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Abstract

Aim of study: The Better Cotton Initiative is the largest cotton sustainability pro%n e world because of the
problems with conventional cotton farming and its impact on the environment. 'ms toWssist cotton communities in
surviving and thriving while protecting and restoring the environment. Pakistan fgeds t§make sure that local farmers are
adopting these improved crop management practices in order to increase n ction over the long term. There-
fore, our work was to: (i) identify the cotton pests and disease management s (CPDM) in Pakistan; (ii) evaluate
the BC farmers’ level of adoption of CPDM; (iii) compare the expe corymendation on CPDM, and (iv) propose a

to CPDM practices.

Material and methods: The method first identified ev
dations of ten experts in crop protection. Then, the Fysm
according to two aspects, BC farmers’ adoption le a &L CTts’ recommendations.

suitable method to evaluate the adoption level.
Area of study: BC farmers from Tando Allahyar district are& ) were selected to investigate the adoptability

criteria based on a literature review and the recommen-

nology, botanical spray, and pheromone trap

Research highlights: 1t was found tlgt BC ers were more likely to adopt CPDM practices recommended by ex-
perts. The above modern concepts l;vws must be adopted to promote sustainable cotton production, pest and
disease management, and environiiental quality.
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Introduction

Cotton (Gossypium hirsutum L.) is the world’s leading
natural fiber crop and one of the world’s largest industries
(textile industry), with an annual global economic impact
of about $500 billion (Rahman et al., 2012). Punjab prov-
ince is the largest cotton producer in Pakistan, followed by
Sindh and Balochistan (Siyal ef al., 2021).

In Pakistan, about 70-80% of pesticides are used against
cotton pests (Anonymous, 2008). As a result, pesticide
residues have been detected both in surface and ground
drinking water in the cotton belt of Punjab and Sindh prov-
inces, respectively (Kaur et al., 2021). High dependence
on chemicals has led to higher production costs, environ-
mental degradation, biodiversity loss, and poverty in many
countries, as well as a decrease in soil fertility (Zulfiquar
et al., 2019). Seeds, irrigation water, fertilizers, pesticides
and natural resources, as well as the environment, have
been found to have a significant impact on cotton produc-
tivity (Page & Ritchie, 2009). As a result of traditional
agricultural techniques, Pakistan’s cotton output has been
endangered, and the country’s food security and poverty
alleviation have been compromised (Jamil et al., 2021).
Managing agricultural pests without destroying the envi-
ronment is a major challenge (Shah & Razaq, 2020).

For reasons of socioeconomic and environmental
harm, the Better Cotton Initiative (BCI) was launched i
Pakistan in 2009 through the Centre for Agricultur
Bioscience International (CABI) according to th
guiding principles and criteria (Bhutto et al.,
is an eco-friendlier alternative to traditional
its efficient resource utilization and lower

externalities, but the level of adoption ¢f Bettcgbtton in
Pakistan is in its early stages. To i Wtrategy or
put into practice any initiative, scffolars grotind the world
have argued that evaluation i hich directs to
the implementation of a
Shenge (2014) argued
programs and fosterj

opment, it is necessa
petence require

anizational growth and devel-
st evaluate the degree of com-
ive management.

The core of th@gfesearch on the performance of initia-
tives is the effectiW use of analysis, data and evaluation.
Evaluation is often used as a tool for monitoring and pro-
moting adoption and performance. Many researchers iden-
tified the risk (Singh et al., 2007) and harmful impact of
pesticide use in cotton (Kannan et al., 2004; Yasin et al.,
2021). Other issues that have been investigated are: farm-
ers’ understanding and perception of pest incidence and
management practice (Arshad et al., 2009); the adoption
of sustainable residue management practices (Raza et al.,
2019); general overview of cotton pest issues and man-
agement practices in China (Wu & Guo, 2005); the impact
of cover crops on natural enemy and pest communities
(Bowers et al., 2020); adoption status of crop production
practices in Bt cotton (Sharma ef al., 2021); the future of
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organic insect pest management (Headrick, 2021); de-
veloping and implementing integrated pest management
(IPM) strategies for broadacre farming in Victoria, Aus-
tralia (Horne et al., 2008); directions to improve eco-
nomic evaluations and impacts of the IPM-FFS approach
(Rejesus & Jones, 2020), etc. These investigations have
been mostly done in India, Pakistan, China, Georgia and
USA. In spite of a great deal of academic debate, some
research questions still remain unexplored in the literature,
especially in developing countries like Pakistan. Then, the
aims of our work were to: (i) identify the cotton pests and
disease management practices (CPDM) in Pakistan; (ii)
evaluate the BC farmers level of adgption of CPDM,; (iii)
compare the experts’ recommendg
propose a suitable method to €

