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Abstract
Organic farming is known to enhance the diversity and abundance of biological control agents thus,
complements integrated pest management (IPM). There is little published literature from cotton crop
grown organically with respect to abundance and diversity of natural enemies. In this study we present
the assemblage of arthropods predatory communities from the organically as well as conventionally
grown cotton. We noted two Coccinellids species (Coccinella undecimpunctata L., Coccinella
septempunctata L.), Formicid, Orius insidious (Say), two spider species (Thomisidae and Araneidae) and
Encarsia formosa Gahan in both kinds of �elds, but their populations and diversity were more abundant
in organically managed �elds. In organic cotton, species richness was signi�cantly higher and Simpson
dominance was signi�cantly lower compared to conventional counterpart in 2019 and reverse situation
was observed in 2021. Moreover, Chrysoperla carnea (Stephen) were observed only in organically grown
cotton. Spiders and formicids �rst appeared almost at the same time when hemipetran pests were
recorded. This study demonstrates that organically grown cotton fosters more densities of biological
control agents and their species. Our results proved that pest management is triggered by two
phenomena in organic farming. First, pest densities are reduced by the number of natural enemy species
(species richness) when dominance is lower, and secondly, by the limited number of dominant species
present in organic �elds when species richness is lower. We also discuss implications of our results for
pest management on organically grown cotton in the context of ecosystem services.

Introduction
The inevitable dependence of agricultural farming on synthetic chemicals to meet the increasing global
food demand adversely effects biodiversity, ecosystem and human health (Beketov et al., 2013;
Mahmood et al., 2016; Nicolopoulou-Stamati et al., 2016; Tilman et al., 2001). The importance of
agrochemicals in ful�lling the yield gaps in various agricultural crops is irrefutable but their
contamination of ecosystem (e.g. soil and water) can be seen as a major concern locally and globally
(Tang et al., 2021). Organic farming being a prototype of sustainable agriculture, might be a better
substitute of conventional agriculture which can help to reduce the environmental impacts of
agrochemicals and capable to conciliate agricultural productivity and conservation of biodiversity in
agroecosystems (Phalan et al., 2011). Organic farming system favors utilization of organic materials
including biopesticides (Seiber et al., 2018), legume crops (Bedoussac et al., 2015), organic waste of
farm, animal manures (Olesen et al., 2009) and crops residues (Stinner et al., 2008). This system of
production encourages management of pest from natural resources (natural enemies) to maintain the
environment sustainable (Muneret et al., 2018b; Rigby & Cáceres, 2001).

Among the many biotic factors responsible for decreasing yield of cotton, Gossypium hirsutum L.,
arthropods is a leading factor and may cause 30 to 40% losses in raw cotton production (Oerke & Dehne,
2004). Various control methods are being used to control insect pests but chemical control is the only
option in the cotton production systems of the world (Razaq et al., 2019a; Razaq et al., 2019b). According
to an estimate 16% pesticides are used to control cotton insect pests in the world whereas in Pakistan
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61.9% are applied for this crop (CCRI, 2019). Excessive use of these chemicals in conventional farming
system affect the ecosystem, human health, food chain, and non-target species (Bolzonella et al., 2019;
Muncke, 2009; Ricupero et al., 2020). Moreover, reducing the intensity of management practices at �eld
could enhance abundance and species richness of natural enemies (Winter et al., 2018).

Phytophagous hexapods responses towards plants are changed by farming practices as they response
negatively to organically managed crops while attracted towards conventionally grown crops. Crops in
organic farming system produce such volatile substances that attract natural enemies which may
biologically control the insect pests (Drinkwater et al., 1995; Garratt et al., 2011; Morales et al., 2001;
Shrivastava et al., 2010). Reduction of insect pests population by natural enemies is considered as an
alternative control to pesticide use and it may help to reduce target pests without disturbing the
environment and non-target species (Dainese et al., 2017; Snyder, 2019). The e�ciency of biological
control of insect pests may be affected by various factors, including availability of alternate host plants
or weed reservoirs during inter-harvest period (Saeed et al., 2015) and farming practices (Karungi et al.,
2006; Puech et al., 2014). Many researches have studied the effects of organic and conventional farming
practices on the diversity and abundance of natural enemies of insect pest in different crops such as
cereals and tomato (Bengtsson et al., 2005; Hole et al., 2005).

