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Comprehensive abstract

Introduction

Wheat is the most important agricultural crops in the country and plays a critical role in ensuring
food security. Weeds are one of the most significant limiting factors for the production of wheat, as
they can significantly reduce grain yield. Due to the morphological and ecological similarities between
narrow-leaved weed species and wheat, controlling these weeds in this crop is difficult. Rigid ryegrass
(Lolium rigidum) is one of the most damaging weed species in wheat, particularly widespread in the
southern regions of Fars Province, and has shown resistance to certain herbicides. This weed can
significantly reduce wheat yield through intense competition with the crop. This study was conducted
to evaluate the efficacy of several herbicides in controlling narrow-leaved weeds, with a focus on rigid
ryegrass (Lolium rigidum).

Materials and methods

This experiment was conducted in a randomized complete block design (RCBD) with 14 treatments
and 4 replications at the Hasanabad Agricultural Research Station of Darab (Fars) during 2023-2024.
The treatments included the application of Clodinafop-propargyl (Topik, 8% EC) herbicide at a rate of
80 g.a.i.ha'; Fenoxaprop-P-ethyl (Puma Super, 7.5% EW) at a rate of 75 g.a.i.ha'; Mesosulfuron-
methyl (Mesomax, 3% OD) at a rate of 37.5 g.a.i.ha'; Mesosulfuron-methyl+ mefenpyr-diethyl
(Ritmica, 3% OD) at dose rates of 9, 12, 15 g.a.i.ha‘l; Iodosulfuron-methyl-sodium+ Mesosulfuron-
methyl+ Mefenpyr-diethyl (Atlantis, 1.2% OD) at a rate of 18 g.a.i.ha™; lodosulfuron-methyl-sodium+
Mesosulfuron-methyl+ Diflufenican+ mefenpyr-diethyl (Othello , 6% OD) at a rate of 96 g.a.iha™;
Pinoxaden (Axial, 5% EC) at a rate of 62.5 g.a.i.ha™'; Pendimethalin (Fist Super, 45.6% CS) at rates of
1365, 1824 g.a.i.ha™'; Metribuzin (Sencor, 70% WP) at a rate of 560 g.a.i.ha™'; and a tank mix of Fist
Super (1365 g.a.i.ha™) + Sencor (280 g.a.i.ha™) and control (Weed free). The herbicides Topik, Puma
Super, Mesomax, Ritmica, Atlantis, Othello, and Axial were applied at the wheat tillering stage.
Sencor was applied in two stages of early post-emergence and at tillering stage. Fist Super was applied
pre-emergence, and the combined treatment was applied Fist Super (pre-emergence) + Sencor (post-
emergence at the tillering stage). Each plot was divided into two subplots. One subplot was sprayed
(treatment) and subplot was unsprayed (weedy check). The spraying was done using a fixed-pressure
back sprayer equipped with a fan spray nozzle (8003) at a pressure of 2 bar and spray volume of 350
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L.ha'. The measured traits included determining density, dry weight, the percentage of control of
weed species, as well as grain yield and its components. Statistical analysis was performed using SAS
software version 9.3, and the mean of treatments were compared using the Tukey’s test at a 5%
probability level.

Research findings

The dominant weed species observed in the experiment were rigid ryegrass (Lolium rigidum), wild
oat (Avena ludoviciana), and littleseed canarygrass (Phalaris minor), respectively. L. rigidum had the
highest relative frequency (90%). The results showed that the herbicide treatments were applied
significantly decreased weed density and dry weight of these weed species, as well as a significant
increase in grain per spike, the number of spikes per m* 1000 grains weight and grain yield. The
highest efficacy in controlling L. rigidum was achieved with the application of Sencor at 560 g.a.i.ha™
and Ritmica at 15 g.a.i.ha”. These treatments reduced the dry weight of the weed by 65% and 61%,
respectively. In contrast, the lowest efficacy in controlling L. rigidum (less than 35%) was observed
with the application of Fist Super (1365 g.a.i.ha”) and Puma Super. Additionally, the efficacy of the
herbicides Atlantis, Othello, Mesomax, Axial, and Ritmica in controlling A. ludoviciana and P. minor
ranged from 91% to 100 .Overall, the most favorable treatments in the experiment were the application
of Sencor and Ritmica (15 g.a.i.ha™), which reduced the total dry weight of weeds by 68% and 64%,
respectively, and increased grain yield by 30% and 28%, respectively.

