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Article Info ABSTRACT
Article type: Background and objectives: Modern intensive agriculture has boosted
Research Full Paper

crop yields through chemical inputs. However, this approach has caused
decreased biodiversity, harm to human health, and environmental
degradation. Developing sustainable agricultural practices that increase
productivity while minimizing negative effects, especially in arid and
semi-arid regions, requires strategies like deficit irrigation and
environmentally compatible weed control methods such as
intercropping. This study aims to assess the performance of an
Article history: intercropping system comprising buckwheat and cowpea under deficit
Received: 2024-08-05  jrrigation and minimal weeding. The research seeks to provide insights
Accepted: 2024-11-17  jnt4 the viability of this approach for sustainable agriculture in water-
limited environments.

Materials and methods: A field experiment was conducted in 2022 at
the Agriculture and Natural Resources campus of the University of
Tehran research farm in a randomized complete block design with split-
split plot arrangements. The main plot factor included three levels of

Keywords: SPE -

Sunflower irrigation: 100% of the plant's water requirement (control), 85% of the
Water saving water requirement and 70% of the water requirement compared to the
winter sowing date control. The subplot factor consisted of five planting patterns: sole

cultivation of buckwheat, sole cultivation of cowpea, and three
intercropping patterns of buckwheat and cowpea with different row
ratios (1:1, 3:1, and 1:3). Timing of weed removal, as the sub-subplot
factor, was implemented at five levels: no weeding (control), weeding
until the second, fourth, sixth, and eighth weeks after cultivation.

Results: The highest grain yield of buckwheat (2436.9 kg ha™') and
cowpea (2495.5 kg ha™') was observed in the sole cultivation plot with
eight weeks of post-planting weeding under full irrigation The number
of rows planted with these two plants in sole cultivation was greater than
in the mixture, which naturally recorded a higher number. The
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intercropping of one row of buckwheat and one row of cowpea with
eight weeks of weeding recorded the highest leaf area index for cowpea
(3.36) and buckwheat (1.4), and the same planting pattern with six weeks
of weeding recorded the highest number of branches per plant for
buckwheat (16). The lowest weed biomass in the no-weeding treatment
was also recorded by the same planting pattern under 70% irrigation
(1.12 gm™). The highest weed dry weight (145.7 g m™) was recorded in
the pure bean cropping pattern under 85% irrigation and no weeding.
The planting pattern of one row of buckwheat and one row of cowpea
with two weeks of weeding under 100% irrigation recorded the highest
land equivalence ratio (1.08) among the intercropping patterns.

Conclusion: Most of the intercropping patterns were able to achieve a

land equivalence ratio higher than one, which indicates that this
cropping system is more productive than pure cropping. Also, in terms
of controlling weed biomass, increasing yield under deficit irrigation
conditions, and some traits in both plants, the intercropping pattern of
one row of buckwheat with one row of cowpea was successful. As a
result, intercropping can partially reduce the harmful effects of
herbicides and increase land use efficiency.

Cite this article: Arvin, K., Bagher Hoseini, S.M., Oveisi, M., Ashouri, A., Ebrahimian, H.
2024. Evaluation of intercropping buckwheat and cowpea in improving yield and weed
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Table 3. Triple interaction of irrigation, planting pattern, and weeding on various traits of buckwheat.

