
 

International Journal of Ecotoxicology and Ecobiology 
2022; 7(3): 49-59 

http://www.sciencepublishinggroup.com/j/ijee 

doi: 10.11648/j.ijee.20220703.13 

ISSN: 2575-1727 (Print); ISSN: 2575-1735 (Online)  

 

Conservation of Predatory Fauna and Decline of Insect 
Pests Status in Ecologically Engineered Tomato 
Ecosystem of Kashmir 

Baber Parvaiz, Akhtar Ali Khan
*
 

Division of Entomology, Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir, Shalimar Campus, Srinagar, India 

Email address: 

 
*Corresponding author 

To cite this article: 
Baber Parvaiz, Akhtar Ali Khan. Conservation of Predatory Fauna and Decline of Insect Pests Status in Ecologically Engineered Tomato 

Ecosystem of Kashmir. International Journal of Ecotoxicology and Ecobiology. Vol. 7, No. 3, 2022, pp. 49-59.  

doi: 10.11648/j.ijee.20220703.13 

Received: June 30, 2022; Accepted: July 15, 2022; Published: August 15, 2022 

 

Abstract: Tomato (Solanum lycopersicum) is one of the most important culinary vegetables throughout the world. Tomato 

crop was maintained in Ecologically Engineered field conditions at Sher-e-Kashmir University of Agricultural Sciences and 

Technology of Kashmir, Shalimar, Srinagar, Jammu and Kashmir, India in 2019. Abiotic factors play an important role and was 

showed a significant positive correlation with temperature, Relative humidity, and a non-significant negative correlation with 

rainfall. Temperature with Biotic factors plays a significant positive correlation. Agro-ecosystem analysis of biological factors 

with respect to pests and beneficial insects, to understand the intricate interactions in the ecosystem, revealed that the 

ecosystem has created favorable conditions for natural enemies. Natural enemies were controlling tomato pests in the absence 

of external forces like chemical pesticides. Hence mean pest population, Myzus persicae (14.20 aphids/plant), and Helicoverpa 

armigera (0.96 larvae/plant) in an ecologically engineered field were significantly reduced from that of the control were 31.74 

aphids/plants and 2.69 larvae/plant, respectively. Among predatory natural enemies distribution and relative abundance, the 

family Syrphidae was maximum followed by order Araneae and total enhancement and conservation of natural enemies 

population was 3.86/plant as compared to control plot (1.09/plant) was certainly helps in the minimizing the population of 

Myzus persicae and Helicoverpa armigera in ecologically engineered field conditions. 
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1. Introduction 

Intricate agricultural arenas support a diverse community of 

beneficial insects and ecosystem services that in turn support 

crop productivity [1, 2]. Management of crop pests by their 

natural enemies is an important ecosystem function that 

supports crop production and provides agriculture with a 

valuable, but poorly quantified, ecosystem service [3, 4]. 

Natural or semi-natural habitats, such as forests, field margins, 

permanent grasslands, or hedgerows, are key habitats for 

natural enemies in the agricultural landscape as they provide 

overwintering sites, asylum from disturbance, and alternative 

prey [5, 6]. However, an important caveat is that relatively few 

studies have estimated the impact of natural enemies on the 

growth, and hence actual clampdown of pest populations along 

with landscape complexity or rise gradients. In addition to 

manipulating natural enemy abundance and diversity, 

landscape structure may also alter natural enemy relations and 

the stability of pest clampdown [7, 8]. 

Intercropping is one of the important pest-management 

alternatives used to control pests. Numerous types of 

intercropping have been recognized based on the spatial and 

temporal overlap of plant species, and depend on the 

associated crop and their evaluation after harvest [9]. One 

practice that has been explored in a number of cropping 

systems is the addition of wildflowers to crop borders [10]. 

Wildflowers provide resources to natural enemies of crop 

pests including shelter from disturbance and overwintering 

habitat as well as a source of nectar, pollen, and alternative 

prey [11, 12]. Wildflowers of borders have been found to 
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increase predator populations in the crop when planted next 

to tomatoes [13]. However, wildflower plantings are not 

always fruitful at increasing natural enemy populations [14, 

15] due to both local and landscape-level effects [16]. 

Landscape-level effects include a lack of a source population 

of natural enemies in the surrounding habitat or that the 

natural habitat surrounding the crops can be too small and/or 

too far away for natural enemies to colonize the wildflowers 

and crop habitats. Local effects include farm management 

practices that can affect the establishment of natural enemies 

such as the use of broad-spectrum insecticides [17, 18]. 

Trap crops are stands of plants that attract further pests and 

may keep them away from the main crop [19-21]. The use of 

trap plants in association with crops has been known for 

centuries to protect crops from insect attack, and this method has 

been exploited in many traditional farming systems [22, 23]. 

The use of these plants in cropping systems is based on the fact 

that insects show a marked preference for certain plant organs, 

cultivars, species, or phenological stages [24, 25]. Hence, trap 

plants are more attractive to the pest and easier to find than the 

host plants. In many instances, a trap crop has been used in a 

push-pull plan (the so-called stimulodeterrent diversionary 

(SDD)) which requires the involvement of another component 

such as semiochemicals [26]. However, trap cropping is not 

overly developed for aphids because their host selection is often 

considered a passive method that mainly depends on wind [27, 

28]. Potting et al. [29] determined that small insects such as 

whiteflies, mites, and aphids have limited ability to detect their 

hosts. They suggested that trap crops act as a barrier when they 

are taller than the main crop and planted in the borders. 

