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Extended abstract

Introduction

According to studies, the agricultural sector is the largest consumer of water and in this sector, paying
attention to optimal water consumption is very important. On the other hand, climate change and the
spread of environmental stresses in recent years have reduced crop yields; therefore, the need to identify
appropriate solutions to deal with such situations is fully felt. Restoring diversity to agricultural
ecosystems and its effective management is recognized as one of the important strategies in sustainable
agriculture. Mixed cropping as a sample of sustainable systems in agriculture pursues goals such as
creating ecological balance, greater utilization of resources, and increasing crop yields. The most
important benefit of intercropping systems compared to monoculture systems is the increase in
production per unit of area, which of course has not always been achievable and this advantage is
achieved only when the plants that make up the mixture are completely different in terms of how and
how much to use growth factors (water, light, and nutrients). Therefore, when plants with different
morphological characteristics are grown in a mixture next to each other, they can make optimal use of
environmental factors and as a result, their total yield increases per unit of area. The present study aimed
to evaluate the forage production potential in the replacement and additive intercropping systems of
sorghum and red clover under different irrigation regimes.

Materials and methods

This experiment was conducted as split plots based on a randomized complete block design with three
repetitions during the 2017 and 2018 cropping seasons at the Research Farm of Damavand Natural
Resources Department. The main factor was the irrigation regime at three levels including irrigation
with 100% field capacity (full irrigation as control), irrigation with 75% field capacity (moderate stress),
and irrigation with 50% field capacity (severe stress). Different cropping systems were considered as
sub-factors, including 75% sorghum + 25% clover, 50% sorghum + 50% clover, and 25% sorghum + 75%
clover as replacement intercropping systems; 100% sorghum + 50% clover, 50% sorghum + 100%
clover, and 100% sorghum + 100% clover as additive intercropping systems, and the monocultures of
sorghum and red clover as control. Each experimental plot consisted of six planting rows with a length
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of six meters with a distance between the lines of 60 cm. In order to prevent water leakage to adjacent
plots, the distance between the main plots was four planting lines. In this experiment, forage sorghum
of the Speedfeed cultivar and red clover of the Nassim cultivar were used. For planting sorghum and
clover in monoculture treatments, 15 and 25 kg of seeds per hectare were used respectively. Also, for
planting intercropping treatments based on mixing ratios of 25, 50, and 75%, 3.75, 7.50, and 11.25 kg of
sorghum seeds and 6.25, 12.50, and 18.75 kg of clover seeds per hectare were consumed respectively.
Experimental treatments were irrigated by the furrow method. The irrigation cycle was adjusted based
on draining 40% of available water in the root zone under full irrigation conditions. Irrigation water
depth in full irrigation treatment was determined based on the soil moisture deficiency (relative to the
point of field capacity) at the time of irrigation through sampling. Irrigation water depths in moderate
and severe stress treatments were considered based on 75% and 50% of full irrigation water depth,
respectively. It should be noted that after the establishment of sorghum plants, thinning operations were
performed and its density was adjusted based on 20 plants per square meter. In this experiment, the
planting pattern was in rows and the change of mixing ratios was applied based on the change in the
number of planting rows of sorghum and clover. In monocultures and replacement intercropping
systems, planting operations were performed in the middle of the ridges, while in additive intercropping
treatments, a two-row pattern was used and each species was planted on one side of the ridges.

