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Table 1. Characteristics of experimental treatments
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Table 2. Timetable for field operations and application dates of herbicides at different experimental locations

s Slhes dghe s B olile S
Field operation Mashhad Karaj Shiraz Kermanshah
csls Az YY g/ YY NYZRA VAR Ag/Y/ Y
Seed planting date 3 Jun 2017 3 Jun 2017 12 Jun 2017 23 May 2017
g e iSile a5/ ¥V A9/ Y\ 8 45/ ¥/ F A5/ ¥/ Y
Pre-emergence herbicide 7 Jun 2017 6 Jun 2017 25 Jun 2017 23 May 2017
RET a8/ Y/YY 4%/ Y/YF YR 70 A%/ ¥/ A
Emergence date 12 Jun 2017 14 Jun 2017 28 Jun 2017 29 May 2017
s gy 2Sile 4/ ¥ A7/ BT 45/ ¥/YF A5/ Y/Y8
Post-emergence herbicide 20 Jun 2017 24 Jun 2017 15 Jul 2017 16 Jun 2017
5 e (6, s a8/+0/+ ) a8/+0/+\ 48/+0/10 a8/ F/Y0
Weed sampling date 23 Jul 2017 23 Jul 2017 6 Aug 2017 16 Jul 2017
sl 4%/ A/ YRAL 4%/ V/IYF a8/ VY
Harvest date 25 Oct 2017 17 Oct 2017 16 Oct 2017 4 Oct 2017
ey Ve S e VS S VeF S e Ve S e
Cultivar SC704 SC704 SC704 SC703
GESa 53 @) Oopd 499 0 ST 5
S8 2 630 203 i 517 66000 75000 66000 75000
Density (plant ha™)
Table 3. Soil characteristics at different experimental locations
S JTeoske wdel  SSNe e oS il 05955 b 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
Karaj 0.58 7.50 4.54 Loamy clay 0.012 17 367
Shiraz 0.60 7.80 1.31 Silty clay loam 0.6 14 320
Kermanshah 0.40 7.90 0.86 Silty clay loam 0.03 7.5 270
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Table 4. Spectrum of weeds found at different experimental locations

Sacalke 88 Sl gl Locations
Weed binomial name Persian name dgie s Sl oliile S
Mashhad Karaj Shiraz  Kermanshah
Amaranthus spp. o b g s 5y +++ 4+ e Tt
Chenopodium album Sl + +++ + +
Convolvulus arvensis o) e Sy - + + +
Datura stramonium oyl - + + -
Portulaca oleracea Py o+ +++ T+ _
Hibiscus trionum oS8 - + + -
Acroptylon repense s + - - -
Abutilon theophrasti w58 - - - +
Cyperus sp. W - + + -
Echinochloa crus- o9y 5m +++ +++ - +
galli
Sorghum halepense Sl - - 4t _
Solanum nigrum ol (5315 7 + + - +
Chrozophora oy 5SS - + + _
tinctoria
Anchusa ovata Jus 0b;58 + - + +
Physalis divaricata 03 Sk Sy & - - - +++
Glycyrrhiza glabra Ol e - - _ 44t
Setaria viridis o Ay a3 - - - 4t

-

Dominant, "Non-dominant,

" Non-present

— s 09 ok Oglie sl (b B g

LY

Cow

—

o 0 J)ub-) Aol
00+) 5 LS5 5+ Jzem 550,18 005

93 ol )\

A sl e (S5 el de s W

bes

J

055 Al gl palie ol (8 Jads) Kb

(Al e

$rIFI

s A g WO
ook Slasled plo 4 S o

<y

TR N TR Al c/\\c)'J.ALQLAd.L&&«a-‘ wes

) O

IV

Cowd

T

(0 ) Lisls Ol (6 2 21H8 gl

95 T o 5l &S dzils aas U bawge

a5 eSS a Sl s baslas 36 Wy,

RrPIF D

Sl

)

oA sale ¢ 6T SIS Cale

90 u“i)

M)ba\jb\c

5409l pb s (5

|

. -

Como

dA sl e

N3 ginn gl o oy 3550 5345 351 geas

R

b o f

sreS sieiTs

L;L:QDO' j?F')&‘jﬁ\.«S}ﬁHJ{.ﬂ Q};L)\s

b4 b

sl

A e T B LSk e 055

+095 58 g st Oy sl el 8 5 ()

