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Intercropping, a farming technique that involves growing two or more crops 
together, has emerged as a potential solution for climate change and global warming. 
It holds particular importance in subsistence or resource-limited agricultural 
systems operating on the fringes of modern intensive agriculture. Intercropping 
offers the opportunity for genuine yield gains without additional inputs and can 
contribute to achieving "sustainable intensification" by enhancing yield stability 
while reducing resource requirements. In developing countries, the cultivation of 
cotton is declining due to the impact of changing climates. However, cotton-based 
intercropping presents a promising solution to address this issue. Implementing 
intercropping systems with cotton as a central crop, not only can increase yield but 
can also enhance stability in erratic climatic conditions. The primary advantage of 
growing two or more crops together in an intercropping system is the increase in 
productivity per unit of land. This farming practice optimizes the utilization of 
environmental resources, aiming to maximize crop production within a given area 
and timeframe. Intercropping allows for the inclusion of various crops such as 
cereals, legumes, and vegetables alongside the standing cotton crop. Each crop group 
brings diverse benefits and higher monetary returns. This review shows how various 
crops can be intercropped with cotton and the overall efficiency of cotton-based 
intercropping systems under climate change.  
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INTRODUCTION 

Agriculture in the 21st century is facing multiple 

challenges and among them, the most imperative is to 

produce more food and fiber to a growing population. 

Many species of crop plants are very sensitive to 

increasing temperature. The changes in climatic events 

(temperature, precipitation etc.) can affect agriculture 

productivity (Abbas, 2020). On the other hand, the 

increase in the world’s population is putting stress on 

the agriculture sector to increase food production. The 

predictions reveal that nourishing the 9.1 billion people 

in 2050 would need an increase in overall food 
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production by 70% and 4 to 5 folds production of fibre 

(FAO, 2009; Ray et al. 2013; Mall et al. 2017). Many 

reports show that the yields of crops are not increasing 

fast enough to sustain the expected demand in 2050, and 

the world will face a shortage of food and food disasters 

(Ray et al. 2013). Cotton productivity has to be 

significantly increased, ensuring its sustainable 

development and environmental compatibility for the 

benefit of future generations. There is need to adopt 

practices that balance productivity with environmental 

preservation. To achieve this goal, it is essential to 

embrace sustainable agricultural approaches. These 

methods prioritize maximizing productivity while 

minimizing negative environmental impacts. Among the 

other practices to increase crops yield, intercropping is a 

sustainable farming practice that increases crops 

production by reducing the chances of crop failure 

owing to better use of resources such as nutrients, water 

and sunlight (Lulie, 2017; Hassen et al. 2017). In 

intercropping, two or more crops are grown together 

and coexist for a certain period. Intercropping addresses 

many key problems of agricultural farming systems such 

as low yield, soil degradation, pest and pathogen 

infestation and environmental deterioration (Amin et al. 

2018; Wang et al. 2022; Xie et al. 2022). In 

intercropping, both main crop and component crop use 

resources like nutrients, space, water light etc.) more 

efficiently than single crop, and consequently, fewer 

resources are available for weeds and pests’ utilization 

(Mohler and Johnson, 2009; Zaefarian and Rezvani, 

2016). Intercropping also decreases the risks of total 

crop failure and reduces insect pest infestation and also 

weeds infestation significantly by shading them 

(Zaefarian and Rezvani, 2016). In addition, 

intercropping of crops having allelopathic potential 

suppresses the weeds and can give better weed control; 

thus, increasing the weed control in the main crop 

(Cheema et al. 2013; Jabran et al. 2015). Many studies 

have suggested that improving crop yields and 

productivity from existing agricultural lands rather than 

clearing more soils for food production is the most 

sustainable way to increase food security (Godfray et al. 

2010; Garnett et al. 2013). In this scenario of “increase in 

crop yield and productivity from existing agricultural 

lands”, intercropping is a sustainable farming practice 

that increases the crop yield per unit area per unit of 

time. On the other hand, in a single cropping system (no 

intercropping), the overall yield of the system is low due 

to weeds and pest pressure. In a single cropping system, 

weeds grow in the vicinity of crop plants and can cause 

shading and allelopathic effects, thereby decreasing the 

final yield of crops (Hauggaard-Nielsen et al. 2001; 

Jabran et al. 2017). This review highlights the cotton 

production in the world and Pakistan and cotton-based 

intercropping systems as a climate adoption strategy in 

the world. 

