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ABSTRACT

In order to find an alternative to summer monoculture forage maize (Zea mays), intercropping systems of pearl
millet (Pennisetum glaucum): soybean (Glycine max) (P:G) and maize: soybean (Z:G) and intercropping patterns,
substitutive (XXG, XXGG and XGG) and additive (Xo100G025 Xo100Gees0 and XoegsGos7) Were evaluated as
factorial in RCBD at research field of Agriculture and Natural Resources College of Tehran University in Karaj
during 2013 and 2014 (G and X respectively: soybean and cereal including maize, Z, or pearl millet, P). Results
showed that yields of cereal forage and mixed forage in Z:G were significantly higher than P:G. Cereals were
dominant component in intercrop and the dominance of maize was higher than millet. Intercropping system or
pattern did not affect total land equivalent ratio (LER).The highest LER was recorded 1.15 by Po;100Ges in 2013
and 1.07 by Zog3Ges7 in 2014 without 2" cut of pearl millet, and 1.10 by PGG in 2014 with sum of 2 cuts of pearl
millet. In Xog3Goe7 despite the 83% cereal density of monoculture, partial LER was 0.95 for maize but 0.70 for
pearl millet. It is concluded that additive patterns with a small ratios of soybean or with some decrease in ratios of
cereal component, tend to have potential to achieve higher LERs. Thus intercropping, specially additive pattern
can provide suitable alternatives to monoculture in production of forage with customized quality and higher
diversity in ecosystem, in consistent with sustainability.

Keywords: partial LER, intercropping pattern, additive, substitutive, forage intercropping.
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Table 1. Soil characteristics of the experimental area in 2013 and 2014 (0-30 cm depth).

EC TNV ocC Sand  Clay Silt Texture N P K
pH ds/m (%) (%) (%) (%) (%) class (%) (mg/kg)  (mg/kg)
2013 83 1.84 74 0.67 28 32 40 C.L 0.08 11.9 170
2014 8.2 1.80 6 0.64 30 33 37 CL 0.08 5 144
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Table 2. Indications and specifications of maize-soybean and pearl millet-soybean intercroppings
treatments used in the experiment

Land allocation relative to mono

Intercropping system (IS) crop (%)
Pearl millet: Maize: soybean
Intercropping pattern (IP) soybean (P:G) (Z:G) Cereal Soybean

Mono crop X P 4 100 0
G G G 0 100
substitutive 2:1 XXG PPG 272G 66.7 33.3
2:2 XXGG PPGG 7272GG 50 50
1:2 XGG PGG ZGG 333 66.7

additive %125 X%1OUG%25 P%most% 2%100G25% 100 25
%150 Xos100G0s0 Pos100Gs0%6 Zy100Gs00% 100 50

%150 X%83G%67 P83%GG7% 283%667% 83 67
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In patterns, each letter of G or X represents one row of soybean or greamineae crop in treatment respectively. Subscripts in
additive patterns show applied plant density in percentage of conventional.
Gramineae crop is pearl millet (P) or maize (Z) in related intercropping system.
Gx) represents part of soybean plot harvested at time of harvesting forage of Cereal in each systems, G, or G(z).
Gy or Gz represents part of soybean monocrop harvested at forage harvesting time of P:G or Z:G systems respectively
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Figure 1. Schematic design of sowing rows in maize-soybean and pearl millet-soybean intercroppings patterns.
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Table 3. Time and thermal time for each crop in maize-soybean and pearl millet-soybean
intercroppings during 2013 and 2014.

Duration from sowing to forage harvest

Crop days degree days
2013 Pearl millet (first cut) 94 1349
Soybean (Gp) 94 1309
Maize 107 1462
Soybean (Gz) 107 1462
Pearl millet (second cut) 132 1602
2014 Pearl millet (first cut) 77 1169
Soybean (Gp) 77 1125
Maize 102 1344
Soybean (Gz) 102 1344
Pearl millet (second cut) 116 1424

Gp and G represent parts of soybean plots were cut simultaneously with cutting pearl millet (first cut) and maize
respectively.
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Table 4. Summary of ANOVA results for forage dry matter yield per unit area and per plant of
Cereal (for pearl millet, data of 1% cut) and soybean during 2013 and 2014.

