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Table 1. Physical and chemical properties of field soil (the aver age of two years)

FC () ST ools — s D5 olors S edl
(dsm™) Organic matter (%) PH Potassium (ppm)  Phosphorus (ppm)  Total nitrogen (%)  Soil texture
1.1 0.88 8.44 162.52 10.9 0.081 Ij;;t";;
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Fig. 1. The effect of different intercropping systems on weed density during the days after sowing

Sole crop of Sesame (100 — 0), Sole crop of Mung bean (0 — 100), (75% Sesame -25% Mung bean), (50% Sesame -50% Mung bean) and (25%
Sesame -75% Mung bean)
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Means of each stage for two years followed by similar letters are not significantly different (Duncan 5%)
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Fig. 2. The effect of different inter cropping systems on Shannon index of weeds during the days after sowing
Sole crop of Sesame (100 — 0), Sole crop of Mung bean (0 — 100), (75% Sesame -25% Mung bean), (50% Sesame -50% Mung bean) and (25%
Sesame -75% Mung bean)
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Means of each stage for two years followed by similar letters are not significantly different (Duncan 5%)
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Table 2. Analysis of variance for mor phological characteristics, yield and yield components of Sesame

L N N 39 30 &ld olasy J oS Sloes s |

qﬁ’| - o loerr  JpS p dig ey B
ells S 3elgw 4l ; g o3 Ol i Croppin
Harvest Biological Grain 100.0 Nur'_nber of Number of Plant e 7 Pping

) 0g ) grain grains per capsule per : df SOV year

index yield yield . height

weight capsule plant

0.53 35867.04 4226.54 0.025 7.29 39.54 61.11 2 R

5.6 9437541.71" 734053.82* 0.019 32.72 17.80™ 200.37" 3 A

0.53 6363.04 698.32 0.008 25.68 4.21 22.49 6 E (a) yay
1108.4™  95828077.04™  9847047.04™ 0.081" 3800.17" 4320.17" 7960.68™ 1 B 2013
21.38"  5411339.82™ 686202.49™ 0.006™ 24.94" 44.61" 162.49™ 3 AB

0.47 5758.6 887.88 0.002 15.75 7.88 17.53 8 E(T)

3.145 6.110 4.201 2.147 9.211 15.518 7.341 - - "’"-“-(; ;"‘

0

0.0388 150426.2 15400.13 0.151 13.62 0.22 63.84 2 R
40.91™ 26864184.4™ 2559993.44™ 0.003 97.16" 300.15™ 27.88 3 A

5.06 186216.3 6002.74 0.005 22.29 18.17 72.03 6 E (a) yay
940™ 186065859.4™  20218032.67"  0.281" 2604.16" 28.263.21"" 7287.13™ 1 B 2014

5.1 11020448.5™ 1272893.89™ 0.122™ 16.5" 154.97™ 40.94" 3 AB

1.88 92438.5 5211.83 0.003 15.29 19.77 29.50 8 E (T)

5972 7.341 6.327 2.415 10.938 9.615 5.746 - - ”'”?; ;“’”
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** and * are significant at 1 & 5 percent probability level, respectively.
R: replication, A: main factor (different patterns of substitution intercropping), B: sub factor (presence and absence of weed control),
AB: interaction effect between main factor and sub factor, E (a): main factor error and E (T): total error.
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Table 3. mean comparison of the interaction effect of sowing pattern and weed control on evaluated characteristics of
Sesame
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o il i 1000 - Cropping
Harvest Biological Grain Grain Number of Number of Plant Treatment
index yield (Kg/ha) yield weight grains per capsule per height year
(Kg/ha) (g% capsule plant (cm)

WI oS alls cus
(Sole sesame) W1
W2 s el s
(Sole sesame) W2
0o oYO) 1o bgles oS
(2S5 2o oV e jole

29.9* 6128° 1835° 3.6 57.3 342 93.1* Wi
Intercropping (75%

Sesame-25% Mung
bean) W1

Qo ,3V0) i) bgls s
(A5 2o oV e yole
19.6 736°F 144¢ 3.5b¢ 32.7° 5¢ 51.7° w2
Intercropping (75%
Sesame-25% Mung
bean) W2
2o y30+) Vi) bglies oS
(WS ao 30 * ¢ e ile
31.5° 3760° 1185¢ 3.6 57% 350 81.1* Wl \way
Intercropping (50%
Sesame-50% Mung 2013
bean) W1
RV O B AR ANECIE 5
(WS ao 30 * ¢ e ile
15.3¢ 535f 82¢f 3.6 26° 6° 48.2b¢ w2
Intercropping (50%
Sesame-50% Mung
bean) W2

