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Introduction

The use of novel nozzles and natural gums has gained significant attention for improving the
physical properties of spray solutions and reducing drift during herbicide application. It is essential
to optimize spray droplet stability and deposition to enhance herbicide effectiveness while
minimizing environmental risks. Despite advancements in spray technology, the potential impact
of various plant-derived gums on droplet behavior remains unclear. This study aims to evaluate
the effects of different plant gums on the activity of clodinafop-propargyl and the physical
characteristics of spray droplets in the control of winter wild oat.

Materials and Methods

This study was designed as a dose-response experiment to investigate the effects of adding 12
different types of plant gums—namely pectin, Carboxymethyl cellulose(CMC), guar, konjac,
dextran, xanthan, carrageenan, sodium alginate, Farsi, gum tragacanth, gum Arabic, and gellan—
to a spray solution of the herbicide clodinafop-propargyl. The herbicide was sprayed using three
types of flat fan nozzles: standard, anti-drift, and air-induction. The research focused on the spray
coverage and effectiveness in controlling winter wild oats under greenhouse conditions.
Additionally, the study examined how these gums influenced various factors, including the
viscosity of the spray solution, the contact angle, the spread area, and the evaporation rate of
herbicide droplets placed on the upper and lower surfaces of winter wild oats leaves.

Results and Discussion

The results indicated that konjac, CMC, and gellan gums produced the highest viscosity in the
clodinafop-propargyl spray solution, with viscosities of 89.8, 93.9, and 195.4 mPas/s, respectively.
However, these gums did not affect the efficacy of the herbicide against winter wild oats. Xanthan,
guar, and CMC gums achieved the highest droplet-leaf contact angles (greater than 55°), with
xanthan gum resulting in the longest droplet evaporation time of approximately 30 minutes. In
contrast, gellan and konjac gums led to the shortest droplet evaporation times, which were less
than 10 min. Among sprays with a standard flat fan nozzle, the addition of guar, xanthan, and
sodium alginate gums increased spray coverage. Among sprays with an anti-drift flat fan nozzle,
the addition of guar, konjac, sodium alginate, and Persian gums improved spray coverage. Among
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sprays with an air-induction flat fan nozzle, the addition of cellulose, guar, konjac, xanthan, and
Persian gums increased spray coverage. In sprays with standard, anti-drift and air-induction flat
fan nozzles, the EDsg value in the control treatment without gum was 15.8, 20.5 and 16.9 g a.i. ha”
! respectively.

Among the sprays with the standard flat fan nozzle, except for the addition of gum arabic, the
addition of gums to the spray solution had no effect on the ED50 and ED90 values. Among the
sprays with the anti-drift flat fan nozzle, the addition of pectin, cellulose, guar, konjac, dextran,
xanthane, and sodium alginate gums caused a decrease in the ED50 value, and the addition of
pectin, cellulose, guar, konjac, dextran, xanthane, and guar gums caused a decrease in the ED90
value. Among the sprays with the air-induction flat fan nozzle, the addition of guar and sodium
alginate gums caused a decrease in the ED50 value, and the addition of guar gum caused a decrease
in the ED90 value. These results indicate that in the sprays with the anti-drift flat fan nozzle, there
is a greater need for the presence of gums in the solution, and out of 12 types of gums used, 8 types
of gums improved the herbicide efficiency. Additionally, adding guar gum to the spray solution
applied with an air-induction flat fan nozzle resulted in the highest spray coverage of 39.3% on
moisture-sensitive paper. This combination also required the lowest herbicide dose to control 50%
and 90% of the dry weight of winter wild oats (11/89 and 33/69 g a.i. hal, respectively). Based on
these findings, this treatment is recommended as the most effective option.

