ARPP
§' ingp lio—(VEoY) YYV=YYV () VY CopolS 0 00,05 sl g
Journal of Applied Research in Plant Protection 12 (2): 227-237 (2023)-Research Article

https://dx.doi.org/ 10.22034/arpp.2023.16365
(g Joy5 b ale S 50 Jie (y9y900 55 pnSile (21l Sam 50 g 9 (lige W
Sinapis arvensis
.. M (e s .
Y@B.a.u La)d.».:...u ‘\ QSIS“\"" (el ‘_Q.c ‘\do).o Go..;w
ub\fﬂ ‘Lf/‘tﬁ)’j ‘5..9 olLiils ‘dj)}wr’}l‘: Ojfu/)e.' x‘_).vjd.o ijo[fMg/J ‘L;))jlmfoq,(w/a ‘MC/)) oj)f‘

Mmokhtassi@modares.ac.ir
VENN /oY iy (A RRVELVAC WP VeV 8109 el e

ouS>

Jlo yo SIIE caalejl (e oo 65 25 ale o)l (55, Gilisee 5950wl 9 olige (9,5 adlal 51w, jolateay
Sz b Bolas MlS 7,k alp Jo,eS1 u’;.iLa)’T B o uyde Cany oy (65,5laS cuSliily Slidss alxls o VF- -
5 050 03le £,5 V0 51 F/O ) e gy0m 5 Sale clale > 1 oS 5 Jels ui;.iLoﬂ b ,leg ol bl 1SS
aislanl 5 pggel Sliwl pasgel Slilgw pasisel Olyis (59 Gt Jold (s mlie (odagym Oypot (LS
5 Sy b ( Sy aslh i ol (Lis S wisg Glige (3 5 Semd Ol 99 sl el Gloplise 5 (jlile]
S8 oy prels pwSale cdale golBl L g 0 yiSlas iSale o dald jled o iy Jo > e cale aig 5SS (5
Oil38l 50938 Blge 8 Wpas b anslis jo oy h S ale iz glacdale b labige 5 59,8 ambe ailBlas o )18
&‘%ﬂ Sbge g ,LiSe yo mSale oyige 0ole p,5 7 4 0,5 V0 311, EDoo ,laie Hﬁ.}yﬂ bl 4 r=9¢35,J Sl s aS gebas olo
‘5)‘)[5 .AS..)L) u,u.bLf )L&Q )..) ij.o o;}l.a ‘b; \\/‘Y 9 \f O uMy‘ g})g‘fu.ulf @yr.c uL)jA 9 g_ALL‘}A.u )J‘ JJ)ﬁj W.JJ.M:
‘ra%j}.o—l Sl 0,8 Egee yo ol o8l olge oyl FHLgRCS RYURL I SV QT gs’.‘)lf oS ale b ey g lige QLA}W.E
L pseigel Dbl 5 SeanS g3l gl 5l b posigal Sl 058 DS 5l USU aysl Glige b posigel Slidges 5 psiigel Sl

il oy o5 SRS 3 e 995 65 Sl IS Gl 59 1y (sl G i Slidges 51 el o

).15.0 clale so)jl J.us.a.]s.w su».S;SLLC ‘:‘)ls ‘(5"5"”9"0“’ tS.o.l ‘ 7.’>L‘a..u ,......,5 WS- N u,.@lf :‘5..\.».15 QLOJS

Role of surfactant and nitrogen for improving the efficacy of tribenuron methyl herbicide in
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Abstract

To evaluate the effect of tank mixing surfactants and nitrogen sources on the efficacy of tribenuron methyl herbicide, a
greenhouse experiment was conducted as a factorial arrangement in a completely randomized design with four
replications in the faculty of agriculture at Tarbiat Modares University in 2021. Experimental treatments included four
rates of tribenuron methyl (0, 4.5, 9, and 15 g active ingredient (ai) ha™), as a post-emergence herbicide: nitrogen
sources (control without nitrogen, ammonium nitrate, ammonium sulfate, ammonium acetate, and asparagine amino
acid): and types of surfactants (control without surfactant, amphoteric, anionic, and two non-ionic surfactants). The
results showed that the values of greenness index, leaf area, and total dry weight were highest under control (no
herbicide application), and decreased as herbicide rate increased. Application of nitrogen sources and surfactants with
herbicide separately increased its efficiency compared to the non-use of additives, so that ED90 decreased from 15 to 6
by ammonium nitrate and ammonium acetate and from 15 to 14 and 11.02 g ai ha by sodium lauryl ether sulfate and
castor oil ethoxylate, respectively. The mixture of surfactant and nitrogen with tribenuron methyl was more effective
than herbicide application with each of these additives alone. Generally, the application of ammonium nitrate,
ammonium acetate, or ammonium sulfate with lauryl alcohol ethoxylate, ammonium nitrate with castor oil ethoxylate,
and ammonium acetate with sodium lauryl ether sulfate are recommended.

