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ABSTRACT

Cotton (Gossypium spp) remains a significant source of income in Africa. However, production is limited by
high input costs that reduce profit margins. This study aimed to conduct cost analysis on field trials that
were conducted to evaluate the effect of chemical insecticides, Chlorpyrifos® 480 EC, Karate® EC, and
Bandit® 350 SC compared with biopesticides, Eco-Bb®, Bolldex®, Delfin® NOMU-PROTEC® and Bb
endophyte on the control of cotton insect pests. Delfin® (US$602) was the most expensive pesticide,
followed by Bolldex® (US$495.74), while the cheapest pesticide was Chlorpyrifos® (US$28). Other input
costs were US$1 396.50 per hectare, with the highest labor cost of US$544. The minimal cost of production
from the bollworm trial was recorded from the application of Karate® (US$1 455), while Delfin® (US$1
999) was the highest. Maximum average seed cotton yield was recorded with Bolldex® (6 402 kg ha'1);
however, the maximum net profit of up to US$1 445.26 per hectare was registered with Karate® with the
highest cost-benefit ratio of 1.8. The average highest seed cotton yield was obtained with Bandit® (6 394
kg ha1) followed by Bb endophyte (6 297 kg ha'l) in the leafthopper trial. Bandit® and Karate® had the
highest net profits of US$ 1,712 and US$ 1,253, respectively. The Bandit® treatment had the highest cost-
benefit ratio of 2. Generally, biopesticide application was found to be more expensive than chemical
insecticides; however, they were all profitable.
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and more than 2,000 smallholder farmers in
INTRODUCTION

South Africa grow cotton in Mpumalanga,
Northern Cape, KwaZulu-Natal, Limpopo, and
North West provinces [7]. Production area
increased in 2019 compared to the previous

Cotton, Gossypium hirsutum L. (Malvaceae), is an
important crop mainly used for fiber [1]. Africa is
responsible for about 8% of the world cotton

market [2], mainly produced by smallholder
farmers [3]. The cotton industry supports over
350 million people, primarily smallholder
farmers from developing countries [4].
Smallholder farmers in Africa mostly produce
cotton in small fields [5]. Cotton is grown on
labor-intensive family farms [6] in over 20 sub-
Saharan countries [2]. About 250 commercial
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season by 42% for dry and 22% for cotton under
irrigation [7]. Despite this, various insect pests
widely affect cotton yields and fiber quality [8].
Chemical insecticides are often used because
they are easily accessible and most effective in
controlling pests [9] However, insecticides affect
the quality of the environment [10], water and
humans [11]. Misusing insecticides also leads to
resistance in target pests and harmful effects on
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non-target organisms [12]. By 2019, more than
500 pesticides were registered in South Africa
[13].

Biopesticides can potentially reduce the use of
chemical insecticides while reducing insect
resistance and increasing cotton yields [14].
However, the technology has not been well
studied in developing countries, especially for
smallholder farmers [15]. In Sub-Saharan Africa,
biopesticides are adopted due to the absence of
widespread IPM implementation [16], high
prices, unpredictable field performance, and
government policies [17]. The research to
develop and promote biopesticides in Africa
dates to the 1960s [18]; however, funding and
the impact on agriculture are limited [16]. In
South Africa, research and development on
biopesticides have increased in recent years, and
there are over 30 products registered [13].
Between 2014 and 2019, biopesticides
accounted for approximately US$4 billion of the
US$61.3 billion global insecticide market [19]. By
2022, Industry Research Biz (2023) predicted
that the global market for biopesticides was over
US$ 5 643 million and expected to reach US$ 11
378 million by 2028 [20].

Small-scale farmers struggle to obtain better-
quality cotton seeds, insecticides, and fertilizers
to improve production [21]. The price of these
production inputs has increased, leading to
increased production costs [2]. The introduction
of Bt cotton cost farmers more than non-Bt
varieties due to technological costs [22]. The
increased cost per hectare of cotton production
has steadily reduced the profit margin, while its
prices, inputs, and weather significantly impact
cotton production [23]. Plant protection is crucial
to improve yield and profitability since each
production input plays an important role in
cotton production. The present study has been
undertaken to identify the influence of these
inputs.

