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ABSTRACT

Japanese brome (Bromus japonicus Thumb.) is the most important winter annual grass weed in the wheat fields of
Sistan & Baloochestan province. During 2013-2014 and 2014-2015 growing season at Zahak Agriculture and Natural
Resources Research Station, Zabol, field experiments were conducted to investigate the effect of rate and time of
sulfosulforoun application in order to control Japanese brome in different wheat cultivars. Three wheat cultivars
(Hirmand, Kalak Afghani, Sistan), three stages of herbicide application (2-3 leaves, 4-5 leaves, tillering of B. japonicus)
and four herbicide doses (control, 17, 22, 22 gr. ha) of the commercial form of Apirus 75% were arranged in a
factorial experiment under a randomized completed blocks design. Japanese brome density and dry weight were
measured 30 days after final herbicide application. We also evaluated biological and grain yields of wheat at harvest. In
all cultivars, herbicide application at 4-5 leaves and tillering of Japanese brome showed the highest and lowest weed
density and dry weight respectively. Based on a logistic model fitted to density data of Japanese brome, the estimated
dose to 50% loss in Hirmand at tillering stage was more than labeled-recommendation dose of sulfosulforoun
(Dsp=28.3). The grain yield values in Hirmand and Kalak Afghani cultivars showed the highest and lowest in response
to. Japanese brome density, respectively.
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Figure 1- Daily temperature (minimum, maximum, and mean) and precipitation at the experiment filed for 2013-14 and 2014-15 seasons.
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Table 1- Analysis of variance components for B. japonicus data.
Density 30 DAA Dry weight 30 DAA
Effect/Variables of (n. plants m?) (gr m?
ANOVA

Fixed effects TTLY P value TTL P value
Cultivar (C) 2 18.10 <.0001 27.82 <.0001
Time of application (T) 2 7.39 <.0001 6.11 <.0001
CxT 4 1.46 <.0001 1.61 <.0001
Dose (D) 3 66.20 <.0001 55.75 <.0001
CxD 6 2.73 <.0001 4.39 <.0001
TxD 6 2.78 <.0001 2.61 <.0001
CxTxD 12 1.23 <.0001 1.14 <.0001
Random effects Variance estimatet
Year (Y) 72.37 31.4"

5025™ 990™
YxCxTxD (31) (43)

DAA: Days after final application.

** P value < 0.01.

ns non-significant effect.

fPercentage of total explained treatment variation.

+ The numbers in parentheses are percentage of the variance associated with the effect of year by treatment interaction divided by the sum of the total variance associated

with the effect of year (sum of variance estimates including year).
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Figure 2- Changes in B. japonicus density over herbicide dose for three wheat cultivars in two experimental years. Symbols are observed data
and lines are fitted values obtained from Equation (1).
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Table 2- Mean responses of density and dry weight of B. japonicus on 30 DAA under different levels of the experimental factors.

Density 30 DAA

Dry weight 30 DAA

Cultivar (n. plants m?) (gr m?)
Hirmand 160 37.7
KalakAfghani 67 124
Sistan 119 26.8
LSDo.0s 2 0.63
Time of application

2-3 leaves 102 23.1
4-5 leaves 91 21.4
Tillering 143 325
LSDgs 2 0.63
Dose (gr. ha)

0 217 48.9
17 121 27.4
22 62 15.2
27 48 111
LSDg.s 2 0.73

DAS: Days after final application.
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Table 3- Parameters, root mean squared error (RMSE) and coefficients estimated for the logistic model fitted to B. japonicus density data in 30 days after final application.

Parameters
Cultivar Time of application
DEm p Value Dso p Value b p Value Dgo p Value R? RMSE
Hirmand
2-3 leaves 270.00 (4.33) <.0001 17.91 (0.21) <.0001 5.57 (0.34) <.0001 26.60 (0.47) <.0001 0.99 7.51
4-5 leaves 257.30 (5.28) <.0001 15.64 (0.62) <.0001 2.72 (0.32) <.0001 35.50 (2.86) <.0001 0.98 9.19
Tillering 265.05 (5.11) <.0001 28.32 (0.93) <.0001 2.89 (0.34) <.0001 61.27 (4.90) <.0001 0.96 8.93
KalakAfghani
2-3 leaves 143.72 (3.15) <.0001 17.47 (0.33) <.0001 4.94 (0.43) <.0001 27.34 (0.79) <.0001 0.98 5.54
4-5 leaves 140.00 (1.58) <.0001 14.79 (0.28) <.0001 7.01(0.75) <.0001 20.31(0.43) <.0001 0.99 2.74
Tillering 150.40 (9.15) <.0001 20.31 (0.68) <.0001 8.71 (1.87) 0.0012 26.45 (0.88) <.0001 0.90 16.10
Sistan
2-3 leaves 248.95 (4.39) <.0001 16.29 (0.31) <.0001 4.64 (0.39) <.0001 26.24 (0.77) <.0001 0.99 7.62
4-5 leaves 240.60 (2.47) <.0001 11.99 (0.62) <.0001 1.87(0.17) <.0001 39.17 (2.94) <.0001 0.99 4.37
Tillering 246.95 (5.13) <.0001 19.39 (0.50) <.0001 2.83(0.29) <.0001 42.52 (3.21) <.0001 0.98 8.93

