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               Abstract 
In order to evaluate different proportions of intercropping potato (Solanum tuberosum L.) and pinto bean (Phaseolus vulgaris L.) with their sole 
cropping, two experiments were carried out in Agricultural Research Station of University of Tabriz in 2005 and 2006, using randomized complete 
block design with three replications of eight treatments of replacement intercropping with proportions 2:1 and 3:1 of potato with pinto bean, (the 
densities of potato 4.7 and 5.3 plants per m2 and those of pinto bean 45 and 55 plants per m2) along with two sole cropping treatments of potato 
(4.7 and 5.3 plants per m2) and two sole cropping treatments of pinto bean (with 45 and 55 plants per m2). In all intercropping plots, tuber yield 
per m2 and per plant, number of leaves and branches and size of tuber per plant increased significantly as compared with their sole croppings. For 
pinto bean also, grain yield per m2 and per plant, number of pods per plant and number of leaves and branches per plant increased significantly as 
compared with their sole croppings. Highest amounts of LER in two years (1.25 and 1.27) were related to intercropping proportion of 2:1 (66% 
potato with density of 5.3 plants per m2 + 34% pinto bean with the density of 55 plants per m2). We can infer that these two crops have used more 
environmental resources in intercropping than sole croppings due to increase in Resources Use Efficiency (RUE). 
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            Introduction 
Intercropping means production of two or several crops at a 
growing season in a field so that two plants are adjacent to each 
other in most of their growing period 24. Today intercropping is 
applied extensively in many countries 4. In this system plants use 
water well and Water Use Efficiency (WUE) increases as compared 
to sole cropping 8. In intercropping, plant green cover takes ground 
surface in a short time, therefore Light Use Efficiency (LUE) 
increases 7. Also, increasing of green cover amount in 
intercropping protects soil from erosion 22. 
   Potato is one of the most important crops for human 
consumption and is regarded at the fourth crop in the world in 
terms of production 20. Bean is also one of the most important 
food supplements for human, and its protein content is rich 3. By 
increasing soil nitrogen due to nitrogen  fixation, bean can increase 
the soil fertility. It is also tolerant to shadow and can be planted in 
intercropping system and grows well 16. Intercropping of legumes 
with non-legumes increases yield per unit area, because they use 
different nitrogen sources and have low competition for nitrogen13. 
In an intercropping of bean with corn (without using nitrogen) 
grain yield of corn increased 72% over its sole cropping. The 
increase was attributed to transfer of nitrogen from bean to corn 9. 
Brophy et al. 6 have also reported the transfer of nitrogen from 
legume to non-legume crops in the US. Dua et al.10 found that 
intercropping potato and French bean in all intercropping 
treatments increased yield as compared to sole cropping and the 

amount of LER was more than one. Prasad et al. 18 reported that 
intercropping of potato and fenugreek increased potato yield up 
to 2.5 tons per hectare. Ebwongu et al. 11 found that in potato and 
corn intercropping, LER reached to 1.58, showing the beneficial 
effect of intercropping. Rana et al. 19 reported that intercropping 
potato and linseed increased potato yield per unit area, and in all 
intercropping treatments, LER was more than one with the 
maximum amount of 1.44. Bekele and Sommartya 5 found that in 
intercropping of potato with garlic the amount of LER reached 
more than one and Phytophthora infestans decreased significantly. 
About 80% of the potato produced in Africa is obtained from its 
intercropping with sugarcane. By this method the amount of sugar 
has increased up to 6.12% 15. Potato and pinto bean have been 
selected for evaluating intercropping in this experiment because 
of their nutritional value for human and increase of Resources 
Use Efficiency (RUE). 

