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Investigating the response of Irrigated Wheat Cultivars to Herbicide Total®

WG 80% (Metsulfuron-methyl + Sulfosulfuron) in Different Regions of Iran
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3- Todosulfuron+Mesosulfuron+
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Table 1. Investigated wheat cultivars at different experiment locations

aabe
Experiment _z ;T
location
Mashhad s Jolgeh-Rokh & Ll Karaj 23 Darab oi,/s

(Cultivar) 3
Pishgam ¢l§....4 N . N _
Pishtaz ks, _ - + -
Oroum Y ¥ " ¥ -
Zare &S + + + _
Mihan 4. + + + _
Sissons g l. - + - -
Gascogne o} S + - - -

Chamran o o> -
Shiroodi sy .4 _

Aflak ¢ -
Behrang <% ¢ -

Yavaros _.s,isL -

- +

- +

Sl aibate [2sle3T s é;:ﬁ@»q&a@%,@ﬁuj-f)é ‘.5):}?3@”@;.;»\;»)(9

“+” and “-” indicates inclusion and non-inclusion of cultivar at each experiment location, respectively.
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.(Wilkinson, 1971) 4%
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77- European Weed Research Council
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Table 2. Field operation dates and herbicide Metsulfuron+Sulfosulfuron application timings at different
experiment locations

Mashhad Jolgeh- Karaj Darab
Rokh
Field operation First year Second First year Second
Year Year
Seed Planting date s 23 Oct 17 Oct 06 Dec 31 Oct 22 Nov 30 Nov
2011 2011 2011 2012 2011 2012
@/ N Y) Q+/0v/Y0) (@+/:4/10) [SAVRV.YARD) [SXYZLVARD (CAVALVARY)
S e 5,8 0l
Herbicide application
timings
22 Nov 05 Apr 28 Feb 21 Nov 20 Dec 30 Dc
713 2011 2012 2012 2012 2011 2012
(@+/44/+Y) @V//WY) [CVARZLY) (QV/+4/+A) (COVALVALY) (CAVARVARY)
10 Mar 12 Apr 29 Mar 23 Dec 04 Jan 11 Jan
716 2012 2012 2012 2012 2012 2013
(CYVARZARD @V/4V/YF) [CAVARVARY) [SAARYR 9 (CYVARVAL o) [CAVARVARD)
04 Apr 17 Apr 17 Apr 13 Mar 04 Feb 20 Jan
731 2012 2012 2012 2013 2012 2013
[CRVERVAYY) [CRVZRVALY! [CRVERVALY) @V/NVY/YY) [COVARVAYY) QV/VV/YY)
30 Jun 15 Jul 18 Jul 06 Jul 14 Jun 17 Jun
Harvesteals 2012 2012 2012 2013 2012 2013
AV 70K (QV/+¥/Y0) (QYV/2¥/YA) QY/+¥/10) (CAVRA /ALY (QY/2Y7YY)

ST s b gl Gble b gy e il &S SMLT Y J gt

Table 3. Soil characteristics at different experiment locations

Sl ST esls SO Sl oS sl RITEN S -

Organic matter pH  EC(dSm) Soil texture N P K
Location (percent) percent ppm ppm
Mashhad 0.56 7.80 1.54 Loam 0.01 10 200
Jolgeh-Rokh 0.58 7.80 1.048 Loamy clay 0.015 15 282
Karaj 1 7.76 1.36 Clay loam 0.11 7 184
Darab 0.4 7.96 2.87 Silty clay loam 0.01 12 228
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Table 4. Mean dry weight of root and shoot of different wheat cultivars at Mashhad region

S O Mihan Oroum Pishgam Zare Gascogne
Dry Weight (g m?)
Root «z, 28.53° 38.862 36.362 34.73 @ 38.80°
Shoot 1 s el 102.90 102.13 104.16 101.50 105.53

L0=70,8015) sl o I3 sme D ol Sl Gy~ ot pde Loy e alie g >

Values with common letter(s) or without letter represent no significant differences between treatments for
each trait , (DMRT 0=5%).

C)d{k}%}) ri;ﬁ.Lbu rb)\); &UA fu"‘“i”:‘}d)}J“‘"l) i 3T u;“L:‘ © J)J.}
Table 5. Mean dry weight of root and shoot of different wheat cultivars at Jolgeh-Rokh region

s O Mihan Oroum Pishgam Zare Sissons
Dry Weight (g m?)
Root +:. 794 831.3 828.9 854.6 933.8
Shoot 15 el 1005.56 910.44 948.89 981.11 907.78

.((X,:’/.OQ.{]\)) JMLJA ).Jdl:u ey e r.l:« f<'\:‘ J}J;- CJJ (J& L: “;l:) BLISE] ML....A J}J;-

Values with common letter(s) or without letter represent no significant differences between treatments for
each trait , (DMRT 0=5%).

