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Abstract 
Studies were conducted to examine the effect of legumes and oilseed crop strips on 

inter-cropping properties and yield related parameters during the Rabi season 2017-18 

at three selected locations in Mithawan Hill Torrent (spate) irrigated fields of Dera 

Ghazi Khan Punjab- Pakistan. The experiment was laid out in Randomized Complete 

Block Design (RCBD) having three replications. The sole strips of chickpea, arugula 

(locally called taramira), lentil were evaluated. Chickpea-arugula alternate strip, 

chickpea-lentil alternate strip, arugula-lentil alternate strip and chickpea-arugula- lentil 

alternate strip in combination were also investigated. Data was analyzed through 

ANOVA technique and differences among the treatments were tested using HSD 

Tukey’s test. The obtained results shows that the Land Equivalent Ratio (LER) of sole 

chickpea was 0.97 and LER of strip intercropping was 1.79 which shows distinct 

advantage of strip intercropping. Relative Crowding Coefficient (RCC) value for 

chickpea, arugula and lentil were 25, 9.44 and 0.1, respectively when compared with 

the sole strip cropping. It shows that intercropping of chickpea and arugula were 

effective. Chickpea and arugula strip inter crop resulted in better LER and RCC with 

reasonable yield of both crops under the spate irrigated conditions of Mithawan hill 

torrent command area Dera Ghazi Khan Punjab (Pakistan). Area time equivalent ratio 

could not bring significant differences among the strip inter cropping treatments. Lentil 

could not succeed in strip inter cropping in spate irrigated situations of Mithawan hill 

torrent. The obtained results recorded maximum 1000 seed weight of chickpea (144.80 

g) and arugula (4.72 g); seed yield of chickpea (800.16 kg ha-1), arugula (433.14 kg ha-

1), respectively when both crops were grown in the form of separate sole strip. Hence 

for achieving maximum yield, the farmers of spate irrigated area of Mithawan hill 

torrent area should sow chickpea or arugula as a sole strip. 
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Introduction 
 

A spate irrigation system use seasonal floods which is 

the second largest source of irrigation water from hill 

torrent after canal water in Pakistan (Ahmad et al., 

2016). At sowing time variation in the rain fall may 

affect spate irrigation (Javed et al., 2007). A major 

portion of  land of about 13.25 million hector, out of 

which hilly areas are 6.35 million ha  and plains 6.9 

million ha however, in spate irrigation annually 

cultivated land is 0.72 to 2.0 million ha, which marks 

about 9% of the total irrigated area of Pakistan in a 

year (Mirjat et al., 2011). The  techniques used to 

conserve agriculture resources are zero tillage, crop 

cover, crop residue cover, site specific nutrient 

management, laser land leveler, crop rotation, 

integrated farming system, rain water harvesting, off 

season tillage and ploughing, contour farming and 

strip intercropping etc. 

Cultivation of two or more crops on the same piece of 

land (Sarkar et al, 2000), at the same time in an 

organized manner for development of some or all the 

plant part (Elemo et al., 1990) is called intercropping. 

It is carried out in many parts of the world due to its 

relative advantages including higher stability of yield, 

higher efficiency of land and labor use (Klindt et al., 

2007). In developing countries intercropping may 

have positive effect on the future food problems 

(Egbe, 2005). Most of the advantages of intercropping 

are obtained by application of legume species 

(Manjith et al., 2009).  

Intercropping of oilseed crops with legumes can 

promote resource use efficiency compared to mono 

culture and improve the yield (Singh et al, 2010). It is 

performed in low input and low fertile soils of tropic 

regions (Sabaghpour et al., 2005). Among the crops, 

legumes have great ability in adaptation to cultivation 

pattern and can improve production capacity (Banik et 

al., 2006; Mahfouz and Migawer, 2004). Nazir et al., 

1988 stated that intercropping of lentil (Lens 

culinaris), Sarson (Brassica napus) and chickpea 

(Cicer arietinum) decrease the yield of wheat over 

wheat cultivated in non-irrigated conditions. Henriet 

et al., (1997) explored that in Sudan savannah of 

Nigeria intercropping was the pre dominant system 

with millet, cowpea, sorghum, groundnut and millet. 

Legumes improve the nitrogen in the soil and enhance 

crop yield.  

Chickpea (Cicer arietinum L.) and rapeseed (Brassica 

napus L.) are grown in single plus in mix cropping 

because of their different morphology, growth time 

and climatic requirements. Growing of mustard as an 

intercrop in chickpea is a common practice. If 

recommended ratio of chickpea with oilseeds like 

rapeseed-mustard for an area is adopted then farmers 

could utilize useful and available resources more 

efficiently and effectively on sustainable basis. In 

intercropping, production is commonly maximum 

than in alone cropping system (Lithourgidis et al., 

2007; Dahmardeh et al., 2009).  

