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Abstract: Under the sudden climatic change, wheat yield after cotton harvest is suffering in 

cotton-wheat cropping system of Southern Punjab, Pakistan. Introduction of Bt cotton in the 

wheat-cotton cropping system caused the sowing and harvesting time confliction. Therefore, 

the study was conducted at different locations in the field during consecutive two years 2011-

2012 and 2012-2013 at Bahawalpur, Pakistan. The sowing of wheat was delayed by 19-39 

days under conventional sowing as compared to relay sowing of wheat in standing cotton. 

The additional one picking was an extra benefit in relay sowing of wheat in terms of seed 

cotton yield and ultimately economic benefit to the farmer. The increase in wheat yield under 

relay seeding of wheat was primarily due to healthy spike production and maximum numbers 

of grains spike
-1

. Wheat sown with relay seeding was obtained higher yield (38.5%), fertile 

tillers (30.7%), grains spike
-1

(38.5%) and 1000-grain weight (26.8%) in contrast to farmer 

practice.  Benefit cost ratio proved that farmers can obtain maximum economic benefit with 

increase in yield (29.39%) by adopting the newly emerged method for wheat sowing as a 

relay crop in the standing cotton crop. 
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1. Introduction 
Population of Pakistan has surpassed 193 million 

by 2016, where most of people like bread of wheat to 

eat (World Bank, 2017). Therefore wheat (Triticum 

aestivum L.) is the staple diet of the peoples and 

important food grain in Pakistan for making 

agricultural policies. Wheat contributes 3.1% to GDP 

and 14.4 % to value addition in agriculture 

(Government of Pakistan, 2013). Pakistan, like many 

other developing countries, has an agrarian based 

economy. The agriculture sector contributes 21.4 % 

to GDP and employs 45 percent of the country’s labor 

force and contributes in the growth of other sectors of 

the economy and absorbs poverty and the 

transforming towards industrialization (Government 

of Pakistan, 2013). The low productivity of wheat 

crop in cotton wheat cropping zone is attributed to its 

very late sowing after harvest of cotton (Rehmani et 

al., 2016). Cotton is the most important cash crop of 

Pakistan contributing largest share in export revenues. 

Moreover, lint, oil extraction and preparation of meal 

(from cotton seeds) supply 80% of the national oil 

seed production (Rehman et al., 2015; Rehman et al., 

2018; Ullah et al., 2016). 

Early picking of cotton for timely sowing of wheat 

crop seems very tough (Ahmad et al., 2016; 

Government of Pakistan, 2004). With the increase in 

population the demand for food and fiber is also 

increasing rapidly (Conijn et al., 2018; Long et al., 

2015). To avoid loss in cash crop and timely sowing 

of next crop relay cropping is potential solution (Du 

et al., 2015; Zhang et al., 2007; Zhang et al., 2008). 

Relay cropping is widely used in different countries 

and cropping systems to solve issues related to 

inefficient utilization of available resources, 

conflicting sowing time, fertilizer application, and 
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soil degradation with aim of higher crop productivity 

and without compromising sustainability (Huang et 

al., 2017; Mao et al., 2014; Tanveer et al., 2017; 

Vrignon-Brenas et al., 2016a; Vrignon-Brenas et al., 

2016b; Vrignon-Brenas et al., 2016c; Zhou et al., 

2015; Zhou et al., 2014). In cotton-wheat cropping 

system net benefit of relay cropping is comparable 

with the sowing of wheat after harvesting of cotton 

(Sajjad et al., 2018; Singh et al., 2017; Yadvinder et 

al., 2014). Conventional sowing of wheat after cotton 

harvest resulted decreased yield as compared to 

sowing of wheat in standing cotton, gave higher yield 

(Bange, and Milroy 2001; Shah et al., 2016). 

