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Abstract: Pigeonpea Cajanus cajan (L. Mill) is an important pulse crop which contains fats, carbohydrates,
high proteins and minerals; serves as source of protein. Helicoverpa armigera (Hübner) is the most devastating
insect pest inflicting serious damage to the pigeonpea. Larvae of Helicoverpa armigera feed on the leaves
initially and later bore into the pods and seeds. Foliar spray of single and binary combination of vermiwash with
biopesticides prevents loss of pods and seed increase the crop yield. Significant decrease in Helicoverpa
armigera population was observed after foliar spray of vermiwash with neem oil followed by aqueous garlic
and annona leaf extract. The combination of neem oil with vermiwash caused complete removal of Helicoverpa
armigera infestation. The vermiwash obtained from buffalo dung and municipal solid wastes with neem oil or
garlic bulb extract is better alternative to manage H. armigera population in pigeon pea crop during pod
formation stage which ultimately enhances the yield.
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INTRODUCTION health and the environment [4-6]. The chemical fertilizers

Pigeonpea  [Cajanus  cajan (L. Mill)] is an important fertility and the productivity at certain level [4]. The use
pulse crop in Asia which serves a major source of protein of non-chemical fertilizers and pesticides is one of the
in the vegetarian Indian population. Pigeon pea consists common practices that have been introduced with
of 22.3% proteins, 1.7% fats, 57.2% carbohydrates and alternative agricultural systems, which include the use of
3.6% minerals [1]. Cajanin and concajanin are two bio-fertilizer, produced by the efficient management of
important proteins present in pigeon pea. The current biological wastes [4]. Nowadays, there is a growing
global estimate of its annual productivity is valued at realization that the adoption of ecological and sustainable
more than US$1700 million. Pigeonpea is a multipurpose farming practices can only reverse the declining trend in
leguminous crop that can provide food, fuel, wood and the global productivity and environment protection [7-8].
folder for the small-scale farmer in subsistence agriculture Applications of vermiwash with biopesticides in
[2]. H. armigera (Hübner) (Lepidoptera: Noctuidae) is the agricultural farms meet the demand of nutrients to the
most devastating insect pest inflicting serious damage to plants and their resistance against pest. It also maintained
the pigeon pea [3]. Larvae of H. armigera feed on the the natural component of soil [9].
leaves initially and later bore into the pods and seeds with The aim of the present study is to observe combined
its head thrust into, while rest of the body lies outside. effect of vermiwash obtained from municipal solid wastes

 Indiscriminate use of chemical fertilizers and and livestock’s excreta with different biopesticides on the
pesticide has disturbed the soil texture and flowering, productivity and infestation of H. armigera on
physicochemical properties as well as affect the human the pigeon pea crop.

also disturbed the organic matter cycling, natural soil
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MATERIALS AND METHODS Collection and Preparation of Biopesticide

Collection of Wastes: Municipal solid wastes were 90.57% neem oil and 5.00% hydroxy El, 0.50%
collected from the local municipality. Animal wastes viz. epichlorohydrine and 3.9% Aromax (Multiplex Agricare
cow, buffalo, horse and goat dung was collected from Pvt. Ltd., City, India).
different farm houses of Gorakhpur city. Municipal solid
wastes and different animal dung (cow, buffalo, goat and Garlic Extract:  queous extract of garlic was obtained
horse  dung)  were  sprayed  in  layer  of about 1-2 feet. from an Allium sativum bulb. A prepared aqueous extract
This was sprinkled with water and also exposed to the (10 g/100 ml) (w/v) was mixed with diluted VW in a 1: 10
sunlight for 5 to 10 days to remove the various harmful ratio.
organisms and noxious gases.