Furthermore, farmers must understand the
financial possibility of introducing biopesticides
to the market in order to make lucrative
decisions. The economic benefits of genetically
modified cotton to small-scale growers in South
Africa have been well documented [24];
however, no cost-benefit analyses have been
conducted on the biological control of non-
genetically modified cotton for small-scale
farmers. Therefore, this study attempted to

estimate the input costs and the gross profit of
cotton production. The study will examine the
cost-benefit analysis of biopesticides and
chemical insecticides on

modified cotton.

non-genetically

MATERIALS AND METHODS

Trials site, layout, and planting

Field trials to control bollworms and leafthoppers,
was conducted at the Agricultural Research
Council (25°39.0S, 27°14.4E) in Rustenburg,
South Africa. The trials were randomized block
design, with each treatment repeated four times.
Conventional cotton seed DeltaOPAL, a non-GM
cultivar from Monsanto, was planted under
irrigated conditions.

Insecticides application

In the bollworm experiment, Bb endophyte
(University of KwaZulu-Natal: Pietermaritzburg,
South Africa), Eco-Bb®, Bolldex®, and Delfin®
(Andermatt Madumbi: Hilton, KwaZulu-Natal)
were compared with pyrethroid, Karate®
(Syngenta: Centurion, South Africa), and
untreated control. In the leafhopper experiment,
Eco-Bb®, Bb endophyte, and NOMU-PROTEC®
(Andermatt PHP: Midlands, South Africa), were
evaluated in comparison with the insecticides,
Karate® EC, Bandit® 350 SC and Chlorpyrifos®
480 EC (Arysta LifeScience: Durban, South
Africa), and untreated control. Insecticide
application commenced 13 weeks after planting,
with ten weekly applications conducted. Because
of the UV sensitivity of the biopesticides,
insecticide applications were done later in the
day [25] using knapsack sprayers. Two laborers
administered the insecticides and conducted
weed hoeing at the wage rate of US$10.87/day
for ten applications and at the cost of five
laborers per day for ten days.

Cost-benefit analysis

Costs for seed and pesticides, field preparation,
and trial maintenance were all in the cost-benefit
analysis. The study did not consider externalities
related to each treatment, such as possible effects
on the environment, natural enemies, and the
safety of farmworkers and consumers. The
suppliers provided the costs for the treatments
and seed, and the ginnery's selling price
determined the cost per kilogram of seed cotton.
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The net Return was determined using the
formula below, adapted from Ali et al. (2012)
[26]:

Net Return = Total revenue earned — Total cost of
production

)

After input costs are deducted, the net Return is
the profit generated after selling seed cotton to a
ginnery. At the same time, total revenue refers to
the quantity received.

Cost-benefit ratio

Using the cost of each treatment and seed cotton
yield, the cost-benefit ratio was computed. The
formula below, utilized by Gayi et al. (2017), was
used to construct the cost-benefit analysis cost
ratio of the treatments [15]:

Cost-Benefit Ratio = Total income earned + Total
cost of production

O]

The revenue from selling seed cotton is
represented by the total income earned. The total

cost of production shows the costs incurred to
produce the cotton seed yield. The following
index was used to determine the benefit-cost
ratio: A seed cotton yield was deemed
commercially sustainable if the benefit-cost ratio
was greater than 1, and less than one suggested
that the yield was not. A break-even benefit-cost
ratio of 1 was assumed.

RESULTS AND DISCUSSION

Cost of pesticides

Table 1 provides the cost of each treatment per
hectare. The highest treatment cost was
documented where Delfin® (US$602.32) and
Bolldex® (US$495.74) were applied. The lowest
price of treatment per hectare was observed with
Chlorpyrifos® 480 EC (US$27.93). The lowest
cost of the other treatments was US$46.80, while
the highest was US$226.44.