In conventional sowing methods, i.e. wheat is 

sown after harvest of cotton gave lesser yield as 

compared to wheat relayed in standing cotton (Khan 

and Khaliq, 2005). The sowing of wheat is generally 

delayed due to subsequent pickings and late 

harvesting of cotton and land preparation for sowing 

of wheat (Feng et al., 2017). Relay cropping the 

possible option for early planting of wheat in standing 

cotton in wheat cotton based cropping system. The 

wheat yield increased in relay cropping may be due to 

more number of grains per spike and higher spike 

density (Butter et al., 2013). However, in current 

studies new relay cropping methods are needed on 

cotton based cropping systems and their effect on 

agro-physiology of crops. The objectives of this study 

were to determine the production potential and 

economics of cotton-based relay cropping of wheat. 

2. Materials and Methods  
The experiment was planned for two years at 

different locations on farmer’s field. i.e., during years 

2011-2012 and 2012-2013. Details of date of sowing 

under conventional and relay sowing are described in 

Table 1. Main experimental plot was split in to two 

sub-plots i.e. one wheat sown as relay crop in 

standing cotton, whereas in second sub-plot wheat 

was sown after the harvest of cotton. Wheat (Triticum 
aestivum L.) crop was sown in standing cotton and 

plot was irrigated to the depth of 7.5 cm. Wheat 

variety Mehraj-08 was sown on November, 10 to 20 

in standing cotton with zero-tilled soil. In this study 

innovative technique sowing of wheat in standing 

cotton was compared with the farmer practice. Farmer 

practice includes the last picking of cotton in 

December, removal of cotton sticks, land preparation 

with heavy tillage and planting of wheat through 

broadcast. In relay cropping wheat seed was soaked 

in water tank for 5 to 6 hours and put in open air for 

further 5 to 6 hours for processing. In relay cropping 

wheat seed was broadcast in standing cotton after 

irrigation in early November. After the last picking of 

cotton, sticks of cotton were cut manually from the 

field during December.  

All potassium and phosphatic fertilizers (P2O5 and 

K2O) along with half N were given after removal of 

cotton sticks with 1
st
 post planting irrigation.  The 

remaining N was given during mid-January. 

Recommended weedicides were applied to control the 

weeds from the said crop. The zero-tilled seed bed 

and normal seed rate was used for relay cropping 

system. However, the supply of moisture was 

continued for adequate germination and crop stand. 

The crop was harvested at its physiological maturity. 

The observation like fertile tillers per unit area, grains 

spike
-1

, 1000- grain weight, grain yield (kg ha
-1

) were 

observed for estimating the economic benefits of 

relaying. The statistical analysis was conducted by 

using Statistix 10 as described earlier (Nawaz et al., 

2017). 

Table 1. Time of wheat sowing for relay and conventional cropping 

Treatment Farmer Name and Location 
Sowing Date of wheat Difference in sowing 

Relay Cropping Conventional  

cropping 

(days) 

2011-12 

L1 Muhammad Islam 6BC, BWP 04.11.2011 10.12.2011 36 

L2 Muhammad Aslam, Samasatha, BWP. 11.11.2011 05.12.2011 24 

L3 Haji Abdul Ghafar, Hoot Wala, BWP 08.11.2011 04.12.2011 26 

L4 Tasawar Hussain, Rajapur, Lodhran 14.11.2011 23.12.2011 39 

L5 Shafiq Farm Basti Reddan, BWP. 12.11.2011 30.11.2011 30 

2012-2013 

L1 Muhammad Islam 6BC, BWP 12.11.2012 24.11.2012 12 

L2 Muhammad Aslam, Samasatha, BWP. 18.11.2012 08.12.2012 20 

L3 Haji Abdul Ghafar, Hoot Wala, BEP 16.11.2012 14.12.2012 28 

L4 TasawarHussain, Rajapur, Lodhran 19.11.2012 08.12.2012 19 

L5 Shafiq Farm Basti Reddan, BWP. 10.11.2012 08.12.2012 28 

L, location; BWP, Bahawalpur 
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Table 2. Response of wheat yield and yield components under conventional and relay cropping at different 

experimental sites 

Location Yield (kgha
-1

) Change 

(%) 