Qo 0V0) VY balxs s
(A0S 2o oV 0 & e ile
31.32 18454 5784 3.6%® 52.32 22° 84.6° Wi
Intercropping (25%
Sesame-75% Mung
bean) W1
Qo 0V0) VY balxe s
(A0S 2o oV 0 & e ile
13.9¢ 1728 24f 3.4¢ 29° 3¢ 37¢ w2
Intercropping (25%
Sesame-75% Mung
bean) W2

29.5% 6584* 1946* 3.7* 56* 352 84.2¢

19.1° 889°¢ 170¢ 3.5%¢ 34.3° 5¢ 60.5°

(Sole sesame) W1
(Sole sesame) W2
Qo 0V0) ¥i) bolxs s
(325 2o oV tjew ole
31.9° 9839* 3140* 3.6 50.3* 97* 108.3* Wi Wway

Intercropping (75%
Sesame-25% Mung 2014
bean) W1
2o, 3¥YO) Ti bglee cois
(2S5 2o oV tjew ile
20.9¢ 1966 412¢ 3.5b¢ 28.3b¢ 14¢ 75.9° W2
Intercropping (75%

Sesame-25% Mung
bean) W2

27.4% 9698 2656° 3.6® 48¢ 70° 116.3*

16.24 2215 353¢ 3.4¢ 29.6% 9¢ 75.4°
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30.8% 6190° 1909¢ 3.5b¢ 46.3* 81° 111.2* Wi
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bean) W1
Qo o0 ) Vi) bgls s
(A0S ao )00 ¢ & b
15.8¢ 12874 203d°f 3.5b¢ 21.3¢ 14¢ 74.1° W2
Intercropping (50%
Sesame-50% Mung
bean) W2
0o, 3¥0) V¥ Lglee cois
(WS 2o oV 0 & e ile
26.8° 2514¢ 6744 3.6 40 740 110.8* Wi
Intercropping (25%
Sesame-75% Mung
bean) W1
2o, 3¥0) V¥ Lgles cois
(32uS o, oV jew ile
13.9¢ 498°¢ 68f 3.2¢ 22¢ 10¢ 81° W2
Intercropping (25%
Sesame-75% Mung
bean) W2
(do oty HSSI0) Wiyl (5)ls gine glas Jl 99 0 0 al> 1o 12 (5l aline By > (6l s sl ks
Means of each column for two years followed by similar letters are not significantly different (Duncan 5%)
(Weedy) ;,pbbcale JuSpas W2 (Weed-free) ;o slacale s W1
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Table 4. Analysis of variance for morphological characteristics, yield and yield components of Mung bean

sl 5s oS 37) EHERIREY L dlasy Job w
o . aloless  GME a4 alg e o ; e & cis Jlo
calols y S 599w «ls »2 22 “9 o351 @leess  Croppin
Harvest Biological Grain 100.0 Number of Number of Plant ¢ il Zgr g
index yied yield grain seed per pod per length df SOV Y/
weight pod plant
0.95 33303.50 1797.88 3.73 0.95 0.04 9.21 2 R
2273 8263386.06™  868730.33" 6.09 2.04 24.15™ 7.71 3 A
9.8 52065.56 2469.38 2.94 0.09 6.65 40.82 6 E (a) \yvay
163.28% 315746167  3755668.17°  1232.67 3.84™ 1027.047  2620.86™ 1 B 2013
5.55% 1863158.11" 231188.5™ 3.89" 0.71* 14.82* 27.54" 3 AB
1.94 15170.21 1011.42 0.09 0.17 2 14.87 8 E (T)
4714 5.693 4.708 2.671 6.542 8.955 8.887 - - Slresd
C.V (%)
8.30 69751.17 166.63 0.007 5.54 66.16 136.95 2 R
43.26™ 6980032.61"™  1064665.61* 0.008 0.15 43.93" 54.73 3 A
3.18 3256.11 2524.9 0.004 0.98 7.72 30.38 6 E (a) ray
200.11°°  30033962.67"  4856400.67" 1119.30™ 5.04™ 2035.04™ 339.75" 1 B 2014
5.30" 1593555.56™  296782.56* 0.091* 1.15 48.38" 65.67" 3 AB
3.19 3495.46 2666.33 0.005 0.38 7.92 12.74 3 E (T)
5.138 4.797 6.691 1.168 9.733 12.912 6.755 - - St oy
C.V (%)

