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ABSTRACT  
 
Intercropping systems compared to monoculture systems can more efficiently use the existing resources 
which ultimately will lead to increased plant performance. Therefore, to evaluate the benefits of 
intercropping maize and beans and assess its impact on yield and yield’s component, an experiment was 
conducted in factorial design with randomized complete block design in three replication, in 2012, at 
research station of Astane Ashrafiye, at Guilan province. Experiment factors was four planting patterns 
included maize monoculture, beans monoculture, planting a row of maize and two rows of beans and 
planting a row of maize and three rows of beans and three levels of vermicompost included 2, 4 and 6 
ton.ha-1. The results of the analysis of variance showed significant interaction effect of planting pattern 
and levels of vermicompost on grain yield, 1000-grain weight and plant height of corn and traits included 
grain yield, 1000-grain weight and number of seeds in sheath of beans. Maize and beans intercropping 
planting pattern cause an increase in the mean values of most traits in maize and beans which shows the 
superiority of intercropping cultures compared with monoculture. The LER (land equivalent ratio) was 
calculated greater than 1 for all characters thus confirms the usefulness of intercropping compared to sole 
crop. Increasing of vermicompost level to 4 and 6 ton.ha-1 had a positive effect on most traits of maize 
and beans. The A4B3 (planting a row of maize and three rows of beans and 6 tons of vermicompost 
fertilizer per hectare) because of having the highest values for most traits in maize and beans was 
introduced as desirable treatment of experiment. 
 
Key words: Beans, Intercropping, Land equivalent ratio, Maize, Planting pattern. 
Introduction 
 
Increase in world population and consequent human needs of food, causing additional pressure on natural 
resources and the sustainability of agricultural systems in this regard were threatened. Because of this 
need to design and implement systems like intercropping, which can also increase performance while 
conserving natural resources. Intercropping is a kind of farming specialists of agricultural sciences 
suggest in some areas due to climate conditions, for more efficient use of production resources including 
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ecological factors and agricultural inputs (javanshir et al, 2000). Among the Intercropping systems, 
combine cereal and legume plants is one of the most common and oldest systems around the world, 
particularly in developing countries. Since there is a direct relationship between the amount of leaf 
nitrogen, carboxylase enzyme activity and the rate of photosynthesis in plants, so nitrogen recorded in 
intercropping systems plays a great role on efficiency of non-legume plant physiology and thus their 
production. The results of most experiments have shown that, the main advantages of mixed cultures, 
which are measured by indices such as land equivalent ratio, is the higher efficiency of resource usage, 
especially light, water and nitrogen, compared with pure cultures (Dakora, 2003). Lima Filho (2000) 
reported that corn yield in the intercropping than monoculture system increased by 18%, while bean yield 
was reduced by 5% and LER=1.13 indicated the usefulness of the mixed culture compared to 
monoculture systems. According to Shikata et al. (2003) the total amount of light received in 
intercropping maize and cowpea has been reported higher than monoculture system. Tsubo et al. (2005) 
studies showed an increasing of yield performance in maize and beans intercropping. Effect of 
intercropping maize with common beans and cowpea (Vigna unguiculata) on many traits such as plant 
height, fresh weight, dry weight and yield was reported by Geren et al. (2008). Also, the amount of corn 
yield in intercropping with these legumes was higher than in pure culture. Production more green fodder 
yield in maize and cowpea intercropping than monoculture was reported by Dahmardeh et al. (2009). 
Since, study the effects of different planting patterns simultaneously and effect of vermicompost can have 
been important results in terms of impact on yield and yield component in beans and maize intercropping, 
so the present study were planned aimed to obtain information such as the best planting pattern, best level 
of vermicompost and evaluating interaction effects of planting patterns and levels of vermicompost on 
increasing the yield of intercropping beans and maize. 
 

