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Article Info ABSTRACT
Article type: Background and Objectives: Given that agriculture in Iran is the
Research Full Paper

largest consumer of water resources, reducing water availability due to
climate change is the most significant limiting factor for agricultural
production. Therefore, increasing water productivity and optimising
these limited water resources are essential. Considering the constraints
on water resources, especially during the summer when sesame
cultivation and growth occur in the country, it is necessary to conduct
Article history: practical studies on optimal water use in sesame farming and the
Received: 2024-06-24  possibility of replacing native varieties and old cultivars with new ones.
Accepted: 2024-10-05  Hence, it is hypothesised that introducing sesame varieties and lines
through reduced plant access to water (increasing irrigation intervals or
accelerating irrigation cut-off at the end of the growth period) can
achieve greater water use efficiency with minimal seed and oil yield
losses. The present research was designed and implemented to address
this hypothesis.
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Plowing P Background and objectives: The sustainability of agricultural systems
Quantitative and can be improved by practices such as intercropping and conservation
qualitative yield tillage systems. This research aimed to investigate the intercropping of

Land Equivalent Ratio yheat with clover and vetch to increase the quantitative and qualitative
yield and the beneficial use of environmental resources in conservation
and conventional tillage systems.

Materials and methods: The experiment was carried out in the form of
split plots in a randomized complete block design with three replications
in the research farm of Ilam University in the crop year of 2018-2019.
Tillage regimes as the main factor in three levels were assigned to the
main plots, including conventional tillage, minimum tillage and no
tillage. The sub-plots included different cultivation patterns at five levels
(Wheat monoculture, monoculture clover, monoculture vetch, 100%
wheat + 50% clover intercropping and 100% wheat + 50% vetch
intercropping).

Results: The results showed that the grain yield of wheat in the
intercropping of wheat+ clover and wheat + vetch in the system no-
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tillage was 29.7 and 19.4% respectively and in conventional tillage it
was lower by 13.6 and 17.9% respectively compared to monoculture. In
the minimum tillage system, wheat grain yield in the intercropping of
wheat + clover was higher by 6.6% compared to wheat monoculture.
The forage yield of vetch in the monoculture pattern in the system no-
tillage, minimum tillage and conventional tillage was higher by 41.3,
73.4 and 54.3%, respectively, compared to the intercropping of wheat +
vetch. In minimum tillage, the forage yield of clover was 24.7% higher
than the conventional tillage system. Phosphorus concentration of wheat
grain increased by 21.9% the intercropping of wheat + vetch compared
to monoculture of wheat. The concentration of wheat grain protein in the
intercropping of wheat+ clover and wheat + vetch was on average 8.5%
higher than that of wheat monoculture. Calcium content of vetch forage
in the system without tillage decreased by 16.81% compared to
conventional tillage. Phosphorus of clover and vetch forage in minimum
tillage was 34.5 and 15.1% higher than no-tillage. Phosphorus content
of vetch forage in intercropping decreased by 11.40% compared to
monoculture of vetch. In the intercropping of wheat+ clover and wheat
+ vetch forage protein was 14.06 and 6.71% less than the monoculture
of these plants, respectively. The amount of neutral detergent fiber
(NDF) in the monoculture of clover and vetch was on average about 11%
lower than their intercropping patterns. The amount of ADF (acid
detergent fiber) in monoculture of clover and vetch was 12.65% and
9.62% less than the intercropping patterns. The land equivalent ratio in
all intercropping patterns of wheat with legume cover crops was more
than one, indicating the advantage of intercropping patterns for land use
and increasing the yield over monoculture. Calculating the aggressivity
index showed that wheat was more dominate than legumes under
different tillage systems.

Conclusion: The intercropping of wheat with leguminous plants
improved the quality of wheat and increased the percentage of
phosphorus, nitrogen and wheat grain protein. In general, the results of
this research showed that the intercropping of wheat with clover and
vetch under conservation tillage system improves the forage production
and increase the productivity of the land.
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Table 2- Analysis of variance (mean square) of the effects of tillage and planting pattern on grain yield,
biological yield, elements concentration and protein content of wheat

