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To investigate the effect of anionic and nonionic surfactants at different
pH levels on the efficacy of sulfosulfuron in controlling wild barley, an
experiment was conducted in a CRD as a factorial arrangement with
four replications. The first factor was the application of sulfosulfuron
herbicide (WG 75%) at four doses of 0, 13.3, 26.6, and 35 g ha''. The
second factor included the application of 10 types of surfactants that
were sprayed on wild barley in mixtures with sulfosulfuron in solutions
with pHs of 5, 7, and 9. There was no wild barley spike when
sulfosulfuron was applied at 26.6 g ha™! combined with SLS at pH 5
and 7 and KECO10 at pH 7 and 9, while in the control treatment without
surfactant, spike dry weights exceeded 300 g m* at all pH levels. The
minimum dry weights of wild barley were recorded at the mentioned
sulfosulfuron dose combined with SLS at pH 5 and 7 and KECO10 at
pH 7 and 9, which were 299, 438, 334, and 356 g m™ respectively. In
contrast, in the control without surfactants, the dry weight of wild
barley exceeded 1000 g m™? across all pH levels. Furthermore, the
lowest effective doses for 90% control (ED90) were 13.9, 19.2, 15, and
12.7 g ha™! for the respective treatments, compared to 35 g ha! in the
control. The application of surfactants at different acidity levels, alone
or together with sulfosulfuron, had no significant effect on total dry
weight or leaf area in wheat cultivars Sivand, Bahar, and Sirvan.
Although the use of all surfactants increased the efficacy of
sulfosulfuron in controlling wild barley, the pH of the final solution can
play a significant role in the performance of both the surfactant and the
herbicide.
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Table 1. Properties of surfactants used in the experiment

No Surfactant Abbreviation  Polarity
1 Dioctyl sodium sulfosuccinate DOSS Anionic
2 Sodium lauryl ether sulfate SLS Anionic
3 Nonylphenol Ethoxylate NPE9 Nonionic
4 Ethoxylated castor oil COE40 Nonionic
5 Lauryl alcohol ethoxylated LAE7 Nonionic
6 Alkyl aryl polyglycol ethylene AAPE Nonionic
7 Oleic acid polyethylene glycol ester KEOL9 Nonionic
8  Coconut fatty acid Polyethylene Glycol Ester KECO10 Nonionic
9 Polyethylene glycol ether fatty alcohol PEGFA Nonionic
10 Control - -

Folos 5o b o ats L Sl 4 bay s LA

& Il e 5 LdkSosls 13 315 sl 4o

! Sulfosulfuron
2 Acetolactate Synthase
3 Hordeum spontaneum C. Koch

go.sﬁrxf@\yj‘ o335 A e Hod

So3Tpazr Ol Dbl cpnaly s Ol g 53 03



ady ST Il ey pmm (5,5 o510 (s
P 0953 e 3 odd el JolS sk e
s S 5sab g e al gzl 53 OT aste
a5 3 T 53 ok sl o Ml 5 b
L dralee laaly ) o (G5l ) b 55
PN 1298 glo3T
2ok 8 oled SLS 5 Slepss alaiT )
sDOSS (NPE (LAE (COE Jals Jl 23T
235l 5 Lo Olg o p 15 15,1 KECO10
Jal pmlesT Ll o G 095 ) sun 54) por b L
Do S 0 31 oS a1 5ody Liks L3
S 33 GLOIAE 53 55 s g Hd 5 g
3 F S Gl S b b g5l
5o b el s S s s, S S
S 5 e palS 4 (S 93 Ao
diiu)'Tuijjq.i@:%bf);)xM&
L3 Sl Jlesl 3l

Ao 53 iyl &S el sl
NS 2 sy = gl oS (’“‘f S ey
Sl 1S b b g alin ¢S 5 B OIS aS7 5
055 o g o (68 031 n il o3
e I D K QP PORCIN ST At
FA Sk 4y 5 ol adldS 8L 53 5 odd piS
s VY Gl s (S 05T s cel
L o ¢SKast 1w Lidd osls 15 51 S sl
055 5S0le Lks i+ 0/00) Sl ol y
A5 53 S5 0T @ g S 055 Ol gt 4 6 xy

sshie o2l (SibT @R M9
oslesl SAS )\J'é\pj 5 esls LT 4

S 35 SLOIIE 550555 59y diis b
5 F) S sl S b bles (sl
33 oy slhamals ...ki.sjf odd g}.flp-
S 5 Wl malS 4 o S s do e
035 S g i bl Al e 3 5 s S
bl Jlasl 4 o131