Keyword: Surfactant, Ammonium salt, Herbicide efficacy, Sulphonylurea, Effective dose
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Table 1. Analysis of variance (mean square) of the effect of different rates of tribenuron methyl (G), surfactants (E) and
nitrogen sources (N) on vegetative characteristics of S. arvensis.

Variation Resources Degree of freedom Greenness index \;rvce)itg:];jry Leaf area
E 4 513.22™ 2.00™ 40554.21™
N 4 292.60™ 0.15™ 12333.90™
ExN 16 47.40™ 0.28™ 7386.11%
G 3 14448.70™ 38.09™ 935379.54™
ExG 12 50.63" 0.20™ 3630.27*
N x G 12 115.87™ 0.19" 6528.73"
ExNxG 48 97.40™ 0.17" 4039.01"
error 300 5.95 0.02 468.89

CV (%) - 9.47 24.39 27.24
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CV = coefficient of variation, ns=non-significant difference, * and** are significant at %5 and %1 probability levels, respectively

ol Olige Qg sles ) it aSile 0 g0 03lo 0,5 IO L
O USKS) og cdale

oESile slajlen o S (55 Gl laie (S
Gar yo p)S VY g YN CIEY VY 3esn cosdleay
O3 Gkl satel del ol Sl i a5 Wog
Sl (Sl w8 FI0 L o3l aial dpusl (S ale
5 V0 L pgisel Slilsw 5 (ESGle 05 AL pgisel
Wdel e 4 S ale

O Ay JoS S S by lajlade (o teS
5 VY DA Y lse edleas iSaile gl Lo
I s slaplise 10wl &g 05 ais 5 0,5 o/-A
e 9 Sl S gl pSale (e OS]
S el g ASile 0 590 03l 0 5 FIO L g 51 (s o)
B oanlive LESGle 6ige aole p)S 10 5 4 b &S5l
(O S8

039 S plis &g J§ SS9 jlade (eSle i
b 03ars 9 Olge olejee 00 y0 iy Jo & S5 Sis
S L amlie o gyt el e 0gpek 5
s oleis 4 ($0933 o3l g0 (ul 51 Sy e b AS e
S 0 (Shmy Jop S Sis (g slade (n eS el
@ boye g oWV Gho chile jo 0395 5 Gbse Glejea
oS cale el b oSS @l IS el b psaisel Slalges
Jug b pssgel Sl 4 bgype g /Y 0890 oole 0,5 F/0
5l B S ile o ge oolo o8 4 clile b Ml S
Clile by oSl S oyl b pgeiel Sl a4 bgyye
L pgaigel Slisl @ bgyyo 5 jho (iSile 0550 00l 0510
OV J58) o9 S 6l IS 59!

g LS g
lajless 5l &g JS S (g5 )lake Sl (IS sk
S5 o550 oole p,5 FIO 0,015 ael Cawsay iSdile g
g olo Srals | simg o> aig Sis (59 Jue (9,90
oole ‘a)f \O 9 q a dSu.l.c L§°159‘° oole clale W‘ﬁl L:
Sl liad (g yden JRalS Lieg Jo & S5 iS55 0)ige
@L\A FON-JR W obﬁ)lf a 0)5).....: éJL.A L: u,SuaJ.c 4\5@&)
omb slecdile jo sl sanslasl o 59
L oawlie o ag IS JSes 39 lidl el iSaale
S92y el bl g rs e iScale polie ol 08
poisel Dlalgw Gls sbajlas jo iy Jo,5 Sis o35
a yho cdale W VP g cdl JhalS 6 pSeisr Sy b
S sae Hebds 4 a0 yige 0le 0,5 FIO 0 5,5 +/0)
S5 opge odle p)F FIB 05 5l ol Siz (g 5l e
e aSale clale wlBl Loy oleda Jie (95
ghadale Gles 00,5 5l iy 5958 Gl sleles el
Soldi ajlad (S 30 9 O Oigd sk RSl

O JSs) caslas oy TL sl e
Al 00 5 a Gt slabge b S ale aS oyl 5 o
2L obse bl glojles 55150 Loy Jo,5 SS9
a4 ASGle o)ign oole p)S VD 5 8 FID ao e >
4 SSale g Slade Oled 00, 3 i (_g)lon 45k
Shls Glaled 5l soS Slaws jo 5 0,5 oy ol Sk
clla olsa jiSale 0p) 5 L gyl e oles (ybge
Al ody )B4 alize glaglbise b e (49500 555 &5 Slej
NS 51 gl ywlS Jlos jo bt g Jo,5 Sis (459

