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Introduction

In conventional formulations such as emulsifiable concentrates (EC), wettable powders, soluble liquids, etc.,
complete availability of the active agent is usually considered immediate or rapid following usage. Application
rates of these formulations of pesticides are greater than the minimum threshold concentration to counter losses
from sorption, volatilization, photodecomposition, microbial and chemical degradation, and leaching.
Controlled-release technology for pesticides could reduce environmental damage and increase efficiency by
enhancement of delivery to the site of action. This survey was conducted to determine the possibility of EPTC
and trifluralin efficiency improvement by using microencapsulated formulation (MC) that were first synthesized
in Iran.

Materials and Methods

Two separated greenhouse experiments were conducted in Tirtash Research and Education Center
(Mazandaran—Iran) in 2014. The experiments were carried out in a factorial arrangement based on a randomized
complete block design with three replications. The Microencapsulated formulation of EPTC and trifluralin
herbicides were compared with emulsifiable concentrate formulation (Eradicane 82% and Treflan 48%) in O
(control), 25, 50, 75 and 100 percent of active ingredient (a.i.) (4.92 and 1.2 kg a.i./ha, recommended doses for
EPTC and trifluralin, respectively). For this purpose, the soil of pots were infested with the seed of Green foxtail
(Setaria viridis) and Redroot pigweed (Amaranthus retroflaxus). The responses of weeds to treatments,
specifically seedling number, were analyzed using ANOVA tests, non-linear regression, and fitting to three
parameters of Weibull and log-logistic equations. This analysis was based on Akaike's Information Criterion,
Residual Standard Error, and Lack-of-Fit Test indices in the R3.4.1 program. The effective dose were
determined for 10, 50 and 90 percent of weed control (ED1o, EDso and EDgo, respectively). Relative potency
index (R) of formulation types were determined by divided EDsq of EC into MC formulations.

Results and Discussion

According to the results of the experiments, the formulation type had a significant effect on the weed
numbers. The MC formulations of EPTC increased Green foxtail and Redroot pigweed control efficiencies. The
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ED10, EDsp and EDg decreased from 0.72, 2.94 and 7.18 kg a.i.ha in the EC to 0.41, 1.87 and 4.89 kg a.i.ha in
the MC formulation for Green foxtail and 1.08, 3.29 and 10.02 kg a.i.ha? in the EC to 0.57, 2.36 and 9.67 kg
a.i.hal in the MC formulation for Redroot pigweed. The R index of EPTC in Green foxtail and Redroot pigweed
control were 1.57 and 1.39, respectively. Weed control increased as trifluralin dosage increased in both of the
formulation types, although in higher doses of the MC, weed control efficiency increased more than the EC
formulation. So the efficiency of the MC formulations depended on application dosages. The ED1o, EDso and
EDgo of Green foxtail were 0.14, 0.55 and 1.27 kg a.i.ha* in the EC and 0.19, 0.52 and 0.98 kg a.i.ha™* in the MC
formulation. The ED1o, EDso and EDgy of Redroot pigweed were 0.20, 0.64 and 2.02 kg a.i.ha! in the EC and
0.26, 0.56 and 1.19 kg a.i.ha? in the MC formulation. So that the R index of trifluralin in Green foxtail and
Redroot pigweed control were 1.05 and 1.14, respectively. The dependency of trifluralin behavior to applied
microcapsule dose may be connected to capture of herbicide in microcapsule particles which it causes reduction
of bioavailability of herbicide in soil lower than the threshold doses of injury level. Whiles under this
experimental conditions, the herbicides are less affected by degrading agents and therefore have less opportunity
to express the advantages of MC formulation. Whereas the field studies results showed that the 50% of the
recommended dosage of MC formulation had same efficiency as 75% of the recommended dosage of EC
formulations (results were not published).

Conclusion

Microencapsulation is a versatile tool for product design and is successfully used in various sectors and for a
variety of different product features. However, although lot of research has been performed, only relatively few
developments have made it into products in the agrochemical area. For example 37 actives out of 908 listed in
total in the pesticide manual, mainly insecticides, are described as being formulated as control solutions. While
the development of this technology in agriculture can play an important role in preserving the environment and
reducing the pollution caused by pesticides. The purpose of the application of controlled release formulations is
the gradual release of herbicides in a suitable amount with maintaining efficiency in agronomic conditions. This
type of formulation is a combination of the herbicide and associated material that releases effective material over
a given period due to weed control. The results of this study showed that the R index of EPTC and trifluralin
were 1.57 and 1.05 in Green foxtail, and 1.39 and 1.14 in Redroot pigweed control, respectively. So that the
microcapsule formulation of EPTC and trifluralin herbicides increased the efficacy and reduced the application
dose.
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Table 2- Analysis of variance the effects of formulation and dose of EPTC and trifluralin herbicides on green foxtail and

redroot pigweed survival
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FoBlg)ed e Bada, e SEl sawabyyed  eydady g bl
Green foxtail  Redroot pigweed  Green foxtail Redroot pigweed
Sk 2 23.98* 34.97ns 0.33ns 26.33*
Block
‘Jw\j"’_’s ) 1 252.95** 302.55** 173.27** 7.56"s
Formulation (A)
”“S“dg f’”lg i (B) 4 592.23** 928.48** 900.30** 830.47**
Herbicide dose (B)
AxB 4 5.10"s 8.45"Ms 2.61n0s 19.22*
b= 18 4.41 1591 9.11 5.16
Error
(2023) el 2 13 15 19 12