Lol pon 2S5 Cale Jgloms clajlog Jlesl (61 5
Vo iy Sl Sl ealial b egiled DLS S
el Hb 4w 5L Ly Cor (5 56 L Hecht (6 2
sbrl 6l Sl dbajles dleel I iy
o, 8 S Hs md ¥ spds 5L st
s 5

izt (6 5las Slad glowe 51 S5 a0 sl g1
ST 2 ey daoys /P bl b lasibSS u
0058 g sl g 1S ke s 5 0d Jo- Jhis
S s 8 6lol Jgloes 4 sds S5 glajs s
Sedd sh lasled O seas Jshee pH o
Aol 54 W s gl GaliS fodes
3 e s eslinel T sblse 5 SO 2w
03 bl s coles gl e CxL
s S plol o 5L (glaslag

Oy (S ey Olej 53 Slie L5l Gl
S A5l Sl eslizal L OIS o 55 bawsy g Lis)|
ey 2l adin B 0SS ke
355 U0 Slp e A8 (S 03I 2o Sl
ol e |l 4l g S 05 5 JS oS
5ju1&;|m,ouﬂq§5\>’c@;mﬁf
Colu FA Soe 4y 5 0 a2l IS ST s lapls!
35318 b, VY glos ys SO ST s

L 55 s K w5 Lk 03l



MDY Wl sl 5 melacde b;;}!;«lzu/(\bi)()\;@jdmb At

e @YU U €y sh e oS oSt 0
5,8 Jie S Sl esglaw STas)
9EDI10 acnlous (gl 5 L c(@\ﬁ*puifqd&
3 EDso gl 4 55 sdse b 55 4 EDoo

55 515 5 alslas

exp(In(EC10) — (%) * In (%))

1
exp(In(EC90) — (3) * n(9))
05Uizul RMSE R? 3l lad e &85 w1
Cb‘j}d‘)}u\)ﬁ@@l’tﬁﬂ)b‘)))‘gu
u..':..;bj'\' sl Olay u:fv‘..:n MSe ( JS Sla 50
R =12 -l
SSt L

RMSE =+ MSe

20 Sl g § 8 ile pikon p w56

oy
o P bl (ST b IS le S
ol &1, il slg 4 s Jgda) 39 Hls ae Jl

(!

o 5 s cosls uibyls 4 5l Sk S
3 Olabl 3 ey 5 435 plnil Laoilesil (53,
S ombols a s daeiledl Jboj w55 Sl
Sl o il (GLM) b gans Jost ko 3 o
3t il 0357 51 sl i asli
b oslizal Loy gyl 3 (LSD) ls sme
38 o 5 Exel 13l 5 &S 4 Ll g
dalme 2315 3 g Beals 05 55 425
5 4 S S bl e
L0 S Cale clle blas 55 (1) 0blE Slis
plil SAS (9.2) ,13lp 5 NLIN w5, I e3lizl
Lo 3 500 ) 69@‘9&5@1@1@.4&
(ED9o 5 EDso (ED10) OlalS ¢Sest osle zals”
s a8 S8 5T s e )3 5 dlous

_ (c-a)
Y=a+t (1+exp (bx(In(x)—In(EC50))))

@ EDso 4k 5 powe b b dslae pf 55

Oll) o Sis ool S e ol ds
Sl 5,8 Hldae oS By 035w
EDso (il Lio ply L s 5 Conl STas
Loys O ials Caw oS iS5 ke I g ldas

00357 5 038 pon sl g S Lo 35 55 Ciliben (gladty ol 53 SESS )y 5T (Silu o ;,:fdl:ﬂ) ool a s ¥ Jous
Table 2. Analysis of variance (mean squares) of the effects of surfactants at different pH levels and sulfosulfuron doses on

wild barley

SOV df Spike dry Total dry Plant Relative dry Root
weight weight height weight volume

