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Introduction

Intercropping is considered one of the components of sustainable agriculture, where two or more species are grown in the
same location to take advantage of the beneficial effects between the species. The competition among species for resource
use can be facilitative, conflicting, or neutral. In many intercropping systems, plants from the legume and cereal families are
cultivated with the aim of createing a complementary relationship between species and to enhance resource use efficiency.
One practical way to increase organic matter in agricultural lands is through conservation tillage and returning plant residues
to the soil. Corn (Zea mays L.) is the third most important cereal in the world, after wheat and rice. Pinto beans (Phaseolus
vulgaris L.) are among the most consumed legumes, playing a crucial role in providing the protein that humans need. The
purpose of this research was to evaluate the performance, competitive indicators, and economic benefits of intercropping of
corn and beans influenced by tillage systems, crop residues, and planting patterns in the conditions of Shahrekord.
Materials and Methods

The experiment was performed using split-split plot based on a randomized complete block design with three replications in
Agricultural Research Field of Shahrekord during 2016-2018. Tillage with two levels (minimum, and no-tillage) and three
levels of crop residues (30, 60, and 90% of straw yield of wheat) and five intercropping patterns including corn and bean sole
cropping, corn and bean ratio with 2:2, 3:1 and 1:3 were considered as main, sub and sub-sub plots, respectively. After
measuring the yield of corn and beans, in order to evaluate the efficiency and competition in intercropping, the indices of land
equivalent ratio, relative crowding coefficient, aggressivity and competition ratio were calculated. Also, in order to measure
the economic usefulness of intercropping, system productivity index, Intercropping Advantage, and Monetary Advantage
Index were used.

Results and Discussion

Based on the results obtained, the interaction of tillage x crop residues x plant patterns had a significant effect on the yield of
corn and beans (P <0.05). Based on the average comparison results, the highest corn yield was obtained in sole corn cultivation
under no-till conditions and using 60% of residues in the second year of the experiment (1.9317 kgha™). The yield of bean
seeds, the highest yield was related to sole bean cultivation in low tillage conditions and the use of 60% plant residues (2933.91
kgha™). The interaction of tillage x crop residues x plant patterns on total land equivalent ratio was significant (P<0.05). The
plant pattern of 2 corn: 2 beans had the highest amount of LER (1.71) compared to other intercropping patterns. The maximum
value of total relative crowding coefficient and competition index for corn was obtained in the plant pattern of 2 corn: 2 beans.
Also, the positive values of the aggressivity index for the corn showed the competitive advantage of this plant compared to
beans. The corn canopy has a larger volume and height compared to the bean canopy, so corn is a stronger competitor in
absorbing light and other resources than beans. The corn canopy has a larger volume and height compared to the bean canopy,
so corn is considered a stronger competitor in absorbing light and other resources than beans. The system productivity index
was positive in all ratios of intercropping, which indicates the usefulness of intercropping. The highest intercropping
advantage (5859.42) and monetary advantage index (5988.62) was related to the planting pattern 2 corn: 2 beans. The increase
monetary advantage index in the ratio of 2 corn: 2 beans can be attributed to the land equivalent ratio and the total relative
crowding coefficient in this treatment.

Conclusion

According to the results obtained from the evaluation of the land equivalent ratio and the relative crowding coefficient,
intercropping advantage and monetary advantage index, it can be stated that the 2 corn: 2 bean planting pattern was superior
in terms of competition and economic usefulness compared to other intercropping patterns. Based on the findings of this
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research, the positive values of the aggressivity index and the increase in the competition index indicate a competitive
advantage of corn over beans in intercropping. Therefore, it can be said that the 2 corn: 2 beans, in addition to creating
diversity and sustainability through maximizing the biological potential of the species, is significantly effective in enhancing
financial advantage and the efficiency of using agricultural lands.
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Table 2- Combined analysis of variance (mean square) of the effect of tillage levels, crop residues and planting patterns on the
yield of corn and beans.
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TxRxP
cutS clogS % _alS bl x (65,556 x Lo
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YxT xR x P
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Sub-sub error
() &yt oy - 4.94 4.01
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ns and *: Non-significant and significant at 5% of probability level, respectively.

Table 3- Mean comparisons of the interaction of year, tillage levels, crop residues and planting
Patterns on corn grain yield

Jl 5295 B o S slagSl 2l ble o)
Year Tillage systems  Planting patterns Crop residues (%)
30 60 90
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Reduced tillage  Corn sole cropping

