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Abstract \
Introduction: Agricultural systems are moving towards reducing the use of chemical inputs and
modifying management methods to minimize the harmful effects on the environment caused by
excessive chemical use. This includes weed control, maintaining soil fertility, and addressing the
increasing production costs by revising and implementing new management methods for product
production. Soybeans are highly nutritious. It is important to pay attention to their production
methods while maintaining food security, in line with sustainable agriculture. The use of
allelopathic plants such as marigolds in intercropping with soybeans can be one of the ways to
benefit from the benefits of intercropping. Therefore, a study was conducted to investigate the
impact of intercropping of soybeans and marigold weeding on soybean (Glycine max L.) and
marigold (Tagetes erecta L.) yield.

Material and Methods: An experiment was conducted in Pars-Abad, Ardabil, in 2022. The
study employed a factorial randomized complete block design with three replications. The first
factor consisted of varying ratios of soybean and marigold in intercropping (0-100, 75-25, 50-50,
25-75, and 0-100). The second-factor involved hand-weeding, categorized into complete hand-
weeding and non-hand weeding. Marigold seeds were sourced from the Ardabil Municipality
Green Space Research Center. To prepare the seedlings, a planting mixture was created on March
30, 2022, using 20% rotten animal manure, 20% sand, and 60% fertile soil in planting trays. The
spacing between and within the rows of marigolds in the experimental field was set at 40 x 40
cm. The dimensions of the experimental plots measured 8 x 4 meters. Additionally, L17 soybean
seeds were obtained from the Moghan Agriculture and Industry Research Center. The seeding
rate for soybeans was established at 40 kg/h, with planting intervals of 40 x 5 cm between rows.
Results and Discussion: The experiment's findings concluded that the intercropping consisting
of 75-25 (soybean — marigold) is the most desirable option when considering ecological
indicators such as land equality ratio (LER), and relative value total (RVT). Additionally, the
lowest biomass of weeds was recorded during the Vegetative growth stage in the 75-25 (soybean-
marigold) and hand-weeded monoculture of soybeans. In the Soybean flowering stage, the lowest
biomass was noted in both the monoculture of soybeans and marigolds without hand-weeding.
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During the Soybean podding stage, the lowest biomass occurred in the monoculture of soybeans
and marigolds, as well as in the 25-75 (marigold -soybeans) under hand-weeding. Finally, at the
soybean yield stage, the lowest biomass was observed in the monoculture of soybeans and
marigolds with hand-weeding. The most desirable soybean yield and yield components, such as,
the number of pods per plant, the total number of seeds per plant, the average weight of pods with
seeds per plant, the seed weight per pod, and the one hundred soybean seeds weight, were
achieved from the 75 -25 (soybean — marigold) intercropping. Moreover, the most desirable yield
and yield components of marigold, such as the number of flowers per plant, were obtained from
marigold monoculture and the 25-75 (soybean — marigold) intercropping.

Conclusion: Soybeans emerged as the dominant species in intercropping with marigolds, gaining
the most from this intercropping. In contrast, marigold flowers showed limited competitive
ability in unweeded conditions, even though they are typically planted in high-density rows in
monoculture. The results revealed that hand-weeding significantly improved the yields of both
species compared to non-hand-weeding. This study underscores the importance of selecting
appropriate plant species for intercropping with soybeans to maximize the benefits for both

plants. -
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Table 2. Analysis of the variance of the intercropping usefulness indicators of soybean and marigold

Mean of squares

Source of variation Df TER Rya (GM) RYb (TE) RVT
Replication 2 0.003™ 0.007™ 0.013 0.004™
Intercropping (I) 2 0.182" 0.444" 0.123" 348"
Hand-weeding (HW) 1 0.026™ 0.432" 0.243" 4"
(I) x (HW) 2 0.1217 0.020™ 0.045" 5"
Error 10 0.007 0.008 00.001
CV (%) - 8.02 13.79 9

** and ns denote significant and no significant difference

vely.

Table 3. The results of the mean comparison of the land equivaldnt ratio index (LER) and the RYD of
mar&!
‘ . Land Bguivalent RYb
Intercropping Weeding o (TE)
75% GM+25% TE A S VN 0.26,
50% GM+50% TE Hand-weedi A N 0.36y
25% GM+75% TE 0.35,
75% GM+25% TE 0.29%:
50% GM+50% TE NO“’EI?‘“} 0.68,
25% GM+75%TE  oodng \ 0.41, 0.70,
Mean followed the sanigletters in each colunia are not significantly different at P < 0.05 by LSD
multiplétange test.

- A |
\“

Table 4. The reStlts comparison of the

RYa of soybeans and the Relative value total

(RVT)
RYa (GM) Relative Value Total (RVT)
0.904, 1.015,
0.691, 0.867,
0.364. 0.543,
0.808, 1.006,
0.498,, 0.610,

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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able 5. The weed biomass analysis of variance on four stages

Degree Mean of squares
Source of variatio of Vegetative Soybean Soybean Harvestin
freedom growth flowering podding g
Replication 2 0.050™ 9.18™ 113.40™ 3861.917
Intercropping (I) 2 16.68" 247.85" 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.



