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With the development of conservation tillage methods in soybean cultivation,
evaluating the effects of these methods on weed control and herbicide efficacy has
become increasingly important. An experiment was conducted during 2020-2021
in a strip-plot arrangement based on a randomized complete block design at two
locations in Golestan Province, Iran. In the vertical factor, different tillage
methods, including no-tillage (NT), minimum tillage (MT), and conventional
tillage (CT), were applied, and in the horizontal factor, different weed management
treatments, including hand weeding, no weeding, and various combinations of pre-
emergence metribuzin and post-emergence herbicides (imazethapyr, bentazon, and
clethodim), were used. The results showed that the highest reduction in weed dry
weight, compared to the no-weed-control check, was observed in treatments
combining metribuzin with post-emergence herbicides. Additionally, traits such as
the number of pods per plant, number of seeds per pod, grain yield, biological
yield, and harvest index significantly increased by 12.21%, 14.35%, 24.95%,
19.11%, and 5.95%, respectively, in the no-tillage treatment with combined pre-
and post-emergence herbicides, compared to the conventional tillage treatment
with the same herbicides. Soybean grain yield in the no-tillage treatment with pre-
emergence metribuzin and post-emergence herbicides (bentazon and clethodim)
increased by 141.2% compared to the conventional tillage treatment with no weed
control. Overall, the results indicate that the no-tillage treatment combined with
pre- and post-emergence herbicides increased grain yield by improving soybean
growth conditions and enhancing weed control efficiency.
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Table 1. Average temperature and rainfall in Gorgan and Bandar Torkaman during the

experimental period (2021).

Month Gorgan Bandar Torkeman
Average Rainfall Rainfall
Average
Temperature Amount Temperature (°C) Amount
(W) (mm) (mm)
July 30.7 28.2 29.8 23.2
August 30.5 1.6 30.1 4.5
September 28.8 2.8 28.3 1
October 204 58.2 20.8 47.1
November 12.5 41.7 13.8 45.8
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Table 2. Comparison of the physical and chemical properties of soils in Gorgan and Bandar Torkaman regions.

Soil Structure (%)

Soil

Electrical Total Orsanic Available Available
Region . Soil pH Conductivity ~ Nitrogen Magt " Phosphorus  Potassium
clay silt  sand (EC) dsm™) (%) %) er (mg kg (mg kg™
Gorgan 514 253 233 751 0.89 0.13 2.11 11.35 264
B. Torkeman 46.5 355 18 7.95 4.9 0.1 1.81 10.75 275
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Figure 1. Interaction effect of tillage method and weed management on weed density at the fourth node of soybean.
The means with common letters are not significantly different at the 1% probability level.

23) )l gae g 53 IO Sl s 5 slacale dg 90 I oo
590 5 6oseS 1 Jlie 15 (o> ety pelans A daesls CS e by 4 S el
94kl ailran Sl 5 a glacle &y e gla Copde G Sy 5 oS ik sl
2ipsblale Co e gl g, s @S s gmn sl G5 53 ONE sl 5 8 Slacile

(0 Jgdr) Li Hls pae o 5 g 55 NS Sl ~Sl g aakte ol S c(v\..p):égich.u)ﬁ

Copde la gy g aibie flie 315 (6549

30 - a

25 b
20
15 |
10 F

Reduction in Weed Dry
Matter (%)

Gorgan B.torkeman

Region
SR Sl eis 0)g p diluie 0ol $I-T KO

Figure 2. Simple effect of region on weed dry weight.
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Figure 3. Effect of different weed management methods on weed dry weight. The means with
common letters are not significantly different at the 1% probability level.
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Table 3. Characteristics of dominant weeds in the experimentalfields.

Scientific Name Family Life Cycle Photosynthesis Seed Production
Pathway

Xanthium strumarium Asteraceae Annual (OX] High

Abutilon theophrasti Malvaceae Annual C3 Medium to high

Amaranthus retroflexus Amaranthaceae Annual Cc4 Very high

Cyperus rotundus Cyperaceae perennial C4 High

Setaria viridis Poaceae Annual C4 High
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Table 4. Combined analysis of variance (mean squares) for the studied weed traits under the influence of

experimental treatments.

Weed Density at the Dry Weight of Weeds at

Sources of Variation (SOV) DF Fourth Node of the Harvest Stage of
Soybean Soybean

Region 1 22.4ms 628.46"

Repetition (Region) 4 7.46" 64.51m

Vertical factor (Tillage) 2 13.36™ 11.16™

Regionx Tillage 2 0.21" 59.53™

Main Error 8 1.07 109.78

Horizontal factor (Weed Management) 6 30.75™ 2274.07"

Weed Management x Region 6 2.97m 84.29

Secondary Error 24 1.61 67.86

Weed Management x Tillage 12 7.7 59.10

Weed Management x Tillage x Region 12 3.28™ 87.52"

Total Error 48 1.77 46.27

Coefficient of Variation (C.V.%) - 27.28 30.28

**,”, and ™ indicate highly significant, significant, and non-significant differences, respectively.
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Table 5. Combined analysis of variance (mean squares) of the studied traits under the influence of experimental treatments.

Yield Components

Sources of Variation (SOV) DF Number of Number of Thousand-Seed  Economic Yield Biological Yield E::irg;est
Pods per Plant Seeds per Pod ~ Weight

Region 1 108.51* 10.4* 11701.83* 39367781.64™ 139673002.8** 1456.06*
Repetition (Region) 4 0.65™ 0.01ns 1.258s 26009.56" 355590.30 0.35m
Vertical factor (Tillage) 2 40.51* 0.63** 54.61* 2553481.42* 43252359.5* 5.14*
Tillage x Region 2 3.55% 0.06™ 2.96" 122590.17* 7607513.7* 48.42*
Main Error 8 2.11 0.01 1.09 25985.39 795556.7 5.21
Horizontal factor (Weed 7 80.81** 0.59™* 42.53* 3714612.46™ 18166361.1"* 143.45™
Management)
Weed Management x Region 7 1.81* 0.15" 9.73™ 447013.12™ 4541638.9" 4.89"
Secondary Error 28 0.76 0.01 1.24 20194.15 2549458 1.51
Weed Management x Tillage 14 1.09s 0.028s 2.028s 44823.11* 9873220 2.238s
Weed Management x Tillage x .