The advantage of yield in intercropping mainly 

depend on the use of resources such as light, water and 

nutrients than alone crop (Liu et al., 2006). Nitrogen 

uptake increases upto 50 to 59% in intercropping of 

wheat-maize while in wheat-soybean increase in 

nitrogen is 19 to 23% (Zhang and Li, 2003). Barillot 

et al., (2014) found remarkably increased radiation 

productivity in intercropping of pea and wheat than 

that of sole crop of wheat. Eskandari and Ghanbari, 

2011 evaluated intercropping effect of faba bean and 

wheat and explained better resource use on 

intercropping in terms of light capture, water and 

nutrient uptake in contrast to alone crop.  

With the help of LER, the relationship between two 

crops, ability to use land and total production of 

intercropping system can be measured (Rashid et al., 

2002). LER is commonly used to calculate the 

efficiency of land which is used in intercropping 

(Seran and Brintha, 2009). Studies on the effect of 

legumes and oilseeds grown in the form of alternate 

strip inter crops for effect on yield in spate irrigated 

areas are currently lacking worldwide. Hence the 

proposed study was designed to find out most viable 

feasible strip inter cropping and its impact on yield of 

chickpea, arugula (taramira), lentil in spate irrigated 

lands of Punjab (Pakistan). 
 

Material and Methods 
 
The experiment was laid in the Rabi season 2017-18 

at three selected locations in Mithawan Hill Torrent 

spate irrigated fields of Dera Ghazi Khan that lies 

between latitude 29.731o N to 29.862oN and longitude 

70.314oE to 70.487o E with altitude of about 2107 m 

above mean sea level. The experiment was carried out 

in RCBD with three replications.  

Seed rate for lentil, chickpea and arugula (taramira) 

crops was 20, 90 and 5 kg ha-1 respectively. Seeds of 

lentil, chickpea and arugula (taramira) were line sown 

using seed drill, on October 08, 2017. The net plot size 

was 44 m×5.45 m. Lentil rows were kept 30 cm, 

chickpea 45 cm apart with spacing of plants at 23 cm 
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whereas arugula (taramira) having space between 

rows 45 cm with plants within row spaced at 15 cm. 

Urea, Diammonium phosphate and Sulphate of potash 

fertilizers were applied at the sowing time @ 17 kg 

Urea and 50 kg each of DAP and SOP per acre, 

respectively. Conserved soil moisture through rainfall 

received before and during the growing season was 

the only source of water available for crops to grow 

till maturity. All the other agronomic measures were 

kept regular and same for all the treatments.  

Following treatments were applied in the experiment  

S1: Chickpea strip  

S2: Arugula (Taramira) strip   

S3: Lentil strip  

S4: Chickpea + Arugula (Taramira) alternate strip 

S5: Chickpea + Lentil alternate strip 

S6: Arugula (Taramira) + Lentil alternate strip 

S7: Chickpea+ Arugula (Taramira) + Lentil alternate 

strip 

During the course of study following parameters 

were recorded. 

 

Land equivalent ratio 

LER was calculated to study intercropping 

competition and yield advantages in intercropping 

compared with sole cropping. 

LER = LER (chickpea) +   LER (intercrop) 

 

Where, 

LER (chickpea) = Intercropped yield of chickpea 

                               Sole crop yield of chickpea  

  

LER (intercrop) = Intercropped yield of chickpea, 

arugula (taramira) and lentil 

sole crop yield of   chickpea, arugula (taramira) and 

lentil 

 
Relative crowding Co-efficient (RCC) 

RCC plays a significant role in measuring the 

competition effect and benefits in intercropping. 

Relative crowding co-efficient (k) was measured by 

following formula (De Wit, 1960). 

 

 Kab=         Yab   _    Zba 

      Yaa-Yab -     Zab 

Where, 

Kab= Relative crowding co-efficient for species a in 

polyculture with species b 

Yab= Intercrop yield of crop “a” in polyculture with 

species b 

Yaa= Pure stand yield of crop “a”  

Ybb= Pure stand yield of crop “b” 

Yba= Intercrop yield of crop “b’’ in polyculture with 

species a; 

Zab= ratio (%) of species a to species b in polyculture 

Zba= ratio (%) of species b to species a in polyculture 
 

1. Area-Time equivalent ratio (ATER) 

The Hiebsch (1980) introduced to measure time 

period of the crop remained on land from planting to 

the harvest. This method is known as ATER. The 

formula used to calculate the ATER was 

ATER = ATER (chickpea) + ATER (intercrop) 

Where 

ATER (Chickpea) = LER (chickpea) x Time taken by 

chickpea crop 

             ____________________________________ 

                  Duration of inter crops in days 

ATER (Intercrop) = LER (intercrop) x Time taken by 

intercrop crop   

_______________________________________ 

            Duration of inter crops in days 

 

2. 1000 seed weight (g) 

From each treatment samples of seeds were taken. 