Results and discussion

The results of variance analysis showed that the effect of year, irrigation regime, and cropping system
and the interaction of irrigation regime x cropping system on fresh and dry forage yield of clover,
sorghum, and total yield were significant. The highest fresh and dry forage yields (65.169 and 14.059 ton
ha1, respectively) were obtained in the additive intercropping system of 100% sorghum + 100% clover
under the full irrigation regime, whereas the minimum fresh and dry forage yields (4.191 and 0.920 ton
hat, respectively) were recorded in clover monoculture under severe drought stress. Under moderate
and severe drought stress, the maximum fresh and dry forage yields were obtained in sorghum
monoculture and then in the additive intercropping system of 100% sorghum + 100% clover.
Furthermore, the effect of the cropping system and the interaction of irrigation regime x cropping
system on the land equivalent ratio (LER) for fresh and dry forage production were significant. The
highest land equivalent ratio for fresh and dry forage production (1.719 and 1.723, respectively) was
obtained in the additive intercropping system of 100% sorghum + 100% clover under full irrigation,
whereas the lowest land equivalent ratio for fresh and dry forage production (1.024 and 1.022,
respectively) was recorded in replacement intercropping system of 25% clover + 75% sorghum under
full irrigation.

Conclusion

According to the results of this study, the additive intercropping system of 100% sorghum + 100% clover
can be recommended as the superior treatment in all irrigation regimes, whereas sorghum monoculture
was suitable only in moderate and severe drought stress regimes.

Keywords: Cultivation pattern, Irrigation regime, Forage yield, Dry matter, Land equivalent ratio
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Table 1. Physical and chemical properties of the soil at the experimental site

SLedl apal ool 0, K Mg Na Fe 7
Soil texture pH EC
dS m’! % ppm
Sandy silt 7.6 2.8 0.22 0.17 10 12 2.8 12 016 09

axlllaos jgo adlio j0 \WAY g \VAF cly) Jguad 50 Syl g Lo grosls .Y Jous
Table 2. Temperature and precipitation during 2017 and 2018 growing seasons, at the experimental site
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Table 3. Results of analysis of variance of fresh and dry forage yield of clover and sorghum

gy P ale0Sles 5 adale 5 ,Shos
oI5t P P95 rg F adgle S5 0 Slos
) L da.f) Fresh forage yield  Fresh forage yield  Total fresh forage

S.0.V. Ol et gl (d- of clover of sorghum yield
Year (Y) Ju 1 4.821™ 412224 " 286.901 *
Block Sy 4 0.196 ™ 29.641 "™ 28.549 s
Irriation Regime (I) Sl w3y 2 104.224" 1946.5 ** 2578.33 ™
IxY Sl miyx J 2 1.130™ 6.513 ™ 2.175™
Main Error ol gl 8 0.257 15.601 13.495
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Table 3. Continued alsl .Y Jgus
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Block Sels 4 0.008 1.811 ™ 1.713
Irriation Regime (I) Sl w5y 2 3.210° 62.230 ** 81.77 ™
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IxM balsox gyl w5y 14 0.090 ** 3.021 ™ 3.536 ™
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Trial Error byl ks 84 0.013 0.756 0.699
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Table 4. Fresh and dry forage yield of clover and sorghum and total yield as affected by year

adgle o Slos 5 adgle o Slos adgle o Slos  adgle o Slos
- 3 ,Slos . e - . S ,Slos
o P 9 JS i Joh S e Hem Sl S o
Fresh forage Fresh forage F adgle Dry forage Dry forage Sl adgle
Ju yield of yield of Total fresh yield of yield of Total dry
(Year) clover sorghum forage yield clover sorghum forage yield
tha!
1Yag-2017 4.620*° 35.554 ¢ 40.174 0.948 2 7.980° 8.928
1¥av-2018 4.229" 39.172° 43.401° 0.863° 8.785% 9.648 2

S (gl g B woy0 iy mhaw ;0 LSD 3031 b S i By, slylo sla Sl g B 0 g
Means followed by the same letters within a column are not significantly different according to LSD
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Table 5. Fresh and dry forage yield of clover and sorghum and total yield as affected by interaction of irrigation regime
and intercropping

bMs ! cous adgle 0, Slos 5 0 Sloc
ixi i adgle o . . L adgle o adgle o )
Mixing ratio gle o Slos 085 yus 33 5 ddgle 5'L° )S'L"" ’9‘& )S*L"-‘ K )S-L“-‘
Sorghum  Total fresh o Swad  pofjgmw Sbs Sl adgle
Clover fresh fresh forage  forage Clover dry  Sorghumdry  Total dry