Conclusion

Based on the results of this experiment, the efficacy of Ritmica herbicide in controlling A.
ludoviciana and P. minor was comparable to or even superior to that of the herbicides Atlantis,
Othello, Axial, and Mesomax. Sencor showed the highest efficacy in controlling L. rigidum. However,
its performance against A. ludoviciana and P. minor was weaker than that of Ritmica. Although,
Sencor showed the highest efficacy in controlling L. rigidum; however, its efficacy in controlling A.
ludoviciana and P. minor was lower than that of Ritmica. Therefore, considering the weed control
spectrum and resulting the increase in grain yield, the application of Ritmica is recommended for the
control of A. ludoviciana and P. minor, while Sencor is suggested for use in wheat fields where L.
rigidum is the dominant weed species.
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Table 1. Names and application rates of herbicides used in the experiment

Dose Dose

Common name Tradename’  Formulation (gha” or Litha!) (g.aihal) Company
Iodosulfuron methyl sodium+ Mesosulfuron Othello ® 6% OD 1.6 96 Bayer
methyl+ Diflufenican+ Mefenpyr diethyl

Iodosulfuron methyl sodium+ Mesosulfuron Atlantis® 1.2% OD 1.5 18 Bayer
methyl+ Mefenpyr diethyl

Pinoxaden Axial® 5% EC 1.25 62.5 Syngenta
Clodinafop-propargyl Topik® 8% EC 1 80 Syngenta
Fenoxaprop-p-ethyl Puma Super®  7.5% EW 1 75 Bayer
Mesosulfuron methyl+ Mefenpyr-diethyl Ritmica™ 3% OD 0.3,0.4, 0.5 9,12, 15 Sam Co.
Mesosulfuron methyl sodium Mesomax® 3% OD 1.25 37.5 RAKT
Pendimethalin Fist Super® 45.6% CS 3,4 1365, 1824 UPL
Metribuzin Sencor® 70% WP 800 560 Bayer

TR.A.K., Raha Andish Kavan; ®, Registered trademark; ™, Trademark.
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Table 2. Relative density and number of stems of dominant weeds in the experimental wheat field

Scientific name Family Persian name dglzli?;l\(/;;) N?I;e(;f;tgm
Lolium rigidum Gaudin Poaceae Rigid ryegrass 90 230
Phalaris minor Retz. Poaceae Littleseed canarygrass 4.2 9
Avena sterilis subsp. ludoviciana (Durieu) Nyman Poaceae Wild oat 5.8 13
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Table 3. Results of analysis of variance (mean square) for density and dry weight of weeds along with their
reduction percentage affected by herbicides

Sou.rc§: of d L. rigidum A. ludoviciana P. minor Total weeds
variation Density RPf Density RPY Density RP? Density RP?
Replication 3 187.93™  21.81™ 0.08™ 36.44™ 0.23™ 19.19™ 17.36" 7.47™
Treatment 12 13962 407" 14.57" 748" 9.94™ 934 ™ 15162 ™ 425™
Error 36 1448.87 26.86 0.14 94.1 0.16 87.32 972.37 25.46
CV (%) - 13.99 11.88 22.01 11.03 29.67 10.7 11.31 10.4

" *and ™ Not-significant and significant at 5% and 1% probability levels, respectively.

T PR, Reduction percentage.

Table 3. Continued dolol -V Jgu
Source of " . L. rigidum DA. ludoviciana . P. minor DTotal weeds
vanation Weilght RP' weirgyht RP' Weilght RP' weirgyht RP'

Replication 3 2414~ 23.4" 0.06™  29.14™  0.05" 12.37 7.81" 28.14"
Treatment 12 4146 397 32777 7867 32.09™ 926 ™ 5016 ™ 451 ™
Error 36 474.84 26.69 0.17 77.73 0.09 82.22 358.59 57.88
CV (%) - 14.61 10.52 16.21 10.07 12.9 10.38 11.69 14.48
ns *and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
T RP, Reduction percentage.
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Table 4. Comparison of herbicide treatments for the number of weed stems and it’s reduction percent compared

