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Abstract 
 

Mixed over sole cropping is advantageous under the rainfed conditions in Pakistan. This avoids risk of complete crop 
failure and may returns higher income. The study aimed to investigate appropriate seed-rates combination for wheat-
Brassica as mixed- or intercropped in rainfed conditions. Experiments were conducted at National Agricultural Research 
Center (NARC), Islamabad Pakistan during winter 2004-05 and 2005-06 using 10 treatments for wheat and Brassica as sole 
and mixed- or intercropped with 100 and 5 kg ha-1 for sole crop and 100 kg ha-1 for wheat with 40, 50, 60, and 70% lower 
than the recommended for Brassica. Sowing was done in 3rd week of October each year, in lines spaced 30cm. Fertilizer was 
applied N 48, P2O5 34 and K2O 18 (kg ha-1). Brassica was manually removed for fodder at flowering. Seed rate (SR) 
significantly (p<0.05) affected wheat grain yield. Cropping system (CS) significantly (p<0.05) affected grain yield of 
Brassica. Interactions of CS and SR were also significant (p<0.05) for both species. Planned mean comparison for grain 
yield was found significant (p<0.05) for wheat and brassica. Grain yield for sole wheat was 4.28t ha-1 but reported higher in 
mixed than intercropped. Grain yield of wheat decreased with increase in seed rate of Brassica as intercropped. Higher grain 
yield (4.39 t ha-1) of wheat was recorded for seed rates combinations 100:50 (%) as wheat:Brassica intercropped. The land 
equivalent ratio (LER) for mixed or intercropped system was higher than the sole crop and it increased with increase in the 
seed rate of Brassica as mixed crop but decreased as intercropped. The high LER was associated to treatment 100:50 (%) 
seed rates combination for wheat:Brassica as intercropped. Intercropped resulted the greater LER (1.78) than the mixed crop 
(1.66) and was found most effective for sustainable production in the rainfed areas for a higher net return.  

 
Introduction 
 

Livestock is an integral part of the agriculture sector 
in rainfed areas. It provides draught manpower as well as 
milk and meat for home consumption and livelihood. 
According to an estimate, around 70% of the dairy holds 
in Pakistan still operate under conditions of subsistence 
by maintaining herds of 3 to 4 animals (Bhatti & Khan, 
1996; Burki et al., 2005). Normally shortage of livestock 
feed as green fodder in rainfed areas occurs during May-
June in summer and Dec.-Jan. in winter seasons each 
year. In the rainfed region where farmers have marginal 
or small landholdings and agriculture is primarily rainfed, 
practice of the intercropping or mixed cropping is 
practicable and worthwhile. It not only increases 
productivity per unit area but also makes the best use of 
land, water and other resources to minimize risk of crop 
failure (Riaz et al., 2002). An important factor in the 
farmers’ cropping and stocking decisions are the level of 
risk in the system and their attitude to deal with that risk. 
Individual farm enterprises suffer from risks related to 
both the physical yield and unit price. Therefore, 
intercropping has gained interest because of potential 
advantages over the mono-crop or sole cropping system. 
About 78% of wheat crop in rainfed areas is commonly 
mixed with Brassica (Hobbs et al., 1985). Farmers 
harvest Brassica from their fields round the season as per 
need and requirements. The green Brassica is then mixed 
with wheat straw or other crop residues and fed to the 
animals as fodder. Some Brassica plants are left until the 
harvest to get seed for the next season sowing. Seed rates 
and plant stands of Brassica vary from field to field but 
on average a seed rate of 2.5 kg ha-1 is commonly in 
practice (Hobbs et al., 1985). In such cropping system, 

use of the recommended seed rates for wheat crop and 
different quantities of the Brassica seed results severe 
competition during the vegetative growth for the 
companion crops, if rainfall is sufficient during the 
season. For the intercropping or mixed cropping system 
spatial arrangement through seeding proportion is highly 
important, because the crop in mixture is complementary 
or generally has no adverse effect on the overall 
productivity (Kumar & Thakur, 2006). In situations where 
farmers have priorities to opt for the mixed cropping e.g., 
Potohar region in Pakistan, the existing practice of mixed 
crops cultivation can be improved using optimum seeding 
proportion of the companion crops in the mixtures. 

