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Table 1- Analysis of variance (mean of squares) for yield and yield components of sesame
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Table 2- Effect of cropping system on the number of seeds per plant, seed yield and harvest index of sesame
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Cropping system Number of seeds per plant Seed yidld (t.ha?) Harvest index (%)
) S 972.90a 0.93a 28.05a
Row planting
oSS 842.33b 0.85b 25.8%b
Mixed planting

In each column, numbers followed by the same letter are not significantly different by Duncan test (0=0.05).

Table 3- The effect of different inter cropping treatments on yield and yield components of sesame
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10s100b 2.16d 21.66b 33.00bc 719.7bc 1.43e 0.25g 17.64c
20s100b 2.16d 21.16b 32.83bc 685bc 2.22d 0.41f 18.69c
30s100b 2.23d 20.50b 34.50abc 707.8bc 2.87c 0.50f 17.75c
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In each column, numbers followed by the same letter are not significantly different by Duncan test (0=0.05).

Intercropping treatments include pure sesame (100s), 25% -75% sesame bean (25s75b), 50% -50% sesame bean (50s50b), 75% -25%
sesame bean (75525b), 100% Sesame -10% bean (100s10b), 100% -20% sesame bean (100s20b), 100% -30% sesame bean
(100s30b), 10% -100% sesame bean (10s100b), 20% -100% sesame bean (20s100b), 30% -100% sesame bean (30s100b).
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Table 4- Analysis of variance (mean of square) for yield and yield components of bean

BYE dlaxd il dland > wild slawd 3,5as 5.l Lasls
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B Degr ees of 1000-seed Number ~ Number of  Number of Suis E . Harvest
SOV freedom weight of pods seeds per seeds per conomic larvest
T DM seedsyield index
per plant pod plant Yield
Ssh
Block 2 88.65™ 4.61™ 0.81™ 443.61™ 0.13™ 0.04™ 29.29"™
A sSts
Factor 1 2263.10* 9.60™ 0.60™ 0.26™ 0.96** 0.14** 6.78™
A
A gl
Error A 2 288.05™ 3.05™ 1.05™ 362.71™ 0.03™ 0.01™ 48.26™
B sl
Factor 9 15590.87** 77.51** 4.60** 3653.37** 8.97** 1. 19** 187.15**
B
A*B 9 77.09™ 478™ 0.41™ 94.82"™ 0.16 0.02** 9.02™
Eu:;r 36 222.79 253 0.72 195.77 0.10 0.005 18.65
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Llsen i ciliseo sbaeuS 5 B oy 5551 5 cudls la gy A Lol el
# = and ns, significant risk of 0.01, 0.05 and ns are not significant, respectively.
A factor: cropping system and B factor: intercropping proportions.
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Table 5- Effect of cropping system on the weight of 1000- seed and dry matter yield of bean

WY Sis 03lo 3 Slos 41> )3 (39
Planting system DM yield (t.ha?) 1000-seed weight ()
i) el 2.43a 162.76a
Row planting
2 i 2.18b 150.48b
Mixed planting

S5 50885 b 5SSl 905l b oy gy et o )3 (6l dime NS cblitio g b (gl pSSlio g o 4
In each column, numbers followed by the same letter are not significantly different by Duncan test (0=0.05).
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Table 6- The effect of different inter cropping treatments on yield and yield components of bean
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. ” : i ol Number of Number of ~ 1000-seed
Intercropping Harvest 4l ' Number of weight (g)
treatments index (%) i DM yield seeds per seeds per pod pods per g
0 Seed yield plant per p plant
100b 33.97a 4.25a 92.66a 4.83a 19.33a 223.13a 100s
25s75b 35.84a 2.75¢c 76.58b 4.16a 18.16a 205.3% 25s75b
50s50b 36.48a 1.99d 61.83b 3.83abc 16.16b 180.53b 50s50b
75s25b 36.04a 1.03e 61.5b 4.00ab 15.5b 176.23b 75s25b
100s10b 24.45b 3.58b 34.66¢ 3.00bcd 11.66¢d 104.32¢ 10s100b
100s20b 23.51b 3.10c 28.16¢ 2.5d 11.33cd 94.52c 20s100b
100s30b 21.99b 3.04c 18.83c 2.16d 8.66e 68.81d 30s100b
10s100b 33.88a 0.59f 36.00c 2.83cd 12.5¢ 116.44¢ 100s10b
20s100b 31.58a 1.00e 30.66¢ 2.66d 11.33cd 106.43¢c 100s20b
30s100b 33.09a 1.70d 26.83c 2.66d 10.00de 62.14d 100s30b
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In each column, numbers followed by the same letter are not significantly different by Duncan test (0=0.05).
Intercropping treatments include bean monoculture (100b), 25% -75% sesame bean (25s75b), 50% -50% sesame bean (50s50b), 75%