Evaluation is a powerfi ‘
technologies and intervgffio and which do not.
It is the driving deve®pMygnt a¥d adoption of effective
strategies, the enh, ent & current programs, and the
demonstration of §mple§entation outcomes in the field
and through Qg t also helps in determining if the
Worthwhile in terms of crop output. To
¢ field knowledge from experts and farm-
selection of CPDM practices. Moreover,
appropriate multiple-criteria decision-making
method to evaluate most recommended prac-
es thoroughly is essential in realistic recommendation
tions. Therefore, these two knowledge gaps must be
nsidered to provide a solid foundation for more efficient
analysis.

Material and methods

The purpose of this study was to provide technical sup-
port for implementing cotton pest and disease manage-
ment practices. Fig. 1 depicts the entire methodological
process used to complete this study. First, multiple crite-
ria for CPDM practices were identified (Fig. S1 [suppl]).
Then, for weighting the relative importance of various
options, an initial index for comparison matrices analysis
was created. The tool provides a framework for comparing
each option to all others and assists in demonstrating the
importance of various factors and cotton pest and disease
management practices.

Next, we organized a panel of experts for the deci-
sion-making process, who: i) were questioned about the
relative importance of 10 practices selected for CPDM; ii)
discussed the study’s research questions and objectives.
Their input helped to classify the best CPDM approaches,
which were then used for taking their subjective judgments.
Ten crop protection specialists (academics, practitioners or
both) with at least five years of experience in sustainable
development and crop protection in Pakistan were chosen.
Cotton crop protection was well-known among the mem-
bers of the decision-making team.
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Literature review and meeting with
better cotton farmers

.

Selection of cotton pest and disease
management practices

!

Experts and better cotton farmers

e Identify research problem
¢ Formulate research question

® Develop questionniare

consultation . Data collection
y
Fuzzy AHP method e Calculate weight for criteria

Figure 1. Research framework. AHP: analytical hierarchy process.

In addition, 20 CABI’s registered BC farmers from
Tando Allahyar district areas (including Nasarpur, Usman
Shah Hurri, Dhigano Bozdar, Tando Soomro and Pak Sin-
ghar) were selected for the current study and the survey
was conducted in the 2021 season to investigate the adopt-
ability of BC farmers to CPDM practices. During the on-
site face-to-face interview, each questionnaire took 15-20
minutes to complete. Finally, fuzzy AHP was applied to
analyze BC farmers’ adoption and experts’ recommenda-
tion on CPDM practices.

Evaluation model

The first step in this research was to de agpeval-
uation model according to the set goadg. For N, an ex-
tensive review of the existing lite We sources
of WOS, Google scholar and Scqbus o DM and BC
was performed in order to id tiple criteria for
CPDM practices. Subsequgltly, tiygvaluation model was
established based on the conditions of CPDM and
BC. The evaluation @
two layers of hierarcChygo cture. The first layer is the
target layer that s e goal of evaluation. The second
one is criterion 1R€rs Consisting of specific indicators to
be evaluated.

The evaluation was carried out based on two aspects:
1) BC farmers’ adoption level and 2) experts’ recommen-
dations.

Evaluation method

Literature suggests that the analytical hierarchy pro-
cess (AHP) is the most widely used multiple-criteria
decision-making (MCDM) model for real-world deci-
sion-making problems (Jiskani et al., 2021). It simplifies
a complicated MCDM issue into a hierarchical structure
to incorporate expert opinion and judgment (Jiskani et al.,
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2020; Mohammed et #7.,
Saaty (1989).
The frameworlgs leafing indicators and sub-indica-
tors were co eds zzy AHP, the step is to perform
pairwise com of the criteria as described by Sun
member compared each criterion with
evaluation model using pairwise compar-
gs. Experts used the nine linguistic terms for
he eWuation. These linguistic terms represent the trian-
lar fuzzy numbers (TFNs) used to construct a pairwise
1x of decision-makers’ preferences. These linguistic
rms and their respective TFNs for comparison were:
“Extremely important (8,9,10)”, “Absolutely strongly
important (7,8,9)”, “Very strongly important (6,7,8)”,
“Strongly important (5,6,7)”, “Not too important (4,5,6)”,
“Moderately plus important (3,4,5)”, “Moderately impor-
tant (2,3,4)”, “Weakly important (1,2,3)” and “Equally
important (1,1,1)” (Jiskani et al., 2021). Each expert, as a
decision-maker, individually conducted pairwise compar-
ison by using this scale. A sample of the questionnaire for
data collection is provided in the Appendix [suppl]. The
comparison matrix 4 is represented in Eq. (1):

