecticides including ready-mix
formulation namely, profenofos 50%(Carina 50 EC),
cyermethrin 25% (Colt 25 E C), profenofos 40%+cypermethrin
4% (Roket 44 EC), ethion 40%+cypermethrin 5% (Colfos 405
EC), and triazophos 35%+deltamethrin 1% (Spark 36 EC)
and one IGR, novaluron 10%EC (Rimon 10 EC), each at three
dosages (Table 1), was tested against the pupae and adults
of Trichograma chilonis Ishii and the adults of Bracon brevicornis
Wesm. Water was used as control and all the treatments
were replicated thrice. To study the pupal toxicity, egg cards
containing about 100 parasitized Corcyra eggs were dipped
in the solutions of chemicals at 6th day after parasitization,
dried under fan and were kept in glass vials for the emergence
of parasitoids. After emergence of adult parasitoids, pupal
mortality was recorded from 30 pupae of each egg card. To
study the adult toxicity, 10 pairs of freshly hatched adults
were released in glass vials, inner surface wrapped with
filter paper strips which were earlier dipped in the solutions
of above mentioned chemicals and were dried under fan.

The data on mortality of pupae and adults of T.chilonis
and adults of B. brevicornis are presented in Table 1.
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The data thus obtained were subjected to analysis of
variance after suitable transformation.

Toxicity to Trichograma chilonis pupae
Amongst the insecticidal treatments, profenophos at
0.0625% a.i., ethion 40% + cypermethrin 5% at 0.056% a.i.,
and triazophos 35% + deltamethrin 1% at 0.056% a.i., caused
total mortality of the pupae.
Treatments that produced more than 90% mortality
include, profenophos 0.0375 (93.78%) and 0.05%a.i.
(96.24%), cypermethrin 0.0075% a.i. (95.19%), profenophos
40% + cypermethrin 4% at 0.033 (93.78%), 0.044 (98.76%)
and 0.055 % a.i. (96.34%), ethion 40% + cypermethrin 5% at
0.034 (98.76%) and 0.045% a.i. (97.48%) and triazophos 35%
+ deltamethrin 1% at 0.027 (90.07%) and 0.036% a.i. (97.53%).
However, the lowest concentrations of profenophos
(0.0375% a.i.) profenophos + cypermethrin (0.033% a.i.) and
triazophos+deltamethrin (0.027%a.i.) produced
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Table-1. Per cent corrected mortality of pupa and adults of Trichogramma chilonis and Bracon brevicornis with differment
synthetic chemicals
Treatments

Mortality(%) of
T. chilonis

Mortality (%) of
B. brevicornis

Pupa

Adult

Adult

Profenofos 50% (Carina 50 EC) - 0.0375% a.i.

93.78 (75.73)*

100.00 (89.43)

100.00 (89.43)

Profenofos 50% (Carina 50 EC) - 0.05% a.i.

96.24 (80.81)

100.00 (89.43)

100.00 (89.43)

Profenofos 50% (Carina 50 EC) - 0.0625% a.i.

100.00 (89.43)

100.00 (89.43)

100.00 (89.43)

Cypermethrin 25% (Colt 25 EC) - 0.0025% a.i.

45.85 (42.54)

52.35 (46.37)

21.73 (27.76)

Cypermethrin 25% (Colt 25 EC) - 0.005% a.i.

76.39 (61.19)

59.33 (50.66)

30.10 (32.78)

Cypermethrin 25% (Colt 25 EC) - 0.0075% a.i.

95.19 (79.74)

64.84 (58.77)

35.07 (36.19)

Profenofos 40% + Cypermethrin 4% ( Roket 44 EC) - 0.033% a.i.

93.78 (75.73)

100.00 (89.43)

100.00 (89.43)

Profenofos 40% + Cypermethrin 4% ( Roket 44 EC) - 0.044% a.i.

98.76 (85.92)

100.00 (89.43)

100.00 (89.43)

Profenofos 40% + Cypermethrin 4% ( Roket 44 EC) - 0.055% a.i.

96.34 (80.91)

100.00 (89.43)

100.00 (89.43)

Ethion 40% + Cypermethrin 5% ( Colfos 405 EC) - 0.034% a.i.

98.76 (85.92)

100.00 (89.43)

100.00 (89.43)

Ethion 40% + Cypermethrin 5% (Colfos 405 EC) - 0.045% a.i.

97.48 (82.35)

100.00 (89.43)

100.00 (89.43)

Ethion 40% + Cypermethrin 5% (Colfos 405 EC) - 0.056% a.i.

100.00 (89.43)

100.00 (89.43)

100.00 (89.43)

Triazophos 35% + Deltamethrin 1% (Spark 36 EC) - 0.027% a.i.

90.07 (71.72)

100.00 (89.43)

93.86 (80.79)

Triazophos 35% + Deltamethrin 1% (Spark 36 EC) - 0.036% a.i.

97.53 (82.41)

100.00 (89.43)

85.03 (70.98)

Triazophos 35% + Deltamethrin 1% (Spark 36 EC) - 0.045% a.i.

100.00 (89.43)

100.00 (89.43)

100.00 (89.43)

Novaluron 10 EC (Rimon 10 EC) - 0.0075% a.i.

18.40 (25.24)

20.44 (22.11)

13.43 (18.36)

Novaluron 10 EC (Rimon 10 EC) - 0.01% a.i.

19.64 (26.19)

4.23 (8.11)

13.43 (18.36)

Novaluron 10 EC (Rimon 10 EC) - 0.0125% a.i.

17.03 (23.40)

0.10 (1.81)

6.77 (10.09)

10.22

14.67

13.61

CD (p=0.05)
* Figure in the parenthesis denote angular transformed values

significantly lower mortality than the highest dosages of
profenofos, ethion+cypermethrin and triazophos +
deltamethrin. Cypermethrin at 0.0025 and 0.005% a.i. caused
45.85 and 76.39% mortality, respectively. All the three
concentrations of novaluron (0.0075, 0.01 and 0.0125% a.i.)
caused only 17.03-19.64% mortality.
Toxicity to Trichograma chilonis adults
All the three concentrations of profenophos (0.03750.0625 % a.i.), profenophos + cypermethrin (0.033-0.055 %
a.i.), ethion + cypermethrin (0.034-0.056 % a.i.) and
triazophos + deltamethrin (0.027-0.045 % a.i.) caused total
mortality of T. chilonis adults after 6 hrs. of exposure.
Novaluron at three dosages (0.0075-0.0125 % a.i.) caused
20.44 to 0.1 % mortality only.
Toxicity to adults of Bracon brevicornis
All the three concentrations of profenophos (0.03750.0625% a.i.), profenophos + cypermethrin (0.033-0.055%
Journal of Eco-friendly Agriculture 1(1) 2006.

a.i.), ethion + cypermethrin (0.034-0.056% a.i.) and triazophos
+ deltamethorin at 0.045% a.i. resulted in total mortality of
Bracon adults and were significantly more toxic than any of
the other treatments. Triazophos + deltamethrin at 0.027 and
0.036% a.i. produced 93.86 and 85.03% mortality, respectively
and were significantly more toxic than cypermethrin and
novaluron. Cypermethrin at three dosages (0.0025-0.0075 %
a.i.) showed 21.73-35.07 % mortality. The three dosages of
novaluron (0.0075-0.0125% a.i.) caused 6.77-13.43 %
mortality of the adults.
The results clearly show that profenophos 50% E.C. at
(0.0375 – 0.0625%) and all the three ready mix formulation
of insecticides i.e. profenophos 40% + cypermethrine 4% E.C.
(at 0.033—.055% a.i.), ethion 40% + cypermethium 5% E.C.
(at 0.034-0.056% a.i.) and triazophos 35% + deltamethrin
1% E.C. (at 0.027-0.045% a.i.) were extremely toxic to both
the parasitoids. Cypermethrin 25% E.C. at 0.0025-0.0075%
a.i. showed low to moderate level of toxicity to the adults of
both the parasitoids, though toxicity to T. chilonis pupae was
33
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moderate to high. Earlier Patil et al., (1990), Broglio (1991)
and Brar et al., (1991) observed cypermethrin to be relatively
safer to Bracon, Trichogramma, while, Abida et al., (2000) found
profenophos to be extremely toxic. However, information
relating to toxicity of the ready mix formulations to the
parasitoids are lacking. The IGR, novaluron (at 0.00750.0125% a.i.) was safest to both the parasitoids. The result is
in agreement with Narayana and Babu (1992) who recorded
that IGR’s have little effect on emergence of T. chilonis when
exposed at 7 day after parasitisation. Patil et al. (1990) also
found diflubenzuron, an IGR, to be safer to B. brevicornis
pupae.
It is concluded that, novaluron (IGR) at 0.0075- 0.0125%
a.i. can be used in the management programmes of
lepidopteran crop pests without any appreciable loss to
T. chilonis and B. brevicornis particularly when the parasitoids
are at pupal or adult stage. Cypermethrin (0.0025% a.i) can
also be included as a reasonably safe insecticide.
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ABSTRACT
In a field experiment during 2000-01 and 2001-02 NSKE 5%, garlic and onion 2% proved most effective in the
management of podfly Melanagromyza obtusa. Among the commercial formulations of neem, Multineem and Achook
proved promising, reducing pod damage and increasing the crop yield significantly.
Key words: Plant products, neem products, Melanagromyza obtusa

Pigeonpea, one of the most important pulse crops in
the semi-arid tropics in India, ranks second contributing over
90% of the world pulse production. The crop suffers heavily
due to infestation of an array of insect pest complex during
reproductive phase of the crop. Podfly, Melanagromyza obtusa
Malloch, is the most predominant and major one in north
India is responsible for 40-75% of the total losses due to insects
in late maturing pigeonpea and renders the seed unfit for
human consumption and germination (Lal and Yadav,
1994). In order to provide an effective control of podfly
M. obtusa, an integrated approach involving use of
insecticides, host plant resistance and biological control have
been recommended. Till date, the use of organic insecticides,
which adversely affect the natural enemies, pose threat of
pest resurgence and development of resistance and hazards
to mankind are the only available efficient strategy against
M. obtusa, although plant products have been widely accepted
having insecticidal and repellent properties. The literature
on relative efficacy of these products against M. obtusa is
however scanty. Keeping in view, some plant products,
NSKE and some commercial formulations of neem, were
evaluated against podfly under field condition.
MATERIALS AND METHODS
Evaluation of Plant Products
Based on preliminary information on relative
performance of various plant products as repellents and /
or oviposition deterrents, some plant products viz. onion
extract, garlic extract and terpentine oil and commercial
neem, formulations as well as NSKE were evaluated under
1
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field conditions against the podfly incidence in two cropping
seasons of 2000-01 and 2001-02. The experiment was
conducted on Bahar cultivar planted in 5x4m plots in three
randomized replications. For comparison dimethoate and
control (no treatment) were kept as standard. The products
were sprayed twice, first at 50% pod primordia stage and
then at an interval of 15 days. To ensure even spreading,
surfactants tween 80 was added to the solution. Population
of eggs and maggots was counted two weeks after each spray
from 200 pods selected randomly from each replication and
examining them in the laboratory.
For the preparation of garlic and onion extracts, mature
bulbs were brought from the market. The cut bulbs were
macerated in the grinder. The filtrate was obtained by
squeezing the grinded material through the muslin cloth
and treated as 100 % pure extract and concentrations were
prepared accordingly.
Evaluation of neem products against podfly incidence
Some of the available commercial formulations of neem
as well as NSKE were evaluated against podfly under field
conditions on Bahar cultivar. The experiment was conducted
for two cropping seasons of 2000-01 and 2001-02 in RBD
with plot size of 5x4 m. Each treatment was replicated thrice.
Two sprays of each treatment was given, one at 50% pod
primordia stage and next 15 days after the first. The neem
products used were added with surfactant (tween 80) to
improve the spreading and sticking of the solution on plant
surface. Pod damage, grain damage and yield of each
treatment was worked out.
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NSKE was used at 5% concentration. To prepare NSKE
extract of fifty grams of pounded kernels was soaked in one
litre of water overnight and the liquid was filtered through
muslin cloth. To improve spreading emulsifier khadi soap
solution (a soap with no detergent) @ 1 ml litre-1 was added.
RESULTS AND DISCUSSION
Data (Table 1) revealed that all the plant products,
except onion 1%, reduced the egg population significantly
after 15 days of each spray. NSKE proved best (0.13 eggs
pod-1) showing statistical parity with dimethoate check (0.08
eggs pod-1). This was followed by garlic and onion 2% (0.15
eggs pod-1 each), turpentine oil 1% (0.18 egg pod-1), garlic
1% (0.22 eggs pod-1), onion 1% (0.19 eggs pod-1) and control
(0.26 eggs pod-1). NSKE was found best in reducing maggot
population (0.31 maggots pod-1), statistically at par with
dimethoate check (0.24 maggots pod-1). Although other
treatments also contributed in bringing down maggot
population, it was not to a level of significant difference with
dimethoate check, which was significantly superior to
untreated control (0.58 maggots pod-1).
NSKE proved best in minimizing the pod damage also
(31.0%) against control (46.5%). Nevertheless, the other
treatments were also found statistically superior wherein,
the damage ranged between 33.2 - 39.3%. The treatment also
recorded lower grain damage (28%) as compared to 40.0%
in untreated control and 20.4% in dimethoate check. Garlic

2% (28.1%) and onion 2% (28.3%) were almost at par to NSKE.
Maximum grain yield (1233 kg ha -1) was obtained in
dimethoate, followed by NSKE (1109 kg ha-1), garlic 2%
(1072 kg ha-1), onion 2% (938 kg ha-1), turpentine oil 1%
(862 kg ha-1) and garlic 1% (798 kg ha-1). However, onion 1%
(783 kg ha-1) exhibited statistical parity with untreated check
(622 kg ha-1).
The results of 2001-02, on various parameters showed
similar trend as of the preceding year (Table 2). NSKE proved
the best (0.12 eggs pod-1) in reducing the egg population
showing statistical parity with dimethoate check (0.08 eggs
pod-1). Other treatments were also statistically at par with
control. Similarly, the lowest maggot population (0.26
maggots pod-1) was recorded in dimethoate while in NSKE
(0.32 maggots pod -1 ) it was statistically at par with
dimethoate check. All other treatments were non significant.
A significant difference of varying magnitude was observed
between the treatments (22.0 to 47.3%) with respect to pod
damage against control (50.6%). Minimum grain damage
(16.8%) was recorded in dimethoate followed by 27.4% in
NSKE, 24.5% in garlic 2% and 25.4% in onion 2%. Similarly,
grain yield was maximum (1460 kg ha-1) in dimethoate
followed by 1106 kg ha-1 in NSKE, 1084 kg ha-1 in garlic 2%
and 1090 kg ha-1 in onion 2%. All other treatments viz. onion
1%, garlic 1% terpentine oil 1% were statistically at par with
control (633 kg ha-1).

Table 1. Effectiveness of plant products against podfly (2000-2001)
Treatments

Onion

1

15 DAS
(Ist)
E
M
0.24
0.41

Garlic

1

0.22

0.40

0.16

0.43

0.19

0.42

Onion

2

0.17

0.38

0.12

0.31

0.15

0.35

Garlic

2

0.14

0.42

0.15

0.32

0.15

0.37

0.1

0.17

0.39

0.19

0.41

0.18

0.40

5

0.13

0.30

0.13

0.32

0.13

0.31

0.03

0.07

0.27

0.10

0.21

0.08

0.24

Control

-

0.25

0.52

0.28

0.64

0.26

0.58

CD (p = 0.05)

-

0.06

0.21

0.06

0.31

0.06

0.26

Turpentine oil
NSKE
Diamethoate

Conc.
%

15 DAS
(IInd)
E
M
0.21
0.54

Mean
E
0.22

M
0.47

Pod
Grain
damage damage
%
(%)
36.6
30.6
(37.2)
(33.6)
34.0
31.0
(35.7)
(33.8)
39.3
28.3
(38.8)
(32.1)
33.2
28.1
(35.2)
(32.0)
34.5
31.0
(36.0)
(33.8)
31.0
28.0
(33.8)
(32.0)
25.6
20.4
(30.4)
(26.9)
46.5
40.0
(43.0)
(39.2)
2.73
2.15

Avoidable
losses

Yield
(kg ha -1)

24.5

783

22.5

798

29.3

938

30.0

1072

22.5

862

29.8

1109

49.0

1233

--

622

--

172

E- Eggs, M- Maggot
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Table 2. Effectiveness of plant products against podfly (2001-2002)
Treatment

Onion

1

15 DAS
(Ist)
E
M
0.23
0.45

Garlic

1

0.20

0.42

0.18

0.43

0.19

0.42

Onion

2

0.16

0.39

0.16

0.31

0.16

0.35

Garlic

2

0.15

0.42

0.16

0.37

0.15

0.35

0.1

0.17

0.39

0.19

0.38

0.18

0.38

5

0.12

0.30

0.12

0.34

0.12

0.32

0.03

0.08

0.27

0.08

0.26

0.08

0.26

Control

-

0.22

0.52

0.27

0.55

0.25

0.53

CD (p = 0.05)

-

0.07

0.19

0.08

0.28

0.07

0.18

Turpentine oil

Conc.
(%)

NSKE
Diamethoate

15 DAS
(IInd)
E
M
0.20
0.42

Mean
E
0.21

M
0.43

Pod
damage
(%)
46.6
(43.1)
34.6
(36.0)
30.0
(33.2)
28.0
(32.0)
47.3
(43.4)
32.6
(34.8)
22.0
(28.0)
50.6
(45.3)
4.4

Grain
damage
(%)
33.8
(35.6)
32.2
(34.6)
25.4
(30.3)
24.5
(29.7)
31.6
(31.2)
27.4
(31.6)
16.8
(24.2)
38.6
(38.4)
7.8

Avoidable
losses

Yield
(kg ha-1)

12.3

666

16.6

720

34.2

1090

36.6

1084

18.2

826

29.1

1106

30.6

1460

-

633

-

254

E- Eggs, M- Maggot

Neem formulations
During 2000-2001 among different neem formulations,
NSKE recording 33.3% pod damage was the best treatment
followed by Achook (33.7%), Blokade (35.0%), Multineem
(37.5%), Neemarin (38.4%) and were statistically superior to
untreated check (49.2%) (Table-3). Dimethoate recorded
lowest pod damage (26.2%). Similar was the trend with
respect to grain damage. Minimum (18.8%) grain damage
was recorded in dimethoate check followed by 26.5, 27.1,
28.8, 29.2, 29.7 and 31.3% in NSKE, Multineem, Blokade,
Achook, Neemarin and Nimbecidine, respectively.
Maximum yield (1867 kg ha-1) was attributed to dimethoate
(check) followed by NSKE (1343 kg ha-1), Achook (1251 kg
ha-1), Multineem (1208 kg ha-1), Blockade (1118 kg ha-1),
Neemarin (1096 kg ha-1) and Nimbecidine (1102 kg ha-1).
With few exceptions, the experimental findings of 200102 were almost similar to that of previous year. Dimethoate
(check) exhibited minimum pod damage (24.8%) followed
by NSKE (38.0%). The pod damage ranged between 36.8 43.4% among other treatments. The grain damage was
minimum (20.0%) in dimethoate (check) followed by 22.7
and 22.8% in Achook and NSKE, respectively. Multineem
(24.2%), Blockade (24.8%), Neemarin (26.0%) and
Nimbecidine (26.3%) were next effective treatments which
were, significantly superior to the control (38.6%).
Likewise, maximum yield (1982 kg ha-1) was recorded
in dimethoate (check). The other treatments viz., NSKE,
Journal of Eco-friendly Agriculture 1(1) 2006.

