Journal of Plant Protection
Vol. 35, No. 2, Summer 2021, P. 265-278

(53)9LaS @aluo g pale) (LS cblis & s
YEO-YVYA .o IF e lcasli (¥ o)lols ¥ ol

03357 ke Jio )0 b oS Yo 2L Al e 5 S ST

(Hordeum spontaneum)

Y 23 5 gt dos = 53,9 o LS|
YRR/ Bl 5 b

AL VIR VAT ;;‘J'-’-"\'-'x G)U

LRV

AV eYD AV oY AV oD glaoylos b plaS o XV 5 VoY w30 93 9 4550k S gla 36 (el )8 b= iy 4 (iolojl j

8 gy & lus SIS (S0 pliee colojan b (o) 0392 e oy l0s (S e a8 5 M1 e0 g Mo F AN
oslosi b (JJ6 C8 2 s 4y Sy g 9329 i 42 ($2905 pokar ¥ 5V (SdEl g (o) o 69) 2 (BBl pgkar V EKS) Cmidg s o 485
VN0 oyleds LYo Ve a0l 93 J50 53,5 s MolS 1y V IE VY00 9 1Y+ ¥ VoY (oliojlos b s J3U glgil ooled i oy po5 e
J)SWMAIS Y BNV eed g Ve e¥ AV ee¥ laoylo b LY Ve &30l 93 g il SO gla il )8 s 1)V 28 0o )d VIV Laid
FoVe g¥eove aipl o (cla il (1o)d YE-1R) 0 Juols VYo Y V) e 210 (sbnojlods b aizuol S5 J5U LY Sl Sud s olime oy
XL sl 5 3B L o S e ) TS el Mol sl 5 56 05,8 s NS 1 YA Y400 5 V) F glaolad L
5 S 4 iU sl o osd S Pl ol poluly b (et IS Sl gyt s J3U 0)lad Gl L da U lgil olos 5
Caw (Jg el Cogloy dy pwlus cXelS (Sab s (il38] caws J50 ojlod yiol3al 4 ST .00 YoV aijol 9= 530l STV w5l
We oA oyl LYV 50k 95 J3b L EDso jlaie oy yiaS oot iy 53 b ¢ siom ylgd S gl )8 (ialS imy EDs0 i i3l

(e 5 Jee— - gd puS gl p,5 YY) 0 oanliie

I 95 (bl s o JJU oled (TS Sl co)laB ol gdS” s lR0jl

iz & ole plie 3 b aSiile ol p Bl e Cglate
e Sy 5 b sl S ile glito 1) 51 Sl & L) o
odb iSaale LIS il cel i sl poe jials wldles
(YY) mee—aS i (Y0) (62,9885 + 93lia + (1998 5—wpl )9
2V 9 V0) b3k nossliusgls 5 (1Y) mbijles) cSoljladl
(V) oS seliloal (FA 9 VF) (yg3lis YR) I aiop! + o )Sed
(0) Jshomoonl—uSsid (1) posgel iy 85 LS
) Isgm o osilol (V) Gassilawm) (FA) Jstop¥guil S

(Email: a.aliverdi@basu.ac.ir
DOI: 10.22067/jpp.2021.67963.1003

1 gune Ol g5 — k)

doddo

9 L5 9y 2l ) 8 385 5l e b aisiaile 1 Sy

oSl T e &8 bl 51 g 0nbly b slacile 5,
)y Spae Sy eld sbiSale oL Wlg e (Lidl 2o)
4wl i bl poe Gl o)lgen dI ad HIE 50 cov
x2S ilwainre @l e 139 Qi) sl (o35, Gl
(V) (255 & (mle () 2 il 039 koo olaiSile
Cov LESGle WY S el o3l plosl LiSile VA )
Y S (GG WYyl acanl 63,5 1,5 2l e i
ORI L piSle Ve ohlS g il poe Rl Ly isle
2B Gloman i & o) cpl Sl el @Bl (I3l (il e