$




OVFY) YYV-YYY ()Y o p0lS 0 o0, slo_iagy

™

= 2/4 2/4
LE_ 2 | - - - Control ’*g 2 % — == NO
o —8—SLES | & N —&— Asn
= 1/6 A 2 16 3
£ --e---COE | E N ---9--- AN
T 12 1 §’ 172 e AA
EO/B- > 0/8 N — o= -AS
—_ o
g 0/4 - g 04
0 0 . . :
» o 24 0 4/5 15
= = - =& - NO
g 5 - =& - Control s 2
% " =— SLES ? A6 —&— Asn
= -----COE [® --@---AN
=4 o 1/2
2 1/2 A =
s >
Z o 5 08
kS S
= 04 - 5 04
o
0 0
o 2/4 < 204
8 ) - -a - Control | & ) AL - -A - NO
o T o S
B —8—SLES |3 ~a —&— Asn
= 1/6 N = 1/6 N
£ NS ---e---COE | § N ---0---AN
T 12 3 g 112
2 08 208
g 014 1 g o4
0 . 0
0
24 24
g, A - -&- - Control |E - - - NO
= N —a—SLES | & —&— Asn
2 16 - AR SR L}
= N --e---COE | = \ ---8--- AN
2 12 - 212
= =
2 0/8 - R
= 0/4 - = 0/4
<] g
0 : : 0 . .
0 4/5 15 0 4/5 15
o A4 204
g 5 ] - -&- - Control | E 2 - =~ - NO
= —a—SLES |E . —8— Asn
2 1/6 2 1/6 N
= --e---COE |= QN ---8--- AN
'§’ 172 1 e LAE '§ 172 \ e oeees AA
2 0/8 + ~e-CcPB |2 0/8 — e -AS
= 0/4 smee S = 0/4 — e g -
] ) L“;‘ IS]
0 : . . 0 . . .
0 4/5 15 0 4/5 15

Tribenuron methyl rate (ai g/h)
osle (99 :CONLIOL Lol ol 0 YU 5l e o Cnly Coms 50) (509381 Slga ol o Luite (y9,550 (55 50 a8 aw iiSeny 30 ) JSCi
AA pgsgal Ol AN il bl garel sl ASN (5905 e N Jols ol 4 Vb 5l cod s & G Caom 1) (g @lie

Aiiwd Hlre sllas caies (\lis goges bghas . iy Jo,5 S Sis (i p (pewige] Dligus AS g sgigel il
Figurel. The three-way interaction among the concentration of tribenurone methyl with surfactants (on the right, from
top to bottom: Control: without adjuant, SLES: sodium lauryl ether sulfate, COE: castor oil ethoxylate, LAE: lauryl
alcohol ethoxylate and CPB: cocamidopropyl betaine) and nitrogen sources (on the left, from top to bottom NO: no
nitrogen, Asn: asparagine amino acid, AN: ammonium nitrate, AA: ammonium acetate, and AS: ammonium sulfate) on
total dry weight of S. arvensis. Vertical lines represent the standard error
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Figure2. The three-way interaction among the concentration of tribenurone methyl with surfactants (on the right, from
top to bottom: Control: without adjuant, SLES: sodium lauryl ether sulfate, COE: castor oil ethoxylate, LAE: lauryl
alcohol ethoxylate and CPB: cocamidopropyl betaine) and nitrogen sources (on the left, from top to bottom NO: no
nitrogen, Asn: asparagine amino acid, AN: ammonium nitrate, AA: ammonium acetate, and AS: ammonium sulfate) on
the greenness index of S. arvensis. Vertical lines represent the standard error
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Figure 3. The three-way interaction among the concentration of tribenurone methyl with surfactants (on the right, from
top to bottom: Control: without adjuant, SLES: sodium lauryl ether sulfate, COE: castor oil ethoxylate, LAE: lauryl
alcohol ethoxylate and CPB: cocamidopropyl betaine) and nitrogen sources (on the left, from top to bottom NO: no
nitrogen, Asn: asparagine amino acid, AN: ammonium nitrate, AA: ammonium acetate, and AS: ammonium sulfate) on
the leaf area of S. Arvensis. Vertical lines represent the standard error.
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Table 2. The parameters estimated by the four-parameter log-logistic model to determine the effect of tribenurone
methy| rates and surfactants on the relative dry weight of S. arvensis.