Ao )07y g 0,0 Sy Jleiml gl (ol s i ey ¥ g X
Jole sllas E (a) 0,8 Jole 5 Lol Jole blite 31:AB «((puzs poe g g o 50) (2,8 Jole B (30 balke cis b slogs) Lol Jole :A IS5 R
.JS sl E(T) 4 C;Lol
** and * are significant at 1 & 5 percent probability level, respectively.

R: replication, A: main factor (different patterns of substitution intercropping), B: sub factor (presence and absence of weed control),
AB: interaction effect between main factor and sub factor, E (a): main factor error and E (T): total error.
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Table 5 —mean comparison of the interaction effect of sowing pattern and weed control on evaluated characteristics of
Mung bean

0% 39 &l slass

el S ySlos S ySdos R
C«::‘a).g &39]5..4 aly 1000
Harvest Biological Seed yidd Grain
index yield (Kg h?) (Kgh? weight
@

S o

pod

Number of
grains per

30 OME Sluai

. Sy Job i
©9 0 Plant e
Number of length Treatment
pod per (cm)

plant

s Jlw

Cropping
year

33.6° 5274* 1767 50.4* 7.1°

30 1843¢ 553¢ 35.44 5.9%

33.9° 1297¢ 440°¢ 51.3* 6.8

28.2% 368¢ 104# 38.8° 5.9%®

512 6ab

31 2620°¢ 812°¢

27.2% 734% 200 37.4¢ 4.8°

31.3%® 4049° 1265° 51.3* 6.6

W1 Gile palls cass
(Sole Mung bean) W1
W2 ile el s
(Sole Mung bean) W2
Qo VO ¥ bglss oS
WI (aouS auo oV e ilo
Intercropping (75%

Sesame-25% Mung
bean) W1

Qo 0Y0) Vi) bolxe cuis
(35S 20,0V 1w yilo
104 34.4° w2
Intercropping (75%
Sesame-25% Mung
bean) W2

Qo,300) Vi) bglke cuis \vay
(9255 20 )20+ 1 s yilo 2013
242 50.6* W1
Intercropping (50%
Sesame-50% Mung
bean) W1
Qo,300) Vi) bgle cis

19¢ 53*

114 31.6°

26" 53.9

(A0S ao, 30 1w ile
104 34.5° w2
Intercropping (50%
Sesame-50% Mung
bean) W2

Ao 0V0) VY belxe cuis
(28 0o, 0V 0 ¢ e ile

20b¢ 57.8¢ Wi
Intercropping (25%
Sesame-75% Mung
bean) W1
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32.8 374¢ 122¢ 35.3b 5.7

33bed 2617¢ 865°¢ 49.1a 7

28.8¢ 733" 210% 35.1b 5.7*

38.9%¢ 4084° 1582° 48.8a 6.3*

30.94 1154¢ 355¢f 35.4b 6.7*
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(Sole Mung bean) W1
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Qo 0Y0) Vi) bolxe cuis
(228 0o, 0V0 e yole

37 51.3q¢ Wl
Intercropping (75%
Sesame-25% Mung
bean) W1
o, 3Y0) T Lglis cuiS
(35S 0o, 0V 1w yilo
124 51.28b¢ W2
Intercropping (75%

Sesame-25% Mung
bean) W2

Qo,300) Vi) bgle s

28 59.4%

16 52.2be

(3uS 0o, 30 1w ile
250 63 Wi
Intercropping (50% way
Sesame-50% Mung 2014
bean) W1
Ao ,ob) Vi) belxe cuis
(2S5 ao )00 ¢ ile
1 46.8% W2
Intercropping (50%
Sesame-50% Mung
bean) W2
Qo 0V0) VY bolxe cis
[CCSTIRVI AV
340 52.7%be W1
Intercropping (25%
Sesame-75% Mung
bean) W1
Qo 0V0) VY bolxs cis
[CCSTIRVSR FAEI VO
124 46.1° W2
Intercropping (25%