Collection of Earthworms: An epigeic earthworms custard apple (Annona squamosa). It is a native of South
species Eisenia fetida, were cultured in the Vermiculture America  and  West  Indies.  A prepared aqueous extract
Research Laboratories, Department of Zoology, D.D.U (10 g/100 ml) (w/v) of leaves was mixed with diluted VW
Gorakhpur University, Gorakhpur. The collected in a 1: 10 ratio.
earthworms were reared in laboratory condition, at
temperature ranging 20-30°C with proper aeration. The Experimental Design: Measurement of flowering period,
moisture was maintained up to 40-60% RH for proper productivity and pest infestation were performed in the
growth and survival of earthworms [9]. experimental field of Vermiculture Research Centre,

Method of Vermicomposting: The vermicomposting was Seeds of pigeon pea (Cajanus cajan) – Nirmal are directly
conducted on cemented earth surface by the method of sown in the experimental field. On the appearance of
Nath et al. [9]. Different combination of animal dung with flower, the date was recorded for all the crops
municipal solid wastes as in 1:1, 1:2 and 2:1 ratio (w/w) sown/planted. Pest infestation was observed regularly at
was prepared. The size of each vermibed was 10 days of interval and their number was recorded per
1m.x1m.x9cm. After formation of vermibed, it was plant. After harvesting of each crop, productivity was
moistened and inoculated with 1 kg of E. fetida in each calculated as kg/plant and interpolated as kg/m .
bed. The beds were covered with discarded jute packet
and the bed was moistened daily for up to 40 to 50 days Chemical Analysis: The pH was determined by using a
to maintain the proper moisture content. The mixture of double distilled water suspension of each waste in the
bed was manually turned up to 3 weeks at one week ratio of 1:10 (w/v) that has been agitated mechanically for
interval. After 50 to 60 days, granular tea like 30 minutes and filtered through Whatman s No.1 filter
vermicompost appears on the upper surface of the beds. paper, total organic carbon (TOC) measured by the

Extraction  of  Vermiwash:  Vermiwash  was  extracted nitrogen (TKN) determined after digesting the sample with
from a vermiwash collecting device by the method of conc. H S0  and conc. HClO , (9:1 v/v) according to the
Ismail [10]. The apparatus was made from a plastic or method of Bremner and Mulvaney [12]. Total available
metal drum having capacity of 2-L and a tap at the bottom Phosphorus (TAP) analyzed using the colorimetric
of the drum filled with broken bricks to about 3 cm method with molybdenum in sulfuric acid and total
thickened which is followed by sand layer of 2-3 cm potassium (TK) was determined after digesting the sample
thickness. Lastly filled with vermicompost with heavy in diacid mixture conc. HNO , conc. HClO , 4:1 (v/v) by
population of earthworms (400 worms/kg vermicompost). flame photometer [13].
Simultaneously  freshwater  was  added  into  the  drum
and a container kept below the tap of drum. The watery Statistical Analysis: All experiments were replicated six
extract of vermicompost, vermiwash drainage out off times. Significant variance (p<0.05) determined by three
drum. The colour of vermiwash ranged from yellowish to way analysis of variance (ANOVA) was applied in
black. After 1 to 2 days, the extraction has been between the different treatments, animal dungs and
completed. different pesticides [14].

Neem Oil: Neem oil consisted of 0.03% azadirachtin,

Custard Apple: Leaves were collected from the plant of

Department of Zoology and D.D.U Gorakhpur University.
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method of Nelson and Sommers, [11]. Total Khjeldahl
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RESULTS of vermiwash obtained from different combinations of

The binary combination of vermiwash with infestation of pigeonpea crop. Lowest pest infestation
biopesticide viz neem (Azadirachta indica) oil, aqueous (8.02%) of pigeonpea was observed after spray of
extract of garlic (Allium sativum) and leaves extract of vermiwash of cow dung with MSW (2:1 ratio) singly.
custard apple (Annona squamosa) caused a significant Overall 4 biopesticides used complete removal of pest
(P<.0.05) reduction in pest infestation which ultimately infestation was observed when vermiwash of buffalo
increase the yield. The significant reduction in number of dung with municipal solid wastes (2:1) was used with
Helicoverpa armigera population was observed after neem oil. In this combination the pest infestation was
spraying of vermiwash with biopesticides (Table 1-4). zero.