 

Cotton production in the world 

Worldwide cotton crop is grown on 35 million hectares 

(M ha) with a total production of 26.5 M tons of lint 

(OECD, 2022), which fulfills approximately 31% of the 

fibre needs of the world (Mollaee et al. 2019; Matloob et 

al. 2020). In addition, products like cottonseed oil and 

cotton meal are used in food, cosmetic industries 

pharmaceutical etc. (Munir et al. 2020), and thus it has 

significant economic importance in the economies of 

many countries. Therefore, growing cotton has been a 

fundamental component of agricultural countries for 

centuries, and >100 countries of the world grow cotton 

while > 150 countries are engaged in its trade either 

importing or export of cotton (Ahmad et al. 2018; Abbas 

and Ahmad, 2018). At the farm level, > 100 M farm 

families depend on cotton production. Although, cotton 

is produced in > 100 countries of the world 76% of the 

world's cotton is produced in only five countries, India 

(25%), China (23%), the USA (16%) Pakistan (7.67%) 

and Brazil (5.17%) (FAO, 2020; Matloob et al. 2020; 

OECD, 2021). However, the consumption of cotton is also 

higher in these countries particularly in China (35%), 

India (15) and Pakistan (10%) (Matloob et al. 2020) 

while the USA exports its cotton and its share in export 

of cotton is 41% (FAO, 2020). Pakistan holds a 

significant position as the world's fifth-largest cotton 

producer, contributing approximately 7.67% to the 

global cotton production۔In Pakistan, 79% of cotton is 

grown in Punjab province followed by Sindh province 

(14%) while a small area of cotton exists in Baluchistan 

and Khyber Pakhtunkhwa provinces (GAIN, 2017; Rana 

et al. 2020). In Punjab province, it is mostly grown in 

districts Khanewal, Vehari, Multan, Muzafar Garh, Dera 

Ghazi Khan, Rajanpur, Rahim Yar Khan, Bahawalpur, 

Lodhran and Bahawal Nagar (Matloob et al. 2020). 

while, in Sindh, it is cultivated in Dadu, Ghotki, 

Benazirabad, Hyderabad, Nawabshah, Sukhar, Mirpur 

Khas, Nosheroferoz, Sanghar, Umar Kot, Khairpur, 

Jamshoro districts etc. (GAIN, 2017). Pakistan consumes 
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approximately 10% of the world’s cotton. Climatic 

conditions significantly affected the cotton production in 

Pakistan (Figure 2). 

Due to climate change, several areas of Pakistan are 

facing severe heat and temperature stress during the 

growing season that is accompanied by water shortage. 

In addition, an increased attack of pest population 

pathogens has been recorded. The inconsistent pattern 

of rainfall during the sowing months of March, April, and 

May in all districts adversely impacts seed germination 

and the establishment of cotton plants. Severe rainfall at 

the flowering and boll formation stages encourages 

insect pest attack. Thus, the climate changes impose 

threats to cotton production and also to the well-being of 

farmers associated with cotton production and its linked 

industries. Integrated crop management strategies can 

help to mitigate the impacts of climatic changes to a 

certain extent. These strategies encompass various 

approaches such as breeding cotton for resistance, 

intercropping cotton with compatible crops (Table 1), 

implementing early sowing of cotton, and employing 

integrated nutrient management, disease control, and 

pest management tactics. By adopting these strategies, 

farmers can better manage the effects of climate change 

on cotton cultivation. Cotton production of Pakistan is 

shown in Figure 1. 

 

 
Figure 1. Cotton production by province in Pakistan (PCCC, 2023).  

 

 
Figure 2. Cotton production and consumption in Pakistan (Pakistan Statistics, 2023). 

 

Intercropping as a climate change adaptation 

strategy  

The production and yield of field crops in developing 

countries is not as high as in developed countries of the 
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world. Agricultural yield and production are controlled 

by the combination of climatic conditions, soil health, 

genetic resources, farm management decisions and 

technology. Although, the farmers try their best efforts 

to get higher yields but their efforts are in vain due to 

variable climatic events, water scarcity, soil fertility, and 

resistance of insect pests to many pesticides (Tariq et al. 

2018; Matloob et al. 2020). Still, there is a huge yield gap 

between potential yield and achieved yield. On the other 

hand, the population of the world is growing rapidly and 

is expected to touch the 9.1 billion marks by 2050 (FAO, 

2009; Ray et al. 2013; Mall et al. 2017). Therefore, it is 

time to get some new management practices such as 

intercropping to achieve high productivity while 

ensuring the sustainability of agriculture and 

environmental protection for the next generation. 

 

Cotton-based intercropping systems 

In developing countries, the majority of farmers have 

small landholdings, usually less than 5 ha (Tariq et al. 

20172018; Usman et al. 2009). Our small farms are 

overloaded with surplus family labor, and yields on 

these farms are far low. Cotton is the most important 

cash crop of Pakistan; however, its yield is low (Amin et 

al. 2017, 2018ab; Khan et al. 2004; Rahman et al. 2018). 

Cotton has a position of foremost fiber besides cash crop, 

playing a crucial role to uphold the national economy. 

