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Table 1- Maximum (T max), minimum (T min), average temperature (T mean) and rainfall during wheat
growing season in2018-19 and 2019-20

IYAY-AA el Jlw

Year 2018-2019

WAA-AR el b
Year 2019-2020

olo
Month sbd sb> sbd ol sb> sl sl ool
Jlaw Sl bt (5 ka) Sl Bl bl (50 )
Tmin Tmax Tmean Rainfall Tmin  Tmax T mean Rainfall
(°C) 315 Gl 423 (mm) (°C) 315 Bl a2 3 (mm)
ot! 7.8 18.1 12.9 221 6.5 20 13.2 40.9
October- November
Al 4.3 13.7 9 170.4 2.8 13.7 8.3 173.7
November- December
<3 -0.1 105 5.2 91.7 0 11.8 5.9 67.3
December- January
ook 0.6 11.9 6.2 189.3 -0.6 10.2 4.8 77.9
January- February
K|
1.1 11.9 6.5 104.6 49 16.2 10.5 266.1
February-March
9 6.3 17 11.7 2222 6.3 185 12.4 18
March- April
et 9.8 25.1 17.4 10.9 11.9 26 19 7.2
April- May
3y 18 345 26.3 0 17.3 338 255 0

May- June
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Table 2- Physical and chemical characteristics of experimental field soil (0-30 cm depth)
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1- Shannon and Wiener index
2- Brillouin diversity index
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1- Evenness Peet index
2- Margalef’s diversity index
3- Simpson’s dominance index
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Table 4- Combined analysis of variance of the effect of tillage and intercropping on weeds diversity indices in 2018-19 and 2019-
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o e G STy ag5 al.\.Tu . ‘_,»Lw ) u"; 99 Ladld oasLd Cudle as b
Sl & ’ spgbadile ipuldle -yl $ omol JERCE Qg
Sourceof  (s3l; Weed The number  Shannon- G ,b Britloil E iy Simpson’s
variation df e of Weed Weiner ritfouin Venness dominance
density ; : Margalef index index -
species index index index
YJLN 11367 14.083™ 0.00024™ 0.8838"™ 0.0029m 0.0775™ 0.0242"
ear
Ssh
Block 2 27590m 1.083" 0.0543" 0.0007" 0.0539" 0.0159" 0.0159"
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@S slas
Lol 8 3678 4.180 0.0335 0.1185 0.0308 0.0019 0.0019
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X559k
el g3
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g5 x Lo
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Planting
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Error total
Sy
(12) - 25.99 2251 18.93 2453 18.95 17.60 40.29
CV (%)
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“and ™ significant at 5% and 1% probability levels, respectively; ": Not-significant
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Figure 1- Effect of planting pattern on weeds density under different tillage
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Table 5- Effect of planting patterns on weeds diversity indices
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).15 +rb..\4§
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Pea

13.11° 2.092 2.042 1.952 0.16°

8.89 1.81%® 1.728kc 1.48%¢ 0.20%

10.89° 1.90° 1.82% 1.75¢ 0.21%

9.67° 1.82%® 1.728kc 1.67% 0.22%¢
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Year
2019-20
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Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (p<0.05).
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Table 6- Effect of different tillage on weeds diversity indices
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Year Tillage Weed species Shannon- Brillouin index Margalef Simpson
(Species m?) Weiner index index dominance index
SinSE ook 8.44¢ 1.63° 1.55¢ 1.37 0.275
No- tillage
Ju S (g5y5815
1¥AV-aA Minimum- 8.89¢ 1.74% 1.65%¢ 1.47¢d 0.24b
Year tillage
2018-19  Jshue (5555
Conventional- 102 1.86% 1.77% 1.66 0.21%¢
tillage
SinSE ook 7.94¢ 1.23¢ 1.18¢ 1.23¢ 0.442
No- tillage
Jus Sl (gjy585
1TAA-29 Minimum- 11.392 2.082 1.952 2.032 0.17¢
Year tillage
2019-20  Jshe gjypSs
Conventional- 10.17% 1.932 1.812% 1.79% 0.20°¢
tillage
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Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (p<0.05).
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Table 7- Specific eigenvalue values, explanation rate and standardized coefficient traits of discriminant functions in weeds
plat density in intercropping under differential tillage systemes in 2018-19 and 2019-20