o sl SKidmaShe sty SFEENS
st ;:njf L adeim (s eSS Oa s S8 S mhe K S 2
Irrigation pattemg Weeding Grain yield Biological ~ Leaf Area g;‘r‘fg}’f(r ‘:;
yield (kgha')  yield (kgha!)  Index plam)p
0 1311.27% 4067< 2355 8.66MF
2 1620.01 ¢ 4528 2.54a 6"
B 4 1951.53¢ 55132 3,250k 6.33™"
6 2183.03 5810.7° 3.57¢f 10.66%¢
8 2436.94° 5931.7° 3,500 10"
0 486.44% 1723* 3.24fm 8.66"*
. 2 537.35" 1848 3.67*4 10.33¢h
53‘ - BI1:C3 4 636.385* 1928 3.61>f gi-m
v 2 6 722.04% 24240 4.06® 9.66¢
5 5 8 719.02%" 2587km 3,88 11.66°
T E 0 732,540 2565km 3,630 11.66%
o 3 2 980.16-° 2951 3.80% 15%
3= BICl 4 1009.34" 3290 3.83% 11.66%
= 6 1148.314 3471 3.83% 16°
8 1357.03h 3424¢h 4.10° 14
0 649.38%Y 3492%h 3.128n 10.66%¢
B3Cl 2 814.50° 3483th 3.36° 11.66%
4 1035.85 3258hi 3.20%k 12¢
6 1399.85% 3458¢n 3.32fk 11.66%
8 1446.49" 344]¢ 3.40¢7 12.33«
0 1357.03" 3810%¢ 2.22% 41
2 1327.15% 417754 2.92k0 4t
B 4 1573.31¢h 4910p4 2.68° 433
6 1829.04% 4469b¢ 2.97kn 6.66
< 8 1625.914F 38460 285 6"
w o 0 465.45" 1480 2.34% 8.66"*
=z 2 519.51% 1659 2.63 7.33k0
3 .S BI1:C3 4 586.48' 1523 2.38™ 7%
2 5 6 641.34% 1600 2.63 gi-m
S E 8 579.70%* 16639 2.80™ 6"
Y g 0 685.66"" 1844 2.530 8.33"
=g 2 833.97" 206674 3.09n 7.665
a BICl 4 821.69° 2389°F 3.534¢ 7.33k0
6 1049.89' 3204h4 4.01 8.66"*
8 945,03 2750 3.514¢ 8.66"*
B3CI 0 509.23"* 23870 2.11% 5.330
2 697.67% 2142 1.97% 6.33™"
4 671.25% 2220 2.19% 7.33k0
6 734.040 2314w 2.35% 6.66
8 918.93™4 2479 2.600 6.66
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Table 3. Triple interaction of irrigation, planti

PRORAC P PR R AT SCH [P OWIN) R S PP

ng pattern, and weeding on various traits of buckwheat

] S 5 als 5 Sles S5 s 2 Shes els ‘5;’:3 4’; S
. Plantng . TS O s Sk U s 0 Sk S e o )Jf
Irrigation pattern Weeding Grain yield Biological Leaf Area 11; zrrlncl;le(r Zr

yield (kgha')  yield (kgha!)  Index plam)p
0 1073.59' 33120 2.09% 4t
2 1435.06" 3580 2.18% 4t

B 4 1445.56" 39594 2.35% 4.33%
6 1758.204 39244 2.524w 5ot

8 1535.07" 3553¢h 2.82 4.66"

0 414317 1400%* 2.11% 7.33k0
S 2 445547 13887 2.08% 7P

v R BI1:C3 4 483.86%% 1406 2.12% 6.33m"

S 6 499.67" 12847 2.24w 6.33m"
g 8 490.97% 1563% 2.520v 5at
s g 0 650.66" 1687% 231w 6"

> 2 2 706.034 204074 2.80m 7.33k0

3 S B1Cl1 4 731.520t 21067 3.09kn 7.66%™"
] 6 895.79m 2416 3.45% gim

8 901.69™4 23280 3.37¢ 5,330

0 434.45% 1986 2.41™ 4.66

2 491.98 v 1482% 1.94% 6.33m"
B3.Cl 4 621.48%Y 1743% 2,11 6"

6 591.61% 1781% 1.72 5.66
8 618.84%Y 1868™ 2.33% 4

CiS Bt wia p3 e 5 A e ATA 3 e A

ol s 53 s A e s 53 s s e o5« 8,60,4,2,0

i b ) Kol oS sy SO ble S BLICT (b i L sy an 5ol a8 s, GCBLICS ol paS alls

O3l bl it S e Doy S gl 4 b pSOls Ot 3 kb i L) sy S g el S sy 4w B3ICT (L

I s e sl Aoy ey ezl e LSD

0,2,4,6,8: no weeding (control), weeding until the second, fourth, sixth, and eighth weeks after cultivation,

respectively. B: Monoculture of Buckwheat, B1:C3:

one row Buckwheat and three row Cowpea, B1:C1: one row

intercropping of Buckwheat and one row Cowpea, B3:C1: three row Buckwheat and one row Cowpea. Means in

each column followed by similar letter (s) are not si
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CiS ol CJKJL?‘:}‘)JSLSM ey
S o L b Sl s 4 BLCI bl
sl S slaast s slias Jiol5dl sl 5,5 oo 13
5 oS5 SR Ll e 035 el slas s e
ol p S (51 (i slge 5 5 gl B,
4 e ) Gy 4 53 S e My alS
G 4z )3 5 elS gt o b LS
(YR) 555 03 Shes

b oz L s Shes gl 5 5 Shes

2ls Qs il 4528 i 5 il s Shes

(ol 53 csls (SN) Wl8s 3 ples oS

e



OIS0 9 (3291 (IS [ovne ol wabir utg) g oo 05 bgleo S (2l

e lasled S o b ot Lo 4 b Slho by 4 -t s

Table 4. Variance analysis of different traits of cowpea influenced by different treatments.