MATERIALS AND METHODS 
 
To determine the best planting patterns and effect of vermicompost on the yield of intercropping beans 
and maize, an experiment was conducted in factorial design with randomized complete block design in 
three replication, in 2012, at research station of Astane Ashrafiye, at Guilan province. Experiment factors 
included four planting patterns (A) included maize monoculture, beans monoculture, planting a row of 
maize and two rows of beans and planting a row of maize and three rows of beans and three levels of 
vermicompost (B) included 2, 4 and 6 ton.ha-1. 
Different levels of planting patterns and different levels of vermicompost were considered as independent 
variables and measured traits in maize (grain yield, 1000-grain weight, number of ears per plant, number 
of grains per ear, plant height and harvest index), beans (grain yield, 1000-grain weight, number of sheath 
per plant, number of grains per sheath, plant height and harvest index) and traits associated with 
intercropping (LER1, ATER2) were considered as dependent variables. Each replication consisted of 12 
plots which distances between the rows and on the rows of maize monoculture were 20 and 60 
centimeters, respectively and in both cases of between the rows and on the rows of beans monocultures 
were 25-30 centimeters. In intercropping beans and maize, the distances on the rows of beans and on the 
rows of maize were 25 and 30 centimeters, the distances between the rows of beans and between the rows 
of maize were 30 and 40 centimeters, respectively and also the distances between the rows of maize and 
beans were 40 centimeters.  
In order to study the morphological characteristics at full maturity, 10 plants were randomly picked and 
traits in maize and beans were measured. In order to determine the grain yield, from each experimental 

                                                             
1 Land Equivalent Ratio 
2 Area Time Equivalent Ratio 
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plot 3 middle rows 2 meters length was calculated by removing 0.5 meter of the marginal effect and based 
on 14% moisture grain weight. 
Land equivalent ratio (LER) calculated by this formula: 

1LER=Y
Y s  

In the above formula, Y1 performance of a species in intercropping and Ys is performance of the same 
species in pure culture. 
Area time equivalent ratio (ATER) calculated by this formula: 

1

M I
n i i

I Mi
i i

t Y
t Y

ATER


         
     


 

In the above formula, 
M
it length of growth period species i in monoculture, 

I
it the total length of period of 

intercropping, 
I

iY performance of species i in intercropping, 
M

iY  performance of species i in monoculture 
and n is the number of species assessed in intercropping. 
 
Analyzing the data and performing all statistical analysis was processed using the SAS ver. 6.1 and 
MSTATC ver. 1.42 software. Comparing genotype means with Duncan’s method in 5% significant level 
was performed. 
 

Results 
Traits in maize 
The results of the analysis of variance showed significant effect of the different levels of planting pattern 
on all the traits including grain yield, 1000-grain weight, number of ears per plant, number of grains per 
ear, plant height and harvest index but the effect of vermicompost on grain yield, number of ears per 
plant, number of grains per ear and harvest index were nonsignificant. Interaction effect of planting 
pattern and levels of vermicompost for grain yield, 1000-grain weight and plant height were significant at 
the P ˂ 0.01 level while traits included number of ears per plant, number of grains per ear and harvest 
index were not significant. Coefficient of variation of the traits was variable from 1.28 to 19.40 for 
number of grains per ear and number of ears per plant respectively (Table 1). Comparison of mean of 
interactions between planting patterns and levels of vermicompost for the traits in maize are presented in 
table 3. The highest grain yield was in A3B1 which was included planting a row of maize and two rows 
of beans and 2 tons of vermicompost fertilizer per hectare. Increasing in the amount of vermicompost to 6 
ton.ha-1 and maize monoculturing was reduced the yield to about 3 tons per hectare. Interaction between 
a row of maize and two rows of beans and using 4 tons of vermicompost fertilizer per hectare had the 
highest average of 1000-grain weight, in contrast maize monoculturing and 6 tons of vermicompost 
fertilizer per hectare had the lowest average of 1000-grain weight. There were no significant mean 
differences between the most treatments of interaction for number of ears per plant. Only in maize 
monoculturing and 2 tons of vermicompost fertilizer per hectare the lowest average of number of ears was 
observed. Interaction effects of planting patterns and levels of vermicompost showed the highest number 
of grains per ear for planting a row of maize and three rows of beans and 6 tons of vermicompost fertilizer 
per hectare. Although this treatment did not significant differences with a row of maize and two rows of 
beans and a row of maize and three rows of beans and fertilizer levels of 2 and 4 ton.ha-1. 
Mean comparison of interaction between planting patterns and vermicompost levels showed that 
treatment A4B3 (planting a row of maize and three rows of beans and 6 tons of vermicompost fertilizer 
per hectare) had the highest and treatment A3B2 (planting a row of maize and two rows of beans and 4 
tons of vermicompost fertilizer per hectare) had the lowest average of plant height. Mean comparison of 
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interaction for harvest index showed that treatment A1B2 (monoculture maize and 4 tons of 
vermicompost fertilizer per hectare) had the highest and treatment A4B1 (planting a row of maize and 
three rows of beans and 2 tons of vermicompost fertilizer per hectare) had the lowest average of harvest 
index. 
 