vay Jw YA Jw
ols ol Weed species Year 2018 Year 2019
Jol &b Jol &b P9d &b
Function 1 Function 1 Function 2
Sbwr 5 aly Ammi majus L. 0.001
SSgtmle Turgenia latifolia (L.) Hoffm. -0.165 -0.116
iy 5,5 Carthamus oxyacanthus M. Bieb. -0.294 0.093 -0.161
g soalS Lactuca scariola L. 0.056 -0.008
g Al Lithospermum officinale L. 0.054 -0.068
Sl Cardaria draba (L.) Desv. -0.212 0.154 0.045
SubouS A Euclidium syriacum L. -0.092 -0.047 -0.058
acyie Juo Neslia paniculata L. 0.076 0.242 0.210
iy J2 Sinapis arvensis L. 0.046
LS Silene conoidea L. 0.046 0.006 0.079
Souia Vaccaria pyramidata Medik. -0.029 -0.121 -0.086
e S Convolvulus arvensis L. -0.082 -0.004 -0.041
Sy Cephalaria syriaca L. -0.077 -0.243 -0.030
B Lathyrus aphaca L. 0.061 -0.141 0.063
4y Medicago sativa L. 0.046
eSSy Sl Vicia narbonensis L. 0.098 -0.030 0.125
Fyere Sile Vicia sativa L. 0.310 -0.159 0.069
obex Cjgw Geranium robertianum L. -0.017 0.058
Sy Lamium amplexicaule L. 0.036 0.081 -0.046
Sy Malva neglecta Waller. -0.048 0.107 -0.162
Gelas Papaver dubium L. -0.080 -0.147 0.057
O sl Aegilops tauschii Coss. 0.102 -0.202 -0.002
sy BYg Avena ludoviciana L. 0.177 0.319 0.948
ool S Bromus commutatus Schrad. 0.108 0.086 0.060
Sedycale Bromus tectorum L. -0.038 -0.152 0.038
el J5 5 Heteranthelium piliferum L. -0.029 -0.336 0.458
D509 Hordeum murinum L. 0.096 -0.077 0.009
0)39> Hordeum spontaneum L. 1.000 0.819 -0.574
by e Hordeum vulgare L. -0.097 -0.150 -0.002
P Lolium perenne L. 0.343 0.284 0.307
o &y LS Ceratocephalus falcatus L. -0.058 0.151 -0.006
e b Galium tricornutum D. -0.083 -0.052 -0.069
g Y Ranunculus arvensis L. -0.128 -0.048 0.013
o9 e Eigenvalue 7.61 100.12 3.92
obyly Loy % of Variance 100.0 96.2 3.8
25 il ylg Cumulative % - - 100.0
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Introduction: Weeds represent the major biotic problem in wheat cropping systems, especially when are
managed under conservation tillage practices. Indeed, the excessive use of herbicides in agricultural fields
caused hazardous consequences, such as loss of biodiversity and resistant plants, therefore, nowadays there is a
tendency to adopt ecological based weed control measures to improve the sustainability of the agro-ecosystems.
Previous studies showed that cover crops could be successfully intercropped with main cash crops as living
mulch to improve weed management. This experiment was performed to evaluate the effects of bitter vetch
(Vicia ervilia (L.) Willd.) and grass pea (Lathyrus sativus L.) intercropped in additive series with winter wheat
under different soil tillage systems.