1000 seeds were calculated and weighed on an electric 

balance and average was calculated.  

 

3. Total dry biomass yield (kg ha-1) 

After drying and before threshing, entire above 

ground plant biomass per plot was weighed and 

converted into kg ha-1.  

 

4. Seed yield (kg ha-1) 

The harvested samples of chickpea, arugula (taramira) 

and lentil were sun dried and threshed manually. 

Seeds per plot were weighed and changed into kg ha-

1.  

 

5. Harvest index (%) 

It was noted for each plot for chickpea and arugula by 

applying the formula: 

HI % =
Economic yield (seed yield)

Total Dry Biomass Yield (seed + straw)
×  100 
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Experimental layout   

Resource Conservation through Strip Cropping of Chickpea, Taramira and Lentil in Spate Irrigate Area 
R1  Chickpea 

Sole Strip 

Sub 

path  

 Taramira 

(Arugula) 

Sole Strip  

Sub 

path  

Lentil 

Sole  

strip  

Sub  

Path  

Chickpea 

and Lentil  

Strip 

Sub 

path  

Chickpea 

and 

Taramira 

(Arugula) 

Strip  

Sub 

path  

Taramira  

(Arugula)     

and  

Lentil 

Strip  

Sub  

Path  

Chickpea+  

Taramira  

(Arugula)+   

Lentil Strip 

        Path        

R2  Chickpea 

Sole Strip  

Sub 

path  

Taramira 

(Arugula) 

Sole  Strip  

Sub 

path  

Lentil 

Sole 

Strip  

Sub  

Path  

Chickpea 

and Lentil  

Strip 

Sub 

path  

Chickpea 

and 

Taramira 

(Arugula) 

strip 

Sub 

path  

Taramira 

(Arugula) 

and Lentil 

Strip 

Sub  

Path  

Chickpea+  

Taramira  

(Arugula)+   

Lentil Strip  

        Path        

R3  Chickpea   

Sole Strip 

Sub 

path  

Taramira 

(Arugula) 

Sole Strip  

Sub 

path  

Lentil 

Sole 

Strip  

Sub  

Path  

Chickpea 

and Lentil  

Strip  

Sub 

path  

Chickpea 

and 

Taramira 

(Arugula) 

Strip 

Sub 

path  

Taramira 

(Arugula) 

and lentil 

Strip  

Sub  

Path  

Chickpea+  

Taramira  

(Arugula)+   

Lentil Strip  

Design: Randomized Complete Block Design 

Replications: Three 

Net Plot Size: 44 m x 5.45 m 

 

Results and Discussion 

 
The results from three locations could not vary 

significantly, hence the pooled data has been 

discussed. 

 

Strip inter cropping component 

The LER value obtained from the intercropping of 

three crops under test (i.e. chickpea, taramira and 

lentil) was 1.79 and in the sole strip inter cropping of 

chickpea, the LER value obtained was 0.97. It 

indicates that the yield obtained in intercropping 

chickpea with lentil and Arugula (taramira) resulted 

an overall increase in benefit of 1.79 % than the sole 

strip inter cropping of chickpea, arugula (taramira) or 

lentil (Lithourgidis et al., 2007; Dahmardeh et al., 

2009) (Fig.1). Higher LER in intercropping treatments 

could be owing to improved land use (Banik, 1996 and 

Dhaka et al., 2014). It can be due to improved use of 

resources like light, water, nutrients and land etc 

(Banik et al., 2006 and Shehata et al., 2007). Khatun 

et al., (2012) also showed highest land equivalent ratio 

(1.719) in wheat and cowpea intercropping. The 

probable reason could be that in sole cropping low 

LER produced low yield than that from intercropping. 

Wasaya et al., (2013) reported greater LER (1.78) in 

wheat-fenugreek intercropping. Higher LER in 

chickpea-fennel intercropping as compared to sole 

crop was also reported (Awasthi et al., 2011). 

Fig. 1: Land Equivalent Ratio of sole and inter-cropping systems of chickpea, arugula 

(taramira) and lentil in spate irrigated areas.
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Relative crowding co-efficient (RCC) play a 

significant role in determining the competition effect 

and advantage in intercropping. The RCC obtained for 

chickpea, arugula (taramira) and lentil was 25, 9.44 

and 0.13, respectively (Fig. 2). Previous work also 

demonstrates higher RCC in intercropping setup than 

sole cropping system (Tanwar et al., 2011). The 

component crop with higher “K” value dominates and 

that with low “K” value is dominated. The expected 

reason could be that chickpea and arugula grow well 

together in intercropping system than with alternate 

strip-cropping of lentil. RCC indicated intercrop as 

dominant species in a crop mixture situation (Ahlawat 

et al., 2005). Jabbar et al., (2009) outcomes are quite 

in agreement and explained ricebean, cowpea and 

pigeonpea intercrops appeared to be dominant as they 

had higher values for “K”  