Nimbecidine, Multineem, Neemarin, Blockade and Achook
also exerted their marked influence in increasing the grain
yield as compared to untreated check (891 kg ha-1). The
corresponding figures were 1526, 1375, 1210, 1148, 1135 and
1075 kg ha-1.
The oviposiotional repellent property of NSKE and
other botanicals have earlier been reported on agromyzid
flies by many workers (Singh and Srivastava, 1983;
Areekul et al., 1988; Ranganath et al., 1997; Venkateshwarlu
and Singh, 1998), which support the observations of the
authors. Our findings were further supported by
Srivastava et al., (1984) who reported neem kernel extract (58%) effectively controlling M. obtusa in pigeonpea. Similarly,
Krishnamoorthy and Srinivasan (1996) observed that NSKE
as the best effective treatment after insecticidal treatment
against Ophiomyia phaseoli in French bean. Patil and Goud
(2003) confirmed the ovipositional repellent property of
Neem against Flotilla xylostella.
On the basis of experiments conducted, it was observed
that dimehtoate 0.03% is best followed by 5% NSKE, 2% garlic
and 2% onion extract which were statistically at par. Hence,
these are recommended to control the podfly. In another
experiment of neem formulations dimethoate was found to
be superior followed by Achook, NSKE. The multi neem,
Blockade, Neemarin and Nimbecidine were significantly
superior to control.
37
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Table 3. Evaluation of commercial neem formulations against podfly
Treatment

Conc.
(%)

Achook

1

Pod
damage
33.7

Nimbecidine

1

39.3

Blokade

1

35.0

Multineem

1

37.5

NSKE

1

33.3

Neemarin

1

38.4

0.03

26.2

--

49.2

--

10.2

Dimethoate
Control
Untreated
CD (p = 0.05)

2000-2001
Grain
Avoidable
Yield
Pod damage
damage
losses
(kg ha-1)
29.2
34.6
1251
38.7
(38.5)
31.3
29.9
1102
38.6
(38.4)
28.8
35.5
1118
41.5
(40.1)
27.1
39.3
1208
36.8
(37.4)
26.5
40.6
1343
38.0
(38.1)
29.7
33.5
1096
40.1
(39.3)
18.8
57.9
1867
24.8
(29.9)
44.6
-966
43.4
(41.2)
8.6
-122.4
2.8
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2001-2002
Grain Avoidable
damage
losses
22.7
41.2
(28.4)
26.3
31.9
(30.9)
24.8
35.8
(29.9)
24.2
37.3
(29.5)
22.8
41.0
(28.5)
26.0
32.7
30.7)
20.0
48.2
(26.6)
38.6
-(38.4)
7.1
--

Yield
(kg ha-1)
1075
1375
1135
1210
1526
1148
1982
891
221
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ABSTRACT
Growth inhibitory effects of different neem-based bio-pesticides were assessed on the larvae of H. armigera.
Larval period was prolonged to a maximum 30.62 days, when larvae were fed on diet treated with neem oil followed
by Nimbecidine (30.07 days), NSKME (28.95 days), NSKWE (28.50 days), Achook (27 days), Neem EC (26.05 days),
Neemazol (23.25 days), Amrutguard (22.60 days), Neemolin plus (22.4 days) and Niconeem (21.0 days). In case of
control 18-25 day larval duration was recorded. The larval mortality was highest when fed with Neem oil followed by
NSKWE, Nimbecidine, NSKME, which were statistically at par. Pupal mortality was also high in the diet treated with
Neem oil followed by NSKWE, NSKME, Nimbicidine, Neemazol, Neem EC, Niconeem, Achook, Nimolin plus and
Amrutguard. Least adult emerged was recorded on the diet treated with neem oil.
Key words: Neem-based pesticides, Helicoverpa armigera, inhibitory effect

Heliothis armigera Hübner (Lepidoptera: Noctuidae) is a
serious pest of several cultivated crops and has attained
global importance as alarming pest. It causes extensive
damage to crops like cotton, pulses, tomato, tobacco, etc. It is
widely spread throughout India and has been recorded
feeding on 181 cultivated and uncultivated plant species
belonging to 45 families. Quantitative yearly losses varying
from 5-70% to gram crop have been estimated by Bhatnagar
et al., (1981). The extent of damage due to pod borer in different
parts of India varied as high as 50-100% to tomato fruits
(Mathur et al., 1974; Singh and Singh, 1975; Kakar et al.,
1989; Sithanathan et al., 1983 and Tewari and
Krishnamorthy, 1984), about 40% to cotton (Sundramurthy,
1990) and 10-80% to safflower (Panchabhavi and
Krishnamurthy, 1978). Losses to the extent of $ 30 million
(Reed, 1983) or Rs.2486 million (Lal et al., 1985; Lal and
Yadav, 1987), have been reported in India alone.
Chemical control has been one of the most effective
practical method available to the farmers for the effective
control of H. armigera. Insecticides like endosulfan,
quinalphos, monocrotophos, dimethoate, fenvalerate and
cypermethrin have been found to be cost-effective and are
commonly recommended against H. armigera. However, in
the past decade, there have been increasing reports of
development of insecticide resistance in the insects
particularly with the synthetic pyretheroids. Resistance to
conventionally used insecticides in H. armigera has been
extensively reported in cotton ecosystem in Andhra Pradesh
(Dhingra et al., 1988) or Punjab, Haryana and Rajasthan
(Sachan et al., 1991). In addition, because of their toxic nature,
most of the insecticides are not compatible with the bio©2006

control agents leading to resurgence of secondary pests
outbreak resulting in ecological imbalance. Therefore, there
is a need to develop alternate management strategies that
are capable of minimising use of pesticides in the
management of H. armigera.
Among the methods used in integrated pest
management, plants and their products have played a
significant role. Neem (Azadirachta indica A. Juss.) has proved
to be one of the most effective botanical for its various
products as pesticides uses to reduce the chemical load in
the environment (Schmutterer and Ascher, 1987; Ascher,
1992., Satya Vir and Yadav, 2002). Considering the role and
importance of neem products in controlling various pests, it
was decided under National Network on Integrated
Development of Neem (NNN, NOVOD Board, Min. of
Agric.Govt of India) to find out the comparative efficacy of
different commercially available neem-based bio-pesticides
in comparison to the locally formulated product against
H. armigera, their possible use for suppressing the population
of the insect and the results are presented in this paper.
MATERIALS AND METHODS
The initial culture of H. armigera was raised from the
moths captured from light trap. Two to three pairs of the
moths were caged for egg laying in egg laying cages. Collected
eggs were kept at 24 ± 1oC and RH 60% in an incubator.
After hatching, the newly emerged larvae were transferred
to artificial diet (Singh and Rembold, 1992). The diet was
changed daily during whole larval development period. The
full grown larvae were placed for pupation in pupation jars.
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The jars were placed under controlled conditions after
covering them with muslin cloth to avail the emergence of
adults.
Different commercially available neem bio-pesticides
were obtained from their respective manufacturers viz.
Gromin 0.15%, (National Tree Grower’s Federation Ltd,
Anand, Gujarat), Achook 0.15% (Godrej Agrovet Ltd.,
Mumbai), Amrutgurad 0.03%, (Oceano Agro (India) Baroda,
Gujarat), Nimbecidine 0.03% (T. Stanes and Company
Limited, Coimbatore), Neemoline plus 0.15% (Sri Ram
Solvent Extraction Pvt. Ltd., Jaspur, U.P.), Neem EC 0.15%
(Sunny Neem Extraction Pvt. Ltd. Dwarkapuri, Hyderabad),
Neemazal 1% (EID Parry India, Ranipet Factory, Tamil
Nadu), while neem oil, NSKME (Neem Seed Kernel
Methanolic Extract) and NSKWE (Neem Seed Kernal Water
Extract) were formulated locally in the bio-assay laboratory.
In order to study the growth regulatory effect of different
neem-based bio-pesticides, sub-lethal doses of different neem
bio-pesticides were prepared on the basis of their LC50 values
by feeding method against 7-day-old larvae of H. armigera.
The LC50 values were worked out as suggested by Finney
(1971) on the sixth day of feeding by H. armigera larvae on
treated diet. The prepared sub-lethal concentrations of neem
materials were incorporated in the artificial diet and newly
hatched larvae transferred to it for observation on larval
period, weight and size of mature larvae, larval mortality,
larval pupal intermediates, pupal period, weight and size of
mature larvae, pupal mortality, adult emergence and
fecundity.
RESULTS AND DISCUSSION
Growth inhibitory effects of different neem-based
bio-pesticides were assessed on the basis of changes observed
on larval duration. Larval weight and size, larval and pupal
mortality and abnormalities, adult emergence and fecundity
of females developed when fed on treated diet (Table 1).
Larval period was prolonged to a maximum of 30.62 days
when larvae were fed on diet treated with neem oil followed
by Nimbecidine (30.07 days), NSKME (28.95 days), NSKWE
(28.8 days), Achook (27 days), Neem EC (26.5 days),
Neemazal (23.25 days), Amrutguard (22.6 days), Neemolin
plus (22.4 days) and Niconeem (21.1 days). Average of 18.25
days larval duration was recorded on untreated diet. Larval
weight was reduced to 0.310g and larval size recorded as
length was also minimised to 22.82 mm when fed on diet
treated with neem oil, while a maximum of 0.527g larval
weight and 35.42 mm larval length was recorded on
untreated diet. Increase in larval duration and reduction in
larval size and weight on treated diet, due to the effect of
azadirachtin and other limonoids present in the neem-based
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Table 1. Growth inhibitory effects of neem based biopesticides on H. armigera larvae
Biopesticides

Larval Larval Larval Larval
Larval
period weight length mortality pupal
(days)
(g)
(mm)
(%)
interm
ediate
(%)

Neemazal

23.25

0.393

24.42

Amrutguard

22.60

0.464

30.62

Nimbecidine

30.07

0.342

22.72

Neem EC

26.50

0.397

25.35

Achook

27.00

0.428

27.15

Neemoline plus

22.40

0.400

29.35

Niconeem

21.10

0.437

28.62

Neem oil

30.62

0.310

22.82*

NSKME

28.95

0.382

23.47

NSKWE

28.80

0.370

23.65

Control

18.25

0.527

35.42

SEm ±
CD (p = 0.05)

0.52
1.52

0.007
0.021

0.278
0.801

27.25*
(20.97)
17.38
(8.93)
31.94
(28.00)
25.07
(17.65)
21.92
(13.94)
19.30
(10.93)
19.30
(10.93)
33.82
(30.98)
31.29
(26.98)
32.57
(28.98)
15.20
(6.88)
0.831
2.39

20.26
(12.00)
17.38
(8.93)
21.92
(13.94)
19.30
(10.93)
19.30
(10.93)
18.34
(9.91)
18.34
(9.91)
21.92
(13.94)
21.09
(12.95)
20.26
(12.00)
0.00
(0.00)
0.83
2.41

*Figures are angular values and in parenthesis are retransformed
values.

bio-pesticides has also been reported by Jhansi and Singh
(1993), Sharma and Sheikhar (1997), Bajpai and Sehgal (1999)
in H. armigera and Gujar and Mehrotra (1983) and Koul
(1985) in Spodoptera litura.
Compared with control, larval and pupal mortality
increased significantly when the larvae were fed on diet
treated with neem-based bio-pesticides. Larval mortality was
highest when fed on diet with neem oil (30.98%) followed by
NSKWE (28.98%), Nimbicidine (28.0%), and NSKME
(26.98%) which were statistically at par and significantly
superior than the treatment of Neemazal (20.97%), Neem EC
(17.65%), Achook (13.94%), Neemolin plus (10.93%) and
Amrutguard (8.93%). Pupal mortality was also maximum
on the diet treated with neem oil followed by NSKWE,
NSKME, Nimbicidine, Neemazal, Neem EC, Neconeem,
Achook, Nimolin plus and Amrutguard.
Journal of Eco-friendly Agriculture 1(1) 2006.
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Table 2. Growth regulatory effects of neem based
biopesticides on pupal and adult characteristics
of H. armigera
Bio-pesticide Pupal Pupal Pupation
Adult
Fecundity
period weight
(%)
emergence
eggs
(days)
(g)
(%)
female-1
Neemazal
19.01 0.270
54.94*
49.02*
134.25
(67.01)
(57.00)
Amrutguard 13.99 0.340
64.92
61.35
197.50
(82.04)
(77.02)
Nimbecidine 18.00 0.198
49.64
41.54
157.50
(58.00)
(43.99)
Neem EC
17.06 0.289
57.42
52.55
131.00
(71.01)
(63.03)
Achook
15.99 0.304
60.05
56.19
189.00
(75.07)
(69.04)
Neemoline
14.99 0.317
62.74
58.73
190.00
plus
(79.02)
(73.06)
Niconeem
15.01 0.309
62.79
58.73
187.50
(79.10)
(73.06)
Neem oil
20.02 0.199
47.87
38.05
120.00
(55.00)
(37.99)
NSKME
19.03 0.228
50.18
42.12
129.75
(59.00)
(44.99)
NSKWE
18.00 0.207
50.76
41.55
128.50
(6.00)
(44.00)
Control
11.99 0.399
74.79
71.65
210.25
(93.120)
(90.09)
SEm ±
0.277 0.005
0.815
1.902
4.00
CD(p = 0.05) 0.799 0.014
02.47
2.66
11.53
*Data in parenthesis are retransfomed angular values.

Lowest adult emerged on diet treated with neem oil
that was significantly different than other treatments
(Table 2). Treatment of Nimbecidine, NSKWE and NSKME
were at par with 41.54, 41.55 and 42.12 adult emergence as
compared to maximum of 71.65%in the control. Morale et al.,
(2000) have also reported that neem oil 1% or NSE (aqueous)
5% caused malformation of pupae and adults. Present
findings are in agreement with the work of Mathur et al.,
(1989), Singh and Bhattal (1992) on adult emergence of Achea
janata and Anwar et al., (1992), Sharma et al., (1997) and
Bajpai and Sehgal (1999) on H. armigera.
Fecundity was least in adults obtained from the diet
treated with neem oil (120) followed by NSKWE (128.5),
NSKME (129.75), Neem EC (131.0), Neemazal (134.25),
Nimbecidine (157.50), Niconeem (187.50), Achook (189.0),
Neemolin plus (190.0) and Amrutgurad (197.50) as
compared to 210.25 in control. Rao and Subrahmanyam
(1987) also reported marked difference in the fecundity of
Achaea janata. Yaugfang et al., (1998) and Babu et al., (2000)
Journal of Eco-friendly Agriculture 1(1) 2006.

also reported decreased fecundity in H. armigera when the
larvae were fed with neem bio-pesticides.
The present study thus revealed that neem-based
bio-pesticides have a strong growth inhibitory effect that
results in increase larval and pupal mortality and larvalpupal and pupal-adult intermediates and decreases in
fecundity of the insect and this can be exploited for their use
in the integrated management of pod borer. Use of both
ethanolic and methanolic extracts are equally effective as
the commercial formulations available in the market.
Therefore, do-it-yourself technology has to be emphasized
as a part of the empowerment to motivate the farmers for this
type of eco-friendly and economically viable method in the
pest management strategy.
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ABSTRACT
The present study was aimed to exploit the potential of a biophysical method i.e. photoacoustic spectroscopy
(PAS), as a diagnostic tool for screening of the genotypes of mustard for resistance to DM and WR. A total of twelve
promising host genotypes was taken to study the host reaction to Peronospora parasitic and A. candida. Plants of each
of the test genotype were inoculated at cotyledonary as well as at true leaves stages separately with P. parasitica
isolate (1 × 10 4 conidia ml -1) and Albugo candida isolate (8 × 10 4 zoosporangia ml -1) appropriately keeping uninoculated healthy check plants in each case and incubated in a humid chamber (RH 90-95%, temperature 15+20C)
for 72 hrs and thereafter kept for symptom development on glasshouse benches at a temperature of 15-20oC. After
the symptom development, about 1 cm2 area of the cotyledons and leaves (healthy and artificially infected with each
pathogen isolates) were cut and enclosed in the photoacoustic cell for recording the photoacoustic spectra. The
photoacoustic spectra was recorded by using 632.8nm radiation of 10 mW linearly polarized He-Ne laser using
chopping frequency from 5 Hz to 400 Hz at a time constant of 30 seconds. PA spectra of the cotyledons and leaves
of different B. juncea genotypes inoculated with P. parasitica and A. candida showed remarkable difference in their
spectral pattern. The strength of PA signal of the diseased cotyledons and leaf was consistently higher in comparison
to that of healthy cotyledons and leaves at all wavelengths examined. The genotypes, which showed higher PA
signals, were considered as susceptible whereas, the genotypes, which showed lower PA signals, were considered as
resistant. The results of this study suggests that EC-399301 is the genotype which is found highly resistant to Downy
Mildew and White Rust and this genotype can be used in breeding programme for multiple disease resistance.
Genotype EC-399296, EC-399299, EC-399313 and EC-399294 are also resistant to DM and WR.
Key words: Brassica juncea, Peronospora parasitica, Albugo candida, photoacoustic spectroscopy, screening of genotypes

The early and accurate diagnosis of plant diseases is a
crucial component of crop management system. Plant
diseases can be managed most effectively provided the
control measures are taken at an early stage of disease
development (Millar and Martin, 1988). Bio-diagnostic
techniques employed for diagnosis and detection of disease
and pathogen, though dependable, are not preferred owing
to their failure to address the larger sample size in a short
period. Realizing the short comings, subsequently the
techniques evolved also could not gain wider acceptability
due to economic implications (Christie et al., 1995). To
overcome these problems Photoacoustic Spectroscopy (PAS)
was evolved, which does not require any treatment of the
sample and also the technique is non-destructive. PA effect
is basically an energy conversion process in which electro–
magnetic radiations are converted into heat energy and this
in turn generates an acoustic signal.
The study deals with understanding of plant pathogen
interactions by PA technique, which can be employed for
investigating the properties of such biological materials both
©2006

in-vitro and in-vivo. This method is being successfully
applied to understand the photo-biological responses of
plants related to agriculture and many other fields (Palaria
et al., 1998a, b; Patni et.al, 2004; Devlal and Patni, 2005). The
oilseed Brassicas, B. juncea L. Czern. & Coss., B. rapa (syn.
B.campestris L.), B. napus L. and B. carinata Braun, BC,
commonly known as rapeseed-mustard, comprise the second
most important edible oilseed crop in India. B. juncea, being
the predominant species, is grown as a pure or mixed crop
with wheat and rabi pulses. Despite a significant increase
in their production and productivity of rapeseed-mustard
during previous years, the average national productivity is
less than 1000 kg ha-1 which is far below the developed
countries (2500-3000 kg ha-1) and the world average (1500
kg ha-1). In India B.juncea , occupies about 90% of the total
area under the rapeseed-mustard group (Kumar et.al, 2000).
Infection of Downy Mildew (Peronospora parasitica) in
association with White rust (Albugo candida) causes severe
infection at the flowering stage (systemic infection) and often
causes extensive distortion, hypertrophy, hyperplasia and
sterility resulting in inflorescence malformation called
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“staghead” (Verma and Petrie, 1980). Staghead — the main
cause of yield loss in susceptible cultivars (Awasthi et al.,
1997) depending on the severity of infection, results in 17%
to 60 % losses (Kolte et al., 1981; Kolte, 1985). Controlling this
disease with fungicides is not reliable because resistance to
metalaxyl has been reported (Vishunavat et al., 1998). Hence
the development of location specific resistant varieties
against the disease is the best available option which,
however, requires an intensive screening of large number of
available gremplasm against prevalent biotype/races of the
pathogen (Nashaat et al., 2004). The resistant lines to these
pathogens can be used as donors to generate lines with
combined resistance. The present study was aimed to exploit
the potential of Photoacoustic Spectroscopy (PAS), as a
diagnostic tool for screening of the genotypes of mustard for
resistance to DM and WR and to understand the hostpathogen interactions more precisely.
MATERIALS AND METHODS
(a) Plant material: Twelve different genotypes/accessions
of B.juncea (PHR-1, PHR-2, EC-399294, EC- 399296,
EC- 399299, EC-399301, EC-399313, PAB-9511, PAB-9534,
Divya, Kranti and Varuna) were taken to study host pathogen
interaction and the level of resistance. Seeds of PHR-1 and
PHR-2 were originally collected from the Kumaon hills of
Uttaranchal, India; whereas seeds of Kranti, Varuna and
Divya were used from the gene pool being maintained in
Oilseed Improvement Programme at GBPUAT, Pantnagar.
The genotypes EC-399294, EC- 399296, EC- 399299, EC399301, EC-399313, were obtained from Rothamsted
Research, Harpenden, UK, through NBPGR, New Delhi,
under the Indo-UK Collaborative Oilseed Pathology Project.
Sowing of plant material: Untreated seeds of all the
12-genotypes/accessions were sown 5mm deep in 50 x 50mm
pots containing soil (compost mix), and placed inside a
propagator (570 x 290 x 210 mm). Approximately 5mm
diameter hole was made in the base of the pots to allow for
water drainage. Five pots were used for each accession. Each
propagator contained one-accession/ genotypes including
three susceptible controls. Initially six to seven seeds were
sown in each pot, but later thinned to four prior to inoculation
to maintain a uniform number of seedlings per pot at the
same growth stage. All accessions were sown in three
replications (five pots per accession per replication). After
sowing, the propagators were immersed in water-filled trays
for one hour to allow for absorption of water through the
base. After water absorption, holes in the base of each
propagator were cleared of debris so that air would pass
through them when they were placed on the airflow bench
to provide the plants with a spore-free environment in the
glasshouse. The air is exhausted through the two ventilators
44

on the top of the propagator lids and through the junction
between the lids and the propagator base. After four to five
days, each propagator was watered again in the same manner
for 30 minutes to maintain proper soil moisture prior to
inoculation. The propagators were then returned to the
airflow bench. The seedlings were grown under the same
conditions and inoculated using the same method as used
for isolate maintenance. This procedure was applied for
screening of genotypes against all 3 pathogen isolates
separately.