21)¥AHP was developed by

1 a, a;,
1 @ a 1
12 1n ~
o T (1)
A=|"2 2n|=| Y21
Gy Gy oo 1) |11
anl ar|2

~N NN o~ NN~~~

over indicator j; @;=9 ',8,7,61,5,47",37,27,1" ifin-
dicator j is more important than indicator i.

Eq. (2) gives the geometric mean technique for com-
puting fuzzy weights, which is used to compute the matrix

in Eq. (3):
Fi=lay <@ @) 2)

Wo=p (R, BT 3)
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~

where @, is the fuzzy comparison value of indicator i to
indicator j and 7, the geometric mean of the fuzzy com-
parison value of indicator i The fuzzy weight of indicator
i is W, which is indicated by TFNs as Iw + mw+uw,.
The fuzzy weights are defuzzied by locating the best non-
fuzzy performance (BNP) value because the output is in the

form of fuzzy weights. BNP is calculated using Eq. (4):
(lwi,+ mw,+uw,

BNP,=
: 3

4
BNP values that have been normalized are considered
as relative weights. To get a weighted total of 1, the BNP
value of indicator i is divided by the sum of BNP values
of all indicators.
Lastly, using Eq. (5), the consistency ratio (CR) of each
matrix was calculated to determine the results’ reliability:

_a 5

CR=— (5)
where c1=="_=is the consistency index, in which 2, is
the principal eigenvalue of the matrix 4 (Saaty, 1977) and
n is the number of indicators in the matrix. RI is the ran-
dom index whose values for matrices of various sizes are
pre-defined (Saaty, 1977; Gogus & Boucher, 1998). If the
value of CR is less than 0.1, the results are consistent.

max 1

Results and discussion

Ranking of the recommended and adgpted

practices for cotton pests and disea

management
Vperts’ rec-
resis@n? cultivars, Bt

t e the most-rec-
ed treatment, border

According to the evaluation in
ommendation (Fig. 3), the use
with non-Bt cotton and cro
ommended practices, foll

chemical control. Thog
to low were 0.1 »12, 0.10, 0.10, 0.08, 0.08, 0.08,
0.08 and 0.06, resyftively.

From the viewp®int of the BC farmers’ adaptation (Fig.
3), the ranking of these practices according to computed
weights was (from highest to lowest): crop rotation (0.14),
resistant cultivar (0.13), Bt with non-Bt cotton (0.12), bor-
der crop (0.11), chemical control (0.11), seed treatment
(0.09), yellow sticky cards (0.09), pheromone traps (0.08),
botanical spray (0.07) and NEFR technology (0.06).

Discussion of the cotton pest and disease
management practices rankings
According to the result of experts’ responses, the use of

resistant cultivars is the most recommended practice for
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Resistant cultivar

Crop rotation

U

Seed treatment

BT with non-BT Cotton

L

ijj Tl

Border crop

U

Yellow sticky cards
Chemical control j

COTTON PEST AND DISEASE MANAGEMENT PRACTICES

reservoir.

e CPDM. This recommendation was based on several
field trials conducted using integrated disease manage-
ment strategies (Hillocks, 1998; Allen, 2007; Singh et al.,
2008). On the other hand, farmer adoption results (Fig. 3)
showed that this is the second most adopted practice after
crop rotation. Thus, the use of resistant cultivars is con-
sidered the most crucial factor and obtained the highest
weight in experts’ recommendations and BC farmers’ level
of adoption. It implies that resistant cultivar is adopted by
BC farmers according to experts’ recommendations.

