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Abstract

Field experiments were conducted during 2015-16 and 2016-17 to study the impact of habitat
manipulation on the incidence of major pests of cabbage and their natural enemies revealed that out of
four modules, T1 module (Cabbage intercropped with cowpea and mustard as border crop) was found to
be the best in reducing the larval population of Plutella xylostella (1.89 / plant), Pieris canidia
(2.82/plant), Agrotis ipsilon (1.26 /plant) and Brevicoryne brassicae (2.03 aphid/leaves). The highest
numbers of Coccinellid predator (1.81/ leaves) with highest yield of (17872 kg/ha) and highest cost
benefit ratio (1: 4.60) also recorded from the same module. Thus cabbage intercropped with cowpea and
mustard as border crop could be adopted to get rid of key pests of cabbage.

Keywords: Habitat manipulation, cabbage pest management, Plutella xylostella, Pieris canidia,
Brevicoryne brassicae, Agrotis ipsilon, coccinellid predator

Introduction

Vegetables are the most essential component of Indian diet and India is the world’s second
largest producer of vegetables with 11 per cent share next to China (Bose et al., 1993) [,
Cabbage, B. oleracea var. capitata L. is one of the most popular winter vegetable grown
throughout India. Cabbage is cultivated in 0.380 M ha with the total production of 8.795 M mt
(Anon, 2016) 1. Cabbage has a great potential in modern agriculture as a short duration crop,
which is nutritionally superior and capable of producing high quality food per unit area and
time. States like Uttar Pradesh, Orissa, Bihar, Assam, West Bengal, Maharashtra and
Karnataka are the major cabbage growing basket of India. In Assam, it is extensively
cultivated in all the districts as a major cash crop in rabi season.

Out of the different causes of poor yield of cabbage in India, the prime reason is the damage
caused by lepidopteran insect pests right from the vegetative to maturity stage. In India,
cabbage is attacked by near about 37 numbers of insect pests which causes great economic
losses to the growers (Lal, 1975) 29 out of which, a handful are of very important viz.,
diamondback moth, P. xylostella (L.), cabbage aphid, B. brassicae (L.), cabbage butterfly, P.
canidia (L.), cutworm, A. ipsilon (Hfn.), flea beetle, Monolepta signata Oliv. etc (White, et al.
1995; Rai, et al. 2014; Ahmed, et al. 2016) 71511,

It is fact that, synthetic chemical insecticides with novel mode of action have been used for
many Yyears to counter the problem of insect pests, but the pests become resistant to these
conventional insecticides in recent years (Kabir et al. 1996) . In many cases, the insecticides
gradually decline in their effectiveness and leads to the unsatisfactory results to control the
target pests. However, biological control of pest insects can be improved by providing natural
enemies with additional food resources such as floral nectar within the production field
(Nilsson et al. 2012) ™1, Manipulation of habitat by planting different intercrop and border
crop can conserve natural enemies of various noxious pests. By improving the conditions for
natural enemies within the agro ecosystems, a more efficient pest control can be achieved
(Wolcott 1942; Altieri and Letourneau 1982; Landis et al. 2000; Gurr et al. 2003; Zehnder et
al. 2007) 08 3 11 5 191 Moreover, habitat manipulation is often more advantageous in
horticultural crops than in agricultural crops, because vegetables have higher production value
and growers can more easily bear the higher costs for introduction of habitat manipulation
schemes, such as loss of production area and labour costs (Nilsson et al. 2016) (%1, Plants,
which shelter the natural enemies during unfavourable periods like winter in high altitudes, dry
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seasons in tropical areas, are called refugia. Artificially
created grasses sown on raised earth bank are termed as
Beetle banks and this kind of suitable plants can be selected
for the habitat manipulation, which provides habitat for birds,
small mammals, invertebrates and predators like carbides and
Staphylinds (Thomas, 1992; Menasch, 1997) 16 %2 So far
Assam state is concerned, no systematic attempt has been
made in past to evaluate the impact of habitat manipulation on
pest management of cabbage. With this view in mind the
present investigation was carried out and the results obtained
are discussed here.

Materials and Methods

The experiment was conducted during the two consecutive
Rabi seasons of 2015-16 and 2016-17 at the Farmer’s field,
Alengmora, Jorhat. Five modules of main crop and trap crop/
intercrop combinations were selected against pests viz., DBM
and aphid, and predatory lady bird beetle as well as yield
parameter with five (5) replications.