Table 1. Application rates and costs of biopesticides and chemical insecticides

Trade name Active ingredient Rate Unit cost Total*
Eco-Bb® Beauveria bassiana 300g/ha US$22.64/300g US$226.44
Bolldex® Nucleopolyhedrovirus 200ml/ha US$123.94/500ml US$495.74 46
Delfin® Bacillus thuringiensis 1kg/ha US$60.23/kg US$602.32
Bb endophyte Beauveria bassiana 300g/ha US$22.64/300g US$226.44
NOMU-PROTEC® Metarhizium rileyi 300g/ha US$22.64/300g US$226.44
Karate® EC Lambda-cyhalothrin 120ml/ha US$49.06/1 US$58.87
Chlorpyrifos® 480 EC Chlorpyrifos 200ml/ha US$13.96/1 US$27.93
Bandit® 350 SC Imidacloprid 200ml/ha US$23.40/1 US$46.80

*The total value is based on ten sprays per hectare at the application rate. The price unit has been converted to the United States dollar based on the average

exchange rate in 2018: ZAR 13.2488.

Production costs

The list and costs of inputs needed to grow one
hectare of cotton are displayed in Table 2. In
addition to the expenses incurred for obtaining
the pesticides, the additional costs associated
with production amounted to $1 396.50 per
hectare. These expenses cover seed, clearing the
land, planting, pulling weeds, dousing with
pesticides, and harvesting. The manual weed
control method incurred the highest cost of
$543.45, with harvesting coming in second at
$360.79. The total production costs for each
treatment are shown in Tables 3-6. In the

bollworm experiment, the treatment with
Karate® EC (US$1 455.38) showed the lowest
production costs per hectare, while the
treatment with Delfin® (US$1 998.82) showed
the highest production costs. The leafthopper
experiment plots treated with chemical
insecticides had the lowest production costs. The
most affordable options were Chlorpyrifos® 480
EC (US$1 424.43), Bandit® 350 SC (US$1 443.30),
and Karate®EC (US$1 455.38). The application of
Eco-Bb®, Bb endophyte, and NOMU-PROTEC®
resulted in the highest costs, totalling US$1
622.94.

Table 2. Total input costs for the other production activities

Input Quantity Cost/ha
Cottonseed 8kg/ha US$78.12
Ripping Tractor hire/ha US$84.31
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Discing Tractor hire/ha US$56.23

Planting Tractor hire/ha US$56.23

Hand hoeing 5 workers/day for 10 days @ US$10.87 US$543.45

Spraying of pesticides 2 workers/day for 10 days @ US$10.87 US$217.38

Harvesting Tractor hire/ha US$360.79
Total US$1 396.50

Table 3. Estimates of cost-benefit analysis of the chemical and biological insecticides in the cotton bollworm experiments

during in 2017

Cost/ Cotton Net Cost-
Treatments Quantity Other costs Total costs . Cost/kg Income benefit
treatment* yield Return A
Ratio
hat (US$ ha™) (US$) (US$) (kg hat) (US$) (US$ hat) (US$ ha™)
Control 0 US$0 US$1396.50 US$1 396.50 4168 US$0.45 US$1887.57 US$491.06 1.4

Eco-Bb® 300g US$226.44

US$1 396.50

US$1 622.94 3055 US$0.45 US$1383.52 -US$239.42 0.9

Bolldex® 200ml US$495.74  US$1396.50 US$1 892.25 5987 US$0.45 US$2711.34 US$819.09 1.4
Delfin® 1kg US$602.32  US$1396.50 US$1 998.82 3523 US$0.45 US$1595.47 -US$403.36 0.8
Bb endophyte 3009 US$226.44  US$1396.50 US$1622.94 3100 US$0.45 US$1403.90 -US$2902 0.9
Karate® EC 120ml US$58.87 US$1396.50 US$1 455.38 5133 US$0.45 US$2 324.59 US$869.21 1.6

*The cost per treatment is based on ten applications per season.