™3
el
Irrigation P¥ew o
regime Sorghum Clover

o

forage yield yield yield forlage yield  forage yield forage yield
t ha”
1007 1007, 7.302° 57.867 65.169 * 1.428° 12.631%  14.0592
1007. 507 4473 41 56.220°  60.693 0.858 °f 12.081°  12.940°
skl 507. 1007, 7.398° 34856  42255¢ 1.460° 7.554"h 9.013"
Jols 1007, 0 - 57.209%®  57.209°¢ - 12386  12.386°¢
_ Full 75/ 25 2.581 45317¢ 478987  0.505™ 9.786¢  10.291°
frogaton g son 4.388 °f 34.042¢ 384290 0850 7405 82551
257, 757, 7.121 be 23.034 1 30.1541 1.401° 5.077% 6.479
0 1007, 9.221% - 9.221™ 1.855¢2 - 1.855™
1007 1007, 5.077 % 447914 498689  1.04] < 10.038%¢  11.08¢
1007. 507 3.138 i 45.069¢  48207%  0.633 ¢ 102439 10.876°¢
e 507 1007, 53214 26.989 32.3101 1.094 ¢ 6.0811 7.1761
bugin 1007, 0 - 51.458¢ 51.458 ¢ - 11.566 ¢ 11.566 ¢
Moderate 757 257, 1.8354 41708  43.544¢ 0.378 i 9341 f 9.719 ¢
stress 507, 507, 3.167 M 30.929h 34.096 0.645 & 6.965 i 7.6101
257, 757, 5.016 % 21.8771 26.893 k 1.037 < 4.969 6.006"
0 1007, 6.373¢ - 6.373" 1.333° - 1.333°
1007 1007, 3.410 & 35227%  38.637"h 0.747 e 8.202¢ 8.949 1
100. 507 2231k 35.647F  37.877h 0.482 M 8.385¢ 8.867"
e 507, 1007, 3.743 19.415k 23.159! 0.831 ¢f 45471 5.378m
. 1007, 0 - 42.152¢  42.152¢ - 9.876%  9.877"%
Severe 757, 257, 1.296! 35.733°  37.029* 0.2851 8.360 ¢ 8.645 hi
stress 507, 507, 2257 258121 28.070 0.490 b 6.0131 6.503
257, 757, 3.375 ¢ 19.273 & 22.648! 0.744 f& 4,521 5.263™
0 1007, 4.191 ¢¢ - 4.191° 0.920 % - 0.920°

5 (g ,ls sime GBS s ys gy mhaw ;0 LSD (yge3] 3 5 i g 6l slonSilo gt o 00
Means followed by the same letters within a column are not significantly different according to LSD (p<0.05)
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Fig.1. Interaction of drought stress and cropping system on
fresh forage yield (sliced upon irrigation regime); In the
studied cropping systems, the letters C and S represent
clover and sorghum, respectively, and the numbers
mentioned in them indicate the mixing ratios (%).
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Fig.2. Interaction of drought stress and cropping system on
dry forage yield (sliced upon irrigation regime); In the
studied cropping systems, the letters C and S represent
clover and sorghum, respectively, and the numbers
mentioned in them indicate the mixing ratios (%).
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Table 6. Results of analysis of variance of land equivalent ratio (LER) for fresh and dry forage production
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L _fresh forage fresh forage ratio for dry forage Relative dry ratio for
Ol gle - g0l5] yield of yield of total fresh yield of  forage yield  total dry
(S.0.V) (d.f.) clover sorghum forage clover of sorghum forage
JW o 0332 o011 0223° 0296 0.007% 0215
Year (Y)
Seho4 0 0003 0013 0.026™ 00027 0.016° 0029
Block
lelmi 0.005™  0.100™  0.074™  0.003™  0.103" 0.077 ™
Irriation Regime (I)
ey eblmirxdle 5 50387 0001™  0.028™ 0042 00027 0039
X
ool gl ¢ 0.004 0.006 0.011 0.004 0.008 0.014
Main Error
bylrocds 0760  0.670" 0814  0.765™ 0661  0.804"
Mixed Cultivation (M)
ent bolrocdSxdle 5 0044  0.006™ 00427 00437 0.006™ 0044
X
- boloxsel @35 19 gp01m  0019™  0019°  0001™ 00197 0019
X
byl cisxlalmindle 16 go0am 000" 0006  0.004™  0.001™ 0.004 ™
YxIxM
whleil sl g 0006 0.004 0.011 0.006 0.005 0.012
Trial Error
Sl wapd 13.835 10.086 8.568 14056  11.049 8.995