to control
Dose L. rigidum A.. ludoviciana P. minor Total weeds
Treatment’  (Litor No.ofstem RP' No.ofstem RP' No.ofstem RP' No.ofstem RP'
g/ha) per m? (%) per m? (%) per m? (%) per m? (%)
Topik 1 310ca-d  38.63df 3¢ 80. a-c 325bc  7506bd 3172ac 4206e-g
Puma Super 1 355 ab 30.1 gf S5a 65¢ 35ab 65cd 364.5 ab 35.06fg
Mesomax 1.25 265 b-f 4332 b-e of 100 a of 100a 265 c-e 48.14b-e
Ritmica 0.3 FR2lac  350leg of 100a of 100a 3R2lac 4025eg
Ritmica 0.4 245 c-f 48.14 a-d of 100a of 100a 245 c-f 55.02 a-d
Ritmica 0.5 203 ef 55.27 ab of 100 a of 100a 203 ef 60.14 ab
Atlantis 1.5 2345c¢f  50.86a-d of 100 a of 100a 2345df  56.09 ac
Othello 1.6 255 cf 46.09 b-e of 100 a of 100a 255c-e 52.08 b-e
Axial 1.25 225 d-f 53.11 ac le 92.36 ab 05f 95.14ab  2275df 5802a-c
Fist Super 3 375a 2496 ¢ 4.5ab 6722¢ 425a 55.28d 384.75a 30.15g
Fist Super 4 295 a-e 40.15 cf 4b 70.25 be 1.75de 81.25ac 301.7bd 43.17d-f
Sencor 800 170f 60.11a 2d 84.69 a-c 15¢e 83.31a-c 1745 65.07 a
Fit+Sen 3 +400 285 a-e 41.85cf 2d 84.73 a-c 25cd 8029ac 2905b-d 4557cf

Means followed by the same letter in each column are not significantly different (P<0.05) by Tukey’s test.

T Fit, Fist Super; Sen, Sencor; RP, reduction percentage.
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Table 5. Comparison of herbicide treatments for weed dry weight and it’s reduction percent compared to control

Dose (Lit L. rigidum A. ludoviciana P. minor Total weeds
Treatment’ or g/ha) Dry weight RPY Dry weight PR’ Dry weight +  Dry weight PR’
(g/m?) (g/m*) (%) (g/m?) (gm?)

Topik 1 173a-d 44124 3d 842ac 532¢ 77.16b-d  1934ac 44.05ce
PumaSuper 1 195 ab 3581 fg 75a 62.67c 625b 60.78cd  212.88ab  38.16de
Mesomax 1.25 144bf  49.72b-e of 100a Oh 100a 15335¢f 5695a-d
Ritmica 0.3 18lac  40.18e-g 0f 100a Oh 100a 1906a-d 47.14b-e
Ritmica 0.4 131fd-e  53.05a-e 0f 100a Oh 100a 13953ef  57.71a-c
Ritmica 0.5 112 ef 61.11ab of 100a Oh 100a 12135f 6438ab
Atlantis 1.5 128cf  56.04ad of 100a Oh 100a 136.25ef 59.53a-c
Othello 1.6 136cf  51.16b-e 0f 100a Oh 100a 14453df 5537ad
Axial 1.25 121df  58.17ac 15e 91.01 ab 0.89¢g 93.12ab  131.88ef 61.27a-c

Fist Super 3 205a 3043 ¢ 6.75 ab 67.13¢ 812a 57.18d 224.66 a 2099e
Fist Super 4 162ae 4607 cf 6b 7041 be 31le 83.14ac 1758b-e 49.63ad

Sencor 800 101 f 65.11a 3d 83.83a-c 221f 84.16 ab 113.34f 67.05a

Fit+Sen 3+ 400 151 a-f 47.81 c-f 45c¢ 79.74 ac 4.11d 81.17ac 1695b-e  522a-d

Means followed by the same letter in each column are not significantly different (P<0.05) by Tukey’s test.
T Fit, Fist Super; Sen, Sencor; RP, reduction percentage.
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Table 6. Descriptive assessment of herbicide efficiency for weed control population

Avena sterilis subsp.

Treatment Dose (Lit or g/ha) ludoviciana Phalaris minor Lolium rigidum
Topik 1 +++ +++ +
Puma Super 1 ++ ++ +
Mesomax 1.25 ++++ ++++ +
Ritmica 0.3 ++++ ++++ +
Ritmica 0.4 ++++ ++++ +
Ritmica 0.5 ++++ ++++ ++
Atlantis 1.5 ++++ ++++ ++
Othello 1.6 ++++ ++++ +
Axial 1.25 ++++ ++++ ++
Fist Super 3 ++ ++ +
Fist Super 4 ++ +++ +
Sencor 800 +++ +++ ++
Fist Super + Sencor 3+ 400 +++ +++ +

Weeds control percentage: ++++ excellent (more than 85%,), +++ good (70-85%,), ++ moderate (50-70%,),

+ weak (30-50%;,).
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Table 7. Results of analysis of variance (mean square) for the effect of herbicide treatments on yield, yield
components and their changes percentage (CP) compared to control

