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Abstract: Legumes are the major source of protein diet in India and its quality and quantity is mainly affected
by insect pests and aphids. Acyrthosiphon pisum is considered to be a serious pest of pea crop because it
reduces both weight and caloric content of young pea plants by as much as 64 and 113% respectively,
depending upon the number of feeding aphids. Foliar application of single and binary combinations of
vermiwash with biopesticides minimize the infestation of the A. pisum and improve the crop productivity.
Significant decrease in A. pisum 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 the A. pisum population. Vermiwash obtained from municipal solid wastes and animal dung with
neem oil was found to be most effective against A. pisum. The use of vermiwash of buffalo dung and municipal
solid wastes with neem oil or garlic extract is better alternative to manage the pea aphid infestation by A. pisum
in pea crop.
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INTRODUCTION Environmental degradation is a major problem for the

Pea (Pisum sativum) is a winter season crop causes degradation of the environment, loss of soil
produced worldwide for human consumption and animal fertility, less agricultural productivity [4]. On one hand
feed. Peas are highly nutritive and contain a high tropical soils are deficient in all necessary plant nutrients
percentage of digestible 22.5% proteins, 58.5% and on the other hand large quantities of such nutrients
carbohydrates, 1.0% fats, 4.4% fibres and 3% minerals and contained in domestic wastes and agricultural byproducts
vitamins, particularly of the B group. They form an are wasted. It is estimated that in cities and rural areas of
excellent food for human consumption, taken as India nearly 700 million organic wastes are generated
vegetable, in soup and in canned, frozen and dehydrated annually which is either burned or land filled [5]. In
form   [1].   Pea  straw  is nutritious fodder. The pea aphid, natures laboratory there are a number of organisms that
A. pisum Harris (Hemiptera: Aphididae), is a worldwide have the ability to convert organic waste into valuable
pest of economically important legume crops. Among resources containing plant nutrients and organic matter
insect-pests of field pea, pea aphid, A. pisum is which are essential for maintaining soil productivity [6].
considered to be a serious pest because it reduces both Microorganism and earthworms are important biological
weight and caloric content of young pea plants by as organisms helping nature to maintain nutrient flow from
much as 64 and 113% respectively, depending on the one system to another and also minimize environmental
number of feeding aphids [2]. Kemal [3] reported field pea degradation. Vermicomposting is a simple
yield loss of 49% in 1997 whereas yield loss was increased biotechnological process of composting, in which certain
up to 59% in 1999 by increasing aphid population year by species of earthworms are used to enhance the process of
year. Aphids nymphs and adults can inflict various kinds waste conversion and produce a better end product.
of damages on a crop, leading to retarded growth. Vermicompost is nutritionally rich natural organic fertilizer,

world and the continuous use of chemical fertilizers
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which releases nutrients relatively slowly in the soil and moistened daily for up to 40 to 50 days to maintain the
improves quality of the plants along with physical and proper  moisture  content. The mixture of bed was
biological properties of soil. It has a more beneficial manually turned upto 3 weeks at one week interval. After
impact on plants than soil [7]. 50 to 60 days, granular tea like vermicompost appeared on

Pesticides destroyed the natural enemies of insects the upper surface of the beds.
and have disturbed the natural balance between pest and
their natural enemies [8]. The increasing concern for Extraction of Vermiwash: Vermiwash was extracted from
environmental  awareness  of pesticide hazards has a vermiwash collecting device by the method of Ismail
evoked a worldwide interest in the use of pest control [14]. The apparatus was made from a plastic or metal drum
agents  of  biological  origin  [9].  Plant derived pesticides having capacity of 2-L and a tap at the bottom of the drum
are  eco-friendly,  non-toxic  to  non-target  organisms, filled with broken bricks to about 3 cm thickened which is
non-persistent in nature, besides they are less known to followed by sand layer of 2-3 cm thickness. Lastly filled
promote drug resistance [10]. These biological products with vermicompost with heavy population of earthworms
obtained from botanical plants are safer in pest control (400 worms/kg vermicompost).Simultaneously freshwater
programmes and may prevents ill effects of synthetic was added into the drum and a container kept below the
pesticides [11]. The aim of the present study was to tap of drum. The watery extract of vermicompost,
observe combined effect of vermiwash obtained from vermiwash drainage out off drum. The colour of
municipal solid wastes and animal wastes with different vermiwash ranged from yellowish to black. After 1 to 2
biopesticides on the growth, flowering, productivity of days, the extraction has been completed.
chick pea crop as well as infestation rate of A. pisum.