Hobbs et al., (1985) has reported that if Brassica has 
been removed as fodder there were no significant 
(p<0.05) differences in the wheat yields between the 
treatments. Although mixed cropping reduced wheat 
yields on average by 0.82 t ha-1 compared to the only 0.29 
t ha-1 for intercropping, but a high coefficient of variation 
made these differences statistically non-significant at 95% 
level of confidence. None of the intercropping gave better 
gross returns than mustard fodder alone, but mixing of 
50% and 70% Brassica with wheat gave better gross 
returns than the sole Brassica fodder. Similarly, in 
another research study Sharma et al., (1986) found that 
lower population of Brassica in a wheat field either mixed 
or in alternate rows has resulted in an increased profit 
while increased Brassica population had depressing effect 
on wheat yield, resulting in a relatively lower profit. Net 
income (NI), cost benefit ratio (CBR) and land equivalent 
ratio (LER) were also observed higher when Brassica was 
intercropped with wheat (Ali et al., 2000). In a study 
conducted by Tahir et al., (2003) compared competition 
functions of different intercropping systems (e.g. 
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Brassica, wheat, gram, lentil and linseed). They reported 
that wheat was the most competitive crop to Brassica 
reflected the maximum Relative crowding coefficient 
(RCC) and minimum aggressivity. Kumar & Thakur 
(2006) reported significantly higher wheat yield, total 
productivity and net returns of sole crop compared to 
wheat intercropped with Brassica. It was also reported 
that number of fertile tillers per unit area, number of 
spikelets per spike, number of grains per spike and grain 
yield were not influenced by gram intercropping in wheat 
and on average yield in intercropped was almost the same 
as in sole wheat crop, nevertheless, Brassica intercrop 
significantly reduced yield (Tsuba et al., 2001; Dhima et 
al., 2007). Ahmad & Quresh (2001) also observed non-
significant effect (p<0.05) of intercropping on plant 
height, days to flowering and physiological maturity of 
the companion crops while grain yield of wheat and 
Brassica significantly (p<0.05) decreased in the 
intercropping compared to the sole crop. This study was 
aimed to identify the optimum seed rate of Brassica to be 
planted mixed with wheat as rainfed crop in the area and 
get maximum economic returns from the main crop i.e. 
wheat in the region. 
 
Materials and Methods 
 

The experiment was conducted at National 
Agricultural Research Center (NARC), located at 499 m 
above the sea level, 33o 33 N 73o 04’E during winter 
2004-05 and repeated in 2005-06, for two consecutive 

seasons in rainfed conditions. Soil of the experimental site 
was clay loam with a pH 7.0 and organic matter in the top 
surface soil within 30cm depth was about 2.5%. Sodium 
bicarbonate extractable P was 39.0 mg kg-1 and 
extractable K contents were 195 mg kg-1. Annual rainfall, 
temperature and humidity for the crop growth seasons are 
shown in Fig. 1. The experiment was conducted in three 
replications, in a randomized complete blocks design. The 
following treatments based on seeding rates as mixed 
copped and inter cropped were used for this study. 
 
Treatments 

T1 100:00 Wheat (100 kg ha-1) as sole crop 
T2 100:40 Wheat (100 kg ha-1) and Brassica

(2.0 kg ha-1) as Mixed crop 
T3 100:50 Wheat (100 kg ha-1) and Brassica

(2.5 kg ha-1) as Mixed crop 
T4 100:60 Wheat (100 kg ha-1) and Brassica

(3.0 kg ha-1) as Mixed crop 
T5 100:70 Wheat (100 kg ha-1) and Brassica

(3.5 kg ha-1) as Mixed crop 
T6 100:40 Wheat (100 kg ha-1) and Brassica

(2.0 kg ha-1) as Intercrop 
T7 100:50 Wheat (100 kg ha-1) and Brassica

(2.5 kg ha-1) as Intercrop 
T8 100:60 Wheat (100 kg ha-1) and Brassica

(3.0 kg ha-1) as Intercrop 
T9 100:70 Wheat (100 kg ha-1) and Brassica

(3.5 kg ha-1) as Intercrop 
T10 100:00 Brassica (5.0 kg ha-1) as sole crop 

 

   
 
Fig. 1. Weather data of crop growth seasons for the year 2004-05and 2005-06 of the study period recorded at National Agricultural 
Research Centers (NARC), Islamabad. 
 