Earliest flowering (101.38 days) of pigeonpea crop
was observed after spray of vermiwash obtained from DISCUSSION
vermicomposting and combinations of cow dung with
MSW (2:1 ratio) 96.42 days vermiwash of cow dung and It is evident from result that the binary combination
MSW (2:1 ratio) with neem oil extract. Data displayed in of vermiwash of different animal dung and municipal solid
Table 1-4 revealed that the foliar spray of vermiwash wastes with biopesticides eg. neem (Azadirachata indica)
obtained from different combinations of animal dung with oil, aqueous extract of garlic (Allium sativum) and leaf
MSW significantly increased the productivity of pigeon extract of custard apple (Annona squamosa) have
pea crop. Maximum productivity (2.05kg/m ) of pigeon pea significant (P<0.05) effect on early flowering and2

was observed after spray of vermiwash of buffalo dung productivity of pigeon pea (Cajanus cajan) as well as
with MSW (2:1) singly and with biopesticides used reduction in pest infestation of Helicoverpa armigera.
maximum productivity was observed when vermiwash of Neem extract obtained from different plant part have bio-
buffalo dung with MSW (2:1 ratio) was used with neem oil active compound Azadirachtin, a limnoid (Tri-terpenoid)
with respect to all other vermiwash with biopesticides potent anti-feedant, growth regulator, antifungal,
combinations. In this combination the productivity was bactericidal, antiviral effect on animals [15-16]. Fresh garlic
observed  (3.05kg/m )  in pigeon pea crop. The foliar spray extract  has  major  components  of  diallyl di-sulphide and2

animal dung with MSW significantly decreased the pest

Table 1: Effect of different combinations of vermiwash of buffalo (BD) dung with municipal solid wastes (MSW) alone, annona leaf extract, garlic bulb extract
and neem oil on flowering, productivity of pigeon pea plant and per cent pest infestation of Helicoverpa armigera. Plants were sprayed twice, 20
and 30 days after seeding

Particulars Ratios Days of initiation of flowering (kg/m ) Productivity after 80days Pod infested (%)2

Control -- 120.5±0.17 0.445±0.045 48.32±0.76
MSW -- 118.56±0.49 0.712±0.075 11.32±0.50
BD -- 118.24±0.48 0.856±0.084 10.78±0.40
BD+ MSW 1:1 115.62±0.19 1.18±0.091 10.21±0.37

1:2 112.52±0.17 1.96±0.095 9.45± 0.26
2:1 106.16±0.10 2.05±0.097 8.67±0.19

MSW+A -- 116.34±0.49 0.723±0.075 10.45±0.50
BD+A -- 115.46±0.48 0.897±0.086 9.12±0.40
BD+ MSW+A 1:1 113.28±0.19 1.36±0.091 8.65±0.37

1:2 110.46±0.17 2.13±0.095 7.68±0.26
2:1 105.24±0.10 2.46±0.098 6.83±0.19

MSW+G -- 115.38±0.49 0.792±0.077 9.54±0.50
BD+G -- 114.72±0.48 0.912±0.93 6.58±0.40
BD+ MSW+G 1:1 112.15±0.19 1.79±0.096 4.65±0.37

1:2 109.28±0.17 2.48±0.099 3.21±0.26
2:1 104.47±0.10 2.89±0.102 2.45±0.19

MSW+N -- 114.16±0.49 0.915±0.096 10.25±0.50
BD+N -- 114.12±0.48 1.21±0.098 7.48±0.40
BD+ MSW+N 1:1 111.65±0.19 2.56±0.104 7.24±0.37