Companion Plants (CP) altering host plant selection such as 

searching behavior and the selection of dynamic resources for 

insects such as aphids can be divided into three steps: habitat 

location, host location, and host acceptance [30]. During these 

three steps, positive and negative external stimuli interact also 

with the internal factors of the insect, allowing for the 

acceptance or rejection of the Host Plant [31]. 

Using companion plant in intercropping with target crops is 

a promising substitute method to chemicals to improve aphid 

management [32]. We showed that many companion planting 

schemes have been designed to reduce the aphid population, 

and several mechanisms have been considered [33]. However, 

the high quality of adapted CP remains an issue and their 

effectiveness might not be guaranteed in all cases [34, 35]. 

Indeed, many factors that affect the success of an intercropping 

system design need to be considered. For instance, 

intercropping CP may take several forms, and its efficiency 

may depend on the arrangement, the density, and the distance 

between CP and HP [36]. Similarly, the timing of the most 

effective phenological stage of CP with respect to the aphid 

infestation period and the aphid life cycle must to be taken into 

account [37]. A CP also should not offer a home for other pests 

per se [38, 39], and a CP needs to be in the most suitable 

phenological stage to provide shelter and food resources, 

especially for early natural enemies such as hoverflies [40]. 

In this study, we hypothesized that (1) natural enemy 

abundance will be conserved and greater in tomato crop 

plantings with buckwheat three rows grown as a cover crop 

for pollen, nectars and shelter of natural enemies; after that 

one row of marigold grown as a trap crop for tomato fruit 

borer for egg-laying and avoid damage of main tomato crop 

plots; after each plots of tomato crops one row of maize crop 

grown as barrier crop for aphids and flying insect such as 

tomato fruit borer for egg-laying and avoid damage of main 

tomato crop and one row of cowpea grown as trap crop 

opposite direction of maize for aphid and tomato fruit borer 

for egg-laying and avoid damage of main tomato crop which 

will be (2) decline the status of two major insect pests viz., 

Myzus persicae and Helicoverpa armigera compared with 

control plots (Tomato fields adopted general practices). 

2. Materials and Methods 

A study was conducted in ecologically engineered field 

conditions at Sher-e-Kashmir University of Agricultural 

Sciences and Technology of Kashmir, Shalimar, Srinagar, 

Jammu and Kashmir, India during 2019 and a survey was 

carried out to record the population density of tomato fruit 

borer, Helicoverpa armigera, peach aphid, Myzus persicae 

and distribution as well as relative abundance of their 

predatory natural enemies. 

2.1. Status of Pests and Natural Enemies in the Arena of 

Ecological Engineered Tomato 

In order to study the status of insect pests and natural enemies 

a hybrid tomato variety (Shalimar Hybrid 1) was raised in 

ecologically engineered field conditions in the plots of size 10 ft. 

x 11 ft. In order to maintain healthy crop growth, all the 

recommended agronomic practices were carried out except 

pesticide application. In Tomato field, buckwheat (Fagopyrum 

esculentum Moench.) three line row (width of row = one foot) 

grown as cover crop on boarder for pollen, nectars and shelter of 

natural enemies; after that one row of marigold (Tagetes spp.) 

was grown as trap crop (width of row = one foot) for avoid egg 

laying of tomato fruit borer damage of main tomato crop, after 

each plots of tomato crops one row of maize (Zea mays L.) crop 

in between two plots of tomato, grown as barrier crop for aphid 

and flying insect such as tomato fruit borer for avoid egg laying 

on main tomato crop and similarly, one row of cowpea (Vigna 

unguiculata L.) grown as trap crop opposite direction of maize 

crop for aphid and avoid egg laying of tomato fruit borer 

damage of tomato crop [41]. 

2.2. Population Density of Insect Pests 

The population density of these pests was recorded from 15
th
 

June to 15
th
September on weekly intervals during 2019. 

Population counts were recorded throughout the crop season i.e., 

during the vegetative and reproductive stages of the crop. 

Observations were recorded from three randomly selected plants 

in each plot/replication (4 replications). Tagging of randomly 

selected plants was also done in order to make the recording of 

observations convenient. The methodology employed for the 

estimation of the population of insect pests is as follows: 
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The population density of the tomato fruit borer, Helicoverpa 

armigera was estimated by counting the number of larvae on 

each of the 3 randomly selected plants at weekly intervals by 

direct visual counting method. Observations were taken 

throughout the season right up to the harvesting of the tomato 

crop. The population obtained was later expressed as 

larvae/plant. Population density of aphids, Myzus persicae was 

counted from 3 leaves per plant (aphids/3 leaf count method) 

selected from the top of the crop canopy in three directions on 

each of the three randomly selected plants of each replication. 

All the visible immature and mature stages were recorded 

(Nymph, Alate, and Apterous). The selected leaves were tapped 

against the black cardboard and the population of aphids 

obtained was expressed as aphids/plant and compared with 

control plots (Tomato fields with general practices). 

2.3. Correlation Coefficients and Regression Analysis 

The data on pest population density was subjected to 

correlation and regression studies with meteorological parameters 

during the experimental period like temperature (Tmax and Tmin), 

relative humidity (RH morning and RH evening) and rainfall 

(abiotic factors). Moreover, correlation and regression studies 

were conducted between the incidence of Myzus persicae and 

Helicoverpa armigera on tomato and their natural enemies (biotic 

factors). Meteorological data of abiotic factors i.e., weather 

parameters were collected from Agro-metrology Unit Sher-e-

Kashmir University of Agricultural Sciences and Technology of 

Kashmir, Shalimar, Srinagar, Jammu and Kashmir, India. All 

analysis was made by R-software [42]. 