Treatments Model coefficients (standard error) Accuracy
parameters
Surfactant Nitrogen  Min Max b ED10 ED50 ED90 R? RMSE
Control NO 108(0) 98.97(4.47) 0.96(0.18)  2.00(0.01) 4.00(0.01) 15.00(0.01) 0.98 9.79
Asn 108(0) 85.89(15.00)  0.86(0.40)  2.00(0.01) 4.00(0.01) 15.00(0.01) 096 1141
AN 19.58(5.62) 130.70(5.36)  7.11(1.00)  3.18(2.89) 4.33(0.42) 6.00(0.01) 0.96 10.72
AA 108(0) 142.80(6.48)  1.82(0.31)  2.80(2.00) 4.00(0.01) 6.00(0.01) 0.97 13.99
AS 108(0) 133.00(15.00) 0.92(0.90)  2.00(0.01) 4.00(0.01) 15.00(0.01) 0.93 22.72
SLES NO 108(0) 85.49(9.35) 1.34(0.55)  2.00(0.01) 4.00(0.01) 14.00(0.01) 0.87 20.35
Asn 108(0) 83.88(5.84) 1.55(0.40)  2.00(0.01) 4.00(0.01) 8.41(6.67) 0.94 1266
AN 108(0) 97.45(8.01) 2.59(0.97)  2.00(0.01) 4.00(0.01) 13.95(9.85) 0.92 17.09
AA 7.59(3.20)  86.05(5.00) 10.00(0.01) 2.90(0.23) 4.00(0.01) 6.00(0.01) 0.96 10.22
AS 3.72(3.50)  99.77(5.91) 10.00(0.01) 2.00(0.01) 4.00(0.01) 7.95(4.89) 0.95 12.06
COE NO 352(3.00)  146.00(5.71)  4.06(0.72)  3.73(0.38) 6.42(0.46) 11.02(1.50) 0.97 11.42
Asn 108(0) 86.29(10.00)  0.90(0.75)  2.00(0.01) 4.00(0.01) 15.00(0.01) 0.94 13.58
AN 13.91(3.82)  89.57(5.39) 10.00(0.01) 3.30(0.13) 4.11(0.17) 6.000.01)  0.96 10.78
AA 108(0) 97.77(5.58) 1.89(0.47)  2.00(0.01) 4.32(0.60) 13.84(3.28) 0.97 11.17
AS 108(0) 90.81(6.47) 1.31(0.35)  2.00(0.01) 4.00(0.01) 15.00(0.01) 0.94 14.10
LAE NO 108(0) 63.99(5.70) 1.83(0.62)  2.00(0.01) 4.00(0.01) 15.00(0.01) 091 12.30
Asn 108(0) 84.97(7.71) 2.39(0.93)  2.00(0.01) 4.00(0.01) 15.00(0.01) 0.90 16.50
AN 108(0) 111.00(9.43)  10.00(0.01) 2.62(0.35) 4.00(0.01) 6.00(0.01)  0.95 12.90
AA 0.56(0.50)  92.65(3.20) 10.00(0.01) 2.00(0.01) 4.00(0.01) 6.18(0.76)  0.98 6.53
AS 108(0) 49.89(5.39) 1.91(0.79)  3.02(0.34) 4.00(0.01) 6.000.01) 087 11.63
CPB NO 108(0) 102.20(7.48)  1.21(0.34)  2.00(0.01) 4.00(0.01) 15.00(0.01) 0.94 16.31
Asn 108(0) 97.65(6.59) 1.56(0.39)  2.00(0.01) 4.00(0.01) 14.00(0.01) 094 14.29
AN 108(0) 126.40(5.14)  2.28(0.39)  2.00(0.01) 4.00(0.01) 15.00(0.01) 0.98 11.02
AA 108(0) 111.10(4.36)  2.03(0.31)  2.00(0.01) 4.00(0.01) 11.90(2.17) 0.98 9.37
AS 108(0) 117.00(6.74)  2.21(0.52)  2.00(0.01) 4.00(0.01) 13.23(3.82) 0.96 14.47

Control: no adjuvant, SLES: sodium lauryl ether sulfate, COE: castor oil ethoxylate , LAE: lauryl alcohol ethoxylate CPB:

J Appl Res Plant Prot

cocamidopropy! betaine

NO: no nitrogen, Asn: asparagine amino acid, AN: ammonium nitrate, AA: ammonium acetate, AS: ammonium sulfate
Min, Max, b, ED10, ED50 and ED90 coefficients are the lower and upper ranges of the curve, the slope, the effective rate of

herbicide for killing 10%, 50% and 90% S. arvensis, respectively.
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