N e ‘Glaajﬁa.c d';.u”)‘aj.ﬂ,m; . o S s Lxxﬁféjjgw
Sl b - ' 7 O3 A - L
L 30! Grain Biological Protein Protein yield
Source of variation . . N content P content
df yield yield content
2 0.872m 11.408 0.00211"  0.00017"s 0.0695" 7611.1"
Block
LS))J‘SG sese e *k
) 17.617 100.009 0.00457  0.00050"s 0.1469" 117096.7
Tillage (T)
u)"’. 6U=>'
4 0.203 0.947 0.00223 0.00088 0.0721 1406.2
Error a
] 1.265 11.068 0.04234 0.00372 1.3694 2597.2"s
Planting pattern (P)
il S xSt
S5 0.780°  2.646™  0.00727" 0.00039"  0.2375™ 2749 .4
(T) x(P)
s ol 2030.8
i 12 0.214 1725 0.00352  0.00024  0.1138
Error b
( ) ol oS g 12.27
Fo0N) D s 10.66 12.65 3.97 7.62 3.96
CV (%)

sk ok

)lad‘uﬂ.&:nsEM)JQJ@JL@'}ICEMJ:)!:J‘M%J@: ¢
* and **: significant at 5% and 1% probability levels, respectively; ™: Not-significant
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Figure 2- The effect of planting pattern on grain yield of wheat under the influence of
different tillage systems
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Table 3- The effects of tillage and planting pattern on biological yield, elements concentration and protein
content of wheat

3 38 REEPRINS
Tillage iSO e (e 05 (o) e (e s S
Biological P (%) N (%) Protein (%) Protein yield
yield (ton ha™!) (kg ha')
No-tillage GsSEOsk 6.57°£0.670  0.21%91.4 1.517°£0.034 8.64*t0.196 239.23°t 14.70

Minimum- tillage ~ B> ¢S 12,772 0.641  0.212:89.7 1.472%+:0.024 8.39%0.134 457.79%+20.55
Conventional- tillage sl 3555 11.81%:0.502 0.20% 74.8  1.489°+£0.025 8.49%:0.141 405.14%+ 14.65

LSD (5%) 1.274 0.039 0.062 0.351 49.08
Planting patterns il s S
Monoculture Wheat ¢85 sals <28 11.59%£1.009  0.18°+60.0  1.413%+£0.026  8.06°+0.107 380.88%+ 30.49
Wheat + Clover e oS 10.15%+1.352  0.224:65.6  1.531°+0.017  8.73%+0.097 372.98°+47.16
Wheat + Vetch Sale +puS 9.41°£0.858  0.22%£71.8  1.533%0019  8.74%+0.147 348.31%+29.67
LSD (5%) 1.349 0.016 0.061 0.346 46.28

A (s e Sl oy gy Jlal o 3 Jls e Sl Bl a3l bl Ly g 8 3 S ke g sl glag Sl
Means followed by the same letters in each column are not significantly different according to the Least Significant
Difference (LSD) test (P<0.05). means+ SE
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Table 4- Analysis of variance (mean square) of the effects of tillage and planting pattern on the
quantitative and qualitative yield of clover

ey s J= JBe GUL e LG e S
S dtﬁ N efi s - ASe L oy g Jsl oy g o
o ol S ol S
Source of variation ? ;ireaiﬁe Ca Pa Ash yND? e ADI:")M ? Protein
S
S+ 2 0.006™ 0.00036™  0.00084" 0.700"s 0.355m 2.360m™ 6.270°
Block
S
'LS))J 12.627**  0.00027" 0.01936" 0.760™ 23.638" 14.695" 4.343"
Tillage (T)
| gl
sl 4 0.066 0.00262 0.00169 2.126 14.428 13.134 2.013
Error a
csls ol
. s 10.612"*  0.00020" 0.00009" 3.790"s 133.879" 49.236" 34.196"
Planting pattern (P)
28 oS x5S
S XS 0303 0.00002% 0.00009™ 0.544™  0.476" 0.115  3.587m
(T) x(P)
5 gl
SFiE 6 0.094 0.00091 0.00144 1.377 17.527 7.198 3.464
Error b
(M )Q. 2 o gl
T - 8.923 7.28 10.67 10.96 9.69 10.95 10.20
CV (%)
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* and **: significant at 5% and 1% probability levels, respectively; ™: Not-significant
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Table 5- Analysis of variance (mean square) of the effects of tillage and planting pattern on the
quantitative and qualitative yield of vetch