(b) Downy Mildew
Maintenance of Peronospora parasitica isolate and
Inoculum preparation:
The Peronospora parasitica isolate derived from B. juncea
cv. Kranti was maintained on seven-day-old seedlings of
the same host. Conidia were collected by gently removing
(cutting with sharp blade) the cotyledon. Seedlings were
raised from untreated seeds sown in pots (5 x 5cm) containing
moist sterilised soil. The pots, containing four to six seeds
per pot, were placed in a plant propagator under spore-free
conditions in glass house at 180C ± 20C (Jenkin et al., 1973;
Nashaat and Rawlinson, 1994) with supplementary lights
to maintain a 16-hour light and 8-hour dark; day/night cycle.
The seedlings were sprayed with sterilised distilled water
(SDW) to clean the surface of cotyledons 24 hours prior to
inoculation.
Conidial suspension of Peronospora parasitica was
prepared in a glass vial containing 20 ml SDW. Seven days
after inoculation, profusely sporulating cotyledons were put
in the vial, closed tightly and shaken vigorously on a vortex
to release the conidia into suspension. The inoculum
preparation was carried out under aseptic conditions inside
a Laminar flow cabinet. The conidial suspension was
observed under the microscope and the concentration
adjusted to 1 x 104 conidia ml-1.
Inoculation: Seedlings of different genotypes/accessions of
Brassica juncea were inoculated seven days after sowing by
placing two 5µl droplets of Peronospora parasitica conidial
suspension on each cotyledon using a Gilsons micropipette
(drop inoculation for cotyledonary stage). Seedlings were
sprayed to run off with conidial suspension using an
atomiser (spray inoculation) at true leaf stage. After
inoculation, the pots were covered with clear plastic lids,
and the ventilators and margins were sealed with insulation
tape to allow the relative humidity (RH) to increase to almost
90-95 %. The seedlings were then placed in a growth
chamber at 15+20C for 7 days to reach peak sporulation.
Approximately 20ml and 40ml of spore suspension were
Journal of Eco-friendly Agriculture 1(1) 2006.
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photoacoustic spectra was recorded by using 632.8nm radiation of 10 mW linearly polarized He-Ne laser using
chopping frequency from 5 Hz to 400 Hz at a time constant of 30 seconds. PA spectra of the cotyledons and leaves
of different B. juncea genotypes inoculated with P. parasitica and A. candida showed remarkable difference in their
spectral pattern. The strength of PA signal of the diseased cotyledons and leaf was consistently higher in comparison
to that of healthy cotyledons and leaves at all wavelengths examined. The genotypes, which showed higher PA
signals, were considered as susceptible whereas, the genotypes, which showed lower PA signals, were considered as
resistant. The results of this study suggests that EC-399301 is the genotype which is found highly resistant to Downy
Mildew and White Rust and this genotype can be used in breeding programme for multiple disease resistance.
Genotype EC-399296, EC-399299, EC-399313 and EC-399294 are also resistant to DM and WR.
Key words: Brassica juncea, Peronospora parasitica, Albugo candida, photoacoustic spectroscopy, screening of genotypes

The early and accurate diagnosis of plant diseases is a
crucial component of crop management system. Plant
diseases can be managed most effectively provided the
control measures are taken at an early stage of disease
development (Millar and Martin, 1988). Bio-diagnostic
techniques employed for diagnosis and detection of disease
and pathogen, though dependable, are not preferred owing
to their failure to address the larger sample size in a short
period. Realizing the short comings, subsequently the
techniques evolved also could not gain wider acceptability
due to economic implications (Christie et al., 1995). To
overcome these problems Photoacoustic Spectroscopy (PAS)
was evolved, which does not require any treatment of the
sample and also the technique is non-destructive. PA effect
is basically an energy conversion process in which electro–
magnetic radiations are converted into heat energy and this
in turn generates an acoustic signal.
The study deals with understanding of plant pathogen
interactions by PA technique, which can be employed for
investigating the properties of such biological materials both
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in-vitro and in-vivo. This method is being successfully
applied to understand the photo-biological responses of
plants related to agriculture and many other fields (Palaria
et al., 1998a, b; Patni et.al, 2004; Devlal and Patni, 2005). The
oilseed Brassicas, B. juncea L. Czern. & Coss., B. rapa (syn.
B.campestris L.), B. napus L. and B. carinata Braun, BC,
commonly known as rapeseed-mustard, comprise the second
most important edible oilseed crop in India. B. juncea, being
the predominant species, is grown as a pure or mixed crop
with wheat and rabi pulses. Despite a significant increase
in their production and productivity of rapeseed-mustard
during previous years, the average national productivity is
less than 1000 kg ha-1 which is far below the developed
countries (2500-3000 kg ha-1) and the world average (1500
kg ha-1). In India B.juncea , occupies about 90% of the total
area under the rapeseed-mustard group (Kumar et.al, 2000).
Infection of Downy Mildew (Peronospora parasitica) in
association with White rust (Albugo candida) causes severe
infection at the flowering stage (systemic infection) and often
causes extensive distortion, hypertrophy, hyperplasia and
sterility resulting in inflorescence malformation called

C.S.Patni, S.J.Kolte and R.P.Awasthi

“staghead” (Verma and Petrie, 1980). Staghead — the main
cause of yield loss in susceptible cultivars (Awasthi et al.,
1997) depending on the severity of infection, results in 17%
to 60 % losses (Kolte et al., 1981; Kolte, 1985). Controlling this
disease with fungicides is not reliable because resistance to
metalaxyl has been reported (Vishunavat et al., 1998). Hence
the development of location specific resistant varieties
against the disease is the best available option which,
however, requires an intensive screening of large number of
available gremplasm against prevalent biotype/races of the
pathogen (Nashaat et al., 2004). The resistant lines to these
pathogens can be used as donors to generate lines with
combined resistance. The present study was aimed to exploit
the potential of Photoacoustic Spectroscopy (PAS), as a
diagnostic tool for screening of the genotypes of mustard for
resistance to DM and WR and to understand the hostpathogen interactions more precisely.
MATERIALS AND METHODS
(a) Plant material: Twelve different genotypes/accessions
of B.juncea (PHR-1, PHR-2, EC-399294, EC- 399296,
EC- 399299, EC-399301, EC-399313, PAB-9511, PAB-9534,
Divya, Kranti and Varuna) were taken to study host pathogen
interaction and the level of resistance. Seeds of PHR-1 and
PHR-2 were originally collected from the Kumaon hills of
Uttaranchal, India; whereas seeds of Kranti, Varuna and
Divya were used from the gene pool being maintained in
Oilseed Improvement Programme at GBPUAT, Pantnagar.
The genotypes EC-399294, EC- 399296, EC- 399299, EC399301, EC-399313, were obtained from Rothamsted
Research, Harpenden, UK, through NBPGR, New Delhi,
under the Indo-UK Collaborative Oilseed Pathology Project.
Sowing of plant material: Untreated seeds of all the
12-genotypes/accessions were sown 5mm deep in 50 x 50mm
pots containing soil (compost mix), and placed inside a
propagator (570 x 290 x 210 mm). Approximately 5mm
diameter hole was made in the base of the pots to allow for
water drainage. Five pots were used for each accession. Each
propagator contained one-accession/ genotypes including
three susceptible controls. Initially six to seven seeds were
sown in each pot, but later thinned to four prior to inoculation
to maintain a uniform number of seedlings per pot at the
same growth stage. All accessions were sown in three
replications (five pots per accession per replication). After
sowing, the propagators were immersed in water-filled trays
for one hour to allow for absorption of water through the
base. After water absorption, holes in the base of each
propagator were cleared of debris so that air would pass
through them when they were placed on the airflow bench
to provide the plants with a spore-free environment in the
glasshouse. The air is exhausted through the two ventilators
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on the top of the propagator lids and through the junction
between the lids and the propagator base. After four to five
days, each propagator was watered again in the same manner
for 30 minutes to maintain proper soil moisture prior to
inoculation. The propagators were then returned to the
airflow bench. The seedlings were grown under the same
conditions and inoculated using the same method as used
for isolate maintenance. This procedure was applied for
screening of genotypes against all 3 pathogen isolates
separately.

(b) Downy Mildew
Maintenance of Peronospora parasitica isolate and
Inoculum preparation:
The Peronospora parasitica isolate derived from B. juncea
cv. Kranti was maintained on seven-day-old seedlings of
the same host. Conidia were collected by gently removing
(cutting with sharp blade) the cotyledon. Seedlings were
raised from untreated seeds sown in pots (5 x 5cm) containing
moist sterilised soil. The pots, containing four to six seeds
per pot, were placed in a plant propagator under spore-free
conditions in glass house at 180C ± 20C (Jenkin et al., 1973;
Nashaat and Rawlinson, 1994) with supplementary lights
to maintain a 16-hour light and 8-hour dark; day/night cycle.
The seedlings were sprayed with sterilised distilled water
(SDW) to clean the surface of cotyledons 24 hours prior to
inoculation.
Conidial suspension of Peronospora parasitica was
prepared in a glass vial containing 20 ml SDW. Seven days
after inoculation, profusely sporulating cotyledons were put
in the vial, closed tightly and shaken vigorously on a vortex
to release the conidia into suspension. The inoculum
preparation was carried out under aseptic conditions inside
a Laminar flow cabinet. The conidial suspension was
observed under the microscope and the concentration
adjusted to 1 x 104 conidia ml-1.
Inoculation: Seedlings of different genotypes/accessions of
Brassica juncea were inoculated seven days after sowing by
placing two 5µl droplets of Peronospora parasitica conidial
suspension on each cotyledon using a Gilsons micropipette
(drop inoculation for cotyledonary stage). Seedlings were
sprayed to run off with conidial suspension using an
atomiser (spray inoculation) at true leaf stage. After
inoculation, the pots were covered with clear plastic lids,
and the ventilators and margins were sealed with insulation
tape to allow the relative humidity (RH) to increase to almost
90-95 %. The seedlings were then placed in a growth
chamber at 15+20C for 7 days to reach peak sporulation.
Approximately 20ml and 40ml of spore suspension were
Journal of Eco-friendly Agriculture 1(1) 2006.
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used for spray inoculation on the seedlings with five to seven
leaf stage plants respectively, in each propagator. Infection
phenotypes were recorded after 7 days of incubation and
cotyledons were collected for PAS study for different time
intervals (5 and 7 day after inoculation). These plants were
inoculated a second time at juvenile stage between 25-30
days after sowing (DAS) and the leaves were also collected
for PAS study.

(c) White Rust
Maintenance of A. candida isolate and Inoculum
preparation: The technique for maintenance of A. candida
and inoculum preparation was same as employed in case of
P. parasitica. However, in this case Zoospore concentration
was 8 x 104 zoospores ml-1.
Inoculation: Inoculation technique was same as in case of P.
parasitica. However, in this case a 100% humidity was
maintained. Seedlings were then placed in a growth chamber
at 16°C, 8 hours dark period, followed by 16 hrs light/ 8hrs
dark; day/night cycle, at 70-120? mol-1 ms irradiation for 12
days to reach peak sporulation.
(d) Experiential Set-up: The experimental set-up of PAS is
shown in Figure 1. The 632.8nm radiation of 10 mW linearly
polarized He-Ne laser (510 P, Aerotech, U.S.A.) is used as a
radiation source. Although He-Ne laser can operate in three
different spectral regions (632.8 nm, 1150.0 nm and 3390.0
nm), its operation in red at 632.8nm is usually expected when
it is used for alignment, interferometery, data processing etc.
The visible He-Ne laser radiation at 632.8nm arises from 3S2
to 2P4 transition, which provides the laser action. This
radiation is passed through a mechanical chopper (model
SR 540 OPTICAL CHOPPER), which chops the incident light
radiation at the rate of 4 Hz to 4 KHz. The modulated
radiation is focused into the sample compartment of an

Fig. 1. Schematic diagramme of the photoacousticspectrometer
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indigenous photoacoustic cell. This is a thin aluminum cell
body, which acoustically isolates external signals and noises.
A sample holder made of gunmetal is placed inside the cell
and the light radiation falls on it through the window. A
sensitive microphone attached into the right side of the
sample holder. Acoustic signal is detected by the
microphone. The PA spectra were recorded by varying the
chopping frequency from 5 Hz to 400 Hz. The signal was
amplified by preamplifier and then processed by a lock- in
amplifier. The time constant of 30 seconds was used for all
measurements. The ‘radio lock- in amplifier’ increases the
signal to noise ratio. Lock- in amplifier also generates
reference signal for chopper by PPL (phase locked loop)
circuit. The experiment is carried out at the incident radiation
of 632.8 nm and the chopper frequency varied from 5 Hz to
400 Hz.
(e) PA spectra of cotyledons and Leaves: Both inoculated
and healthy cotyledons and leaves of the mustard genotypes
were collected according to different treatments in different
polythene bags from the glass house and brought to the
laboratory for recording the photoacoustic spectra. About
1 cm2 area of the cotyledons and leaves (healthy and
inoculated with Peronospora parasitica and Albugo candida)
were cut and enclosed in the photoacoustic cell for recording
the photoacoustic spectra. The experimental conditions were
the same for each leaf. The experiment was repeated three
times to get better accuracy. The PA spectra were got 2 times
during cotyledonary stage and true leaf stage
RESULTS AND DISCUSSION

(a) Downy Mildew
The PA spectra of different genotypes of Brassica juncea
were markedly different for each genotype at lower
frequencies between 5 Hz to 150 Hz for both cotyledonary
and leaf stage. At higher frequencies, 150 Hz to 400 Hz, the
photoacoustic spectra of the genotypes showed almost
similar graphic pattern. (Fig 2, 3).
PA spectra of the cotyledons showed remarkable
graphic pattern at lower frequencies but at higher frequencies
they could not show much difference. In this case also PA
spectra of EC- 399296 showed lowest PA signals at all the
wavelengths examined (range 1.1 to 0.3) followed by
EC-399301 (1.3-0.4) and EC- 399299 (range 1.5-0.5). PA
spectra of these genotypes/accessions were placed at the
bottom of the graph. PA signals of Varuna showed highest
PA range (3.6-0.9) followed by Kranti (PA range 3.2-0.7) and
their PA spectra was at the top of the graph. PA spectra of
healthy cotyledons of B. juncea genotypes showed low PA
signals (0.2-0.4 Volts).
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Management of mango bacterial canker disease through
antagonists
R. Kishun, Dushyant Mishra, R.A. Ram and A.K. Verma
Central Institure for Subtropical Horticulture, Rehmankhera, P.O. Kakori, Lucknow- 227 107 (Uttar Pradesh), India

ABSTRACT
Experiments were conducted to find out the potent antagonists isolated from various sources for management of
mango bacterial canker disease (MBCD) caused by Xanthomonas campestris pv. mangiferaeindicae (Xcmi). Calotropis
sp., Lantana sp. and Ricinus communis leaf based organic liquid pesticides along with one commercial preparation
(NPV) were evaluated against Xcmi in vitro and showed inhibitory (+) effect. Further, 16 bacterial isolates isolated
from these organic pesticides of which 5 were found inhibitory (+) against Xcmi. Apart from these in vitro evaluated
bacterial antagonists, LSF-8 (mango fruit surface), Bc (mango phylloplane), BDB-1, BDB-2 and BDB-3 (leaf based
organic pesticides) found effective in vitro earlier were tested under field condition for management of MBCD. These
antagonists along with antibiotic, Streptocycline were applied as pre, post and simultaneous (mixed) sprays with
host bacterium (Xcmi). All the 5 antagonists and antibiotics were found significantly superior over control (63.6374.35%) in reducing MBCD (0.00-58.82%) in all the 3 yrs of testing. Among the 3 methods, post-application of
antagonists followed by mixed ones was found best in checking the disease with disease incidence ranging from 0.00
to 26.00 per cent. In a preliminary trial, all the 5 antagonists and antibiotic were also found significantly superior over
control (58.92%) in reducing MBCD (22.39-35.10%) at its hot spot. The results of present investigation clearly indicate
that the antagonistic bacterial organisms exist in different environment which could be purified and exploited in biocontrol of MBCD, an important disease of mango.
Key Words : Xanthomonas campestris pv. mangiferaeindicae, antagonists, MBCD, management.

Mango bacterial canker disease (MBCD) caused by
Xanthomonas campestris pv. mangiferaeindicae (Xcmi) is one of
the important diseases of mango affecting a number of
commercial cultivars (Kishun, 1996). It affects leaf, petiole,
twig, fruit etc. and causes severe loss to the crop under
favorable environmental conditions (Kishun et al., 2004).
Storage rot due to this disease is also reported (Kishun, 1981).
The disease can be managed by chemicals such as
Streptocycline, copper oxychloride, systemic fungicides etc.
(Kishun, 2002), but these are costly, non-ecofriendly and not
preferred in the present days WTO regime. The other
alternative method is the use of resistant/tolerant varieties
but because of absence of true resistance and perennial nature
of crop, development of such cultivar(s) is cumbersome and
time consuming. In recent years, emphasis is on eco-friendly
management of insect pests and diseases by use of organic
and botanical pesticides and antagonistic micro-organisms.
Therefore, in present investigation, antagonistic organisms
particularly bacteria, isolated from various sources were
evaluated for management of MBCD pathogen in vitro as
well as in vivo and results obtained are presented in this
communication.
MATERIALS AND METHODS
Evaluation of antagonists in vitro: Calotropis sp., Lantana
sp. and Ricinus communis leaf based organic liquid pesticides
along with a NPV (commercial preparation) and effective
©2006

bacterial organisms isolated from these were evaluated
against Xcmi in vitro using paper disc assay method
(Thornberry, 1950). Data on its antagonistic potency were
recorded after 48 hrs of incubation at 30±10C.
Evaluation of antagonists in vivo : Bacterial organisms, isolated
from mango phylloplane (Bc), fruit surface
(LSF-8) and Pongamia glabra (BDB-1 & BDB-2) and Azadirecta
indica (BDB-3) leaf based organic liquid pesticides and found
inhibitory against Xcmi in vitro, were evaluated in vivo.
Experiments were conducted using these 5 antagonists
alongwith effective antibiotic Streptocycline for management
of MBCD (Xcmi 20) on cv. Mallika under artifical inoculations
for 3 consecutive years. The treatments were imposed as pre
(24 hrs prior to Xcmi), post (24 hrs. after Xcmi) and
simultaneous (Xcmi + antagonist) sprays at marble stage of
fruits. The design used was completely randomized and
each treatment was replicated thrice. Data on fruit canker
incidence were recorded 15-days prior to harvest and
analyzed statistically.
Evaluation of antagonists at hot spot : A preliminary experiment
was conducted at hot spot of MBCD, i.e., Bijnor, U.P. on cv.
Langra to find out the effectiveness of 5 antagonists (Bc, LSF8, BDB-1, BDB-2 & BDB-3) against local strain, Xcmi 27. The
treatments and its application methods were similar to earlier
experiments barring pre application which was dropped
because of its less effectiveness in previous experiments. This
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experiment was also conducted under completely
randomized design with 3 replications and data on incidence
of fruit canker (MBCD) was recorded.
RESULTS AND DISCUSSION
Results presented in Table 1 clearly show that the leaf
based organic liquid pesticides and commercial preparation
(NPV) were effective against MBCD pathogen Xcmi. There
was no effect of cow dung and cow urine.
Table 1. Effect of various leaf based organic liquid
pesticides on Xcmi
Organic liquid pesticide
Reaction against Xcmi 20
Calotropis sp.
+
Lantana sp.
+
Ricinus communis
+
NPV
+
Cow dung
Cow urine
+ = inhibitory, - = not effective.

Further, isolations from these effective liquid pesticides
yielded 16 bacterial isolates (Table 2). Out of these 16 only 5
were found effective against Xcmi in vitro. The effectiveness
of leaf based organic liquid pesticides might be due to
presence of antagonistic bacteria. The presence of such
Table 2. Bacterial organisms isolated from effective organic
pesticides and their effect on Xcmi

Bacterial organisms/source
Calotropis sp.
CAL-1
CAL-2
CAL-3
CAL-4
CAL-5
Lantana sp.
LAN-1
LAN-2
LAN-3
Ricinus communis
CAS-1
CAS-2
CAS-3
CAS-4
NPV (Commercial preparation)
NPV-1
NPV-2
NPV-3
NPV-4

Reaction against Xcmi 20
+
+
+
+
+
-

bacteria were not noticed up to 10th day either in the mixture
of leaves, cow dung and cow urine or in individual
ingredients. Probably the antagonists of Xcmi develops after
10th the day. Thus, the organic liquid pesticides show better
result between 10 and 15-days of ingredient mixing. Leaf
based organic liquid pesticides are known to harbour
bacterial antagonists. The Xcmi antagonistic bacteria from
botanical leaf based organic pesticides have also been
reported earlier (Kishun et al., 2004) but the botanicals were
different from present ones. There is no other report on
bacterial organisms isolated from various sources and found
effective against Xcmi. However, bacteria isolated from
phylloplane are reported effective (Kishun, 1998., Pruvost,
1991).
The pre, post and mixed applications of five
antagonists were isolated earlier viz., Bc, LSF-8, BDB-1, BDB2 and BDB-3 were significantly superior in reducing MBCD
in all the 3 years of testing (Table 3). The disease in treatments
Table 3. Effect of antagonists from different sources on
mango bacterial canker disease
Antagonists*
Xcmi  Bc*
Xcmi  LSF-8*
Xcmi  BDB-1*
Xcmi  BDB-2*
Xcmi  BDB-3*
Xcmi+ Bc@
Xcmi+ LSF-8@
Xcmi+ BDB-1@
Xcmi+ BDB-2@
Xcmi+ BDB-3@
Bc  Xcmi#
LSF-8  Xcmi#
BDB-1  Xcmi#
BDB-2  Xcmi#
BDB- 3  Xcmi#
Xcmi  Antibiotic*
Xcmi+ Antibiotic@
Antibiotic  Xcmi#
Control (Xcmi alone)
CD (p = 0.05)
CD (p = 0.01)

Disease incidence (%)
Ist year IInd year IIIrd year
16.66
7.50
10.76
9.52
10.40
10.40
5.76
8.33
7.57
3.22
8.77
9.44
3.84
7.67
8.43
23.84
26.00
23.62
0.00
24.13
15.33
8.33
27.43
17.10
2.17
11.83
13.04
14.28
18.54
18.31
56.25
49.13
58.24
50.00
41.80
54.55
37.50
38.10
54.81
58.82
47.40
55.76
43.75
40.40
51.20
19.28
15.67
14.95
6.66
8.67
7.88
25.00
27.36
30.37
63.63
68.56
74.35
1.75
2.40
5.12
2.38
1.76
4.44

* = Post, # = Pre and @ = Mixed (simultaneous applications of
antagonists and antibiotic)

+ = inhibitory, - = not effective.
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ranged from 0.00 to 58.82 per cent as compared to 63.63 to
74.35 per cent in control during 3 years of evaluation. The
fruit canker incidence in antibiotic treated trees ranged from
6.66 to 30.37 per cent. In general, post and mixed applications
of antagonists were found better than pre-applications. It
was interesting to note that the post application of the
bacterial antagonists isolated from organic liquid pesticides
(BDB-1, BDB-2 & BDB-3) consistently found effective under
field conditions in all the years of evaluation but in mixed
ones BDB-2 showed better effect. At hot spot also in both the
application methods with BDB-2 were found comperatively
better and closely followed by BDB-1. At hot spot (Bijnor)
also results were almost similar to earlier experiment and
MBCD incidence ranged from 22.91 to 35.10 per cent in
antagonist as compared to 58.92 per cent in control (Table
4). In present investigation post and simultaneous
applications of antagonistic bacteria found better in
management of MBCD. Probably this may be because the
Table 4. Effect of antagonistic bacteria isolated from various
sources on MBCD at hot spot

Antagonist
Xcmi BDB-1*
Xcmi BDB-2*
Xcmi BDB-3*
Xcmi LSF-8*
Xcmi Bc*
Xcmi Antibiotic*
Xcmi+ BDB-1#
Xcmi+ BDB-2#
Xcmi+ BDB-3#
Xcmi+ LSF-8 #
Xcmi+ Bc#
Xcmi+ Antibiotic#
Control (with Xcmi)
Control (without Xcmi)
CD (p = 0.05)
CD (p = 0.01)

Disease incidence (%)
23.81
23.53
26.88
28.57
29.05
28.95
22.91
22.39
28.31
35.10
25.62
32.31
58.92
21.56
11.24
9.32

* = Post and # = Mixed applications of antagonists and antibiotic.