       Materials and Methods 
The field experiments were conducted at the Research Station 
(Lat 38°15' N, Long 46°17' E, 1360 m altitude ) of the Faculty of 
Agriculture, University of Tabriz, Tabriz, northwest of Iran, in 2005 
and 2006 growing seasons. Soil was sandy loam with pH 7.6 and 
0.8% organic matter. Each year the land was ploughed and 
cultivated before planting in the spring. The fertilizers, including 
urea, super phosphate and potassium sulphate, were applied based 
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on the soil test at rates of 150, 200 and 150 kg ha-1, respectively. 
Also, about 60 tons ha-1 manure was added to the soil. Prior to 
sowing, potato tubers and pinto bean grains were treated with 
benomyl at 0.2% (wt/wt) in order to protect them from soil-borne 
diseases. Both plants were sown in early May in spring. Potato 
tubers and pinto bean grains were planted at 10 and 3 cm depths, 
respectively, and the plots were irrigated as needed. The 
experiments were laid out in randomized complete block design 
with three replications and 12 treatments for both years. Treatments 
were:  S1 = sole cropping of potato with the density of 5.3 plants 
per m2, S2 = sole cropping of potato with 4.7 plants per m2, S3 = 
sole cropping of pinto bean with 55 plants per m2, S4 = sole 
cropping of pinto bean with 45 plants per m2, S5 = intercropping 
with proportion of 2:1 (66% potato with 5.3 plants per m2 + 34% 
pinto bean with 55 plants per m2 ), S6 = intercropping with 
proportion of 2:1 (66% potato with 5.3 plants per m2 + 34% pinto 
bean with 45 plants per m2), S7 = intercropping with proportion of 
2:1 (66% potato with 4.7 plants per m2 + 34% pinto bean with 55 
plants per m2), S8 = intercropping with proportion of 2:1 (66% 
potato with 4.7 plants per m2 + 34% pinto bean with 45 plants per 
m2), S9 = intercropping with proportion of 3:1 (75% potato with 5.3 
plants per m2 + 25% pinto bean with 55 plants per m2), S10 = 
intercropping with proportion of 3:1 (75% potato with 5.3 plants 
per m2 + 25% pinto bean with 45 plants per m2), S11 = intercropping 
with proportion of 3:1 (75% potato with 4.7 plants per m2 + 25% 
pinto bean with 55 plants per m2),  S12 = intercropping with 
proportion of 3:1 (75% potato with 4.7 plant per m2 + 25% pinto 
bean with 45 plant per m2 ). The intercropping was conducted 
based on replacement method. In the intercropping with proportion 
of 3:1 and 2:1 and sole cropping, the number of rows per plot was 
six, five and four, respectively. In all plots, the distance between 
rows was 75 cm. The potato variety was Agria and pinto bean 
variety Native Sarabi. The potato traits under study were as 
follows: tuber yield per plant, number of leaves per plant, number 
of branches per plant, tuber size per plant and number of tubers 
per plant measured on 10 plants. For pinto bean the traits were: 
grain yield per plant, number of leaves per plant, number of 
branches per plant, number of pods per plant, number of grains 
per pod and 100-seeds weight. At final harvesting stage, tuber 
yield of potato from four m2 and grain yield of pinto bean from two 
m2 were also measured. Then data were analyzed by MSTATC 
software and means compared with Duncan’s Multiple Range Test 
at 5% probability level. In order to evaluate the beneficial effect of 
intercropping, Land Equivalent Ratio (LER) was determined. LER 
is an index used to determine the usefulness of intercropping. If 
LER is more than one, then intercropping is regarded beneficial 
over sole cropping 17. The LER was calculated as follows: LER = 
RYp+RYb , where  RYp and RYb were relative yields of potato and 
pinto bean. 

     Results and Discussion 
Potato: The results showed that there were significant differences 
among treatments for tuber yield per m2, tuber yield per plant, 
tuber yield per hectare, tuber size and number of leaves and 
branches per plant, but there was no significant difference in terms 
of number of tubers per plant (Table 1). In all intercropping 
combinations, tuber yield per occupied potato unit area was 
significantly higher than in the sole cropping. Therefore, it is 
concluded that the pinto bean had facilitative effects on potato. 