Table 4. Estimates of cost-benefit analysis of the chemical and biological insecticides in the cotton bollworm experiment in

2018
Cost/ Cost-
Treatment Quantity Other costs Total cost Yield Cost/kg Income Net Return  benefit

treatment* .

Ratio

hat (US$ ha't) (US$) (US$) (kg ha)  (US$) (US$ ha't) (US$ ha't)

Control 0 US$0 US$1396.50 US$1396.50 4673 US$0.45 US$2116.27 US$719.76 15
Eco-Bb® 3009 US$226.44 US$1396.50 US$1622.94 5961 US$0.45 US$2699.57 US$1 076.63 1.7
Bolldex® 200ml US$495.74 US$1396.50 US$1892.25 6818 US$0.45 US$3087.68 US$L 195.43 1.6
Delfin® 1kg US$602.32 US$1396.50 US$1998.82 5755 US$0.45 US$2606.27 US$607.45 1.3
Bb endophyte 3009 US$226.44 US$1396.50 US$1622.94 6409 US$0.45 US$2902.45 USS$L 279.51 1.8
Karate®EC ~ 120ml US$58.87 US$1396.50 US$1455.38 6405 US$0.45 US$2900.64 USS$1 445.26 2.0

*The cost per treatment is based on ten applications per season.

Table 5. Estimates of cost-benefit analysis of the chemical and biological insecticides in the cotton leafhopper experiment in

2017

Cost-

Treatment Quantity treactcr)jgnt* C(:);:tesr Total cost Yield Cost/kg Income Net Return bene_fit

Ratio

ha (US$ hat) (US$) (USS$) (kg hal) (US$) (US$ hat) (US$ hat)

Control 0 US$0 US$1396.50 US$1396.50 4810 US$0.45 US$2178.31 US$781.81 1.6
Eco-Bb® 300g US$226.44 US$1396.50 US$1622.94 5960 US$0.45 US$2699.11 US$1076.17 1.7
Bb endophyte 3009 US$226.44 US$1396.50 US$1622.94 5830 US$0.45 US$2640.24 US$1017.30 1.6
NOMU-PROTEC®  300g US$226.44 US$1396.50 US$1622.94 5600 US$0.45 US$2536.08 US$913.14 1.6
Karate® EC 120ml  US$58.87 US$1396.50 US$1455.38 5980 US$0.45 US$2708.17 US$1252.79 1.9
Chlorpyrifos® 480 EC  200ml US$27.93 US$1396.50 US$1424.43 5020 US$0.45 US$2273.41 US$848.98 16
Bandit® 350 SC 200ml  US$46.80 US$1396.50 US$1443.30 5820 US$0.45 US$2635.71 US$1192.41 1.8

*The cost per treatment is based on ten applications per season.

Table 6. Estimates of cost-benefit analysis of the chemical and biological insecticides in the cotton leafhopper experiment in

2018
Cost/ Cotton Net Cost-
Treatments Quantity Other costs Total costs . Cost/kg Income benefit
treatment* yield Return .
Ratio
ha! (US$ hat) (US$) (US$) (kg haty  (US$) (US$ hat) (US$ hat)
Control 0 Us$o US$1396.50 US$1396.50 5090 US$0.45 US$2305.11  US$908.61 1.7
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Eco-Bb® 300g US$226.44 US$1396.50 US$1622.94 6320 US$0.45 US$2862.15 US$1239.21 1.8

Bb endophyte 300g US$226.44 US$1396.50 US$1622.94 6763 US$0.45 US$3062.77 US$1439.83 1.9

NOMU-PROTEC® 300g US$226.44 US$1396.50 US$1622.94 6300 US$0.45 US$2853.09 US$1230.15 1.8

Karate® EC 120ml US$58.87 US$1396.50 US$1455.38 5340 US$0.45 US$2418.33

US$962.96 1.7

Chlorpyrifos® 480
EC

200ml  US$27.93  US$1396.50 US$1424.43 6310 US$0.45 US$2857.62 US$1433.19 2.0

Bandit® 350 SC ~ 200ml  US$46.80 US$1396.50 US$1443.30 6968 US$0.45 US$3155.61 US$L1712.31 2.2

*The cost per treatment is based on ten applications per season.