Conclusions

Overall, there is a significant need to incorporate gum into the spray solution when spraying it
with anti-drift falt fan nozzle. Based on the findings of this study, the recommended approach is
to use a clodinafop-propargyl spray solution that includes guar gum in conjunction with an air-
induction flat fan nozzle. In contrast, adding gellan and xanthan gums to the clodinafop-propargyl
spray solution did not enhance its effectiveness against winter wild oats. However, these gums can
increase the viscosity of the spray solution and prolong the evaporation time of the spray droplets,
making them potentially beneficial in windy, hot, and dry environments.

Keywords: Droplet drift, Droplet evaporation, Droplet surface area, Spray quality, Spray
solution viscosity
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Table 1- Physicochemical properties of the studied gums

Gum Source Main Approxim Charge Solubilit Gelation Rheology / Primary
Composition ate y Properties Viscosity Function
Molecular Characteristics
Weight
(Da)

Pectin Citrus peels  a-(1—4)-linked 50,000 — Anionic Soluble HM (high Medium, Gelling agent,
/ Apple D-galacturonic 300,000 in cold methoxyl): pseudoplastic stabilizer
pomace acid (partially & hot sugar +low  (shear-thinning)

methylated) water pH; LM
(low
methoxyl):
Ca2+

I Carboxymethyl cellulose (CMC)



CMC

Guar

Konjac
Glucom
annan

Dextran

Xanthan

Carrage
enan

Sodium
alginate

Persian
Gum
(Farsi
Gum)

Chemical
modificatio
n of
cellulose

Seed
endosperm
of
Cyamopsis
tetragonolob
a

Tuber of
Amorphoph
allus konjac

Bacterial
fermentatio
n
(Leuconosto

c)

Bacterial
(Xanthomon
as
campestris)

Red
seaweed
(Chondrus,
Eucheuma)

Brown
seaweed
(Laminaria,
Macrocystis

)

Exudate of
Amygdalus
scoparia

B-(1—4)-linked
glucose with
carboxymethyl
groups

B-(1—4)-
mannose
backbone with
a-(1—6)-
galactose
(Man:Gal = 2:1)

B-(1—4)-linked
glucose &
mannose
(Glc:Man =
1:1.6)

a-(1—6)-linked
D-glucose
(branched)

Cellulose
backbone with
trisaccharide
side chains
(glucose,
mannose,
glucuronic acid)
Sulfated D-
galactose & 3,6-
anhydrogalactos
e

B-(1—4)-linked
D-mannuronic
(M) & L-
guluronic (G)
acids

Arabinogalactan
(galactose +
arabinose
backbone)

50,000 -
1,000,000
(grade-
dependent

)

1,000,000

2,000,000
(up to
8x10°9)

500,000 —
2,000,000

1,000 -
>2,000,00
0 (highly
variable)

2,000,000

20,000,00
0+

200,000 —
800,000
(up to
1.5M)

32,000 —
600,000+
(typically
100-400Kk)

~4,000,00
0-
4,760,000

Anionic

Non-ionic
(Neutral)

Non-ionic
(Neutral)

Non-ionic
(Neutral)

Anionic

Anionic

Anionic

Anionic

Cold
water
soluble

Cold
water
soluble

Hot
water or
alkali

Cold
water
soluble

Cold &
hot
water
soluble

Hot
water
(kappa/
iota)

Cold &
hot
water
soluble

Partial
(=30%
cold
soluble,
70%
swells
in hot)

Non-gelling
(thickener
only)

Non-gelling
(rarely with
borax/Ca)

Strong
irreversible
gel with
alkali
(deacetylati
on)

Generally
non-gelling

Weak gel /
fluid gel at
rest

Kappa: firm

gel with K*;
lota: elastic
with Ca?*

Strong,
irreversible
"egg-box"
gel with
Ca2+

Weak gel at
high
concentratio
n

High, shear-
thinning

Very high,
strongly shear-
thinning

Very high,
pseudoplastic

Low to medium
(depends on

MW)