-25% sesame bean (75s25b), 100% Sesame -10% bean (100s10b), 100% -20% sesame bean (100s20b), 100% -30% sesame bean
(100s30b), 10% -100% sesame bean (10s100b), 20% -100% sesame bean (20s100b), 30% -100% sesame bean (30s100b).
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Figure 1- Interaction between cropping system and inter cropping treatments on seed yield of bean
Intercropping treatments include: bean monoculture (100b), 25% -75% sesame bean (25s75b), 50% -50% sesame bean
(50s50b), 75% -25% sesame bean (75s25b), 100% Sesame -10% bean (100s10b), 100% -20% sesame bean (100s20b), 100%
-30% sesame bean (100s30b), 10% -100% sesame bean (10s100b), 20% -100% sesame bean (20s100b), 30% -100% sesame
bean (30s100b). Vertical bars represent Standard Error (SE).
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Table 7- Analysis of variance (mean of squares) for land equivalent ratio (LER) in different treatments of sesame and bean

ot 2abie RS xS g LER Wy J3» LER bl cuiS LER
SO.V. Degrees of freedom Slight Sesame LER Slight Bean LER Intercropping LER
‘591’ ns
Block 2 0.06** 0.001 0.07**
A s 1 0.05** 0.03** 0.17**
Factor A
At 2 0.01* 0.005™ 0.007™
Error A ) ) )
cmf[ﬁi 8 0.53** 0.57** 0.013**
A*B 8 0.002™ 0.003"™ 0.007™
ks 32 0.003 0.002 0.005
Error

Bl oo (gl me pas g /oD /o) Jloin] o )3 (g5 Sxe i ay NS g %
Lobo cutS Giliseo slveuS 5 B oy 4951 5 cuils claigy A Lol e
# = and ns, significant risk of 0.01, 0.05 and ns are not significant, respectively.
A factor: cropping system and B factor: intercropping proportions.
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Table 8- Effect of intercropping system on partial and total land equivalent ratio of sesame and bean

CuiS £od Wy S LER S S LER JSLER
Planting system Partial LER of bean Partial LER of sesame Total LER
i) i 0.54a 0.64a 119

Row planting
0.49b 0.58b 1.08b

35,105,005 b S 9051 b oy gy Jlein] o 53 (6l sime S csliio gy b (sl Sl ygiw yb p
In each column, numbers followed by the same letter are not significantly different by Duncan test (0=0.05).
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Table 9- Effect of intercropping treatments on partial and total land equivalent ratio of sesame and bean

bglswo CuisS jlow Wy #3» LER oS O3 LER JSLER
I nter cropping treatments Partial LER of bean Partial LER of sesame Total LER

25s75b 0.77b 0.45d 1.22a
50s50b 0.57c 0.62c 1.19ab
75s25b 0.29d 0.86b 1.158bc
100s10b 0.10f 0.96a 1.06¢c
100s20b 0.18e 0.92ab 1.11bc
100s30b 0.28d 0.86b 1.14abc
10s100b 0.94a 0.18f 1.13abc
20s100b 0.76b 0.30e 1.06¢
30s100b 0.78b 0.37e 1.15abc
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In each column, numbers followed by the same letter are not significantly different by Duncan test (0=0.05).
Intercropping treatments include: bean monoculture (100b), 25% -75% sesame bean (25s75b), 50% -50% sesame bean (50s50b),
75% -25% sesame bean (75525b), 100% Sesame -10% bean (100s10b), 100% -20% sesame bean (100s20b), 100% -30% sesame

bean (100s30b), 10% -100% sesame bean (10s100b), 20% -100% sesame bean (20s100b), 30% -100% sesame bean (30s100b).
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Introduction