 Parameters are as an average of two experimental years.
Values in parentheses are standard errors
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Figure 3- Changes in B. japonicus dry weight over herbicide dose for three wheat cultivars in two experimental years. Symbols are observed
data and lines are fitted values obtained from Equation (1).
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Table 4- Parameters, root mean squared error (RMSE) and coefficients estimated for the logistic model fitted to B. japonicus dry weight data in 30 days after final application.
Cultivar Time of application Parameters
DEm p Value Dso p Value b p Value Dgo p Value R? RMSE
Hirmand
2-3 leaves 67.66 (1.53) <.0001 17.83(0.29) <.0001 5.37 (0.44) <.0001 26.91 (0.66) <.0001 0.98 2.57
4-5 leaves 62.16 (2.24) <.0001 15.85 (1.43) <.0001 2.27 (0.51) 0.0175 44.17 (8.62) <.0001 0.95 3.94
Tillering 65.98 (1.69) <.0001 27.50 (1.04) <.0001 3.13(0.45) 0.0010 56.40 (5.19) <.0001 0.93 311
KalakAfghani
2-3 leaves 25.41 (0.92) <.0001 17.95 (0.52) <.0001 5.19 (0.72) <.0001 27.63 (1.22) <.0001 0.96 1.60
4-5 leaves 26.51 (0.36) <.0001 14.65 (0.36) <.0001 6.83 (0.90) <.0001 20.32 (0.53) <.0001 0.99 0.62
Tillering 28.11 (1.69) <.0001 20.39 (0.66) <.0001 9.04 (1.97) 0.0015 26.30 (0.86) <.0001 0.91 2.98
Sistan
2-3 leaves 55.67 (1.25) <.0001 16.19 (0.42) <.0001 4.26 (0.46) <.0001 27.26 (1.14) <.0001 0.98 2.20
4-5 leaves 55.51 (0.76) <.0001 11.59 (0.89) <.0001 1.82 (0.23) 0.0004 39.35 (4.10) <.0001 0.99 1.43
Tillering 54.98 (1.29) <.0001 19.64 (0.53) <.0001 3.01(0.33) <.0001 41.14 (3.07) <.0001 0.97 2.28

 Parameters are as an average of two experimental years.

Values in parentheses are standard errors
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Table 5- Analysis of variance components for wheat data.

Biological yield Grain yield Harvest index
Effect/Variables df (Kg hal) (Kg hal) (%)
ANOVA
Fixed effects TTLE P value TTL P value TTL P value
Cultivar (C) 2 71.67 <.0001 10.05 <.0001 97.60 <.0001
Time of application (T) 2 3.75 <.0001 11.37 <.0001 0.10 0.0684
CxT 4 1.52 <.0001 5.19 <.0001 0.05 0.5898
Dose (D) 3 15.73 <.0001 57.59 <.0001 0.04 0.5158
CxD 6 0.66 0.0004 3.37 <.0001 0.09 0.5351
TxD 6 0.89 <.0001 422 <.0001 0.16 0.2165
CxTxD 12 1.74 <.0001 6.42 <.0001 0.24 0.3749
Random effects Variance estimatet
Year (Y) 231,280 14,097 117
19,105,003™ 2,976,187™ 156"
OTD (11) (12) (12)

*0.05 > P value > 0.01.
** P value < 0.01.
fPercentage of total explained treatment variation.

T The numbers in parentheses are percentage of the variance associated with the effect of year by treatment interaction divided by the sum of the total variance associated

with the effect of year (sum of variance estimates including year).
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Table 6- Mean responses of biological and grain yield of wheat under different levels of the experimental factors.

Biological yield Grain yield Harvest index

Cultivar (Kg ha) (Kg ha) (%)
Hirmand 9913 4228 42.6
KalakAfghani 12940 4281 33.2
Sistan 10996 4463 40.6
LSDogs 113 45 0.27
Time of application

2-3 leaves 11297 4352 38.9
4-5 leaves 11626 4445 38.6
Tillering 10925 4192 38.8
LSDys 113 45 0.27
Dose (gr. ha?)

0 10451 3996 38.7
17 11054 4234 38.8
22 11623 4476 38.9
27 12002 4613 38.8
LSDg.05 131 52 0.31
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Table 7- Mean biological and grain yield responses to time and dose of herbicide application for different wheat varieties for two
experimental years.

Cultivar Time of application (g?orf;l) 20?;?;%??' Ve (2Kog12?2-215 201££gi1r11yield (Kgoqjgms

Hirmand 2-3 leaves 0 8843 8897 3790 3753
17 9752 10035 4323 4260

22 10842 10732 4647 4570

27 11113 11257 4763 4740

4-5 leaves 0 8992 9182 3853 3820

17 9606 9662 4117 4090

22 10743 10818 4607 4577

27 11250 11510 4823 4797

Tillering 0 8850 8868 3793 3763

17 9357 9436 4007 3980

22 9340 9467 4003 3977

27 9570 9787 4103 4317

KalakAfghani 2-3 leaves 0 12083 11923 4017 3973
17 13070 12878 4250 4228

22 13715 13485 4463 4450

27 13423 13587 4473 4470

4-5 leaves 0 12470 12042 4010 3990

17 13350 13365 4450 4420

22 13672 13633 4557 4503

27 13693 13848 4565 4553

Tillering 0 11927 11667 3973 3900

17 11977 12123 4003 3977

22 12997 12895 4333 4293

27 13490 13253 4497 4453

Sistan 2-3 leaves 0 10253 10352 4223 4200
17 10522 10520 4333 4300

22 10693 10850 4403 4380

27 11065 11245 4557 4517

4-5 leaves 0 10323 10728 4252 4213

17 10702 10925 4403 4367

22 11633 11843 4790 4773

27 12388 12658 5102 5067

Tillering 0 10183 10544 4200 4207

17 10993 10705 4375 4335

22 10838 11035 4463 4407

27 11293 11613 4650 4600

LSDo.0s 508 508 160 267

Values in parentheses are standard error.
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Figure 3- Relationship between increasing wheat grain yield and decreasing B. japonicus density in sulfosulfuron herbicide-application
treatments for different wheat cultivars in two experimental years. Symbols are observed data and lines are fitted values obtained from
Linear equation.
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