per unit area per plant
Source of Cereal soybean Cereal soybean
variances  df MS df MS df MS df MS
Y 1 0.0001™ 1 0.0850™ 1 0.0003™ 1 0.104‘51‘*s
R(Y) 5 00133 5 00350 5 0.0133 5  0.0358
T 1 02620 11 06415 11 0.1064 11  0.3285
e IS 1 22167 1 0.0632:S 1 0.4580 1 0.06341s
L IP 5 0.1349 5 1.3295 5 0.1284 5 0.6551
~ I1SxIP 5 0.0085™ 5 0.0473:S 5 0.0107:S 5 0.047‘51‘*s
Yx*(T) 11 0.0087™ 11 0.0826° 11 0.0175 11  0.0828
E 1 0.0049 51 0.0082 52 0.0048 52  0.0080
C.V %2.37 %3.88 %1.36 %2.21

df: degrees of freedom, MS: mean of squares, R: replication, IS: intercropping system, IP: intercropping pattern, E:

error, Y: year, T: treatment (combination of IS and IP

levels).

ns: nonsignificant. * and **: significant at probability level of 0.05 and 0.01 respectively.
Data were logarithmically transformed in order to meet validity requirements of anova. Due to loss of some data of

plots, df were not equal among the variables.
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Table 5. Means of forage dry matter yield (main effects of IS and IP) in 2013 and 2014, (for pearl
millet, data of 1* cut).

2013 2014
per unit area (Mg ha™) per plant (g plant™) per unit area (Mg ha™) per plant (g plant™)
Cereal soybean Cereal soybean Cereal soybean Cereal soybean
IS P:G 6.457 3.123 1355 17.8 6.669 2.382 89.2 10.2
Z.G 12.415 2.113 135.0 105 15.061 3.404 168.0 145
P X 11.778° - 125.4% - 13.813° - 109.2° -
XXG 8.930° 1.461% 142.1% 14.1° 11.612% 1.231% 137.4% 10.7°
XXGG 7.446° 2.660° 153.3° 17.17 9.448° 2.319° 148.1% 13.4%
XGG 6.161° 3.800° 187.1° 18.3° 7.212¢ 3.723° 170.2% 16.2°
Xi00%Goszs 11.703% 0.913 122.7°% 11.8° - - ; -
Kos100Goss0 10.194% 1.297¢ 105.4¢ 9.1 11.012" 0.953° 86.3 53¢
KosgzGorsr 9.840° 1.743¢ 110.7% 7.9° 12.096® 1.316¢ 120.5™ 5.9°
G - 6.451° - 20.7° - 7.817° - 22.6°
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IS: intercropping systems, IP: intercropping patterns. Within IP section, means with one common letters of (a, b, ...) in a

column, are not significantly different at 0.05 probability level by t-test using least square means. For means of ISxIP, refer to
charts.
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Figure 2. Forage dry matter yield of cereal crop per unit area in two intercroppping systems, during
2013 and 2014 .
Intercropping systems: P:G pearl millet (first cut): soybean and Z:G maize: soybean. Each letter of G or X
represents one row of soybean or cereal crop in treatment respectively. Subscripts in additive patterns show

applied plant density in percentage of conventional. Bars with one common letters of (a, b, ...) are not
significantly different at 0.05 probability.
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Figure 3. Forage dry matter yield of soybean per unit area in two intercroppping systems, during
2013 and 2014.
Intercropping systems: P:G pearl millet (first cut): soybean and Z:G maize: soybean. Each letter of G or X
represents one row of soybean or cereal crop in treatment respectively. Subscripts in additive patterns show
applied plant density in percentage of conventional. Two bars in soybean monocrop represent part of soybean
plots harvested at time of forage harvesting of corresponding system. Bars with one common letters of (a, b, ...)

are not significantly different at 0.05 probability level.