Seed cotton yield

Bollworm experiment
Tables 3 and 4 summarise the cost-benefit
analysis of the pesticides applied in the cotton
bollworm experiments. Eco-Bb®, Delfin® and Bb
endophyte had lower results than the control
during the 2017 season. In plots treated with
Bolldex®, the highest yields of 5 987 kg hat
(2017) and 6 818 kg ha'! (2018) were observed.
Compared to the control, plots treated with
Bolldex® saw a 45% increase in seed cotton yield.

Leafhopper experiment

Compared to the untreated control, all the
treatments showed higher seed cotton yields,
and the net returns were greater than the
production costs (Tables 5 and 6). With a 5 983
kg ha1 seed cotton yield in 2017, Karate® EC was
the most productive, followed by Eco-Bb® with 5
963 kg ha-1l. Chlorpyrifos® 480 EC produced the
lowest yield of 5 021 kg haL. Bandit® 350 SC had
the highest seed cotton yield of 6 968 kg ha! in
2018, with Bb endophyte coming in second with
6 763 kg hal. Karate® EC (5 340 kg ha) yielded
the least seed cotton.

Gross income

Bollworm experiment
The gross income of each treatment is
summarized in Tables 3 and 4. Based on an
average rate of US$0.45 kg, Bolldex® (US$2
711.34 and US$3 087.68) had the highest gross
income in both seasons. Bb endophyte (US$1
403.90) and Eco-Bb® (US$1 383.52) had the
lowest gross income in 2017. In 2018, the
untreated control (US$2 116.27) had the most
insufficient gross income, followed by the
treatment of Delfin® (US$2 606.27). The
treatments' gross income ranged between US$2
606.27 and US$3 087.68.

Leafhopper experiment
Tables 5 and 6 summarize the gross income in
the leathopper experiment during the 2017 and

2018 seasons. The highest gross income was
found in the treatment of Karate® EC (US$2
708.17) and Eco-Bb® (US$2 699.11) in 2017.
Chlorpyrifos® 480 EC (US$2 273.41) exhibited
the lowest gross income compared to the other
treatments. All the treatments ranged between
US$2 273.41 and US$2 708.17, except for the
control (US$2 178.31). In 2018, Bandit® 350 SC
(US$3 155.61) had the highest gross income,
while Karate® EC (US$2 418.33) had the lowest.
The other treatments had a gross income ranging
from US$2 857.62 to US$3 062.77.

Net income

Bollworm experiment
Tables 3 and 4 show the net incomes for each
treatment during the 2017 and 2018 seasons. In
2017, Karate® EC (US$869.21) had the highest
net income, while Delfin® (-US$403.36) had the
lowest. Bb endophyte, Delfin® and Eco-Bb® had
lower net incomes than the control. Other
treatments had a net gain from -US$239.42 to
US$819.09. In 2018, Karate® EC had the highest
net income of US$1 445.26, while the lowest net
income was obtained from Delfin® (US$607.45).
Other treatments had a net gain between US$1
076.63 and US$1 279.51.

Leafhopper experiment

In both seasons, all treatments had higher net
income than the control (Tables 5 and 6).
Treatment of Karate® EC had the highest net
income of US$1 252.79 during the 2017 season,
while Chlorpyrifos® 480 EC had the lowest net
income of US$848.98. A net income of between
US$913.14 and US$ 1,192.41 was recorded from
the other treatments. The highest net income of
US$1 712.31 was recorded from the treatment of
Bandit® 350 SC during the 2018 season, followed
by Bb endophyte at US$1 439.83. Karate® EC had
the lowest net income of US$962.96. Other
treatments ranged from US$1 230.15 to US$1
433.19.
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Cost-benefit ratio

Bollworm experiment

In 2017, the cost-benefit ratio indicated ratios of
1.6 for Karate® EC, 1.4 for Bolldex® and the
control, compared to 0.9 ratios for Eco-Bb® and
Bb endophyte, and 0.8 for Delfin® (Tables 3 and
4). During the 2018 season, Karate® EC had the
highest cost-benefit ratio of 2, followed by Bb
endophyte (1.8) and Eco-Bb® (1.7). In both
seasons, the maximum cost-benefit Ratio was
recorded from Karate® EC.