L}Jjw\gjlgwgwlr_ap&lﬁéurw Qj)#}‘c;&n):ﬁbj'rc@ﬂ
pLol a5 &St 05 (7 o) dd yls gmn Il o 3 ol ady ) &St 035 b5 1 0T oMl
AV J3asr) s ls e (VFAY) (5le5T pss Il s o8 oty sl KusS b 35 Ol s ks
ol e Jolgo 51 (3500 by ol Ah) Joudly 5 (15 a4 iy o odalie UL
Bowran aIld).5}-3g‘j;‘,_nHJMQﬁébUM‘j@HJuﬁu&u&uhlﬁ
59 0dd 5SS Jlu jadbd:.ib)"\'c\fgb\.sjcjf&bp 23059 4 ¢ 5550 o) .(Blacklow, 1987
pU ) Lo L Ul Jla 53 &5 5 aslsly plsl Codestt Jie sl V57 (gl Jsutar) 3 5 odalin
23 paos) 055 ((olm il 5 o)) ST 055 b Y i) bl e o33 Jlw 53 (S5 355 s ins
 Jsr) 35 ) I3l ks 3 Sl s 2 S
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Table 6. Mean dry weight of root and shoot of different wheat cultivars at Karaj region

S B (Cultivar) o3,
Dry Weight (g m?) Jl

Year Mihan Oroum Pishgam Zare Pishtaz

Root 4z 2011 118.90® 89.42° 115.79 ® 92.35%® 90.57°

)

2012 65.55 82.90 76.95 73.65 67.40
a b a a a

Shoot i1 » ol 2011 249.57 162.35 217.15 203.49 200.70
2012 259.78° 306.43* 258.70" 245.93" 259.90°

(0=7.0 ,SS1s) wsl o Hls sme BN gl Sl oy~ Todpde by o wlie iy -
Values with common letter(s) or without letter represent no significant differences between
treatments for each trait , (DMRT a=5%).
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Table 7. Mean dry weight of root and shoot of different wheat cultivars at Darab region

Y (Cultivar) 43,
Dry Weight (g m?) Ju
Year Aflak Behrang Chamran Shiroodi Yavarous
R . 2011 76.65 74.74 82.28 72.34 75.68
00t aiu
2012 48.77 51.58 50.80 53.94 49.44
Shoot _ylp» o4 2011 288.67 314.83 285.83 264.33 320.00
2012 251.23¢ 307.852 264.53 253.84¢ 299.42®

.((X:‘/.OQ.QHJ) J\.I:L:d.a )~>L5'uu | (J& f<4L.: \_'9})> C)b ‘:J& L: “ﬁi’) A1 4.L..A \_é'ej>

Values with common letter(s) or without letter represent no significant differences between treatments for each
trait , (DMRT 0=5%)., (DMRT a=5%).

3 S bl ko o 51 o amalS sy sla (S35 ile on pl6 )l 5 S S50

v_s)ue@&L”M_.:.aulz;”%&;ﬁv_s,ogw,;s@ssc, 2011) Cl 651 513 o5l

s 3, S o 3V Oyl 53 sl 5 Ol oK )5 25 aleiT 3 Sl 5 e 0Kl
(O BA s Jgd) Wisls olamst] 5

CJ&?}W&E»A}.}J; r..ufg}.l:m ruﬂ FHE ;Jﬂoﬁ W\ J_,.L’.
Table 8. Grain yield of different wheat cultivars at Mashhad and Jolgeh-Rokh regions

&l 5 Shas

Grain yield (kg ha'!)
Location Mihan  Oroum  Pishgam Zare Gascogne  Sissons
Mashhad 1z 5310°  5300° 6810* 5680° 4740 ¢ -
Jolgeh-Rokh # , K- 9560 8500 9910 9890 - 8980

fJ;JMMngL}(%/Ou.{u\:) ./\.\;ILLSAJ‘}LSN o (:J.GJ.<.JL:J t._e)f C): (:J.Gli;L.:_:)JA): AJL.L.A t._e)f

Cﬁ.ﬂ\«i}a.;.a&g_bﬂ):v}) 3
Values with common letter(s) or without letter represent no significant differences between

treatments for each trait, (DMRT 0=5%). Dash line indicates absence of cultivar at
experiment location

oS e Jrlesl dle 53 s puiS il o651 ails 3 Shae (4 Ui

Table 9. Grain yield of different wheat cultivars during two years of experiment at
Karaj region