2.4. Population Distribution and Abundance of Predatory 

Natural Enemy 

The distribution and abundance of the natural enemy were 

recorded from 15
th
 June to 15

th 
September on weekly intervals 

during 2019 and compared with control plots (Tomato fields 

with general practices). The natural enemy population was 

recorded by collecting the adult natural enemies using insect 

collection nets. Collections were carried out by sweep net 

method (2 sweeps/day) amounting to a total of 12 sweeps/week 

in the morning and afternoon and a total number of 144 sweeps 

were done. Samples collected were preserved for identification. 

2.5. Relative Abundance 

In order to study the relative abundance of predatory 

natural enemies, observations were made on the species of 

various natural enemies. The relative abundance of natural 

enemies was worked out by dividing the number of 

individuals of a species by the total number of individuals of 

all species and expressed as a percentage: 

Relative	Abundance =
Total	number	of	individuals	of	each	species

Total	number	of	individuals	of	all	species
× 100 

3. Results 

3.1. Population Density of Myzus Persicae 

Data on the population density of Myzus persicae in 

ecologically engineered field on tomato is presented in Table 1 

and Figure 1. It is evident from the table that the infestation of 

aphid was initially low in the 24
th
 standard week of observation 

i.e., second week of June with 8.93 aphids per plant which 

increased gradually attained peak of 16.90 aphids/plant 

(ecologically engineered field) and 36.65 aphids/plant (untreated 

control) in second week of July. From there it started decreasing 

the entire growing season, the mean aphid population in control 

(31.74 aphids/plant) was more than the mean aphid population 

in the ecologically engineered field (14.42 aphids/plant). Among 

the various forms of aphid, i.e. Nymph, Alate, and Apterous, the 

mean nymph population was maximum and the alate form was 

minimum. Taking into account the importance of abiotic factors 

(weather parameters) and biotic factors (natural enemies) in the 

population buildup of Myzus persicae, a correlation, and 

regression analysis was performed (Table 3). It showed that 

there was a significant positive correlation between the 

maximum temperature (r=0.702), natural enemy population 

(r=0.698) and minimum temperature (r=0.617) with the 

population of Myzus persicae. In addition, there was a positive, 

but non-significant correlation with a mean relative humidity 

morning. The rainfall and mean relative humidity evening 

showed negative non-significant correlation with the mean aphid 

population. The multiple regression model demonstrated that 

81.50 per cent (R
2
 = 0.815) of the total variability in the aphid 

population was due to the above-mentioned weather parameters 

and natural enemy population put together. 

3.2. Population Density of Fruit Borer, H. armigera 

Table 2 presents the data that indicates the observations on 

the population density of Helicoverpa armigera larvae in the 

ecologically engineered field. From the table, it is evident 

that the Helicoverpa armigera larvae were recorded on 

tomatoes, starting from the crop establishment till the crop 

maturity stage. The fruit borer first appeared in the last week 

of June (1.05 larvae per plant) and the peak infestation of 

1.57 larvae per plant in an ecologically engineered field and 

4.67 larvae per plant in untreated control was noticed in the 

last week of July. After this, a declining pattern in the pest 

population was observed up to crop maturity, with a 

minimum infestation of 0.65 larvae per plant in the first week 

of September (Figure 2). Overall, the mean fruit borer 

population recorded in the ecologically engineered field (0.96 

larvae/plant) remained lesser than the mean population 

recorded in untreated control (2.689 larvae/plant). 

Correlation studies on the population of Helicoverpa 

armigera with weather parameters and natural enemy 

population (Table 4) revealed that it exhibits significant 

positive correlation with minimum temperature (r=0.753), 

natural enemy population (r=0.616) and maximum 

temperature (r=0.576). While as mean relative humidity 
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morning and rainfall showed positive but non-significant 

correlation and relative humidity evening showed negative 

but non-significant correlation. From the regression 

analysis it was revealed that above mentioned parameters 

explained 83.7% variation in Helicoverpa armigera 

population. 

Table 1. Population density of Myzus persicae in ecologically engineered tomato ecosystem of Kashmir during 2019. 

Standard 

Week 

Mean aphid population (per plant)* Metrological parameters Total natural Enemy 

population*** Ecologically engineered field 
Control** 

Temperature (oC) Relative Humidity (%) Rainfall 

(mm) Nymphs Alate Apterous Total Maximum Minimum Morning Evening E.E Control 

24 (11/06/19) 7.18 0.98 0.77 8.93 27.92 25.07 10.63 77.29 59.43 7.91 3.27 0.73 

25 (18/06/19) 9.06 1.05 1.14 11.25 29.76 26.71 10.67 74.57 62.43 3.03 2.80 0.85 

26 (25/06/19) 10.43 1.12 1.96 13.51 31.89 27.71 11.43 72.14 47.14 0 3.27 0.92 

27 (02/07/19) 11.24 1.47 2.42 15.13 33.99 30.64 14.14 68.57 41.71 0.86 4.87 1.33 

28 (09/07/19) 11.15 2.4 3.35 16.90 36.65 32.00 17.29 74.14 46.71 0 5.00 1.51 

29 (16/07/19) 12.67 1.37 2.74 16.78 36.42 30.93 15.93 76.29 47.57 0.71 4.20 1.22 

30 (23/07/19) 10.73 1.29 2.08 14.10 34.72 28.07 17.59 85.14 63.29 12.34 3.93 0.71 