The following five modules were tested

T: = Cabbage intercropped with cowpea (5:1 ratio) and
mustard (1 row) as border crop

T, = Cabbage intercropped with mustard (5:1 ratio) and
buckwheat (1 row) as border crop

Ts = cabbage intercropped with cowpea (5:1 ratio) and
buckwheat (1 row) as border crop

T4 = cabbage with buckwheat (1 row) as border crop

Ts = cabbage as sole crop (untreated check).

As a part of habitat manipulation we had selected different
combinations of mustard, cowpea and buckwheat as intercrop
or border crop. Mustard and cabbage are belong to the
cruciferous family, so the herbivore pests were also similar
for both the crops, and most of the time local mustard is more
susceptible to DBM than cabbage. On the other hand, the
floral part of the buckwheat is important for conservation of
natural enemies; it is evident that, the free living adult stages
require nectar before courtship. However, the cowpea had
provided indirect effects on the cabbage field; though the cow
pea aphid, Aphis craccivora and cabbage aphid, B. brassicae
both are different but fortunately cowpea aphid also harbors
different species of predatory lady bird beetles, which acted as
a broad spectrum bioagent for any kinds of aphids.

Larval counts of lepidopteran pests, sucking pests and natural
enemies were randomly collected from 5 plants from each
treatment at 10 days interval starting from 30 DAP.
Moreover, to collect the parasitoids from eggs and immature
stages of lepidopteran pests, the eggs and larvae were kept in
the laboratory for emergence of parasitoids. Yield data of
cabbage was recorded individually.

The cabbage seedlings (Varity: “CV” Drumhead) were
transplanted at spacing at 60 cm x 30 cm during first fortnight
of October in a large plot size of 20 x 15 m? for each module.
As such five plots were prepared. From each plot five plants
were selected randomly for pest count. The data were
recorded from five randomly selected plants from each spot.
Since aphids and Coccinellids were congregated towards
terminal parts of the plant; three leaves were sampled from
each of the five random plants and the number of aphids per
leaf were counted under stereo zoom binocular microscope.
Such observations were recorded at weekly interval in each
plot of different modules including cabbage as sole crop also.
As regard to yield, weight of the cabbage from 60 m? plots

were clubbed together and converted on per hectare basis. The
data of two year trials were subjected to Analysis of Variance
(ANOVA) with least significant difference (P=0.05) as test
criterion was converted to hectare basis and then, economics
were calculated. Benefit cost analysis was expressed in terms
of benefit cost ratio by using the following formula

Net return (Rs. /ha)
Cost of cultivation (Rs. /ha)

Cost benefit ratio:

Results and discussion

It is evident (table 1) that amongst the five modules, T
(Cabbage intercropped with cowpea and mustard as border
crop) was found to be the best in reducing the larval
population of P. xylostella (L.), P. canidia (L.), A. ipsilon. In
case of diamondback moth, lowest larval populations of 1.90
and 1.87 / plant were recorded during 2015-16 and 2016-17
respectively with an average of 1.89 / plant. Similarly, on an
average of 2.82 and 1.26 /plant registered against P. canidia
(L.) and A. ipsilon also reported from same treatment
respectively. In case of B. brassicae (L.), T: (Cabbage
intercropped with cowpea and mustard as border crop)
registered lowest insect population of 2.10 and 1.96 per plant
during 2015-16 and 2016-17 respectively with average of
2.03 aphid/leaves which was the lowest than any other pest
management module. Similarly, highest numbers of
Coccinellids (1.77 and 1.84 / leaves) also registered from
same module during 2015-16 and 2016-17 respectively with
an average of 1.81/ leaves (Table 2).

In addition T; (Cabbage intercropped with cowpea and
mustard as border crop) also registered highest yield of 17872
kg/ha followed by T, (17170 kg/ha), T4 (16556 kg/ha), T3
(16820 kg/ha) and Ts (15882 kg/ha), respectively. In terms of
cost benefit ratio, module T; (Cabbage intercropped with
cowpea and mustard as border crop) only recorded highest
cost benefit ratio of 1: 4.60 followed by T, (1: 4.37), T3 (1:
4.32), T4 (1: 4.30) and Ts (1: 4.29), respectively (Table 3).
Khan et al. (1997) @I reported that Molasses grass (Melinis
minutiflora) when intercropped with maize, reduce the
infestation of crops by stem borer and increase the parasitism
particularly by the native larval parasitoid, Cotesia sesame.
The plant releases volatile substances that repel stem borers,
but attracts parasitoids without being damaged. From another
experiment, Hossain et al. (2001) ! reported that strips of
Lucerne with taller growth had greater natural enemies
population than in more recently harvested strips. (Hossain,
2001) 1, 1t showed that the egg parasitism by Trichogramma
spp. on Helicoverpa armigera was greater in unharvested
strips with dense parasitoid population. It demonstrated a 100-
fold increase in larval parasitism of the diamondback moth (P.
xylostella) when the parasitoid Diadegma semiclausum had
access to nectar of flowering buckwheat plants (Nilsson et al.
2016) 31, Joshi, 1999 reported that, cabbage — buckwheat or
potato-buckwheat-mustard are a few famous crop
combination in Himalayan foothills. Therefore, we had
chosen buckwheat as one important component for habitat
manipulation. Unfortunately, in our present experiment we
could not able to recover any parasitoid from the experimental
plots, more particularly from buckwheat. It might be the
reason of non-significant result from other treatments where
buckwheat was a component. From the above study, it could
be concluded that the module comprising cabbage
intercropped with cowpea and mustard as border crop, was
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found most effective in controlling DBM and cabbage aphid.
Interestingly, this module also registered the highest number