Traits in beans 
Analysis of variance for beans traits are presented in table 2. Based on the results, the mean square of the 
simple effects of planting pattern, the simple effects of vermicompost and their interactions for traits 
included grain yield, 1000-grain weight and number of grains per sheath were significant. Mean squares 
of simple effects of plant height was significant at the P ˂ 0.01 level but mean squares of simple effects of 
vermicompost levels and their interactions were nonsignificant. Coefficient of variation of the traits was 
variable from 4.98 to 8.40 for 1000-grain weight and number of sheath per plant respectively (Table 2). 
Comparison of mean of interactions between planting patterns and levels of vermicompost for the traits in 
beans are presented in table 4. According to results treatment A4B2 (planting a row of maize and three 
rows of beans and 4 tons of vermicompost fertilizer per hectare) had the highest and treatment A2B1 
(monoculture beans and 2 tons of vermicompost fertilizer per hectare) had the lowest average of grain 
yield. Interaction effects of planting patterns and levels of vermicompost showed the highest average of 
1000-grain weight for treatment A3B3 (planting a row of maize and two rows of beans and 6 tons of 
vermicompost fertilizer per hectare) that had no significant difference with treatments A4B2 and A4B3. 
All Treatments in mean comparison of the interaction of planting patterns and levels of vermicompost for 
number of sheath per plant were not significantly differ but interaction between a row of maize and two 
rows of beans and using 4 tons of vermicompost fertilizer per hectare had the highest average of number 
of sheat per plant. Mean comparison of interactions between planting patterns and levels of vermicompost 
for the traits included number of grains per sheath, plant height and harvest index showed that treatment 
A4B3 (planting a row of maize and three rows of beans and 6 tons of vermicompost fertilizer per hectare) 
had the highest mean values (Table 4). 
 
Traits associated with intercropping 
As can be seen in table 5 LER values for all treatments of intercropping maize and beans was higher than 
1 that indicating the superiority of intercropping over monoculture. Results indicate that treatment of 
intercropping maize and beans with planting pattern a row of maize and two rows of beans and 6 tons of 
vermicompost fertilizer per hectare hah the highest land equivalent ratio (2.15). Afterwards, treatments 
A4B2 (planting a row of maize and three rows of beans and 4 tons of vermicompost fertilizer per hectare) 
and A4B3 (planting a row of maize and three rows of beans and 6 tons of vermicompost fertilizer per 
hectare) had the highest LER values with an equivalent amount of 2.09. Treatment A3B2 (planting a row 
of maize and two rows of beans and 4 tons of vermicompost fertilizer per hectare) had the lowest LER 
(1.90) that also in this case, intercropping showed usefulness of approximately 0.90 acre in land usage. 
Area time equivalent ratio was calculated more than 1 for all treatments (Table 5). Treatment A3B3 had 
the highest amount of ATER that except treatments A3B2 and A4B1 did not differ significantly with 
other treatments. Treatment A4B1 had the lowest ATER (1.36). 
 