MATERIALS AND METHODS Neem Oil: Neem oil consisted of 0.03% azadirachtine,

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

Collection of Earthworms: An epigeic earthworms America  and  West  Indies. A prepared aqueous extract
species Eisenia fetida, were cultured in the vermiculture (10 g/100 ml) (w/v) of leaves was mixed with diluted
research laboratories, Department of Zoology, D.D.U vermiwash (VW) in a 1: 10 ratio.
Gorakhpur University, Gorakhpur. The collected
earthworms were reared under laboratory condition, at Experimental Design: Measurement of flowering period
temperature ranging from 20-30 C with proper aeration. and productivity as well as pest infestation were
The moisture was maintained up to 40-60% RH for proper performed of pea (Pisum sativum) -- Rachana in the
growth and survival of earthworms [12]. experimental field of Vermiculture Research Centre,

Method of Vermicomposting: The vermicomposting was The crops were sown/planted in the experimental beds
conducted on cemented earth surface by the method of (1.0 x 1.5m) at equidistance (about 0.30 apart cm) as shown
Nath et al. [13]. Different combination of animal dung with in figure A. Total 72 beds were prepared for each crop.
municipal solid wastes Viz-in1: 1, 1:2 and 2:1 ratio (w/w) Each bed consists 6 plants and each plant is considered
was formed. The size of each vermibed was 3m.x1m.x9cm. as the part of replicates, so that for one trial, plants used
After formation of vermibed, it was moisted and for experiments as shown in one bed constituted 6
inoculated with 2 kg of E. foetida in each bed. The beds replicate. Flowering period and productivity (kg/m ) of pea
were covered with discarded jute packet and the bed was was measured in each experimental field.

Collection and Preparation of Biopesticides

90.57% neem oil and 5.00% hydroxyle, 0.50%

custard apple (Annona squamosa). It is a native of South

Department of Zoology and D.D.U Gorakhpur University.
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Chemical Analysis: The pH was determined by using a (Table 1-4). The different combinations of vermiwash with
double distilled water suspension of each waste in the garlic extract caused maximum reduction in A. pisum
ratio of 1:10 (w/v) that has been agitated mechanically for population while neem oil with vermiwash caused
30 minutes and filtered through Whatsmann No.1 filter complete removal of A. pisum population (Table 1).
paper, total organic carbon (TOC) measured by the The flowering period of pea in control group was
method of Nelson and Sommers, (1982[15]). Total 49.15 days. Significant early flowering was observed in
khjeldahl nitrogen (TKN) determined after digesting the single and binary combinations of vermiwash of different
sample with conc. H S0  and conc. HclO , (9:1 v/v) animal dung  and municipal solid wastes with different2 4 4

according to the method of Bremner and Mulvaney, [16]. bio-pesticides. The earliest flowering period of pea was
Total available Phosphorus (TAP) analyzed using the 41.56 was observed after spraying of vermiwash of buffalo
colorimetric method with molybdenum in sulfuric acid and dung and municipal solid wastes with neem oil (Table 1).
total potassium (TK) was determined after digesting the The significant increase in productivity of pea was
sample in diacid mixture conc. HNO , conc. HClO , 4:1 observed in all combination of vermiwash obtained from3 4

(v/v) by flame photometer [17]. different animal dung and municipal solid wastes singly

Statistical Analysis: All experiments were replicated six municipal solid wastes with aqueous extract of garlic.
times. Significant variance (p<0.05) determined by three Among all the four biopesticides used maximum
way analysis of variance (ANOVA) was applied in productivity was observed when vermiwash of cow dung
between the different treatments, animal dungs and with  MSW  (2:1 ratio) was used with garlic bulb extract.
different pesticides [18]. In  this combination  the  productivity  was observed

RESULTS dung with MSW (2:1ratio) with annona leaf extract yielded

The binary combination of vermiwash with cent pest infestation was also reduced after spraying of
biopesticide viz neem (Azadirachta indica) oil, aqueous different bio-pesticides in combination with vermiwash of
extract of garlic (Allium sativum) and leaves extract of different animal dung and municipal solid wastes.
custard apple (Annona squamosa) caused a significant Population of the pea aphid (A. pisum) was significantly
(P<.0.05) reduction in pest infestation and with early reduced by the foliar application of the vermiwash with
flowering and productivity of Pisum sativum. A bio-pesticides. The complete removal of pest infestation
significant reduction in number of population was was observed in the combination of buffalo dung and
observed  after  spraying  of vermiwash with biopesticides municipal solid wastes with neem oil. 