Sowing of all the treatments combinations were 
made in rows equally spaced at 30cm distance in a 3.0 
m x 6.0 m subplots using single row drill. Two sole 
crops treatments i.e. wheat (Cv. Wafaq) and Brassica 
(Cv. BARD-1) were planted alone in respective plots. 
The mixed crops were planted by mixing the seed of 
both species together for each row and intercropped 
treatments were planted using three rows of wheat and 
two of Brassica alternatively in a subplot. A total of 10 
rows were maintained for each experimental unit, i.e. 
sole, mixed and intercropped treatments in subplots. 
Different seed rates (i.e., 2, 2.5, 3, 3.5 kg ha-1) were 40, 
50, 60 and 70 percent lower then the recommended 

seed rate (5 kg ha-1) of Brassica. All treatments were 
supplied with a uniform fertilizer rates as 
recommended for wheat crop under the rainfed 
conditions by applying 48, 34 and 18 kg ha-1 N, P and 
K, respectively. Fertilizer source was Single 
Superphosphate (SSP), Urea and Potassium sulphate. 
All nutrients were applied at once at the time of sowing 
prior to the seedbed preparation. Soil was prepared 
before sowing using disc plough and cultivator runs 
twice followed by planking. One half of the treatments 
(sole, mixed and intercropped) were harvested as 
fodder at 50 percent blooming stage while the other 
half was allowed to mature for grain yield estimation.  
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Measurement and observations: Plant height was recorded 
at flowering stage in field by randomly selecting ten 
representative plants per experimental units at two locations 
and averaged for a single reading. For green fodder yield, 
half of the plot per treatment (i.e., 5 rows) were harvested 
and weighed. After weighing, about one kilogram green 
sample was taken for dry matter determination. The green 
fodder was oven dried at 70oC until a constant weight 
reached.  Mixed crops of wheat-Brassica were harvested and 
separated for both the species composition (w/w). The 
samples were weighed individually for wheat and Brassica 
species and representative samples of the individual species 
were oven dried at 70oC and their weights adjusted 
accordingly. For data regarding yield components, 10 
representative plant samples were collected and their number 
of leaves, tillers (in wheat), pods (in Brassica) and 1000-
grain weight (in wheat) were recorded. Crops were harvested 
in the second week of April each time. Pooled data was 
compared for different biological indices and the economics 
were calculated on the basis of market prices of the produce. 
Data were analyzed using MSTAT-C software. For analysis 
of the combine data, sole crop treatments i.e., wheat and 
Brassica were excluded respectively to compare the rest of 
the treatments. Data of individual seasons were analyzed first 
and the parameters found with homogenous variances with 
Bartlett’s test were combined for the two seasons. The 
efficiency of intercropping systems was assessed based on 
different parameters, such as land equivalent ratio (Rao & 
Willey, 1980), and monetary advantage. Land equivalent 
ratio (LER) and monetary advantage (MA) were calculated 
as per procedure explained by Subedi (1997) using the 
following equations. 
 
a. LER = Intercrop yield of Brassica ÷ sole crop yield of 

Brassica + Intercrop of Wheat ÷ sole crop yield of wheat 
 
b. Monetary advantage was used for economic 

performance of the mixed and intercrops (Willey, 1979). 
 

Monetary advantage = GR x LER-1/LER 
 

where GR is gross return and LER is Land 
Equivalent Ratio 

 
c. Cost Benefit Ratio (CBR) was calculated as, CBR = 

Gross margin/Cost of cultivation (Pakistani rupees, 1 
US $ = 100 Pak Rupee). 

 
Results 
 
Plant height: Data on height (cm) of wheat and Brassica 
are given in Table 1. The analysis of the data revealed that 
cropping system (CS) significantly affected plant height in 
both wheat and Brassica. Seed rate (SR) significantly 
affected plant height of Brassica only. The interactive 
response of CS x SR was significant for plant height of 
both wheat and Brassica. The planned means comparison 
between sole vs. rest was also significant (p<0.05) for plant 
height of both wheat and Brassica. The plant height of sole 
wheat was 103.07 cm which decreased with increase in the 
seed rates of Brassica in mixed cropping system. Whereas 
in intercropped system wheat plants attained more height as 
compared to mixed cropping system. Plant height in 
Brassica showed inconsistent response to seed rates 

increase in both mixed and intercropped systems. Plant 
height in Brassica was higher in mixed than intercropped 
systems, which usually improved with increase in seed rate 
of Brassica and taller plants were observed in 100:70 
wheat-Brassica combinations. 
 