W APl

SUEY
s B o
5 3
m 3
S
5 3
b3
13

.\m.w
q 2
8 =
vy 3

Foa S sy 0L

-

ke sla 48 51 eSS lee p bajleg 3G

3



s

VAR 5oL VYA duly =Y o)lad — ¥ 0,95 « (155 SO 9ol S s g R 4 i

Table 5. Mean comparison for weed density (plant m’

gt 5> D3 3 sledle $SCas 0555 0515 sl Gl3T (sl sles (o Kile 4y lie -0 5k

%) and weed dry weight (g m?) in Mashhad corn field

oAl @l e Sy b5 STITe N3
Pigweed Common bindweed = Common purslane Barnyard grass Total
S5 033 Slp a5 (Sl Sus0ss WSS 033 S5 S 05
Density  «<:x  Density Dry Density Dry Density  ¢<:x  Density Dry weight
§ s Dry weight weight Dry
Treatments weight weight
oSk
Lumax.Pre  2.00*  12.90™ 13.50™ 19.45™  4.50® 3510  4.00° 15.15° 24.50*  83.00"
S
Lumax.Poe  12.50* 15.75" 20.00°  30.35* 450"  93.00°  14.50* 54.50"° 52.50® = 193.85"
23k Aele
MaisterP 0.00° 0.00° 1.50¢ 1.70¢ 450®  45.10® 6.50°  18.65° 18.00°  75.50°¢
ity
Clio 4.00° 455" 12.00™  16.05™  12.50° 128.15®  24.50* 86.70°  53.50°  243.70%
11.%»._\
Adengo330  8.00°  40.60"  4.00% 2.75% 12.50°  109.45®  5.50° 7.40°  30.00™  160.20*¢
£ ST
Adengo440  2.00*  4.25*  0.00° 0.00¢ 3.00° 5925 11.00* 2245  16.00° 73.95¢
00+ KT
Adengo550  0.50*  4.40*  4.50% 5.40% 1.00° 26.00° 16.00°  37.90* 23.50® = 85.95%
ey O
WI 12,07 31.01°  11.49® 2311  1247° 141.27° 13.41° 33.12° 64.11°  267.83"

3 s S e o 4 e Sl 5 S S Lo e § Ll 70 o 53 LSD 0505 el 5l e 3t Sl ol a5 O a3 S ke b s
S e 00 5 FFr ¥V e L5 5 4 000 5 FF z}..umhu._\xr.Cx.lfLﬁvuLWAot.rcqr.\ﬂ.,+otwuuiwk+r.u&‘w&ul4(umvtrﬁ.‘ulrmr.hu.uf&\q+¥W¢%_+Q&hs\.»&&

§

o3 8T Aall) pom g Ogs ¢ 5 $BLLS 5 55 b Juzad 551,180 LU s
In the same column, values followed by the same letter are not significantly different according to LSD test (a=0.05).
Lumax-Pre and Lumax-Poe :pre-emergence and post-emergence application of mesotrione+ s-metalachlor+ terbuthylazine, respectively; MaisterP:

foramsulfuron+iodosulfuron+thiencarbazone; Clio: topramezone; Adengo 330, Adengo 440 and Adengo 550: application rates of thiencarbazone +isoxaflutol
330 ml ha™'. 440 ml ha" and 550 ml ha™, respectively: WI: weed infested control.
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Table 6. Mean comparison for weed density (plant m?) and weed dry weight (g m™) in Karaj corn field

oI AEs o rpak “ g s 5
Pigweed Common lambs- Common purslane Barnyard grass Total
quarters

Sl Sl S S 0 S5 S 0 N S 0

Density Dry Density  Dry weight Density  Dry weight  Density Dry Density  Dry weight
§ ,ls Treatments

50 dsie) i pland sy

a
SRR
23l halS L,
bt o5k slasles 3 Shee )y (o b

LI

A

a .,

SSile LIS s

o

>

L

¥

buw

TSI
“ 4

ot om®

0> el
29 9w 2D
Lo lasles

weight weight

Sl

Lumax.Pre 0.00° 0.00° 0.00° 0.00° 0.00° 0.00° 40.00™  51.50°°  96.00™  131.54"
oSy

Lumax.Poe 0.00° 0.00° 0.00° 0.00° 0.00° 0.00° 96.00"  115.43° 119.00°  133.89"™
234 el