31 (30/07/19) 12.18 1.02 3.15 16.35 32.92 30.14 17.54 88.14 57.29 1.06 5.13 2.02 

32 (06/08/19) 10.46 2.05 2.02 14.53 31.74 30.79 18.57 88.71 58.57 8.83 2.93 1.11 

33 (13/08/19) 9.58 1.55 4.28 15.41 29.71 28.21 16.71 84.00 68.14 7.2 3.60 0.82 

34 (20/08/19) 9.02 1.33 6.18 16.53 30.97 29.14 13.07 77.57 46.57 0.8 4.20 1.73 

35 (27/08/19) 8.30 2.03 4.09 14.42 29.72 28.13 16.43 82.57 60.71 0 3.87 0.76 

36 (03/09/19) 9.18 1.51 3.07 13.76 29.12 31.57 13.8 77.14 48.71 0 3.07 0.81 

37 (10/09/19) 9.79 1.87 2.67 14.33 28.90 32.14 10.23 70.14 41.86 0 3.93 0.75 

Mean 10.07 1.50 2.85 14.42 31.74 - - - - - 3.86 1.09 

SD 1.49 0.44 1.38 2.20 2.82 - - - - - 0.73 0.4 

*Mean of 4 replications 

**Control = Tomato field with general field practices; E. E. = Ecologically Engineered Field 

*** Total Natural enemy population = Mean of 12 sweeps, major natural enemies = Syrphids, Coccinellids, Spiders etc. 

Table 2. Population density of fruit borer (Helicoverpa armigera) in ecologically engineered tomato ecosystem of Kashmir during 2019. 

Standard 

Week 

Mean fruit borer larval population (per 

plant)* 

Metrological parameters 
Rainfall 

(mm) 

Total natural Enemy 

population*** Temperature (°C) Relative Humidity (%) 

Ecologically engineered field Control** Maximum Minimum Morning Evening E.E Control 

24 (11/06/19) 0 0 25.07 10.63 77.29 59.43 7.91 3.27 0.73 

25 (18/06/19) 0 0 26.71 10.67 74.57 62.43 3.03 2.80 0.85 

26 (25/06/19) 1.05 2.09 27.71 11.43 72.14 47.14 0 3.27 0.92 

27 (02/07/19) 1.34 3.34 30.64 14.14 68.57 41.71 0.86 4.87 1.33 

28 (09/07/19) 1.41 3.77 32 17.29 74.14 46.71 0 5.00 1.51 

29 (16/07/19) 1.51 3.91 30.93 15.93 76.29 47.57 0.71 4.20 1.22 

30 (23/07/19) 1.49 3.89 28.07 17.59 85.14 63.29 12.34 3.93 0.71 

31 (30/07/19) 1.57 4.67 30.14 17.54 88.14 57.29 1.06 5.13 2.02 

32 (06/08/19) 1.36 2.63 30.79 18.57 88.71 58.57 8.83 2.93 1.11 

33 (13/08/19) 0.97 3.79 28.21 16.71 84 68.14 7.2 3.60 0.82 

34 (20/08/19) 0.76 2.45 29.14 13.07 77.57 46.57 0.8 4.20 1.73 

35 (27/08/19) 0.68 1.78 28.13 16.43 82.57 60.71 0 3.87 0.76 

36 (03/09/19) 0.65 2.89 31.57 13.8 77.14 48.71 0 3.07 0.81 

37 (10/09/19) 0.7 2.43 32.14 10.23 70.14 41.86 0 3.93 0.75 

Mean 0.96 2.69 - - - - - 3.86 1.09 

SD 0.53 1.4 - - - - - 0.73 0.4 

*Mean of 4 replications 

**Control = Tomato field with general field practices; E.E. = Ecologically Engineered Field 

*** Total natural enemy population = Mean of 12 sweeps, major natural enemies = Syrphids, Coccinellids, Spiders and etc. 

Table 3. Correlation coefficients and regression model of Myzus persicae population with biotic and abiotic factors. 

Characters R Value 

X1= Maximum temperature (°C) 0.702** 

X2= Minimum temperature (°C) 0.617** 

X3= Mean relative humidity morning (%) 0.170 

X4= Mean relative humidity evening (%) -0.321 

X5= Rainfall (mm) -0.357 

X
6 
= Natural enemy population 0.698** 

Regression Model Y= - 3.875+ 0.264X1 + 0.310X2 - 0.061X3 - 0.031X4 - 0.148X5+ 0.855X6 (R
2 = 0.815) 

*Correlation is significant at 0.05 level 

**Correlation is significant at 0.01 level 

Where, Y= Total aphid population. 
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Figure 1. Graphical representation of correlation of Myzus persicae population with biotic and abiotic factors. 

 
Figure 2. Graphical representation of correlation of Helicoverpa armigera population with biotic and abiotic factors. 

Table 4. Correlation coefficients and regression model of fruit borer (Helicoverpa armigera) population with biotic and abiotic factors. 