Herbicide dose 3 7021334%* 12414367** 274339%*%  41890** 2.097%*

Surfactant 29 151922%* 543058** 488** 1832%* 2.564%*

Herbicide dose x surfactant 87  20938** 115144** 103%* 388#* 2.771%*

Error 360 4970 30.6 76.6 2.097

Cv - 30.6 12.4 16.4 13.8

el 1 a1 ezl A )3 G 5 g peban 3 (6l e 0 a0l S 4 B

* ok

* and ** indicate significance at the 5% and 1% probability levels, respectively; ns: non-significant.
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Figure 1. Interaction effects of surfactants at different pH levels and sulfosulfuron doses on wild barley spike dry weight.
Sodium lauryl ether sulfate (SLS), Ethoxylated castor oil (COE), Dioctyl sodium sulfosuccinate (DOSS), Alkyl aryl
polyglycol ethylene (AAPE), Coconut fatty acid polyethylene glycol ester (KECO10), Oleic acid polyethylene glycol ester
(KEOL9), Nonylphenol ethoxylate (NPE), Lauryl alcohol ethoxylated (LAE), Polyethylene glycol ether fatty alcohol
(PEGFA). Similar letters indicate no significant difference at the 5% probability level. Bars indicate standard error.
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Figure 2. Interaction effects of surfactants at different pH levels and sulfosulfuron doses on wild barley total dry weight.
Sodium lauryl ether sulfate (SLS), Ethoxylated castor oil (COE), Dioctyl sodium sulfosuccinate (DOSS), Alkyl aryl
polyglycol ethylene (AAPE), Coconut fatty acid polyethylene glycol ester (KECO10), Oleic acid polyethylene glycol ester
(KEOL9), Nonylphenol ethoxylate (NPE), Lauryl alcohol ethoxylated (LAE), Polyethylene glycol ether fatty alcohol
(PEGFA). Similar letters indicate no significant difference at the 5% probability level. Bars indicate standard error.
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Figure 3. Interaction effects of surfactants at different pH levels and sulfosulfuron doses on wild barley height. Sodium
lauryl ether sulfate (SLS), Ethoxylated castor oil (COE), Dioctyl sodium sulfosuccinate (DOSS), Alkyl aryl polyglycol
ethylene (AAPE), Coconut fatty acid polyethylene glycol ester (KECO10), Oleic acid polyethylene glycol ester (KEOL9),
Nonylphenol ethoxylate (NPE), Lauryl alcohol ethoxylated (LAE), Polyethylene glycol ether fatty alcohol (PEGFA).
Similar letters indicate no significant difference at the 5% probability level. Bars indicate standard error.
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Figure 4. Interaction effects of surfactants at different pH levels and sulfosulfuron doses on wild barley root volume. Sodium
lauryl ether sulfate (SLS), Ethoxylated castor oil (COE), Dioctyl sodium sulfosuccinate (DOSS), Alkyl aryl polyglycol
ethylene (AAPE), Coconut fatty acid polyethylene glycol ester (KECO10), Oleic acid polyethylene glycol ester (KEOL9),
Nonylphenol ethoxylate (NPE), Lauryl alcohol ethoxylated (LAE), Polyethylene glycol ether fatty alcohol (PEGFA).
Similar letters indicate no significant difference at the 5% probability level. Bars indicate standard error.
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Table 3. Analysis of variance (mean squares) of the effects of surfactants at different pH levels and sulfosulfuron doses on

wheat.
SOV df Total dry weight Leaf area
Variety 2 1487472%%* 1440%*
Herbicide dose 3 2317962%* O111**
Variety x herbicide dose 6 420887** 1381**
Surfactant 9 194289** 580*
Variety x surfactant 18 93906** 488*
Herbicide dose x surfactant 27 196691** 770**
Variety x herbicide dose x surfactant 54 85699* 351%*
Error 360 57225 269
Cv - 15.9 21.7
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* and ** indicate significance at the 5% and 1% probability levels, respectively; ns: non-significant.

2 pAS S 23 515 S Cale il
e CobSS o ¢ S ke 5,187 05 Lol 5
S5m 9 SOl g O Calidee (gla any el s
PC.A:.?éfchlamW.(?Jgi)ulx
5 calbee gl wudanl 53 CSESE ) g LD
Gols e CNel 38T Cale Calisee (glajo
T o IR YR L G N ey
pde 5 iSale LMl glajles o putS
S Calidee (gladn ol 55 CILSG g L LD
Sldie 58 Cale Oy Sl g Ll i s oS
Qﬁx)>@fﬂuﬁ‘-\"c~\iféfxcb
b Sl g LMl 53 45T Sy 50 53 o S
pdS 8 o e 27 Cale Caliee (sla)
e p3) 03 89 2 3 e o (Sl A Sl S
Qmpolﬂ#@!o\jﬂ,xrﬂr@\,;.@,

(& JK2) skl Gt (6 zeS

e 13 (gme Sl i ol Ol
Jgf"@wé#éﬁw‘wﬁj@uﬂéu,w
g;,Jo.uT@;gC,\fJf&;;,,uﬁdﬁa
bobsl s 25 Cele Calses glajs S0
bl o Ll gl andl s SIS s
S50 03 )L 5y )15 (fme SN b jles
pe obed o oo S dds i s3be 3> &S
&W9M6uﬁw\)sut§é)y>jjg
b Calee (glaay ol 53 SIS, g LY
Solssme Ol 58 Cale Caliee (slajs
odbe 53 lajles pw Ol Ol jwe L Ad sdalin
5 Ol pB)1 5l Dle o085 53 (xf Js oS
D1 e K g
S gl g5 S S e0le i il
LAl 56 S gilo e Dy 4 55 plE
s 5 Calibee gla audnl 53 s LSS g