lacile pole (2S5 (5905859 ,5T a8yl (el )lS g jloliwl cuiar =V 5
oldad i (legs oKl ¢(g5,9lisS 0uSiily «bls el g csly; 09,5 5,0

oy


mailto:a.aliverdi@basu.ac.ir
http://dx.doi.org/10.22067/jpp.2021.67963.1003

1Fee bl oF o)lods (¥ ul (59l @obus g pole) lalS cbilis & yid \idd

{VY) Jl eSS 5 ln (LS )3 anss
SlesenS P (V) Sy amosinlsh sk e sdlossls
Tl 0 ol 025 (8) o S 5 oS s 1) o
Sl Gl (—39) gl 4 @l S JJU Bl 4 (ol
S 3l et ool 0025 e b S S pSl al)S 65wty
b 5SS 1Syl 2, sl ol 53 U glgil a5 conl ans
&5 cpl Wlodd aungi g (Byme ilew <S> YL gl sy
bl (e 4 S (3908 e bl S b 50k 93 b 3L
4 28l gl b b )lite Csl a0 I3l (gl 45 S
VT a5l g3 VoV a5l o3 ladib o gl iy 4o
a3 sy 0 (53508 5 3L 93 3l (1 JS2) 3,5 o,
Sy e 4 il Glhad co)l ©yg0 4 3)98 p Gl 453k 93
el 5 b dalgs Lzl 1y Sy Sk e clacile o316 s
Sl 255 JE 5 & ol S s ) il b b
s 56 a8 cawl ealy s (L8 wladss gl ¢ picred b o
oo S sl yob 4 ]y B S g9y 9 Sty 8,26 Wl 9
+ Cuogdgl L (D e 4 (Fr 5 ¥V Y Y Q) Wl
F3sbgnosdladsls (V) mades g (1Y) plizte pod + plizta 8
S J3b b aalio > @izl 93 S5 aliwg 4 00 S oa 3L (V)
ol 0dds yo)l58 YL 4500k

3y50 opylaiel g yylaie 45300 9> sl J;U el LS (oS
o o lal YU j0 a8 jelaslan S5 (8, 1 0gy 48,55 )48 dulio
S35 56 ot Wl e Sl LS i 5L e 5
@S 2 phtly e B (S 0y )18 il
ol 3 g2 005 (U5l oy S8 5 et g S gl
S 51 ale )3 S JB (elalis b cusly aad islef] ol

L yig) 9 2190
piSle fruil 55 Gate T

sy oSl Ao 1 0y39 cslaly MYAA gy Slsl 5
5 slaan ol |y S Gile g 3,8 4l o oo L
S5 Gl e > Gialel il oy b (dels S )0
g 4y 1oy (W ) cglod L AFRA Sl 3lg) )3 50
Sl olyie & 92 5k slod M 2 11 L Lgdl )
5o ) il oo o3y a5 ol Sailes > (S
& ©do & dop> oy NaCIO Joloxo b bnyly (o Sgieis
0903 3 GBlo B Y G ) p ol )l (sl adds
Ll ME s eols I8 syie lwod Jhad b oo yivd (o5%
FSo 1 9 KNOs p5 9 Jolore 5l i e 03 b (SLoo
slod 53 jgy 93 o dy Baylad () g b it Bl (6%

2hl Gl eel (il oo Gl wlillas (S ) (VY
{F) sl gus] Sy oo sl o oai i il
(A Plsnsh S moi5sS dA) pspilymsSss
(O 5 37) 2)5855 ) +) LelSGls (YY) yagilaal (YY) 5l 50808
S 03,5 )5S s IS (F) ST 5 (V) et i
S 35 il 655 & S lle S 5 il o i
P55 s9— JS 5 St oo S Plo S Jlio (gl 3
2 J5 305 o0 58 il woe 3L cos (Sorghum bicolor)
Uil p> 256 cou (Setaria lutescens) 5,5 abs,es Jus
(3) 255 03 51,8

