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Abstract

Introduction

Modern agricultural systems are increasingly focused on reducing chemical inputs and adopting
alternative management strategies to minimize environmental harm caused by excessive chemical
use. This includes controlling weeds, preserving soil fertility, and mitigating rising production
costs by implementing sustainable crop production methods. Soybean (Glycine max L.) is a
highly nutritious crop, and sustainable practices in its cultivation are vital to ensuring food
security. Intercropping soybeans with allelopathic plants such as marigold (Tagetes erecta L.)
offers a promising strategy to enhance productivity and sustainability. This study aimed to
investigate the effects of intercropping soybeans and marigold on weed suppression and the yield
of both crops.

Material and Methods

An experiment was conducted in Pars-Abad, Ardabil, in 2022 to evaluate the effects of
intercropping soybean and marigold under different weeding conditions. The study was laid out
as a factorial experiment in a randomized complete block design (RCBD) with three replications.
The first factor was the intercropping ratio of soybean and marigold consisting of five treatments:
100% soybean (0-100), 75% soybean + 25% marigold (75-25), 50% soybean + 50% marigold
(50-50), 25% soybean + 75% marigold (25-75), and 100% marigold (0-100). The second factor
was weeding treatment, including two levels: complete hand-weeding and non-hand weeding.
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Marigold seeds were obtained from the Ardabil Municipality Green Space Research Center.
Seedlings were prepared in planting trays on March 30, 2022, using a soil mixture composed of
20% animal manure, 20% sand, and 60% fertile soil. In the field, marigolds were planted with a
spacing of 40x40 cm between and within rows. Experimental plots measured 8x4 meters.
Additionally, L17 soybean seeds were provided by the Moghan Agriculture and Industry
Research Center. Soybeans were sown at a rate of 40 kg ha'!, with row spacing set at 40x5 cm.

Results and Discussion

The results of the experiment indicated that the 75-25 (soybean — marigold) intercropping system
was the most favorable treatment in terms of ecological indicators, including the Land Equality
Ratio (LER), and Relative Value Total (RVT). Regarding weed suppression, the lowest weed
biomass during the vegetative growth stage was recorded in the 75-25 (soybean-marigold)
intercropping system and the hand-weeded soybean monoculture. At the flowering stage of
soybean, the lowest weed biomass occurred in the monoculture of soybean and marigold, as well
as in the 25-75 (marigold -soybeans) intercropping under hand-weeding conditions. At the final
yield stage, the lowest weed biomass was again noted in the hand-weeded monocultures of
soybean and marigold. The 75 -25 (soybean — marigold) intercropping treatment also resulted in
the highest soybean yield and yield components, including the number of pods per plant, total
number of seeds per plant, average pod weight with seeds per plant, seed weight per pod, and the
100-seed weight. For marigold, the highest yield and yield component, specifically the number of
flowers per plant were observed in the marigold monoculture and the 25-75 (soybean—marigold)
intercropping treatment.

Conclusion

Soybeans emerged as the dominant species in the intercropping system with marigold, benefiting
the most from the interspecific association. In contrast, marigold exhibited limited competitive
ability under non-weeded conditions, despite typically being cultivated at high densities in
monoculture. The results also revealed that hand-weeding significantly improved the yields of
both species compared to non-weeded treatments. Overall, the study underscores the importance
of selecting compatible and complementary plant species for intercropping with soybean to
optimize productivity and ecological advantages for both crops.
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Tablel. Some characteristics of the experimental soil

Potassium Phosphorus Nitrogen OC

Calcium Soil
carbonate texture

Clay Silt Sand EC pH

(mg kg (%)

(%) dS m!