Characters R Value 

X1= Maximum temperature (°C) 0.576** 

X2= Minimum temperature (°C) 0.753** 

X3= Mean relative humidity morning (%) 0.285 

X4= Mean relative humidity evening (%) -0.203 

X5= Rainfall (mm) 0.024 

X
6 
= Natural enemy population 0.616** 

Regression Model Y= 0.612 - 0.016X1 + 0.148X2 + 0.001X3 - 0.038X4 + 0.029X5 + 0.119X6 (R
2 = 0.837) 

*Correlation is significant at 0.05 level 

**Correlation is significant at 0.01 level 

Where, Y= Total fruit borer population. 
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Table 5. Distribution of natural enemies in the ecologically engineered tomato ecosystem of Kashmir during 2019. 

Order/family Species 

Population of natural enemies /12 sweeps* 

SW 

24 

SW 

25 

SW 

26 

SW 

27 

SW 

28 

SW 

29 

SW 

30 

SW 

31 

SW 

32 

SW 

33 

SW 

34 

SW 

35 

SW 

36 

SW 

37 
Total Mean 

Syrphidae 

Episyrphus balteatus 3 3 4 8 6 4 5 5 2 4 3 2 4 5 58 4.14 

Scaeva pyrastri 7 1 3 5 6 2 3 4 1 3 0 1 2 3 41 2.93 

Sphaerophoria scripta 0 6 5 8 7 5 6 3 2 1 4 1 3 2 53 3.79 

Sphaerophoria Indiana 3 4 2 5 7 5 3 4 2 3 1 5 1 7 52 3.71 

Syrphus sp. 3 1 3 7 5 4 4 6 3 2 8 4 3 5 58 4.14 

 
Sub-Total 16 15 17 33 31 20 21 22 10 13 16 13 13 22 262 18.71 

Coccinellidae 

Hippodamia variegata 3 3 3 8 5 3 4 4 4 2 6 4 1 5 55 3.93 

Adalia tetraspilota 3 2 5 2 4 2 3 5 1 2 8 7 3 3 50 3.57 

Cheilomenes sexmaculata 1 1 2 4 2 0 3 6 3 4 1 3 2 2 34 2.43 

Coccinella septumpunctata 2 1 2 0 4 4 1 3 3 5 4 2 2 6 39 2.79 

Coccinella transversalis 3 2 2 2 3 2 1 4 2 1 1 5 1 1 30 2.14 

 
Sub-Total 12 9 14 16 18 11 12 22 13 14 20 21 9 17 208 14.86 

Odonata 
Dragonfly 1 3 2 3 2 1 3 3 1 3 1 2 2 1 28 2.00 

Damselfly 1 2 1 0 7 10 3 8 2 1 4 3 3 2 47 3.36 

 
Sub-Total 2 5 3 3 9 11 6 11 3 4 5 5 5 3 75 5.36 

Chrysopidae Chrysoperla z.sillemi 2 1 1 3 3 4 3 1 0 3 2 4 2 2 31 2.21 

Araneidae 
Hunting spiders 12 9 10 13 10 12 12 15 13 14 14 11 12 10 167 11.93 

Web building spiders 5 3 4 5 4 5 5 6 5 6 6 4 5 5 68 4.86 

 
Sub-Total 17 12 14 18 14 17 17 21 18 20 20 15 17 15 235 16.79 

 
Total no. of predators 49 42 49 73 75 63 59 77 44 54 63 58 46 59 811 57.93 

 
Weekly Mean population 3.27 2.80 3.27 4.87 5.00 4.20 3.93 5.13 2.93 3.60 4.20 3.87 3.07 3.93 54.07 - 

*Sampling method=Sweep net, Number of sweeps=2 sweeps/day or 12 sweeps/week (Total=144 sweeps) 

#SW = Standard week of observation. 

3.3. Distribution and Relative Abundance of Predatory 

Natural Enemies 

Distribution of natural enemies in the ecologically 

engineered tomato field is presented in Table 5. Observations 

were the mean of 12 sweeps/week. Population of natural 

enemies was recorded from the first week of observation 

which increased gradually and attained peak of 5.13 in last 

week of July. Natural enemies of families/orders (Syrphidae, 

Araneae, Coccinellidae, Odonata and Chrysopidae) were 

recorded throughout the growing season. The studies on the 

relative abundance of the natural enemies (Table 6) revealed 

that among those recorded, family Syrphidae was dominant 

followed by order Araneae and family Chrysopidae was least 

dominant. From the most dominant family Syrphidae 

(24.13%), species Episyrphus balteatus (5.36%) was relatively 

more abundant than other species followed by Syrphus sp. 

(5.25%), Sphaerophoria scripta, Sphaerophoria indica and 

Scaeva pyrastri. In Coccinellidae the presence of five species 

was observed viz., Hippodaia variegata, Adalia tetraspilota, 

Cheilomenes sexmaculata, Coccinella septumpunctata and 

Coccinella transversalis. Among them Hippodaia variegata 

(5.05%) and Adalia tetraspilota (4.74%) were relatively 

dominant and Coccinella transversallis was least dominant. In 

order Odonata (6.70%), natural enemies related to sub-order 

Zygoptera (damselfly) and Epiprocta (dragonfly) were 

recorded among which Damselfly dominant was having 4.04% 

population from the total population. In family Chrysopidae 

one species Chrysoperla zastrowi sillemi was recorded. In 

order Araneae two types of spiders were recorded hunting type 

and web-building type among which hunting type spiders were 

dominant. 

Table 6. Relative abundance of natural enemies in the ecologically engineered tomato ecosystem of Kashmir. 