OSea B9 93 ¢ iU o)led g ileaws S > sy (30 oS
Jo—a> lp Sl asyjo )5 bl e (35wl sl
Onl sl GREL Glapoes 3 )8 4 5l S ile a2l
5 28155 S o g by il il YU s
& ) sy osed i ol ool s b, o s (e
Gy 59y o3 0 oslos BT 08y a3 (YY) a0 L
b il Jle sy el Gl (295 (liee i Lt JiU
1Y ey g iy 4 Ve e g VYYD Ve o) laoylads
Foolzd > aids (YA ‘739») LW jlf N R
2 odd @3 o)led Jol o) dw b 93 (VF) st mpe gl 2 S
Wb oo bl 49 4 93 G rglj odimd (L 55 S s s,
() Jgi) ol 0l JS5 4 Ginlel ol o oS

o9 Jio oS Su)b 5 sbile winl by 5 13 )
Jew cos ub (S ¥ LY als e ,5 (Hordeum spontaneum)
D) 5 oo S o a5 S
W &y 4y Lo 5 4 M S,y ol T (g, als o
3 SeS L i S Sl (89 555 (00 )13 (o) & S
» it eg ol —sb by a5 (V JSi) sl Se
bl S8 5 a8l Canl Sl o35l 551 sl oyt
Sy s 4 o)l Spgo & Bdas L)1 (e 1 2508 (5> &S
58 Jll 4 gyenl 5l S (o 2y S )b S slacile
355 G S o 5y 1 Syt g 55 51l 51 ol Lo
b il kb (58 )4 (fundy iz ) (V) Sgyee 14
b e 4 05 55 35 ity il S5 Sty ol
3 e @ a8 Glp omb Gitl @ 45 (She—0
B9y 4 Oml il e Sl il 0ad A ogr iSile
b s 1 {F+) 9 280555 il 2l Pleos iy il
ol slapze sl Gl Fomb ojled b (23U 4 Jwgie

Jib sl can ol pus &S sl 00 L (L8 clidss
BB ooy o (0508 s 4y (350 bl Wil S



YAV oyog2 ande Juio— )-gd oS Il )15 Giibly wx> 9 981 55T 28 0 9 599,k

S5 559 5 b Cublayy S a6 o Lo Sy Aol )
4z Ve sles L gl (g0 50 adlS—ts g, 93 51 g L]
NN palae 55,8 55 s wwailb p oyloj 5o b (e 3,5 Bl
o15j lalS e 5 Jue— -gd —uSdla p)5 FYIY 4 YV/E
2B ) g dlA) g g e 1] 5 adel Cty (glaodls idg
WA (bl o)y g adsl ()35 Sl G 5 (OIS
9058 gy b bjle 4 0)3 S &gy ST (g Gl
i) bl o Jio S b i Sy b
pa pal (YD) 15 03] (a3 R Sl5éle s 51 oolizal b g () eoles)
colia il Jhe ol & 5l s (p-value > +/+0) s,
&35 dosilo Bl jlages gy b epizmen )5 oal)3 aodls (55,

03,5 5y ] 1y 5 sk S

_ C+({D-C) Y aslxo
{1+exp[bllogx—logED)]}

15 C g D oy digy S5 Kb g ,Sks Y elsles gl 5

~h Sl ke il EDso ol ly ¢ Jutom )l ogd S gl
O o SiB (g oy B0 il (4l (X) p5Y iz )]
2 e cud b clize D g el (C 9 D) oyl 9 YU 92>
&S EDgo jiolyb copl o 0gMe a0 EDsg yiolyl (g0094500
e talS sl (X) 3 oo Sla i S