o2 Sla e S
Sk e @bl Mean square
S.0.V d.f als 5 Shes S5 g 2 Ses S e el
Grain yield Biological yield Leaf Area Index
LSS 2 2879.22 13184.64 0.23
Replication
ol 2 536810.77* 5000874.11* 2.3"
Irrigation (Ir)
Jsl sl 4 982.27 2409.33 0.011
Error (Ir)
ORI COPR | 3 3570130.28" 19178789 8.64™
Planting Pattern (PP)
Soll X csls S 6 8997.59™ 190468.4™ 0.3
Ir x PP
o33 sla 18 2656.42 13334 0.03
Error (Ir PP)
aon e g 4 1287776™ 7102899™ 9.16™
Weeding management (W)
GLTX 3 cie g 8 53689 327304.8" 0.37"
WxIr
il g SIX ,m il s 12 110322* 761433.7" 1.33"
W x PP
ol X s X oa cile g 24 6190 31722.8™ 0.06"
WxPPxIr
&5 slex 96 3964.33 26636.5 0.13
Error
S
e - 11.89 12.65 22.8
CV (%)
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ns

ns, *, ** are non-significant and significant at 5% and 1% of probability level, respectively
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Figure 1. Interaction of irrigation and planting pattern on various traits of cowpea. 100%: Full irrigation, 85%:
Deficit irrigation (85%), 70%: Deficit irrigation (70%). C: Monoculture of cowpea, B1:C3: one row buckwheat and
three row cowpea, B1:C1: one row intercropping of buckwheat and one row cowpea, B3:C1: three row buckwheat

and one row cowpea.
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Figure 2. Interaction of planting pattern and weed management on various traits of cowpea. C: Monoculture
of Cowpea, B1:C3: one row Buckwheat and three row Cowpea, B1:C1: one row intercropping of Buckwheat and
one row Cowpea, B3:C1: three row Buckwheat and one row Cowpea .0,2,4,6,8: no weeding (control), weeding until

the second, fourth, sixth, and eighth weeks after cultivation, respectively.
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Figure 3. Interaction of irrigation and weed management on various trait of cowpea. 100%: Full irrigation, 85%:

Deficit irrigation (85%), 70%: Deficit irrigation (70%). 0, 2, 4, 6, and 8: no weeding (control), weeding until the
second, fourth, sixth, and eighth weeks after cultivation, respectively.

H. Oy A¢ B EA

141

121

= 101

81

(rre 2 pS) 5 dile Ko 035
Weed dry weight (gr.m-1)

B1:C3 B1:C1 B3:C1 C BI1:C3 B1:Cl1 B3:C1 B1:C3 B1:C1 B3:C1 B

JARD A0 A%
S 5581 -k
Ao 53 A0 5,k oS 85% Jols bl 100% 5,0 ile Sis 035 605 2 5 p e o e 5 il K (gl SiKen p—f SS
bogd sy a5 ol ot sy S BLIC3 (o o L) pals S 1€ ol puaiS alls w28 B a5 Ve ol oS 70%
i Lo sy S el c““f iy aw BIICT (s i g i) S ol f"‘f sy K bl o BL:CL (s ol
I LR 53 (pmg g AEy iE s 3 g b polg ABR 5 e (A g5 B8 53 (g (e A T 4 8,6,4,2,0. L.
Figure 4. Triple interaction of irrigation, planting pattern, and weed management on weed biomass.100%: Full
irrigation, 85%: Deficit irrigation (85%), 70%: Deficit irrigation (70%). C: Monoculture of Cowpea, B1:C3: one
row Buckwheat and three row Cowpea, B1:Cl1: one row intercropping of Buckwheat and one row

Cowpea, B3:Cl1: three row Buckwheat and one row Cowpea, B: Monoculture of buckwheat. 0, 2, 4, 6, and 8:
no weeding (control), weeding until the second, fourth, sixth, and eighth weeks aftersowing, respectively.
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Figure 5. Interaction of different treatments on Land Equivalent Ratio (LER). 100%: Full irrigation, 85%: Deficit
irrigation (85%), 70%: Deficit irrigation (70%). B1:C3: one row Buckwheat and three row Cowpea, B1:C1:
one row intercropping of Buckwheat and one row Cowpea, B3:C1: three row Buckwheat and one row

Cowpea. 0, 2, 4, 6, and 8: no weeding (control), weeding until the second, fourth, sixth, and eighth weeks after
sowing, respectively.
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