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Effects of maize-soybean cultivars as replacement series in
intercropping on yield and land equivalent ratio
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Table 1. Analysis of variance (mean of squares) for yield and yield components of maize in intercropping with soybean
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* and **: significant at the 0.05 and 0.01 probability levels, respectively.
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Table 2. Interaction effect of sowing ratio and cultivars on yield and yield components of maize in
intercropping with soybean (2013)
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Sowine ratio Cultivars Number of row per  1000-seed  Seed yield Biological yield (kg Harvest index
g combination ear weight (g) (kg ha™) ha') %)
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— e
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% soybean M2S2 16° 263 6323° 15422 41°
N od € d ab
LT IAVN Misl1 132 235 5192 12362 0
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75 % maize - 25
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O — Coy5 700 MiS1 13¢ 224°¢ 4154 " 122184 344
Lon M1S2 14° 241°¢ 4816 ° 10945 ¢ 44
. M2S1 l6.2* 261° 5193 ¢ 13666 3¢
50 % maize - 50
% soybean M2S2 l16* 276*° 4809 f 14573 334
VB = 3L T MiSI 142° 235 4077 M 14059 ¢ 29°¢
— <2 ‘
b g . MI1S2 13¢ 252 4791 14972 % 3¢
259 . M2S1 16.2* 263 4507 ¢ 13256 ¢ 349
5 % maize - 75
% soybean M2S2 152 274° 4757 < 13991 b 344
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Means in each column followed by similar letter (s) are not significantly different at 5% probability level using Duncan's
Multiple Range test.
M1 and M2: Maize cultivars (Ossk713 and Ns640, respectively).
S1 and S2: Soybean cultivars (Viliamz and Sahar, respectively).
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Table 3. Interaction effect of sowing ratio and cultivars on yield and yield components of maize in
intercropping with soybean (2014)

s IS Bl cmayols wblpois abs Sl S Ses S, el

Sowing ratio Cultjvars Number of row per IOQO-seed Seed yiﬁld (kg Biologicalﬁ]yield (kg Harvest index
combination ear weight (g) ha™) ha™) (%)
iy MsI 13.2° 245 6671 13614 ¢ 49
L i MI1S2 14° 247 ¢ 6600 * 13750 ¢ 48 °
100"% maize - 0 M2S1 152¢ 271¢ 6843 2 16690 # 41°
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O Vil 14.2° 244 ¢ 4244 1 13690 ¢ 31¢
Ly MI1S2 13 ¢ 2722 4342 F 13158 ¢ 334
25%n;aize-75 M2S1 162 272¢ 4901 ¢ 13614 ¢ 36
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Means in each column followed by similar letter (s) are not significantly different at 5% probability level using Duncan's
Multiple Range test.
M1 and M2: Maize cultivars (Ossk713 and Ns640, respectively).
S1 and S2: Soybean cultivars (Viliamz and Sahar, respectively).
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Table 4. Analysis of variance (mean of squares) for yield and yield components of soybean in intercropping

with maize
a3 &gy e sl &l a5 als s Shese
&sl3T Number of. pod per plant 1000-seed weight Seed yield
S0V df 2013 2014 2013 2014 2013 2014
s
A 3 981** 869%* 71593* 81354%** 516387* 426971%*
Block
Byl S 5
Rl 3 1083** 927** 81618** 104265%* 697236* 853218**
Cultivars combination (C)
I gl
el 9 81.75 55.24 9726 6872 82480 45692
Main error
c i s
’ 4 828** 736%* 75634** 99256* 839177**  1123698%**
Sowing ratio (S)
CxS 12 936%* 1020%* 119656%*  128947** 489361** 589361%*
5 las
Fre 48 98.32 65.32 6941 8269 91736 75695
Sub error

o3 &Sy 5 oy gy Sl o 3 513 e w5
* and **: significant at the 0.05 and 0.01 probability levels, respectively.
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Table 5. Interaction effect of sowing ratio and cultivars on yield and yield components of soybean in
intercropping with maize (2013)