To measure the time of component crop in inter 

cropping, the ATER was determined. The ATER 

produce more accurate yield advantages of inter crop 

than the sole crop. It consider the variations in the time 

taken by the component crop in an inter-cropping 

system.  In present study, the value of area time 

equivalent ratio for all the treatments was calculated 

and found to be similar as for LER in the intercropping 

system. Though the harvesting time of chickpea and 

lentil could not differ significantly but it varied from 

arugula (taramira) crop which was harvested few days 

earlier than chickpea and lentil however this could not 

bring significant difference. Furthermore the similar 

values of ATER to LER could be attributed to same 

time of plantation in strip inter-crops of three crops 

under test i.e. chickpea, arugula (taramira) and lentil. 

 
Fig. 2: Relative Crowding Coefficient of chickpea, 

arugula (taramira) and lentil strip inter-cropping 

systems in spate irrigated areas. 
 

Yield components 
 

Chickpea 

Chickpea based strip intercrops resulted in significant 

differences among all the treatments employed for 

1000 seed weight, total dry biomass yield and seed 

yield. The higher 1000 seed weight (144.80 g), 

maximum total dry biomass yield (3181.40 kg ha-1), 

higher seed yield (800.16 kg ha-1) and statistically 

highest harvest index (31.25%) for chickpea was 

calculated in the plots where chickpea was grown as a 

sole crop. The obtained results are contradictory to the 

findings of Lesoing and Francis (1999) who observed 

increase in seed weight in the edge rows of maize 

grown in strip cropping with soybeans. The similar 

results have also been reported by Ancha and Ahlawat 

(1990), who stated that the harvest index of sole 

pigeon pea was higher than pigeon pea and mung bean 

inter cropping. 

The lowest total dry biomass yield (2559.10 kg ha-1), 

statistically low seed yield (771.25 kg ha-1) and 

significantly minimum harvest index (24.22%) of 

chickpea was noticed in plots where all the three crops 

under study i.e. chickpea, arugula (taramira) and lentil 

were grown in alternate strips (Table 1). It might be 

due to high competition among crop plants under 

study for light, water and nutrients. While the alternate 

strip of chickpea- arugula (taramira) or chickpea-lentil 

were intermediate for their effects on seed yield. The 

results obtained by Głowacka (2010) who stated 

decrease in the yield of spring wheat, maize and 

common bean in strip cropping are in consonance with 

our findings. The results obtained are contrary to the 

findings of Głowacka (2011) who stated that yield of 

maize, wheat and bean may be higher in strip cropping 

as compared to single-species crops. Use of cover 

crops (living mulch) in Norwegian spring cereal 

production system significantly improved grain yield 

by 16–22% (Brandsæter et al., 2012). The average 

yield of chickpea in spate irrigated system Mithawan 

hill torrent was 575.6 kg ha-1 (GOP, 2003) and 1991 

kg ha-1 as reported by Ahmad et al., 2016. They further 

reported minimum seed yield for gram to be 618 kg 

ha-1. The chickpea yield obtained in the study is 

significantly greater than the minimum reported. 

Furthermore, the relatively lower seed yield than the 

current reported average as given by Ahmad et al., 

2016 is understandable because year 2017 was dry 

year with less rain received in the Mithawan hill 

torrent at study sites. Groundnut intercropped with 

cereals produced low pod yield due to lower 

groundnut plant density in intercropping system and 

presence of competition between the species 

(Trenbath, 1976). 
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Table 1: Effect of chickpea based strip intercrops on Yield attributes of chickpea  

Treatments 

1000 seed 

weight (g) 

Total Dry 

Biomass Yield 

(kg ha-1) 

Seed 

yield (kg 

ha-1) 

Harvest 

index 

(%) 

Chickpea Strip  144.80 A 3181.40 A 800.16 A 31.25 A 

Chickpea and Arugula (Taramira) alternate 

Strip 

133.27 B 2869.80B 787.73 B 28.76 B 

Chickpea and Lentil alternate Strip 127.00 B 2741.20C 779.02 C 27.14 C 

Chickpea, Arugula (Taramira) and Lentil 

alternate Strip 

116.27 C 2559.10D 771.25 D 24.22 D 

Tukey’s HSD value 0.9683 100.19 5.2694 0.9388 

Means followed by same letters do not differ significantly at P= 0.05 

Arugula (Taramira) 

Arugula (Taramira) based strip intercrops resulted in 

significant differences among the treatments 

employed. The results showed that the highest weight 

(4.72 g) of 1000 seeds of arugula (taramira), yield of 

seed was maximum (433.14 kg ha-1) and harvest index 

was significantly higher (23.35 %) in those plots 

where the arugula (taramira) plants were grown as the 

alone strip. The statistically lowest seed index (4.50 

g), seed yield (375.23 kg ha-1) and lowest harvest 

index (20.27 %) was observed in the alternate strip of 

three crops viz chickpea- arugula (taramira)-lentil 

(Table 2). Alternate strip of arugula (taramira)-lentil 

also resulted in statistically lowest 1000 seed weight. 