467 10.51 0.05 0.6

Clay 50.8 30 10.92 4.7 7.8
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Table 2. Analysis of variance for the intercropping usefulness indicators of soybean and marigold

SOV df Means of Squares

LER Rya (GM) RYb (TE) RVT
Block 2 0.003"s 0.007ns 0.013" 0.004"s
Intercropping (I) 2 0.182* 0.444"" 0.123* 0.348""
Hand-weeding (HW) 1 0.026ns 0.432™ 0.243*" 0.704*"
I x HW 2 0.121* 0.020ns 0.045"" 0.0250s
Error 10 0.007 0.008 0.001 0.009
CV (%) - 8.02 13.79 9.63 11.75

** and ns denote significant and no significant difference at P <0.01 respectively.

Table 3. Mean comparison for the land equivalent ratio index (LER) and the RYb of marigold

Intercropping Weeding Land qu}i\éﬂ;nt Ratio ?FYE};
75% GM+25% TE 1.27, 0.26.
50% GM+50% TE Hand-weeding 1.060 0.360
25% GM+75% TE 0.67. 0.35
75% GM+25% TE Non-Hand- 0.75¢ 0.29c
50% GM+50% TE ; 0.67. 0.68.
25% GM+75% TE weeding 041 0.70,

Mean followed the same letters in each column are not significantly different at P <0.05 by LSD
multiple range test.

Table 4. Mean comparison of the RYa of soybeans and the Relative value total (RVT)

Intercropping RYa (GM) Relative Value Total (RVT)
75% GM+25% TE 0.904. 1.015a

50% GM+50% TE 0.691v 0.867v

25% GM+75% TE 0.364 0.543;

Weeding

Hand-weeding 0.808a 1.006a
Non-Hand-weeding 0.498y, 0.6100

Mean followed the same letter in each column are not significantly differentat P < 0.05 by LSD multiple
range test.
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Table S. Analysis of variance for weed biomass at four stages

Mean of squares

S.0.V df Vegetative Soybean Soybean Harvestin
growth flowering podding &
Block 2 0.050ms 9.18ns 113.40ms 3861.91°
Intercropping (I) 2 16.68"" 24785 4899.75 12745.42*
Hand-weeding (HW) 1 15.03™ 159.99* 58665.78™ 350481.82™
I x HW 2 15.17* 261.83"" 5466.75"" 18966.15™"
Error 10 0.60 32.49 52.44 721.39
CV (%) - 25.16 27.50 9.10 17.26

Ns, *, ** and denote no significant and significant differences at 5% and 1%, respectively.
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Table 6. Mean comparison for the intercropping combinations and hand-weeding at four stages of

soybean growth stage

Vegetative Soybean Soybean Harvesting
Intercropping Weeding growth flowering podding

(g.m?)

100% GM 5.77ab 26.444, 30.73¢ 12.00.
100% TE Hand- 00.00e 21.92y 30.12¢ 00.00e
75% GM+25% TE di 00.00e 36.04. 54.904 8.00.
50% GM+50% TE weeding 4.80 2237 36.14er 10.80.
25% GM+75% TE 1.304e 841, 26.52¢ 206.64bc
100% GM 1.544 10.36¢ 115.58. 31.08.
100% TE Non- 3.28c 8.57. 43.744c 267.33w
75% GM+25% TE Hand- 621, 26.64a 118.60. 188.664
50% GM+50% TE weeding 4.800 21.38 135.22% 310.004
25% GM+75% TE 3.12. 25.12y 205.52, 241.32pc

Mean followed the same letter in each column are not significantly differentat p <0.05 by LSD multiple

range test. GM; Glycin max and TE; Tagetes erecta L.
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Table 7. The results of analysis of variance for soybean yield and yield components under intercropping

Means of Squares

The total . .
S.0.V df  Plant  Number Number - iberof  Fods* Grain 100 geed ~ Weightof
height ofnodes of pods grains per grain weight per weight single
per plant plant weight pods soybean plant

Block 2 129.05ms 1.57ns 9.25ms 96.06" 11.30ms 2.77ms 0.40ns 20.69ms
Intercropping (1) 4 15991.30" 419.90™ 1861.44™ 12348.14"  452.82™ 169.49™ 156.63™ 1177.79*
Hand-weeding (HW) 1 2826.58™  182.53™ 1328.00" 15645.40™ 23520 96.19™ 40.83"" 1268.80™"
I x HW 4 216.75ms 20.73*  414.50" 2817.23™ 17491* 89.01™ 3.33ms 89.78"
Error 18 124.71 4.95 22.71 287.92 7.83 5.57 1.73 21.04
CV (%) -- 12.17 15.08 15.58 21.18 20.01 28.98 14.46 18.74
NS, *, and ** denote no significant and significant difference at 5% and 1%, respectively.