$ g 53 e sluw

S s 3 Gl 58 05 als 3 Shes
Sowing ratio Cultivars Number of. pod 1000-seed weight (g)  Seed yield (kg ha™)
per plant
c d f
Yo— &30 MIS1 44 98 873
. MI1S2 38¢ 93 d 750 <
b .
d de f
75 % maize - 25 M2S1 39 93 814
% soybean M2S2 404 90°¢ 609 ©
b b d
INURERTAY MISI 52 120 1265
. MI1S2 45¢ 115" 1200 ¢
L.
be be d
50 % maize - 50 M2S1 48 115 1329
% soybean M2S2 44 954 1146 ©
a ab a
VO — &y5 7 YD MIS1 57 124 2715
. M18S2 44 ¢ 117°% 1972 ¢
by
b be b
25 % maize - 75 M2S1 52 118 2441
% soybean M2S2 48t 974 2431°
IRTE MIS1 582 130 2790 *
— 3 ae
. MI1S2 50° 121" 2303 b
byw Ve
a a ab
0 % maize - 100 M2S1 61 126 2698
% soybean M2S2 51° 108 ¢ 27192
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Means in each column followed by similar letter (s) are not significantly different at 5% probability level using Duncan's
Multiple Range test.
M1 and M2: Maize cultivars (Ossk713 and Ns640, respectively).
S1 and S2: Soybean cultivars (Viliamz and Sahar, respectively).

Ol Jal )y p—<5 53 p—f\‘ D,
Slozs Connl 5l S by odd Eo
(Fujita et al., 1990; Mardani "l ylsy ¢
5 s> Luly ol > & Balouch, 2015)
Ji,155 (Chujo & Daimon, 1984) O yesls
e slacde s ¥ a By S s S
SLS 5 Lsh o LS be &) son
slaaiyy 5 Lao S b s 55T 455 2
o sbdds bug Cepe o DY

2o o

Ty

Ol & 03 5l 5 0550 Ol (i Y
3 Ossk713 o6 )| oS 5 s Aoy FA
Jol L Sl ST L elds s
S Ay o a8 5A Gl Jyu) L
boglies S8 55 &5 e g sla il 3
Low laaig Ad) (e Sl g golllala b
ol Sl 055 70 S (chdmy O s (plomes
53 05578 A0 > A o oSyl o g
Wl 0l b g 03 5 s
e Aol (bl S Sl



AV Olol 11 duly =Y oples = ¥ 095 «( 2155 (G827 S a9 R 4 yii»

(\r«rdu)g)sp»,@w}wﬁ;ﬂgL;\k\,;ﬁ“;ﬁcu,t,w;ﬂ.ﬁs&u;ﬂu;\—fJ,.\,,.
Table 6. Interaction effect of sowing ratio and cultivars on yield and yield components of soybean in
intercropping with maize (2014)

CiS s ¢! G303 SNl 6ls 558 0 &l 5 Slas
Sowing ratio Cultivars Nur;li)::;l(; itpod 1000-seed weight (g) Seed yield (kg ha™!)
e e ef
VATICRCAY MIS1 40 107 1164
39¢ 95 f 807 ¢
b o 43 ¢ 96 f 905
75 % maize - 25 % M2S1
soybean M2S2 474 88 ¢ 733 ¢
A IENONYAY MIS1 55°¢ 129° 1518 ¢
L MIS2 48 ¢ 117 < 1356 ¢
3 g o ] )
50 % maize - 50 % M2s1 50 115 1204
soybean M2S2 489 96 f 1210
c b b
YA IR TN MISI 53 127 2715
L MI1S2 474 121 ¢ 1447 4
s g . . )
25 % maize - 75 % M2S1 33 119 2572
soybean M2S2 55°¢ 97f 2677 b
Ve i IS 69 1330 3178
e
U g 7. MIS2 55°¢ 127°% 2516 ¢
S el a b "
0 % maize - 100 % M2S1 68 126 2962
soybean M282 61° 109 ¢ 2719°

Al ol e M (51,13 o y3 0 Jlozm! o 53 (Sl 0 g05T (Sl 5 ke U3 G il (5151 (5Ua S0ln 0 gt 2 3