0,8 ol

SASLe by et Giule ]
pll piSdile gly=35 (lofl L plojen yobo 4 ptalesl
NS )3 St ogd S o o5 VoA e aSalSin 55
Q@ wlws iels 1o iolesl cpl o0 ad eae b Jb jo
Cagby a4y wles 1el8 .0 odlatnl yio Juo Y& X VE dlal b ool
@ sl ©lhd 3)08 I e & Cunl K55 3)5 a S )
dw yd Cagby 4wl I ] o 5 T el Sy
Sygo 4 Olale)] Candg ym gl ia s ool 8 Coxdg
Lol S5 b (ool Sels” al )b B 3 (5 x ¥) a5
2 Jibojled ye56 5 (V Joio) o w5 JJU g9 556t

() Jgi) o i3
$9) Caghy a4 polus GBALE (65,8 Casbge V SIS
ol oa b ooy igles Jlo yiSTey Bledpl (g8 5oy b oo
3B S e )3 (o) e 59y 32 Bl yob 4 ) o)led S
CS > o (59) 4 9) 9 55w 89y 32 $O908 yob 4 Y o)led IS

oo & Caddy g 95w (89 » ($3905 yob 4 Yoslas delS g J5U
ol s ik eS >

o &y e 9 JBS (93 ) (Sl )3 35 (Bl 423 e
compm (V) B9 (45105 (S,6 55 oSty lojl (glod 55 59 9
092 > Sl Sy gl Job b axalS oy slass
G 3 rpe ghalle b S5y loged (S 65 9 lag S
oo kS 3 sl (S5 was acsls S g e il S
S Ay 4S5 odlitnl 3)90 STE 09 @pe yis 53 Ay VO
i8S 39y (old 568 o0b dwlo: S 51 ity los s (gl
L e gs o8l (65,5l 0aSiily Jladzs SS90
S 9,5 Blsl b e S 5 ey 595 90 0D i lhen
Oill e Sl g3 4 CuslS Bes wuiS oo 4y SB e b
533 el e 9 SIS b & oS LSS 5, e o il

MelS gyl B 3 (¥ X ¥ X £) Loyl jgo 4y ke
VoA g AF/Y SYIA SYIY YV/E TR o) Jtom ) - Cgd S gl
m..\}a.f) u};.mj}b‘ Lo yd Ve/A Row lef) )l:&m » o)jan odls ra)f
S5) Jib g9 dw jloslawl b aS Logs ()] «SB p268 LasS
Jib ojla—is i )0 (FoVe w30l 93 9 YoV aiialy 93 caijoly
\\”\“ c&;)u,wé.;.f \\”Yo ‘kj)‘) ))} \\“Y c&;)}w \\”\a)
S9y » (B Gloged VVeod g K55 30,8 Voo S,
CadsS g (Bl poal ) JIS 0)de> (S dw glaaalS
ol (e Ujgy LSy i el od b 02l ioled V Jeds
My Josp o Magnodet ¢S b dowg 4 g 0395 (Sl W 56
VO BN o e b L) 5o sl g0 4 gl (g5lamiS ha
bwgie g (g ySue VYO U Vo5 oy lilad Jlad L) 5, o[ iegSe
a8 Gl 0l (gAAwd (yiog S YFe U YYS o cllad lad L)
aolj g olasy 3l 48,8 o J5U pU blod i jase ie V Jgd> jo
o 3l slad )3 balags el (e &) s (o) o0l 2l
Cagby ol )8 e 45 )0 YA JINVD (glon (slod byl yis cod w8
)95;& s ;b ojloss 41#»9 4 04 Sl WL > Ol}fr" AW
Dol g Bee g Fee Koo KB Foo N plp cuiy 4 YU
395 50 39 e o gl IS S U 36 gl | og )iSa
o a0l S Gl 950 50 39390 LS ¢ bl
S ie o139 3l e g B cdldyy SB e (6550 il
ws)S jlas > bajlas Jlosl loj > Gl adgl (g Olgie 4 !
03l 5,8 S 9,3 3 Tasome b IS ¢ —lorw I Ly i0iS
IR W