IESSTINT s e e SU e L6 e Ul
Syt b g u;l.&; oS b S e s R E
S o ol S ol S
Source of variation s orage Ca Pa Ash ST B i Protein
yield NDF ADF
S
S 2 1.248  0.00015™ 0.00027" 0.058" 3.9270s 0.118m 0.0930s
Block
559 S
S5 5320 0.00572° 0.00276™ 14.274™  1.604"s 0.086™ 0.151m
Tillage (T)
| glas
sl 4 1.014 0.00057  0.00007  0.391 2.643 2.286 1.714
Error a
sl g S * *
, S 21.993"  0.00934™ 0.00534" 6396  127.840™ 27.851 6.576
Planting pattern (P)
2l 6 xS
SN xS 1.230°  0.00007" 0.00016™ 0.400"  4.839m 0.586™  2.128"
(T) x (P)
5 ol
SFrE 6 0.199 0.00049  0.00045  0.279 2.759 3.266 0.608
Error b
Ol s o B
(o) Dl e s 8.99 6.91 733 5.34 3.91 7.31 4.47
CV (%)

sk ok
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* and **: significant at 5% and 1% probability levels, respectively; ™: Not-significant
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Figure 3- The effect of planting pattern on forage yield of vetch under the influence of
different tillage systems
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Table 6- The effects of tillage and planting pattern on forage yield, ash, phosphorus and calcium
concentration of clover and vetch

BRI Sl
Sioss Clover Vetch
Tillage (Mo y3) b Oa 55 ) absle s Shas (o3) S (A33) oS (Ao)3) jind
Pa (%) Forage yield (ton ha!) Ash (%) Ca (%) Pa (%)
ShosSb Ok " b
) 0.290°+0.011 1.8462°+0.27 23.730%+0.25 0.287*+0.011 0.265+0.007
No-tillage
Lle? SoosS=
. ) 0.390°+£0.017 4.6920°+046 24.330°+0.44 0.345*+0.011 0.305%+0.010
Minimum- tillage
dolte g5o58
) ] 0.387°+£0.014 3.75830+0.35 25.312%+0.31 0.3332+0.016 0.298%+0.013
Conventional- tillage
LSD (5%) 0.066 0.411 2.183 0.038 0.014
ORI COPR |
Planting patterns
bylss i8S
] 0.353%+£0.021 4.200°+£0.36 24.051°+0.43 0.344°+0.012 0.307°+0.007
Intercropping
[C RGNS b.
o 0.358:0019 2.6643%40.49 24.863%0.52 0299 #0010 ¢ 5950.0.009
Monoculture 0
LSD (5%) 0.044 0.353 1.657 0.026 0.025

A (s e Sl Aoy gy Jlatl a3 Sl e Sl Bl a3l bl O S8 3 S ke g il glagSile
Means followed by the same letters in each column are not significantly different according to the least significant

difference (LSD) test (P<0.05). means+ SE
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Table 7- The effects of tillage and planting pattern on forage protein, NDF and ADF of clover and vetch

ke Sl
Clover Vetch
SisSls Jm JBsE S e 6 SU Jm JBaE AU e 6 S
Tillage R ek g 5 Gl ey ph 03 (Mo)d) B (B edupd 50 Sl ksl o (Ae)d) (B
(4s,5) (4s,5) Protein (%) (4s,5) (4s,5) Protein (%)
NDF (%) ADF (%) NDF (%) ADF (%)
SIS O
) 45.132+1.32 25.91°+0.74 19.06°+1.09  42.97°+1.80 24.71°+1.02 17.49*+0.49
No-tillage
Lle? SoosS=
41.17°4£2.12  22.82°+0.96 18.34°+0.96  42.60°+1.18 24.85*+0.74 17.56*+0.57
Minimum- tillage
ol (55,581
) ] 43.37°+£1.93 24.79°+0.80 17.36°+0.80  41.95*+1.06 24.61°+0.58 17.26*+0.38
Conventional- tillage
LSD (5%) 6.09 5.8092 2.27 2.6061 2.4237 2.10
ORI COPR |
Planting patterns
bylss ciS
] 40.497°+1.49 22.854°+£0.71 19.629=0.71  39.839°+0.66 23.479*+0.33 18.039%+0.25
Intercropping
A cis
45.951°£0.85 26.162°+0.54 16.872'£0.54  45.169°£0.48 25.967°+0.48 16.830°+0.39
Monoculture
LSD (5%) 4.829 3.095 2.147 1.916 2.085 0.899

A (s e Sl Aoy gy Jlatl a3 Sl e Sl Bl a3l bl O 8 53 S ke g il (slagSile
Means followed by the same letters in each column are not significantly different according to the Least Significant

Difference (LSD) test (P<0.05). means+ SE
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Figure 4- Land equivalent ratio in different patterns of intercropping of vetch and clover under
different tillage systems
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Table 8- Aggressivity (A) and actual yield loss (AYL) in intercropping patterns of wheat with vetch and

clover under different tillage systems
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