Discussion 
 
Mean comparison results indicated an increase in yield performance of intercropping maize and two rows 
of beans compared with monoculture maize but increasing the number of rows of beans to three rows was 
reduced maize yield. It seems the reduction in grain yield at higher densities is due to increased 
competition within species. Also, intensification of overshadow due to increasing the density of corn 
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reduced photosynthetic production and the grain yield finally. According to Rezaei-Chianeh et al. (2011) 
in maize and beans intercropping, with the increasing density of maize, grain yield was significantly 
reduced due to competition within species that correspond with the results of this study. Grain yield of 
beans showed a significant performance increasing in intercropping over monoculture that this increasing 
is due to increased vegetation and being closer to optimal density in intercropping and better usage of 
environmental resources. Usually because the optimal density was higher in intercropping, light 
absorption capability and productivity is higher in this planting pattern. 
Other traits in maize except harvest index have shown an increase in intercropping compared to 
monoculture maize that indicate the superiority of intercropping compared to maize monoculture. It 
seems that the competition within species is so much competition between different species. 
Consequently, in an appropriate combination, different species of plants have contributed to each other to 
make better use of environmental resources and light, water and nutrient elements. Competition in 
monoculture (competition within species) occurs earlier and will be more severe with increasing in 
density. While in intercropping pattern according to the different needs of the species, the competition 
will be less and usefulness of associated species in this planting pattern is dependent to competition 
between species than within species (Sharifi et al., 2006). Chowdhury and Rosario (1994) and Siame et 
al. (1997) reported an increase in the absorption of nutrients in the intercropping. 
In addition of plant density, the manner of species placement or intercropping arrangement is also 
important and is effective on the amount of intraspecific and interspecific competition. If in a mixed 
pattern, two different species of plants to be planted close together, interspecific competition is greater 
(sharifi et al., 2006). Biological interpretation of intercropping usefulness is similar to biological 
interpretation of combined presence of species, if competitive pressure is sufficiently weak, intercropping 
can be useful. Considering the mechanism of reduced competition is determined that how a mixed culture 
compared to their monoculture components showed superiority based on LER (Javanshir et al., 2000). In 
this experiment land equivalent ratio was calculated more than 1 and intercropping pattern was more 
profitable than monoculture (table 5). Fotouhi-Chianeh et al. (2012) conducted an experiment to 
investigate the effect of different densities of maize and beans intercropping. Based on the results they 
reported that land equivalent ratio of all treatments of intercropping maize and beans is superior to 
monoculture. Abraham and Singh (1992) reported that increasing the LER in intercropping is mainly due 
to nutrient absorption. Area time equivalent ratio was calculated more than 1 for all treatments in 
intercropping. The researchers stated that performance superiority in intercropping may be due to 
combination of different factors such as better use of soil moisture, light and nutrients. They recognized 
that this efficiency is due to differences in root structure, canopy distribution and nutritional needs of 
plants in intercropping (Pandita et al., 2000). 
The results of mean comparison of traits of beans showed that grain yield, 1000-grain weight, number of 
grains per sheath, plant height and harvest index have the highest average in planting pattern a row of 
maize and three rows of beans. It seems that increase the efficiency of light to be justified due to increase 
the beans density. Proper distribution of light in intercropping systems of two plants is one of the main 
reasons for the increase in yield and yield components. Tsuba et al. (2001) according the results of 
intercropping maize and beans reported that light efficiency of beans was higher in intercropping. 
Increasing the vegetation in intercropping and better use of light and food resources by two plants make 
increase the yield. Jamshidi (2008) reported that additive intercropping maize and cowpea is superior to 
monoculture and replacement intercropping in terms of performance. Tsubo et al. (2005) reported 
increasing the yield in maize and beans intercropping. The results of Geren et al. (2008) showed that 
maize and common beans intercropping and maize and cowpea intercropping affect many traits such as 
plant height, fresh weight, dry weight, yield and crude protein. Also, the amount of maize yield in 
intercropping with the legumes was higher than monoculture. 
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The highest mean of number of sheath per plant was observed in planting pattern a row of maize and two 
rows of beans. It seems the reduction was seen in the average of this trait than planting pattern a row of 
maize and three rows of beans is due to overshadow of maize. Number of sheath per plant is the most 
critical component of functional and most important characteristics of beans that determine the yield 
(Scarisbrick et al., 1977; Rezands and Ramalho, 1994). Malik et al. (1993) reported the reduction of 
number of sheath per plant following the increase in the beans density. 
In this experiment land equivalent ratio was calculated more than 1 for all treatments that showed the 
usefulness of intercropping to monoculture. In two separate experiments by Willey and Osiru (1972) 
increased production compared to monoculture was 55% in one experiment and 38% in the other. 
 