Lol 09)3 (ol (bl g, 5 atan Yl cud3S I



VFoo bl ¥ oyl (¥l ((5559lisS @sbuo g pole) LS cblis 4 pis  YFA

SL YL 55 il il CulS g Gislejl ) edliiul 5490 s J5U-Y Jou>
Table 1- The nozzles used in the study and their atomization quality at 3 bar
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According to the American Society of Agricultural Engineers (6). the atomization quality of the nozzles used is classified as very
fine (VF: droplet diameter from 61 to 105 pum). fine (F: droplet diameter from 106 and 235 pm) and medium (M: droplet
diameter from 236 and 340 pm).
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Figure 1- Location of moisture-sensitive papers relative to the nozzle trajectory
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Table 2- The effect of nozzle type and nozzle size on the deposition of spray droplets on moisture sensitive paper (WSP)
placed in the positions shown in Fig. 1.

i 2o dljl 4, ©lagpo (Sl
Variable source DF Mean square
Veugh) 4 ol 5 Y Cugby el L Y Cugby ) el 426
WSP1 WSP, WSP3
Jib °’l°“_3 5 8015.98 ** 6300.78 ** 6466.55 **
Nozzle size
Jb &g 2 412.01 ** 5085.79 ** 24510.68 **
Nozzle type
JJL“ A 10 167.41 ** 342.59 ** 1761.28 **
Interaction effect
ks 36 16.05 24.11 8.18
Error
Coeff Var 5.21 7.49 6.76

O ygej] Lolul o ps K Jleis] aws )3 (gl ixe **
** Significant at the 0.05 probability level based on Duncan test.
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Figure 2- Effect of nozzle type and size on spray deposition (percentage) on moisture-sensitive paper located in the positions
shown in Fig. 1.
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Figure 3- Almost vertical leaves of wild barley at the stage of 3 to 4 leaves

110015
11002

= 110015

+ 110025
- 11003

11004

- 110053

.\..‘ -
\
W
WA
;;’;\\%
05 :

i

Sl Sss
Dry weight {g]
2.5 S R
Cry weght (g}

Yo¥e ik g Wy K
Twin flat fan 2000 Single Nl fm
00 4 00 -
T T T T T T 7 T ¥ T T T T
0 2 5 10 20 50 100 0 2 5 10 20 50 100
(5658 53 035e 33l .5 e - T - ugh ouSylia (5558 55 3394 20k 0.5) L 5T - pp oSyla
Holaxyfop-R-methyt (g a1 ha) Haolowyfop-R-methy (g a1 ha)
25 A
- 110015
& 11002
S10025
20 - -k- 11003
11004
- 11005
i
3 215
£
o™
33
2z
2 & 10
05 - ~
Y G g
Twin flat fam 3070
Q0 -
T ' T ] ] T T
0 2 5 10 20 50 100

(26508 13 2gm 00ta a5 e - 5T - gd (Sl
Haloxyfop-R-methyl (g 21 ha)

A8 8353 )18 13U Elgil ilin (glao lond b o' (B Syl 098 (oS illiSee (51035 1 0398 Sk (59 Gl -V UKW
Figure 3- Response of dry weight of wild barley to different doses of haloxyfop-r-methyl when applied with different sizes of
nozzle types
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Figure 4- The dose of haloxyfop-r-methyl required to reduce the dry weight of wild barley by 50 and 90% compared to the

