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experiment was conducted in the Faculty of Agriculture, Tarbiat Modares
University, in a completely randomized design as a factorial arrangement with
three replications. The first factor included 0, 46.5, 93, 139.5, and 186 g a.i.
ha™! foramsulfuron + iodosulfuron. The second factor included mixing the
herbicide with amino acid fertilizer (1 and 3 mL L), seaweed extract (4 and
12 mL L"), potassium chloride (2 and 6 mg L), potassium chloride (2 mg L")
plus amino acid (1 mL L"), and no fertilizer as control. Increasing the herbicide
dose caused a decrease in leaf area, dry weight, and other traits of maize.
Mixing the herbicide with biostimulants or potassium chloride improved the
growth of maize, especially at the recommended dose, but it did not affect the
herbicide efficacy on redroot pigweed control. The mixing of biostimulants and
potassium chloride with herbicide was more effective in improving maize
growth than herbicide application alone. According to the results, the tank
mixing of potassium chloride (2 mg L) plus amino acid (1 mL L) and the
recommended dose of foramsulfuron + iodosulfuron (46.5 g a.i. ha™') was
effective in redroot pigweed control and maize growth improvement compared
to herbicide-only application. Our findings demonstrate that biostimulants can
enhance maize tolerance to herbicide without detracting from the herbicide's
efficacy in controlling redroot pigweed, highlighting a promising strategy for
integrated weed management in sustainable agriculture.
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Table 1. European Weed Research Council (EWRC) rating scale used to score the level of herbicide efficacy

(Dear et al., 2003).

EWRC Crop tolerance Efficac Weed control

Score y (%)
1 No effect Complete kill 100
5 Very slight effects; some gmntmg and yellowing just Excellent 98-99.9

visible
3 Slight effects; stunting a.nd yellowing; effects Very good 95-979
reversible
4 Substantial chlorosis and or stu'ntlng; most effects Good-acceptable 90-94.9
probably reversible
5 Strong chlorosis/stunting; thinning of stand Moderate but not generally 82- 89.9
acceptable

6 Increasing severity of damage Fair 70-81.9
7 Increasing severity of damage Poor 55-69.9
8 Increasing severity of damage Very poor 30- 54.9
9 Total loss of plants and yield None 0-29.9
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Table 2. Variance analysis (mean square) of foramsulfuron+ iodosulfuron tank mixing with biostimulant and KCl

on maize.
Source of variation df Leafarea Root Biomass Total Carotenoids
volume chlorophyll
Herbicide dose 4 20150%** 0.8%* 347724%** 28.81%* 0.48%*
Additive 7 659%** 0.61** 13368** 17.89%* 0.33%=*
Herbicide dosex ¢y g 0.24%* 3292+ 3.92%% 0.07%*
additive
Error 80 68.76 0.06 2051 0.48 0.009
CV (%) - 20 37 25 16 17

Aoy gy gl 53 5l3 gme b S (hasy3 g i 53 13 gme 1 0oy S e 3l gma T
* and ** significant at 5% and 1% probability level, respectively, ™ non-significant.
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Table 3. Interaction of foramsulfuron + iodosulfuron and biostimulants and potassium chloride on leaf area, root volume, total
biomass, total chlorophyll, and carotenoid of maize. Seaweed extract 4 mL L' (SWE4), seaweed extract 12 mL L™ (SWE12),
amino acid fertilizer | mL L' (AAF1), amino acid fertilizer 3 mL L™ (AAF3), potassium chloride 2 g L™! (KCI2), potassium

chloride 6 g L' (KC16), and amino acid fertilizer | mL L' plus potassium chloride 2 g L' (AAF1+KCl12). Columns with similar
letters do not differ significantly.