Table 1: Effect of habitat manipulation in cabbage on Plutella xylostella, Pieris canidia and Agrotis ipsilon

of Coccinellids and significantly enhancing the yield over
control apart from registering highest cost benefit ratio.

Modules P. xylostella Pooled | %ROC* P. canidia Pooled | %0ROC* A. ipsilon Pooled | %ROC*
2015-16 | 2016-17 | mean (avg.) 2015-16 | 2016-17 | mean (avg.) 2015-16 | 2016-17 | mean (avg.)
T1 1.90¢ 1.87 1.89 54.46 2.86° 2.78 2.82 42.57 1.39¢ 1.13 1.26 66.49
T2 2.79° 2.75 2.77 33.25 3.40b¢ 3.36 3.38 31.16 2.84° 2.66 2.75 26.86
T3 2.72° 2.14 2.13 48.67 2.96° 2.99 2.97 39.51 1.63° 1.49 1.56 58.51
T4 3.49° 3.56 3.53 14.94 3.69° 3.73 371 24.44 3.34%® 3.40 3.37 10.37
T5 4.028 4.26 4.15 4.882 4.94 491 3.502 4.00 3.76
CD 0.41 0.44 0.42 0.58 0.40 0.46 0.50 0.74 0.54
CV (%) 10.79 11.27 10.79 12.07 8.41 9.68 14.74 21.66 15.94

ROC* Reduction over control. # Average of 7 observations of different treatment at 10 days interval. Mean followed by same letter in a column
do not differ significantly by DMRT (P=0.05).

Table 2: Effect of habitat manipulation in cabbage on Brevicoryne brassicae and coccinellids

Aphids/plant Coccinellids / plant
Modules #First year #Second Year Pooled %ROC* #First year #Second Year Pooled %I0C**
(2015-16) (2016-17) mean (avg.) (2015-16) (2016-17) mean (avg.)
T1 2.10° 1.96 2.03 61.33 1.77° 1.84 1.81 123.46
T2 3.92° 3.79 3.85 26.67 0.90° 1.08 0.99 22.22
T3 2.35¢ 2.29 2.32 55.81 1.25° 1.56 1.41 74.07
T4 4.84° 5.02 4.93 6.10 1.14° 1.15 1.15 41.98
T5 5.04° 5.46 5.25 0.86° 0.75 0.81
CD 0.76 0.43 0.55 0.20 0.34 0.24
CV (%) 15.47 8.74 11.12 13.33 19.58 14.54

ROC™* Reduction over control. IOC** Increase over control. # Average of 7 observations of different treatment at 10 days interval. Mean
followed by same letter in a column do not differ significantly by DMRT (P=0.05).

Table 3: Economics of different pest management modules against major pests of cabbage

Modules | First yearYieII:c: r(;g)izzl)’ Pooled Increased in yield Jigfgep?tasf c(j:eirr:t Price of increase cu(;/t?\s;;tczgn Net profit bgr?:ftit
(2015-16) | (2015-16) | mean over control (kg/ha) over control yield (Rs./ha) (Rs./ha) (Rs/ha) ration
T1 17732 18012 17872 1990 12.53 19900 12757 58731 | 1:4.60
T2 17440 16900 17170 1288 8.11 12880 12793 55887 | 1:4.37
T3 16356 17284 16820 938 5.91 9380 12656 54624 | 1:4.32
T4 16612 16500 16556 674 4.24 6740 12504 53720 | 1:4.30
T5 16084 15680 15882 12000 51528 | 1:4.29
CD 11.63 7.23 7.16
CV (%) 5.15 3.20 3.17

# Average of 7 observations of different treatment at 10 days interval. Mean followed by same letter in a column do not differ significantly by
DMRT (P=0.05). Average price of cabbage was Rs. 4/kg
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