Intercropping is a companion planting technique of 

growing one crop alongside another on the same piece of 

land, aiming to increase yields from available growing 

space. The biodiversity of growing crops offers a variety 

of benefits besides predatory insects, which is not likely 

with monoculture. It may be mixed cropping, by planting 

a variety of well-suited plants collectively; alley or row 

cropping, in which different crops are planted with each 

other in rows; or temporal intercropping, which is a 

system of the fast-growing crop with a slow-growing 

crop. Cotton-based cropping systems have been 

reported as a promising strategy, particularly for small 

landholdings. Although a reduction in cotton yield by 8–

31% is reported, however, more crop productivity from 

the single field with better net returns was recorded in 

intercropping than sole crop (Khan et al. 2012; 

Mohammad et al. 1991). An increase of 30–40% in farm 

income from different intercropping systems in cotton 

has been reported (Saeed et al. 1999). However, degree 

of such agroeconomic advantages mainly depends on the 

growth habit and nature of intercrop (Rao 1991). In 

traditional closely spaced single-row method of cotton 

planting, growing inter-crops does not remain 

convenient. It is particular that cotton must be planted in 

widely spaced multi-rows to ensure enough space for 

the facilitation of intercropping. 

Intercropping is a sustainable farming practice that 

improves overall agricultural system efficiency by 

reducing the chances of crop failure due to well 

utilization of inputs or resources like water, nutrients 

and sunlight (Lulie, 2017; Hassen et al. 2017). 

Intercropping is a method of planting where one crop is 

planted alongside of another crop on the same piece of 

land to increase the yield of the planted area. While 

there may be some penalties in cotton yield total 

productivity and net return of the intercropping system 

is higher than individual crop (Matloob et al. 2020).  

Studies have shown a significant increase in farm 

income, ranging from 30% to 40%, as a result of various 

cotton-based intercropping practices (Pasha et al. 2020). 

It is important to note that the agro-economic benefits 

can vary depending on the specific type of intercrop 

utilized (Chaves et al. 2022). The benefits observed in 

cotton intercropping systems can be attributed to 

improved weed control and potential allelopathic effects 

on weed suppression (Jabran et al. 2020; He et al. 2021). 

However, it is crucial to consider the suitability of 

intercropping methods based on factors such as regional 

conditions, available resources, and most importantly, 

the acceptance of intercrops by the farming community 

(Khanal et al. 2021). Different regions have adopted 

various intercropping systems with variable planting 

geometries. Traditionally, conventional cotton 

production systems involved growing cotton in narrow 

rows, which made intercropping challenging (Ali et al. 

2020). However, in recent methods, cotton is cultivated 

in wider beds or multiple rows with greater distances 

between them (Huang et al. 2018). This change in 

cultivation practices has facilitated the integration of 

intercropping in cotton farming and has many 

advantages (Figure 3). 

 

Cotton-legume intercropping 

Successful implementation of intercropping requires 

careful consideration before and during cultivation. It is 

important to recognize that intercropping can impact 

the vegetative growth of component crops, necessitating 

thoughtful management of spatial, temporal, and 

physical resources. The economic viability of 
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intercropping largely hinges on selecting an appropriate 

planting pattern and compatible crop combinations 

(Seran and Brintha, 2009; Panda et al. 2020). Pulses and 

certain oilseed crops possess the advantageous 

characteristics of being more resilient to various abiotic 

stresses and having less competition with cotton, 

enabling them to complete their growth cycle more 

quickly. These attributes make legumes particularly 

suitable for intercropping systems. Legume crops such 

as soybean (Glycine max L.), groundnut (Arachis 

hypogaea L.), cowpea (Vigna unguiculata L.), mash bean 

(Vigna mungo L.) and mung bean (Vigna radiata L.) have 

been successfully intercropped with cotton due to their 

short growth duration and high drought tolerance 

(Jayakumar et al. 2008; Chi et al. 2019; Monicaa et al. 

2020; Wang et al. 2022). Research reports indicate that 

the intercropping of legumes with cotton leads to 

improvements in overall yield and soil fertility (Kumar 

et al. 2018). The presence of legume intercrops enhances 

the soil's fertility status, particularly for nitrogen, thus 

providing a potential avenue for reducing the need for 

additional nitrogen fertilizers and promoting sustainable 

agricultural practices. By incorporating legumes as  

 

intercrops, farmers can not only enhance overall 

productivity but also benefit from the positive impact on 

soil fertility, ultimately contributing to more efficient 

nutrient management and reduced reliance on synthetic 

fertilizers. 

 
Figure 3. Advantages of intercropping systems. 

Table 1. Intercropping of different crops with cotton.  