Materials and Methods: Two field experiments were conducted at the Agricultural Research Station of llam
University, Iran, in 2018-19 and 2019-20. The experimental treatments included three soil tillage systems (no
tillage, reduced tillage, and conventional tillage), and two intercropping patterns (wheat+grass pea and
wheat+bitter vetch). Moreover, a pure stands of bitter vetch, grass pea, and wheat was adopted. A split plot
layout based on randomized complete block design with three replicates was applied where soil tillage systems
and intercropping patterns were arranged as the main and sub plots, respectively. Weed species density was used
to calculate the species diversity indices including Margalef, Shannon-Wiener, Brillouin, Evenness and Simpson
dominance indices. The multivariate analysis was performed to discriminate the difference among species in
response to tillage systems and intercropping patterns.

Results and Discussion: The results showed that based on relative abundance, in both studied years under
the no-till system, wild barley and oat weeds accounted for the highest weed population with the frequency of
11.84 and 10.53%, in the first year, and 11.97 and 12.68% in the second year, respectively. Under the minimum
tillage system, wild barley weeds in the first and second year with 10.62 and 8.29% relative abundance,
respectively, had the highest weed population. Under conventional tillage conditions, in the first year, weeds of
wild barley, Euclidium syriacum, wild oat, and Ceratocephalus falcatus were observed as the predominant
weeds with the frequency of 10, 10, 9.4, and 9.4% respectively. In the second year, the highest relative
abundance was related to weeds of wild oat and barley. The intercropping of wheat+bitter vetch reduces the
weed density more than rest of the treatments under different soil tillage systems. The reductions in weed density
due to intercropping of wheat+bitter vetch and wheat+grass pea were 77 and 69.9 % under no tillage, 80.1 and
76.1 % under reduced tillage, and 70.2 and 54.5 % under conventional tillage systems, respectively. This could
be due to the density and competitive pressure by intercropping to reduce the ecological niche for weed species
to occupy. The weed diversity indices (Shannon and Wiener, Brillouin, and Margalef indices) were highest in
pure weedy and grass pea monocultures. Weed density and diversity were also highest under conventional tillage
system. The highest Simpson dominance index (0.38) was found in wheat+bitter vetch intercropping in both
years compared to the other treatments. No significant difference was found among the soil tillage systems in
Simpson dominance index in the first year, while it showed a significant increase in no tillage (from 0.27 to
0.44), decreased in reduced tillage (from 0.24 to 0.17) and had no significant change in conventional tillage (0.21
to 0.20) systems in the second year. The pattern of Additive wheat+bitter vetch than wheat+grass pea
intercropping reduced the density of weeds in different tillage systems. Probably due to the greater diversity of
plants in intercropping patterns compared to monoculture, as a result, crops obtain more ecological niches and,
by absorbing more available resources for growth, reduce growth and thus reduce population and weed density.

According to the multivariate analysis, 100% of the variances was explained by the first function in 2018-19,
which showed Hordeum spontaneum L. as the dominant species. In 2019-20, 96.2 and 3.8% the variances were
explained by first and second functions, respectively, which showed Hordeum spontaneum L. and Avena
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ludoviciana L. as dominate species. Therefore, these two weed species might be well adapted to the cropping
systems.

Conclusion: The results of this study showed that intercropping patterns could reduce the weed density even
if the reduction was higher in wheat+bitter vetch than wheat+grass pea intercropping. Therefore, bitter vetch can
be considered as an efficient living mulch for intercropping with wheat to control weeds in different soil tillage
systems. Similarly, weed diversity is also affected by soil disturbances and intercropping. Hordeum spontaneum
L. and Avena ludoviciana L. tend to be the dominant weed species. It is concluded that weeds can be controlled
to an appropriate level using wheat+ bitter vetch intercropping under conservation and conventional tillage
systems. This approach can be used to design an efficient weed management strategies toward sustainable
agriculture.

Keywords: Conservation tillage, Cultivation pattern, Legume, Weed population