1:2 108.46±0.17 2.76±0.112 5.32±0.26
2:1 103.78±0.10 3.05±0.132 NIL

Each value is the mean ± SE of six replicates. BD= Buffalo dung, MSW= Municipal solid wastes, A= Annona leaf extract, G= Garlic bulb extract, N= neem
oil.
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Table 2: Effect of different combinations of vermiwash of cow (CD) dung with municipal solid wastes (MSW) alone, annona leaf extract, garlic bulb extract
and neem oil on flowering, productivity of pigeon pea plant and per cent pest infestation of Helicoverpa armigera. Plants were sprayed twice, 20
and 30 days after seeding

Particulars Ratios Days of initiation of flowering (kg/m ) Productivity after 80days Pod infested (%)2

Control -- 120.5±0.17 0.445±0.045 48.32±0.76
MSW -- 118.56±0.49 0.676±0.063 11.32±0.50
CD -- 112.62±0.49 0.856±0.081 10.12±0.40
CD+ MSW 1:1 107.28±0.17 0.976±0.093 9.78± 0.35

1:2 104.47±0.21 1.86±0.096 9.21±0.34
2:1 101.38±0.31 2.12±0.103 8.02± 0.17

MSW+A -- 116.34±0.49 0.694±0.063 10.45±0.50
CD+A -- 110.37±0.49 0.863±0.084 9.84±0.40
CD+ MSW+A 1:1 105.42±0.17 1.28±0.093 9.12±0.35

1:2 103.27±0.21 1.96±0.098 7.98±0.34
2:1 96.64±0.31 2.42±0.102 7.12±0.17

MSW+G -- 115.38±0.49 0.768±0.074 9.54±0.50
CD+G -- 109.21±0.49 0.888±0.084 7.65±0.40
CD+ MSW+G 1:1 104.21±0.17 1.58±0.095 5.68±0.35

1:2 102.67±0.21 2.18±0.092 5.12±0.34
2:1 97.47±0.31 2.76±0.103 3.21±0.17

MSW+N -- 114.16±0.49 0.827±0.085 10.25±0.50
CD+N -- 108.52±0.49 0.988±0.096 8.36±0.40
CD+ MSW+N 1:1 103.68±0.17 1.67±0.097 7.83±0.35

1:2 100.73±0.21 2.45±0.109 6.25±0.34
2:1 96.42±0.31 3.02±0.110 1.23±0.17

Each value is the mean ± SE of six replicates. CD= Cow dung, MSW= Municipal solid wastes, A= Annona leaf extract, G= Garlic bulb extract, N= neem
oil.

Table 3: Effect of different combinations of vermiwash of goat (GD) dung with municipal solid wastes (MSW) alone, annona leaf extract, garlic bulb extract
and neem oil on flowering, productivity of pigeon pea plant and per cent pest infestation of Helicoverpa armigera. Plants were sprayed twice, 20
and 30 days after seeding

Particulars Ratios Days of initiation of flowering (kg/m ) Productivity after 80days Pod infested (%)2

Control -- 120.5±0.17 0.445±0.045 48.32±0.76
MSW -- 118.56±0.49 0.692±0.067 11.32±0.50
GD -- 117.50±0.97 0.825±0.087 10.68±0.47
GD+ MSW 1:1 114.16±0.27 0.915±0.091 10.54±0.37

1:2 111.83±1.52 0.982±0.096 9.35± 0.28
2:1 107.50±0.27 1.87±0.098 8.68± 0.20

MSW+A 116.34±0.49 0.715±0.076 10.45±0.50
GD+A -- 115.24±0.97 0.853±0.088 9.89±0.47
GD+ MSW+A 1:1 113.38±0.27 0.958±0.094 8.02±0.37

1:2 108.26±1.52 1.24±0.097 8.25±0.28
2:1 105.46±0.27 2.13±0.104 7.82±0.20

MSW+G 115.38±0.49 0.783±0.075 9.54±0.50
GD+G -- 113.26±0.97 0.877±0.084 8.68±0.47
GD+ MSW+G 1:1 112.16±0.27 1.18±0.091 7.98±0.37