Intercropping system Country References 

Cotton + Mung bean Pakistan Khan et al. (2004) 

Cotton + Peanut China Wang et al. (2022) 

Cotton + Peanut China Chi et al. (2019) 

Cotton + Sesame China Dang et al. (2011) 

Cotton + Mung bean Pakistan Amin et al. (2018) 

Cotton + Maize China Lu et al. (2017) 

Cotton + Alfalfa China Lin et al. (2003) 

Cotton + watermelon Barnwell County Millerand Greene (2018) 

Cotton + groundnut India Maitra et al. 2001b 

Cotton + cowpea Zimbabwe Rusinamhodzi et al. 2006 

Cotton + sorghum Pakistan Aasim et al. 2008 

Cotton + Cowpea Malawi Mwamlima et al. 2016 

Cotton + Cluster bean India Kumar et al. 2017 

Cotton + Cowpea India Kumar et al. 2017 

Cotton + Mash bean India Vasavi and Sreerekha, 2017 

Cotton + Cowpea India Rajpoot et al. 2018 

Cotton + Okra India Rajpoot et al. 2018 

Cotton + Groundnut India Maitra et al. 2001b 

Cotton + Rice bean Pakistan Khan et al. 2004 

Cotton + Mung bean Bangladesh Tabib et al. 2014 

Cotton + onion India Jayakumar and Surendran, 2016 
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Cotton + Moth bean India Patel et al. 2017 

Cotton + Soybean India Turkhede et al. 2017 

Cotton + Onion India Marimuthua et al. (2014) 

Cotton + Mung bean India Marimuthua et al. (2014) 

Cotton + Beet root India Sankaranarayanan et al. (2012) 

Cotton + Radish India Sankaranarayanan et al. (2012) 

Cotton + Coriander India Sankaranarayanan et al. (2012) 

Cotton + Dhaincha India Marimuthua et al. (2014) 

Cotton + Cluster bean India Sankaranarayanan et al. (2012) 

Cotton + Dolichos India Sankaranarayanan et al. (2012) 

Cotton + Lucerne India Jayakumar and Surendran (2017 

Cotton + Mash bean India Monicaa et al. (2020) 

Cotton + Mung bean India Monicaa et al. (2020) 

Cotton + Onion  India Monicaa et al. (2020) 

Cotton + peanut  China Xie et al. (2022) 

Cotton + Jujube China Wang et al. (2021) 

Cotton + Mung bean China Liang et al. (2020) 

Cotton + Garlic China Yue et al. (2019) 

Cotton + Potato China Yue et al. (2019) 

 

Legumes not only help in the utilization of atmospheric 

nitrogen but also help in residual nutrient buildup of the 

soil (Meena et al. 2018).  Soybean being a leguminous 

crop adds organic nitrogen through its root nodules up 

to 250 kg per hectare besides releasing organic acids, 

enzymes and cytokines known for increasing the cotton 

yield (Kesavan, 2005; Chiduwa, 2021).  Although 

legumes have the ability to fix the atmospheric nitrogen 

(biological nitrogen fixation) reports showed that the 

nitrogen fixation capacity of legumes increased when 

planted as intercrops rather than sole crop 

(Rusinamhodzi et al. 2006), and also reduced the 

nitrogen requirements of the accompanying crop. 

Reports showed that the nitrogen and phosphorus 

requirement of cotton was significantly less when grown 

with cowpea, mung bean, mash bean (Vigna mungo L.) 

and cluster bean (Cyamopsis tetragonoloba) as 

intercropping. There was a higher dry matter in cotton-

legume intercropping which might be due to the higher 

availability of nitrogen and phosphorus (Jayakumar and 

Surendran 2017).  Another benefit of legume crops is 

that they can be grown as bio-mulches to decrease soil 

evaporation losses and protect soil from erosion (Kocira 

et al. 2020). In short, intercropping of legumes with 

cotton is suitable for improving soil health and fertility 

(Gogoi et al. 2018; Huang et al. 2022) and higher 

monetary benefits (Jayakumar and Surendran 2017). 

Higher monetary return was obtained when cotton was 

intercropped with cluster beans, cowpeas, peanuts and 

mung beans (Sankaranarayanan et al. 2012; Rajpoot et 

al. 2018; Xie et al. 2022). However, the extent of 

monetary return differs according to the planting 

geometry of intercropping and crop species. Thus, 

cotton-legume intercropping is found to be a more 

productive system that only increases soil fertility but 

also the overall net return (Table 2). 

 

Cotton-vegetable intercropping 

Growing vegetables with cotton are an excellent practice 

as it not only fulfills the vegetable needs of the 

household but also earns a good profit. As cotton 

farmers continue to search for ways to enhance their 

profitability and better use of their resources, 

intercropping vegetables in cotton can be a great option. 

Intercropping of vegetables of different growth habits is 

very beneficial and economical (Rajpoot et al. 2018). In 

cotton-vegetable, there is a wide range where we can 

intercrop radish, turnip, beetroot, coriander, Indian 

squash (tinda), onion, cluster bean etc. 

(Sankaranarayanan et al. 2012; Marimuthua et al. 2014). 

This system of intercropping considerably increases the 

cotton yield and has no adverse effects on the quality of 

cotton. Rajpoot et al. (2018) intercropped okra 

(Abelmoschus esculentus L.) with cotton and observed 

higher cotton yield and net monetary returns than sole 

cotton.  
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Table 2. Yield of cotton and net returns from various intercropping systems in cotton. 