Table 6. Mean comparison of the intercropping combinations and hand-weeding at four stages of

soybean growth stage
Vegetative Soybean Soybean Harvesting
Intercropping Weeding growth flowering podding
(gm?)
100% GM 577 26.44,, 30.73;¢ 12.00,
100% TE Hand- 00.00, 21.92, 30.12¢ 00.00,
75% GM+25% TE & 00.00, 36.04, 54.904 8.00,
50% GM+50% TE " ceding 4.80, 22.37, 3614, 10.80,
25% GM+75% TE 1.304 8.41, 26.52¢ 206.64,,
100% GM 1.544 10.36, 115.58, 31.08,
100% TE Non- 3.28, 8.57, 43.744. 267.33,
75% GM+25% TE Hand- 6.21, 26.64,, 118.60, 188.664
50% GM+50% TE weeding 4.80, 21.38, 135.22,, . 310.00,
25% GM+75% TE 3.12, 25.12y 205.52, 41.32y,

Mean followed the same letter in each column are not significantly different at p < 0.05 b
range test.
GM; Glycin max and TE; Tagetes erecta L&
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Table 7. The results of analysis of variance analysis of soybean yield and yield components under intercropping
Mean of squares

Degree The total A\ .
Source of variation of Plant Number Number number of POd? N .Gram 100 grain Weight of
freedom height of nodes of pods rains per grain weight pe weight one soybean
g g p g
per plant weight pod plant
plant N
Replication 2 129.05“5** 1.57“5** 9.25™ . 96.06" . 11 1‘“5* 0.40“5** 20.69“5**
Intercropping (1) 4 15991.30 419.90 1861.44 12348.14 452.82 . 156.63 1177.79
Han‘(ig:;?dmg 1 2826.58" 182,53 1328.00” 15645.40" 40.83" 1268.80"
(I) x (HW) 4 216.75"™ 20737 414507 2817.237 ) 3.33™ 89.78"
Error 18 124.71 4.95 22.71 287.92 7 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 sig glt diff 5% and 1%, respectively.
A\
A S\ N
Table 8. The results of analySig of variancg yield and yield components of marigold
Source of variation Degree of - oL Squalflflsmber of flowers
freedom Plant fresh wdight Pla weight Plant height
\ per plant
Replication 2 130598.76™ 10939.600" 3.33% 1.90™
Intercropping (I) 4 965883.88" 838553.050" 258.05" 2480.71°
Hand-weeding (HW) 6658.01"" 792512.533" 448.53™ 853.337
(I) x (HW) 10.72" 223840.117" 66.95" 204.91"
Error .68 4336.15 4.48 23.97
CV (%) 8.98 14.88 21.31 14.57
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Table 9. The results of the mean square 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 rain weight Weight of one
Intercropping Weeding nodes pods per plant pumber of weight soybean plant
grains per plant
Number per plant

100% GM 20.20,, 32.80p4 133.60,, ‘12.60(1e 34.50,
100% TE Hand- 00.00, 00.00¢ 00.00, 00.00; .00, 00.004
75% GM+25% TE weeding 26.06, 61.10, 160.80, 21.00, 44 .30,
50% GM+50% TE 20.20y 53.20, 126.30, 15.40, 41.06,,
25% GM+75% TE 19.50, 39.00, 93.90, 11.53,, 34.90,
100% GM 14.604 30.20.4e 26.064 90, 6.04, 19.20,
100% TE Non- 00.00, 00.00¢ 00.00, 00.00; 00.00, 00.004
75% GM+25% TE Hand- 15.604 26.60, “ 57. 10.10, 5.704 24.06,
50% GM+50% TE weeding 15.7044 27.804 W 82,03, 15.90,4 8.20.4 24.60,
25% GM+75% TE 15.3044 37.004, 8 W!3.90e4 7.204 22.00,

Mean followed the same letter in each column are not signifi

Table 10. The results of the mean square@empatison of th ffects of intercropping and hand-weeding on
soybean plant ht and n weight
Intercropping t height 100 grain weight
100% GM 5.46, 11.00,
100% TE .00, 00.00,
75% GM+25% TE 33, 12.16,
50% GM-+$0% TE 204 11.00,
25% GM-+ séna AN 106.23, 1133,
Weeding N
H\vreedin 101.41, 10.26,
Non-Han@weed1 82.00, 7.93,

Mean followed the

test.

17

er in each column are not significantly different at p < 0.05 by LSD multiple range



Table 11. The results of the mean comparison of the effect of intercropping and hand- weeding on marigold

Plant fresh Plant dry Number of flowers Plant heicht
Intercropping Weeding weight weight per plant &
(gm”) (cm)

100% GM 00.004 00.00, 00.00¢ 00.00¢
100% TE Hand- 3948.30, 1520.00, 22.00, 56.00,,
75% GM+25% TE & 907.50, 405.30, 15.00, 48.30,
50% GM+50% TE ~ "oeding 1027.30, 553.30, 9.00, 32.30.
25% GM+75% TE 1533.30, 546.00, 23.00, 58.00,
100% GM 00.004 00.00, 00.00¢ 00.00¢
100% TE Non- 1520.00, 525.00, 7.004 34.30,
75% GM+25% TE Hand- 820.00, 154.004 4.60, 48.30,
50% GM+50% TE weeding 941.60, 353.00, 7.604c 25.004
25% GM+75% TE 1181.60, 367.30, 11.00, . 33.60,
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