Ns640 5Ossk713) 3 pl6 1 M2 5 M1
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Means in each column followed by similar letter (s) are not significantly different at 5% probability level using Duncan's
Multiple Range test.
M1 and M2: Maize cultivars (Ossk713 and Ns640, respectively)
S1 and S2: Soybean cultivars (Viliamz and Sahar, respectively)
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Table 7. Analysis of variance (mean of squares) for nitrogen, protein and fiber contents of soybean seed in
intercropping with maize

ar)d ) i
CJ‘,:-:':CLF T 838 5 L) B Rl RSt rl&msv\-é):
)
S.0.V S Nitrogen percentage Protein percentage Fiber percentage
df
2013 2014 2013 2014 2013 2014
oS
A 3 41.68%*  63.82%* 428%* 752%* 191.09%* 129.74**
Block
el S 5
Cultivars 3 76.85%*  84.36** 619** 493%* 84.28%* 96.28%*
combination(C)
| glas
el 9 9.11 12.33 96.18 118.57 18.36 16.58
Main error
LI
’ 4 85.36%*%  95.14** 1129** 982%** 121.06%** 146.82*
Sowing ratio (S)
CxS 12 92.14**  73.91** 589%* T42%* 119.28** 127.69%*
5 o
e 48 161 1485 11974 91.62 23.46 2134
Sub error

o3 &S 5 oy gty la o 3 yls onn ol
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* and **: Significant at the 0.05 and 0.01 probability levels, respectively.
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Table 8. Interaction effect of sowing ratio and cultivars on nitrogen, protein and fiber contents of soybean
seed in intercropping with maize (2013)

SICge Ny O3sfsde)s  Gfigpdens el bl
Sowing ratio Cultivars Nitrogen Protein Fiber
percentage percentage percentage
PRIV MISI 3.7 b 23.1 6.9°
- &.J) .
b MIS2 2.34de 14.4 ¢ 54
= ab ab b
75 9 maize - 25 M2SI 4.5 28.1 7.1
% soybean M2S2 2.5 15.6°¢ 494
a a a
U MiS] 47 29.4 8
w 1S 2.9 < 18.1 ¢ 494
e ab ab a
50 % maize - 50 M2S1 45 281 8
% soybean M2S2 2.74 169 ¢ 54
b c b
(I RYAT MISl1 4 25.0 7
L 1S 3.2¢ 20.0¢ 59
S a a b
2505 maize - 75 M2S1 4.9 30.6 6.9
% soybean M2S2 1.8f 113°F 4°
e e MiS] 4.9¢ 30.6° g
- u) .
e ef c
Lol MI1S2 2.2b 13.8b 6
C a
0 % maize - 100 M2S1 4.1 256 8
% soybean M2S2 2.4 de 15.0°¢ 6°

AL ad I3 me DM (glyls Aoy 0 Ju;,lcjy);;suowhgu,ﬂﬁsl;;pgf&y.\,.@,lwu&ﬁsgowﬁﬁ
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Means in each column followed by similar letter (s) are not significantly different at 5% probability level using Duncan's
Multiple Range test.
M1 and M2: Maize cultivars (Ossk713 and Ns640, respectively).
S1 and S2: Soybean cultivars (Viliamz and Sahar, respectively).
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Table 9. Interaction effect of sowing ratio and cultivars on nitrogen, protein and fiber contents of soybean
seed in intercropping with maize (2014)

oS G 3l 035558 o3 58 s pl b oo
Sowing ratio Cultivars Nitrogen percentage  Protein percentage Fiber percentage
MISI 48¢ 30.0° ge
Lsw Y0 — y37 V0 . 1.7¢ 10.6 © 414
75 % maize - 25 % 4.4°b 27.5 b g
soybean M2S1 d . .
M2 2.9 18.1 4.9
b b b
MIS] 4.1 b 25.6 7
Lgw 00— y37 00 MIS2 284 17.5 cd 49¢
50 % maize - 50 % 4.6 8.8 79a
soybean M2s1 d . .
M 3 18.8 4.9
MIS] 470 29.4° ge
Lsw VO — y37v0 MIS2 1.9¢ 11.9¢ 414
25 % maize - 75 % 4¢ 25.0% 69"b
soybean M2s1 . . d
M2S2 1.8 11.3 4
%‘"—Q‘):}%f&w M1S1 492 30.62 82
d
» MIS2 1.8°¢ 11.3¢ 4
- a a a
0 % maize - 100 % M2S1 4.7 294 8
soybean M2S2 2.74 1694 5¢