Seed Cotton 

(t ha-1) 

Net 

return 

($) 

Intercropping systems References 

5.19 1564 Peanut alone Xie et al. (2022) 

4.42 1212 Cotton alone Xie et al. (2022) 

7.16 1878 Cotton + peanut Xie et al. (2022) 

3.37 1055 Cotton alone at 90 cm row spacing Rajpoot et al. (2018) 

3.02 896 Cotton alone at 120 cm row spacing Rajpoot et al. (2018) 

3.83 1182 Cotton at 90 cm row spacing + Okra Rajpoot et al. (2018) 

3.37 973 Cotton at 120 cm row spacing + Okra Rajpoot et al. (2018) 

3.62 1088 Cotton at 90 cm row spacing + Cow pea Rajpoot et al. (2018) 

3.17 886 Cotton at 120 cm row spacing + Cow pea Rajpoot et al. (2018) 

3.57   979 Early March planted cotton (flat sowing)  Shah et al. (2016) 

3.37 830 Late March planted cotton (flat sowing) Shah et al. (2016) 

3.21 3364 Wheat (bed sowing) + Early March planted cotton  Shah et al. (2016) 

3.05 3129 Wheat (bed sowing) + Late March planted cotton  Shah et al. (2016) 

3.33  3137 Wheat (ridge sowing) + Early March planted cotton  Shah et al. (2016) 

3.09 3077 Wheat (ridge sowing) + Late March planted cotton Shah et al. (2016) 

1.78 506 Cotton alone Marimuthua et al. (2014) 

1.53 502 Cotton + onion Marimuthua et al. (2014) 

1.59 524 Cotton + mung bean Marimuthua et al. (2014) 

1.95 577 Cotton + dhaincha Marimuthua et al. (2014) 

2.62 442 Cotton alone Sankaranarayanan et al. (2012) 

2.78 505 Cotton + beet root + v. cowpea + cluster bean Sankaranarayanan et al. (2012) 

2.55 424 Cotton + radish + cluster bean + beet root Sankaranarayanan et al. (2012) 

2.74 492 Cotton + radish + cowpea + beet root Sankaranarayanan et al. (2012) 

2.68 472 Cotton + radish + dolichos + beet root Sankaranarayanan et al. (2012) 

2.91 546 Cotton + radish + beet root + coriander Sankaranarayanan et al. (2012) 

2.83 511 Cotton + cluster bean + v. cowpea + dolichos Sankaranarayanan et al. (2012) 

2.58 448 Cotton + cluster bean + cowpea + dolichos Sankaranarayanan et al. (2012) 

2.88 530 Cotton + beet root + v. cowpea + cluster bean Sankaranarayanan et al. (2012) 

- 307 Sole cotton Sankaranarayanan et al. (2011) 

- 1143 Cotton + radish + cluster bean + beet root Sankaranarayanan et al. (2011) 

- 1256 Cotton + radish + beet root + coriander Sankaranarayanan et al. (2011) 

1.97   485 Cotton alone Iqbal et al. (2007) 

1.15  600 Cotton double-row sorghum Iqbal et al. (2007) 

1.21 534 Cotton + single-row sorghum Iqbal et al. (2007) 

1.21  371 Cotton + double-row soybean Iqbal et al. (2007) 

1.36  397 Cotton + single-row soybean Iqbal et al. (2007) 

1.14  579 Cotton + double-row sesame Iqbal et al. (2007) 

1.19  486 Cotton + single-row sesame Iqbal et al. (2007) 

 

Similarly, cotton+ okra, and cotton+ beet root 

intercropping systems resulted in earlierand greater 

cotton of cotton and net returns (Sankaranarayanan et 

al. 2011; Rajpoot et al. 2018). Similarly, intercropping of 

cantaloupe in cotton gave a higher yield of cantaloupe 

(sweet melon) than sole cantaloupe. Although sweet 

melon decreased the cotton yield to some extent as 

compared to the sole cotton crop but overall net 

monetary return was maximum in cotton + cantaloupe 

rather those of monoculture cotton or cantaloupe (Eure 
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et al. 2015). A study conducted by Marimuthua et al. 

(2014) examined the yield performance of different 

cotton-based intercropping systems. The research 

findings indicated that the cotton-onion intercropping 

system resulted in higher seed cotton yield compared to 

other systems evaluated. This suggests that integrating 

onion cultivation alongside cotton can lead to improved 

yields in cotton production. The study also highlighted 

that cotton-vegetable intercropping systems generally 

exhibited significant enhancements in yields and net 

returns. As a result, this intercropping approach can be 

particularly beneficial for small-scale farmers who rely 

heavily on crop cultivation for both food and economic 

benefits. By adopting cotton-vegetable intercropping, 

small farmers can potentially increase their overall 

productivity and economic returns, thereby contributing 

to their livelihoods. 