According to experts, Bt with non-Bt cotton is ranked as
the second most recommended practice for the CPDM (Fig.
3), as cotton bollworm has developed resistance against Bt
cotton. Our results are in accordance with the results of Ho
et al. (2009), who recommended planting non-Bt cotton
varieties on 20% of the Bt cotton planting area in order to
avoid resistance to Bt cotton. It is because the cotton boll-
worm population resistant to Bt cotton will continue to cross
with the non-resistant cotton bollworm population feeding
on non-Bt cotton (so there is no chance of resistance). These
results are also supported by Tabashnik et al. (2012) and
Wan et al. (2012), who recommended the co-planting of Bt
and non-Bt cotton crops to control the buildup of resistance
in the pest population. According to the results of BC farm-
ers’ adoption, this is the third most adopted practice. How-
ever, based on the expert recommendations and BC farmers’
adoption level, the level of adoption by BC farmers is closer
to the expert recommendations.

December 2022 « Volume 20 o Issue 4 « ¢1006
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The rotation of crops is one of the most efficient ways of
keeping the plant environment unfavorable for crop pests
and disease-causing pathogens, and it is the third most rec-
ommended practice for the CPDM, according to expert re-
sponses. Tariq et al. (2019) stated that crop rotation is not
only the principle of a strategy toward higher yields but
also a weapon for controlling diseases, pests and weeds.
Hurd (1994) and Ahmad et al. (2020) also suggested that
rotation of crops be implemented to interrupt the life cycle
of insects, weed pests and diseases. It is ranked as the first
and most adopted practice by BC farmers from the set of
evaluated CPDMs. In order to minimize pests in the soil
and maintain soil productivity, Better Cotton producers are
using crop rotation and growing other field crops.

The seed treatment practice ranked fourth for the
CPDM. It has also been recommended by other research-
ers (Prasanna et al., 2002; Negalur et al., 2017). Bessi et
al. (2010) and Zhang et al. (2011) emphasized that seed
treatment is gaining popularity in agriculture over tradi-
tional foliar application because it is less expensive, poses
a substantially reduced hazard to the environment, and is
less toxic to humans. When it comes to BC farmer adop-
tion, the results show that it comes into the sixth rank of
the adopted practices. The majority of the BC farmers are
applying less seed treatments than the recommended quan-
tity. Our results contradict those of Sable & Kadam (2012),
who stated that farmers do not use seed treatment becau
they believe that Bt cotton seeds can control all dj
es and pests. In our analysis, the BC farmers in t
had a good knowledge of seed treatments and,used
in their fields.

The use of border crops is ranked as th

om-

mended practice. It is also recommendegby oth&g€search-
ers; the cotton crop bordered by so megs ghvealed sig-

Rank Weight

Practice

nificantly lower whitefly populations (Blaise & Kranthi,
2019). However, BC farmers’ adoption results showed
that it is the fourth most adopted practice before chemical
control. According to Zulfiqar et al. (2017)’s research in
the Bahawalpur, Ahmadpur, and Yazman sub-districts, the
adoption of border crops and biological pest management
was quite low. However, the adoption of border crops was
closer to experts’ recommendations in the present research
region of BC farmers from Tando Allahyar.

Yellow sticky cards ranked as the sixth recommended
practice according to experts’ responses. The use of yellow
sticky cards, especially for whitefly and jassid, has also
been recommended by Abdel-Megeed et al. (1998) and
Atakan & Canbhilal (2004). Accorg ihe results of BC
adopted prac-

tice. showing that yellow st}
farmers as recommende
The NEFR technol
practices. It has als
ers for the manag

Y eventh in recommended
n rec@nmended by other research-

ent d§ the cotton mealybug (Bhutto et

al.,2018; M 0 ., 2018). As a result of BC farm-
er adoption, it eighth in terms of adoption. Further
resear ce®ed to better understand the low level of
adopst

¢ b&gnical spray ranked as eighth recommended

racti®@g Insecticidal qualities are found in many plants
d minerals, which means they are toxic to insects. Natu-
algfompounds (insect poisons) collected or derived from
ants or minerals are known as plant insecticides (bo-
tanical spray), and they are also recommended by other
researchers mainly for the management of cotton sucking
insect pests (Sultana et al., 2012; Prishanthini & Vinobaba,
2014). According to BC farmers’ adoption, it was the least
adopted practice for the CPDM. However, in many studies,

Weight Rank

1 E Resistant cultivar : 2

2 " Bt with non-Bt cotton 3

3 - Crop rotation 1

4 : Seed treatment ! 6

5 - Border crop

e ———1
.06
6 0.08

0.08

7 0.08
0.0
0.0

0.18 0.16 0.14 0.12 0.10 0.08 0.06 0.04 0.02

B Recommendation

.09
0 Chemical control 0.1 5
0.10

0.00 0.02 0.04 0.0

0.11 4

0.12 014  0.16

M Adoption

Figure 3. Experts’ recommendation and Better Cotton farmers’ adoption against cotton pests and dis-
ease management. NEFR: natural enemies field reservoir.
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Neem spray is mentioned as the most effective method for
the management of cotton sucking pests and diseases.