L Sl gae OV (Glyls Ao 3 0 le&;:ﬁl:g}gT&tﬁﬂJﬁﬁQf&QJélb‘sl)l:‘su;nisk:ﬁo};wﬁ):
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Means in each column followed by similar letter (s) are not significantly different at 5% probability level using Duncan's
Multiple Range test.
M1 and M2: Maize cultivars (Ossk713 and Ns640, respectively).
S1 and S2: Soybean cultivars (Viliamz and Sahar, respectively).
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Table 10. Analysis of variance (mean of squares) for land equivalent ratio in maize - soybean intercropping.

Ol s ct.e 35T a3

LERy LERs LERz
S.0.V df
Lo
J 1 0.05 ™8 0.04 N8 0.07 ™8
Year (Y)
Loy S
J s &5 5k 6 0.05 0.04 0.06
Block in year
Gyl S 5
ol s 3 021* 0.35% 0.73*
Cultivars combination (C)
YxC 3 0.04 ™8 0.05 N8 0.09 NS
| gl
el 18 0.03 0.04 0.11
Main error
e
T 4 0.33 ** 0.27 ** 0.69 **
Sowing ratio (S)
Y xS 4 0.42 ** 0.38 ** 0.75 **
Cxs 12 0.35 ** 0.39 ** 0.64 **
YxCxs 12 0.04 N8 0.03 NS 0.08 N8
5 gl
FrE 96 0.05 0.03 0.09
Sub error

ns k¥ ok

Sl e pe 5 Lo y5 S by gy el peban 3 (ol e o5 4 5T
L 9 O3 55 52 S 2l Coed o5 5 4 ILERs 5 LERy

* ** and ns: significant at the 0.05 and 0.01 probability levels and no significant, respectively.
LERy and LERG:. partial LER in maize and soybean, respectively. LER 1. LERy + LERs.
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Table 11. Interaction effect of sowing ratio and cultivars on land equivalent ratio in maize - soybean

intercropping.

S el LERy LERs LER:

Sowing ratio Cultivars
U o 3N MiSI 1.002 - 1.00 ¢
Lo MIS2 1.002 - 1.00 ¢
100 % maize - 0 M2S1 1.00 2 - 1.00 ¢
% soybean M2S2 1.00° - 1.00¢
VATIORTAYN MiSl 0.87 b 0.34° 1214
L e MIS2 0.89 be 0.32°f 1214
75 % maize - 25 M2s1 0.94 @ 0.30f 1.254
% soybean M252 0.92 @ 0.25° 1174
TRV MISI 0.70 © 0.47 de 117
b g MIS2 0.74 0.53 ¢ 1.27¢
50 % maize - 50 M2sS1 0.82 < 0.45 d 1.27¢
% soybean M282 0.74 4 043¢ 1184
TRTINORTAN MiSl 0.68 ¢ 0.91° 1.57°
L g MIS2 0.71°¢ 0.71° 1.42¢
25 % maize - 75 M2S1 0.74 d 0.88 ° 1.62 @
% soybean M2S2 0.74 d 0.94 @ 1.68¢
VATTROR VAP MiSI - 1.00® 1.00 ¢
U s MIS2 - 1.00 2 1.00¢
0 % maize - 100 M2S1 - 1.00 1.00 ¢
% soybean M2S2 - 1.00 @ 1.00 ©

Al el sme OV (gl des 55 O JL,;,\ch.dﬁdggug,.ﬂéu,,,.5ﬁuqf¢g§1b6\,\;6uﬁgowﬁﬁ
(Ns640 50ssk713) &3 o5 1 M2 M1
(o 5 50l 9) L g 06,1152 5 S1
Logw 5503 55 e 6ol g Cad o 5 4 ILERs 3LERy