Leaf number: Data regarding number of leaves plant-1 are 
given in Table 1. The analysis of variance table revealed that 
cropping system significantly (p<0.05) affected number of 
leaves plant-1 in wheat only. Seed rate significantly (p<0.05) 
affected the number of leaves plant-1 in both wheat and 
Brassica. The interaction between cropping system and seed 
rate for number of leaves plant-1 was significant for Brassica 
only while mean comparison was significant (p<0.05) for 
wheat only. Number of leaves plant-1 for wheat sole was 
higher in the intercropping than mixed cropping systems. It 
is mostly increased with increase in seed rate of Brassica. 
Higher number of leaves plant-1 was recorded at 100:70 
wheat-Brassica combinations followed by at 100:60. 
Planned mean comparison indicated that wheat as sole crop 
resulted in less number of leaves plant-1 as compared to rest 
of the treatments. Number of leaves plant-1 for Brassica sole 
decreased with increase in seed rate at mixed system with 
higher recorded at 100:40 wheat-Brassica combinations. 
However, this character showed inconsistent response to 
increasing the seed rates of Brassica in intercropping system. 
Higher number of leaves plant-1 was noted at 100:70 wheat-
Brassica combinations and decreased with increase in the 
seed rate of Brassica.  
 
Tiller number (Wheat): Data regarding number of tillers 
m-2 are given in Table 1. Analysis of the data revealed 
that cropping systems and seed rates significantly 
(p<0.05) affected the tillers m-2 of wheat. The interaction 
between cropping system and seed rates was not 
significant (p<0.05) while planned mean comparison 
showed significant differences. Number of tillers m-2 for 
wheat sole crop were higher in mixed as compared to 
intercropping system but decreased with increase in seed 
rates of Brassica. Higher number of tillers m-2 was 
obtained at 100:40 wheat-Brassica combinations followed 
by at 100:50 seeding rate.  
 
Green fodder yield (blooming stage): Data regarding 
green fodder yield t ha-1 at 50 percent flowering are given 
in Table 1. Analysis of variance table showed that cropping 
system and seed rates significantly (p<0.05) affected the 
green fodder yield of both wheat and Brassica. The 
interaction between cropping system and seed rate was 
significant for wheat only. Planned mean comparison for 
the green fodder yield was also significant (p<0.05) for 
both wheat and Brassica. Green fodder yield for sole wheat 
crop was higher in the intercropping compared to mixed 
cropping systems. Green fodder yield of wheat crop 
decreased with increase in the seed rate of Brassica in 
mixed cropping system but showed inconsistent responses 
to the increasing seed rate of Brassica in the intercropped 
system. The higher green fodder yield in wheat was 
recorded at 100:70 wheat-Brassica intercropping system. 
This mostly decreased with increase in the seed rate of 
Brassica. Green fodder yield for Brassica sole was 10.0 t 
ha-1 while Brassica was higher in mixed as compared to the 
intercropping system. This increased with increase in seed 
rates of the Brassica and was higher at 100:70 wheat-
Brassica combinations. 
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Table 1. Plant height (cm), number of leaves, tiller number of wheat, and green fodder yield (kg ha-1) of wheat and Brassica 
planted with different seeding rates in combinations as mixed cropped and intercropped. 

Cropping system 
Seed rate of 

wheat:  
Brassica  (%) 

Plant height 
(cm) 

Number of leaves 
plant-1 

Number of 
tiller plant-1 

Green fodder  
Yield tha-1 

  Wheat Brassica Wheat Brassica Wheat Wheat Brassica 
Sole  103.07 64.10 6.05 8.57 57.83 32.80 35.01 
Rest  102.5 62.98 6.24 7.81 54.46 29.75 25.82 

Mixed (W + B) 100 : 40 102.58abc 68.24b 6.12 9.55a 56.83 29.93bc 20.18 
 100 : 50 103.50ab 57.43e 5.87 6.87d 55.50 29.62c 19.30 
 100 : 60 102.02bc 66.60b 6.23 7.47c 54.50 29.49cd 33.83 
 100 : 70 101.12c 71.80a 6.47 7.18cd 54.00 28.77de 34.27 

Intercropping (W + B) 100 : 40 101.13c 60.08d 6.30 8.20b 54.17 30.67ab 17.38 
 100 : 50 102.60abc 53.72f 6.20 7.32cd 54.33 30.13abc 17.75 
 100 : 60 103.23ab 61.81d 6.25 7.33cd 52.83 28.52e 28.83 
 100 : 70 103.83a 64.10c 6.45 8.57b 53.50 30.87a 35.01 