Cotton is the principal crop that provides food (e.g. oil) (Saxena et al., 2011), �ber and fuel (burning of
sticks for cooking food) (Davidonis et al., 2004; Mirza et al., 2008) and important source of income for
female workers in developing countries (Kouser & Qaim, 2017). Most cotton growers in the developing
countries of Asia have small land holdings of usually less than 2 hectares therefore they grow for their
subsistence. Organic farming system is reliable to improve farmer’s livelihood at small level while unable
to provide high bene�ts (Bachmann, 2012). All the cotton grown in Pakistan is managed with
conventional production system and conventional cotton production system requires chemical
insecticides to manage a complex of hexapod pests such as plant hoppers Amrasca bigutulla (Ishida),
white�y Bemisia tabaci (Gennadius) and thrips Thrips tabaci (Lindeman). Cotton crop is also notorious
for development of insecticides resistance in its herbivores pest (Razaq et al., 2013). Therefore, farmers
have to apply high doses of insecticides and their mixtures to reduce the losses by arthropods pests.
However comparable effects of organic and conventional farming system on natural enemies have yet to
be carried out. The present study aimed to compare the effects of organic and conventional farming
systems on abundance and diversity of arthropods natural enemies in G. hirsutum.

Materials And Methods
The experimental work was undertaken during the month of May and June in 2019 and 2021,
respectively. The experiment consisted of two �elds i.e., organic and conventional grown cotton on an
area of 0.0432ha, respectively. A non-transgenic cotton variety CIM-573 was sown on May 31st, 2019,
and 5th June, 2021on rows with plant-to-plant distance of 23 cm and row to row distance of 75 cm.
Cattle manure was applied to the organic �eld instead of fertilizer. The nitrogen and phosphorus
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fertilizers with recommended doses of 198 and 87 kg/hectare were applied. The seeds were germinated
in about 6–10 days and then thinning was done to maintain a 23cm distance between the plants.

Sampling and data analysis
Experimental �elds were visited twice a week to examine the incidence of predators and arthropod pests.
When the pests appeared in the �eld then their population was monitored weekly from end of July till the
mid October in both years by randomly selecting 30 plants from both the �elds. The natural enemies were
counted from a leaf of upper, middle and lower portions of the plants (Ahmed et al., 2014; Razaq et al.,
2005). The richness index of arthropods in organic and conventional �elds was calculated by using
Margalef’s richness index formula.

SR =
S − 1
ln(N)

Where SR is the Margalef’s richness, S is total number of species in the given sampling unit and N is the
total abundance of all species in given sampling unit.

Diversity index of arthropods in organic and conventional �elds was calculated by using Shannon –
Weaver diversity index formula.

H = SPilnPi

Where H is the Shannon – Weaver diversity, Pi represents the proportion of single species in the total
abundance of a given sampling unit.

Dominance index of arthropods in organic and conventional �elds was calculated by using Simpson
dominance index formula.

C = Σ Pi
2

Where C is the Simpson dominance, Pi represents the proportion of single species in the total abundance
of a given sampling unit.

Effects of organic and conventional farming on seasonal mean numbers of arthropods predators per
leaf, richness, diversity, and dominance of arthropod predators were tested by two independent sample t-
test. All data analysis was carried out using SPSS software package.

Results

Abundance

( )
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Natural control agents recorded during both years were ladybird beetles, Coccinella undecimpunctata L.,
Coccinella septempunctata L. (Coleoptera: Coccinellidae), anthocorid bug Orius indiosus (Hemiptera:
Anthocoridae), Formicids (Hymenoptera: Formicidae), Spiders (Aranea: Thomisidae and Araneidae) and
Encarsia formosa from the organic as well as conventional grown cotton. Seasonal mean populations of
all predatory arthropods, O. indiosus, Coccinellids, Spiders and Formicids were more abundant in organic
�elds as compared to conventionally grown cotton (Fig. 1, Table 1). It was interesting to note that a
generalist and predator Chrysopid, Chrysoperla carnea (Stephen) (Neuroptera: Chrysoperlidae) was
observed only in organically managed �eld late in the season in September. During the growing season of
cotton A. bigutulla, B. tabaci, T. tabaci, Oxycarenus laetus (Kirby) and Pectinophora gossypiella
(Saunders) were noted as pests (data not shown and will be published later). Although populations of key
sucking pests belonging to insect order Hemiptera (A. bigutulla, B. tabaci, T. tabaci) appeared in the mid
of the July but their notable populations were observed on 24th July. The population of formicids
(Fig. 2a) and spiders (Fig. 3a) were �rst predators noted with the pests i.e. from 24th July and were
present till second week of October in 2019. While in 2021, formicids were observe late in September
(Fig. 2b) and spiders were observed from end of August till the end of season (Fig. 3b). Coccinellids noted
from 28th August (Fig. 4a) in 2019, while in 2021, from 25th August (Fig. 4b). Orius indiosus appeared
late in the season i.e. from 11th September and was present until 10th October (Fig. 5) in 2019 only.