Conclusion 
 
Maize and beans intercropping make an increase in the man of all traits of maize except harvest index that 
indicate the superiority of intercropping compared to maize monoculture. All traits in beans had the 
highest mean in intercropping that indicates the superiority of intercropping compared to beans 
monoculture. Most traits of maize and beans had the highest mean values at 4 and 6 tons of vermicompost 
fertilizer per hectare that indicate this fertilizer levels have been effective in increasing yield components. 
Land equivalent ratio was calculated more than 1 for all traits of maize and beans that confirm the 
usefulness of intercropping to monoculture. Treatment A4B3 (planting a row of maize and three rows of 
beans and 6 tons of vermicompost fertilizer per hectare) had the highest mean values for number of grains 
per ear and plant height in maize and number of grains in sheath, plant height and harvest index in beans. 
Thus, this treatment was introduced as favorable treatment of experiment. 
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Table 1- Analysis of variance for yield and yield components of maize in intercropping 

MS      

Harvest 
index  

Plant 
height  

Number 
of grains 
per ear  

Number 
of ears per 

plant  

1000-
grain 

weight 

Grain 
yield  df  Source of 

variation  

6.47ns  133.03ns  30.81ns 0.03ns  20.70ns  87458.25n

s  2  Block 
 (R)  

325.02**  2601.73**  859.59** 1.03**  2739.59**  685968.2
5**  2  

Planting 
pattern 

(A)  
31.35ns  1038.60**  8.48ns 0.25ns  450.25**  257289.0

3ns  2  
Vermicomp

ost 
(B)  

26.91ns 373.09**  54.25ns  0.14ns  247.14**  487515.2
5**  4  AB 

9.47 55.45  19.31  0.16  24.74  73898.84  16  Error 

7.31 4.84  1.28  19.40  2.11  6.99    CV (%) 
ns, * and **: Non-significant and significant at the 5% and 1% levels of probability, respectively 
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Table 2- Analysis of variance for yield and yield components of beans in intercropping 

MS      

Harvest index  Plant height  
Number of 
grains per 

sheath  

Number of 
sheath per 

plant  

1000-grain 
weight Grain yield  df  Source of 

variation  

7.25ns  1.11ns  0.04ns 0.11ns  21.14ns  910.11ns  2  Block 
 (R)  

8.57ns  56.40**  1.80** 0.77ns  1208.03**  136728.11**  2  
Planting 
pattern 

(A)  

0.99ns  12.08ns  0.22* 0.11ns  330.03**  42460.11**  2  
Vermicomp

ost 
(B)  

9.67ns 8.32ns  0.19*  2.55ns  192.14**  10788.88*  4  AB 

6.05 4.35  0.04  1.27  19.77  2780.15  16  Error 

5.18  5.43  5.72  8.40  4.98  6.34    CV (%) 
ns, * and **: Non-significant and significant at the 5% and 1% levels of probability, respectively 

 
 
 

Table 3- Mean comparison of interaction of planting pattern and vermicompost on yield and yield components of 
maize  