Total

Treatments Leaf area B R003t volur_r:e Total bi(zlmass chloropl_llyll (CHEO;P ;’;gf fresh
(cm* plant™) (cm’ plant™) (g plant™) (mg ¢ leaf N
. weight)
fresh weight)

Control (without herbicide)
SWE12 88.3a 577.7a 389.7abc 4.6ab 0.628a
SWE4 76.08ab 444 .4bc 398.5a 4.4b 0.711a
AAF1 90.3a 166.6e 326.9abc 5.3ab 0.738a
AAF1+KCL2 88.3a 258.3cde 315.7abc 5.9a 0.735a
AAF3 67.9b 327.7bed 287.4bc 5.1ab 0.63a
KC12 88.3a 333.3bc 392.1ab Sab 0.725a
KCl6 75ab 175.9de 319.5abc 4.9ab 0.664a
Control 64.6b 194.4cde 281.5¢ 4.5b 0.648a
Foramsulfuron + Iodosulfuron (46.5 g a.i. ha')
SWE12 48.1dc 562.9a 244.3bc 5.2a 0.71abc
SWE4 52bcd 113.5b 256.9bc 5.2a 0.625bc
AAF1 65.4ab 148.1b 307.5ab 3.6b 0.573c¢
AAF1+KCL2 62.2abed 200b 263.3bc 5.4a 0.734abc
AAF3 50cd 107.4b 220c 4.7ab 0.621bc
KCI12 74.3a 111.1b 362.7a 5.4a 0.805a
KCl6 62.6abc 211.1b 261.5bc 5.5a 0.752ab
Control 47.7d 192.5b 212.9¢ S5.1a 0.706abc
Foramsulfuron + lodosulfuron (93 g a.i. ha™!)
SWE12 37.3bc 106.2¢ 158.9abc 3.6d 0.533b
SWE4 33.6bc 311.1a 128.6bc 3.4d 0.491b
AAF1 35.2bc 92.5¢ 144.5bc 3.1d 0.465b
AAF1+KCL2 45ab 222.2ab 173.7ab 6.3a 0.773a
AAF3 46.8ab 97.2¢ 174.5ab 3.8cd 0.514b
KCI12 55.6a 80.6¢ 247.9a 4.7bc 0.699a
KCl6 42.3ab 137bc 169.9ab 5.7ab 0.842a
Control 23.6¢ 139.3bc 80.2¢ 5.8a 0.794a
Foramsulfuron + Iodosulfuron (139.5 g a.i. ha!)
SWE12 17bcd 305.5a 79.4b 3.5b 0.503¢
SWE4 15.3cd 222.2ab 76.5bc 0 Oe
AAF1 25.6bc 98.1b 119ab 3.9b 0.558bc
AAF1+KCL2 433a 188.8ab 154.8a 4.1b 0.574bc
AAF3 30.5ab 105.5b 129ab 1.7¢ 0.317d
KCI2 15.7¢cd 222.2ab 111.1ab 6.2a 0.723ab
KCl6 15.6cd 200ab 102.2ab 5.5a 0.742ab
Control 8.25d 157.4ab 23.8¢ 5.6a 0.86a
Foramsulfuron + Iodosulfuron (186 g a.i. ha™!)

4.8b 211.1bc 38.3cd 0d Oe
SWE12 5.1b 348.1a 42 9bcd 0d Oe
SWE4 3.9b 211.1bc 59.1abc 1.6¢c 0.225d
AAF1 15.2a 311.1ab 66.7a 3.6b 0.682ab
AAF1+KCL2 3.8b 200bc 35.6cde 0.8cd 0.12ab
AAF3 4b 203.7bc 33.3de 3.7b 0.573bc
KCI12 13a 277.7ab 65.9ab 6a 0.738a
KCl16 3.3b 133.3¢ 12.9¢ 3.4b 0.5¢
Control 37.3bc 577.7a 389.7abc 4.6ab 0.628a

The means are presented with their corresponding standard errors. Different letters within each column and for each herbicide concentration
denote significant differences at p < 0.05 based on the LSD test.
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Table 4. Parameters estimated by a four-parameter log-logistic model for maize mortality rate under the influence
of foramsulfuron + iodosulfuron tank mixed with biostimulants and potassium chloride.