Results of Lesoing and Francis (1999) i.e. higher 

weight of seed in edge rows of maize grown in strip 

cropping with soybean are contradictory to our 

findings. This can be attributed to differences in 

species used for inter-cropping. The results obtained 

are same to the results of Giri et al., (1980) who 

reported that intercropping of fast growing pearl 

millet reduced the growth or seed yield of pigeon pea. 

Similar results have also been reported by Ancha and 

Ahlawat (1990) who stated that harvest index of mung 

bean and pigeon pea intercropping system is low than 

the sole pigeon pea. Intercropping of brassica 

campestris var. toria could not perform well as 

compared to pea (Subedi, 1997). 
Arugula (Taramira) based strip intercrops resulted in 

non-significant differences among all the treatments 

applied for total dry biomass yield. The results 

obtained by Lesoing and Francis, 1999 favor this 

outcome who stated that the results of strip cropping 

on the yield of maize are undetermined.  

Lack of competition with companion crop, more 

uniform conditions in the habitat with more number of 

plants explains why sole crop yield of chickpea and 

arugula is higher than in intercrops (Grime, 1977). 

 
Table 2: Effect of Arugula (Taramira) based strip 

intercrops on Yield attributes of Arugula 

(Taramira) 
Treatments 1000 

seed 

weight 

(g) 

Seed 

yield 

(kg 

ha-1) 

Total Dry 

Biomass 

Yield (Kg 

ha-1) 

Harvest 

index 

(%) 

Arugula 

(Taramira) 

strip  

4.72 A 
433.14 

A 

1854.70 

ns 
23.35 A 

Chickpea + 

Arugula 

(Taramira) 

alternate strips 

4.66 AB 
414.36 

B 
1851.3 0 22.53 B 

Arugula 

(Taramira) + 

Lentil 

alternate strips 

4.59 BC 
395.46 

C 
1851.1 0 21.37 C 

Chickpea+ 

Arugula 

(Taramira) + 

Lentil 

alternate strips 

4.50 C 
375.23 

D 
1838.4 0 20.27 D 

Tukey’s HSD 

value 
0.1073 5.9414 50.523 0.6916 

Means followed by same letters do not differ 

significantly at P= 0. 

 
Higher 1000 seed weight in sole cropping systems 

compared to intercropping systems can be attributed 

to lesser resources competition (Shehata et al., 2007). 

It appears that higher grain and total dry biomass yield 

increased in connection with increased number of 

pods per plant in sole chickpea (Torkaman et al., 

2018) helping improved growth in sole cropping than 

intercropping systems (Wahua, 1983). Likewise 

Getachew et al. (2006) reported lower biological yield 
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of faba bean in intercropping with barley than sole 

crop owing to more competition between species. 

Abundant solar radiation interception in sole cropping 

(Stirling et al., 1990) also would have favored more 

photosynthates accumulation in seeds resulting in 

higher seed weight and seed yield in chickpea and 

arugula. 

 

Lentil 

Significant differences were observed in lentil based 

strip intercropping. However, the overall seed yield 

per plant obtained was almost negligible. The results 

showed that higher yield of seed per plant (0.17 g) was 

produced from the strip where lentil plants were 

grown as a sole crop. The yield was statistically lowest 

(0.147 g) in the alternate strip of chickpea- arugula 

(taramira)-lentil (Table 3). Poor grain yield of lentil in 

intercropping with crops like wheat has earlier been 

reported (Banik et al., 2006). Almost the same result 

was obtained by Tiwari et al., (1992) who stated that 

seed and straw yields of Indian mustard was not 

affected significantly by Indian mustard paired row 

(30/90 cm) + lentil (2 rows) intercropping. Whereas 

lentil seed and straw yields were reduced significantly 

under intercropping system. The reduction in lentil 

yield was mostly due to reduced population of plant 

per unit area and lower values of growth parameters 

(Tiwari et al., 1992). Non availability of water at 

flowering stage could have significantly hampered the 

seed development and might have resulted in 

significantly reduced assimilates accumulation in 

seed. Intercrop success bases on relative density of 

component crops (Ghanbari and Lee, 2003). 