 

Cotton-wheat relay cropping system 

The delay in the sowing of wheat and the decrease in the 

cultivated area of wheat each year has caused major 

challenges to food security in developing countries like 

Pakistan (Hussain et al. 2013). Agriculturalists have 

introduced the technology of wheat cultivation in 

standing cotton (relay cropping), through which, by 

intercropping wheat in standing cotton, unusual delays 

in wheat cultivation can be avoided and complete 

pickings of the cotton crop can also be obtained. As 

cotton and wheat are cultivated in a large area of 

Pakistan and India, due to the long duration of the cotton 

crop, wheat cannot be sown at its best time and since the 

best time for wheat cultivation is November 15 (Shah et 

al. 2019). But during this period, cotton, especially Bt-

varieties were present in the field with maximum fruits, 

so it was not possible for the farmer to fully harvest the 

cotton crop at that time. If the farmer waits for the 

harvesting of the cotton crop, there is an extraordinary 

delay in the sowing of the wheat crop, which will result 

in a huge yield reduction due to the short growing 

period of the wheat crop. Thus, the main goal of cotton-

wheat relay cropping is to minimize the wheat and 

cotton yield losses, while wheat can be sown at the right 

time without any decline in wheat area. For the sowing 

of wheat in standing cotton, the farmers should irrigate 

their fields and when the fields reach to field capacity 

level, sow the seeds (60 kg/acre) that have been soaked 

in water for 8-10 hours. Furthermore, keep the fields 

wet for ten days after the sowing of wheat seeds so that 

the germination of wheat seeds after sowing can be 

increased (REEDS, 2022). Cotton-wheat relay 

intercropping system has the potential to increase the 

yield and profitability of both crops (Shah et al. 2016). 

Intercropping of a relay crop of wheat in cotton showed 

that better light interception was recorded than the 

alone planted crop either wheat or cotton (Zhang et al. 

2008). In Pakistan, Nasrullah et al. (2017) reported 

higher net profit when cotton was sown in standing 

wheat. Alike, Shah et al. (2016) conducted a 2-year 

research trial to monitor the profitability and production 

of relay cropping of wheat with cotton. They planted the 

cotton in beds and ridge-sown wheat. For comparison, 

sole cotton was also sown. Results showed that the 

benefit-cost ratio and net income were higher when 

cotton was intercropped in bed-sown wheat. Yield 

analyses of wheat relay cropping with cotton showed 

greater land equivalent ratio of 1.28 (Zhang et al. 2008).  

 

The main aspects to be considered in the 

intercropping system 

The success or failure of an intercropping system 

depends on several factors, such as the crops grown in 

intercropping or mixture can compete or strive spatially 

and temporally between species for resources (Panda et 

al. 2020). Successful intercropping requires careful 

consideration both before and during cultivation. The 

practice of intercropping has a significant impact on the 

vegetative growth of the crops involved, necessitating 

attention to spatial, temporal, and physical resources. To 

achieve economic viability, it is crucial to adapt the 

planting pattern and carefully select compatible crops 

(Seran and Brintha, 2009).  

 

Selection of compatible crop 

The selection of crop combinations plays a crucial role in 

the success of intercropping. Factors such as plant 

density, shading, and competition for nutrients can 

significantly reduce the yield of the main crop. To 

minimize plant competition and optimize yields, it is 

important to consider not only the spatial arrangement 

of the crops but also to choose those crops that are most 

adept at utilizing soil nutrients or plants such as crop 

that add some nutrients to the soil for example, 

intercropping of legumes (mung bean, mash bean, 

soybean, cluster bean, peanut etc.) with cotton suitable 

as compared to maize intercropping with cotton (Maitra 

et al. 2019). The inclusion of legumes in intercropping 
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systems can lead to increased yields due to their efficient 

use of space and potential nitrogen contribution, which 

depends on factors such as crop densities, light 

interception, crop species, and nutrient availability 

(Nyawade et al., 2022). Therefore, the careful selection 

of compatible crops is vital in intercropping. 

 

Time of planting 
In intercropping systems, optimizing the relative 

planting time is a crucial factor, especially in many 

developing countries (Huang et al. 2018). The timing of 

planting plays a critical role in determining competition 

within species, directly impacting the yield of the 

component crops (Egbe, 2010). For example, when 

maize and soybean were intercropped together for 50 

and 90 days, maize significantly decreased the biological 

yield of soybean during the early stage (Ahmed et al. 