Model Coefficients (Criterion Error)

Model accuracy

parameters
Growth enhancer —ph Fh " EDu c b a ,
P—T o RMSE R
g a.i. ha Yo

92.7 64.5 44.6

SWE12 (217)  (-1.55)  (-0.93) 100 -6 0 6.34 0.92
78.7 54.5 37.5

SWE4 (217)  (-1.55)  (-0.93) 100 -6 0 8.84 0.94
81.8 57 394

AAFI (3.72)  (-2.48)  (-1.86) 100 -6 0 13.9 0.86

102.3 71 49

AAFI1+KCL2 (-217)  (-1.55)  (-0.93) 100 -6 0 4.62 0.91
79.6 55.2 38.1

AAF3 (434)  (2.79) (-2.17) 100 -6 0 16.42 0.84
79.6 55.2 38.1

KCI12 (434)  (3.1)  (-2.17) 100 -6 0 16.75 0.84
97.9 67.9 47.1

KCl6 (-434)  (-1.55)  (-124) 100 -6 0 5.96 0.90

Control >4:2 35 223 100 -4.99 0 4.92 0.99

(-2.48)  (-0.62)  (-0.93)

.Q)5 6Lh4iﬁ -\.A)Aﬁ' 90N ﬁ)w}l ‘_;\jj?y)}:,\lbb“,:.; Lg‘leibgf:]ﬁA{EDgojEDso EDp«dba

a, b, ¢, EDyg, EDs, EDyj, respectively, represent the lower limit, slope, upper limit, and the effective doses for controlling 10%, 50%, and

90% of maize.
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Table 5. Parameters estimated by a four-parameter log-logistic model for redroot pigweed mortality rate under the
influence of foramsulfuron + iodosulfuron tank mixed g with biostimulants and potassium chloride.

Model Coefficients (Criterion Error)

Model accuracy

parameters

Growth enhancer EDoo EDso EDm c b a ,
P P RMSE R

g a.i. ha %o

SWEI12 18.6 13.95 4.65 100 -6 0.00005 0.033 1
SWE4 18.6 13.95 4.65 100 -6 0.00005 0.033 1
AAFI1 18.6 13.95 4.65 100 -6 0.00005 0.033 1
AAF1+KCL2 18.6 13.95 4.65 100 -6 0.00005 0.033 1
AAF3 18.6 13.95 4.65 100 -6 0.00005 0.033 1
KCL2 18.6 13.95 4.65 100 -6 0.00005 0.033 1
KCL6 18.6 13.95 4.65 100 -6 0.00005 0.033 1
Control 18.6 13.95 4.65 100 -4.99 0.00005 0.033 1

.w)JS-CUg_ng‘G_x»La)>Q' 90 Qé)&jl‘s\ﬁ;}njljyl{bcwigg'xﬂi..\>\T~_JJ.§4.:ED90}ED50sEDlosC‘bsaa

a, b, ¢, EDyo, EDs, EDqg, respectively, represent the lower limit, slope, upper limit, and the effective doses for controlling 10%, 50%, and

90% of maize.
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Figure 1. Interaction effect of foramsulfuron + iodosulfuron and biostimulants and potassium chloride on maize
(A) and redroot pigweed (B) mortality. Seaweed extract 4 ml L' (SWE4), Seaweed extract 12 ml L-' (SWE12),
Amino acid fertilizer 1 ml L'! (AAF1), Amino acid fertilizer 3 ml L' (AAF3), Potassium chloride 2 g L' (KCI2),
Potassium chloride 6 g L' (KCl16), and Amino acid fertilizer 1 ml L' plus Potassium chloride 2 g L'
(AAF1+KCI2). Observed (Obs.) and predicted (Pre.). Similar letters indicate no significant difference at the 5%
probability level. Bars indicate the standard error.
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