Intercropping system of chickpea, arugula (taramira) 

and lentil may not be the good combination of 

intercropping most likely due to differences among 

plant architecture, resource competitiveness and 

differential response to limited soil moisture 

available. Among intercropping systems, lentil could 

not succeed in spate irrigated conditions of Mithawan 

hill torrent area Dera Ghazi Khan. Hence, total 

economical yield of sole and intercropped chickpea 

and arugula has been presented in Figure 3. 

 
Table 3: Effect of Lentil based strip intercrops on 

Seed Yield per Plant of Lentil 

Treatments 
Seed Yield 

per Plant (g) 

Lentil strip 0.17 A 

Chickpea + Lentil alternate strip 0.16 B 

Arugula (Taramira) + Lentil 

alternate strip 
0.15 BC 

Chickpea+ Arugula (Taramira) 

+ Lentil alternate strip 
0.14 C 

Tukey’s HSD value 0.0125 

Means followed by same letters do not differ 

significantly at P= 0.05 

 

Fig. 3. Total economical yield of chickpea, arugula (taramira) and lentil strip inter-cropping systems in 

spate irrigated areas.
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Conclusion 
 
From the current study it can be concluded that 

chickpea- arugula (taramira) alternate strip 

intercropping appeared to be better feasible strip 

intercropping option giving higher land equivalent 

ratio and relative crowding coefficient by maximizing 

resource use efficiencies. It is worth mentioning that 

lentil could not establish under the agro normals of 

mithawan spate irrigated systems under low soil 

moisture regimes therefore could not produce 

significant yield. Sole strip cropping of chickpea and 

arugula (taramira) appeared to be better for attaining 

higher yield than other strip intercropping systems. 

Therefore, farmers of hill torrent affected area of 

Mithawan command area Dera Ghazi Khan, Punjab 

(Pakistan) should adopt sole strip cropping of 

chickpea or arugula for getting higher crop yield. 

 

Acknowledgment 

 
Authors are thankful to Spate Irrigation Network 

Pakistan (Flood based livelihoods Network) through 

Strengthening Participatory Organization (SPO) and 

IFAD for providing financial support for carrying out 

this study. 
 

Contribution of Authors 
 
Amin J: Literature Search, Data Collection, Literature 

Review 

Mubeen K: Conceived Idea, Designed Research 

Methodology 

Ahmad M: Data Interpretation 

Aziz M: Statistical Analysis 

Arif M: Manuscript final reading and approval 

 

Disclaimer: None. 

Conflict of Interest: None.  

Source of Funding: Spate Irrigation Network 

Pakistan (Flood-Based Livelihoods Network 

Foundation Pakistan). 

 

References 
 

Ahmad M, Arshad M, Cheema MJM and Ahmad R, 

2016. Comparison of available water resources 

for irrigation Mithwan Hill Torrent Command 

Area of Dera Ghazi Khan, Pakistan. Pak J. Agric. 

Sci. 53, 233-240.  

Ahlawat IPS, Gangaiah B and Singh O, 2005. 

Production potential of chickpea (Cicer 

arietinum) based intercropping systems under 

irrigated conditions. Indian J. Agron. 50 (1):27–

28 3. 

Ancha S and Alawat IPS, 1990. Growth and yield 

response of short duration pigeon pea to 

intercropping with mung bean to sorghum and to 

phosphate fertilizer. J. Agron. Crop Sci. 165(5): 

329-339. 

Awasthi UD, Tripathi AK, Dubey SD and Kumar S, 

2011. Effect of row ratio and fertility levels on 

growth, productivity, competition and economics 

in chickpea-fennel intercropping system under 

scarce moisture condition. J. Food Legumes. 

24(3): 211–214. 

Banik P, Midya A, Sarkar BK and Ghose SS, 2006. 

Wheat and chickpea intercropping systems in an 

additive series experiment: Advantages and weed 

smothering. Eur. J. Agron. 24: 325-332. 

Banik P, 1996. Evaluation of wheat (T. aestivum) and 

legume intercropping under 1:1 and 2:1 row-

replacement series system. J. Agron. Crop Sci. 

176: 289–294. 

Barillot R, Escobar-Gutiérrez AJ, Fournier C, Huynh 

P and Combes D, 2014. Assessing the effects of 

architectural variations on light partitioning 

within virtual wheat–pea mixtures. Ann. Bot. 114 

(4): 725-737, https:// doi.org/ 

10.1093/aob/mcu099. 

Brandsæter LO, Thomsen MG, Wærnhus K and Fykse 

H, 2012. Effects of repeated clover under sowing 

in spring cereals and stubble treatments in autumn 

on Elymus repens, Sonchus arvensis and Cirsium 

arvense. Crop Prot. 32: 104–110. 

Dahmardeh M, Ghanbari A, Syasar BS and Ramroudi 

M, 2009. Effect of intercropping maize with 

cowpea on green forage yield and quality 

evaluation. Asian J. Plant Sci. 8: 235-239. 