Pheromone traps ranked ninth. Pheromone traps have
also been recommended in other studies (Murtaza et al.,
2019; Sehto et al., 2020). Our results confirm the necessity
to raise attention to the low adoption level of pheromone
traps in the cultivation of cotton, as pointed out by Ashok
et al. (2010).

The chemical control method should only be used as
the last option for the CPDM, as recommended by experts
and the IPM approach and argued by many experts around
the world (Lewis et al., 1997; Walter, 2005; Deguine et
al., 2008; Ahmad et al., 2011). According to the results of
BC farmer adoption level, it is the fifth most adopted prac-
tice for CPDM. However, experts recommended it as a last
choice. This practice should be employed as a less frequent
and last choice for the CPDM to achieve sustainable devel-
opment goals. Many researchers also argued for the exces-
sive use of pesticides in cotton. However, BC farmers use
fewer pesticides than traditional cotton farmers (Zulfiquar
etal, 2019).

All of the above recommendations are closely related
to economic and environmental benefits at the farm level.
The adoption of less polluting and efficient practices can
reduce harmful impacts on health, the environment and
biodiversity, thereby reducing production costs. Radhakr-
ishnan (2017) suggested that IPM, intercropping and co
panion planting, mulching, ground cover, and manu
trol and release of beneficial insects and organis
be used instead of pesticides.

The adoption rate of some technologiesgfhd gpracticCs
(NEFR technology, botanical spray and ph onegtraps)
was low. Some technologies may not hagg easil ervable
impacts, for example, through directgs Wn our anal-
ysis, technologies with lower levelflof adogti®n fell into this
category. This emphasizes th educate farmers

ak et al., 2019). More
&

r understanding of the di-
Bin adoption decisions.

versity of factors invg

Conclusio

The BCI aims to improve global cotton production for
the benefit of the people who grow it, the environment in
which it grows, and the sector’s long-term viability. This
can be accomplished through environmentally friendly
technologies and effective management. This research
proposed an indicator framework comprising ten classified
CPDM practices for analyzing the current situation and
providing recommendations against crop protection for the
future. Our results, derived from fuzzy AHP-based meth-
odological approach, imply that the farmer participation in
BC training led to a closer adherence of their practices to
experts’ recommendations. It was observed that BC farm-
ers who received training were more likely to follow ex-

Spanish Journal of Agricultural Research

perts’ recommendations for sustainable practices through-
out the cotton production cycle. Farmers’ participation in
Better Cotton training programmes was a common factor
in the higher adoption of sustainable practices across all
production stages, highlighting the need for non-adopters
to be trained to improve eco-innovation adoption.

Crop rotation, resistant cultivars, planting Bt with non-
Bt cotton, border crop, and chemical control were highly
adopted by BC farmers. We identified a discrepancy be-
tween the ranking for the level of adoption of chemical con-
trol by BC farmers and the recommended ranking of this
strategy by experts. The difference suggests that chemical
control may be over-adopted, and fagners should begin to
view this practice more as a last rg# § managing pests
and diseases in cotton. It may ;
recommended practices ma
optimal path for promotj e cotton production
and pest and disease m#ha¥gment¥ [o this end, efforts must
be directed towar racin®modern concepts and tech-
nologies, and to a@ higher level of BC production.
All stakehol ne make pledges to reduce produc-
tion costs whi sing yield and income.

ThefrePnt Qnalysis has been conducted through the
recqgal of ten experts and adoption of twenty BC
f m Tando Allahyar district. In future work, the

of BC farmers can also be analyzed across all
er remaining districts. Future studies can compare the
igMs from different countries on the adoption of CPDM
practices to observe differences. To make the adoption of
CPDM ceasier, it should also be done to provide input sup-
port for farmers, such as the provision of crop varieties
and other materials that can be used in place of pesticides
against CPDM with easy availability at low prices.
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