The maximum tuber yield per m2 was obtained from S6 treatment 
(Table 2). This can be attributed to the decrease of intra-specific 
competition for potato plants and also competition for nitrogen. 
Dua et al. 10 reported that in intercropping potato with French 
bean in the replacement method, tuber yield per m2 was higher 
than in sole cropping in all intercropping plots due to the reduction 
of intra-specific competition and competition for nitrogen. 
Ebwongu et al. 11 found that intercropping potato and corn based 
on replacement method increased tuber yield and the maximum 
tuber yield was obtained from the intercropping proportion of 2:1 
(potato + corn) due to increase in the number of leaves and 
branches in potato. 
  The maximum tuber yield per plant was obtained from the S8 
treatment (Table 2). This can be attributed to the decrease in the 
density of both plants and the reduction of inter- and intra-specific 
competition. Gebremedhin 12 observed that the tuber yield per 
plant increased by decreasing the plant density. The maximum 
tuber yield per hectare (mono cropped area) was obtained from 
the S1 treatment (Table 2). This can be related to larger number of 
potato plants in the sole cropping. The highest number of leaves 
and branches per plant was obtained  from S8 treatment (Table 2). 
This was mainly due to the decrease in the density of both plants 
by creating more space for growth. Ebwongu et al. 11 found that in 
intercropping potato and corn, based on replacement method, 
increase in the number of leaves and branches per plant can be 
obtained at low densities of both plants. The biggest tuber size 
was obtained from S8 treatment (Table 2), due to the reduction in 
density of both plants and also the decrease in inter- and intra- 
specific competition. Gebremedhin 12 reported that the yield 
changes in potato are attributed to tuber size, whereas, number of 
tubers per plant was not affected by density and the biggest 
tuber size was obtained from low densities. Ahmad and Sager 1 
found that the number of tubers per plant is determined in advance 
and they are almost fixed but tuber size increases by time. 

Pinto bean: The results showed that there were significant 
differences among treatments for grain yield per pinto bean unit 
area and per plant, grain yield per hectare, number of leaves and 
branches and number of pods per plant. However, no significant 
differences were obtained for the number of grains per pod and 
the weight of 100-seeds (Table 3). In all intercropping combinations, 
grain yield per m2 was significantly higher than their corresponding 
sole cropping, and the maximum grain yield was obtained from the 
S7 treatment (Table 4). Dua et al. 10 reported that intercropping of 
potato with French bean in the replacement method improved 
grain yield in all plots owing to more space for growth. In this 
experiment, maximum grain yield per m2 was obtained from 2:2 
proportion (potato + French bean). Singh 23 found that in the 
intercropping of corn with green bean in the replacement method, 
grain yield of green bean was increased and the highest grain 
yield was obtained from the treatment 2:1 (corn + green bean) that 
was attributed to the decrease in inter-specific competition as 
compared to intra-specific competition. The maximum grain yield 
per plant was obstained from S8 treatment (Table 4). This is 
regarded to reduction of density of both crops which decreased 
inter- and intra-specific competition. Herbert and Litchfield 14 
reported that by decreasing in the density of bean, the amount of 
grain yield per plant increased. They attributed this result to the 
decrease in competition for light and nutrients. Maximum grain 
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Number of 

pods per 

plant 

Number of  

branches per 

plant 

Number of  

leaves per 

plant 

Grain yield 

per hectare 

(ton) 

Grain yield 

per plant (g) 