and  in binary  combination  of buffalo dung and

0.587 kg/m . Next to this spraying of vermiwash of cow2

maximum productivity (5.62kg/m ) of pea plant. The per2

Table 1: Combined efficacy of vermiwash of Buffalo (BD) dung with municipal solid wastes (MSW) with different biopesticides on productivity of pea plant
and per cent pest infestation of Acrythosiphon pisum. at 20 and 30 days after seeding

Particulars After 80 d Ratios Days of initiation of flowering Productivity kg/m Percentage of pod infested after2

Control -- 49.15± 0.46 0.278±0.031 39.51± 0.76
MSW -- 48.52± 0.49 0.352±0.037 21.84± 0.50
BD -- 46.38± 0.68 0.418±0.049 18.65± 0.40
BD+ MSW 1:1 46.14± 0.86 0.468±0.044 16.98± 0.37

1:2 45.27± 0.78 0.492±0.057 15.58± 0.26
2:1 44.68±0.075 0.532±0.055 14.02±0.19

MSW+A -- 48.12± 0.65 0.367±0.015 20.02± 0.50
BD+A -- 46.36± 0.96 0.413±0.044 14.25± 0.25
BD+ MSW+A 1:1 45.54± 0.94 0.448±0.057 13.48± 0.38

1:2 45.07± 0.97 0.490±0.049 11.36± 0.18
2:1 44.47± 0.87 0.535±0.036 9.68± 0.09

MSW+G -- 48.02± 0.88 0.375±0.039 19.32± 0.42
BD+G -- 46.31± 0.95 0.445±0.094 10.68± 0.18
BD+ MSW+G 1:1 45.98± 0.99 0.487±0.089 8.86± 0.12

1:2 47.27± 0.94 0.522±0.094 7.85± 0.05
2:1 44.89± 0.88 0.556±0.036 4.32±0.08

MSW+N -- 47.29±0.52 0.168±0.017 19.62± 0.37
BD+N -- 44.65± 0.81 0.284±0.024 8.67± 0.18
BD+ MSW+N 1:1 43.23± 0.75 0.342±0.033 4.85± 0.12

1:2 42.12± 0.63 0.387±0.039 2.34± 0.04
2:1 41.56± 0.51 0.473±0.043 NIL

BD= Buffalo dung, MSW= Municipal solid wastes, A= Annona leaf extract, G= Garlic bulb extract, N= neem oil.
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Table 2: Combined efficacy of vermiwash of Cow (CD) dung with municipal solid wastes (MSW) with different biopesticides on productivity of pea plant

and per cent pest infestation of Acrythosiphon pisum. at 20 and 30 days after seeding

Particulars After 80 d Ratios Days of initiation of flowering Productivity kg/m Percentage of pod infested after2

Control -- 49.15± 0.46 0.278±0.031 39.51± 0.76

MSW -- 48.52± 0.49 0.352±0.037 21.84± 0.50

CD -- 46.52± 0.63 0.389±0.039 17.35± 0.40

CD+ MSW 1:1 46.09± 0.54 0.457±0.058 14.65± 0.35

1:2 45.53± 0.67 0.484±0.049 14.12±0.34

2:1 44.84± 0.58 0.497±0.056 13.54± 0.17

MSW+A -- 48.12± 0.65 0.367±0.015 20.02± 0.50

CD+A -- 46.36± 0.96 0.413±0.044 13.65± 0.25

CD+ MSW+A 1:1 46.00± 0.64 0.426±0.047 12.28± 0.29

1:2 44.82± 0.74 0.495±.098 10.69± 0.19

2:1 44.56± 0.67 0.562±0.058 8.25± 0.15

MSW+G -- 48.02± 0.88 0.375±0.039 19.32± 0.42

CD+G -- 46.02± 0.84 0.437±0.077 9.87± 0.20

CD+ MSW+G 1:1 45.24± 0.78 0.475±0.079 7.65± 0.18

1:2 45.12± 0.93 0.497±0.097 6.51± 0.06

2:1 44.21± 0.74 0.587±0.089 1.20±0.08

MSW+N -- 47.29±0.52 0.168±0.017 19.62± 0.37

CD+N -- 44.83± 0.85 0.267±0.023 8.13± 0.13

CD+ MSW+N 1:1 44.19± 0.83 0.324±0.036 5.56± 0.08

1:2 43.52± 0.77 0.342±0.039 3.13± 0.08

2:1 43.02± 0.72 0.422±0.044 0.87± 0.014

CD= Cow dung, MSW= Municipal solid wastes, A= Annona leaf extract, G= Garlic bulb extract, N= neem oil.