Order/family Species 
Relative abundance of natural enemies /12 sweeps 

SW 24 SW 25 SW 26 SW 27 SW 28 SW 29 SW 30 SW 31 SW 32 

Syrphidae 

Episyrphus balteatus 6.12 7.14 8.16 10.96 8.00 6.35 8.47 6.49 4.55 

Scaeva pyrastri 14.29 2.38 6.12 6.85 8.00 3.17 5.08 5.19 2.27 

Sphaerophoria scripta 0.00 14.29 10.20 10.96 9.33 7.94 10.17 3.90 4.55 

Sphaerophoria Indiana 6.12 9.52 4.08 6.85 9.33 7.94 5.08 5.19 4.55 

Syrphus sp. 6.12 2.38 6.12 9.59 6.67 6.35 6.78 7.79 6.82 

Sub-Total 32.65 35.71 34.69 45.21 41.33 31.75 35.59 28.57 22.73 

Coccinellidae 

Hippodamia variegata 6.12 7.14 6.12 10.96 6.67 4.76 6.78 5.19 9.09 

Adalia tetraspilota 6.12 4.76 10.20 2.74 5.33 3.17 5.08 6.49 2.27 

Cheilomenes sexmaculata 2.04 2.38 4.08 5.48 2.67 0.00 5.08 7.79 6.82 

Coccinella septumpunctata 4.08 2.38 4.08 0.00 5.33 6.35 1.69 3.90 6.82 

Coccinella transversalis 6.12 4.76 4.08 2.74 4.00 3.17 1.69 5.19 4.55 

 Sub –Total 24.49 21.43 28.57 21.92 24.00 17.46 20.34 28.57 29.55 

Odonata Dragonfly 2.04 7.14 4.08 4.11 2.67 1.59 5.08 3.90 2.27 

 Damselfly 2.04 4.76 2.04 0.00 9.33 15.87 5.08 10.39 4.55 

 Sub-Total 4.08 11.90 6.12 4.11 12.00 17.46 10.17 14.29 6.82 
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Order/family Species 
Relative abundance of natural enemies /12 sweeps 

SW 24 SW 25 SW 26 SW 27 SW 28 SW 29 SW 30 SW 31 SW 32 

Chrysopidae Chrysoperla z.sillemi 4.08 2.38 2.04 4.11 4.00 6.35 5.08 1.30 0.00 

Araneidae Hunting spiders 24.49 21.43 20.41 17.81 13.33 19.05 20.34 19.48 29.55 

 Web building spiders 10.20 7.14 8.16 6.85 5.33 7.94 8.47 7.79 11.36 

 Sub-Total 34.69 28.57 28.57 24.66 18.67 26.98 28.81 27.27 40.91 

 Sub -Total of predators 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Table 6. Continued. 

Order/family Species 
Relative abundance of natural enemies /12 sweeps 

SW 33 SW 34 SW 35 SW 36 SW 37 Mean Ranking Ranking 

Syrphidae 

Episyrphus balteatus 7.41 4.76 3.45 8.70 8.47 5.36 1 

1 

Scaeva pyrastri 5.56 0.00 1.72 4.35 5.08 3.87 5 

Sphaerophoria scripta 1.85 6.35 1.72 6.52 3.39 4.84 3 

Sphaerophoria Indiana 5.56 1.59 8.62 2.17 11.86 4.80 4 

Syrphus sp. 3.70 12.70 6.90 6.52 8.47 5.25 2 

Sub-Total 24.07 25.40 22.41 28.26 37.29 24.13 - 

Coccinellidae 

Hippodamia variegata 3.70 9.52 6.90 2.17 8.47 5.05 1 

3 

Adalia tetraspilota 3.70 12.70 12.07 6.52 5.08 4.74 2 

Cheilomenes sexmaculata 7.41 1.59 5.17 4.35 3.39 3.13 4 

Coccinella septumpunctata 9.26 6.35 3.45 4.35 10.17 3.65 3 

Coccinella transversalis 1.85 1.59 8.62 2.17 1.69 2.83 5 

 Sub –Total 25.93 31.75 36.21 19.57 28.81 19.40 -  

Odonata Dragonfly 5.56 1.59 3.45 4.35 1.69 2.66 2 4 

 Damselfly 1.85 6.35 5.17 6.52 3.39 4.04 1  

 Sub-Total 7.41 7.94 8.62 10.87 5.08 6.70 -  

Chrysopidae Chrysoperla z.sillemi 5.56 3.17 6.90 4.35 3.39 2.86 - 5 

Araneidae Hunting spiders 25.93 22.22 18.97 26.09 16.95 15.83 1 2 

 Web building spiders 11.11 9.52 6.90 10.87 8.47 6.45 2  

 Sub-Total 37.04 31.75 25.86 36.96 25.42 22.28 -  

 Sub -Total of predators 100.00 100.00 100.00 100.00 100.00 75.37 - - 

#SW = Standard week of observation 

* Ranking within the species of same family; ** ranking among orders/families. 