Leafhopper experiment

The results in Tables 5 and 6 include the cost-
benefit ratio for the leathopper experiment
during the 2017 and 2018 seasons. In 2017,
Karate® (1.9) had the highest cost-benefit ratio,
while the lowest ratio of 1.6 was found with Bb
endophyte, NOMU-PROTEC®, Chlorpyrifos® 480
EC, and the control. In 2018, the cost-benefit ratio
was 1.7 for the management and Karate® EC, 1.8
for Eco-Bb® and NOMU-PROTEC® and 1.9 for Bb
endophyte. Chlorpyrifos® 480 EC and Bandit®
350 SC had the highest cost-benefit ratios of 2
and 2.2, respectively.

Cotton production in Sub-Saharan Africa faces
competition from other crops [27]. This is
because productivity has declined over time,
linked to unfavorable external factors like
shifting market prices and the cost of production
inputs. Reducing input costs is as important as
high productivity because cotton markets are
competitive [23]. The climate, the accessibility of
inexpensive inputs, and the cotton industry's
success all play major roles in cotton production.
Changes in supply and demand, as well as the
state of the global cotton market, are the causes
of price swings. The net income obtained in this
study varied depending on the treatment based
on input costs and yield obtained.

Cost of treatments

The results show that biopesticides have been
much more costly than conventional pesticides.
The cost of Delfin® per hectare was the most
expensive at US$602.32 per 10 sprays. Each
chemical insecticide costs less than US$100 per
hectare. Chemical insecticides probably cost less
because of fixed costs associated with using a
large portion of the farming community [28]. Ali
et al. (2012) state Pakistan's seed costs have not
changed over time despite increased pesticide
inputs. Bolldex® (HaNPV) has also been found to

be an expensive treatment at US$495.74 [26]. In
a study conducted by Ojha et al. (2019), HaNPV
was also found to be the most costly treatment,
followed by B. bassiana against H. armigera [29].
They also concluded that treating B. thuringiensis
would be a cheaper alternative to HaNPV or B.
Bassiana, contrary to what had been found in
these cotton trials. In Kenya, Constantine et al.
(2020) indicated that the highest average
amount spent by farmers on B. bassiana was
US$131 ha ! and US$95 ha-! for B. thuringiiensis
[28]. Olson (2015) reported that, compared to
the development of biopesticides, which requires
up to $10 million and four years, it is only worth
$250 million or nine years for chemical pesticide
development and regulation [30]. According to
Constantine et al. (2020), farmers must be
satisfied with the effectiveness of a new product,
including the purchase cost and risk that the
product will be ineffective against a pest for
which it is intended [28]. Farmers must be more
aware of biopesticide use as they may not
immediately work. Constantine et al. (2020)
reported that the availability and affordability of
biopesticides were among the factors
contributing to small-scale farmers' low use of
them [28].

Costs of other inputs

High yields and minimum production costs
represent the essential factors to compete in
cotton markets, as Amrouk, et al. (2021) noted
[31]. There are additional costs associated with
managing pests on cotton, such as those related
to seed, cultivation, labor, weed control, and
harvesting. Input costs, such as land preparation
and irrigation costs, positively affect revenue in
Pakistan, whereas pesticides and fertilizers
negatively affect revenues [32]. The advantage of
growing more areas is that the cost of production
can be spread over an increased amount of cotton
acres, which enables farmers to share some costs
among different crops and increase crop
profitability [33].