Coefficient of variation (%)

o3 S g iy el o 50 45 iz g 40 gine b Py e g % NS

n.s, * and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Table 3- Estimated parameters from nonlinear regression of green foxtail and redroot pigweed survivals with formulation
and dose of EPTC herbicide by weibull and logistic equations, respectively

s sadile 09:‘”‘3!9")_5 Syl s> 3 °)J$°_ 3l @ )5 glS R (EC
Weed Formulatio Parameter Kga.i.ha? (acy
n b d e ED10 ED50 ED90
EC 1.34 100.96 3.86 0.72 2.94 7.18
Sl p 017) @375  (0.22) (0.16)  (0.19)  (0.72) 157
Green foxtail MC 1.25 99.90 2.51 0.41 1.87 4.89 :
(0.15)  (3.89)  (0.16) (0.10)  (0.15)  (0.42)
EC 1.97 100.08 ) 1.08 3.29 10.02
JRCTEIe" (037) (485 027)  (028)  (200) L3
Redroot pigweed MC 1.56 100.09 ) 0.57 2.37 9.67 ’
0.26)  (5.03) 017)  (0.26)  (2.12)
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d= the maximum of survival at zero herbicide, e= infection point and b= curved slope at infection point, EC = Emulsifiable Concentrate,

MC= Microcapsule formulations. Standard errors are in parenthesis.
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Table 4- Estimated parameters from nonlinear regression of green foxtail and redroot pigweed survivals with formulation
and dose of trifluralin herbicide by weibull and logistic equations, respectively

sl oY 30,0 ; Al NS 2 0550 o3bo 03 ks R &2
Weed Formulation arameter Kg a.i.ha (M)
b d e ED1o EDso EDgo
EC 1.44 100.48 0.71 0.14 0.55 1.27
o mlgyed (0.23) (5.30) (0.05) (0.04) (0.05) (0.13) 105
Green foxtail MC 191 100.35 0.64 0.19 0.52 0.98 '
(0.32) (5.25) (0.04) (0.04) (0.04) (0.08)
EC 1.92 98.89 . 0.20 0.64 2.02
308y wg Szl (0.31) (4.73) (0.05) (0.06) (0.32) 114
Redroot pigweed MC 2.89 100.43 _ 0.26 0.56 1.19 '
(0.41) (4.43) (0.04) (0.04) (0.11)

JgmsS 5550 9 ygmdgal (sl ygmnY 908 i i 4 MC g EC cilae & ) (iomie cud D ilae dlati € ¢ iSlile yan Hludo ) ol do )y yiSlas d
b e 0yl gllas july 81> slael

d= the maximum of survival at zero herbicide, e= infection point and b= curved slope at infection point, EC = Emulsifiable Concentrate,
MC= Microcapsule formulations. Standard errors are in parenthesis.

5 JowsS 9,50 0y o S ile s > ) oy Sl (0l 0¥ 90,8 38 ¢ s Jiiliy (a3 LS s (ol
5l acsl 5y msladile S oy cdale Jilis wliol el pae JpeiiS 0 1y GiScide ol (bl ollyetin 5y g Sae
Cdy phd o o Josle Sl (B pall 4 dag b 50 (s5w L dglio )3 joBadyy gy 5gls g jrismbypd jyacslacile
i (g0 4 eomed SIS bylyds o yllyelay 5 iS ale Ole 20 das il VY o V40 Cui S amadgel ey 50,
2 oS 9550 (gmYge )b (A8 Canl (s (gm0 )55 (el Jlee JguS 50 gmwVge 3 0350 B3lo p)5 o 38" ool
polde ;3 dS Sypo il oad Sy o5 iSuile olab gals 4 mdsal oy 8 0 m S e plo e bole p,5 VY 5 V0
ccbale J3lis abiwl ols g oy il ol5T s sV 5w splogyes jymclacide dli vy ials ol ey
D92 Ggedgel Jl G oY 908 cnl (DS SB > sl e ) 2SS (F Join) wil oo jojBads) g 5l
b a

100 -

80 -
BE 80 - 3 é-
e 3 8

5 3

3,?_ 40 = 3 £

20 -

0 - 1
Control 1 10 (,o:mc( 1 1I0
EPTC (kg ')J:ht-l) EPTC (kg 2. ha-1)
(565 53 8390 3k 0 ,59US) (o (T st8! (5 3 05550 83ko 0,59kS) (o S (528!

sPACe 9 (a) jow oy o3 jpacile sl woyd 41 boiye (ow T at(sT (IS 3,25 o g om¥90,8 93 1 Gy (sladoin ) S

(b) 508 y 09 52U
Figure 1- Dose response curves of green foxtail (a) and redroot pigweed (b) to emulsifiable concentrate (EC) and
microcapsule (MC) formulations of EPTC herbicide
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Figure 2- Dose response curves of green foxtail (a) and redroot pigweed (b) to emulsifiable concentrate (EC) and
microcapsule (MC) formulations of trifluralin herbicide
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