4. Discussion 

Tomato plants are attacked by a number of insect pests 

such as fruit borers, cutworms, aphids, jassids, green bugs, 

leaf bugs, thrips, white flies and leaf hoppers (Khan et al., 

2020b). Among them Helicoverpa armigera (Hubner) is 

present throughout the Kashmir valley and in India loss 

caused due to this pest ranges from 50-100% [43] and Myzus 

persicae (Sulzer) is a highly polyphagous species of aphids 

present throughout the world which is considered as pest 

principally due to its nature of being a very competent vector 

of viruses presenting an ominous threat to commercial 

tomato production [44]. In order to manage the population of 

these insect pests a large number of synthetic insecticides 

have been put to use since a long time [45-49]. No doubt that 

we have been able to manage these insect pests up to a large 

extent but the use of insecticides has a flip side also and that 

flip side is that indiscriminate and excessive use of 

insecticides has led to adverse effects on human health as 

well as environment. Besides causing serious damage, these 

pests have also developed resistance to almost all major 

groups of synthetic insecticides [50]. So, in order to 

minimize the harmful effects of the excessive use of these 

insecticides for the pest management we must devise 

effective strategies in this direction. And one among them is 

biocontrol which is being accepted as one of the main 

components of pest management. As part of biological 

control, endemic natural enemies offer a potential but 

understudied approach to control insect pests in agricultural 

systems. For the utilization of endemic natural enemies in 

pest management, ecological engineering which is also 

referred to as habitat manipulation helps in the conservation 

and enhancement of natural enemies by enhancing the plant 

diversity and providing adequate refugia in the agro-

ecosystem [51]. For the purpose of blending the benefits of 

ecological engineering for pest management, a study was 

carried out in which tomato crop was maintained in 

ecologically engineered field conditions at Sher-e-Kashmir 

University of Agricultural Sciences and Technology of 

Kashmir, Shalimar, in 2019. Discussion of the results of the 

investigations is given under the following headings. 

4.1. Status of Pests and Natural Enemies in the Arena of 

Ecologically Engineered Tomato 

In the study it was found that the differences in population 

of pests (Helicoverpa armigera and Myzus persicae) and 

their natural enemies were non-significant in the ecologically 

engineered tomato field. It suggested that the insect 

population and the population of natural enemies were 

homogenous. This demonstrates that regardless of the 

management practices adopted other than ecological 

engineering; the pest population was kept under check by 

natural enemies. These results are in synchrony with the 
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findings of Latha et al. [52] who reported that favorable 

conditions for natural enemies are present in ecosystem and 

in the absence of chemical pesticides (external forces) natural 

enemies control the tomato pests in ecologically engineered 

field. An increase in the number of parasitoids and predators 

is seen through enhancement of biodiversity by using 

different flowering plants in and around the field due to 

availability of food and shelter [53]. Zhu et al. [54] also 

reported that pest management through ecological 

engineering, a human activity to modify the environment, 

involves selection of practices from agronomically feasible 

options. 

4.2. Population Density of Myzus Persicae 

Data on the population density of Myzus persicae in 

ecologically engineered field revealed that the infestation of 

aphid was initially low in the second week of June (24
th 

standard week) which increased gradually with the increase 

in temperature and attained peak in second week of July (28
th 

standard week). Thereafter, a decrease in the population was 

seen as the crop advanced towards maturity. The possible 

reason for the decrease in population may be due to the 

increase in natural enemy population which were 

continuously keeping the aphid population under check. 

These findings are in partial agreement with that of Tomar 

[55] who found out that population of aphid started from 28
th

 

standard week and remained up to a first standard week with 

peak infestation in 37
th

 standard week. Contrary to this, Hath 

and Das [56] found that the population of aphid was low 

from third week of February to the last week of March, 

whereas Reddy and Kumar [57] reported peak population of 

two aphid species (Aphis gossypii and Myzus persicae) 

during November and February on tomato at Bangalore, 

Karnataka. The reason behind this contrast may be the 

climatic difference in the two regions (Kashmir and 

Karnataka). 

During the entire growing season, the mean aphid 

population in control was more than the mean aphid 

population in the ecologically engineered field, which again 

proved the effect of trap and cover crops which were helpful 

in increasing the natural enemy population to keep the pest 

population under check. Among the various forms of aphid, 

i.e., Nymph, Alate and Apterous, the mean nymph population 

was maximum and the alate form was minimum. 

The results of the study revealed that there is a significant 

positive correlation between the aphid population and 

maximum temperature, minimum temperature and the natural 

enemy population. In addition, there was a positive, but non-

significant correlation with a mean relative humidity 

morning. The rainfall and mean relative humidity evening 

exhibits negative non-significant correlation. The multiple 

regression model demonstrated that 81.50 percent (R
2
= 

0.815) of the total variability in the aphid population was due 

to the above-mentioned weather parameters and natural 

enemy population put together. The results differ some extent 

from that of Sarangdevot et al. [58] who reported that the 

aphid population was significantly negatively correlated with 

mean temperature and positively correlated with relative 

humidity. Shakeel et al. [59] found that there was a 

significant negative correlation between aphid population and 

minimum and maximum temperature, further a positive 

correlation with relative humidity. It may be due to the 

climatic difference of the regions; in Kashmir temperature 

hardly exceeds the limits that are not feasible for the growth 

and development of aphid. While as Tomar [55] and Neupane 

and Subedi [60] reported a significant positive correlation 

between maximum and minimum temperature which is in 

line with the present study. During the present study, it was 

found that rainfall has negative nonsignificant correlation 

with the mean aphid population which is contrary to most of 

the authors, the probable reason behind this is that during 

current season there was no significant rainfall which would 

have lowered the aphid population significantly. 