Tillers(m
-2

) Change 

(%) 

Grains spike
-1

 Change 

(%) 

1000-GW (g) Change 

(%) RS CS RS CS RS CS RS CS 

L1 5275 3476 34 414 306 26 52 32 38 48 35 27 

L2 5533 3398 39 406 354 13 51 37 27 38 35 09 

L3 4968 2950 41 411 296 28 48 31 35 43 33 23 

L4 4891 2891 41 424 250 41 51 29 43 43 27 37 

L5 5167 3179 38 430 240 44 56 31 45 52 32 38 

Mean 5166 A 3178 B 38.5 417 A 289 B 30.7 52 A 32 B 38.5 45 A 32.4 B 26.8 

LSD 353.7  49.5  7.3  6.2  

Means not sharing the same letters in a group differ significantly at 5% probability level. Each value is average of six 

values taken in two experimental years (2011-12 and 2012-13). RS, Relay Sowing; CS, conventional sowing; GW, grain 

weight. 

3. Results and Discussion 
3.1 Fertile Tillers 

The results of study showed that significantly 

greater number of fertile tillers (417 m
-2

) was 

observed in wheat relayed in standing cotton 

compared to farmer practice of sowing wheat after the 

harvesting of cotton (289 m
-2

) (Table2). The fertile 

tillers (m
-1

) in wheat sown after harvest of cotton 

reduced by about (44.3%) that might be due to 

temperature variations in 10
th
 November to 31

st
 

December and late sowing of wheat. Shoot meristem 

growth is linearly correlated with the temperature and 

initiation of shoot (Ong and Barker 1985). 

The stages of development of wheat were delayed 

due to late sowing of wheat after the harvesting of 

cotton. Similar results also reported by Kirby and 

Ellis (1980) that number of tillers reduced due to late 

emergence of leaf and decreased length of leaf 

initiation due to late sowing of wheat.Sowing dates 

significantly affected fertile tillers m
-2

, number of 

grains per spike and grain yield kg ha
-1

 (Aslam et al., 

2013;  Nayyar et al., 1992).  

3.2 Grains Spike
-1

 
Wheat relayed in cotton produced 38.5% higher 

number of grains spike
-1

as compared to wheat sown 

subsequent to harvesting of cotton (Table2). The 

number of grains per spike increased because of 

appropriate time availability for grain formation and 

suitable temperature at anthesis stage in case of relay 

sowing of wheat compared to farmer’s practice of late 

sownwheat in December after complete removal of 

cotton sticks from the field and land preparation. So, 

more grains per spike (52) were observed in relay 

sowing of wheat in standing cotton than the farmer’s 

practice of late sown wheat (32) subsequent to 

harvesting of cotton and preparatory tillage. These 

results are comparable with that Kirby (1969) and 

Noworolnik (1989). 

During the study statistically similartrends of 

grains per spike were observed for both years.The 

higher temperature at anthesis and grain formation 

stage resulted in fewer number of grains per spike in 

case of late sown wheat in farmer’s practice 

compared to relayed sowing of wheat in standing 

cotton that may be due to less time for grain 

development.In case of relay sowing of wheat 

appropriate time is available for all the growth stages 

of development to wheat crop resulted in better 

number of grains per spike. The late sowing of wheat 

crop has negative influence on growth and number of 

grains per spike (Aslam et al., 2013; Jan et al., 2000). 