LSD0.05  1.53 1.96 NS 0.47 NS 0.80 NS 
Mixed (W + B)  102.30 66.02 6.17 7.77 55.21 29.45 26.89 

Intercropping (W + B)  102.70 59.93 6.30 7.85 53.71 30.05 24.74 
 100:40 101.86 64.16b 6.21b 8.88a 55.50a 30.30a 18.78c 
 100:50 103.05 55.57c 6.03c 7.09c 54.92ab 29.88a 18.52c 
 100:60 102.63 64.20b 6.24b 7.40c 53.67b 29.00b 31.33b 
 100:70 102.48 67.95 6.46a 7.88b 53.75b 29.82a 34.64a 

LSD0.05  NS 1.39 0.17 0.33 1.30 0.56 2.09 
Note: Means followed by same letter within a column are not statistically different from each other using least significant difference 
(LSD) test (p<0.05) 
 
Pod number (Brassica): Data regarding number of pods 
plant-1 in the Brassica are given in Table 2. Analysis of the 
data revealed that cropping systems and seed rates 
significantly (p<0.05) influenced pods plant-1 in Brassica. 
The interaction between cropping system and seed rate and 
planned mean comparison was also significant. Number of 
pods plant-1 for the sole Brassica decreased with increase in 
seed rate of Brassica in mixed cropping system while it 
showed inconsistent response to increasing rate of Brassica 
in the intercropping system. Higher number of pods plant-1 
was recorded at 100:50 wheat-Brassica combinations in 
intercropping system followed by at 100:50 wheat-Brassica 
in the mixed cropping system. It was higher in mixed as 
compared to intercropping system. Number of pods plant-1 
showed inconsistent pods plant-1 with increasing seed rates 
of Brassica. Planned mean comparison indicated that 
Brassica sole produced less number of pods plant-1 than 
rest of the treatments. 
 
1000-Grain weight (wheat): Data regarding 1000-grains 
weight (g) in wheat and Brassica are given in Table 2. 
Analysis of the data revealed that both cropping system and 
seed rate significantly affected 1000-grain weight in wheat. 
The interaction between cropping system and seed rate was 
non-significant (p<0.05). Planned mean comparison was 
also non-significant. Thousand grains weight for wheat sole 
crop was higher in the mixed as compared to the 
intercropping system and also showed inconsistent 
response to increasing the seed rates of Brassica. Higher 
grain weight was recorded at 100:50 wheat-Brassica 
combinations followed by 100:60. 

Dry matter (DM), Grain and stray yield: Data 
regarding straw yield (SY) t ha-1 of wheat are given in 
Table 2. Analysis of the data revealed that cropping 
system and seed rates significantly (p<0.05) affected 
SY. The interaction between CS and SR was significant 
(p<0.05) for SY of wheat while planned mean 
comparison was reported non- significant (p<0.05). It 
decreased with increase in seed rates under mixed 
cropping system while increased with increase in seed 
rates in the intercropping. Higher SY was recorded at 
100:40 wheat-Brassica mixed cropped systems followed 
by at 100:50 wheat-Brassica the intercropping system. 
The SY showed inconsistent response to increasing seed 
rates of Brassica with higher yield was obtained at 
100:50 wheat-Brassica combinations followed by 
treatment 100:70 wheat-Brassica combinations. Data 
regarding DM yield t ha-1 at 50 percent flowering (Table 
2) revealed that seed rates significantly (p<0.05) 
affected the DM yield of wheat only. The interaction 
between cropping system and seed rate was significant 
for wheat only, while planned mean comparison was 
significant (p<0.05) for Brassica only. Dry matter yield 
for wheat grown as sole crop decreased with increase in 
the seed rates of Brassica in mixed cropping system. 
However, it showed inconsistent response to increasing 
seed rates of Brassica in the intercropped system and 
was higher (9.77 t ha-1) at 100:40 wheat-Brassica 
intercropping systems. Dry matter yield of wheat mostly 
decreased with increase in the seed rates of Brassica and 
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was observed higher (9.49 t ha-1) at 100:40 wheat-
Brassica combinations. The planned mean comparison 
indicated that DM yield for sole Brassica crop was 
higher than rest of the treatments. Analysis of the data 
revealed that seed rate significantly (p<0.05) affected 
the grain yield in both wheat and Brassica. However, the 
cropping system also significantly (p<0.05) affected the 
grain yield of Brassica only. The interaction between 
cropping system and seed rates was significant for both 
wheat and Brassica. Planned mean comparison for the 
grain yield was also significant for both wheat and 
Brassica in intercropping system. Overall grain yield on 
average for sole wheat was higher (4.28 t ha-1). Grain 
yield of wheat was higher in mixed as compared to the 
intercropping system. This increased with increase in the 
seed rates of Brassica in mixed cropping system and 
was reported higher (4.06 t ha-1) at 100:70 wheat-
Brassica mixed cropping system. However, it decreased 
with increasing seed rates of Brassica in the 
intercropped system and was higher (4.39 t ha-1) at 
100:50 wheat-Brassica intercropping systems. Grain 
yield decreased with increase in seed rates of the 
Brassica in the intercropping systems. Grain yield for 
sole crop of Brassica was 1.48 t ha-1, which was higher 
in the intercropping as compared to the mixed system. 
Grain yield increased with the increase in seed rates of 
Brassica both in mixed as well as in the intercropping 
systems. Higher grain yield (1.48 t ha-1) of Brassica was 
obtained at 100:70 wheat-Brassica in the intercropping 