4.3. Population Density of Fruit Borer, H. armigera 

The population density data of Helicoverpa armigera in 

the ecologically engineered field conditions revealed that the 

infestation of Helicoverpa armigera on tomato started in the 

last week of June with a peak infestation observed on the last 

week of July. After this, declining pattern in the pest 

population was observed with a minimum infestation in first 

week of September. These results are in synchrony with the 

findings of Boukhris-Bouhachem et al. [61] who found out 

that the pest was active from May to November and 

maximum trap catch of adults, eggs and larvae stages were 

observed in the month of July. While as Ganai et al. [62] 

found out that the pest first appeared from the 7
th

 standard 

week and was prevalent till the 18
th 

standard week with the 

15
th

 standard week as its peak activity period which is in 

contrast with this study, which may be due to the climatic 

difference in two regions i.e., Jammu and Kashmir. 

The mean borer population recorded in the ecologically 

engineered field was less than the population recorded in 

untreated control indicating the efficacy of trap crop 

marigold in reducing the pest population. 

Correlation studies on the population of Helicoverpa 

armigera with weather parameters and natural enemy 

population revealed that it exhibits a significant positive 

correlation with minimum temperature, natural enemy 

population and maximum temperature. While as mean 

relative humidity morning and rainfall showed positive but 

non-significant correlation and relative humidity evening 

showed negative but non-significant correlation. From the 

regression analysis it was revealed that above mentioned 

parameters explained 83.7% variation in H. armigera 

population. Ganai et al. [62] revealed that the larval 

population of H. armigera shows a highly significant positive 

correlation with mean maximum temperature and mean 

minimum temperature while a negative but non-significant 

correlation with mean relative humidity (evening) and mean 

rainfall which is in conformity with this study. They also 

found out that H. armigera has got highly significant 

negative association with mean relative humidity (morning) 

which contradicts with the results of present study again the 



57 Baber Parvaiz and Akhtar Ali Khan:  Conservation of Predatory Fauna and Decline of Insect  

Pests Status in Ecologically Engineered Tomato Ecosystem of Kashmir 

probable reason may be the difference in climate in the two 

regions. Singh et al. [63] found out that maximum and 

minimum temperature has significant positive correlation 

with larval population H. armigera while as relative humidity 

(morning and evening) are non-significantly correlated with 

the population of H. armigera which is in partial agreement 

with this study, similar results were also reported by Reddy et 

al. [64] and Kumar et al. [65]. 

4.4. Distribution and Abundance of Predatory Natural 

Enemies 

Distribution of natural enemies in the ecologically 

engineered tomato field revealed that population of natural 

enemies was recorded from the first week of observation 

which increased gradually and attained peak in second week 

of July. This may be due the reason of the availability of 

enough prey. Natural enemies of families/orders (Syrphidae, 

Araneae, Coccinellidae, Odonata and Chrysopidae) were 

recorded throughout the growing season. The studies on the 

relative abundance of the natural enemies revealed that 

among the recorded families Syrphidae was dominant 

followed by order Araneae and family Chrysopidae was least 

dominant. From the most dominant family Syrphidae, the 

species Episyrphus balteatus was relatively more abundant 

than other species followed by Syrphus sp. and Scaeva 

pyrastri was least dominant. In Coccinellidae Hippodaia 

variegata and Adalia tetraspilota were relatively dominant 

and Coccinella transversalis was least dominant. In order 

Odonata, natural enemies related to sub-order Zygoptera 

(damselfly) and Epiprocta (dragonfly) were recorded among 

which Damselfly was relatively dominant. In family 

Chrysopidae one species Chrysoperla zastrowi sillemi was 

recorded. In order Araneae two types of spiders were 

recorded hunting type and web-building type among which 

hunting spiders were dominant. These results are in 

conformity with the studies of Khan et al. [66] who surveyed 

different districts of Kashmir to identify potential natural 

enemies in vegetable ecosystem and reported that the natural 

enemies of the families such as Coccinellids, Chrysoperla, 

Syrphid flies, spiders, Dragonflies, Damselflies, etc. were 

prevalent in the Valley. Also, Khan et al. [67] found out that 

in the horticulture ecosystem of Kashmir valley 15 species of 

coccinellids were present among which Adalia tetraspilota 

was dominant followed by Hippodamia variegata which is in 

partial agreement with this study. 

5. Conclusion 

The population density of Myzus persicae in ecologically 

engineered field revealed that the aphid population in control 

(31.74 aphids/plant) was significantly high than the aphid 

population in the ecologically engineered field (14.42 

aphids/plant). Similarly, the overall fruit borer population 

recorded in the ecologically engineered field (0.96 

larvae/plant) remained lesser than the population recorded in 

untreated control (2.689 larvae/plant). Natural enemies of 

families/orders Syrphidae, Araneae, Coccinellidae, Odonata 

and Chrysopidae were recorded throughout the growing 

season. Among the recorded families/orders Syrphidae was 

dominant followed by order Araneae and family Chrysopidae 

was least dominant. Total enhancement and conservation of 

natural enemies population was 3.86/plant as compared to 

control plot (1.09/plant) was certainly helps in the minimized 

the population of Myzus persicae and Helicoverpa armigera 

in ecologically engineered field conditions. Due to high 

natural enemy population in ecologically engineered tomato 

field the prey: defender ratio was balanced in the field. In 

future needs to works on the patchy application of 

insecticides/inoculative release of natural enemies when the 

insect population will much high on particular plants of 

ecological engineered tomato crops and not managed by this 

techniques. This method will be very useful pest 

management in future if the pest population will increase 

above Economic Injury Level in ecological engineered 

tomato crop. 
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