 

De Wit CT, 1960. On competition. Versl. Land 

Bouwk Onderzoek, 66: 1-82. 

Dhaka AK, Kumar S, Pannu RK, Poddar R, Singh B, 

Dhindwal AS, 2014. Performance of seed crop of 

prickly sesban or dhaincha (Sesbania aculeata) 

when intercropped with pearlmillet (Pennisetum 

glaucum). Indian J. Agron. 59(1): 70–75. 

Egbe OM, 2005. Evaluation of some agronomic 

potentials of pigeonpea genotypes for 

intercropping with maize and sorghum in 

Southern Guinea Savanna. Ph.D. Thesis, 



Jawad Amin et al. 

232  Asian J Agric & Biol. 2019;7(2):224-233. 

University of Agriculture, Makurdi, Nigeria. 

Elemo KA, Kumar V, Olukosi JO and Ogunbile AO, 

1990. Reviews of Research Work on Mixed 

Cropping in the Nigerian Savannah. Samaru 

miscellaneous Paper No.127.  IAR/ABU, Zaria, 

Nigeria, 130. 

Eskandari H and Ghanbari A, 2011. Environmental 

resource consumption in wheat and bean 

intercropping: Comparison of nutrient uptake and 

light interception. Notulae Scientia Biologicae. 2: 

100-103. 

Getachew A, Ghizaw A and Sinebo W, 2006. Yield 

performance and land use efficiency of barley and 

faba bean mixed cropping in Ethiopian high lands. 

Europ. J. Agron. 25: 202-207. 

Ghanbari BA and Lee HC, 2003. Intercropped wheat 

and bean as whole crop forage: effect of harvest 

time on forage yield and quality. Grass Forage 

Sci. 58: 28-36.  

Giri KK, Yadav MB, Binadae SS and Jondhade SG, 

1980. Intercropping study with pigeon pea In: 

proceeding of international workshop on pigeon 

pea. Vol II ICRISAT, Hyderabad, India 257-262.  

Głowacka A, 2010. Yielding and yield structure of 

spring wheat in dependence of different systems 

of cultivation and tending. Biul. Inst. Hod. Aklim. 

Roś. 256: 73-80. 

Głowacka A, 2011. The influence of strip 

intercropping on size and structure of common 

bean yield at different methods of weed control. 

Biul. Inst. Hod. Aklim. Roś. 259: 171-178. 

GoP (Government of Pakistan), Pakistan Statistical 

Year, 2003, Federal Bureau of Pakistan Statistics 

Division, Govt. of Pakistan. 

Grime JPL, 1977. Evidence for the existence of three 

primary strategies of plants and its relevance to 

ecological and evolutionary theory. Am Nat. 

111:1169–1174. 

Henriet J, VanEk GA, Blade SF and Singh BB, 1997. 

Quantitative assessment of traditional cropping 

systems in the Sudan savanna of Northern 

Nigeria. 1. Rapid survey of prevalent cropping 

systems. Samaru: J. Agric. Res. 14: 37-45. 

Hiebsch CK, 1980. Principles of intercropping: Effect 

of N fertilization and crop duration on 

equivalency ratios in intercrops versus 

monoculture comparisons, PhD thesis, North 

Carolina State University, Raleigh, N. C., USA. 

Jabbar A, Ahmad R, Bhatti IH, Virk Z, Din WU and 

Khan MM, 2009. Assessment of yield advantages, 

competitiveness and economic benefits of 

diversified direct-seeded upland rice-based 

intercropping systems under strip geometry of 

planting. Pak. J. Agric. Sci. 46 (2): 96-101. 

Javed MY, Nadeem M and Javed F, 2007. Pakistan: 

additional works for the preparation of hill torrent 

management plan. Technical Assistance 

Consultant's Report, Irrigation and Power Deptt. 

Punjab, Islamabad, Pakistan.  

Khatun S, Azad AK and Bala P, 2012. Intercropping 

with wheat affected crop productivity. Bang. Res. 

Pub. J. 6: 414-419. 

Klindt AM, Hauggaard-Nielsen H, Weiner J and 

Steen Jensen E, 2007. Competitive dynamics in 

two –and three component intercrops. J. Appl. 

Ecol. 44: 545-551. 

Lesoing GW and Francis CA, 1999. Strip 

intercropping effects on yield and yield 

components of corn, grain sorghum, and soybean. 

Agron. J. 91: 807–813. 

Lithourgidis AS, Dhim KV, Vasilakoglou IB, Dordas 

CA and Yiakoulaki MD, 2007. Sustainable 

production of barley and wheat by intercropping 

common vetch. Agron. Sust. Dev. 27: 95-99. 