5 Jbw Jolie 51ocs Judow aillos sl 51 G
oo Lgw 5 O py (6 0l S (59, Lo
Jhw 2y Lajle 4 Oglase 2aSTy sLsS a5 o
Sl g cas pllas )_._>l_, Jlo 90 52 50 Cawl 0oy
90 3B )0 25> uoy Syl Cund p bogle cuiS
g plds Jolite 51 as Jlo o g o sxe Jeame
- e 2o p3 mhans o Jgl Sl 5o s catS il
&5 LER S slapllss o 0 (F Jgoz) o8l
plas 1o Lge d3gle LER oS Jl>y5 5 950 (y5,) 51 5YL
Slo e oo an Jluw 90 ;2 10 Lgwiy,l cis

(Y J9az) 09 bgun)d 51 iy

22 0 e Ol L 4y S (359 Ly 50

slainhl o el pl (0 JSb) o g byl
2 53 5 el B latalyl o 50 55 (RSl
OL.S MLMD )_A‘ u_>‘ O odwlive uy.c :Lv; 9&
aily QLS L bylie ctS o 1) ()T Canslie g Ly
c.sl_..s SRS o uLM u**-'L")—‘ 5o odoslaiuwl “5..,[3) 9
Jso2) Jgoz 53 (o) S pln S il )y 525
9 99— S 1Sy M ci (o) S plp S 525
:b)?u ) Lol ol oolazul Qj Lg‘)" JJA :b)?u QJ‘J)L.)
Jbw 99 o 5o Lauilaylg ( JS LER 5 Lo LER
53 odelCwdds gl g,0pl 5l Wogs CHgSs



VFO

YAV 58b o 8Ll £ 5,90 oyl el); lalS psle

250

200

150

100

50

Forage dry matter yield (g /plant)

250 4

200

150 -

100 -

50 -

Forage dry matter yield [g /plant)

p:6 ]z

XX

XG

Xop10

2013

Koess

AVAY 5 WWAY lo o jo bgle cns sllas g0 j0 aigy ;o O Adgle Siz o Sloc ¥ S
a3y o Sk w4 X 5 G sl IS pa g 10,5 (Z06) 5 b (5l (02) sle e 1)l PIG) seils slapllis
Al EsS (ST5 @ abog e oLS (ST 5 s il o a3l la e 5o aiten Jlews il l)] 58 OE g Lga oLS il
ICCCINT SRV S| PUES P WS KOS PORCI - SOVR VN ¢ I R P LY JE] IS VRSP R U PV B KPP FAOP OWIR S P R
Figure 4. Forage dry matter yield of cereal crop per plant in two intercroppping systems, during 2013 and 2014.
Intercropping systems: P:G pearl millet (first cut): soybean and Z:G maize: soybean. Each letter of G or X

represents one row of soybean or cereal crop in treatment respectively. Subscripts in additive patterns show
applied plant density in percentage of conventional. Bars with one common letters of (a, b, ...) are not

significantly different at 0.05 probability level.
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Table 6. Summary of ANOVA results of land equivalent ratio (LER) in foragesproduction

during growth seasons 2013, 2014 and 2 years, (for pearl millet, data of 1* cut).
Cereal soybean Total
Source of variances  df MS MS MS
R 3 0.0054™ 0.0018™ 0.0063™
IS 1 0.2631" 041317 0.0168™
« IP 5 0.2291™ 0.2216™ 0.0194™
< ISxIP 5 0.0238" 0.0018™ 0.0161"™
E 33 0.0068 0.0046 0.0154
C.V. %10.97 %22.22 %11.74
R 2 0.0005™ 0.0007™ 0.0011™
IS 1 0.0985™ 0.0150™ 0.0366"
3 IP 4 0.1156™ 0.1307” 0.0135™
8 ISxIP 4 0.0045™ 0.0035™ 0.0081™
E 18 0.0066 0.0016 0.0062
C.V. %11.26 %15.83 %8.14
Y 1 0.0089™
R(Y) 5 0.0038
T 9 0.1543™
2 IS 1 030347
i3 IP 4 0.2524
N ISxIP 4 0.019™
Yx(T) 9 0.0136
E 45 0.006
C.V. %10.93

df: Degrees of freedom, MS: Mean of Squares, R: replication, IS: intercropping system, IP: intercropping
pattern, E: error, Y: year, T: treatment (combination of IS and IP levels). ns: Nonsignificant. * and **:
Significant at probability level of 0.05 and 0.01 respectively.
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Figure 5. Forage dry matter yield of soybean per plant in two intercroppping systems, during 2013 and 2014.
Intercropping systems: P:G pearl millet (first cut): soybean and Z:G maize: soybean. Each letter of G or X
represents one row of soybean or cereal crop in treatment respectively. Subscripts in additive patterns show
applied plant density in percentage of conventional. Two bars in soybean monocrop represent part of soybean

plots harvested at time of forage harvesting of corresponding system. Bars with one common letters of (a, b, ...)
are not significantly different at 0.05 probability level.
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Table 7. Means of land equivalent ratios (LER) in forage production in 2013 and 2014, (for pearl millet, data of 1% cut).