Grain yield per  

unit area (g) 
Treatment 

- - - - - - S1 

- - - - - - S2 

4.29 d 4.247 d 33.17 e 3.037 a 5.52 b 303.7  cd S3 

5.27 c 5.398 c 40.15 d 2.787 a 6.402 ab 288.06  d S4 

5.46 c 5.55 bc 43.15 cd 1.268 bc 6.775 a 372.66  ab S5 

6.21 abc 6.358 ab 48.20 abc 1.108 cd 7.262 a 326.73  bcd S6 

5.82 abc 6.05 abc 47.80 abc 1.322  b 7.072 a 389.01 a S7 

6.68 a 6.817 a 51.79 a 1.160 bc 7.588 a 341.33 abcd S8 

5.24 c 5.195 c 40.64 d 0.8917 e 6.488 ab 357 abc S9 

6.07 abc 5.99 abc 45.76 abcd 0.7930 e 7.058 a 317.63 bcd S10 

5.71 bc 5.648 bc 43.98 bcd 0.9392 de 6.845 a 374.66 ab S11 

 6.51 ab  6.567 a 49.53 ab 0.8195 e 7.298 a 329.66 bcd S12 

Table 4. Means of different characters of pinto bean in intercropping of potato with pinto bean. 

Means within each column followed by the same letter were not significantly different according to Duncan’s multiple range test (P = 0.05). 

2006 2005 Intercropping 

LER RYb RYp  LER RYb RYp treatment 

1.27 0.41 0.86  1.25 0.42 0.83 S5 

1.24 0.37 0.87  1.24 0.39 0.85 S6 

1.22 0.42 0.80  1.23 0.44 0.79 S7 

1.21 0.39 0.82  1.21 0.41 0.80 S8 

1.20 0.29 0.91  1.17 0.29 0.88 S9 

1.21 0.27 0.94  1.19 0.28 0.91 S10 

1.17 0.32 0.85  1.16 0.31 0.85 S11 

1.15 0.27 0.88  1.16 0.30 0.86 S12 

Table 5. Land equivalent ratio ( LER ) of potato and pinto bean in 
2005 and 2006 growing season. 

yield per hectare was obtained from S3 treatment (Table 4), which 
can be due to the increase in the number of plants in the mono 
cropping. The largest number of leaves and branches per plant 
was found in S8 treatment (Table 4). This can be due to the 
decrease in densities of both crops by creating more space for 
growth. Herbert and Litchfield 14 reported that at the low density 
of bean, number of leaves and branches increased due to the 
decrease in competition for light and nutrients. Dua et al. 10 
indicated that in intercropping of potato and French bean, the 
number of leaves and branches per plant in French bean increased 
due to providing more space in the intercropping condition. 
Largest number of pods per plant was obtained from S8 treatment 
(Table 4), which is regarded to the decrease in the density of both 
crops causing the decrease in inter- and intra-specific competition. 
According to Herbert and Litchfield 14, number of pods per plant 
increased at low densities. Shafshak et al. 21 reported that in 
intercropping soybean with sunflower, among yield components 
of soybean, only number of pods per plant increased significantly 
in the intercropping condition. Allen and Obura 2 reported that in 
intercropping of corn, cowpea and soybean, only the number of 
pods per plant increased significantly in the intercropping 
condition. 

The benefits of intercropping: In all intercropping plots, amount 
of LER was more than one, and the maximum amount in two years 
(1.25 and 1.27, respectively) was obtained for S5 treatment (Table 
5), because Land Use  Efficiency in intercropping was higher than 
in mono cropping. This can be attributed to the increase in the 
density of both plants and their use of more environmental 
resources. Based on Dua et al. 10 in intercropping of potato with 
French bean in the replacement method, amounts of LER were 
more than one in all cases of intercropping and its maximum 
amount was 1.49. Ebwongu et al. 11 found that in intercropping 
potato with corn based on replacement method, amounts of LER 
in all intercropping conditions were more than one and maximum 
amount was 1.58 when the potato:corn proportion was 2:1. 

               Conclusions 
Crop yield of potato and pinto bean was more than their sole 
cropping in all intercropping combinations. Both crops used 
environmental resources better than their corresponding sole 
cropping, and the maximum benefit was obtained from the S5 
intercropping treatment. Therefore, optimum effect of intercropping 
was observed in the highest density of both species. 
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