C.V%

S S e NS 1000 0 g ) o jo o Jme ol 3 4y 1 g s

swand *: Significant at the 1% and 5% level of probability, respectively, ns: Non-significant
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Table 7. Relative fresh and dry forage yield of clover and sorghum and land equivalent ratio for fresh and dry forage
production as affected by interaction of irrigation regime and intercropping

LIS Cond e 05 os (0l o Syt S
©25) Mixing ratio e O o y adgle &ly oo e O,5os g 3, 8os RS
ool B Pt S QIR T Epre
Irrigation 285 yom s Relative Relative Land b P9 19 Land
regime Sorghum Clover fres.h forage fres'h forage equi.valent Relative .dry Relative.dry equivalent
yield of yield of ratio for forage yield forage yield ratio for dry
clover sorghum fresh forage of clover of sorghum forage
1007. 1007. 0.736 @ 0.983 2 1.719°2 0.729 @ 0.995# 1.723 2
2] 1007. 507. 0.458 ¢ 0.953 2 1.411 « 0.446 ¢ 0.949 1.395 <«
Jols 507. 1007. 0.76 @ 0.592 ¢ 1.352 4 0.761 @ 0.593 ¢ 1.354 d¢
Full 757, 257, 0.258 ¢ 0.766 ¢ 1.024 % 0.2554 0.766 ¢ 1.022 %
irrigation .
507. 507. 0.457 ¢ 0.578 ¢ 1.034 0.450°¢ 0.582 <f 1.032k
257, 751. 0.725 0.390 ¢ 1.114 0.723 ® 0.398h 1.1211
1007. 1007. 0.748 @® 0.839° 1.587° 0.740 0.823 ¢ 1.563°
s 1007. 507. 0.468 © 0.843° 1.311 ¢ 0.454 ¢ 0.840 ¢ 1.294 ¢t
oo 507. 1007. 0.806 0.504 f 1.310 ¢ 0.796 0.450 ¢ 1.294 <
Moderate 75" 257, 02724 0777¢  1.049% 02699 0.764 ¢ 1.033
stress 507. 507. 0.486 ° 0.579¢ 1.065 i* 0.474 ¢ 0.571 ¢f 1.046 *
257, 751. 0.742 0.409 ¢ 1.151 & 0.739 ® 0.407" 1.146 M
1007. 1007. 0.729 ® 0.748 ¢ 1.477°¢ 0.719 2 0.748 ¢ 1.467 ¢
S 1007. 507. 0.477 ¢ 0.756 ¢ 1.233 1 0.464 ¢ 0.764 ¢ 1.228
o 507. 1007. 0.802 @ 0.412¢ 1.213 ¢ 0.802 2 0.413h 1.215¢
Severe 75/ 25/ 0.276 ¢ 0757¢  1.033% 02739 0.760 ¢ 1.033
stress 507. 507. 0.486 ¢ 0.548 © 1.034 0.475°¢ 0.548 f 1.023 &
257. 757. 0.72° 0.409 ¢ 1.129 M 0.714°" 0.412°" 1.1251
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