2013 2014
Cereal Soybean Total Cereal Soybean Total
IS P:G 0.68 0.40 1.08 0.66 0.27 0.94
Z:G 0.82 0.22 1.04 0.78 0.23 1.01
IP XXG 0.75° 0.23° 0.98° 0.83° 0.16° 0.98®
XXGG 0.62¢ 0.42° 1.03® 0.66" 0.30° 0.96%®
XGG 0.50° 0.59° 1.09% 0.51° 0.49° 1.00°
Xo100G 025 0.98° 0.14¢ 1122 - - -
Xoo100Gus50 0.85° 0.20% 1.05® 0.76° 0.13° 0.90°
Kos3G0067 0.79% 0.27° 1.06® 0.84? 0.17° 1.02?
PPG 0.74° 0.31« 1.05% 0.80% 0.16% 0.96%
PPGG 0.55¢ 0.50° 1.05%® 0.59% 0.30° 0.89™
@ PGG 0.43° 0.69° 1.12% 0.47° 0.55° 1.02%
2 Pos100Guezs 0.93° 0.22% 1.15° - - -
= Pos100Goeso 0.78" 0.31% 1.09% 0.68 0.16" 0.84°
£ PyssGueor 0.62% 0.38° 1.00® 0.77% 0.19° 0.97%°
S 272G 0.77° 0.14° 0.91° 0.85® 0.16% 1.01*
a Z272GG 0.68™ 0.34° 1.02%® 0.73% 0.30° 1.03
x ZGG 0.58% 0.49° 1.07%® 0.54% 0.43° 0.97%¢
@ Zo100Gus2s 1.03 0.07f 1.09° - - -
Zov100Gso 0.92¢ 0.10f 1.01%® 0.85% 0.10° 0.95%¢
Zo33Goes7 0.97° 0.16% 1.13° 0.92° 0.16% 1.07°

e Sglis (90 @, b, L) sled > I (S gatilen (sl (sl Sibe (5t o 50 s lers slacaS 5 5 2SSl T sle i 51 SG e 0

s Olas o (5n (2 7eS 5 4 093] Al 2 v yo0 Jloz!
IS: intercropping systems, IP: intercropping patterns. Within each part of IP or ISxIP combinations, means with one common letters of
(a, b, ...) in a column, are not significantly different at 0.05 probability level by t-test using least square means.
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Figure 6. Land equivalent ratio of first cut of pearl millet and maize plotted against that of soybean (LERg)

during 2013 and 2014.

Hypothetical points represent supposing no effect from other plants. Horizontal and vertical arrows show
differences from hypothetical to real in soybean and pearl millet respectively.
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Table 8. Summary of results after taking “the pearl millet 2™ cut data” into account, in 2014

Forage dry matter yield (Mg ha™) LER*
2" cut Sum of 2 cuts pearl millet Soybean Total
P 0.852° 10.017° - - -
PPG 1.489% 8.972 0.89% 0.16% 1.05*
PPGG 0.919* 6.349% 0.63 0.30° 0.94%
PGG 1.134% 5.542" 0.56° 0.55% 1.10°
Pos100Goeso 0.750° 7.045° 0.70% 0.16% 0.86"
Posg3Goss7 0.488° 7.725® 0.76" 0.19¢ 0.96"
- 18.461% - - -
Z2ZG - 15.741% 0.85*° 0.16% 1.01%¢
ZZGG - 13.465" 0.73% 0.30° 1.03*°
ZGG - 10.015° 0.54' 0.43° 0.97%
Zo100Gos0 - 15.730% 0.85*° 0.10° 0.95>¢
Z9i83Gss7 - 16.955° 0.92* 0.16" 1.07*

* LER data of maize and soybean are equal to the data of table (6).
Means with one common letters of (a, b, ...) in a column, are not significantly different at 0.05 probability level by t-test
using least square means.
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Figure 7. LER of pearl millet (first cut and sum of 2cuts) plotted against LER of soybean during 2014.
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