. 14 1.04n 0.01m 2.74 19477.71m 532429 1.87m
Region
Total Error 56 0.75 0.01 1.36 22839.92 709451.8 1.45
Coefficient of Variation (C.V.%) 143 4.97 5.63 0.62 6.94 8.50 5.57

AL el gae o Dl g s gae Dl Gls gre Hlws Dl edas Ol 5 sa ™ T

, ", and ™ indicate highly significant, significant, and non-significant differences, respectively.
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weight. Means sharing the same letters are not significantly different at the 1% probability level.
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Figure S. Interaction effect of tillage method and weed management on soybean
economic yield. The means with common letters are not significantly different at the

1% probability level.
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Table 6. Comparison of the mean values of the studied traits as influenced by the interaction between region and

tillage method.

Yield Components

Economic  Biological  Harvest
Region Tillage treatment Number ~ Number Thousand- Yield Yield Index
of Pods of Seeds Seed Weight (kg ha™) (kg ha™) (%)
per Plant  per Pod (g)
Conventional Tillage  17.45° 1.96¢ 198.75% 2409.1¢ 9540¢ 25.17*
Gorgan Minimum Tillage 18.5% 2.15° 197.34° 2782.2° 10900° 25.44*
No-Tillage 18.75° 2.23% 196.76° 2908.2* 12233¢ 23.74°
Conventional Tillage  15.29¢ 1.5 180.59¢ 1457.4f 83994 17.31¢
Bandar Minimum Tillage 16.58° 1.55¢ 179.86¢ 1629.6¢ 88624 18.31¢
Torkeman .
No-Tillage 17.62° 1.69¢ 178.32¢ 1875.44 9503¢ 19.66¢

in Ao > O o 3 (T Sl e o) W3 (S 2t oy s (sla nile

Means with the same letter do not have significant differences at the 1% level of probability.
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Table 7. Comparison of the average values of the studied traits affected by the interaction of region and weed

management.
Yield Components Seed Harvest
Resion Weed Management Number of  Number  Thousand- Yield Biological Yield Index
g Treatment Pods per of Seeds  Seed ke ha-! (kg ha™) o
Plant per Pod  Weight (g) (kg ) (%)
Control (no weed 15" 1.76% 200.32° 1858.7% 10477 18.03"
control)
Hand weeding (4 stages) ~ 19.22% 2.0 196.96¢ 2914.2¢ 11717° 24.88¢%
Metribuzin (600) 174 1.82¢ 199.82:® 2168.3¢ 8618 2531«
Metribuzin + 19.88 241° 195.25¢ 3278.9° 12079 27.24%
Imazethapyr(1000)
Gorgan Metribuzin + 19.55% 2.4 195.15¢ 3206.5 12289 26.15%
Imazethapyr (750) ' ’ ' ' '
Imazethapyr (1000) 17.66¢ 2.01¢ 198.87° 2481.4¢ 9956 25.13
Imazethapyr (750) 16.27¢ 1.95¢ 199.11° 2211.3¢ 93994t 23.87¢
Metribuzin+ Bentazon+ ’ ) ’ ) )
_ 21.33° 2.38° 195.47¢ 3479.6° 125922 27.67°
Clethodim
Control (no weed 13.22i 138 181.08° 1167.4 8738¢% 1331
control)
Hand weeding (4 stages)  16.44< 1.6% 178.98hi 1650" 94934 17.34%
Metribuzin (600) 14.88" 1.51h 180.36°% 1420.81 8151¢ 17.45
Metribuzin + 18.88¢ 1.68 178.07 1993.9° 93260 21.32°
Imazethapyr (1000)
Bandar Metribuzin +
Torkeman 17.33¢ 1.58¢ 179.84fh 1738.8% 8898t 19.5¢
Imazethapyr (750)
Imazethapyr (1000) 16.1% 1.61% 179.32¢hi 1617.7" 8777t 18.43¢
Imazethapyr (750) 15.33¢ 1.52¢h 180.62¢F 1474.1 82418 17.88"
Metribuzin+ Bentazon B ‘
19.88° 1.74% 178.441 2170.4¢ 9746 22.18¢

+Clethodim

s 053 8 elan 3 (55T s e oM B (S ke g L (sla e

Means with the same letters are not significantly different at the 1% level of probability.
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Table 8. Correlation coefficients between the studied traits under the influence of experimental treatments.

Number of ]S\I;r(r;;);l;:f Thousand- Seed Yield Biological Harvest
Measured traits Pods per Plant Pod Seed Weight Yield Index
Number of Pods per Plant 1
Number of Seeds per Pod 0.76597" 1
Thousand-Seed Weight 0.20184™ 0.628417 1
Seed Yield 0.86061" 0.98051™ 0.57618" 1
Biological Yield 0.72276"™ 0.87958™ 0.42387" 0.87519™ 1
Harvest Index 0.78664" 0.84466" 0.63564™ 0.87618" 0.54661" 1

Al o s e b D3l 5 oy g e 53 I sme Sl Ay S o 53 Jls e sl sdiasOlE o e

I
P4

™, ", and ™ indicate significant differences at the 1% percent level, at the 5% level and non-significant, respectively.
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