Table 3: Combined efficacy of vermiwash of Goat (GD) dung with municipal solid wastes (MSW) with different biopesticides on productivity of pea plant

and per cent pest infestation of Acrythosiphon pisum. at 20 and 30 days after seeding

Particulars After 80 d Ratios Days of initiation of flowering Productivity kg/m Percentage of pod infested after2

Control -- 49.15± 0.46 0.278±0.031 39.51± 0.76

MSW -- 48.52± 0.49 0.352±0.037 21.84± 0.50

GD -- 47.12± 0.49 0.382±0.065 20.32± 0.47

GD+ MSW 1:1 46.73± 0.62 0.417±0.048 19.54± 0.37

1:2 46.12± 0.57 0.472±0.053 18.78± 0.28

2:1 45.37± 0.48 0.485±0.043 17.36± 0.20

MSW+A -- 48.12± 0.65 0.367±0.015 20.02± 0.50

GD+A -- 46.84± 0.86 0.398±0.083 19.68± 0.39

GD+ MSW+A 1:1 46.12± 0.76 0.435±0.075 18.82± 0.28

1:2 45.85± 0.84 0.485±0.086 16.84± 0.21

2:1 44.89± 0.53 0.497±0.058 12.21± 0.21

MSW+G -- 48.02± 0.88 0.375±0.039 19.32± 0.42

GD+G -- 46.64± 0.84 0.415±0.046 12.35± 0.22

GD+ MSW+G 1:1 46.45± 0.89 0.454±0.049 11.65± 0.20

1:2 46.23± 0.69 0.495±0.089 9.57± 0.07

2:1 45.46± 0.88 0.514±0.092 6.54± 0.37

MSW+N -- 47.29±0.52 0.168±0.017 19.62± 0.37

GD+N -- 40.12± 0.32 0.179±0.032 8.82± 0.25

GD+ MSW+N 1:1 42.74±0.63 0.195±0.072 4.48± 0.16

1:2 43.02±0.72 0.205±0.025 3.36± 0.05

2:1 45.08±0.98 0.242±0.026 2.28± 0.15

GD= Goat dung, MSW= Municipal solid wastes, A= Annona leaf extract, G= Garlic bulb extract, N= neem oil.
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Table 4: Combined efficacy of vermiwash of Horse (BD) dung with municipal solid wastes (MSW) with different biopesticides on productivity of pea plant
and per cent pest infestation of Acrythosiphon pisum. at 20 and 30 days after seeding

Particulars After 80 d Ratios Days of initiation of flowering Productivity kg/m Percentage of pod infested after2

Control -- 49.15± 0.46 0.278±0.031 39.51± 0.76
MSW -- 48.52± 0.49 0.352±0.037 21.84± 0.50
HD -- 46.93±0.59 0.387± 0.035 19.69± 0.48
HD+ MSW 1:1 46.15± 0.66 0.430±0.056 18.65± 0.38

1:2 45.87± 0.53 0.479±0.046 17.35± 0.32
2:1 45.02±0.056 0.495±0.053 16.35± 0.24

MSW+A -- 48.12± 0.65 0.367±0.015 20.02± 0.50
HD+A -- 46.57± 0.54 0.395±0.034 16.52± 0.42
HD+ MSW+A 1:1 45.75± 0.74 0.448±0.045 14.28± 0.38

1:2 45.15± 0.53 0.486±0.059 13.64± 0.23
2:1 44.85± 0.49 0.508±0.058 11.36± 0.12

MSW+G -- 48.02± 0.88 0.375±0.039 19.32± 0.42
HD+G -- 46.87±0.98 0.424±0.082 11.65± 0.30
HD+ MSW+G 1:1 45.35± 1.20 0.452±0.092 9.47± 0.22

1:2 45.02± 0.92 0.495±0.099 8.64± 0.20
2:1 44.35± 0.97 0.525±0.097 6.12± 0.07

MSW+N -- 47.29±0.52 0.168±0.017 19.62± 0.37
HD+N -- 46.16± 0.27 0.332±0.035 9.47± 0.28
HD+ MSW+N 1:1 44.94±0.85 0.243±0.027 5.32± 0.15

1:2 43.17± 0.78 0.300±0.032 3.58± 0.19
2:1 42.32± 0.65 0.358±0.038 1.05± 0.024

HD= Horse dung, MSW= Municipal solid wastes, A= Annona leaf extract, G= Garlic bulb extract, N= neem oil