control when used with different sizes of nozzle types
Treatments with a common letter are not statistically different.
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Introduction: Herbicides should be sprayed on weeds after diluting in water. Since the spray volume can affect
the efficacy of herbicides; therefore, selecting an appropriate spray volume has always been considered a simple,
inexpensive and available method to optimize the efficacy of herbicides. Changing the sprayer speed and the nozzle
size are two possible methods to adjust the spray volume. If a very low or high spray volume is required to achieve
optimal herbicide efficacy, the applicability of the first method will be problematic. For this reason, the method of
changing the nozzle size always seems to be more feasible.. When a graminicide is sprayed with a single flat fan
nozzle, which is currently the most common type of nozzle available to most Iranian farmers, the spray droplets
which move perpendicular to the ground are mostly oblique to the leaf surface of the grass, having erect leaves.
Hence, it is likely that a large number of the spray droplets bounced from the leaf surface to the soil. A twin flat
fan nozzle can create two non-vertical sprays, reducing the possibility of impacting obliquely the spray droplets to
the leaf surface. Therefore, the bouncing of spray droplets from the leaf surface is significantly reduced. To date,
the efficacy of twin symmetrical and asymmetrical flat fan nozzles has not been compared. On the other hand, the
effect of spray volume on haloxyfop-r-methyl efficacy against wild barley has not been evaluated. Therefore, this
experiment was intended to fill the gaps mentioned in science.

Materials and Methods: To compare the efficiency of single, twin symmetrical and twin asymmetrical flat
fan nozzles under different spray volumes, a dose-response experiment was performed in the Research Greenhouse
of Bu-Ali Sina University. In this experiment, seven doses of haloxyfop-r-methyl (0, 10.8, 21.6, 43.2, 64.8, 84.4
and 108 g a.i. ha™*) were used using three types of nozzles (single flat fan, twin flat fan 2020 and twin flat fan
3070) in six sizes of them (110015, 11002, 110025, 11003, 11004 and 11005, which create the spray volumes of
150, 200, 250, 300, 400 and 500 L ha*, respectively) were sprayed on wild barley at a three-leaf stage.
Simultaneously with spraying 108 g a.i. ha, another experiment was performed as a factorial in a completely
randomized design. In this experiment, the amount of spray settling from three types of nozzles in six sizes of on
moisture-sensitive papers was evaluated in three situations. Paper No. 1 was mounted horizontally on the ground
and papers No. 2 and 3 were mounted vertically facing the back and back of the nozzle, respectively.

Results and Discussion: In paper No. 1, in all types of nozzles, more surface of the paper was wetted by
increasing the nozzle size (spray volume). In all types of nozzles at 11003, 11004 and 11005, the highest wetting
rate was provided (100%). The lowest wetting rate was obtained with twin flat fan 3070 at 110015 (7.3%). In
paper No. 2, in all types of nozzles, more surface of the paper was wetted by increasing the nozzle size. The highest
wetting rate (100%) was observed with single flat fan and twin flat fan 2020 nozzles at 11003, 11004 and 11005.
The lowest wetting rate (24-19%) was observed with single flat fan nozzle at 110015 and 11002. In paper No. 3,
in two twin flat fan nozzles, more surface of the paper was wetted by increasing the nozzle size. A single flat-fan
nozzle could not wet the paper at all. In general, the performance of the nozzles used in this experiment is twin flat
fan 2020 > single flat fan = twin flat fan 3070. In all types of nozzles, with increasing the size of nozzles (spray
volume), the rate of haloxyfop-r-methyl is required to reduce 50 and 90% of the dry weight of wild barley (EDso
and EDqo) increased significantly, indicating a decrease in the efficacy of haloxyfop-r-methyl against wild barley.
As the best treatment, the lowest values of EDso and EDgo, which were equal to 9.34 and 38.21 g a.i. ha’,
respectively, were obtained with twin flat fan 2020 at 110015. Increased efficacy of haloxyfop-r-methyl when
spray volume was reduced can be explained as follows small size nozzles create a greater small droplet. Smaller
droplets may give better spray retention over the leaf surface, resulting in increased efficacy of haloxyfop-r-methyl.
In low spray volume, the higher concentration of herbicide in the spray solution may create a greater concentration
gradient between the spray solution and leaf, increasing the diffusion of herbicide into the leaf.

Conclusion: Although the spray coverage increased with increasing spray volume for haloxyfop-r-methyl, it
has an adverse effect on its efficacy. Therefore, smaller and more concentration droplets resulted in greater control
of wild barley with haloxyfop-r-methyl than did larger and more dilution droplets.
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