56

host bacterium (Xcmi) either creates favorable conditions for
growth and development of antagonists or chemicals such
as siderophores, antibiotics etc. produced by the antagonist,
inhibits the pathogen (Gnanamanickam and Velusamy,
2003). Similar to present findings antagonistic bacteria
obtained from various sources are reported effective against
Xcmi in vitro as well as in vivo (Kishun, 1998; Kishun et al.,
2004).
REFERENCES
Gnanamanickam, S.S. and Velusamy, P. 2003. Plant associated
bacteria for biological control of rice diseases. In: Souvenir of
6th International Workshop on Plant Growth Promoting
Rhizobacteria, (eds. Y. R. sarma, S.S. Gnanamanickam and M.
Anandraj) , Indian Institute of Spices Research, Calicut, October
5-10, 2003, p. 28-35.
Kishun, R. 1981. Loss in mango fruits due to bacterial canker
Xanthomonas campestris pv. mangiferaeindicae. Proceedings 5th
International Conference on Plant Pathogenic Bacteria, Cali,
Columbia, p. 181-184.
Kishun, R. 1996. Bacterial diseases of tropical fruits. In : Advances
in Diseases of Fruit Crops in India, (ed. S.J. Singh), Kalyani
Publishers, Ludhiana, p. 345-362.
Kishun, R. 1998. Biocontrol of Xanthomonas campestris pv.
mangiferaeindicae through antagonists. In : Plant Pathogenic
Bacteria, Proceedings of 9th International Conference, (ed. A.
Mahadevan), Centre for Advanced Studies in Botany,
University of Madras, Chennai, p. 470-475.
Kishun, R. 2002. Mango bacterial canker disease and its
management strategies. In : Crop Pest and Disease
Management : Challenges for the Millennium, (eds. D. Prasad
and S.N. Puri) , Jyoti Publishers, New Delhi, p. 253-259.
Kishun, R., Dushyant Mishra and R.A. Ram 2004. Micro-organisms
from biodynamic sources and their evaluation against MBCD
pathogen. In : Organic Farming in Horticulture, (eds. R.K.
Pathak, R. Kishun, R.M. Khan and R.A. Ram), CISH, Lucknow,
p. 294-297.
Pruvost, O. 1991. Attempts to develop a biological control of
bacterial black spot of mangoes. Acta Horticulturae, 291 : 324337.
Thornberry, H.H. 1950. A paper disc plate method for the
quantitative evaluation of fungicides and antibiotics.
Phytopathology, 40 : 419 – 429.

Journal of Eco-friendly Agriculture 1(1) 2006.

Journal of Eco-friendly Agriculture 1(1): 57-59 : 2006

Use of poultry manure as a substrate for the mass
multiplication of Trichoderma harzianum
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ABSTRACT
Trichoderma harzianum (TH) is the most extensively used bio-control agent for the management of plant
diseases. A large number of substrates have been tried for its mass multiplication. However, organic manure-based
substrates like cow dung and FYM are preferred as they support not only good growth and sporulation of Trichoderma
but they also help Trichoderma to get established after their application in soil by providing nutrient base. Present
study was undertaken to explore the possibility of using poultry manure for the mass multiplication of TH. Air dried
fresh poultry manure proved to be a good substrate for the mass multiplication of this bio-control agent. Optimum
moisture level of the substrate and temperature for incubation of TH were 34% and 320C, respectively. In poultry
manure, under optimum incubation condition, Trichoderma harzianum could attain population of 3.57x108 cfu.g-1 in
air-dried poultry manure under sterilised and 3.67x108 cfu.g-1 air-dried poultry manure under unsterilised conditions
after 21 days of incubation.
Key words: Bio-control, poultry manure, substrate, mass multiplication, Trichoderma harzianum

One of the important aspects of bio-control research is
to develop effective mass multiplication and delivery system
for bio-control agents. Substrate for mass multiplication
should be inexpensive and easily available. An ideal carrier
for delivery should be such, which supports a bio-agent even
after its application.
Trichoderma is one of the most widely used bio-control
agents. A large number of substrates have been used for its
mass multiplication. Some of these are wheat bran, wheat
straw, grains of sorghum, jhangora, wheat, maize and pearl
millet, coffee husk, spent tea leaf waste, molasses, neem,
mustard cakes, rice husk, tapioca refuse, shelled maize cob,
coir pith, mushroom waste, sugarcane straw, groundnut and
shell (Chaube et al., 2003). Recently, cow dung and farm yard
manure (FYM) were used as substrate for the mass
multiplication and effective delivery of Trichoderma (Zaidi
and Singh, 2004a,b; Zaidi and Singh, 2005) to soil
environment. Colonised cow dung/FMY supports bio-agent
even after its application to soil by providing nutritional
base (Zaidi and Singh, 2005). Nutritional quality of compost
is improved after colonisation with Trichoderma (Zaidi and
Singh, - unpublished).
Poultry manure is an inexpensive organic manure,
which is available in plenty in poultry farms. It takes longer
time for decomposition under natural condition. Keeping
these facts in view, the present investigation was undertaken
to test the suitability of poultry manure as a substrate for the
mass multiplication of Trichoderma harzianum.
©2006

MATERIALS AND METHODS
The antagonist, Trichoderma harzianum isolate PBAT43 was obtained from Bio-control Laboratory, G. B. Pant
University of Agriculture & Technology, Pantnagar. The
fungal antagonist was sub-cultured and multiplied on PDA
and incubated for 5 days at 280C to harvest the spores. The
spores were suspended in sterilised distilled water to obtain
a concentration of  107 spores ml-1 for the inoculation of
poultry manure.
Poultry manure was collected and air-dried by
spreading an approximately 2.5 cm thick layer under open
shade for one week. Fifty gram of air-dried (moisture content
 30% when estimated by oven drying for 24 hrs. at 400C)
poultry manure was taken in 250 ml Erlenmeyer flask.
Moisture content of air-dried poultry manure was adjusted
to 10, 20, 30, 40, 50 and 70% (by weight) by adding water.
One set of flasks were autoclaved at 15 lbs psi for 30 minutes.
Two ml suspension of T. harzianum PBAT-43 spore powder
(10 7 spores ml-1) was added in each flask and mixed
thoroughly. This resulted in increase in moisture content of
inoculated poultry manure by 4%. Inoculated flasks were
incubated in a BOD incubator at 15±10C, 28±10C and 32±10C.
Each treatment was replicated five times. Flasks were
weighed regularly and loss of moisture was replenished by
adding sterilised water. At regular intervals, 1 g of air-dried
samples was estimated for T. harzianum population by serial
dilution method using Trichoderma Selective Medium (TSM)
(Elad et al., 1981; Mukherjee, 1991).
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The data were subjected to analysis of variance
(ANOVA) using Microsoft Excel Programme. Treatment
means were differentiated using Fischer’s least significant
difference test (LSD).
RESULTS AND DISCUSSION
Poultry manure, sterilised or unsterilised, supported
reasonably good growth of T. harzianum at all moisture levels
(except 14%) and temperatures (Table 1 and 2). The optimum
temperature and moisture for growth and sporulation of
T. harzianum were 320C and 34%, respectively. Optimum

incubation period was 21 days. Under optimum condition
of moisture and temperature after 21 days of incubation the
population of T. harzianum was 3.57x108 cfu.g-1 air-dried poultry
manure under sterilised and 3.67x10 8cfu.g -1 air-dried
manure in unsterilised poultry manure (Table 1 and 2).
Population of Trichoderma was reduced at moisture content
<34 and >44%. Lower temperature (150C) significantly
reduced the growth of T. harzianum.
Although poultry manure supported good growth of
Trichoderma, it was not as good as reported for cow dung or
FYM (Zaidi and Singh, 2004 a,b). Therefore, attempt should

Table 1. Effect of temperature and moisture on population of Trichoderma harzianum (PBAT-43) in sterilized poultry manure
Temperature
(0C)
14
0 days
150 C
280 C
320 C
Average
CD (at p=0.05)
7 days
150 C
280 C
320 C
Average
CD (at p=0.05)
14 days
150 C
280 C
320 C
Average
CD (at p=0.05)
21 days
150 C
280 C
320 C
Average
CD (at p=0.05)
30 days
150 C
280 C
320 C
Average
CD (at p=0.05)
45 days
150 C
280 C
320 C
Average
CD (at p=0.05)

Population of Trichoderma harzianum ( x107cfu. g-1 sterilised air dried poultry manure)
Moisture content (%)*
24
34
44
54
74

0.23
0.23
0.23
0.33
0.30
0.27
0.25
0.27
For temperature (T)= 0.021

0.33
0.27
0.27
0.29

0.43
4.66
0.67
7.66
0.93
11.00
0.68
7.77
For temperature (T) =2.13

7.33
11.66
16.33
11.77

0.53
6.66
0.80
8.33
0.97
12.33
0.77
9.11
For temperature (T)=2.21

8.33
12.66
20.66
13.88

0.63
7.33
0.73
6.66
1.00
12.00
0.79
8.66
For temperature (T) =3.77

8.33
9.66
35.66
17.88

0.47
6.66
0.57
6.33
0.83
9.33
0.62
7.44
For temperature (T)=2.64

7.66
8.00
27.00
14.22

0.37
5.33
0.53
8.66
0.57
8.00
0.49
7.33
For temperature (T) = 2.01

4.66
7.33
18.66
10.22

0.23
0.23
0.30
0.25
For moisture (M) =0.072

0.33
0.27
0.27
0.29

7.00
11.66
13.00
10.55
For moisture (M) =06

6.33
9.00
12.00
9.11

7.33
10.33
14.33
10.66
For moisture (M)=1.20

5.66
7.33
10.66
7.88

Average

0.27
0.30
0.27
0.28

0.27
0.27
0.27
T x M = 0.116

4.66
8.66
10.33
7.88

5.07
8.22
10.60
T x M=2.35

5.00
7.33
9.66
7.33

5.56
7.73
11.32
T x M =4.37

8.00
5.33
9.00
6.00
17.66
12.00
11.55
7.77
For moisture (M) = 2.57

3.66
5.33
10.66
6.55

7.00
7.66
14.66
9.77
For moisture (M)=3.64

5.00
5.66
9.33
6.66

3.33
5.00
8.00
5.44

4.00
6.33
10.66
7.00
For moisture (M) = 3.87

3.33
5.33
8.66
5.77

5.55
6.23
14.83
T x M = 3.92
5.02
5.54
11.52
T x M = 4.13

2.33
4.66
7.00
4.66

3.34
5.47
8.92
T x M = 4.90

*After adjusting water added with inoculum
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Table 2. Effect of temperature and moisture on population of Trichoderma harzianum (PBAT-43) in unsterilized poultry manure
Temperature
(0C)
14
0 days
150 C
280 C
320 C
Average
CD (at P=0.05)
7 days
150 C
280 C
320 C
Average
CD (at P=0.05)
14 days
150 C
280 C
320 C
Average
CD (at P=0.05)

Population of Trichoderma harzianum ( x 107 cfu g-1 Unsterilised air dried poultry manure)
Moisture content (%)*
Average
24
34
44
54
74

0.40
0.30
0.40
0.30
0.30
0.33
0.37
0.31
For temperature (T) = 0.06

0.337
0.27
0.40
0.33

0.53
5.33
0.77
8.33
1.03
12.66
0.78
8.77
For temperature (T)=2.32

8.33
12.66
18.33
13.11

0.60
0.90

7.00
8.33

1.13
12.33
0.887
9.22
For temperature (T) =2.67

0.43
0.40
0.43
0.42
For moisture (M) = 0.20

0.40
0.37
0.43
0.40

7.66
13.00
15.33
12.00
For moisture (M) = 3.97

7.66
10.33
12.66
10.22

8.66
14.66
24.66
16.00

7.66
12.33

0.33
0.40
0.33
0.357

0.37
0.36
0.37
T x M = 0.13

5.66
9.00
11.66
8.77

5.86
9.01
11.94
T x M =2.95

6.00
8.00

5.00
7.66

5.82
8.65

15.33
12.33
11.77
8.77
For moisture (M) = 4.50

11.33
8.00

12.85
T x M =5.92

21 days
150 C
280 C
320 C
Average
CD (at P=0.05)
30 days
150 C
280 C
320 C
Average
CD (at P=0.05)
45 days
150 C
280 C
320 C
Average
CD (at P=0.05)

0.80
0.87

8.00
8.00

8.66
11.00

1.03
13.00
0.90
9.66
For temperature (T) = 3.74

36.66
18.77

0.53
7.33
0.67
7.66
0.90
11.00
0.70
8.66
For temperature (T) = 3.05

8.33
9.00
32.00
16.44

0.43
0.63
0.63
0.57

5.66
9.00
9.00
7.88

For temperature (T) = 2.12

8.66
11.33

6.33
6.66

4.00
5.66

6.07
7.25

20.00
12.66
13.33
8.55
For moisture (M) = 2.07

11.66
7.11

15.83

7.66
5.66
8.33
6.33
16.33
10.00
10.77
7.33
For moisture (M) = 3.81

3.00
5.33
8.33
5.55

5.66
7.66
21.33
11.55

4.33
7.00
11.66
7.66

3.66
6.00
9.00
6.22

For moisture (M) = 5.74

T x M = 4.31
5.41
6.22
13.09
T x M =4.65
3.00
4.33
6.33
4.55

3.79
5.77
9.65
T x M = 4.14

*After adjusting water added with inoculum

be made to develop substrate by mixing suitable proportion
of poultry manure and cow dung or FYM for good growth of
Trichoderma. This could be used by farmers at their own level
for augmenting the population of bio-agent for effective
delivery in soil. This should also hasten the process of
decomposition of poultry manure. Nutritional status and
bio-efficacy of Trichoderma colonized poultry manure also
needs to be investigated.
REFERENCES
Chaube, H.S., Mishra, D.S., Varshney, S. and Singh, U.S. 2003. Biocontrol of plant pathogens by fungal antagonists: Historical
background, present status and future prospects. Ann. Rev.
Plant Pathol., 2: 1-42.
Journal of Eco-friendly Agriculture 1(1) 2006.

Elad, Y., Chet, I. and Henis, Y. 1981. A selective medium for
improving quantitative isolation of Trichoderma spp. from soil.
Phytoparasitica, 9: 59-67.
Mukherjee, P.K. 1991. Biological control of chickpea wilt complex.
PhD Thesis, G.B. Pant University of Agric. & Tech., Pantnagar,
India, 188 p.
Zaidi, N.W. and Singh, U.S. 2004a. Use of cow dung as a substrate
for mass multiplication of Trichoderma spp. Indian Phytopathol. ,
57: 189-192.
Zaidi, N.W. and Singh, U.S. 2004b. Use of farm yard manure for
mass multiplication and delivery of bio-control agents,
Trichoderma harzianum and Pseudomonas fluorescens. Asian agriHistory, 8: 297-304.
Zaidi, N.W. and Singh, U.S. 2005. Mass multiplication and delivery
of Trichoderma and Pseudomonas. J. Mycol. Pl. Pathol., (in press).
59

Journal of Eco-friendly Agriculture 1(1): 60-63 : 2006

Biological control of damping off disease of tomato
Mareeswari, P. R. Samiyappan, L. Mohan and A. Kamalakannan
Department of Plant Pathology, Center for Plant Protection Studies, Tamil Nadu Agricultural University, Coimbatore-641 003 (Tamil Nadi), India.

ABSTRACT
The efficacy of four different Bacillus isolates and seven different Pseudomonas strains were tested against
Pythium aphanidermatum (Pa) under in vitro conditions. The results showed that among the four Bacillus isolates,
Bacillus subtilis recorded the least mycelial growth (48.7 mm) of Pa and the maximum inhibition zone (11 mm) as
compared to control (89 mm). Among the seven Pseudomonas strains tested, Pf 1 showed the least mycelial growth of
31 mm of Pa and the maximum inhibition zone of 25 mm as against control (89.3 mm). The germination percentage
and vigour index of tomato seeds were also studied by roll towel method. Bacillus subtilis recorded the maximum
germination per cent of 92 with the vigour index of 1401.62 as compared to control (sterile water) i.e. 60 per cent and
694.20 respectively. Among the Pseudomonas strains, Pf 1 strain showed maximum germination per cent of 96 with
the vigour index of 1496.16 followed by FP 7 92 per cent and 1376.32 respectively as compared to control (sterile
water) i.e. 68 per cent and 843.54, respectively.
Key words: Bacillus, Pseudomonas, damping off, tomato, vigor index.

Pre and post-emergence damping off disease of tomato
caused by Pythium aphanidermatum is an economically very
important disease of tomato worldwide. It is a soil borne
pathogen and occurs worldwide in valleys in tropical and
temperate climate and in every greenhouse. The disease
affects seeds, seedlings and roots of the plants. However, the
greatest damage is done to the seed and seedling roots during
germination, either before or after emergence. Losses vary
considerably with soil moisture, temperature and other
factors. Quite frequently, seedlings in seedbeds are
completely destroyed by damping off or they die soon after
they are transplanted. In many instances, poor germination
of seeds or poor germination of seedlings is the result of
damping off infection in the pre-emergence stage and the
yield is reduced drastically (Hendrix and Campbell, 1973).

extent. Thus, existing control measures are inadequate.
Biological control is gaining importance and forms a realistic
alternative to the chemical fungicides.

The disease and losses caused by Pythium infections
are more severe when the soil remains wet for prolonged
period. The phenomenon is noticed when the temperature is
unfavourable (usually too low) for the host plant, when there
is an excess of nitrogen in the soil and when the same crop is
planted in the same field for several consecutive years
(Martin, 1992).

Isolation of fluorescent Pseudomonads and Bacillus spp.

Although fungicides have shown promising results in
controlling the damping off disease, phytotoxicity and
fungicide residue problems leading to the environment
pollution are the major constraints in using chemical
fungicide for disease management. Development of fungicide
resistance by Pythium spp. is also of increasing concern.
Sanitation using clean water supplies, application of organic
compost and regulation of watering and temperature regimes
during seedling growth contribute control of disease to some
©2006

In the last 10 years, experimental control of Pythium
seed rot and damping off has been obtained by treating the
seeds with conidia of antagonistic fungi in greenhouses
(Agrios, 2000).
MATERIALS AND METHODS
Pathogen isolation
Various isolates of P. aphanidermatum were isolated
from naturally infected tomato crop and the virulent isolate
was selected.

The different Bacillus spp. and fluorescent
Pseudomonads were isolated from the soil by serial dilution
method. Fluorescent Pseudomonads were isolated from the
rhizosphere of various crop plants. For this, the rhizosphere
soil was collected by gently lifting the plants from the
moistened soil and the soil adhering to the root region was
collected by shaking the root gently along with terminal root
portion. The soil suspension was prepared by shaking 10 g
of soil in 90 ml of sterile distilled water for 30 minutes in a
shaker. From this, the suspension was serially diluted to 106
dilutions using sterile distilled water. One milliliter from
106, 105 and 104 dilutions was plated in sterile KB medium
poured in sterilized petri plates. The plates were incubated
for 2 days at 28±20C. The fluorescent colonies were identified
by observing the plates under UV light (360 nm). The isolated
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single colony was selected from each sample and was further
streaked on KB for obtaining pure culture. The different
Bacillus spp. strains were also isolated by the same method
from the soil of different crop plants and the cultures were
purified and maintained on Nutrient Agar (NA) medium for
this study and stored under refrigerated condition.
In vitro screening of fluorescent Pseudomonads and
Bacillus isolates against P. aphanidermatum by dual culture
technique

on embryo upside down over the pre-soaked germination
paper. The seeds were held in position by placing another
pre-soaked germination paper strip and gently pressed. The
polythene sheet along with seeds were then rolled and
incubated in growth chamber for 10 days. The vigor index
was calculated by the following formula and expressed as
whole number.
Vigor index = Root length + Shoot length × Germination
percentage

The efficacy of different Bacillus isolates and fluorescent
Pseudomonads isolates was tested against P.
aphanidermatum by following dual culture technique (Dennis
and Webster, 1971).

RESULTS AND DISCUSSION

A 10 mm culture disc of the fungus was placed on to
the sterilized and solidified Potato Dextrose Agar (PDA)
medium in sterilized petri dish. Approximately at a distance
of 1.5 cm opposite to the fungal culture disc, the bacterial
inoculum was streaked on to the medium using a sterilized
inoculation needle after incubation for 48 hrs. at room
temperature. The plates were incubated under laboratory
condition (28±20C). Each treatment was replicated three
times and the treatment without bacterial antagonists served
as the control. When the control plate showed full growth of
the pathogen (after 2 days), the radial growth of the pathogen
and the inhibition zone was measured in all the treatments.
The results were expressed as per cent inhibition of the
mycelial growth over the control by using the formula of
Vincent (1927).