Table 1
Statistics for comparison of seasonal mean

populations (averaged across all the sampling dates)
of predators

Year Natural enemy species t-value P-value

2019 Formicids 4.85 0.008

Spiders 4.48 0.011

Coccinellidae 3.153 0.025

Orius insidiosus 7.93 0.001

Encarsia formosa 14.55 0.000

Chrysoperla carnea 6.50 0.003

2021 Formicids 4.96 0.008

Spiders 19.67 0.000

Coccinellidae 4.11 0.015

Richness and Diversity
Natural enemies’ richness was higher in organic �elds in 2019 (t = 32.06, DF = 4, P = 0.000, Fig. 6a),
however their richness was greater in conventional �elds (t = -12.06, DF = 4, P = 0.000, Fig. 6b) in 2021.
The diversity of natural enemies was signi�cantly higher in organic �elds of cotton compared to
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conventional �elds during 2019 (t = 14.436, DF = 4, P = 0.000, Fig. 7a) and 2021 (t = 24.607, DF = 4, P = 
0.000, Fig. 7b). The dominance index of natural enemy was signi�cantly greater in conventional �elds
during 2019 (t = -7.96, DF = 4, P = 0.001, Fig. 8a) while contrarily a signi�cantly higher index of natural
enemy was recorded in in organic �elds during 2021 (t = 22.84, DF = 4, P = 0.000, Fig. 8b).

Discussion
We concluded that populations of arthropod natural enemies (Encarsia formosa, O. indiosus, Coccinellids,
C. carnea, Spiders and Formicids) recorded from organically managed �elds were comparable with
conventional �elds. Moreover, generalist predator of Chrysopidae were observed only organic crop. The
abundance of arthropods predator and their diversity has been reported to be in�uenced by different
farming practices in cotton �eld. In two year study populations of predatory species Dolichopodidae,
spiders, adults and immature of Orius spp., Geocoris spp., predatory Coccinellidae, and Nabidae, larvae of
Corydalidae and Hemerobiidae were reported more in cotton �eld under organic farming practices than
conventional �eld (Jackson, 2006).

Organic farming enhances the biological control services of ecosystem by provision of refuges to
immature and breeding sites to adults of natural enemies (Lu et al., 2015; Muneret et al., 2018a; Swezey
et al., 2007) consequently enhancing their densities. Our results suggests organic farming support higher
abundance of natural enemies in both years, which is consistent with previous studies (Attwood et al.,
2008; Bengtsson et al., 2005; Garratt et al., 2011; Hole et al., 2005). There were 17–56% more arthropods
predators (Carabid beetle, Chrysopidae, Coccinellidae, Syrphidae and spiders) in organic �eld of wheat
(Purtauf et al., 2005), vegetables (Aldebron et al., 2020), cotton (Lu et al., 2015) and 62% more population
of ground-dwelling spiders in wheat �eld under organic farming practices as compared to conventional
�elds (Schmidt et al., 2005). The higher abundance of natural enemies in organic farming system might
be due to absence of synthetic chemicals.

Populations of pests are reduced due to species richness (Mabin et al., 2020) and or their dominance
(Crowder et al., 2010) of the biological control agents in the agricultural landscapes. Our results proved
that organic farming cotton supported higher diversity (Shannon – weaver diversity) of natural enemies
in both the years. Although species richness was lower in the year 2021 in organically managed cotton,
but their dominance was also greater. Lower species richness might be due to the negative interaction of
dominant natural antagonists with rear or less abundant natural enemies (Muneret et al., 2019). The
limited number of natural enemy species with higher dominance also keeps prey species population at
lower levels. Therefore, both cases will improve pest management, ultimately reducing the burden of pest
management inputs. These results are inconsistent with previous studies on other ecological function
documented that, only limited and more abundant pollinators take part in pollination in agroecosystems
(Kleijn et al., 2015).