&l 5 Sas
Grain yield (kg ha!)
YearJL. Mihan  Oroum Pishgam Zare Pishtaz
2011 6000° 4140° 5500° 4540° 5730°
2012 6430° 5870 6520° 5440° 60502

J..JJLL;‘:)‘:L;\M eS| rJ&_)i.z\cJ “—5})" C): rJ&\i L‘:ibﬁﬁ MLLJ: “—5})"
Sl aalais u,:.i\ﬁ)T BL) r_;) S99 rJ& L;\M “ a):; L .((X:./.OO_(}‘:)
Values with common letter(s) or without letter represent no significant
differences between treatments (DMRT 0=5%).
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Table 10. Grain yield of different wheat cultivars during two years of experiment at
Darab region

&l 5 Slas
Grain yield (kg ha'!)
YearJL. Aflak  Behrang Chamran Shiroodi Yavarous
2011 8530° 10072 9970? 9460 9870?
2012 7100° 8540° 8080° 7340° 8180°

Mb&)‘bd:u e r"l;ji"k:‘" L_Bjj.>- G)) r.lﬁk.i u_iibjjbjb MLM L_ij
Gl dilaie u;.ikﬂ)T BE r_;) S r.lﬁ L;Ju “ AJ:.'; Lo .((X:./.Oc_i.;‘))
Values with common letter(s) or without letter represent no significant

differences between treatments (DMRT a=5%).
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Table 11. Mean comparison of different wheat cultivars for root and shoot dry weight and grain yield
(as a percentage of non-treated plot) during two years of experiment at Karaj region

(A ) e Ju Cultivar (Vj )

Parameter (percent) Year  Mihan Oroum Pishgam Zare Pishtaz
- 2011 7995°  69.43° 91.17° 8024°  75.15%
Root dry weightez,, st 03 2012 75404 83.71% 85.69" 90.20°  81.04¢
Shoot drv sweich S 2011 7801°  6501¢ 85.49° 82.90% 82,89
oot dry weightglys el S 035 5515 go sy 45.88° 88.56" 92.60*  84.50°
a b a b a

Grain yield «is 5 2011 94.73 85.60 97.42 82.54  96.61
’ 2012 9271 90.26 92.35 9427 9838

(0=7.0,S515) AL o sls sme BN pte Sl G Tod et by o alie G >
Values with common letter(s) or without letter represent no significant differences between

treatments for each trait (DMRT a=5%).
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Table 12. Mean comparison of different growth stages of wheat cultivars for
root and shoot dry weight and grain yield (as a percentage of non-treated plot) during
two years of experiment at Mashhad region

(Ao )3) S Growth stage (4, al> »)

Trait (percent) 713 716 731
Root dry weightz, , S 055 76.94° 97.09* 97.81°
Shoot dry weight /s, rl.ulai,:.so)‘, 85.66° 95652 98742
Grain yield 41> > Sas 96.99 94.43 91.66

(0= 5S313) Asl o Sl gme DM e Sl g o3 pde b sy o 3wl s >
Values with common letter(s) or without letter represent no significant differences
between treatments for each trait, (DMRT 0=5%).
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Table 13. Mean comparison of interaction effects of wheat cultivar sliced by growth stage for root and
shoot dry weight and grain yield (as a percentage of non-treated plot) during two years of experiment at Karaj

region
pES) Gl dl e ;S8 03 ey : lom plil oSKas 05y Aoy 5 Slhes s>

Cultivar  Growth stage  Root dry weight (percent)  Shoot dry weight (percent) Grain yield (percent)

2011 2012 2011 2012 2011 2012
Mihan 713 78.84°¢ 63.19°¢ 94,872 91.83° 95.85 87.06
Oroum 86.62° 76.60 ° 72.12¢ 84.05°¢ 100.00 87.24
Pishgam 98.192 92322 86.34° 94.17% 96.35 84.60
Zare 99.072 93.982 98.75% 97.922 97.21 98.62
Pishtaz 88.19° 62.05°¢ g8 73 be 712694 98.13 100.00
Mihan 716 80.02%° 82.66° 54.08 > 83.73° 96.41% 92.76
Oroum 63.17°¢ 74.55 ¢ 51.31°¢ 81.31° 95.83% 83.56
Pishgam 85.25% 71.76¢ 80.86°2 79.15° 97.72° 99.55
Zare 71.86 2% 80.38 ¢ 65.78° 84.21° 85.94° 89.87
Pishtaz 68.96 > 97.052 85.16° 94.992 99.552 98.81
Mihan Z31 80.99 2 80.35°¢ 85.07° 93.01° 91.942 98.32
Oroum 58.49°¢ 100.00? 71.60€ 100.00? 60.95° 100.00
Pishgam 90.08 2 93.71° 89.26° 92.35° 98.18% 92.90
Zare 69.80° 96.23 % 84.18 % 95.66 64.46° 94.33
Pishtaz 68.30° 84.02°¢ 74.77% 87.25¢ 92.14% 96.34