1:2 107.84±1.52 1.73±0.094 6.32±0.28
2:1 104.62±0.27 2.56±0.076 5.83±0.20

MSW+N -- 114.16±0.49 0.882±0.086 10.25±0.50
GD+N 112.42±0.97 0.882±0.086 7.32±0.47
GD+ MSW+N 1:1 111.76±0.27 1.54±0.091 6.65±0.37

1:2 106.12±1.52 2.15±0.096 6.42±0.28
2:1 103.76±0.27 2.92±0.107 4.32±0.20

Each value is the mean ± SE of six replicates. GD= Goat dung, MSW= Municipal solid wastes, A= Annona leaf extract, G= Garlic bulb extract, N= neem
oil.
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Table 4: Effect of different combinations of vermiwash of horse (HD) dung with municipal solid wastes (MSW) alone, annona leaf extract, garlic bulb extract
and neem oil on flowering, productivity of pigeon pea plant and per cent pest infestation of Helicoverpa armigera. Plants were sprayed twice, 20
and 30 days after seeding

Particulars Ratios Days of initiation of flowering (kg/m ) Productivity after 80days Pod infested (%)2

Control -- 120.5±0.17 0.445±0.045 48.32±0.76
MSW -- 118.56±0.49 0.694±0.063 11.32±0.50
HD -- 116.16±0.51 0.836±0.089 10.58±0.48
HD+ MSW 1:1 110.17±0.27 0.948±0.092 9.68± 0.38

1:2 108.26±0.18 0.989±0.098 9.84± 0.32
2:1 102.36±0.07 1.98±0.102 9.10± 0.24

MSW+A 116.34±0.49 0.712±0.073 10.45±0.50
HD+A -- 108.36±0.51 0.876±0.083 10.12±0.48
HD+ MSW+A 1:1 106.24±0.27 1.12±0.094 8.54±0.38

1:2 105.37±0.18 1.21±0.096 7.21±0.32
2:1 101.68±0.07 2.42±0.106 7.03±0.24

MSW+G 115.38±0.49 0.768±0.074 9.54±0.50
HD+G -- 107.78±0.51 0.912±0.093 8.12±0.48
HD+ MSW+G 1:1 105.27±0.27 1.52±0.096 7.32±0.38

1:2 104.18±0.18 1.98±0.103 6.78±0.32
2:1 99.64±0.07 2.84±0.116 5.46±0.24

MSW+N -- 114.16±0.49 0.897±0.086 10.25±0.50
HD+N 106.24±0.51 0.982±0.096 7.79±0.48
HD+ MSW+N 1:1 104.76±0.27 1.78±0.099 7.06±0.38

1:2 103.48±0.18 2.13±0.102 6.58±0.32
2:1 98.36±0.07 3.14±0.107 4.78±0.24

Each value is the mean ± SE of six replicates. HD= Horse dung, MSW= Municipal solid wastes, A= Annona leaf extract, G= Garlic bulb extract, N= neem
oil.

Summary of computation of analysis of variance (ANOVA) of the data of Table 1-4.

Flowering Productivity kg/m Percentage of pod infested after2

Source of variation ----------------------------------------------------------- ------------------------------------------------------- --------------------------------------------------------------
Components D.F. S.S. Variance ( 2) F-value P D.F S.S. Variance ( 2) F-value P D.F. S.S. Variance ( 2) F-value P

Between 6 Treatment 5 3338.93 667.787 191.902 0.01 5 48.923 9.785 171.392 0.01 5 21828.53 4365.705 3683.156 0.01
Between 4 Animal 3 373.27 124.422 35.755 0.01 3 1.120 0.373 6.542 0.01 3 9.521 3.174 2.678 0.05
Between 4 Pesticide 3 176.39 58.797 16.896 0.01 3 3.981 1.327 23.246 0.01 3 130.49 43.496 36.695 0.01
Residual variation 84 292.31 3.480 84 4.795 0.057 84 99.57 1.185