Organic �elds supported more population of ladybird beetle and carabids beetle in wheat (Gri�ths et al.,
2008; Landis et al., 2000; Puech et al., 2014). Organic nutrients and plant residues increase the microbial
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activity in soil which provides the energy by decomposition for a new food web. Most of the collembolan,
dipteran, mites and nematodes feed on these microorganism known as fungivores and these are fed up
by different natural predators like spiders and carabid (Laakso & Setälä, 1999; Xu et al., 2011). Plant
nourishment has ability to change the chemistry of volatiles. Crops grown in organic farming system
produced such volatile compounds that attract natural enemies (McCormick et al., 2012; Naguib et al.,
2012; Rossetto et al., 2013; Shrivastava et al., 2010) thus increase the bottom-up effect those may
indirectly drive the top-down effect due to enhancement of natural enemies, consequently increasing the
biological control of herbivores (Lu et al., 2015). Our study suggests that organic agricultural practices
may induce the bottom-up effect that could indirectly drive the top-down effect with an increase in the
population of predators which may enhance the biological control of insect pests (Walker & Jones, 2001).

Further research is needed to develop sensible pest management keeping the role of natural enemies in
organic cotton production systems. One of the best options is the incorporation of the plant extracts
derived from local plants, these have been proved effective in managing aphids on wheat and several
lepidopterans species and aphids on crucifers (Razaq & Shah, 2022; Shah et al., 2017; Shah et al., 2019).
Historically cotton is notorious for development of resistance to pests across the globe (Razaq et al.,
2019). Resource poor farmers face economic di�culties to pay for costly chemicals and cannot manage
insect pests mostly due to resistant populations. Biorational insecticides based upon extracts from local
plants have also been proved favorable with respect to economic returns as compared to synthetic
chemicals besides other several advantages (Amoabeng et al., 2014). Therefore, further research is
required to determine role of biorationals insecticides so that subsistence growers of cotton for may get
economic bene�ts.

Conclusions
We recorded four taxa of predatory arthropods e.g., ladybird beetles (Coleoptera: Coccinellidae),
anthocorid bug (Hemiptera: Anthocoridae), Formicids (Hymenoptera: Formicidae) and Spiders (Aranea:
Thomisidae and Araneidae) with typically greater populations in organically managed cotton �elds as
compared to conventional crop. Interestingly a generalist and important predator C. carnea was observed
only in organically managed �eld late in the season. Higher densities of predators may have implications
for IPM in organic cotton as this scenario ultimately depicts lower populations of insect pests thus
requiring lower inputs for management. Botanical extracts prepared from the local plants available
without any cost in the developing countries are advocated to be the important source for managing
insect pests. Therefore, further research is required to evaluate their e�cacies and bene�t cost analysis in
comparison with synthetic chemicals. Finally, this option will be better for cotton growers with small
holdings as they cannot pay for insecticides or apply them too late after insect pests have caused
signi�cant losses due to unavailability of costs for insecticides.
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Figure 1

Mean seasonal populations (±SE) of arthropods natural enemies per leaf in conventional and organic
�elds of cotton in (a) 2019 and (b) 2021. Bars topped with line having * show P < 0.05, ** show P < 0.01
and *** show P< 0.001.

Figure 2
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Mean (±SE) numbers of Formicids per plant on different sampling dates in conventional and organic
�elds of cotton in (a) 2019 and (b) 2021. 

Figure 3

Mean (±SE) numbers of Spiders per plant on different sampling dates in conventional and organic �elds
of cotton in (a) 2019 and (b) 2021. 

Figure 4
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Mean (±SE) numbers of Coccinellids per plant on different sampling dates in conventional and organic
�elds of cotton in (a) 2019 and (b) 2021. 

Figure 5

Mean (±SE) numbers of O. indiosus per plant on different sampling dates in conventional and organic
�elds of cotton in 2019.



Page 16/18

Figure 6

Margelef’s richness index for natural enemies in organic and conventional cotton in (a) 2019 and (b)
2021. Bars topped with line having *** show P< 0.001.
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Figure 7

Shannon – Weaver diversity index for natural enemies in organic and conventional maize in (a) 2019 and
(b) 2021. Bars topped with line having *** show P< 0.001.
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Figure 8

Simpson dominant index for natural enemies in organic and conventional maize in (a) 2019 and (b)
2021. Bars topped with line having *** show P< 0.001.