Source of variation df Grain yield CP Biological yield CP
Replication 3 0.09™ 9.68™ 0.46™ 22.37™
Treatment 13 2.59™ 268.25" 17.36™ 245.11"
Error 39 0.36 12.44 1.22 6.7
CV (%) - 11.31 17.08 8.46 12.43

YA-

,“and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 7. Continued aalsl =Y g
Source of variation ar  1000-grain cp No. of grain Cp No. of spike CP
weight per spike
Replication 3 1.8™ " 0.77" 12.05™ 1549 0.84™
Treatment 13 22.09 24.16™ 88.53" 11217 9450 ™ 207.59"
Error 39 10.4 2.1 9.02 9.19 1761 13.7
CV (%) - 8.07 17.15 10.68 14.1 10.89 17.23

,"and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 8. Means of grain and biological yield of wheat and their changes percentage (CP) compared to control in
the studied treatments

Treatment Dose Grain yield Biological yield

(Lit or g/ha) Mean (ton.ha™') CP (%) Mean (ton.ha™!) CP (%)

Topik 1 4.51 c-e 11.07 fg 10.79 e-g 11.08 gh
Puma Super 1 4.3 de 10.04 ¢ 10.32 fg 10.19 gh
Mesomax 1.25 5.22b-e 20.05 c-e 12.75 b-f 21.14 c-e
Ritmica 300 4.64 b-e 13.06 e-g 11.68 d-g 13.34f gh
Ritmica 400 5.51 a-d 23.03 b-d 13.65 b-d 24.69 b-d
Ritmica 500 6.05 ab 28.77 ab 15.01 a-c 28.38 ab
Atlantis 1.5 5.65a-d 26.74 a-c 14.42 a-d 26.24 be
Othello 1.6 5.43 a-d 25.1b-d 13.32 b-e 23.52b-d
Axial 1.25 5.86 a-c 27.11 a-c 14.75 a-c 26.77 a-c

Fist Super 3 39e 8.03¢g 945 ¢ 9.21h
Fist Super 4 4.85b-e 15.13 e-g 11.81d-g 15.88 e-g
Sencor 800 6.12 ab 30.04 ab 15.31 ab 29.43 ab
Fist Super + Sencor 3+ 400 5.14 b-e 18.01 d- f 12.25 c-f 18.55 d-f
‘Weeding control - 6.85a 33.07 a 16.6 a 33.07 a

Means followed by the same letter in each column are not significantly different (P<0.05) by Tukey’s test.
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Table 9. Means of 1000-grain weight, number of grain and number of spike of wheat and their changes
percentage (CP) compared to control in the studied treatments

Dose (Lit 1000-grains weigh No. of grains per spike No. of spikes per m?
Treatment
or g/ha) Mean (g) CP (%) Mean CP (%) Mean CP (%)
Topik 1 37.67a 5.49 de 25d-f 18.95 b-d 335bc 12.46 ef
PumaSuper 1 36.12a 493e 22 ef 12.83 de 330 be 11.26 f
Mesomax 1.25 40.22 a 9.08 a-d 27 c-f 22.81 a-c 375 be 22.78 b-d
Ritmica 0.3 39.48 a 7.13 b-e 24 d-f 15.62 c-e 349 be 14.2 d-f
Ritmica 0.4 40.99 a 9.46 a-c 29 b-e 23.47 ab 400 a-c 24.56 be
Ritmica 0.5 42.19a 10.77 ab 33 a-cb 25.77 ab 428 ab 27.07 a-c
Atlantis 1.5 41.27 a 9.78 a-c 30 a-d 23.92 ab 415 a-c 25.46 a-c
Othello 1.6 40.11a 8.65 a-d 28 b-f 23.15 a-c 382 be 23.21 b-d
Axial 1.25 4144 a 10.26 ab 31 ad 24.23 ab 418 a-c 26.25 a-c
Fist Super 3 3575a 4.66 ¢ 21¢ 10.6e 320 ¢ 10.02 £
Fist Super 4 38.25a 6.28 c-e 26 c-f 21.19 a-c 354 be 19.24 c-f
Sencor 800 42.65a 11.65a 35ab 28.69 a 431 ab 29.03 ab
Fit + Sen 3+ 400 39.85a 7.88 b-e 26 c-f 22.34 a-c 367 be 21.27 b-e
‘Weeds.control 43.65 a 122 a 37a 27.61a 495a 34.07 a

Means followed by the same letter in each column are not significantly different (P<0.05) by Tukey’s test.
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Figure 1. The relationship between wheat grain yield with weed density and wheat dry weight
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