MaisterP 0.00° 0.00° 0.00° 0.00° 0.00° 0.00° 30.00° 11.12°  59.00% 55.85°
5

Clio 0.00° 0.00° 3.00° 9.61° 10.00° 25.48° 58.00°  102.52" 126.00°  208.38"
T ST 109.00°
Adengo330 7.00° 9.93 2.00° 2.00° 1.00° 4.61° 65.00  60.72"¢ ¢ 111.71%
£ sT

Adengo440 7.00° 7.83° 0.00° 0.00° 1.00° 1.63° 29.00°  43.82°°  58.00¢  105.81"™
00+ SsT

Adengo550 2.00° 1.15° 0.00° 0.00° 0.00° 0.00° 24.00°  29.38%  41.00 65.57°
9 09

WI 38.00°  137.59°  18.00° 51.96™ 8.00° 23.01° 146.00°  224.12°  259.00°  421.72°
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In the same column, values followed by the same letter are not significantly different according to LSD test (¢=0.05).

§ Lumax-Pre and Lumax-Poe :pre-emergence and post-emergence application of mesotrione+ s-metalachlor+ terbuthylazine, respectively; MaisterP:
foramsulfuron-+iodosulfuron+thiencarbazone; Clio: topramezone; Adengo 330, Adengo 440 and Adengo 550: application rates of thiencarbazone +isoxaflutol 330 ml ha™', 440 ml
ha™! and 550 ml ha™, respectively; WI: weed infested control.
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Table 7. Mean comparison for weed density (plant m™) and weed dry weight (g m™) in Shiraz corn field

os” gl ols = Jz
Pigweed Johnson grass Common purslane Total
SLs 33 oS\ 053 S U3 oS5 S 055
. Density Sis Density Sex Density Kix  Density U.Q
e Dry Dry Dry weight
Treatments weight weight weight
o oSbey
Lumax.Pre 1875  33.00°  26.25°  3525°  2625® 4450  71.25°  112.75°
oSl
Lumax.Poe 11.50°  13.75™  19.25°  27.00° 21.25" 3775  52.00°  78.50°
BYLP
MaisterP 7.00¢  8.00% 9.50%  11.75%" 1650 2550 33.00°  45.25¢
58
Clio 675  10.75°¢  11.75%  14.00*  10.75 17° 2925 41.75¢
e
Adengo330 925 17.75®  11.75%  16.00°  13.25% 17.50™  34.00°  51.25¢
£Ee sl
Adengo440 2754 4759 5.00° 7.00°  3.00° 825  10.75°  20.00°
00+ sl
Adengo550 2754 3759 4.00" 5750 4000 5259 10.75°  14.75°
s Ok
WI 20.00°  36.75°  38.50°  48.50"  30.00° 4575 8859 131°

e an 4 e Sl 5 e Sl )l § Ll 10 o 3 LSD 0 pa5T bl s 1 e el Sl ol a5 0t 2 53 S ke b 3y
S A0 PP T ST 555058 H0 03U o 40558 g5k 0105 58 sl 5 9) 3t esle § KT 3+ AT e S 5m (P ss b 5 (A
o3 T dali) o g 039obs ¢ J5 SBLuS 5 351 el 30,100 HUSa 5o 2 Lo 08¢ 5 FF e (YPr o oz

In the same column, values followed by the same letter are not significantly different according to LSD test (¢=0.05).

s Lumax-Pre and Lumax-Poe :pre-emergence and post-emergence application of mesotrione+ s-metalachlor+ terbuthylazine, respectively;
MaisterP: foramsulfuron+iodosulfuron-+thiencarbazone; Clio: topramezone; Adengo 330, Adengo 440 and Adengo 550: application rates of
thiencarbazone +isoxaflutol 330 ml ha™', 440 ml ha™' and 550 ml ha™', respectively; WI: weed infested control.
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Table 8. Mean comparison for weed density (plant m™) and weed dry weight (g m™) in Kermanshah corn field

. Lgia.h.))}ﬁ).)jb

L;.x.a

S 51 5les » lay
J5 sl 5 5 e

A )‘.)

a

Sl Cals ¢ garms 5 6]