The efficacy of different Bacillus isolates against the test
pathogen (Pa) was tested under in vitro condition (Table 1).
Among all the four isolates tested, Bacillus subtilis most
effectively inhibited the mycelial growth of P. aphanidermatum
(48.7 mm) followed by B. sphaericus (54 mm), B. cereus (55
mm) and Bacillus spp. (unidentified) (56 mm) as compared
to control (89 mm). The inhibition zone was also measured.
Largest inhibition zone was formed by Bacillus subtilis (11
mm) followed by B. sphaericus (5.33 mm), B. cereus (3 mm) and
Bacillus sp. unidentified (1.3 mm).

I

Efficacy of different Bacillus isolates against
P. aphanidermatum

Table 1. Effect of different Bacillus strains against the
mycelial growth of P. aphanidermatum
Treatment

CT
x 100
C

I – Inhibition of the mycelial growth
C – Mycelial growth in control
T - Mycelial growth in treatment
Seed Bacterization
The tomato seeds were surface sterilized with 0.1%
mercuric chloride for 30 seconds, rinsed in sterile distilled
water and dried overnight under a sterile air stream. One
gram of surface sterilized seeds were soaked in 10 ml of
bacterial suspension for 24 hrs. The bacterial suspension
was decanted and the seeds were dried overnight.

Mycelial growth Per cent Inhibition
of
reduction
zone
P. ahanidermatum
over
(mm)*
(mm)*
control

Bacillus cereus

55.0b

38.20

3.00c

Bacillus subtilis

48.7a

45.28

11.00a

Bacillus sp.
(unidentified)

56.0bc

37.08

1.30cd

Bacillus sphaericus

54.0b

39.32

5.33b

Control

89.0c

-

-

*Mean of three replications
In a column means followed by a common letter are not significantly
different at 5% level by DMRT

Efficacy of fluorescent Pseudomonads and Bacillus isolates
on plant growth promotion

Vigour index and germination percentage of tomato
seedlings after seed treatment with the Bacillus strains

Plant growth promoting activity of fluorescent
Pseudomonads and Bacillus isolates was determined based
on the seedling vigor, index using the standard Roll Towel
Method (ISTA, 1966). The bacterized tomato seeds were kept

The germination percentage and the vigor index of
tomato seeds and seedlings were determined and the results
are presented in Table 2. Bacillus subtilis recorded the
maximum germination per cent i.e. 92 with the vigor index

Journal of Eco-friendly Agriculture 1(1) 2006.

61

Mareeswari, P. R. Samiyappan, L. Mohan and A. Kamalakannan

of 1401.62 followed by Bacillus sphaericus (84%, 1258.32),
Bacillus spp. unidentified (76%, 975.08), B. cereus (72%,
1039.32) as compare to control (60%, 694.20) (Table 2).
Table 2. Vigor index and germination percentage of tomato
seedlings after seed treatment with the screened
Bacillus strains
Germination Vigor Index*
(%)*

Treatment
Bacillus cereus
Bacillus subtilis
Bacillus sp. (unidentified)
Bacillus sphaericus
Control (sterile water)

72
92
76
84
60

1039.32
1401.62
975.08
1258.32
694.20

*

Mean of three replications

Efficacy of different Pseudomonas strains against
P. aphanidermatum
The efficacy of different Pseudomonas strains was tested
against Pa under in vitro condition. The results showed that
Pf1 was the most effective antagonist against Pa, which
recorded the least mycelial growth, i.e. 31.3 mm and had
maximum inhibition zone of 25 mm followed by PF ATR
(48.7 mm, 11 mm), P. chlororaphis (50 mm, 10.3 mm), FP 7
(51.7 mm, 14 mm), PF COT (53.7 mm, 7.7 mm), P. cepacia
(55.3 mm, 5.3 mm) and PSV (55.7 mm, 2.7 mm) respectively
as compared to control (89.3 mm) (Table 3).
Table 3. Effect of different Pseudomonas strains against the
mycelial growth of P. aphanidermatum
Treatment

PF ATR
PSV
P. cepacia
PF 1
P. chlororaphis
FP 7
PF COT
Control
*

Mycelial growth of Per cent Inhibition
P. aphanidermatum reduction
zone
*
over
(mm)
(mm)*
control
48.7b
55.7ef
55.3e
31.3a
50.0c
51.7cd
53.7d
89.3g

45.47
37.63
38.00
64.95
44.00
42.11
39.87
-

11.0
2.7
5.3
25.0
10.3
14.0
7.7
-

Mean of three replications
In a column means followed by a common letter are not significantly
different at 5% level by DMRT.
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Germination percentage and vigor index of tomato
seedlings after seed bacterization with the Pseudomonas
isolates
The germination percentage and vigor index of tomato
seeds and seedlings were determined. Pf 1 strain showed
the maximum germination per cent of 96 and the vigor index
of 1496.16 followed by FP 7 (92%, 1376.32), P. chlororaphis
(84%, 1197.42), PF ATR (80%, 1120.40), and P. cepacia (76%
1025.62) as compared to control (sterile water) (68%, 843.54)
(Table 4).
Table 4. Germination percentage and Vigor Index of tomato
seeds and seedlings after seed treatment with
Pseudomonas strains
Treatment
Germination (%)* Vigor Index*
PF ATR
80
1120.40
PF 1
96
1496.16
P. cepacia
76
1025.62
FP 7
92
1376.32
P. chlororaphis
84
1197.42
Sterile water (Control)
68
843.54
*

Mean of three replications

The present study strongly supports the findings of
many workers. Fluorescent Pseudomonads have been
extensively studied for the control of damping off disease in
different crops (Weller and Cook, 1986). In the present
studies PF1 was found to inhibit the growth of Pa most
effectively by forming the largest inhibition zone. Earlier,
this isolate was also found to be effective in controlling many
soil-borne pathogens (Whipps and Lumsden, 1991). Other
Pseudomonas sp. tested also showed this ability. In general,
the fluorescent Pseudomonads used as bio-control agents
come under P. fluorescens and P. putida. As certain isolates
of fluorescent Pseudomonads show plant growth promoting
activity, these are collectively called as PGPR. Becker and
Cook, (1988) reported that some fluorescent Pseudomonads
have the ability to improve the germination and plant growth.
In our studies also Pseudomonas sp. showed improved
germination and plant growth promoting activity and isolate
PF1 showed maximum activity. After isolating and
identifying the fluorescent Pseudomonads, selecting an
effective strain is the first and foremost important step in
biological control.
Four Bacillus isolates, B3, C1, D4 and J7 from the testa
and cotyledons of peas and dwarf French Beans displayed
distinct antagonism in vitro against B. cinerea and Pythium
mamillatum when screened using dual culture analysis
(Walker et al., 1998). In our studies B. subtilis checked the
growth of Pa and formed the largest inhibition zone. Bacillus
Journal of Eco-friendly Agriculture 1(1) 2006.
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sp. also checked the growth of Pa and formed inhibition
zone.

and bacterial antagonists against R. solani and Pythium
aphanidermatum inciting seedling diseases of okra. Indian J. Pl.
Prot., 29: 146-148.

In a study different Bacillus subtilis strains isolated from
soil infected with soil-borne pathogens were tested against
P. aphanidermatum in soilless tomato and cucumber plants.
Bacterization of tomato plants with the B. subtilis strains,
FZB 13, FZB 24 and FZB 44 at the beginning of disease
development reduced the disease severity caused by
P. aphanidermatum. The bacterization of tomato plants with
the B. subtilis strains FZB 13, FZB 44 improved the total yield
in the treatments without pathogen infection as compared
to the control (Grosch et al., 1999). In the present study
B. subtilis was also found to improve germination and vigor
index. Other Bacillus sp. tested, also improved germination
and vigor index.

Becker, J.O. and Cook, R.J. 1988. Role of siderophores in
suppression of Pythium species and production of increased
growth response of wheat by fluorescent
pseudomonads. Phytopathology, 78: 778-782.

Anitha and Tripathi (2001) screened various fungal
and bacterial antagonists against R. solani and
P. aphanidermatum in in vitro conditions. The efficacy of
bacterial antagonists was more towards P. aphanidermatum
than towards R. solani, which supports the present findings.
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ABSTRACT
Varying degree of virulence of the species and strains of Steinernema feltiae, S. abbasi, S. riobrave, S. carpocapsae,
Hetrorhabditis indica, and H. bacteriophora (100 IJ larvae-1) was recorded against Spodoptera litura larvae. Absolute
mortality could be recorded 72h post exposure under in vitro conditions. The promising nematode species identified
in the preliminary screening were compared for pathogenicity, based on their LC50 values. S. feltiae and S. abbasi were
highly virulent with lowest LC50 values (41 and 44 IJs at 48hrs. exposure period). Nematode recycling ability was
evaluated relative to the common host, Galleria mellonela to find suitability of the host for nematode multiplication.
Reproduction of H. indica and H. bacteriophora was maximum followed by S. abbasi, S. feltiae and S. carpocapsae.
Key words: Cutworm, entomopathogenic nematodes, Heterohabditis, Steinernema, Spodoptera litura.

Entomopathogenic nematodes (EPN) are considered
as potential bio-control agents particularly against soil
dwelling pests. Their infectivity against target pest, however,
varies depending upon species/isolates. Hence, the
pathogenicity of native species/isolates of Steinernema and
Heterorhabditis spp. was tested to identifiy the most potential
species/strain against Spodoptera litura under laboratory
conditions for working out dosage-mortality relationship
between nematodes and specific target pests is a pre requisite
to identify promising nematode-host combinations before
their field application (Morris et al., 1990).
In this paper the virulence of 8 species and 10 strains
of two entomopathogenic nematodes genera against S. litura
is reported. The dose-mortality responses of S. litura larvae
to promising nematode species have been investigated.
MATERIALS AND METHODS
Nematode and Insect culture: Infective juveniles (IJs) of
Steinernema abbasi, S. carpocapsae and H. indica were cultured
on larvae of wax moth, G. mellonella at room temperature
(Dutky et al., 1964). Experiments were conducted with IJs
harvested three days after initial emergence and washed in
distilled water and stored for 1 week at room temperature.
Test insect, Spodoptera litura (F), larvae were reared under
laboratory conditons on castor leaves at room temperature .
Screening of nematode species/strain against larvae of
S. litura by sand column assays: The pathogenicity of
different species/isolates of indigenous EPN S. abbasi 3.1,
S. carpocapsae isolates PDBCEN 1.4, PDBCEN 6.11, PDBCEN
©2006

13.1 and PDBCEN 11, Steinernema sp. SSL2 PDBCEN 7.2,
Steinernema sp. SSL2 PDBCEN 13.21, S. feltiae, S. riborave,
Heterorhabditis bacteriophora, and of H. indica isolates
PDBCEN 13.3, PDBCEN 6.71, PDBCENT 13.22, and PDBCEN
14.2 were evaluated against final instar larvae of S. litura in
laboratory by soil column assay. Plastic containers filled with
sterilized soil were used as the assay arena. Single final
instar larva was placed at the bottom of the container before
filling sterilized soil. The containers were filled with 15 g of
sandy loam soil (1 part sand: 1 part soil with 8% moisture)
and a 0.5 ml of nematode suspension containing 100IJs in
distilled water was pipetted on the soil surface. Larval
mortality was recorded every 24hrs till 96hrs. Five
replications were maintained for each treatment.
Progeny production of EPN in S. litura larvae: Dead cadavers
of S.litura infected with EPN species/isolates during
pathogenicity test were utilized in progeny production
potential study of different population. Infective juveniles
were extracted from each larva by White Trap Method and
total yield was computed for each nematode population. Two
replications were maintained for each treatment and the
experiment was repeated twice.
Dosage optimization for selected EPN isolates and
laboratory assay (Fixing LC50): In order to standardize the
dosage level of EPN isolates against S. litura, column assay
was conducted using final instar larvae. Based on the initial
screening of different populations, 5 nematode species viz.,
S. abbasi, S. carpocapsae PDBCEN 11, S. feltiae, H. indica
PDBCEN 13.3, and H. bacteriophora were chosen for
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determining LC50. Dose-response assay included nematode
concentrations of 0, 25, 50, 75, 100 and 125 IJs larvae-1. Five
replications were maintained for each concentration. Five
insects were kept per replication. Insect mortality was
recorded after 24, 48, 72 and 96 hrs. Nematodes were selected
on the basis of their virulence against S. litura and time
required for 50% mortality (LC50) for each nematode species
which was determined by probit analysis using the computer
programme SPSS. LC50s are given for the exposure periods
of 24 and 48hrs. to indicate the rate at which the different
nematodes killed the host.
RESULTS AND DISCUSSION
Screening of nematode species/strain against S.litura:
S. abbasi, S. feltiae, S. riborave and H. indica 13.3 were found
highly virulent against S. litura (Table 1). S. abbasi, S. feltiae ,
H. bacteriophora and H. indica 13.3 caused absolute mortality
of S. litura within 48hrs., whereas S. riborave and H. indica
14.2 caused 80%, S. carpocapsae PDBCEN 11, PDBCEN 13.1,
60%; S. carpocapsae PDBCEN 1.4, H. indica PDBCEN 6.71,
40% and S. carpocapsae PDBCEN 6.11, S.glaseri and
Steinernema sp. SSL2 13.21 and H. indica PDBCEN 13.21
caused only 20% mortality. A preliminary scan @ 100IJs
larva-1 may help in selecting virulent and effective nematode

strain(s) against particular insect pest. The nematode species
and strains evaluated here exhibited difference in their
virulence against S. litura larvae. Variable virulence among
nematodes and corresponding susceptibility of S. litura
larvae has been reported (Kondo and Ishibashi 1986). The
efficacy of indigenous isolates of H. indica, S. feltiae and
S. glaseri against larvae of S. litura has already been reported
(Karunakar et al., 1999, Banu and Rajendran, 2002)
Progeny production: Nematode production per larva varied
depending on nematode species/ strain (Table 2). The yield
of different isolates of Steinernema sp. and Hetreorhabditis sp.
in S. litura and G. mellonella ranged from 0.52 to 4.67 lakhs
and 1.25 to 5.35 lakh IJs larva -1, respectively. Progeny
production of both Steinernema and Heterorhabditis was
highest in G. mellonella and maximum yield of IJs was
recovered in case of H. indica PDBCENT 13.3 (5.35 lakhs)
followed by H. bacteriophora and H. indica PDBCEN 14.2 (5.28
and 5.15 lakh). Among isolates of Steinernema spp., S. abbasi
and S. feltiae yielded 4.65 and 3.98 lakh larvae-1 respectively.
In S. litura maximum yield of 4.67 lakh was observed with
H. indica PDBCEN 13.3 followed by H. bacteriophora (4.15
lakh). The yield of isolates S. carpocapsae PDBCEN 13.1,
PDBCEN 1.4, PDBCEN 6.11 and PDBCEN 11 ranged between
1.36 - 1.9 lakhs. S. glaseri yielded the least IJs (0.52 lakhs).

Table 1. Susceptibility of Spodoptera litura in laboratory soil assays to different species/isolates of indigenous Steinernema and
Heterorhabditis sp.
Nematode isolate

Per cent mortality of S. litura larvae at different interval (hrs)
24
48
72

S. abbasi 3.1
S. carpocapsae 1.4
S. carpocapsae 6.11
S. carpocapsae 13.1
S. carpocapsae 11
Steinernema sp. SSL2 7.2
Steinernema sp. SSL2 13. 21
S. feltiae
S. riborave
S. glaseri
H. indica 13.3
H. indica 6.71
H. indica 14.2
H. indica 13.22
H. bacteriophora

20(21.17)f

100(90)a

100(90)a

0(21.17)g
0(0.41)g
20(21.17)f
0(0.41)g
0(0.41)g
0(0.41)g
60(54)c
40(38.78)d
0(0.41)g
20(21.17)f
0(0.41)g
20(21.17)f
0(0.41)g
40(39.01)d

40(38.78)d
20(21.17)f
60 (51.22)c
60(51)c
0(0.41)g
20(21.17)f
100(90)a
80(66.22)b
20(23.87)f
100(90)a
40(39.01)d
80(69.22)b
20(20.94)f
100(90)a

100(90)a
40(38.78)d
80(66.22)b
100(90)a
20(21.17)f
40(38.78)d
100(90)a
100(90)a
20(23.87)f
100(90)a
60(51)c
100(90)c
60(51.22)c
100(90)a

96
100(90)a
100(90)a
100(90)a
100(90)a
100(90)a
40(36.08)e
60(51.22)c
100(90)a
100(90)a
40(38.78)d
100(90)a
60(51)c
100(90)a
100(90)a
100(90)a

SEm. - 4.73, CD (P = 0.05) - 13.11, Figures in parenthesis represent transformed values.
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Table 2. Progeny production of EPN isolates in final instar
S. litura larvae
Nematode species/isolate

No of IJs larva-1 (lakhs)
S. litura

G. mellonella

S. abbasi 3.1

3.58

4.65

S. carpocapsae 1.4

1.39

3.24

S. carpocapsae 6.11

1.57

3.68

S. carpocapsae 13.1

1.36

3.75

S. carpocapsae 11

1.90

4.59

Steinernema sp. SSL 2 7.2

0.87

3.55

Steinernema sp. SSL 2 13.21

0.98

3.64

S. feltiae

3.73

3.98

S. riobrave

3.55

3.18

S. glaseri

0.52

1.25

H. indica 13.3

4.67

5.35

H. indica 6.71

2.85

4.67

H. indica 14.2

3.54

5.15

H. indica 13.22

3.87

4.85

H. bacteriophora

4.15

5.28

SEm - 0.54, CD (P = 0.05) - 1.54

Target insect’s mortality, successful establishment of
nematodes and its reproduction in target insect are
prerequisites for a successful establishment of the nematode
in the host’s environment. In the present study nematode
reproduced well in the host insect. Following reproduction,
establishment and recycling could occur in the soil where
conditions appeared favourable for nematode survival.

Dosage optimization for some EPN isolates in lab assaysFixing LC 50: In third experiment, the testing of different
isolates against S. litura was restricted to the selected isolates,
which performed well against S. litura. In the dose-response
assay, insect mortality increased over time at all dosages in
respect of all species of the nematodes. Twenty-four and forty
eight-hour exposure was taken into consideration for
computing LC50 values. The minimum number of IJs required
to bring mortality of S. litura larvae varied with Steinernema
spp. and Heterohabditis spp. S. feltiae and S. abbasi were found
more virulent against S. litura with lower LC50 values of 41
and 44 IJs/larva compared to other nematode species/
isolates. LC50 values were 52 and 55 and 58 IJs larva-1 for
H. bacteriophora, H. indica and S. carpocapsae, respectively. On
comparing the LC50 values, the difference in values was more
pronounced at 48 hrs. exposure than that of 72 hrs. However,
LC50 values for all nematodes species reduced with increase
in exposure time (Table 3).
The fiducial limits in respect to number of nematodes
are presented in Table-3 for determining the number of IJs
required for bringing minimum and maximum mortality of
S. litura. Kondo and Ishibashi (1987) suggested that the lower
susceptibility of S. litura than G. mellonella larvae was mainly
due to the higher resistance level against invading nematodes
rather than the higher defense against nematode invasion
for S. feltiae, S.glaseri, and S. bibionis, S. litura showed more
invading nematodes than did G. mellonella, although the
mortality of the latter insect was significantly higher than
the former.
The results indicate that S. litura larvae were highly
susceptible to the nematodes tested under laboratory
conditions. Our study indicates that five nematode species,
viz, S. abbasi, S. carpocapsae, S. feltiae, H. bacteriophora, and

Table 3. LC50 for Steinernema spp. and Heterorhabditis spp. against S.litura
Nematode isolate
S. carpocapsae 11
S. abbasi 3.1
S. feltiae
H. indica 13.3
H. bacteriophora

66

Incubation
period
24
48
24
48
24
48
24
48
24
48

Regression equation
Y = 6.7 + 3.3 X
Y = 6.7 + 3.8 X
Y = 6.7 + 3.5 X
Y = 7.5 + 4.5 X
Y = 7.3 + 3.7 X
Y = 6.4 + 4.0 X
Y = 7.2 + 3.7 X
Y = 5.7 + 3.3 X
Y = 7.8 + 3.9 X
Y = 5.3 + 3.1 X

LC50 No. of
nematode

95% confidence limits
No. of nematode

LC90 No. of
nematode

102
58.4
86.0
44.8
84.5
41.1
90.5
55.0
103.5
52.1

85.3 -134.6
48.5 - 68.3
73 - 105.3
23.5 - 63.8
72.2 - 100.9
14.9 - 61.9
77.3 - 110.6
44.3 - 65.6
88.5 - 0131.6
17.4 - 83.8

246.2
127.9
200.6
85.8
184.3
85.8
201.4
135.9
222.1
136.1
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H. indica have the highest potential for controlling this pest.
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ABSTRACT
Compatibility studies revealed that all botanicals were highly toxic to infective juveniles of (IJs) Heterorhabditis
indica (RCR) at higher concentrations resulting in more than 90% mortality after 48 hrs of exposure. On the other hand
one per cent concentration of Prosopsis juliflora, Vites nignundo and Pingamia pinnata resulted only 20% nematode
mortality. In bio-efficacy studies sequential and simultaneous application of P. juliflora. P. pinnnta and V. nigundo
caused highest mortality in third and fourth instar larvae of Helicoverpa armigera after 48 hrs. and were at par with
H. indica alone (150 IJs larva). Simultaneous inoculation of Neem seed Kernel Extract (NSKE) and H. indica and
sequential application of neem with H. indica were also effective.
Key words: Botanicals, Helicoverpa, Heterorhabditis, mortality, synergism.