system followed by 1.34 t ha-1 in both mixed- (100:70) 
and intercropping (100:60) systems. Planned mean 
comparison indicated that Brassica sole resulted in the 
higher grain yield as compared to rest of the treatment 
combinations.  
 
Land equivalent ratio (LER) and monetary 
advantage (MA): Data regarding LER are given in 
Table 3. LER increased with the increase in seed 
rates of Brassica in mixed cropping system but 
decreased with the increase in seed rates of Brassica 
in the intercropping system. Higher LER was 
calculated in 100:50 wheat-Brassica combinations in 
the intercropping system followed by 100:70 
combinations in the mixed cropping system. 
Generally, the intercropped system resulted in greater 
LER (1.78) compared to the mixed cropping system 
(1.66). The yield advantages were examined in 
monetary terms and it was found that monetary 
advantage increased with increase in the seed rates of 
Brassica in the mixed cropping system but decreased 
with the increase in the seed rates of Brassica in the 
intercropping system. Higher monetary advantage 
(Rs. 42,669) was recorded in 100:50 wheat-Brassica 
at the intercropping system followed by 100:70 in the 
mixed cropping systems (Rs. 41,053). Overall picture 
of the study indicated that intercropping system 
resulted in greater monetary advantage as compared 
to the mixed cropping system.  

 
Table 2. Dry matter yield (kg ha-1), straw yield (kg ha-1), pod number (plant-1), grains weight (000 g-1) and grain yield  

(kg ha-1) of wheat and Brassica planted with different seeding rates in combinations as mixed cropped and intercropped. 

Cropping system 
Seed rate of wheat: 

Brassica (%) 
Dry matter yield

tha-1 
Straw yield Number of 

Pods 
1000 Grain 

weight 
Grain yield 

tha-1 

  Wheat Brassica Wheat Brassica Wheat Wheat Brassica
Sole  9.93 5.00 20.00 288.50 45.55 4.28 1.48 
Rest  9.28 4.42 18.38 294.44 42.71 3.83 1.22 

Mixed (W + B) 100 : 40 9.20cd 3.15 19.56 304.67 ab 42.61 4.06 abc 0.94 f 
 100 : 50 9.00d 3.02 18.86 308.00 a 47.21 3.88 bc 1.03 e 
 100 : 60 9.16cd 4.61 18.36 290.00 cd 42.41 3.76 c 1.13 d 
 100 : 70 9.13cd 4.63 18.04 283.50 d 41.76 3.82 bc 1.34 b 

Intercropping  (W + B) 100 : 40 9.77a 2.63 16.60 274.50 e 39.03 4.26 ab 1.26 c 
 100 : 50 9.43abc 2.67 19.16 309.50 a 42.58 4.39 a 1.25 c 
 100 : 60 9.02d 4.22 17.66 296.83 bc 44.02 3.23 d 1.34 b 
 100 : 70 9.54ab 5.00 18.76 288.50 cd 42.21 3.24 d 1.48 a 

LSD0.05  0.37 NS 1.06 8.61 NS 0.49 0.04 
Mixed (W +B)  9.12 3.85 18.70 296.54 43.45 3.88 1.11 