Summary of computation of analysis of 3variance (ANOVA) of the data of Table 5 (1, 2, 3, 4)

Flowering Productivity kg/m Percentage of pod infested after2

Source of variation --------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------------
Components D.F. S.S. Variance ( ) F-value P D.F S.S. Variance ( ) F-value P D.F. S.S. Variance ( ) F-value P2 2 2

Between 6 Treatment 5 280.971 56.194 83.001 0.01 5 0.4297 0.0859 52.0860 0.01 5 7651.08 1530.22 73.98 0.01
Between 4 Animal 3 0.751 0.250 0.370 NS 3 0.0135 0.0045 2.7274 0.05 3 466.67 155.56 7.52 0.01
Between 4 Pesticide 3 53.358 17.786 26.271 0.01 3 0.4002 0.1334 80.8550 0.01 3 1329.23 443.08 21.42 0.01
Residual variation 84 56.870 0.677 84 0.1386 0.0016 84 1737.44 20.68

Total 95 391.951 95 0.9820 95 11184.42

DISCUSION also shows toxic effect on insect pest [22]. Aqueous

It is evident from the results obtained that the binary seeds has annonaceous acetogenins which have
combination of vermiwash of different animal dung and pesticidal and insect feeding properties [23, 24]. The
municipal solid wastes with biopesticides Viz- neem insecticidal activity of seed extract of Annona squamosa
(Azadirachata indica) oil, aqueous extract of garlic was  due  to  the  presence  of  annonins   (i.e.  annonine
(Allium sativum) and leaf extract of custard apple I= Squamocin), adjacent to bis-tetra hydrofeuron (THF)
(Annona squamosa) have significant (P<0.05) effect on ring acetogenins [25]. Wondafrash, [26] observed that the
early flowering and productivity of pea (Pisum sativum) water extract obtained from neem leaf caused significant
as well as reduction in pest infestation of Acyrnthosiphon decrease in feeding and survival behavior of insect pest.
pisum. Vermiwash of different animal dung with municipal Schmutterer [27] defined the primary and secondary
solid wastes have significant amount of nitrogen, antifeedant  effect  of  azadirachtin  Primary  effect
phosphorous, calcium, potassium, vitamins, enzymes and includes the process of chemoreception by the organism
plant hormones [19]. The foliar spray of municipal solid (e.g., sensory organs on mouthparts that stimulate the
wastes vermiwash causes persistence of water droplet on organism to begin feeding) where as secondary processes
the leaves surface which promotes the leaf succulency, are effective such as gut mortality disorders which causes
increase photosynthetic activity, internodes growth, complete removal of pea aphid from pea crop. Neem
improved plant physiology and ultimately increase the extract obtained from different plant part have bio-active
yield and quality of plant [19, 20]. Large amount of humus compound Azadirachtin, a limnoid (Tri-terpenoid) potent
produced by earthworms activity also contributed for the anti-feedant, growth regulator, antifungal, bactericidal,
higher productivity in pea crop [21]. Annona squamosa antiviral effect on animals [26,28].

extract obtained from Annona squamosa leaves, bark and
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Fresh garlic extract have major component of diallyl 5. Gandhi, M., V. Sangwan, K.K. Kapoor and N.
di-sulphide and diallyl tri-sulphide which have
antagonistic properties against pest of economic
importance such as potato tuber, red cotton bug, red palm
weevil, houseflies and mosquitoes [29].Garlic produces a
pungent alliaceous compound, allyl-epropyldisulphide,
which may be responsible for its pest repellent
characteristic. Early flowering was also observed in
tomato plants treated with vermicompost with
biopesticides it was possible due to presence of total
kjeldahal nitrogen (TKN) and total phosphorous (TP) in
vermiwash which is reason behind the early flowering.
Large amount of TKN and TP causes early flowering in
Daucus Carota and tomato plant [30,31].Which is due to
presence of essential component especially humic acid in
vermiwash of MSW. 

CONCLUSION

From the present investigation it can be concluded
that the vermiwash with bio-pesticide is the better option
for  the  better  productivity  as  well  as  management  of
A. pisum infestation on pea crop. The foliar spray of
vermiwash provide mild resistance against pest to the
growing plant for elongation, early flowering and fruiting
phase. The bio-pesticide exhibits synergistic effect with
vermiwash for control of aphid population and better
productivity, so it is the better alternative of chemical
fertilizers and pesticides for management of A. pisum
population and enhancement of the productivity of pea
yield. These bio-products are easily pre-parable,
biodegradable, less- expensive and most acceptable
among farmers.
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