Helicoverpa armigera (Hübner) is a serious pest of a
variety of crops in the Indian subcontinent and South East
Asia (Reed and Pawar, 1982; King, 1994). Extensive use of
chemical insecticide followed by wide use of pyrethroids in
the late eighties caused the appearence of resistance in this
pest against chemicals and the resultant increase in crop
losses. (Armes et al., 1992). This has stimulated the efforts to
develop alternative control strategies including the use of
entomopathogenic nematodes for the control of this pest
which have considerable potential to control insect pests
because of their broad host range, high virulence, easy mass
production, storage and application (Gaugler and Kaya,
1990). Among several species, Heterorhabditis indica a native
to India, has great potential in controlling various insect
pests. An isolate of H. indica (RCR) from Northern dry zone
of Karnataka has been found highly virulent against
H. armigera (Prabhuraj and Patil, 2004; Prabhuraj et al., 2004).
Plant extracts have also emerged as an alternative
source to chemical pesticides. Several plants species
particularly neem, Pongamia pinnata, Prosopis juliflora and
Vitex nigundo have been successfully used against several
insect pests including H. armigera (Kulat et al., 1999; Barapatre
and Lingappa, 2003).
Owing to relatively high cost of application of
insecticides for control, the integration of entomopathogenic
nematodes with botanicals at reduced concentrations appear
to be the better option. Hence, a laboratory study was
conducted to evaluate the combination effect of
entomopathogenic nematodes with botanicals against
H. armigera.
©2006

MATERIALS AND METHODS
Source of nematode
Culture of H. indica (RCR) was isolated from naturally
infested grape flea beetle grub, Sceledonta strigicollis M. from
the experimental plot and maintained on greater wax moth,
Galleria mellonella Linn. in the laboratory for further studies.
Source of H. armigera larvae
Larvae of Helicoverpa armigra collected from the field
were reared in the laboratory on the soaked chickpea seeds.
Moths obtained were released in a pot containing 15-20 days
old chickpea seedlings for oviposition and covered with
nylon net to prevent the adult escape. Hatched larvae were
maintained on the chickpea seedlings up to second instar
and later shifted individually into a plastic container (25ml
capacity). Soaked chickpea seeds were provided daily as
food for the larvae.
Preparation of plant extracts
Fresh leaves of Prosopis juliflora, Pongamia pinnata and
Vitex nigundo (100g) were ground separately and the leaf
pulp thus obtained was tied in a muslin cloth and soaked in
100 ml distilled water for 6-8 hrs. It was squeezed and the
solution obtained served as stock solution which
subsequently diluted to desired concentrations. Neem seed
kernel extract (NSKE) 5% was also prepared and diluted
accordingly.
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Compatibility of H. indica with botanicals
Six concentrations of P. juliflora, P. pinnata and V. niguda
leaves (10, 5, 4, 3, 2, 1%) were prepared separately and 25 ml
stock solution of each concentration was taken in conical
flasks and 10,000 ± 50 infective juveniles (IJs) were released
in each flask. Control consisted of nematode with distilled
water only. For NSKE 5, 2.5, 2.0, 1.5, 1.0 and 0.5% and neem
oil 2, 1, 0.75, 0.5, 0.25 and 0.1% concentrations were
used.Three replicates were kept for each treatment.
Microscopic observations on juvenile mortality was recorded
after 48 hrs. of exposure.

of P. juliflora, P. pinnata and V. nigundo 10% NSKE (5%) and
neem oil (2%) caused 90% mortality. Only 20% nematode
mortality was recorded in all the leaf extract (1%) as against
40% in case of NSKE and neem oil at 0.5 and 0.1%
respectively (Fig. 1, 2 and 3). Nematicidal property of the
neem has been reported (Colin and Pussemier, 1992).
100
P. julifl ora
P. pinnata

90

V. nigundo
80

In second experiment, H. indica alone (150 IJs larva-1)
NSKE (5%) alone and sequential application of NSKE (5, 2.5
and 1%) followed by nematode (50 IJs), simultaneous
application of NSKE (1 and 0.5%) and H. indica (50 IJs
larva-1) were imposed. In third experiment neem oil alone
(2 and 1%), sequential application of neem oil (2 and 1%)
with H. indica (50 IJs larva-1) and simultaneous application
of neem oil (0.5 and 0.1%) and H. indica (50 IJs larva-1) were
imposed.
In all experiments, a comparative check having
nematode with distilled water was used. Each treatment was
replicated four times with 10 larvae in each replication. After
24 hrs of treatment imposition (48 hrs in case of sequential
treatments) filter paper was removed and fresh seeds were
provided for feeding. Similar procedure was followed for
fourth instar larvae except that the larvae received H. indica
200 IJs larvae-1 in first treatment only. Observation on larval
mortality was recorded at 24 and 48 hrs after treatment
imposition. Data were pooled and converted to per cent
mortality using ‘arc sin transformation’ and subjected to
analysis of variance.

% cumulative mortality

Third instar larvae were released into a plastic vial
(25ml capacity) lined with a layer of filter paper. In first
treatments nematode suspension (150 IJs) was evenly spread
on the filter paper, whereas in second, third and fourth
treatment, leaf extracts alone (10, 5, and 2.5%) was used. In
fifth, sixth and seventh treatment, larvae were first exposed
to the leaf extracts (10, 5 and 2.5%) followed by nematode (50
IJs) at an interval of 24 hrs. In eighth treatment, one per cent
leaf extracts and 50 IJs larva-1 were applied simultaneously.
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Higher concentrations of test botanicals were most
detrimental to the infectives of H. indica. Aqueous leaf extracts
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Fig. 1. Mortality of H. indica in different concentration of plant
extracts
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Combination effect of H. indica and botanicals
Effect of combination of H. indica and botanicals was
tested against early third and late fourth instar larvae of
H. armigera in vitro for two years.
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Fig. 2. Mortality of H. indica in different concentrations of NSKE
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Fig. 3. Mortality of H. indica in different concentrations of neem oil

Table 1. Cumulative mortality of H. armigera due to
combination of H. indica and P. juliflora
Mortality of H. armigera (%)
Third instar
Fourth instar
24
48
24
48
H. indica (@150 for 3rd
65.85
100
28.8
82.4
and 200 IJs for 4th instar (54.24)
(90)
(32.46) (65.18)
larva)
Prosopis juliflora (10%)
0.00
0.34
0.00
1.40
(0.00)
(3.32)
(0.00)
(6.64)
Prosopis juliflora (5%)
0.00
0.00
0.00
0.00
(0.00)
(0.00)
(0.00)
(0.00)
Prosopis julofora (2.5%)
0.00
0.00
0.00
0.00
(0.00)
(0.00)
(0.00)
(0.00)
P. juliflora + H. indica
41.60
100
13.45
63.7
@ 10% + 50 IJs larva-1
(40.17)
(90)
(21.51) (52.94)
(Sequential)
P. juliflora + H. indica
47.8
94.7
6.6
47.3
@ 5% + 50 IJs larva-1
(43.72)
(76.72)
(14.86) (43.42)
(Sequential)
P. juliflora + H. indica
38.8
94.7
19.4
47.3
@ 2.5% + 50 IJs larva-1
(38.52)
(76.72)
(26.12) (42.42)
(Sequential)
P. juliflora + H. indica
26.1
97.3
3.0
47.5
@ 1% + 50 IJs
(30.72)
(80.40)
(9.96) (43.56)
larva-1 (Simultaneous)
Untreated control
0.00
0.00
0.00
0.00
(0.00)
(0.00)
(0.00)
(0.00)
SEm ±
4.14
1.59
3.17
3.13
CD (p = 0.05)
12.10
4.66
9.26
9.13
CD (p = 0.01)
16.40
6.31
12.55
12.37
CV
6.1
6.9
4.44
12.08
Treatment

Figures in the parenthesis are ‘arc sin’ values

Combination effect of H. indica and botanicals
Highest mortality (>90%) of third instar was noticed in
all the combination of H. indica + P. juliflora and H. indica
70

alone after 48 hrs. P. juliflora alone failed to bring any
mortality and was at par with control. The highest mortality
(824.4%) in fourth instar was achieved by H. indica alone
followed by sequential application of P. juliflora + H. indica
(10%+50 IJs larva-1). All other combinations were at par with
each other where the mortality ranged between 47.3 to 47.5%
concentration P. juliflora alone failed to kill the larvae at either
concns. and resulted in maximum mortality when integrated
with H. indica. Combination of P. juliflora + H. indica (10% +
50 IJs larva-1) was superior as it caused 100 and 63.7%
mortality in third and fourth instar larva, respectively.
Similar trend was noticed with P. pinnata. Sequential
application of karanja at 10, 5 and 2.5% with H. indica (50 IJs
larva-1) resulted in highest mortality (100, 100 and 99.37%
respectively) and were an par with H. indica alone against
third instar larva. However, simultaneous application
resulted in significantly lower mortality (65.6 and 70.5%)
compared to sequential application. Fourth instar recorded
the highest mortality (90.3%) with H. indica alone (200 IJs
larva-1) which was followed by (82.6 and 90.3%, respectively)
karanj + H. indica (10% and 5% with 50 IJs larva-1) (Table 2).
Table 2. Cumulative mortality of H. armigera due to
combination of H. indica and P. pinnata
Treatment
H. indica @ for 150 for 3rd
and 200 IJs for 4th instar
larva)
Prosopis pinnata (10%)
Prosopis pinnata (5%)
Prosopis pinnata (2.5%)
P. pinnata + H. indica
@ 10% + 50 IJs larva-1
(Sequential)
P. pinnata + H. indica
@ 5% + 50 IJs larva-1
(Sequential)
P. pinnata+ H. indica
@ 2.5% + 50 IJs larva-1
(Sequential)
P. pinnata + H. indica
@ 1% + 50 IJs larva-1
(Simultaneous)
Untreated control
S.Em ±
CD (p = 0.05)
CD (p = 0.01)
CV

Mortality of H. armigera (%)
Third instar
Fourth instar
24 hrs 48 hrs
24 hrs
48 hrs
61.20
100
21.40
90.30
(51.49)
(90)
(27.56) (71.81)
0.00
(0.00)
0.00
(0.00)
0.00
(0.00)
49.82
(44.86)

1.30
(6.64)
0.00
(0.00)
0.00
(0.00)
100
(90)

0.34
(3.32)
0.00
(0.00)
0.00
(0.00)
52.70
(46.58)

0.34
(3.32)
0.34
(3.32)
0.00
(0.00)
82.60
(65.33)

42.20
(40.53)

100
(90)

27.00
(31.32)

90.30
(71.81)

47.80
(43.42)

99.37
(85.10)

15.40
(23.11)

75.90
(60.57)

13.45
(21.11)

65.60
(54.10)

11.40
(19.77)

70.50
(57.11)

0.00
(0.00)
2.67
7.80
10.52
13.85

0.00
(0.00)
2.21
6.45
8.75
9.58

0.00
(0.00)
3.64
10.62
1439
13.22

0.00
(0.00)
3.40
9.94
13.47
18.40

Figures in the parenthesis are ‘arc sin’ values
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Sequential application of V. nigundo and H. indica at all
the three concentrations caused higher mortality and was at
par with H. indica alone against third instar larva. Lower
mortality (38.8 and 38.9%) was recorded against fourth instar
by sequential application (Table 3).
Sequential application of NSKE and H. indica (1% + 50
IJs larva-1) and simultaneous application (0.25%+50 IJs
larva-1) resulted in the highest mortality (99.67 and 98%) of
third instar larva and were comparable with higher
concentration of H. indica. Higher mortality (85.4 and 87.2%),
was noticed when a combination of NSKE (0.5 and 2.5%)
and H.indica (50 IJs larva -1sequential NSKE applied)
respectively. Simultaneous application of NSKE (0.5 and
Table 3. Cumulative mortality of H. armigera due to
combination of H. indica and V. nigundo
Mortality of H. armigera (%)
Treatment
Third instar
Fourth instar
24 hrs 48 hrs 24 hrs 48 hrs
H. indica @ for 150 for 78.10
98.80
84.8
100
3rd and 200 IJs for 4th (62.13)
(83.66) (66.92)
(90)
instar larva)
0.00
1.30
0.00
0.00
Vitex nigundo (10%)
(0.00) (6.64) (0.00) (0.00)
0.00
0.00
0.00
0.00
Vitex nigundo (5%)
(0.00) (0.00) (0.00) (0.00)
0.00
0.00
0.00
0.00
Vitex nigundo (2.5%)
(0.00) (0.00) (0.00) (0.00)
V. nigundo +
6.60
88.70
2.10
38.80
H. indica @ 10% +50
(14.87) (70.39) (8.23) (38.52)
IJs larva-1 (Sequential)
V. nigundo +
4.00
82.60
9.40
38.9
H. indica @ 5% +50 IJs (11.55) (65.33) (17.89) (38.36)
larva-1 (Sequential)
V. nigundo +
1.30
80.60
8.00
60.57
H. indica @ 2.5% +50
(6.64) (63.88) (16.45) (40.10)
IJs larva-1 (Sequential)
V. nigundo +
23.40
42.00
0.34
21.90
H. indica @ 1% +50 IJs (28.99) (39.81) (3.32) (27.90)
larva-1 (Simultaneous)
0.00
0.00
0.00
0.00
Untreated control
(0.00) (0.00) (0.00) (0.00)
SEm ±
3.15
5.41
2.88
3.02
CD (p = 0.05)
9.22
15.81
8.40
8.81
CD (p = 0.01)
12.49
21.41
11.38
11.94
CV
15.78
29.00
5.17
5.67
Figures in the parenthesis are ‘arc sin’ values
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0.25%) with H. indica also resulted in significantly higher
mortality (50.30 and 58.3%) compared to sequential
application but inferior to H. indica alone (93.45%) in fourth
instar (Table 4). A sequential combination of neem oil 2% +
50 IJs was by and large found most effective in comparison
to other treatments (Table 5). Similar results were obtained
by Prabhuraj et al., (2004).
It is evident that integration of botanicals with H. indica
either sequentially or simultaneously resulted in
significantly higher mortality as compared to alone.
Increased mortality in simultaneous application might be
attributed to the synergistic action.
Table 4. Cumulative mortality of H. armigera due to
combination of H. indica and NSKE
Mortality of H. armigera (%)
Treatment

Third instar

Fourth instar

24 hrs 48 hrs

24 hrs

H. indica (@150 for 3rd
and 200 IJs for 4th
instar larva)

62.00
(51.98)

33.70
93.45
(35.49) (73.14)

Neem Seed Kernel
Extract (NSKE) 5%

0.34
9.70
(3.32) (18.19)

NSKE + H. indica
@ 5% + 50 IJs larva-1
(Sequential)

12.90 85.40
9.60
30.40
(21.06) (67.51) (18.04) (33.49)

NSKE + H. indica
@ 2.5% + 50 IJs larva-1
(Sequential)

16.60 87.20
9.60
35.80
(24.09) (69.09) (18.04) (36.78)

NSKE + H. indica
@ 1% + 50 IJs larva-1
(Sequential)

11.10 99.67
11.10
35.80
(19.48) (86.68) (19.48) (36.78)

NSKE + H. indica
@ 0.5% + 50 IJs larva-1
(Simultaneous)

28.80 86.70
26.10
50.30
(32.45) (68.65) (30.73) (45.16)

100
(90)

1.30
(6.64)

48 hrs

1.30
(6.64)

NSKE + H. indica
24.30 98.00
@ 0.25% + 50 IJs larva-1 (29.58) (81.77)
(Simultaneous)

2.05
(8.23)

58.30
(49.78)

Untreated control

0.00
(0.00)

0.00
(0.00)

0.00
(0.00)

0.00
(0.00)

S.Em ±

4.39

3.37

4.75

5.04

CD (p = 0.05)

12.9

9.92

13.97

14.82

CD (p = 0.01)

17.6

13.56

19.04

20.21

CV

8.62

11.21

5.66

28.44

Figures in the parenthesis are ‘arc sin’ values
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Table 5. Cumulative mortality of H. armigera due to combination of H. indica and neem oil
Treatment
H. indica (@ 150 for 3rd and 200 IJs for 4th instar larva)
Neem oil 2%
Neem oil 1%
Neem oil + H. indica @ 2% + 50 IJs larva-1 (Sequential)
Neem oil + H. indica @ 1% + 50 IJs larva-1 (Sequential)
Neem oil + H. indica @ 0.5% + 50 IJs larva-1 (Simultaneous)
NSKE + H. indica @ 0.25% + 50 IJs larva-1 (Simultaneous)
Untreated control
SEm±
CD (p = 0.05)
CD (1%)
CV

Third instar
24
48
50.00 (45.00)
100.00 (90.00)
24.10 (29.42)
45.00 (42.12)
11.60 (19.92)
15.40 (23.08)
100 (90.00)
100.00 (90.00)
55.00 (47.88)
100.00 (90.00)
20.00 (26.56)
49.50 (44.72)
29.50 (32.89)
60.50 (51.05)
00.00 (00.00)
00.00 (00.00)
4.76
3.84
13.21
11.68
15.38
13.27
11.94
9.54

Fourth instar
24
48
29.50 (32.89)
98.65 (83.36)
15.40 (23.08)
29.50 (32.89)
05.25 (13.28)
05.25 (13.28)
60.00 (50.77)
100.00 (90.00)
55.00 (47.88)
100.00 (90.00)
01.35 (06.64)
55.50 (48.17)
01.35 (06.64)
55.00 (47.88)
00.00 (00.00)
00.00 (00.00)
4.32
4.18
11.98
11.54
14.69
15.37
13.57
17.59

Figures in the parenthesis are ‘arc sin’ values.
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Management of plant parasitic nematodes on tomato using
neem products and nematicides
Mansoor A. Siddiqui
Department of Botany, Aligarh Muslim University, Aligarh-202 002 (Uttar Pradesh), India.

ABSTRACT
Neem leaf, seed powder, oil cake and two nematicides viz, Carbofuran and Phorate alone and in combiantion
reduced the root-knot development caused by Meloidogyne incognita and the population build-up of Rotylenchulus
reniformis. Highest reduction in the nematode infection and corresponding improvement in plant growth was noted in
pots treated with cake combined with Carbofuran.
Key words: Meloidogyne incognita. Rotylenchulus reniformis, neem products, nematicides, tomato, protection

The root-knot and reniform nematodes cause severe
losses to crop plants (Jain and Bhatti, 1978; Ismail and
Saxena, 1980). Use of synthetic chemicals owing to their
deleterious impact on ecosystem has paved the way for
exploration of some alternative methods. In this context
botanical pesticides like neem have gained importance.
Different parts of neem and neem products have been found
as an effective substitute for pesticides and are
environmentally safe. They also have shown great promise
in the management of plant parasitic nematodes (Alam et al.,
1990). In the present investigation, evaluation of neem leaves,
neem seed powder and oil cakes, was carried out against
root-knot and reniform nematodes on tomato and compared
with two nematicides viz; Carbofuran and Phorate.
MATERIALS AND METHODS
Earthen pots (15 cm diameter) having 1 kg sterilized
soil were treated with seed powder and oil cake of neem (25g
pot -1 alone), chopped neem leaves (50g pot -1 alone),
Carbofuran-3G and Phorate (0.1g pot-1 alone). Besides, a
combination of leaves, seed powder and neem oil cakes was
also used as per scheme mentioned in Table 1. Untreated
inoculated and untreated uninoculated pots served as
control. There were three replicates for each treatment. After
15 days of treatment, tomato seedlings (3 week old) cv. Pusa
Ruby were transplanted and inoculated with 5000 freshly
hatched second stage juveniles of Meloidogyne incognita
(Kofoid and White) Chitwood and 5000 immature females
of the reniform nematode, Rotylenchulus reniformis Linford
and Oliveira separately.
The experiment was terminated after three months and
the data on plant growth characters in terms of weight (shoot/
root) were recorded. The final population of R. reniformis
was determined by using Cobb’s sieving and decanting
technique alongwith modified Baermann funnel method
©2006

(Southey, 1986). Rating for root gall index (GI) was done on
0-5 scale (Sasser et al., 1984). Data were statistically analysed
for critical difference at p=0.05 and p=0.01 (Panse and
Sukhantme, 1978).
RESULTS AND DISCUSSION
Results presented in Table 1 show that all treatments
significantly reduced root-knot galling and population
build-up of reniform nematode, R. reniformis around the roots
of tomato. Though neem leaf, seed powder, oil cake,
Carbofuran and Phorate alone were helpful in the nematode
mangement but their effect was less pronounced in
comparison with pots treated with different combinations.
Highest reduction in the root-knot development caused
by M. incognita on tomato was observed in pots treated with
neem oil cake + Carbofuran (0.4). It was followed by neem oil
cake + Phorate (0.5), neem seed powder + Carbofuran (0.6),
neem seed powder + Phorate (0.7), chopped neem leaf +
Carbofuran (0.8), chopped leaf + Phorate (0.9), oil cake (1.0),
seed powder (1.1), Carbofuran (1.2), Phorate (1.3) and
chopped leaf (1.7) as against 5.0 in untreated inoculated pots
(Table 1).
Highest increase in plant weight was observed in pots
treated with oil cake + Carbofuran (51.5g) followed by oil
cake + Phorate (47.0g), seed powder + Carbofuran (42.8g),
seed powder + Phorate (40.3g), chopped leaf + Phorate
(36.2g), oil cake (36.6g), seed powder (34.9g), Carbofuran
(33.2g), Phorate (32.9g) and in chopped leaves 31.5g
(Table 1). In untreated inoculated pots the plant weight
was 16.5g and in untreated uninoculated pots, it was 56.3g.
In case of Rotylenchulus reniformis trend was more or
less similar to root-knot nematode, Meloidogyne incognita.
The final population of R. reniformis in untreated pots was
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Table 1. Effect of combination of various neem products
and nematicide on root-knot index and population
build up of R. reniformis on tomato cv. Pusa Ruby
and plant weight

Treatment

Chopped leaf
Seed powder
Oil-cake
Carbofuran
Phorate
Chopped leaf +
Carbofuran
Chopped leaf +
Phorate
Seed powder +
Carbofuran
Seed powder +
Phorate
Oil-cake +
Carbofuran
Oil-cake +
Phorate
UntreatedInoculated
Untreateduninoculated
C.D. (p = 0.05)
C.D. (p = 0.01)

Meliodogyne
incognita
Plant
Rootweight
knot
(g)
index
31.5
1.7
34.9
1.1
36.6
1.0
33.2
1.2
32.9
1.3
38.9
0.8

Roylenchulus reniformis
Plant
weight
(g)
35.40
38.70
38.90
37.20
36.80
42.80

Final
population
4340
4290
4100
1760
2230
1650

36.2

0.9

40.10

1810

42.8

0.6

46.80

1700

40.3

0.7

44.10

2150

51.5

0.4

55.40

1410

47.0

0.5

51.00

1840

16.5

5.0

19.30

7130

56.3

-

56.30

-

4.71
6.32

0.19
0.26

4.08
5.47

25.42
34.23

Each value in an average of three replicates
R=Reproduction factors, Pf=Final population, Pi=Initial population.
Initial inoculum level of M. Incognita was 5000 larvae pot-1.
Initial inoculum level of R. reniformis was 5000 nematodes pot-1.