Intercropping (W +B)  9.44 3.63 18.04 292.33 41.96 3.78 1.33 
 100:40 9.49a 2.89 18.08 289.58 bc 40.82 4.04 a 1.10 d 
 100:50 9.21b 2.84 19.02 308.75 a 44.80 4.07 a 1.14 c 
 100:60 9.09b 4.42 18.00 293.42 b 43.21 3.56 b 1.24 b 
 100:70 9.34ab 4.82 18.40 286.00 c 41.98 3.65 b 1.41 a 

LSD0.05  0.26 NS 0.74 6.09 2.61 0.34 0.03 
Note: Means followed by same letter within a column are not statistically different from each other using least significant difference 
(LSD) test (p<0.05) 
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Table 3. Land equivalent ratio (LER) and monetary advantage (MA) of sole wheat and Brassica planted with different 
seeding rates in combinations as mixed cropped and intercropped. 

Cropping system Seed rate of wheat: 
Brassica (%) 

LER Gross income 
(Rs./ha) 

Net 
income 

Seed 
constant 

Labor 
cost 

Monetary 
advantage 

Sole Wheat (W) 100 : 00 1.00 59370 59370 1600 4817 0 
Sole Mustard (M) 00 : 100 1.00 36958 36958 150 4446 0 

        
Mixed (W + M) 100 : 40 1.53 77089 77089 1660 6299 26577 

 100 : 50 1.58 78427 78427 1675 6299 28663 
 100 : 60 1.67 82242 82242 1690 6299 33090 
 100 : 70 1.85 89282 89282 1705 6299 41053 

Intercropping 
(W + M) 

100 : 40 1.84 89142 89142 1660 5928 40807 

 100 : 50 1.87 91622 91622 1675 5928 42669 
 100 : 60 1.66 79375 79375 1690 5928 31626 
 100 : 70 1.76 83306 83306 1705 5928 35874 
        

Mixed cropping system - 1.66 81760 81760 1683 6299 32346 
Intercropped system - 1.78 85861 85861 1683 5928 37744 

 
Discussion 
 

Wheat being main specie of the experiment, showed 
a reduction in plant height with the increasing seed rates 
of Brassica in a descending fashion at mixed but contrary 
to that in the intercropping. It is natural when density 
within rows increases, there is more overcrowding 
towards the space inter-competition. The variations in 
plant heights when grown as sole or mixed/intercropped 
with Brassica are in accordance with the findings of 
Mandal et al., (1991). They reported that wheat 
intercropped with rapeseed has decreased plant height due 
to its exhaustive competition and dominant plant nature in 
the canopy. Ahmad & Quresh (2001) also reported a 
decrease in the plant height of wheat when intercropped 
with the rapeseed crop. However, Sharma et al., (1986) 
and Khan (1984) reported that plant height of wheat was 
not affected due to intercropping of wheat and Brassica. 
Increased Brassica seeding rates had an adverse effect on 
its leaf number but had a positive effect on the leaf 
number in wheat. It is quite logical that increased seed 
rates of the Brassica may have overcrowded the crop 
canopy and hence resulted a reduction in the leaf number 
in Brassica. The reason for variation in different 
intercropping systems could be due to the competitions 
between two crops for nutrients and moisture as well as 
space in the canopy. Moreover, plant density and height 
also contributed to variation in the leaf number. Changes 
in the seed rates and growth behavior of the Brassica 
were the main reasons of differences in the leaf number of 
the species in the cropping systems. The results further 
supported the findings of Mandal et al., (1985) and Ghosh 
(2004). Data on tillers plant-1 revealed that cropping 
system and seed rate has significantly (p<0.05) affected 
the tiller number in wheat. This might be due to space 
availability for tillers production under the mixed or 
intercropping. It was observed in this study that 
interaction effect of cropping system and seed rates were 