Harvest index  Plant height  Number of 
grains per ear  

Number of ears 
per plant  

1000-grain 
weight Grain yield  Treatment  

49.22ab  137.51e 329.00c  1.33b  222.66c  3895.0bc A1B1 

51.55a  143.33de 333.33bc  2.00ab  248.33b  4138.3b A1B2  

42.94c  140.27de 336.00bc  2.00ab  219.00c  3200.3d A1B3  

45.44bc  141.35de 346.66a  2.00ab  257.00a  4630.7a A3B1 

41.94cd  135.75e 347.00a  2.00ab  261.00a  3908.3bc A3B2  

40.04cde  166.36bc 339.00b  2.00ab  246.33b  4066.0b A3B3  

34.77e  174.85b 350.33a  2.33a  220.66c  3506.3cd A4B1 

36.11e  153.99cd 351.33a  2.66a  220.00c  3799.3bc A4B2  

36.83de  189.64a 355.00a 2.33a 222.66c 3809.0bc A4B3  
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           Means, in each column, followed by at least one letter in common are not significantly different statistically, using Duncan’s 
Multiple Range Test (p ≤ 0.05). 
          A1, A3 & A4: planting patterns in maize included maize monoculture, a row of maize and two rows of beans, a row of maize 
and three rows of beans, respectively. 
          B1, B2 & B3: levels of vermicompost fertilizer included 2, 4 & 6 tons per hectare, respectively. 
 
 
 
 
 
 
 

Table 4- Mean comparison of interaction of planting pattern and vermicompost on yield and yield components of 
beans  

Harvest index  Plant height  Number of grains 
per sheath  

Number of sheath 
per plant  1000-grain weight Grain yield  Treatment  

48.06ab  36.85cd 3.79bcd  12.66a  77.00d  674.67c A1B1 

45.90ab  35.02d 3.40def  14.00a  78.66d  687.00c A1B2  

45.03b  36.02cd 3.44def  13.00a  75.66d  746.00c A1B3  

47.59ab  36.13cd 3.65cde  14.00a  75.33d  705.00c A3B1 

47.54ab  39.23abc 3.26ef  14.33a  90.33c  843.33b A3B2  

48.43ab  39.21abc 3.13f  13.00a  104.66a  973.67a A3B3  

46.00ab  38.34bcd 4.12b  13.66a  95.00bc  899.00ab A4B1 

48.44ab  41.64ab 3.96bc  12.33a  103.33a  976.00a A4B2  

50.02a 42.90a 4.52a  14.00a  102.33ab  970.33a A4B3  

           Means, in each column, followed by at least one letter in common are not significantly different statistically, using Duncan’s 
Multiple Range Test (p ≤ 0.05). 
          A2, A3 & A4: planting patterns in beans included beans monoculture, a row of maize and two rows of beans, a row of maize 
and three rows of beans, respectively. 
          B1, B2 & B3: levels of vermicompost fertilizer included 2, 4 & 6 tons per hectare, respectively. 
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Table 5- Mean comparison of land equivalent ratio (LER) and area time equivalent ratio (ATER) for different 
treatments of maize and beans intercropping  

Area time equivalent ratio 
(ATER) 

Land equivalent ratio 
(LER)  

Treatment  

1.48ab  1.93bc A3B1 

1.37b  1.90c A3B2  

1.52a  2.15a A3B3  

1.36b  1.93bc A4B1 

1.48ab  2.09ab A4B2  

1.49ab  2.09ab A4B3  

Means, in each column, followed by at least one letter in common are not significantly different statistically, using Duncan’s Multiple 
Range Test (p ≤ 0.05). 

                    A3 & A4: planting patterns in maize and beans intercropping included a row of maize and two rows of beans, a row of 
maize and three rows of beans, respectively. 

                    B1, B2 & B3: levels of vermicompost fertilizer included 2, 4 & 6 tons per hectare, respectively. 
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