Intercropping is a kind of multi-culture system where two or more plants are cultivated in a piece of land
simultaneously. The aim of intercropping is optimizing the use of space, time and physical resources in both the
top and under of the soil surface through maximizing positive relationship and minimizing negative relationship
between the components of agricultural ecosystems. In intercropping due to better use of available resources
such as land, labor, time, light, water and nutrients, as well as reducing damages caused by pests and diseases
and socio-economic advantages, increase in production per unit area can be expected. In this study, yield and
yield components of sesame and bean in additive and replacement intercropping with mixed and row planting
type was evaluated and the possible advantages of intercropping to monoculture as well as the types of
intercropping were compared.

Materialsand Methods

This experiment was conducted in Agricultural Research Station of Ferdows University of Mashhad, located
in 10 kilometers south-east of the city of Mashhad, Iran (latitude 36° 17' N, longitude 59° 35" E and 985 m
elevation) in 2013 and 2014. Climate of the area is cold and dry. A Split-Plot experiment based on randomized
complete block design with three replications was used with the factor of cropping system (as main plot) and
intercropping proportions (as sub plot). The cropping system was included; mixed and row cropping and
intercropping proportions were included; monoculture of bean (100b), 25% sesame- 75% bean (25s75b), 50%
sesame- 50% bean (50s50b), 75% sesame- 25% bean (75s25b), monoculture of sesame (100s), 10% bean- 100%
sesame (10b100s), 20% bean- 100% sesame (20b100s), 30% bean- 100% sesame (30b100s), 100% bean- 10%
sesame (100b10s), 100% bean- 20% sesame (100b20s), and 100% bean- 30% sesame (100b30s). Planting was
done using common varieties of the region (Esfarayen and Derakhshan varieties for sesame and bean,
respectively). Hand-weeding method was used for controlling weeds. The first was done when most plants were,
in the 6 leaf stage and in the height about 15cm, continued every 13 days until the growth of the canopy limited
the growth of weeds. There was not used any fertilizer during the growing season. At the end of the growing
season traits such as 1000 seed weight, number of capsules or pods per plant, number of seeds per capsule or
pod, biological yield, seed yield and harvest index were recorded. In addition, the land equivalent ratio (LER)
was calculated to determine the advantages of intercropping. Analysis of variance and Duncan's mean
comparison were used for statistical analysis.

Results and Discussion

The results showed that intercropping had a significant effect on al traits, in sesame and bean. 1000 seed
weigh, number of capsules or pods per plant, number of seeds per capsule or pod and harvest index in the
treatments of 25s75b, 50s50b and 75s25b, were the highest amounts. Number of seed per plant, seed yield and
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harvest index in sesame and 1000 seed weight, biological yield and seed yield in bean were affected by planting
type which row planting had higher value than mixed planting. This can be due to better use of resources and
avoid inter and intra species competition, in the circumstances stated above. The results showed that the total
LER, LER of sesame, and LER of bean were higher in replacement intercropping planting than mixed planting.
In addition, replacement intercropping had better performancein total LER, LER of sesame, and LER of bean, to
additive intercropping. Also, total LER was more than 1 which highest values were observed in the treatments of
25s75b, 50s50b, 30s100b, 75s25b, 100s 30b and 10s100b (1.22, 1.19, 1.15, 1.15 and 1.14, respectively). It seems
that better utilize of the growth resource in the inter cropping led to reach this result. The results showed that
presence of bean in intercropping had positive effects on sesame, so that the symbiosis of bean roots with
nitrogen-fixing bacteria could be the main reason.

Conclusions

In general, the results showed that seed yield of sesame and bean in monoculture were higher than other
combinations of intercropping; However higher LER was observed in the treatments of intercropping. This
shows more exploitation of unit area in intercropping. In addition, greater amount of LER in replacement
intercropping than additive intercropping highlights the necessity of appropriate density of plants per unit areain
the intercropping. Also row planting showed better performance compared with mixed planting that suggests the
effect of planting correct arrangement for further exploitation of resourcesin the intercropping.

Keywords: Economical yield, Harvest index, Land equivaent ratio (LER), Multi-culture