non-significant (p<0.05). It means that space was limited 
in either case for wheat crop within the canopy. 
Productive tillers plant-1 was higher in the mixed 
compared to the intercrop. It might be due to uniform 
space for intercropped than the mixed crop for each 
individual plant. Moreover, tillers plant-1 decreased with 
increasing seed rates of Brassica is quite possible that 
space for wheat tiller was limited by the existence and 
expansion of Brassica. Ali et al., (2000) and Akhtar 
(2004) reported lower number of tillers per unit area in 
case of wheat-Brassica and wheat-linseed association 
systems. This was attributed to the exhaustive competition 
between companion crops for external growth factors. In 
the literature, pods plant-1 of Brassica was not affected 
(p<0.05) when sown mixed in wheat in a field experiment 
conducted by Sharma et al., (1986). Contrary to this 
Zulfiqar et al., (2000) reported that intercropping with 
wheat decreased the number of pods plant-1 in the 
Brassica. Seeding rates has significantly (p<0.05) affected 
the green fodder yield of both wheat and Brassica. Higher 
seed rates of Brassica showed the high green fodder 
(p<0.05), which was naturally associated to high density 
per unit area resulting more biomass. In intercrop, wheat 
was not affected as much as affected in the mixed crop. In 
the intercrop, wheat was restricted to grow within the 
rows in the assigned spacing and hence have less effect of 
the companion wheat crop to over shadow the growing 
tillers. Dry matter also showed a similar response for the 
main as well as the possible interactions of seeding rates 
treatments recorded for green fodder production. These 
findings are in agreement with findings of the Srivastava 
& Bohra (2006).  

The magnitude of grain development in wheat is 
associated by its 1000-grain weight. Our data were 
non-significant. Sharma et al., (1986) did not found 
any effect on 1000-grain weight of wheat due to 
intercropping of Brassica, which was similar with our 
findings. Contrary to that, Agegnehu et al., (2006) and 
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Banik et al., (2006) reported that grain weight spike-1 
varied significantly (p<0.05) under the various 
intercropping systems. Mono-cropped wheat gave 
significantly higher grain weight spike-1 than that of 
the intercrop with other crops. In another experiment, 
Zulfiqar et al., (2000) found that 1000-grain weight 
was significantly (p<0.05) influenced by different 
intercropping systems. Overall grain yield of sole crop 
of wheat was higher as compared to the mixed crop of 
wheat with Brassica. It is obvious that this happened 
because of no competition from companion crop of 
Brassica. Grain yield of wheat was affected (p<0.05) 
by methods of sowing. It was higher in the mixed 
cropping than the intercropping. This might be due to 
inter competition of wheat plants in a row as the 
intercropped treatments were sown in rows using three 
wheat and two Brassica rows alternatively in a subplot. 
There was less competition between the individual 
wheat plants in mixed cropping than found within the 
row in the intercropping system. This leads to higher 
Brassica grain yield and lower wheat yield. 
Intercropping resulted in an average wheat grain loss of 
2.57 percent compared to the mixed cropping system. 
This difference was partly due to the lower Brassica 
plants and partly due to more intense competition 
between plants within the rows in the intercropped 
plants. Our results are also in agreement with findings 
of Hobbs et al., (1985) and Khan et al., (2005).  

LER for the mixed and intercropped system was 
higher than sole crops. These results are similar with 
findings of the Ahmad & Quresh (2001) who also 
reported higher LER for the intercropping system than the 
sole crops. Akhter et al., (2004) reported that higher yield 
of wheat and lentil was achieved when both crops were 
sown in lines than broadcast systems. In the mixed 
cropping treatments, the different percentage of LER 
indicated that mixed cropping increased productivity per 
unit area in comparison with the sole cropping but did not 
prove from these studies. This might be due to canopy 
size and growth aggressiveness of the species in the 
mixed or intercropped system. Sole cultivation of either 
species (wheat or Brassica) was not found comparable 
with the mixed or intercropped for unit return. Wheat 
grown mixed with Brassica for grain production was 
economical than that grown for fodder. The data 
pertaining to economic analysis along with all relevant 
calculations indicated that wheat inter-cropping systems 
under our studies gave considerably higher (p<0.05) net 
income per hectare than the wheat alone. Among the 
intercropping systems, high net income was obtained in 
wheat than mixed cropping system of wheat-Brassica. 
Zulfiqar et al., (2000) and Verma et al., (1997) calculated 
monetary gains of wheat-canola intercropping and 
reported the highest income from the canola with wheat 
as rainfed crop. Akhter et al., (2004) also found the 
highest monetary advantage for wheat-Brassica 
intercropped system. Srivastava & Bohra (2006) reported 
that wheat and Brassica intercropping more remunerative 
than that of the sole stands for net return. However, the 
selection of an appropriate variety of Brassica is essential 
to be identified for the area under the prevailing cropping 

system (Rathi et al., 1992). It is concluded that mixed 
cropping of wheat with Brassica at 100:50 seeding ratio is 
recommended for the production of green fodder of 
Brassica without adverse effects on the grain yield of 
wheat accomplishing maximum monetary benefits in the 
rainfed areas of Potohar in Pakistan.  
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