Means in each column followed by similar letter (s) are not significantly different at 5% probability level using Duncan's
Multiple Range test.
M1 and M2: Maize cultivars (Ossk713 and Ns640, respectively).
S1 and S2: Soybean cultivars (Viliamz and Sahar, respectively).
LERy and LERg. partial LER in maize and soybean, respectively. LERt. LERy + LERs.
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Introduction: Intercropping, growing two or more crop types or cultivars on
one field, is considered as one of the most important agricultural operations that
can improve the utilization of environmental resources through increased plant
growth and yield. Diversity and stability of fields, reduction in chemical fertilizers
application and nutrient availability such as biological nitrogen fixation, are
considered as some of the benefits of intercropping. Hence, selection of legume
cultivars in intercrops is important and should be taken into account. Also different
intercropping patterns can improve biodiversity at species level (Monti et al.,
2016). Maize is a crop that can be included in intercropping systems with various
plants due to its high adaptability (Nassiri Mahallati et al., 2010). Soybean, due
to its symbiotic relationship with Rhizobium japonicum bacteria and its nitrogen-
fixing capability, can be particularly considered for intercropping systems (Nyoki
& Ndakidemi, 2018). Therefore, intercropping mixtures of maize and soybean
cultivars could be a suitable option to increase land use efficiency. The aim of this
study was to investigate changes in yield, yield components and land equivalent
ratio in maize and soybean mixed cropping based on replacement series under

Mashhad climatic condition.
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Effects of maize-soybean cultivars

Materials and Methods: The experiment was laid out as split-plot arrangement
based on a randomized complete block design with four replications at research
farm of agriculture college, Ferdowsi University of Mashhad, Iran during 2013-
2014 growing season. The main factor consisted of mixed culture of Wiliams and
Sahar soybean cultivars with Ns640 and Ossk713 maize cultivars and the sub factor
comprised of intercropping row ratios of 100 % maize - 0 % soybean, 75 % maize
- 25 % soybean, 50 % maize - 50 % soybean, 25 % maize - 75 % soybean, and 0 %
maize - 100 % soybean, which had been designed based on the replacement series.
Prior to determining grain and biological yields, 10 plants from the middle rows
of each plot, leaving out the border rows, were randomly selected and then were
used to measure some yield components of soybean (number of pods per plant
and 1000-seed weight) and maize (number of rows per ear and 1000-seed weight).
Before conducting combined analysis, error variance values across two years of
the experiment was tested and the combined analysis of the traits was performed
after ascertaining the homogeneity of the error variance. Thus, the data related to
land equivalent ratio were subjected to combined analysis and the other data were
separately analyzed. The Duncan Multiple Range Test (DMRT) at 5% probability
level was used to compare the means of treatments

Results and Discussion: The results showed that mixed cropping combinations,
ratio of maize and soybean cultivars in mixture and the interaction of combinations
of intercrops and cultivars ratio significantly affected the number of rows per ear,
1000-seed weight, grain yield, biological yield and harvest index. During the 2013
and 2014 growing seasons, increasing the soybean ratio in intercrops led to a
significant increase in 1000-seed weight of this plant.

Maize and soybean grain and biological yields were higher in their sole
cropping than in the treatments involving the mixture of the cultivars of two
crops. However, there was a drop in grain and biological yields of the crops as the
proportion of each of the maize and soybean cultivars in the mixture decreased.
The maize cv. Ossk713 and soybean cv. Sahar had higher grain and biological
yields among the various treatment combinations because of longer growing
period. Between soybean cultivars, Wiliams has higher nitrogen, protein and crude
fiber content as compared to Sahar cultivar. Maize and soybean harvest index in
their sole cropping was more than the mixed cropping treatments. Also, during
the both growing seasons, the highest protein content was obtained in 50 % maize
- 50 % soybean treatment. Harvest index for both maize and soybean crops was
higher in sole cropping than in intercropping. The highest total land equivalent
ratio of 1.68 (maize + soybean) was recorded in 25% maize cv. Ns640 + 75%
soybean cv. Sahar. The results of current experiment can emphasize the positive
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aspects of maize-soybean intercropping in terms of increasing the utilization of

environmental resources per cultivated area.

Keywords: Sowing ratio, Cultivars composition, Fiber percentage, Protein
percentage.
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