Liu JH, Zeng ZH, Jiao LX, Hu YG, Wang Y and Li 

H, 2006. Intercropping of different silage maize 

cultivars and alfalfa. Acta. Agron. Sci. 32: 125-

130. 

Mahfouz H and Migawer EA, 2004. Effect of inter 

cropping, weed control treatment and their 

interaction on yield and its attributes of chickpea 

and Safflower. Egypt J. Appl. Sci. 19(4): 84-101. 

Manjith KBR, Chidenand M, Mansur PM and 

Salimath SC, 2009.  Influence of different row 

proportions on yield components and yield of rabi 

crops under different intercropping systems. 

Karnataka J. Agric. Sci. 22(5): 1087-1089. 

Mirjat MS, Soomro AG, Mirjat KH, Mirjat MU and 

Chandio AS, 2011. Potential of hill torrent spate 

irrigation in the Kohistan Areas of Sindh: A case 

study. Pak. J. Agric. Eng. Vet. Sci. 27:100-114.  

Nazir MS, Khan HR, Ali G and Ahmad R, 1988. 

Inter/relay cropping in wheat planted in multi-row 

strips at uniform plant population. Pak. J. Agric. 

Res. 9(3): 305-309. 

Rashid A, Ahmad I and Aslam M, 2002. Land 

Equivalent Ratio as Influenced by Planting 

Geometry and Legumes intercropping System. 

Pak. J. Agric. Res. 17: 373-378. 

Sabaghpour SH, Malhotra ERS and Banai T, 2005. 

Registration of Hashem, Kabuli chickpea. 

(International Centre for Agricultural Research in 



Jawad Amin et al. 

233  Asian J Agric & Biol. 2019;7(2):224-233. 

the Dry Areas). Indian J. Crop Sci. 45: 2651-2653. 

Sarkar RK, Shit D and Maitra S, 2000. Competition 

function productivity and economics of chickpea 

based intercropping systems under rainfed 

conditions of Bihar plateau. Indian J. Agron. 

45(4): 681-688. 

Shehata SM, Safaa AM and Hanan SS, 2007. 

Improving calcareous soil productivity by 

integrated effect of intercropping and fertilizer. 

Res. J. Agric. Biol. Sci. 3(6): 733-739 

Seran TH and Brintha I, 2009. Studies on determining 

a suitable pattern of capsicum (Capsicum annum 

L.)-vegetable cowpea (Vigna unguiculata L.) 

intercropping. Karnataka J. Agric. Sci. 22: 1153-

1154. 

Singh KR, Kumar H and Singh K, 2010. Brassica 

based intercropping systems - A Review. Agric. 

Rev. 31 (4): 253 – 266. 

Stirling CM, Williams JH, Black CR and Ong CK, 

1990. The effect of timing of shade on 

development dry matter production and light use 

efficiency in groundnut (Arachis hypogea L.) 

under field conditions. Aust. J. Agric. Res. 41: 

633-644. 

Subedi KD, 1997. Wheat intercropped with tori 

(Brassica compestris var. toria) and Pea (Pisum 

sativum) in subsistence farming system of 

Nepalese hills. J. Agric. Sci. 128: 283-289. 

Tanwar SPS, Rakadia P, Singh AK, 2011. Effect of 

row ratio and fertility levels on chickpea (Cicer 

arietinum) and linseed (Linum usitatissimum) 

intercropping system. Ind. J. Agron. 56(3):217–

222. 

Tiwari KP, Tomar RKS, Mishra GL and Raghu JS, 

1992. Intercropping of mustard with gram and 

lentil. J. Oilseeds Res. 9 (2): 248–252. 

Torkaman M, Mirshekar B, Farahvash F, Yarnia M 

and Jafari AA, 2018. Effect of sowing date and 

different intercropping patterns on yield and yield 

components of rapeseed (Brassica napus L.) and 

chickpea (Cicer arietinum L.). Legume Res. 578-

583. DOI 10.18805/LR-394  

Trenbath BR, 1976. Plant interactions in mixed crop 

communities. In: Papendick, R.I., Sanchez, P.A., 

Triplett, G.B. (Eds.), Multiple Cropping, vol. 27. 

Am Soc.  Agron. 129–169 (special publication). 

Wahua TAT, 1983. Nutrient uptake by intercropped 

maize and cowpea and a concept of nutrient 

supplementation index (NSI). Exp. Agric. 19: 

263-275. 

Wasaya A, Ahmad R, Hassan FU, Ansar M, Manaf A 

and Sher A, 2013. Enhancing crop productivity 

through wheat (Triticum aestivum L.) - fenugreek 

intercropping system. J. Anim. Plant Sci. 23(1): 

210-215. 

Zhang F and Li L, 2003. Using competitive and 

facilitative interactions in intercropping systems 

enhances crop productivity and nutrient use 

efficiency. Plant Soil. 248: 305-312. 

 

 