(00 SG5) sl o sl oan CDest ok Sy Cog o 3 pe b iy Al o o 53 O gt o 3 bt o
Values with common letter(s) or without letter represent no significant differences between treatments for each
trait at each growth stage (DMRT a=5%).
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Introduction:

In order for promising lines to be released and introduced to farmers, they are
required not only to be subjected to yield comparison tests but they should also
be closely examined and evaluated for their response to various environmental
stressors. Moreover, it is necessary to determine the safety margin of the selective
herbicides for such candidate lines during the process of improvement (Ramsey
et al. 2010). So far, more than 45 irrigated wheat cultivars and 20 herbicide
formulations for their selective weed control have been commercially registered
in Iran. However, since no sensitivity test is conducted on some of these wheat
cultivars, there is no documented information available on their response to the
registered herbicides, in particular, the sulfonylurea group of herbicides. Mode of
action of sulfonylureas is to inhibit the formation of acetolactate synthase (ALS),
which is a key enzyme for the synthesis of amino acids such as lucid, iso ucin
and valin (Blair & Martin, 1988). In our experiments, we determined the relative
response of 11 commonly grown wheat cultivars in four regions of Iran to the
application of herbicide metsulfuron+ sulfosulfuron (Total®), which is the most
frequently used herbicide to control wild barley in the regions where wheat is
cultivated.

Email address of the corresponding author: mh.hadizadeh@gmail.com
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Materials and Methods:

A field study was conducted in four regions of Iran, including Mashhad, Jolgeh-
Rokh (in Torbat-Heidarieh), Darab (in Fars) and Karaj during 2011 and 2012
growing seasons. The experimental layout at all testing locations was completely
randomized block design in factorial arrangement of the treatments with four
replicates. Treatments were wheat cultivars (five cultivars chosen from 11
recommended cultivars for each region) and three herbicide application timings (at
either Z13, Z16 or Z31 according to Zadoks growth stages for wheat). Root and
shoot dry weight of plant samples were determined in early growth stages. Grain
yield and visual injury assessment were subjected to statistical analysis and means
were separated by DMRT (0=5%).

Results and Discussion:

Results showed significant differences in grain yield of wheat cultivars irrespective
of herbicide spraying at different growth stages. The maximum grain yield
obtained with Pishgam cultivar in Mashhad and Jolgeh-Rokh, Pishgam, Mihan
and Pishtaz cultivars in Karaj and Behrang, Chamran and Yavaroose cultivars
in Darab. Herbicide application at Z13 caused a significant reduction in root dry
weight of Mihan (32%), Zare (40%) and Gascogene (29%) cultivars in Mashhad
but no significant reduction was observed in shoot dry weight and grain yield
(expressed in percentage terms relative to their corresponding untreated control).
Herbicide application on Orum and Zare cultivars at Z31 decreased dry weight of
root (41.5% and 30%) and shoot (16% and 29%) as well as grain yield (39 and
35%), respectively, in the first year of the experiment in Karaj. However, the grain
yield did not significantly decline in the second year. Pishgam cultivar did not
show any negative response to herbicide application at different growth stages.
In Jolgeh-Rokh and Darab, neither visible injury of herbicide on wheat cultivars
nor reduction in root and shoot dry weight and/or grain yield were detected. Cold
temperatures occurred soon after herbicide application in Karaj and Mashhad.
This might be accounted for the increased sensitivity of cultivars to the herbicide
although they recovered in most cases. Ferreira et al., (1990) in their study on wheat
showed that the injury caused by sulfosulfuron herbicide was more pronounced
under colder temperatures. Nevertheless, our results suggest that margin of safety
for herbicide application is more dependent on plant phenological stages than the
possible coincidence of herbicide spraying and other stress factors, in particular,
cold stress. To validate this assumption, it is necessary to conduct complementary
experiments that involve applying cold stress as a treatment.
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Conclusion:

Among 11 tested cultivars, most of them displayed no sign of sensitivity to Total®

application. Zare was recognized as the most sensitive cultivar, which was followed

by Oroum and Gascogene that exhibited relative sensitivity to the herbicide.

Keywords: Dry weight, Growth stage, Injury symptom, Sulfonylurea, Yield
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