7130. Highest reduction in the reniform nematode population
was obtained with neem oil cake + Carbofuran (1410)
followed by, seed powder + Carbofuran (1700), Carbofuran
(1760), chopped leaf + Phorate (1810), oil cake + Phorate
(1840), Phroate (2230), oil cake (4100), seed powder (4290)
and chopped leaves (4340). Data also indicated an identical
pattern in respect of treatement effect on plant weight (Table
-1)
All treatments viz., chopped leaf, seed powder, oil cakes
of neem, two nematicides viz., Carbofuran and Phorate either
singly or in combination significantly reduced the root-knot
galling and the population of R. reniformis. These treatments
also improved the plant growth of tomato which may partly
be due to the suppression in the nematode population and
partly due to the availability of nutrients from organic
manures. Soil amended with oil cake + Carbofuran was found
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highly effective both for the nematode management and plant
growth. It may be due to oil cake decomposition in soil and
release of many compounds like phenols, amino acids,
aldehydes, fatty acids (Alam et al., 1979; Siddiqui and Alam,
2001; Sitaramaiah, 1990). Besides many active principles like
thionemone, azadirachtin and limonoids from neem have
been reported to be highly nematicidal and nematostatic
(Khan et al., 1974; Alam et al., 1990). Our results are in
conformity with Egunjobi and Afolami (1976), Abid and
Maqbool (1991), Maheswari and Sundarababu (2001).
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India is the largest grower of coconut in the world
producing 12.3 million nuts in an area of 1.8 million ha.
with a productivity of 6892 nuts ha-1. Among the coconut
growing states, Tamil Nadu ranks third in the area and in
production. Coconut palm is ravaged by several insect and
non-insect pests and in the recent outbreak of nut infesting
eriophyid mite, Aceria guerreronis Keifer (Eriophyidae : Acari)
feeding on tender nuts has been found to cause extensive
damage in different parts of Tamil Nadu resulting in
enormous loss of production of nuts. At present, the
incidence is widespread and in many coconut gardens nut
damage is very severe. This mite has been noticed in
alarming proposition in entire South India and has thrown
the copra industries out of gear (Ramaraju et al., 2000).
Though the spraying of insecticides/acaricides has been
found to reduce the mite population significantly, the adverse
effects caused by the continuous use of insecticides have
forced the entomologists to look for alternative control
methods which are economically viable and eco-friendly in
nature.
A preliminary field experiment was conducted during
the year 2003 in a farmer’s field at Kurumbapalayam,
Coimbatore district, to evaluate the efficacy of different neem
products and panchakavya, an eco-friendly agent. The
experiment was conducted in a Randomised Block Design
(RBD) with seven treatments. Each treatment was replicated
three times. The hybrid (TxD) coconut variety was used. The
treatment includes econeem plus 10000 ppm 5ml + 5 ml of
water (T1), econeem plus 7.5ml + 7.5 ml of water (T2),
econeem plus 10ml + 10 ml of water (T3), econeem plus 4ml
lit-1 (T4), neem azal T/s 1% 4ml l-1 (T5), panchakavya 3% (T6)
and untreated control (T7). The treatments viz., T1 - T3 were
given through roots and the remaining were sprayed on the
nuts of the bunches 4 to 7 using a high volume, pedal operated
sprayer.
Panchakavya is an indigenous bio-preparation
traditionally used by the Tamil Nadu farmers on field crops
for the management of pests and diseases and as a growth
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promoter. Its efficacy was also evaluated in this experiment.
Two rounds of treatment were given at an interval of 45 days
to coincide with the nut harvest. Post treatment observations
on mite population were made on two numbers of four
months old buttons per tree at 15, 30 and 45 day’s interval
after each round of treatment. In each button the live mite
population was assessed in 4 sq.mm. area on the inner most
bracts and nut surface covered by the perianth. One month
old bunches (after fertilization) were tagged for taking green
nut damage assessment. The green nut damage assessment
was done on the tagged bunches 45 days after second round
of spraying/root feeding. Post treatment observations on the
mite incidence or damage were made on the 4th, 5th, and 6th
bunches and the per cent damaged buttons in each bunch
was worked out by using the following formula:
% Damaged button



Number of infested buttons

x100

Total number of buttons

The results revealed that, spot application of econeem
plus 4ml lit-1 was significantly superior to all other treatments
and recorded 68.59, 70.81 and 79.13% reduction in mite
population at 15, 30 and 45 days after the first round of
treatment (Table 1). This was followed by spot application
of neemazal 4ml lit-1 which recorded 64.62, 68.65 and 77.10%
reduction in mite population respectively. A similar trend
was observed after the second round of treatment. The per
cent reduction of mite population ranged from
49.38-60.23 in root feeding treatments. Root feeding with
econeem plus 10 ml + 10 ml of water recorded 49.60, 59.71
and 69.18% reduction in mite population at 15, 30 and 45
days after the first round of treatment. Among the root feeding
treatments the higher dose of econeem plus 10 ml + 10 ml of
water recorded a cumulative reduction of 59.68% in mite
population, which was followed by econeem plus 7.5 ml +
7.5 ml water (53.95) and 5.0 ml + 5.0 ml water (45.59). Spot
application of panchakavya 3% was least effective (Table 1).
The post treatment damage assessment made on 4th,
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Table 1. Bioefficacy of eco-friendly agents against coconut eriophyid mite
Treatments

15

Econeem Plus 10000 ppm 5ml +
5ml of water - RF
Econeem Plus 7.5 ml + 7.5 ml of
water - RF
Econeem Plus 10 ml + 10 ml of
water- RF
Econeem Plus 4 ml lit-1 - SA
Neemazal T/S 1% 4 ml lit-1 -SA
Panchakavya 3% -SA
Untreated Control

41.44bc
(6.46)
37.75abc
(6.16)
36.72abc
(6.07)
22.89a
(4.80)
25.77ab
(5.07)
49.69c
(7.02)
72.86d
(8.54)

Mean no. of mites/ 4 sq.mm. - Days after first spraying
%
%
%
Reduction
30
Reduction
45
Reduction
over control
over control
over control
41.11bc
44.26d
43.12
52.26
51.67
(6.44)
(6.66)
40.47bc
35.36cd
48.19
53.00
61.39
(6.38)
(5.98)
ab
bc
34.69
28.22
49.60
59.71
69.18
(5.90)
(4.42)
a
a
25.14
19.11
68.59
70.81
79.13
(4.98)
(4.61)
27.00a
20.97ab
64.62
68.65
77.10
(5.24)
(4.81)
51.50c
67.16e
31.80
40.19
26.18
(7.20)
(8.22)
d
f
86.11
91.58
---(9.29)
(9.42)

Mean
population

%
Reduction
over
control

42.27

49.38

37.86

54.67

33.21

60.23

22.38

73.20

24.58

70.57

56.27

32.63

83.52

--

RF–Root feeding; SA-Spot application; Within a column, means followed by the common letter(s) are not significantly different at 5% level by DMRT

5th and 6th bunches revealed that there was a reduction in
the per cent damage level in all the treatments. Econeem plus
4ml lit-1 as SA was found to be superior to all other treatments
Table 2. Effect of eco-friendly agents against mite based on
bunch damage
Treatment

Per cent damaged green nuts in
tagged bunches
th
4 bunch
5th bunch
6th bunch

Econeem Plus
10000 ppm 5ml +
5ml of water - RF
Econeem Plus
7.5 ml + 7.5 ml of
water - RF
Econeem Plus
10 ml + 10 ml of
water- RF

47.96ab
(43.82)

74.17b
(60.75)

76.62ab
(62.45)

39.86a
(38.78)

68.64ab
(56.04)

69.63ab
(57.30)

31.98a
(34.41)

64.71a
(54.56)

67.38a
(55.26)

Econeem Plus
4 ml l-1 -SA

18.31a
(24.84)
34.02a
(35.50)
74.67bc
(60.26)
76.82c
(65.93)

38.06a
(37.93)
40.22a
(39.34)
86.55b
(69.09)
90.76b
(72.39)

49.04a
(44.40)
55.05a
(47.90)
90.76bc
(75.46)
97.22c
(82.14)

Neemazal T/S 1%
4 ml l-1 -SA
Panchakavya
3% -SA
Untreated Control

RF - Root feeding; SA - Spot application
Figures in the parentheses are arc sin transformed values
Within a column, means followed by the common letter(s) are not
significantly different at 5% level by DMRT
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and recorded the lowest per cent green nut damage (18.31,
38.06 and 49.04) as against control (76.82, 90.76 and 97.22)
followed by neemazal (34.02, 40.22 and 55.05), 45 days after
second round of spraying. All other treatments were
significantly superior to control except panchakavya which
was at par with the control (Table 2). Spot application of
econeem plus 4 ml l-1 and neemazal 4 ml l-1 were equally
effective in reducing the mite population and bunch damage
on bunches 4, 5 and 6 after two rounds of spraying. Fernando
et al., (2000) also reported that spraying of neem oil in
combination with garlic 2 per cent mixture and neemazal
1% recorded 60% reduction of eriophyid mite population
and recommended for continued application. Ramaraju et
al., (2000 and 2001) reported that spraying of TNAU neem
oil 60 EC (C) at 3% and neemazal 1% at monthly intervals
recorded satisfactory control of the eriophyid mite.
In the present study, it was found that the spot
application of econeem plus 10,000 ppm and neemazal T/S
1% (10000 ppm) could reduce the mite population and nut
damage considerably. One or two sprays may not be
sufficient to check the eriophyid mite population and nut
damage. As evidenced from this study, as and when the age
of the nuts increases, there is a possibility that the level of
damage on the nut surface also increases up to 5th or 6th
month. Hence, repeated application of eco-friendly agents is
necessary to have an efficient control over coconut mite in
the long run. Considering the advantages of botanical use of
these eco-friendly agents may be recommended for the
management of coconut eriophyid mite since they are safer
to natural enemies and environment.
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Maize, (Zea mays Linn.) is an important cereal crop in
India. It is attacked by a number of insect pests but the maize
borer, Chilo partelus (Swinhoe) is a key pest and is one of the
limiting factors in the successful cultivation of this crop. It is
reported to have caused 24-83% yield loss in maize (Chatterji
et al., 1969; Mathur and Rawat 1981). Chemical control of
maize borer is often adopted by the farmers but that involves
specific time scheduling of the operation (up to 15-20 days
old plants) otherwise the chances of successful control of
this pest are very bleak. Bio-control agents have been tried
for the management of this pest but till date no single bioagent has been found to be successful. Therefore, studies
were made to test the efficacy of bio-agents at the farmer’s
fields in Nawanshahr and Hoshiarpur districts in Punjab
during kharif 2003.
Efficacy of Trichogramma chilonis and neem kernel
extract was tested alongwith the standard recommended
insecticide at two locations i.e. Chabbewal and Mukhliana
in Hoshiarpur district and Langroya and Majhoor in
Nawanshahr districts in Punjab. The experiment comprised
of six treatments viz., T1 Control, T2 Release of Trichogramma
chilonis, T3 Chilo eggs + Trichogramma chilonis, T4 Neem seed
kernel extract (NSKE) spray, T5 Chilo eggs + NSKE spray
and T 6 Recommended insecticide: Decis 2.8 EC
(deltamethrin) spray.
The crop was raised as per the recommended
agronomic practices for kharif maize (Anonymous, 2003).
JH 3459, a high yielding hybrid recommended for cultivation
in Punjab was sown on 2nd July 2003 in Hoshiarpur district
and 3rd July in Nawanshahr district. The plot size for each
treatment was 500 sqm. In the treatment involving release of
Chilo partellus egg masses, the egg mass was tagged in the
12-day old crop @ 50 egg masses/treatment and T. chilonis
parasitized cards were released on 13 day old crop @ 10
tricho cards per treatment. All the releases were made in the
evening. NSKE was sprayed on 13-15 day old crop @ 5 kg
NSK powder+200g detergent acre -1 . Recommended
insecticide Decis 2.8 EC was sprayed on 15 day old plants @
©2006

80 ml acre-1. Observations on per cent parasitization of Chilo
eggs were recorded on 3rd day after release and observations
on per cent incidence were recorded on 35-40 days old crop.
For recording the recovery of T. chilonis released in the
field, a novel method of tagging Chilo egg masses to the plant
(for parasitization by the T. chilonis) was applied and the
tagged egg masses were collected on the 3rd day for recording
per cent parasitization by T. chilonis.
Results of the trial conducted at Chabbewal, village
Hoshiarpur, revealed that there was a decrease in the borer
incidence from 6.1 to 56.1% in all the treatments except T5
where the incidence increased by 28.8% over control. The
borer incidence was minimum in treatment T6 (2.90%) and
maximum in T5 (8.5%) as against 6.6% in control (Table 1).
Highest grain yield was obtained in T6 (41.24 q ha-1) as
against 39.60 for T2 and 36.66 q ha-1 in the control. Overall,
there was 0.2 to 12.5% increase in yield over the control except
in T5 where the yield decreased by 7.5% (Table 2).
Results of the trial conducted at Mukhliana, village
Hoshiarpur indicated a decrease in the borer incidence from
7.5 to 60.7% in all the trials over control except in T5 where
the incidence increased by 0.9%. Minimum incidence of stem
borer was observed in T2 (4.2%) and maximum in T5 (10.8%)
as against 10.7% in the control (Table 1). Highest grain yield
was calculated for T2 (36.50 q ha-1) as against 35.90 for T6
against 26.90 q ha-1 in the control. Overall, there was 1.5 to
35.7% increase in yield over control (Table 2).
Results of the trial conducted at KVK Langroya,
Nawanshahr, indicated 30.8 to 73.6% decrease in the borer
incidence over control. Minimum incidence was observed
in T2 (3.50) followed by T6 (3.85) as against 14.6% in the
control (Table 1). Highest grain yield was observed in T2
(48.30 q ha-1) as against 36.54 in the control. Overall, there
was an increase of 10.7 to 32.3% over control (Table 2).
Results of the trial conducted at Majhoor village,
Nawanshahr, indicated decrease in the borer incidence from
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Table 1. Incidence of maize borer at different locations in Hoshiarpur and Nawanshahr districts under IPM trial
Treatment
Control
Release of T. chilonis
Chilo eggs + T. chilonis
NSKE spray
Chilo eggs + NSKE spray
Decis 2.8 EC

Chabbewal
6.60
3.10 (-53.0)*
4.60 (-30.3)
6.20 (-6.1)
8.50 (+28.8)
2.90 (-56.1)

Borer incidence (%)
Mukhliana
Langroya
10.70
14.60
4.20 (-60.7)*
3.50 (-73.0)*
6.60 (42.0)
8.90 (-39.0)
9.90 (-7.5)
9.10 (-37.7)
10.80 (+0.9)
10.10 (-30.8)
4.30 (-59.8)
3.85 (-73.6)

Majhoor
13.85
2.65 (-80.9)*
7.85 (-43.3)
9.10 (-34.3)
11.20 (-19.1)
3.75 (-72.9)

* Per cent increase/decrease over control

Table 2: Yield of maize crop at different locations in Hoshiarpur and Nawanshahr districts under IPM trial
Treatment
Control
Release of T. chilonis
Chilo eggs + T. chilonis
NSKE spray
Chilo eggs + NSKE spray
Decis 2.8 EC

Chabbewal
36.66
39.60 (+8.0)*
38.58 (+5.2)
36.74 (+0.2)
33.91 (-7.5)
41.24 (+12.5)

Grain Yield (q ha-1)
Mukhliana
Langroya
26.90
36.54
36.50 (+35.7)*
48.30 (+32.3)*
34.70 (+29.0)
44.70 (+22.5)
27.30 (+1.5)
44.60 (+22.2)
27.30 (+1.5)
40.42 (+10.7)
35.90 (+33.5)
47.60 (+30.4)

Majhoor
38.12
51.00 (+33.8)*
49.00 (+28.5)
47.20 (+23.8)
44.80 (+17.5)
50.20 (+31.7)

* Per cent increase/decrease over control

Table 3. Pooled data of borer incidence and grain yield at four locations in two districts under IPM trial
Treatment
Control
Release of T. chilonis
Chilo eggs + T. chilonis
NSKE spray
Chilo eggs + NSKE spray
Decis 2.8 EC
CD (p = 0.05)

19.1 to 80.9% as compared to the control. Minimum incidence
of stem borer was observed in T2 (2.65%) and the maximum
in control (13.85%) (Table 1). The grain yield was highest in
T2 (51.00 q ha-1) followed by T6 (50.20 q ha-1) as against
38.12 in the control. The overall increase in yield was 17.5 to
33.8% over control (Table 2).
Very encouraging results regarding recovery of
T. chilonis in the form of parasitized eggs were obtained from
the egg masses tagged to the plants. In all the four locations,
62-91 per cent parasitization of egg masses was observed.
This novel method confirmed that the reduction in incidence
of the pest was due to parasitization of the eggs by T. chilonis
only.
The pooled data (Table 3) showed that per cent borer
incidence in all the treatments except the treatment T5 proved
statistically better in reducing the borer incidence (3.368.57%) than control (11.40%). Similarly, the yield in all the
treatments (39.0- 43.9 q ha-1) except in T5 was significantly
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Borer incidence (%)
11.40 (19.60)
3.36 (10.52)
6.99 (15.21)
8.57 (16.96)
10.15 (18.55)
3.70 (11.06)
(2.06)

Grain Yield (q ha-1)
34.6
43.9
41.7
39.0
36.6
43.7
3.06

more than in control (34.6 q ha-1) showing that all the
treatments viz., T2, T3 and T4 are comparable with
recommended insecticides for the control of Chilo partellus.
On the basis of recovery of Trichogramma and alongwith these
findings, it may be concluded that a 100% bio-intensive IPM
module is possible which, however, needs area-wise
validation.
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The rice meal moth, Corcyra cephalonica (Stainton) is
used as the laboratory host for mass production of a number
of natural enemies in India (Jalali et al., 2003). It is an efficient
and low-cost laboratory host for mass production of
trichogrammatid egg parasitoids. Successful production of
these parasitoids depends upon the quality of eggs of their
laboratory host (C. cephalonica), number of eggs card-1 and
mean egg size. Keeping this in view, the present study was
conducted in Entomophagous Insect Behaviour Laboratory,
Project Directorate of Biological Control (ICAR) at Bangalore
during 2002-03.

Observations were made earlier on wide variations in the
mean number of eggs card-1 (Romeis et al., 1998; Ballal et al.
2005), which indicated card to card variability. However, no
scientific observations were made on this aspect. From our
study, the variance mean ratio (index of dispersion) being
13.23 revealed that the patchiness of distribution of
C. cephalonica eggs on tricho card, which could be due to
manual preparation of cards and their distribution. Sreeram
Kumar et al., (2001) also made similar observation on the
manual pasting the gum on cards and then sprinkling the
host eggs over it, which was not uniform.

The original culture of Trichogramma chilonis Ishii and
its factitious host, rice meal moth (C. cephalonica) was obtained
from Mass Production Laboratory. Each Corcyra card was
cut into 16 bits of equal size (3x2 cm). Variability in terms of
number of eggs bit-1 (or card) and size of individual egg was
determined. Corcyra eggs were classified into three categories
i.e. small (30x40 µm)), medium (40x50 µm) and large (45x60
µm). A total of three hundred eggs in each card were measured
to find out per cent egg size variability.