Labor costs

One of the most expensive inputs in cotton
production is labor [34]. However, for cotton
farmers with little financial support and small
land sizes, labor wages are the household's main
source of cash income [35]. Smallholder farmers
frequently use family labor and base their output
levels on how much cotton each family can
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manage [36]. According to Blaise and Kranthi
(2019), the cost of labor accounts for the largest
portion of production costs [37], while Belay et
al. (2020) noted that a sizable portion of
Ethiopia's input costs are attributable to labor
and equipment costs [35]. According to Sarker
and Alam (2016), labor costs for cotton
production in Bangladesh account for 28.60% of
total production costs [38]. In contrast, in India,
labor costs can account for as much as 50% of
total operating costs [39]. Labor and pesticide
costs were listed as two of the major cost items in
Turkey; larger farms have higher costs, though
[40]. Despite the government's robust cotton
support program, China has also reported rising
production costs due to increased labor costs
[41].

Weed control and harvesting costs

Hand hoeing had the highest cost of $543.45 for
controlling weeds. Creating a single effective
technique in larger cotton fields is more
challenging due to variations in weed species,
and soil properties [42]. Farmers are encouraged
to successfully combine crop rotation, soil
cultivation, hand harvesting, and herbicide
application to combat weeds in cotton
production [43]. One method for lowering labor
expenses associated with weed control in cotton
production is the implementation of strip-tillage
systems [44]. Mishra et al. (2023), reported that
manual harvesting is one of the most costly
agricultural operations in cotton production [45].
This is mainly due to labor-intensive activities
carried out by hand over a harvest period. They
suggested that mechanical harvesting could be
important in reducing cotton production costs. In
addition, to minimize crop labor costs, Bai et al.
(2022) pointed out that mechanization and
precision sowing were essential for cotton
farming [46].

Yield

The gross margin and net profit of cotton
production are largely influenced by yield. Every
year, the climate and various maintenance
problems like weeds, pests, and diseases affect
cotton yields [47]. For the bollworm experiment,
arange of 4 500 to 6 400 kg ha-1 seed cotton yield
per treatment was obtained; for the leathopper
experiment, a minimum of 5 600 kg ha! and a
maximum of 6 900 kg ha-l were obtained. With
seed cotton yields of less than 3,600 kg ha! in

2017, plots treated with Bb endophyte, Delfin®,
and Eco-Bb® had the lowest yields. During the
same period, South Africa's average yield of
irrigated cotton was 4 411 kg ha [48]. FAO
(2020) states that with 35% lint, irrigated cotton
canyield seed cotton yields of 4 000-5 000 kg ha-
1149].

Income

The bollworm and leathopper experiments
yielded the highest gross income of US$3 087.68
and US$3 155.61, respectively, at an average rate
of US$0.45 per kilogram supplied by the ginner.
The bollworm experiment yielded the lowest
gross income of US$1 383.52, while the
leathopper experiment yielded the most
insufficient gross revenue of US$2 273.41. The
low yields recorded for the 2017 season were the
cause of the bollworm experiment's meager
income. When harvested mechanically, irrigated
cotton in South Africa has an estimated 5,000 kg
ha-1 yield and can bring in over US$3,000 per
hectare at US$0.57/kg [50]. For mechanical
harvesting, the estimated break-even point is
US$285.31 kg ha'l. Reddy (2018) reported that
between 2010 and 2015, the average gross
income in India was $1 091.42 per hectare, while
the average net income was US$138.05 per
hectare [51]. According to DAFF (2017), the
average gross value of agricultural production in
South Africa was estimated to be US$20,67
million in 2017, and the gross income increased
by 29.3% to US$22.49 million [52]. According to
DAFF, seed cotton was US$0.60 kg1 in 2017 and
US$0.56 kg! in 2018. The international price
estimates for cotton align with the seasonal price;
however, the grading of the cotton lint
determines the pricing of various ginners.