SSile LIS s

w03 s
L
F oA
Lod

ol s

ER BB

Q_.}J'\b

o

Nl 03 Lely S0 Ol ot 50 5
Pigweed Jg Licorice Green foxtail Total
Annual ground
cherry
S SEE 055 S SE S onSss S S0 oS1 SEE 055
Densit Dr Densit Dr Densit Dr; Densit Dr; Densit Dry weight
"L Treatments ’ QQWE Y EQME Y EQWE ’ QQWE ’ Y
o oSk
Lumax.Pre 1.75% 3.01¢ 1.25¢ 1.78¢ 2.50° 19.00°  2.75™ 6.10° 8.25¢ 29.90¢
ot oSk
Lumax.Poe 0.5° 1.07° 0.00¢ 0.00¢ 2.00¢ 14.86° 225  497% 475" 20.91¢
o3k esle
MaisterP 1.5¢ 2.55¢ 1.25¢ 1.88¢ 425" 31.92°  2.00¢  3.53% 9.00¢ 39.88°
S
Clio 2.5 428" 6.25° 9.40° 4.50b 33.08° 3.75° 8.40° 17.00° 55.17°
T Kl
Adengo330 2.757° 4.68" 1.25¢ 2.05¢ 6.00°  45.69" 1.5%f 3.43% 11.50° 55.86"
£ sl
Adengo440 0.00° 0.00° 0.00¢ 0.00¢ 6.25° 4620 1.00°¢f 2.40°" 7.25% 48.60"
00+ s
Adengo550 0.00° 0.00° 0.00¢ 0.00¢ 5.50®  40.52" 0.5" 1.40" 6.00° 41.92¢
e Ok
Wil 10.42° 17.61° 11.13*  15.65" 6.67° 51.83 1035 23.34° 38.59° 108.44°

Sy

sles Lo ysAF 5 Lo y5A)N
+ SN b
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ol OmSsie s o s s e e 5 4 e oS G STl 1l § Ll U0 e 53 LSD) 0 p03T bl s ime Yt S0 oS 5 gt 8 03 S 2 b s
O3 8 5 S5 o it 55 5o 3 2 e 00+ 5 PP (XY (5 me 3 4 000 5 PR 1Y ST 605500 1) ST 003U (405558 3ok 0 58 g 15 38) 53l el € 0 SO g IS s
Lo T dals) o s
W: the same column, values followed by the same letter are not significantly different according to LSD test (a=0.05).
Lumax-Pre and Lumax-Poe :pre-emergence and post-emergence application of mesotrione+ s-metalachlor+ terbuthylazine, respectively; MaisterP:

foramsulfuron+iodosulfuron+thiencarbazone; Clio: topramezone; Adengo 330, Adengo 440 and Adengo 550: application rates of thiencarbazone +isoxaflutol 330 ml ha™', 440 ml
ha' and 550 ml ha™', respectively; WI: weed infested control.
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Table 10. Mean comparison for grain yield (ton ha™) and biological yield (ton ha™) of corn

Sl g s B oliile S
Treatments Mashhad Karaj Shiraz Kermanshah
4l 58 s 4l oSS58 5 4l 4l oSS58 5
Grain  Biological Grain  Biological Grain Grain Biological
yield yield yield yield yield yield yield
S Sy
Lumax.Pre 4.72% 12.76*¢  505®  1426%® 3.93° 7.43f 19.47¢
oSy
Lumax.Poe 4.53% 12.26%  4.65° 12.55 % 3.83° 7.73% 21.58°
294 fsle
MaisterP 6.03° 17.25*  5.09®  1233% 3.40° 7.72¢ 21.67°
55
Clio 4.19% 11.33%  434° 12.62° 3.18° 7.378 19.33¢
v KT
Adengo330 4.73% 14.55%  479%®  1328% 3.40° 7.51° 21.44¢
£ ST
Adengo440 5.38% 1551 486%™  13.55%® 7.89° 7.87° 22.39°
00+ KsT
Adengo550 5.14%° 1525® 506%™  15.13° 7.78° 7.76° 22.59%
s Ok
WI 3.36 9.10° 3.26° 1038 ° 4.14° 6.59" 17.56°
S s
WF 5.51% 1489  5.66° 1533 ¢ 8.01° 8.19° 22.92°
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In the same column, values followed by the same letter are not significantly different according to LSD test

(02=0.05).

§ Lumax-Pre and Lumax-Poe :pre-emergence and post-emergence application of mesotrione+ s-metalachlor+
terbuthylazine, respectively; MaisterP: foramsulfuron+iodosulfuron+thiencarbazone; Clio: topramezone;
Adengo 330, Adengo 440 and Adengo 550: application rates of thiencarbazone +isoxaflutol 330 ml ha!, 440
ml ha”! and 550 ml ha™', respectively; WI: weed infested control.
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Table 10. Descriptive assessment of herbicide efficiency for weed control population at the all experimental locations
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Extended Abstract

Hadizadeh, M. H., Karaminejad M. R., Jamali M. R., Sabeti P., Efficacy of Thiencarbazone-
methyl-+Isoxaflutole +cyprosulfamide compared with common herbicides for weed control in corn
(Zea mays L.)