Sesame-75% Mung
bean) W2

(wo ;5 OSII) W)l 5yl sine olds Jlo 93 58 50 al 1o pa sl alie B9 > sl sloeSile
Means of each column for two years followed by similar letters are not significantly different (Duncan 5%)
(Weedy) ;,»slacale JmuSpae W2 (Weed-free) ;,»slacale J s W1

(@.,2007; Zhang et al., 2010; Chao Dai et al., 2012
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Introduction

Weed infestation causes an extremely reduction of crops yield. On the other hand,
increasing the diversity of crops in agro-ecosystems will change the biomass distribution of
weeds community, thereby reducing the number and density of different weed species.
Weed management in the past few decades has been in conflict with ecological principles
and sustainability of the production systems. As well as, it has changed from the one
dimensional methods to integrated techniques based on the various non-chemical methods.
Generally, weed management is possible through agronomical, mechanical and biological
techniques in addition to chemical methods. One of these non-chemical methods is
intercropping which has been used in farming systems since many years ago. The ability of
intercropping systems to compete with weeds and proper control of weeds depends on
various factors, including the composition of plants, varieties, density or proportion of
intercropping and soil fertility. Besides, reduction of vacant niches and available resources
for the growth of weeds are also reduce the ability of weeds invasion. So, the weed control
in intercropping is much more effective than when the plants are planted alone. Majority of
studies in recent years show that most of these researches have been performed in order to
achieve maximum crops yield and its environmental effects is not considered. So, this
research was aimed to investigate the effect of Sesame and Mung bean intercropping on
yield, yield components, weed control, and determination of the best intercropping
proportion in comparison with sole cropping in Mashhad, Iran.

Materials and Methods

This research was carried out to investigate the ecological aspects of substitution
intercropping of Sesame (Sesamum indicum L.) and Mung bean (Vigna radiata L.) in the
presence and absence of weed control. The experiment was arranged as a split plot based
on a randomized complete block design with three replications at research farm of faculty
of agriculture, Ferdowsi University of Mashhad, Iran, during 2013 and 2014 growing
seasons. The main plots included five treatments: sole Sesame, sole Mung bean, 3:1
intercropping (75% sesame-25% Mung bean), 1:1 intercropping (50% sesame-50% Mung
bean), 1:3 intercropping (25% sesame-75% Mung bean), and sub plots were two levels of
weed control (Weedy and weed-free). In order to implement an ecological and low input
system, no chemical inputs (fertilizers and pesticides) was applied. Weeds were harvested
every 15 days corresponding to 4 harvests during the days after sowing and after separating
were counted based on the type of species.

To determine the variation of weeds, Shannon index was used, according to below
equation:

H'=-Zni/NxLn ni/N

* Corresponding Author: akooch@um.ac.ir
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H': Shannon index, ni: the number of the desired weed species and N: total number of
weeds.

At the end of the growing season plant height, number of inflorescences per plant,
number of grains per inflorescence and 1000 grain weight were determined for each plant.
Grain yield, biological yield and harvest index were also calculated.

To compare the performance of intercropping treatments, land equivalent ratio (LER)

was used, according to below equation:
LER=3 72
Ymi
Ypi: yield of each plant in intercropping, Ymi: yield of each plant in sole cropping.
The data statistical analysis and draw the figures were performed by SAS, Version 9.1
and Excel. Means were also compared by Duncan’s multiple range test at the 5% probability

level.

Results and Discussion

Results indicated that 3:1 intercropping treatment (75% sesame-25% Mung bean) had
the lowest relative weed density. Shannon index was the lowest for 3:1 treatment
(75% sesame-25% Mung bean). Plant height, number of inflorescence per plant, number of
seeds per inflorescence, seed yield, biological yield, and harvest index represented a
significant difference between weedy and weed-free treatments in both plants. Land
equivalent ratio (LER) among the different patterns of intercropping showed that the
amount of this ratio in weed-free treatments was greater than one, especially in comparison
with weedy treatments. Results of the weedy treatments also showed that the amount of
LER was only in 3:1 intercropping treatment (75% sesame-25% Mung bean) greater than
one (1/04 in 2013 and 1/38 in 2014).

Conclusion
Therefore, intercropping systems can be used as an ecological approach to reduce the
use of herbicides in agriculture. It also can be as a suitable alternative to prevent the

accumulation of chemical inputs in the environment.

Key words: Ecological control, Evaluation of diversity, Land equivalent ratio, Weed density
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