Table 1. Influence of C. cephalonica egg size on
parasitization efficiency and adult parasitoid
(T. chilonis) emergence

To study the influence of egg size on per cent
parasitization of C. cephalonica eggs, each egg card was cut
into 10 bits and each bit was put into a separate glass tube.
Forty such bits were used for this study. The egg bits kept in
a glass tube were subjected to parasitization by two-day-old
mated T. chilonis females for 24 hrs. The parasitoid host ratio
was maintained as 1:30. After 24 hrs parasitoids were
removed. After seven days observations were made on per
cent parasitization and adults emergence. The data were
subjected to analysis of variance after subjecting to arc sine
transformations.
The number of C. cephalonica eggs in each tricho bit
(3x2 cm) varied from 549 to 904 with a mean value of 657.96
and SEm ± 17.02, which revealed significant amount of
variability in the number of eggs per bit within the card.
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Mean egg size
(µm)
Small
(30x40)
Medium
(40x50)
Large
(45x60)
Overall
(mixed)
SEm±
CD (p=0.05)
CV(%)

Per cent egg
distribution

Per cent egg
parasitization*

9.34
(17.71)
22.49
(28.37)
65.56
(54.26)
100.00
(90.00)
1.06
3.36
7.80

75.76
(60.74)
83.27
(65.33)
75.44
(60.56)
78.28
(61.58)
1.31
NS
6.65

Parasitoid
emergence
(adults/ egg)
0.76
0.89
1.03
0.90

*Mean of ten replications

The data on influence of egg size variability on
parasitization efficiency and adult emergence of T. chilonis
are presented in Table 1. Significant differences were
observed in per cent distribution of Corcyra eggs in small,
medium, large and mixed size categories on card. Highest
percentage (65.56) of eggs was found in large-sized category

Influence of egg number and size variability in Corcyra cephalonica (Stainton)(Lepidoptera: Pyralidae) within the card ...

followed by medium (22.49) and small (9.34). The
parasitization efficiency of T. chilonis on Corcyra was not
significantly influenced by egg size as evident from the data
presented in Table 1. The per cent parasitism in small,
medium, large and mixed categories was 75.76, 83.27, 75.44
and 78.28 per cent, respectively, which was at par
statistically. However, the mean number of adult T. chilonis
emerged egg-1 of C. cephlonica was highest in large egg size
(1.03 egg-1).
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Tomato Lycopersicon esculantum Mill. is an important
vegetable crop grown all over the world for fresh
consumption and for processing. In India, it is grown over
an area of 5 x 105 ha with an annual production of 84 x 105
Mt (Anonymous 2003). Among the various factors
responsible for low yield of tomato, insect-pests are the major
ones. The fruit borer, Helicoverpa armigera (Hübner) is a major
problem in almost all the tomato producing areas of the world
and yield losses due to this pest reach up to 88 per cent
during epidemics (Singh and Narang, 1990). In recent years
H. armigera has become a major limiting factor in crop
production as it has developed resistance to conventional
insecticides and synthetic pyretheroids. Besides, fruits retain
toxic residues and cause numerous human health problems.
At present, more stress is being given on less or no use of
insecticides, which can be achieved by exploitation of biorational management practices. Keeping this in view, the
studies were conducted to evaluate the efficacy of different
eco-friendly modules in management of this notorious pest.
The experiment conducted at College Research Farm
during the Rabi season was laid out in Randomized Block
Design (RBD) with a plot size of 5x5 m which was replicated
four times (Table 1). The seedlings of Kuber Geeta (F1 hybrid)
variety were raised in the month of October and then
transplanted after 30 days at a distance of 50 x 50 cm
following the required agronomic practices. The total
marketable yield and infested yield was calculated on plot
basis. The per cent fruit damage was calculated by using the
following expression: Per cent fruit damage = TIY / (TIY +
TMY) X 100 where, TIY is total infested yield and TMY is the
total marketable yield.
Three eco-friendly modules viz, Module 1 (M 1 )
comprising of Bacillus thuringiensis var. kurstaki (Btk) @ 1 kg
ha-1, Btk @ 0.5 kg ha-1+fenvalerate @ 0.5 lit ha -1 , sex
pheromone @ 3 Helicoverpa Lure (HL) ha-1 , HaNPV @ 250
LE ha-1 , HaNPV @ 125 LE ha-1 + fenvelerate @ 0.5 lit ha-1
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and endosulfan 35 EC @ 1lit ha-1, Module 2 (M2) comprising
of NSKE 5%, HaNPV @ 250 LE ha-1, sex pheromone trap @
3HL ha-1, Btk @ 1 kg ha-1 (twice) and decamethrin 25EC @ 1
lit ha-1 and Module 3 (M3) consisting of Btk @ 1 kg ha-1
(twice), sex pheromone trap @ 3HL ha-1, HaNPV @ 250 LE
ha-1 (twice) and malathion 50 EC 1 lit ha-1, were evaluated
for the management of tomato fruit borer Helicoverpa armigera
(Hübner) by application of different components of these
modules at different plant growth stages (Table 1).
Table 1. Components of modules, dose ha -1 , date of
application and crop stage
Crop stage /
Date of
application

M1

M2

M3

Veg. (2-1-02)

Btk @1kg

NSKE5%

Btk @1kg

Flw. (22-1-02)

Btk @0.5kg +
Fenvalerate
@ 0.5 lit

HaNPV @250LE

Btk @1kg

Flw. (10-2-02)

SPT @ 3 (H.L)

SPT 3 @ (H.L)

SPT @ 3 (H.L)

Frt. (25-2-02)

HaNPV @
250LE

Btk @1kg

HaNPV
@250LE

Frt. (12-3-02)

HaNPV @125LE
+ Fenvalerate
0.5 lit

Btk @1kg

HaNPV
@250LE

FM (29-3-02)

Endosulfan
35 EC@ 1 lit

Decamethrin
25 EC@ 1 lit

Malathion
50 EC@1 lit

Module components and dose ha-1

Btk-Bacillus thuringiensis var kurstaki; H.L–Helicoverpa lure; NSKE–
Neem seed kernel extract; LE–Larval equivalents; EC-Emulsifible
concentrate; HaNPV–Helicoverpa armigera nuclear polyhedrosis
virus; SPT–Sex pheromone trap; Veg.–Vegetative; Flw.-Flowering;
Frt.–Fruting; FM–Fruit maturity

The observations revealed that all the three modules
were significantly better over the untreated control (M0) in
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Table 2. Effect of different modules on mean number of infested fruits/plant, larval population, perc ent fruit damage and
yield of tomato
Module

*Mean

number of infested
fruits plant-1 at different
development stages

#Mean

number of larvae plants-5 on different dates

Fruit
Total
Total
damage infested marketable
yield
(%)
yield
(t
ha-1)
-1
(t ha )

Flw.

Frt.

FM

5Jan

27Jan

15Feb

1Mar 17 Mar

3 Apr

Mean

M1

0.73
(1.31)

2.75
(1.93)

6.92
(2.81)

1.5
(1.57)

4.0
(2.22)

7.5
(2.90)

9.5
(3.23)

6.75
(2.77)

4.25
(2.28)

5.58
(2.50)

9.07

2.67

26.75

M2

1.11
(1.45)

4.25
(2.28)

13.07
(3.74)

1.25
(1.49)

5.0
(2.44)

9.5
(3.22)

11.5
(3.52)

8.25
(3.03)

7.5
(2.90)

7.16
(2.78)

11.36

3.03

23.62

M3

1.39
(1.53)

3.50
(2.11)

10.55
(3.39)

1.75
(1.64)

3.25
(2.05)

8.25
(3.01)

9.5
(3.23)

7.5
(2.90)

6.75
(2.76)

6.16
(2.61)

13.6

3.93

24.85

M0

2.12
(1.75)

7.90
(2.97)

16.16
(4.12)

2.50
(1.86)

8.75
(3.11)

12.0
(3.58)

15.25
(4.02)

12.5
(3.67)

10.5
(3.38)

10.25
(3.28)

34

6.09

11.81

0.29

0.24

0.38

NS

0.21

0.26

0.39

2.59

0.32

0.19

--

2.01

8.75

CD (p = 0.05)
*

Mean of 10 observations/replication; #Mean of 10 observation/replication; Btk -Bacillus thuringiensis var. kurstaki; H.L –Helicoverpa
lure ; NSKE –Neem seed kernel extract; LE –Larval equivalents; EC-Emulsifible concentrate; HaNPV–Helicoverpa armigera nuclear
polyhedrosis virus; SPT –Sex pheromone trap; Veg.–Vegetative; Flw.-Flowering; Frt.–Fruting; FM–Fruit maturity
Figures in parenthesis are square root transformed value

terms of the pest population, yield and per cent infestation.
Although all the three modules were statistically at par with
each other in terms of total marketable and infested yield
ha-1 but the lowest per cent (9.07) fruit damage and highest
marketable yield (26.75 t ha-1 ) were observed in M1 followed
by M2 and M3 where the corresponding figures were 11.36%
and 23.62 t ha-1 and 13.6% and 24.85 t ha-1 respectively but
all these three modules were significantly different from
untreated control (M0), which recorded the highest (34%)
fruit infestation and the lowest (11.81 t ha-1) total marketable
yield. The mean number of larvae plants-5 recorded two days
after application of each treatment under each module were
significantly less (5.58 plants-5) in M1 as compared to M2
(7.16 plants-5) and M3 (6.16 plants-5), whereas all the three
modules were statistically better than M0, which recorded
the highest (10.25) mean number of larvae plants-5. The
numbers of infested fruits plant-1 were also significantly less
in all the three modules compared to the untreated control
(Mo) recording 2.12, 7.90 and 16.16 infested fruits plant-1 at
flowering, fruiting and fruit maturity stage respectively.

Earlier, Mathur et al., (1996) reported that two sprays
of Btk (Dipel L) were effective in protecting the crop from
infestation of H. armigera and increasing the yield. Pokharkar
and Chaudhary (1997) observed that HaNPV 250 LE ha-1,
combination of HaNPV with half dose of synthetic
pyrethroids and endosulfan 0.07% against the same pest
and further concluding that the combination of HaNPV with
half dose of synthetic pyrethroids was comparable with their
Journal of Eco-friendly Agriculture 1(1) 2006.

normal dose in reducing the larval population, fruit damage
and increasing the yield. Parveen and Dhandapani (2001)
reported that neem extract (0.3%), Btk @ 1.0 kg ha-1 and
HaNPV @ 1.5 x 1012 POB ha-1 gave the effective control of
this pest with increased yield and cost benefit ratio. Ganguli
and Dubey (1998) reported that HaNPV 250 LE ha-1 and
endosulfan 0.07% were effective against the same pest and
further Sivaprakasam (1998) also reported that HaNPV 250
LE ha-1 and endosulfan spray gave the highest yield as
compared to untreated control, thus supports our studies
regarding module M1 to be the best combination of different
treatments for the management of this pest.
Considering the reduction in larval population, number
of damaged fruits plant-1, per cent fruit infestation and total
marketable yield, all the modules are considered superior,
over the untreated control but the module M1 has an edge
over the other two modules and thus, can be considered for
the effective management of H. armigera alongwith assurance
of environmental safety.
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In Kumaon hills, french bean (Phaseolus vulgaris L.) is
attacked by several diseases. Among them, root rot
(Rhizoctonia solani Kuhn; Fusarium spp.), angular leaf spot
(Isariopsis griseola Sacc.) and rust (Uromyces phaseoli var. typica)
are the major fungal diseases of this crop in the region. These
diseases are generally managed through chemical fungicides

leading to heavy load of chemicals on the crop. Keeping this
in view, present investigation was undertaken to develop
an integrated approach involving one bio-agent and two
fungicides for disease management in French bean.
The experiment was conducted at Experimental Farm

Table 1. Comparative efficacy of fungicides and Trichoderma virens and their combinations in the control of bean diseases
(Kharif 1998)

T.virens @ 0.3% ST

Percent Incidence/ Severity
Disease
Rust
Disease
Angular
Reduction
Reduction leaf spot
12.7(20.8)
22.3
17.7(24.8)
5.0
27.7(31.7)

T.virens @ 0.2% ST

12.7(20.8)

22.3

25.0(30.0)

-

22.7(28.4)

T.virens @ 0.2% ST +
cbz @0.1% FS

11.0(19.4)

24.0

3.7(11.0)

19.0

T.virens 0.2% ST+
mz @0.25% FS
T.virens + cbz (1:1)
@ 0.2% ST
T.virens + cbz (1:1) @
0.2% ST + cbz @ 0.1% FS
T.virens + cbz (1:1) @
0.2% ST +mz @ 0.25% FS
cbz @ 0.3% ST
cbz @ 0.3%ST +
cbz @ 0.1% FS
cbz @ 0.3%ST +
mz @ 0.25% FS
cbz @ 0.1% FS
mz @ 0.25% FS

13.7(21.7)

21.3

1.0(5.7)

9.0(17.4)

26.0

10.0(18.4)

Check

Treatments

CD (P= 0.05)

10.94

Increase
in Yield
(q ha-1)
4.69

12.3

7.81

1.56

5.7(13.8)

29.3

12.11

5.86

21.7

3.7(11.0)

31.3

12.11

5.86

13.7(21.7)

9.0

25.0(29.9)

10.0

9.38

3.13

25.0

10.0(18.4)

12.7

12.7(20.8)

22.3

14.06

7.81

7.0(15.3)

28.0

3.0(9.9)

19.7

1.7(7.3)

33.3

15.23

8.98

15.0(22.8)
11.0(19.4)

20.0
24.0

12.7(20.8)
6.7(14.9)

10.0
16.0

22.7(28.4)
11.0(19.4)

12.3
24.0

9.69
12.89

3.44
6.64

18.0(25.1)

17.0

2.7(9.4)

20.0

5.0(12.9)

30.0

14.84

8.59

30.0(33.2)
35.0(36.3)

5.0
-

12.7(20.8)
3.7(11.0)

10.0
19.0

25.0(29.9)
4.7(12.5)

10.0
30.3

9.38
10.16

3.13
3.91

35.0(36.2)

-

22.7(28.4)

-

35.0(36.2)

-

6.25

-

3.71

-

3.91

-

4.40

-

2.69

-

Root rot

T. virens = Trichoderma virens, Carbendazim = cbz, Mancozeb= mz
ST= Seed Treatment, FS= Foliar Spray

©2006

Disease
Reduction
7.3

Yield
(q ha-1)

J. C. Bhatt, K. S. Hooda and D. Joshi

of VPKAS (ICAR) located at Hawalbagh (1250) using VL
Bauni Bean-1 cultivar of French bean in RBD with three
replications and a plot size of 1.6x2.0 m2. The 12 treatments
with a check consisted of seed treatment (ST) with Trichoderma
virens (Miller, Giddens & Foster) von Arx (=Gliocladium virens
Miller, Giddens & Foster) (Pantnagar isolate) alone @ 0.2 %
and 0.3%, ST with combination of T. virens and carbendazim
(1:1) @ 0.2 % and ST with carbendazim alone @ 0.3%. Two
foliar sprays (at an interval of 12 days commencing from
onset of diseases in the month of August) of carbendazim (@
0.1% or mancozeb (M-45, 75WP) @ 0.25% were either applied
alone or combined with above seed treatments. Per cent
incidence of root rot and severity of rust and angular leaf
spot (ALS) was recorded. Seed yield (kg plot-1) was converted
into quintals per hectare.
In case of root rot, 10 out of the 12 treatments
significantly reduced the disease over check (Table1.)
Minimum disease incidence (7%) was observed in the
treatment having T. virens + carbendazim(1:1) @ 0.2% ST +
FS of mancozeb @ 0.25% followed by ST with T. virens +
carbendazim (1:1) @ 0.2% (9%) and by ST with T. virens +
carbendazim(1:1) @ 0.2% + FS of carbendazim @ 0.1% (10%).
All the treatments having ST with T. virens or carbendazim
alone and in combination with foliar sprays of fungicides
provided high disease reduction (17-28%). Treatments
having only foliar sprays of fungicides were not at all effective
in reduction of root rot. Observation on severity of the foliar
diseases viz., rusts and ALS revealed that treatments having
FS of mancozeb alone or in combination with bioagent/
carbendazim as ST, were found superior over those of
carbendazim FS. Among the treatments, disease reduction
ranged from 5 to 21.7% in case of rust and 7.3 to 33.3% in
ALS. In all the treatments except ST with T. virens @ 0.2%
alone significantly higher yield over check was recorded.
Maximum seed yield (15.23 q ha -1) was obtained in
combination of T. virens + carbendazim (1:1) (ST) + FS of
mancozeb followed by carbendazim (ST) with FS of mancozeb
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(14.84 q ha-1) and T. virens & carbendazim (1:1) (ST) with FS
of carbendazim (14.06q ha-1), carbendazim (ST) with FS of
carbendazim (12.89q ha -1 ) as compared to check
(6.25q ha-1).
The potential of T. virens, carbendazim and other some
other systemic fungicides for control of root rot in bean was
reported by Upmanyu et al., (2002). Mathew et al., (1998)
reported the control of foliar diseases of bean through
carbendazim and mancozeb as observed in this study. ST
with T. virens @ 0.3% and @ 0.2% also decreased the severity
of rust and ALS significantly. This may be attributed to
induction of resistance in the plants against the foliar
pathogens (Howell, 2003). Combinations of bio-agent with
fungicides like T. virens and carbendazim (1:1) ST with FS of
mancozeb or FS of carbendazim could be an efficient, costeffective and sustainable solution in the integrated
management strategy of bean diseases in hill ecosystem.
These observations thus open a new vista in the integrated
management of bean diseases.
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Anthuriums have been cultivated for many decades
for cut flower production in many parts of the globe, but in
Kerala its cultivation started only a decade ago. Its popularity
as potted flowering plant has increased dramatically and
numerous Anthurium andreanum cultivars with different
flower sizes, shapes and colours are now available for the
consumers. These cultivars are generally susceptible to
anthracnose, also known as Spadix rot or Black nose, which
is incited by Colletotrichum gloeosporioides (Penz.) Penz. Sacc
and responsible for foliar and flower blight leading to poor
acceptability amongst consumers. Though, effetive
fungicides are available for control of the disease but, of late,
emphasis is being laid to evolve the ecologically safer
methods for management of various diseases. Combined
application of Lawsonia inermis five per cent with alum 0.1%
has been found to completely inhibit the pod blight infection
of soyabean caused by Colletotrichum truncatum (Schw.)
Andrew and Moore (Chandrasekharan and Rajappan, 2002).
Extracts of Azhadirechta indica, Datura stranomium, Cassia tora,
Sidaacuta, Ocimum sanctum, and Anona squamosa have also
been found to exhibit antifungal activities against
Colletotrichum capsici (Sinha et al., 2000)
Hence, with eco-friendly approach in view, the present
study was taken up to understand the effect of seven plant
extracts viz., Euphorbia hirta L, Heliotropium indicum L, Lantana
camera L., Leucas aspera (Willd.) Link, Phyllanthus niruri L.,
Tridax procumbens L., and Vitex negundo L. were tested in the
laboratory against the growth of C. gloeosporioides. Three of
them viz. L. camera, L. aspera and P. niruri were further tested
on anthracnose disease on anthurium plants grown in shade
house.
E. hirta, H. indicum, L. camera, L. aspera, P. niruri,
T. procumbens and V. negundo plants were collected, followed
by washings with tap water and distilled water. Their
extracts were prepared by grinding separately in a blender
with sterile distilled water @ one g tissue ml-1 of water. This
solution was termed standard extract (100%). Appropriate
amount of the extract was added to Potato Dextrose Agar
(PDA) to get three concentrations of the extract i.e. 10%, 20 %
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and 30%. The PDA was autocalved at 15 lbs pressure for 20
minutes. Autocalved extract (15 ml) were poured to each
petri dishes separately. PDA without any plant extract served
as comparative check. Later, the mycelial disc from four days
old culture of C. gloeosporioides was transferred to these plates
and incubated under laboratory condition. Each treatment
was replicated thrice. Colony diameter was measured after
seven days and percentage inhibition over control was
calculated using the formula,
Percentage inhibition = C-T/T x 100
where C radial growth in control and T radial growth
in treatment(s).
In the second experiment as shown in Table 2, four
treatments comprising of four prophylactic sprays of
L. camera, L. aspera. and L. niruri (30%) extracts were imposed
on one year old anthurium var. Lady Jane under pot culture
conditions. Sprayings were done at one week interval before
artificial inoculation of the pathogen and two post
inoculation sprayings at one week interval. Observation on
infection were recorded next day to first post inoculation
spraying and five days after the second post inoculation
spraying.
The results revealed that all plant extracts exhibited a
varying degree of anti-fungal activity against the pathogen
(Table 1). Maximum mycelial growth inhibition (26.09%) was
recorded in extracts of P. niruri (30%) followed by its 20%
extract (23.84%). V. negundo (30%) registered 21.04%
inhibition, which were statistically at par. Twenty and 30%
concentrations of all the seven plant extracts showed
statistically significant mycelial growth inhibition of the
pathogen. Significant anti-fungal activity could not be
observed at 10% extract of H. indicum, E. hirta, T. procumbens
and L. aspera. The effectiveness of the plant extracts against
the pathogen may be due to the presence of phenolic
substances, resins and non-volatile substance(s) of unknown
nature (Skinner, 1955). Low growth inhibition may be
attributed to the dissipation of anti-fungal activity of heat
labile compounds following the autoclaving.

Mary C.A. and Renu Susan George

Table 1. Effect of plant extracts on Colletotrichum
gloeosporioides under in vitro conditions
Treatment

Leucas aspera
"
”
Lantana camera
"
"
Phyllanthus niruri
"
"
Vitex negundo
"
"
Euphordia hirta
"
"
Heliotropium
indicum
"
"
Tridax procumbens
"
"
Control
SEm 
CD (p = 0.05)

Concentration
Mycelial
Inhibition
(%)
growth in cms over control
after 7 days
(%)
(Mean)
10
6.77
5.61
20
6.73
5.05
30
6.67
6.45
10
5.97
16.27
20
6.00
15.80
30
5.77
19.07
10
5.97
16.27
20
5.43
23.84
30
5.27
26.09
10
5.93
16.83
20
5.83
18.23
30
5.63
21.04
10
6.83
4.20
20
6.70
6.03
30
6.70
6.03
10
6.87
3.60

Treatment

Concentration
(%)

Disease infection
(lesion size in cm)
*After
preventive
spraying

# After
protective
spraying

Leucas aspera

30

1.58

2.60

Lantana camera

30

1.60

2.68

Phyllanthus niruri

30

1.53

1.56

Control

-

1.75

3.15

SEm

-

7.31

0.11

CD (p = 0.05)

-

0.23

0.34

The anti-fungal activity of P. niruri, L. camera and L.
aspera against anthracnose of anthurium have to be further
confirmed by conducting trials under natural disease
incidence.
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20
30
10
20
30
-

6.63
6.47
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