Applied Research in Field Crops Vol 33, No. 3, 2020 16-19: 95-116(in Persian)

Introduction:

Plant Protection Organization (PPO) has registered sixteen commercial herbicides
formulations for weed control of corn in Iran (Nourbakhsh, 2016). Among
these herbicides, eight herbicides contain one active ingredient and the other
seven have two or three active ingredients including acetolactate synthase
(ALS) enzyme inhibiting groups — auxin-analogue groups, photosynthetic
inhibitors of photosystem II and inhibitors of fatty acids and cell division,
which are sometimes formulated with safeners. Previous studies show
that the existing weed species do not similarly respond to herbicides and
therefore the percentage control of some of the weed species is lower than the
other species (Hadizadeh, 2016). These hard-to control weeds are naturally
resistant to herbicides. Thus, new herbicides with several active ingredients
are suggested to be used to suppress such weeds. The aim of this work was
to find the best chemical treatments against weeds in corn production based

on using new herbicides thiencarbazone+isoxaflutol+cyprosulfamide and
Email address of the corresponding author: mh.hadizadeh@gmail.com
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comparing their efficacy with the common registered herbicides in the major
corn growing areas of Iran.

Materials and Methods:

A field study was conducted in four regions of Iran, including Mashhad, Karaj,
Shiraz and Kermanshah during the 2017 growing season. The statistical layout
was a completely randomized block design with four replicates. The seven
chemical treatments were mesotrionet s-metalachlor+ terbuthylazine (Lumax®
537.5SE pre-emergence, 4 1 ha! or post-emergence, 4.5 1 ha'), foramsulfuron+
iodosulfuron +thiencarbazone (MaisTer Power® 4.25%0D, 1 | ha), topramezone
(Clio® 29.7%SC, 150 ml ha') and the new herbicide thiencarbazone+isoxaflutol+
cyprosulfamide with three recommended doses (Adengo 46.5%Sc, 330, 440 and
550 ml ha'). A hand-weeded treatment and an unweeded treatment served
as controls. Weed density and weed dry weight for each plot were measured
four weeks after the last application the herbicides. Corn was harvested
from 10 m? of each plot after removing border plots. Corn grain yield was
determined after adjusting the moisture level of grain to 14 %. To measure
corn biological yield, the samples of 10 corn plants were taken and then were
dried in an oven. Data from each region were subjected to statistical analysis
using SAS/STAT statistical software and the means were separated by least
significant difference (LSD) test (a=5%).

Results and Discussion:

The results showed a diverse spectrum of weeds (17 species) at the experimental
locations. Pigweed species (Amaranthus retroflexus and A. blitoides) were
dominant in the all tested locations. The next dominant weed species were
Portulaca oleraceae L., Echinochloa crus-galli (L.) P. Beauv., Convolvulus
arvensis L., Chenopodium album L., Sorghum halepense (L.) Pers.,
Physalis divaricate L., Glycyrrhiza glabra L., and Setaria viridis L. Across
the experimental locations, thiencarbazone+isoxaflutol+cyprosulfamide was
efficient at 440 and 550 ml ha! concentrations for weed control (75 to 88%).
However, when applied at dosage of 330 ml ha!, its weed control efficiency was

lower (30 to 50%). Topramezone was inefficient in controlling weeds in all the
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locations, which was in agreement with the findings of some previous studies
(Hadizadeh et al., 2015). Foramsulfuron+ lodosulfuron+Thiencarbazone (11
ha') was efficient in weed control (70-85%) in Mashhad and Karaj. All the
herbicides (except topramezone) effectively controlled P. divaricate as an
invasive weed. E. crus-galli and G. glabra were identified as difficult-to-
control weeds. None of the herbicides showed injury symptoms on corn.

Conclusion:

Thiencarbazone+isoxaflutol (440 and 550 ml ha') showed 70-85 weed control
efficiency averaged in the all experimental locations and it could be
recommended to be used in corn field after registration process. However,
due to the environmental concerns, it should be applied at low doses.
Foramsulfuron+ idosulfuron+ thiencarbazone was found to be the next
efficient herbicide. Barnyard grass and licorice were difficult-to-control weed
species or there were not controlled by new herbicides. We also suggest the
evaluation of the herbicides for their residual effects on the succeeding crops.
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