Table 8. The results of analysis of variance yield and yield components of marigold

Means of Squares

S0V df Plant fresh weight Plant dry weight Num‘t;g (l;f;;ll(t)wers Plant height

Block 2 130598.76ms 10939.600"s 3.33ms 1.90ms

Intercropping (I) 4 5965883.88"" 838553.050™ 258.05™ 2480.71*"

Hand-weeding (HW) 1 2616658.01™ 792512.533™* 448.53™ 853.33™

I x HW 4 1609210.72*" 223840.117* 66.95™ 204.91™

Error 18 50874.68 4336.15 4.48 23.97

CV (%) -- 18.98 14.88 21.31 14.57

NS, *, and ** denote no significant and significant difference at 5% and 1%, respectively.
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Table 9. Mean comparison of the interaction effect of intercropping combinations and hand-weeding of weeds on soybean yield and
yield components

Number of Number of The total Pods+ grain  Grain weight ~ Weight of one

Intercropping Weeding nodes pods per plant qumber of weight per pods soybean plant
grains per plant
Number per plant g per plant

100% GM 20.20ap 32.80bcd 133.60a 12.604c 6.204q 34.50p
100% TE Hand- 00.00¢ 00.00¢ 00.00. 00.00¢ 00.00. 00.004
75% GM+25% TE weeding 26.064 61.10, 160.80a 33.00, 21.00, 4430,
50% GM+50% TE 20.20y 53.20, 126.30p 24.40y 15.40y 41.06ab
25% GM+75% TE 19.50¢ 39.00y 93.90. 18.90. 11.530c 34.90p
100% GM 14.604 30.20cde 26.064 10.90e 6.04 19.20¢
100% TE Non- 00.00. 00.00¢ 00.00. 00.00¢ 00.00. 00.004
75% GM+25% TE Hand- 15.604q 26.60. 57.004 10.10e 5.704 24.06c
50% GM+50% TE weeding 15.70cd 27.804e 82.03cq 15.90c4 8.20cq 24.60.
25% GM+75% TE 15.30cd 37.00b¢ 85.20cq 13.90e4 7.204 22.00.

Mean followed the same letter in each column are not significantly different at p <0.05 by LSD multiple range test.

Table 10. Mean comparison of the separate effects of intercropping and hand-weeding on soybean plant
height and 100 grain weight

Intercropping Plant height 100 grain weight
100% GM 115.46ab 11.00,
100% TE 00.00 00.00»

75% GM+25% TE 123.33, 12.16a
50% GM+50% TE 113.20ap 11.00,
25% GM+75% TE 106.23p 11.33,
Weeding

Hand-weeding 101.41. 10.26,
Non-Hand-weeding 82.00y 7.93s

Mean followed the same letter in each column are not significantly different at p <0.05 by LSD multiple range
test.
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Table 11. Mean comparison of the effect of intercropping and hand- weeding on marigold

Plant fresh Plant dry Number of flowers

Intercropping Weeding weight weight per plant Plant height
(g.m?) (cm)
100% GM 00.004 00.00¢ 00.00¢ 00.00¢
100% TE Hand- 3948.30, 1520.00, 22.00, 56.00ap
75% GM+25% TE . 907.50, 405.30c 15.00p 48.30p
50% GM+50% TE weeding 1027.30. 553.30p 9.00c 3230
25% GM+75% TE 1533.30p 546.00p 23.004 58.00,
100% GM 00.004 00.00¢ 00.00¢ 00.00¢
100% TE Non- 1520.00s 525.00p 7.004e 34.30,
75% GM+25% TE Hand- 820.00¢ 154.004 4.60. 48.30y
50% GM+50% TE weeding 941.60, 353.00 7.60cde 25.004
25% GM+75% TE 1181.60c 367.30 11.00. 33.60,

Mean followed the same letter are not significantly different at p <0.05 by LSD multiple range test.
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