Very high,
excellent shear-
thinning &
thixotropic

High,
pseudoplastic

Medium to
high,
pseudoplastic

High

Thickener,
stabilizer

Thickener,
stabilizer

Gelling agent,
thickener

Stabilizer,
viscosity
modifier

Thickener,
stabilizer,
suspending

Gelling &
stabilizing

Gelling (films)

Emulsifier,
thickener,
stabilizer



Tragaca  Exudate of  Heterogeneous: 800,000~  Anionic Partial Weak gel / High Emulsifier,

nth Astragalus Tragacanthin >1,500,00 (swells highly stabilizer,
spp. (soluble 0+ in swellable thickener
arabinogalactan) cold/hot
+ Bassorin water)
(swellable)
Arabic Exudate of  Arabinogalactan 250,000 — Mildly Highly  Non-gelling Very low Excellent
Acacia trees -protein 1,000,000 Anionic soluble viscosity emulsifier,
complex in cold stabilizer
water
Gellan Bacterial Linear 500,000 — Anionic Hot Strong, Low in solution Gelling agent
(Sphingomo  tetrasaccharide 2,000,000 water clear gels — high gel (clear gels)
nas elodea) (glucose, with cations strength
rhamnose, (Ca*/K")

glucuronic acid)
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Table 2 — Analysis of variance (mean squares) for the

effect of adding gum on the viscosity of clodinafop-
propargyl spray solution

Source of variation df Viscosity
Gum 12 2.474™
Error 26 0.001
Coefficient of variation (%) - 1.27

Al oo 2oy N Jleis ] e )3 (g5 gime odind i
** indicates significance at the 1% probability level.
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Figure 2— Viscosity of clodinafop-propargyl spray solution whitout gum (C) and with gums of pectin (G1), CMC (G2),
guar (G3), konjac (G4), dextran (G5), xanthan (G6), carrageenan (G7), sodium alginate (G8), persian (G9), tragacanth (G10),
arabic (G11), and gellan (G12). Means followed by similar letters don’t show a significant difference based on Tukey’s test at the
1% probability level.
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Table 3 — Analysis of variance (mean squares) for the traits of clodinafop-
leaf propargyl spray droplet placed on winter wild oat

Source of variation df Evaporationtime Contactangle  Wetted area
Gum 12 0.579™ 453.3" 10.10™
Leaf surface 1 0.020™ 196.77" 0.01"s
Gum x Leaf surface 12 0.060™ 132.21™ 4.34™
Error 52 0.001 7.38 0.45
Coefficient of variation (%) - 11.45 5.73 8.50

ol 2oyd V Jlesis ] o )5 (6515 gixe 9 (g gime pis odimd Ui oS 4 e g NS
ns and ** indicate non-significant and significant at the 1% probability level, respectively.
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Figure 3— Evaporation time of clodinafop-propargyl herbicide spray drop containing gums of pectin (G1), CMC (G2), guar (G3),
konjac (G4), dextran (G5), xanthan (G6), carrageenan (G7), sodium alginate (G8), persian (G9), tragacanth (G10),
arabic (G11), gellan (G12), and control without gum (C), which placed on the adaxial and abaxial leaf surfaces of

winter wild oat. Bars represent standard errors. Means followed by similar letters don’t show a significant difference
based on Tukey’s test at the 1% probability level.
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Figure 4— Contact angle of clodinafop-propargyl herbicide spray drop containing gums of pectin (G1), CMC (G2), guar (G3),
konjac (G4), dextran (G5), xanthan (G6), carrageenan (G7), sodium alginate (G8), persian (G9), tragacanth (G10),
arabic (G11), gellan (G12), and control without gum (C) which placed on the adaxial and abaxial leaf surfaces of
Bars represent standard errors. Means followed by similar letters don’t show a significant difference winter wild oat.
based on Tukey’s test at the 1% probability level.
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Figure 5— Wetted area of clodinafop-propargyl herbicide spray drop containing gums of pectin (G1), CMC (G2), guar (G3),
konjac (G4), dextran (G5), xanthan (G6), carrageenan (G7), sodium alginate (G8), persian (G9), tragacanth (G10),
arabic (G11), gellan (G12), and control without gum (C) which placed on the adaxial and abaxial leaf surfaces of
Bars represent standard errors. Means followed by similar letters don’t show a significant difference winter wild oat.