Table 3.  Benefit Cost Ratio (BCR) analysis of conventional and relay sowing of wheat and cotton 

Sowing Methods  Wheat yield 

(kg ha
-1

) 

Cotton yield  

(kg ha
-1

) 

Gross income (Rs. ha
-1

) Cost variation  

(Rs. ha
-1

) 

Net Income 

(Rs. ha
-1

) Wheat Cotton Total 

CS 3178 2734 103285 170875 274160 12300 261860 

RS 5166 3275 167895 204688 372583 1750 370833 

Increase in RS 1988  541 64610  33813 98423 10550 108973 

% increase in RS 38% 16% 62% 20% 36% 86% 42% 
Data is average of independent values taken from experiment conducted in triplicate at five experimental sites in two 

experimental years (3×5×2). CS, conventional sowing; RS, relay sowing. 
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3.3 1000-Grain Weight  
The results of the study showed that relay sowing 

of wheat significantly gave 26.8% more 1000-grain 

weight compared farmer practice late sown wheat 

(Table 2). The reason behind this is the longer time 

period available at grain filling stage in case of timely 

sowing of wheat. The grain weight was decreased by 

about ten percent in case of late sowing of wheat 

(Green et al., 1985). Many scientists reported that 

1000-grain weight significantly affected by late 

sowing of wheat (Jan et al., 2000). Various studies 

reported significant impact of crop sowing time on 

1000-grain weight (Aslam et al., 2013; Tahir et al., 

2009) 

3.4 Grain Yield 
The results of the study showed that higher grain 

yield (5166 kg ha
-1

) was recorded in wheat sown in 

standing cotton compared to framer’s practice (3178 

kg ha
-1

) of sowing wheat after removal of sticks from 

the field and land preparation (Table 2). The 

increased grain yield (38.5%) of wheat may be due to 

30.7% more fertile tillers, 38.5% more grains per 

spike and 26.8% more 1000-grain weight in relayed 

cropping of wheat in cotton compared to farmer’s 

practice after preparatory tillage (Table 2).  

The wheat crop sown in standing cotton gets 

favorable temperature for germination, growth and 

grain development. The wheat crop sown after the 

preparatory tillage not only faced the unfavorable 

temperature but also get short time period of about 

1.5 month for total crop growth duration. Overall, the 

performance of late sown wheat was affected by all 

the yield dependent factors. 

These results are in line with the findings of 

earlier reports (Akkaya and Akten, 1989; Andrew et 

al., 1990; Aslam et al., 2013; Piech and Stankowski, 

1989; Stapper and Fischer, 1990;). Tahir et al., (2009) 

observed that sowing times significantly affected the 

grain yield. The maximum grain yield of wheat was 

observed when sown on October (Zia-ul-Hassan et al., 

2014). The decreased in yield of wheat can be 

attributed to the unfavorable temperature regimes at 

all the developmental stages of growth.  

3.10. Benefit Cost Ratio (BCR) 
Wheat sown in standing cotton produced 38 % 

(5166 kg ha
-1

) more wheat compared to farmer’s 

practice of sowing wheat after preparatory tillage and 

removal of sticks from field. Farmer obtained extra 

economic advantages (Rs. 0.1 million ha
-1

) through 
adopting relay sowing of wheat in standing cotton. In 

addition, the land preparation cost that approximately 

amounts to be twelve thousands rupees is also saved 

by relay cropping of wheat in comparison to farmer’s 

practice of planting wheat after cotton harvesting. 

Furthermore, the cotton crop yield is also increased 

by about 16 % by picking the matured bolls up to 

mid-December that gives monetary benefit to the 

grower (Table 3).  

4. Conclusion 
The ease of adopting the relay cropping of wheat 

(i.e. no preparatory cost, not any additional resources 

required neither any special equipment needed nor 

any extra labor etc.) is another merit of this 

technology. In addition, the land preparation cost that 

approximately amounts to be twelve thousands rupees 

is also saved by relay cropping of wheat as compared 

to conventional planting after cotton harvest. So, it is 

concluded that farmers may be recommended to 

adopt this method of wheat intercropping as a relay 

crop in the cotton standing crop. 
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