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Table 1. Soil physical and chemical characteristics of field (0-30 cm depth)
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Table 2a. ANOVA for the characteristics of different types of bean in sole culture and replacement intercropping with

cucumber
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Oyt 3l . . - N Ny T N Ny L. e o
SOV df s sbasly ol a5l Ay o S UL Ho ails Agy yo e [y el Plant
Number of sub- Stem Number of pods Number of seeds Pods weight Shrub weight
branches length per plant per pod per plant weight
Sk 2 0.321™ 356.04" 0.82" 0.4 84.01* 73.94" 250.53™
Block
Ao 5 0.134" 14639.27** 606.57** 34.58** 624.18** 322347**  344106.6**
Treatment
Uas-
£ 10 0.229 367.64 10.1 0.66 13.22 1891.6 1832.53
rror
CV (%) 10.1 13.57 9.97 13.24 10.35 11.76 10.57
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ns, * and ** means ‘not significant’ and significant at probability levels of 5 and 1 percent, respectively.
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Table 2b. ANOVA for the characteristics of bean ecotypes in sole culture and replacement intercropping with

cucumber
Slay o (12Nileo
Ol yadi’ 2o Mean of squares
SOV Aigy y0 il dlawy Aigr 0 &l 39 4ildYee 39 0dg s j O S los  solaidl o Sloe clilo g Ll
Number of seeds per plant  Seed weight per plant  100-Seed weight Biomass yield Economic yield Harvest index
Sk 2 @ @) @ Q) &)
Block 397.01™ 30.48™ 6.66" 639442.5™ 36960™ 16.92"
Lo 7 5 7 5
Tre)atr;went 933(3.)6** 37€E.24** 165(.7)1** (5) 59861724 (7) 30583112 15(.6)7*
s (14) (10) (14) (10) (14) (10)
Error 401 181 3.62 165806.2 19909.7 31
CV (%) 11.11 13.04 5.83 9.77 14.95 5.64
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Numbers into parentheses are df of SOV.
ns, * and ** means ‘not significant” and significant at probability levels of 5% and 1%, respectively.
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Table 3. Characteristics of different types of bean in sole culture and replacement intercropping with cucumber
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T = e S Number of pods Number of seeds (e 5) (w2,9)
reatments Number of Stem length per plant per plant Seeds weight per ~ Harvest index
sub-branches (cm) plant (g) (%)
Lboi-ly SC 512a 25953 a 158 194.3 be 4233¢ 27.97 be
B'acp'z:yed IC 47a 194.67b 22¢ 2463 a 48.66 bc 32.3ab
fa o) SC 447a 90.2¢c 248¢c 94.4d 40.55¢ 30.71 abc
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L SC 473 a 108.67 ¢ 38.7b 121.1d 45.3 be 338la
syl
Kidney bean IC 46a 97 ¢ 55.4 a 245.1a 97.27 a 32.88 ab
esbass) SC - - - 217.8 ab - -
Green bean IC - - - 1619¢c¢ - -

ol bglive oS 5 Ll S sline 4 o s IC 5 SC

(DMRT p=<0.05) w,ls5 duo s gty Jloiol gebans 55 (5 o sime IS wlie By > syl slael wols g ,2 30

SC and IC mean ‘Sole culture’ and ‘Intercropping’, respectively.

In every data column, the numbers that share letters, have not significant difference at probability level of five percent (DMRT p<0.05).
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Fig. 1. Number of seeds per pod (A), pods weight per plant (B), shrub and plant weight (C) and biomass yield (D) of

black-eyed pea, pinto bean and kidney bean in sole culture (SC) and intercropping with cucumber (IC)
Every mean series that share letters, have not significant difference on probability level of five percent (DMRT p<0.05).
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Fig. 2. 100-seed weight (A) and economic yield (B) of black-eyed pea, pinto bean, kidney bean and green bean in sole

culture (SC) and intercropping with cucumber (I1C)
The means that share letters, have not significant difference on probability level of five percent (DMRT p<0.05).
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Introduction

It has been predicted that the population of the world will reach up to 9 billion people until middle of
current century so to meet the demands for food, it is necessary to supply more by developing sustainable
agriculture and ecological intensification of food production to avoid disadvantages of conventional
agriculture. Intercropping is one of the sustainable agriculture strategies that has been proven that causes
more use of available resources by intercropped species. It is one of the key strategies of sustainable
agriculture because of its efficiency in using of the resources like nitrogen, light and water and improving
vulnerability of crops against diseases and pests. Pulses are very valuable for agroecosystems and human
health, because of many advantages like high protein content and nutritional values and symbiotic fixation of
nitrogen. So, an experiment was conducted in order to study of yield characteristics of black-eyed pea (BEP),
the pinto bean (PB), kidney bean (KB) and green bean (GB) as bean ecotypes affected by intercropping with
cucumber and partial land equivalent ratio (LER) of the beans.

Materials & Methods

The experiment was held during growing season 2015-16 in the experimental field of Ferdowsi
University of Mashhad based on a randomized complete block design (RCBD) with six and eight treatments
(for different studied indices) and three replications. Treatments included sole culture of BEP, PB, KB and
GB and their 1:1 ratio in replacement intercropping with cucumber. The plots had five 120-cm sized width
and 6x3 meter dimensions. The gaps between the plots and the blocks were one and two meters,
respectively. The studied indices included the number of sub-branches per plant, stem length, number and
weight of seeds per pod, numbers and weights of pods and seeds per plant, shrub and plant [dry] weights,
100-seed weight, biological and economic yields and harvest index for seeds of grain bean ecotypes
(including BEP, PB and KB), and for GB, studied indices included the number of seeds per plant, 100-seed
weight and economic yield (total weight of harvested green pods per ha). Partial LER of the studied plants
was calculated and finally statistical analysis of data and drawing the figures done using SAS v.9.2 and MS
Excel 2016 respectively. Duncan’s multiple range test (DMRT) also used for comparing the means at
probability level of %5.

Results & Discussion

The results showed that except the number of sub-branches per plant, there were significant differences
between the treatments for all other studied indices. The highest stem length was recorded in sole culture of
BEP that was significantly different compared with other treatments but there was no significant difference
between sole culture and intercropping treatments of PB and KB. Competition for interception of light may
cause this result for BEP. Number and weight of seeds per pod and numbers and weights of pods and seeds
per plant were higher in intercropping treatments of the plants in comparison of their sole culture. Many
other studies like results of Noorbakhsh et al, (2015) and Khalaf (2016) support our findings. 100-seed

weight was different between the plants but no significant difference was observed between intercropping
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and sole culture of each plant. It seems that 100-seed weight is a genetic property that not be affected by
intercropping. The biological and economic yield of the bean ecotypes were significantly higher in their sole
culture compared with their intercropping due to lower plant density in intercropping but by considering the
results of partial LER calculation, it concludes that intercropping was more useful for all studied plants. The
highest value of partial LER (0.69) was calculated in GB and the lowest one was recorded to KB. The
economic part of GB was its green pods, so its partial LER was higher than another studied plants in
comparison of other plants that their seeds form their economic yield. Similar to 100-seed weight, the harvest
index was statistically different between the bean ecotypes but it was similar between sole culture and
intercropping treatments of each plant because of parallel trends of variations of biological and economic
yields of the plants.

Conclusion

Based on the results, intercropping of BEP, PB, KB and GB with cucumber is benefit for ecological
intensification of production of the studied pulses. So, it can be suggested as an efficient strategy for
sustainable development of food production.

Keywords: Ecological intensification, Green bean, Interspecies competition, Sustainable production,
Synergy
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