After subtracting the entire cost of production
from the total revenue, the net income from the
plots treated with Karate® EC was higher than
the net income from the other treatments. When
Cole et al. (1997) assessed the effect of Karate®
EC against cotton pests, they observed a 12%
increase without any appreciable changes to the
season's predator-to-pest ratios [53]. According
to Mink (1997), timely application of Karate®
resulted in higher yields than untreated Bt cotton
[54]. Similarly, Javaid et al. (2000) discovered
that Karate® provided a degree of pest control
and substantially increased cotton yields in
Mozambique [55].
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Cost-benefit ratio

Producers must carefully select the inputs used
in their production to maximize profit and
increase the cost-benefit ratio [56]. The goal of
the cost-benefit ratio is to provide farmers with
an estimate of the relative economic
performance of the selected inputs [57]. This
ratio, according to Wei et al. (2020), also
demonstrates the amount of money generated by
economic activity [32]. The farmers' Return on
investment increases with the cost-benefit ratio.
The aforementioned cost-benefit ratios for this
study demonstrated that the treatments were
profitable and had a positive return on
investment. The financial viability cost-benefit
ratios of Bandit® 350 SC, Chlorpyrifos® 480 EC,
and Karate® EC were significantly higher than
those of the biopesticides. The high cost of
biopesticides significantly impacted the cost-
benefit ratio of those treatments. Due to the low
seed cotton yields in the bollworm experiment
during the 2017 season—which indicated a net
loss of up to US$403.36 per hectare—the cost-
benefit ratios of Eco-Bb®, Delfin®, and Bb
endophyte were less than one. While the Delfin®
treatments showed the lowest cost-benefit ratio,
Karate® EC consistently outperformed the other
therapies in this regard. Patel and Das (2010)
found that cotton fields treated with lambda-
cyhalothrin had the highest cost-benefit ratio,
which is consistent with this study. Based on
what is financially feasible, Ugandan cotton
farmers have started using lambda-cyhalothrin
treatments [15]. In crops like chickpeas [58],
pigeon peas [59] and mung beans [60], lambda-
cyhalothrin has also been found to have high
cost-benefit ratios.

Rudramuni et al. (2011) found that lambda-
cyhalothrin was one of the treatments with the
lowest cost-benefit ratio against sucking pests
and cotton bollworms, which is in contrast to the
findings of the current studies [61]. In their 2009
evaluation of the effectiveness of biopesticides
against bollworms on cotton, Gadage et al. found
that Beauveria bassiana, had the highest cost-
benefit ratio (1:9.46), followed by Nomuraea
rileyi, (1:7.66), and HaNPV (1:3.97) [62].
However, this study's best cost-benefit ratios
were not obtained from the Beauveria bassiana
treatments (Eco-Bb® and Bb endophyte). In the
leathopper experiment, Bandit® 350 SC and
Chlorpyrifos® 480 EC had the highest average

cost-benefit ratios, at 2 and 1.8, respectively. This
is mostly explained by how inexpensive the
treatments are. Balakrishnan et al. (2004)
investigated the effectiveness of biopesticides
against H. armigera on cotton and found that
chlorpyrifos 20 EC had a good cost-benefit ratio
of 1:3.66, followed by HaNPV (1:3.50) [63].
Bolldex® was the second-best pesticide with a
cost-benefit ratio of 1.5, despite its high price.
Similarly, Jeyarani et al. (2010) found that a cost-
benefit ratio of 1:2.48 was the highest after
evaluating the effectiveness of several HaNPV
isolates [64].

CONCLUSION

Each treatment's income, cost-benefit ratio, and
benefit were mostly determined by the
treatment's cost, input costs, and yield. Cotton
growers must, therefore, increase productivity at
the lowest feasible cost by using suitable
agricultural inputs and good agricultural
practices. Although some of the treatments in this
study had higher yields, the high costs of the
products resulted in lower net income and cost-
benefit ratios, according to the cost-benefit
analysis. Biopesticides are more expensive than
chemical insecticides, but how often these
products are applied will mostly depend on the
level of pest infestation. Cotton growers can
choose any evaluated treatments to include in a
pest management program because all the
biopesticides had overall cost-benefit ratios
greater than 1. This study indicated factors to
consider when a more comprehensive analysis is
required.
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