2018) however, when co-grew for 90 days, significantly 

decreased the pods plant−1, number of seeds plant−1, 

seed weight (g) and, overall soybean seed yield maize-

soybean intercropping system (Ahmed et al. 2020). In 

relay intercropping systems that involve full-season 

cotton and wheat, the intergrowth period typically lasts 

between 40 to 50 days (Zhang et al. 2007). The duration 

of this intergrowth period is influenced by the sowing 

date of cotton. Early sowing dates allow for sufficient 

growth and development of cotton, but an extended 

intergrowth period can have varied effects on cotton's 

growth and development (Zhang et al. 2008). Previous 

studies have demonstrated that adjusting the sowing 

dates of intercropped cotton leads to differences in heat 

and radiation accumulation, not only during the 

intergrowth period but also throughout other growth 

stages of cotton. This, in turn, influences the growth 

patterns and yields of cotton (Khan et al. 2017; Hu et al. 

2017). While early sowing of cotton can result in 

increased fruit branches, earlier flowers, and bolls, it 

does not necessarily guarantee higher cotton yields due 

to reduced boll-setting rates (Hu et al. 2017; Qi et al. 

2018). 

Alternatively, when cotton is planted late, it may fail to 

experience the optimal temperature conditions during 

its reproductive growth phase. As a consequence, there 

may be an inadequate accumulation of dry matter, an 

increase in immature bolls, and a decline in fibre quality 

(Khan et al. 2017; Hu et al. 2017). Therefore, optimizing 

the sowing date of both the component crop or intercrop 

and the main crop is crucial for enhancing yields in relay 

intercropping systems (Zhou et al. 2016). Careful 

consideration of the timing of sowing can help achieve a 

balance between maximizing cotton yield potential and 

ensuring favourable temperature conditions for optimal 

growth and development throughout the intercropping 

system. 

 

Plant density 

The density of plants in a given area is a critical factor 

that influences the success or failure of intercropping. It 

refers to the number of plants per unit area and has a 

significant impact on the growth and productivity of 

crops, whether they are grown individually or in 

combination with other crops. Selecting the appropriate 

plant density or spacing is essential to achieve optimal 

crop yield (Gebru, 2015). Competition can arise within a 

species (intraspecific) or between different species 

(interspecific). Based on a meta-analysis of various 

studies on multiple cropping, intraspecific competition 

tends to be more pronounced than interspecific 

competition. Occasionally, interspecific competition can 

lead to beneficial outcomes, while intraspecific 

competition tends to have adverse effects (Adler et al. 

2018; Sandhu et al. 2020). Resource complementarity, 

which arises from niche differentiation, can explain the 

occurrence of beneficial effects in intercropping when 

two plant species are not competing for the same 

resources (Sandhu et al. 2020). In contrast, intraspecific 

competition intensifies with increasing population 

density, as plants sharing the same niche compete for 

resources such as water, nutrients, and light (Sandhu et 

al., 2020). Studies have indicated that low plant 

population density per unit area can result in reduced 

yields (Jeyakumaran and Seran, 2007). To achieve 

optimal plant density in intercropping systems, the 

seedling rate of each crop in the intercropping mixture is 

adjusted to be below its full rate. Planting at the full 

rates of each crop would lead to overcrowding and 

negatively impact yields. By reducing the seedling rates 

of each crop, intercropped crops have a better chance of 

yielding well within the mixture. This approach allows 

for a more balanced distribution of resources, including 

sunlight, water, and nutrients, among the intercropped 

plants. Optimizing plant density is a crucial aspect of 

establishing effective intercropping systems. Several 

studies emphasize the importance of considering plant 

density in intercropping practices (Sandhu et al. 2020; 

Jeyakumaran and Seran, 2007). By carefully adjusting 
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the seedling rates of each crop in the intercropping 

mixture, farmers can promote healthier plant growth, 

minimize competition, and maximize overall yields 

within the intercropped system. 

 

Table 3. Problems of different cotton-based intercropping systems and possible strategies (Matloob et al., 2020). 

Issues Strategy References 

Conflict of time between Bt 

cotton sowing and harvesting 

of wheat  

Sowing time can be adjusted in Bt cotton by 

transplanting one-month-old cotton seedlings 

or nursery 

Shah et al. (2017) 

Low yield if wheat is sown late 

and/or low yield of cotton if 

cotton is sown late 

Relay cropping with zero till increases the 

productivity of wheat. 

Intercropping with legumes and oilseeds crops 

increases the cotton yield and monetary 

returns from cropping system 

Singh et al. (2016); 

Aladakattiet al. (2011); Buttar 

et al. (2017); Singh et al. 

(2016); Sajjad et al. (2018) 

Nutrient management as 

greater requirements of 

nutrients for Bt cotton  

Intercropping with groundnut, soybean and 

other leguminous crops. Incorporation of 

wheat and rice straw.  

Singh et al. (2013); Singhand 

Ahlawat (2014). Sui et al. 