12

10

Wetted area (mm)
(=)}

based on Tukey’s test at the 1% probability level.

® ®
] .. ..
-0.0022x2+ 0.0562x + 10.32 % ey
R*=0.8745 ‘
e @
o @
10 20 30 40 50 60 70

Contact angle (°)

Stabel el 53 ot osalie o 60 5y o 5 polod dl) o (o Stemsen =5 S5

Figure 6— Relationship between contact angle and wetted area of droplet observed in this study
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Table 4- Analysis of variance (mean squares) for the

effects of gum and nozzle on spray coverage on water-
sensistive paper

Source of variation df Spray coverage
Gum 12 540.2™
Nozzle 2 36.1"
Gum x Nozzle 24 114.9™
Error 78 1.5
Coefficient of variation (%) - 8.21

sl Lo )d Ve s j3 (615 gixe odimd LS wm
** indicates significance at the 1% probability level.



401 a
be be
cd
0301 de
e 2
o e
[=11]
S £
LV
- | f fg
g 20 £h _
¥ . N N o-1
B h- i h- e Ml :
a, J 3 J ki J . im i-m i-m|
n ]-©
1 k 0 -0 J-p
lo_m-f 1m- act -T 11y-5 =0 ot
o-tort gt 1]
P
t 15t st
O-F‘ﬁl"\ v M~ GO O ~—~ ) — N wy r~ o — ) o wy M~ O O )
GO383G80838 2553008388068 2590038368068 55Y
PP PR PEEPPEPERS RSP EEEPEEE P
“ Z 2z # 7 72 & 7az
Treatments

{GB) oiliS (GB) o) yuss (G4) Sloxs (G3) 165 (G2) Joko (GL) ) gowo 95 5 (Ign 02l NS (53,00 N2 ol J36 :NL) J5b g5 51-A S
2 d5obsnmolessls (S ile Joowe (234 (g 5 ((C) dao osn el 5 (G12) o5 (GL1) (e (G10) 15 (G) (o6 (GB) s 3T (GT) sl
09@)'] Gb o0 S s plaw 50 bjlos o Jb izme ol pas odimd (i S yidie (g dg3g i 3ylilinl (glad oaind i b ysiw g9y slrdles Cugby 4y (olus A28

Figure 8- Effect of nozzle type (N1: standard, N2: anti-drift, N3: air-induction flat-fan nozzle) and gum type (pectin (G1), CMC
(G2), guar (G3), konjac (G4), dextran (G5), xanthan (G6), carrageenan (G7), sodium alginate (G8), persian (G9), tragacanth
(G10), arabic (G11), gellan (G12), and control without gum (C)) on spray coverage of clodinafop-propargy! herbicide on water-
sensistive paper. Bars represent standard errors. Means followed by similar letters don’t show a significant difference based on
Tukey’s test at the 1% probability level.
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Figure 9— Effect of nozzle type (N1: standard, N2: anti-drift, N3: air-induction flat-fan nozzle) and gum type (pectin (G1), CMC

Gl (S

(G2), guar (G3), konjac (G4), dextran (G5), xanthan (G6), carrageenan (G7), sodium alginate (G8), persian (G9), tragacanth

(G10), arabic (G11), gellan (G12), and control without gum (C)) required to reduce %50 and %90 of the dry matter of winter
wild oat (ED50 , ED90). Bars represent standard errors. Means followed by similar letters don’t show a significant difference

based on Tukey’s test at 1% probability.
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