2C:2B 635571 70855  6361.30
3C:1B 6977.7°  7144.2"Mm (8576
1C:3B 6404.6" 68845 6737.6M
oalb e 8677.7°  8725.68"  8088.8%
S Corn sole cropping
N tillage. 2C:2B 6564.5M  7218.20"  6717.5M
g 3C:1B 6919 7656%"  6755.2M
1C:3B 6240.8%Y  6670.1M4 556,20
A SR Jrss 200t 923720 7687.109
G5 oS Corn sole cropping _
Reduced tillage 2C:2C 635847  75452%1 6512507
9 3C:1B 701630 8249.9b¢ 756670
. u d-i tu
1396.1397 1CB.3.I'3. 5813.4'  7595.7 5853
b eS e798et 931710 8260.6%
EirsSE o Corn sole cropping
ot 2C:2B 6442775 6999.5M0 7044710
9 3C:1B 6669.9™ 74427 © 7982.1c°
1C:3B 6102.1™  6618.4™ 59653

555 (I ime gl oy gy Jlein] w53 5SSl (slasals dix yg05] bl oS e gy syl sla ySibe (gt my>
Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test.
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Table 4- Mean comparisons of the effects of tillage levels, crop residues and planting
patterns on bean grain yield

6598 g cuiS clmgS] S Ll ao
Tillage systems Planting patterns Crop residues (%)
30 60 el
ol b 2418.11%¢  2933.91%  2758.42°
65395 & oS Bean sole cropping
Reduced il 2C:2B 2043.25™  2451.08%  2374.14°f
educed tiflage 3C:1B 1825.9"  2195.14™  2353.23¢
1C:3B 22155091  2253.337  2339.79:9
[E
ol b 2499229 2820.75%  2582.68°
650956 o Bean sole cropping _
No tilla N 2C:2B 21164211 2428.42¢4  2318.16¢"
o tiflage 3C:1B 1862.40"  1998.61I™  1966.33™
1C:3B 214942 2448.04%¢  2177.98
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Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test.
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Table 5- Combined analysis of variance (mean square) of the partial and total land equivalent ratio of corn and beans affected by
tillage systems, crop residues and planting patterns

e Syt 2 B 0 s sl S g i sl s S 05 Sl e
( SOV) (df) LERcom LER Bean LER Total
Y) Jle , .
(Y)e;Jr 1 0.0074" 0.161 0.098
(Jbo) St 4 0.0034 0.0036 0.0069
Block (year)
(_T) SipSB gk 1 0.0030"s 0.0128" 0.0033"
Tillage levels (T)
51 X L
6»5Y "T"J 1 0.114" 0.0009"™ 0.135"
X
e
kel sl 4 0.00052 0.0044 0.0024
Main error
(R)umlf.f bl 2 0.0352" 0.0149" 0.0532"
Crop residues (R)
umlﬁsvdiuéxgjb 2 0.0016" 0.00177 0.00005"
2l d‘;ﬁe dej)sJ . 2 0.029" 0.0148" 0.0311*
X
2ls leef.: fi”s b xJls 2 0.049" 0.0051* 0.0793*
o bt 16 0.0079 0.0038 0.0051
Sub error
(P)_ cuiS slagsl 2 0.057" 0.063" 0.105
Planting patterns (P)
= imxﬁ‘ h 2 0.0094"s 0.0195* 0.046"
oS elagSl X (g5)5Ss
¥; Tsii( Xpd))ﬁ 2 0.0097" 0.0016™ 0.0073"s
cuiS dl.tgi]l X LS})S‘SB XJL» 2 0.0016" 0.00221s 0.0002"s

YXxTxP



S lagsdlx als cbla 0.024*

4 0.0017" 0.0182"
RxP
cutS gl x alS (sbld X Jlo 4 0.0080"s 00047* 0.016"
YxRxP
S slngS) X LS Ll x 55,556 4 0.0032" 0.0012" 0.0051"
TxRxP
cuiS sgSll x (2lS gLl x (55,58 x Jlo 4 0.00069" 0.0085" 0.0116"
YxTXRxP . . |
. -3 e
EAES G 48 0.0013 0.0003 0.0011
Sub-sub error
() s ) 4.49 3.14 3.06
CV%
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ns and *: Non-significant and significant at 5% of probability level, respectively.
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Figure 1- Land equivalent ratio for different intercropping patterns of corn and beans
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Table 6- Indices of relative crowding coefficient, aggressivity, and competition in different intercropping patterns of corn and

beans
omd pdjl o s w2l ayn adls by sl
Relative Crowding Coefficient  Aggressivity ~ Competition Ratio
CuiiS 5o &5 (W] Js S log) R log)
Planting patterns  Corn Bean Total Corn  Bean Corn Bean
2C:2B 7.01b 5.89b 40.78a 0.43b -0.43b 1.13b 0.40c
3C:1B 13.12a 2.55¢ 2993b 1.73a -1.73¢c  2.79 0.36¢
1C:3B 2.21¢c 11.69a 25.14c  0.67a -0.67c  0.99b 0.97b
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Tabe 7- The effect of different intercropping patterns of corn and beans on the system productivity, advantage, and monetary

advantage
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Year System Productivity Index Intercropping Advantage Monetary Advantage Index
1395-1396 3002.63a 3613.4b 5281.08b
1396-1397 2634.45b 4014.45a 5627.75a
S gl
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