(2015); Yu et al. (2016) 

Weed infestation Intercropping of cotton with green 

gram/sesbania using bio-inoculants such as 

Pseudomonas and Azospirillium that increases 

seed cotton yield and also suppresses the weed 

dry biomass  

Sivakumar (2004); Vaiyapuri 

et al. (2010); Marimuthu and 

Subbian(2013 

Aphid attack Cotton intercropping with cowpea increases 

the population of natural enemy or predator of 

aphid 

Fernandes et al. (2018) 

Pink bollworm attack Cotton-basil intercropping decreases pink 

bollworm infestation up to 50% 

Schader et al. (2005) 

Nematode management Crop rotation (grain sorghum, maize, cotton-

peanut and deep tillage can decrease the 

incidence of nematode and weed seeds. 

Mueller et al. (2012) 

 

Maturity of crop 

In intercropping systems where two or more crops are 

cultivated together, it is beneficial if their peak growth 

periods do not overlap. This allows for one crop to reach 

maturity before its companion crop, reducing 

competition and promoting better growth and yield for 

both crops. A fast-growing crop intercrop may pull down 

the main crop growing with it and lower the final yield 

(Gardarin et al. 2022). The greatest complementary 

effects and yield advantages in intercropping are 

observed when the component crops have distinct 

growth periods, resulting in their major resource 

demands occurring at different times (Li et al. 2020). To 

optimize intercropping systems, it is advisable to select 

crops or varieties with varying maturity durations. By 

doing so, a rapidly maturing crop can complete its life 

cycle before the significant growth period of the other 

crop begins. This approach not only reduces competition 

between the crops but also facilitates staggered 

harvesting and the separation of different grain 

commodities.  

To maximize the benefits of intercropping, it is 

important to consider the timing of peak nutrient 

demands among the component crops. Ideally, crops 

with different maturity periods should be selected, 

ensuring that their maximum nutrient and moisture 

requirements, as well as their need for aerial space and 

light, occur at separate times (Maitra et al. 2020). For 

example, in the intercropping of maize and mung bean, 

maize has a peak light demand around 60 days after 

planting, while mung bean is ready for harvest (Reddy 

and Reddi, 2007). This staggered growth pattern allows 

for efficient utilization of resources and minimizes 

competition between the crops. Therefore, selecting 
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crops or varieties with different maturity dates is a very 

important factor in intercropping. 

 

Intercrop productivity  

The most important reason for growing two or more 

crops together is that it increases the productivity per 

unit of land. The land equivalent ratio (LER) has been 

developed by agricultural researchers and scientists to 

evaluate the performance of intercropping compared to 

yields obtained from pure stands. In research trials, 

separate plots are used to grow pure stands of individual 

crops and mixtures of crops. The yields from both the 

pure stands and the individual crops within the mixture 

are measured. This allows for an assessment of the land 

requirements per unit of yield. By comparing the yields 

of the main crop and the intercrops, it is possible to 

determine the yield advantage, if any, of intercropping 

over pure stands. Additionally, it is observed how much 

additional land would be needed in the pure stand to 

achieve the same yield as the intercrop (Iqbal et al., 

2019). This calculated figure is known as the Land 

Equivalency Ratio (LER). To calculate the LER, the yields 

of the intercrops are divided by the yields of the pure 

stands for each component crop in the intercrop. The 

LER provides a measure of the productivity efficiency 

and resource utilization of intercropping systems (Zhang 

et al. 2021). Then, these two figures are added together. 

For example, cotton and soybean are intercropped 

together and yield from pure cotton, and pure soybean, 

and the yields from both cotton and soybean growing 

together in an intercrop are measured. 

LER = (intercrop cotton / pure cotton) + (intercrop 

soybean / pure soybean) 

When the Land Equivalency Ratio (LER) is equal to 1.0, it 

indicates that the land requirement for growing soybean 

and cotton together in an intercrop is the same as that 

for growing them in pure stands. In such cases, there is 

no advantage to intercropping over pure stands. LER 

values above 1.0 indicate an advantage to intercropping, 

while values below 1.0 indicate a disadvantage (Feng et 

al. 2021). For instance, an LER of 1.25 signifies that the 

total yield obtained from the intercrop would have 

required 25% more land if the crops were grown in pure 

stands. On the other hand, if the LER is 0.75, it means 

that the yield achieved in the intercrop is only 75% of 

what would have been obtained if the same amount of 

land had been used for pure stands. The LER provides a 

quantitative measure of the efficiency and productivity 

gained through intercropping, allowing researchers and 

farmers to assess the benefits of intercropping systems 

in terms of land utilization. 

 

CONCLUSION 

The climate is changing rapidly and the world's 

population is growing. In this context, we have to 

increase our productivity. The cotton-based 

intercropping system is imperative for farmers, 

particularly for small landholding farmers. There is 

maximum utilization of environmental resources to 

increase crop production in the intercropping system. 

Cereals, legumes, and vegetables can be intercropped 

with cotton. Each group gives numerous benefits in 

terms of yields and income over the sole cotton crop. 

Thus, an intercropping system is the need of time and is 

feasible and uses various resources more efficiently, 

resulting in higher productivity and monetary return.  
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