Total 95 4180.89 95 58.820 95 22068.1

diallyl tri-sulphide which have antagonistic properties observed  that  the  water  extract  obtained  from  neem
against pests of economic importance such as potato leaf extract caused significant decrease in feeding and
tuber, red cotton bug, red palm weevil, houseflies and survival behavior of insect pest. Garlic leaf lectins have
mosquitoes [17]. Garlic produces a pungent alliaceous been  reported  to  reduce  the  pupal  weight,  pupal
compound, allyl-epropyldisulphide, which may be period, pupation  and  adult  emergence  of pod borer of
responsible for its pest repellent characteristic. The H.  armigera [20]. Earliest flowering of pigeonpea crop
insecticidal activity of seed extract of Annona squamosa was  observed  after  spray  of vermiwash of cow dung
was  due  to the  presence  of   annonins   (i.e.  annonine with  MSW (2:1 ratio) singly and in binary combination
I= Squamocin), adjacent to bis-tetra hydrofeuron (THF) the earliest flowering was observed when vermiwash of
ring acetogenins [18]. Lowest pest infestation of cow dung and MSW (2:1 ratio) was used with neem oil
pigeonpea was observed after spray of vermiwash of cow extract. Large amount of TKN and TP causes early
dung with MSW (2:1 ratio). With biopesticides neem oil flowering in Daucus Carota and tomato plant [21-22].
caused complete removal of Helicoverpa population from Maximum productivity of pigeonpea was observed after
pigeonpea crop. Nath and Singh [19] recorded high spray of vermiwash of cow dung with MSW (2:1 ratio).
reduction in H. armigera larvae at 7 and 14 days after Since foliar spray of vermiwash enhance the nutrient in
spray by two application of NSKE. Wondafrash [15] plant.  Supplementation  of  NPK with presumed vermicast
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enhanced the yield in black gram (Vigna mungo) and 7. Wani, S.P. and K.K. Leo, 1992. Biofertilizers role in
groundnut (Arachis hypogea) [23]. With biopesticides unplanned crops production. In: Tandon, H.L.S.
maximum productivity was observed when vermiwash of (Eds.) Fertilizers, Organic manures, recyclable wastes
buffalo dung with MSW (2:1 ratio) was used with neem and biofertilizers. Fertilizers Development and
oil. The increased productivity of plant may be due to the Consultation   Organization.     New     Delhi,   India,
presence of phyto-chemicals in the vermicompost which pp: 91-112.
absorbed by the plants and metabolic rate and 8. Wani, S.P., O.P. Rupela and K.K. Leo, 1995.
productivity [24]. Phytochemicals showed the presence of Sustainable agriculture in the semi-arid tropics
alkaloids, proteins, amino acids, carbohydrates, through biological nitrogen fixation in grains
glycerides, phosphoglycerol tannins and phenolic legumes, Plant and Soil, 174: 29-49.
compounds [25]. 9. Nath, G.K., D.K. Singh and K. Singh, 2009. Chemical

CONCLUSION combinations of animal, agro and kitchen wastes.

It can be concluded from this study, that the 3(4): 3672-3676.
vermiwash  with biopesticides is the better option for the 10. Ismail, S.A., 1997. Vermicology: The biology of
management  of  Helicoverpa  armigera.  Eco-  friendly Earthworms.  Orient  Longman   Press,  Hyderabad,
and biodegradable  nature  of vermiwash and pp: 92.
biopesticides are better alternative for enhancement of 11. Nelson,  D.W.  and  L.E.  Sommers,  1982.  Total
pigeonpea yield. Binary and tertiary combinations show carbon  and  organic  carbon  matter. In: A.L. Page,
synergistic effect for reduction of Helicoverpa armigera R.H.  Miller  and  D.R.  Keeney  (Eds.)   Method  of
population which ultimately enhances the productivity. Soil Analysis. American Society of Agronomy.
Thus it could be suggested that bio-products of organic Madison, pp: 539-579.
farming are safer and ecological boon for farmers and 12. Bremner, J.M. and R.G. Mulvaney, 1982. Nitrogen
society. Total. In: A.L. Page, R.H. Millar and D.R. Keeney,
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