MDY Ol s aglacdde 2l adms /(VE0 L) O 5 (sol> YYA

2500 -
a a cvéBahar
2000 {2 a a a a
a aab
aby, ab pzbb ab bb bp @ b bp
1500 A bbb b b bbyp b b bbp
b b
1000
500
0.
[=1 Essl B=] sl £=1 Ksg] =] g} k=1 kog] M=l ITo) (=] Koo Ne] IVl k==l Kol Mol IToY [=1 Kool N} Lol k=] [og] Ne] ITo) k=1 Kog] K=} Vo) k=] Fog] No] ITo) [=1 Keg] =] Vo]
PR 101 K I DRE1 et K I PAE] RO e Il PRE 0= I RE1 ] PR 1 eIl PRSI0 Rt P 0= e DRE1 o ] I DAY o B
—| —| e —|N —|N —|N —| —| —l —l —l
pH9 pH7 pHO pH7 pHY pH7 pHO pH7 pH9 pH7
COE DOSS KECO10 LAE NPE
o 2500 cv. Sirvan
= 2000 {a_, b abbba " a gab bbb : b, %ab, 4
1 a a a
&0 ab pbabbb bbb bb b bEP°b bb_0bp
= 1500 A
=
=t
= 1000 1
B
b 500 A
[= 0
— (=1 el N=] ) £=1 K321 =] Ul I=1 [sg] B=] IVg] k=] Kool e} Vo) K==l [og) N L0l k=1 Eogl M=l 7o) k=1 Kag] =] I'g] k=] [os] N=] IVl k=] Kool Ne] Vo] k=] Kool e} LTo}
8 P %1 N 1=t 5 =1 0 e =1 a5 =1 i A 0 G 1 =1 a2 =1 B i i
= — — —|x — —x —lx —lx —| —|x —|l
- pHO pH7 pHO pH7 pHO pH 7 pH9 pH7 pH9 pH 7
3 COE DOSS KECO10 LAE NPE
=
2500 - .
a a a a a cv. Sivand
a ghab al a a
2000 { % abd bb“bb bbpa bb
pabb?d b blabpzby b0 hpy b
b b
1500
1000
500
0.
(=1 [22] N=] o) k=] Kool =] Ul (=1 Kol N=] IToY k=1 [ag] N=] Vel k=1 Ksg] IN=] ITo} (=] Keg] =] 7o) k=1 [oo] =] ITo] (=] Kool K=] ITo) k=1 [sg] N=] LTa) =] Koo} I=] kTo)
el =10 2l =1 el =1 el =10 el el =10 el =10 el el =10 el =10
—| — —| —| —~l —|x —|x —lx —|x —|x
pH9 pH7 pHO pH7 pH9 pH7 pHO pH7 pHO pH7
COE DOSS KECO10 LAE NPE

Sl 1 Jo5Y s ol A8 IS ST 055 1 D3 98 g sl o 25 ke (LG 5 ol (ola b 3 LIESG e S 2 .0 S
b Al (3 LSS (AAPE) 1S L TSI (DOSS) b S g il 51 (63 (COE) oS 51 51 2ulS” «(SLS)
(NPE) s’ 51 J s s 5 (LAE) &3S 51 S 58 (KEOL9) il J S st b sl S5 «( KECO10) 2l J,SUE L1

it jlas (glast o asOLE Wl bl o Jleim] o )3 D el 53 (513 sine pids 0cin30LES alin U5~ (PEGFA) U1 510 S8
Figure 5. Interaction effects of surfactants at different pH levels and sulfosulfuron doses on total dry weight of wheat. Sodium
lauryl ether sulfate (SLS), Ethoxylated castor oil (COE), Dioctyl sodium sulfosuccinate (DOSS), Alkyl aryl polyglycol ethylene
(AAPE), Coconut fatty acid polyethylene glycol ester (KECO10), Oleic acid polyethylene glycol ester (KEOL9), Nonylphenol
ethoxylate (NPE), Lauryl alcohol ethoxylated (LAE), Polyethylene glycol ether fatty alcohol (PEGFA). Similar letters indicate

no significant difference at the 5% probability level. Bars indicate standard error.
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Figure 6. Interaction effects of surfactants at different pH levels and sulfosulfuron doses on wheat Leaf area. Sodium lauryl ether
sulfate (SLS), Ethoxylated castor oil (COE), Dioctyl sodium sulfosuccinate (DOSS), Alkyl aryl polyglycol ethylene (AAPE),
Coconut fatty acid polyethylene glycol ester (KECO10), Oleic acid polyethylene glycol ester (KEOL9), Nonylphenol ethoxylate
(NPE), Lauryl alcohol ethoxylated (LAE), Polyethylene glycol ether fatty alcohol (PEGFA). Similar letters indicate no significant
difference at the 5% probability level. Bars indicate standard error.
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