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Introduction

The effectiveness of herbicides is influenced not only by the active ingredients and their toxicity but also by
the formulation of the herbicide. Conventional herbicide formulations include wettable powder and emulsifiable
concentrate (EC). EC formulations are prepared by mixing the active ingredient with solvents and surfactants.
However, these formulations can have negative phytotoxic effects due to hazardous solvents and can be unsafe
for operators during application. As an alternative to EC formulations, capsule suspension (CS) formulation has
been considered. EPTC is a thiocarbamate herbicide used to control the growth of germinating annual weeds,
including broadleaves, grasses, and sedges, in crops such as tobacco in Iran. EPTC acts by inhibiting cuticle
formation during the early stages of seedling growth. It is available in formulated products such as emulsifiable
concentrate (EC) liquids containing up to 87.8% active ingredient and granular (G) formulations containing up to
25% active ingredient. However, there have been few studies on the production of microcapsule formulations of
this herbicide. This experiment aimed to evaluate the weed control effectiveness of EPTC microcapsule
formulation, which was synthesized for the first time in Iran. Additionally, the study examined the effect of the
herbicide extender, Ammonium thiosulfate, at different doses and application methods.

Materials and Methods

To investigate the effectiveness of different herbicide formulations and application methods, a three-way
factorial experiment was conducted in Tirtash Research and Education Center in Mazandaran province, Iran,
during the 2014 growing season. The experiment followed a randomized complete design (CRD) with three
replications.

The factors studied in the experiment were:

1. Herbicide formulation:
o Emulsifiable concentrate formulation (Eradicane® EC 82%)
o Emulsifiable concentrate formulation with Ammonium thiosulfate
o Microcapsule formulation
2. Herbicide dose:
o 50% of the recommended active ingredient (2.46 kg a.i. ha-1)
o 75% of the recommended active ingredient (3.69 kg a.i. ha-1)
o 100% of the recommended active ingredient (4.92 kg a.i. ha-1)
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3. Herbicide application method:

o Soil-incorporated pre-planting

o Pre-planting

A control plot with no herbicide application was also included. Throughout the growing season, weed
density, weed dry weight, and tobacco yield were measured. The relative weed control compared to the control
treatment was used to evaluate the efficiency of the different treatments. The collected data was subjected to
analysis of variance using Minitab (Version 18), and mean comparisons were performed using the honestly
significant difference (HSD) test at a significance level of 0.05.
Results and Discussion

Based on the relative frequency of weeds, Setaria viridis L. and Amaranthus retroflexus L. were dominant
species. The experimental results show the effects of formulation type, application dose and method of
application on weed density and weed dry weight and tobacco yield were statistically significant difference. The
microcapsule formulation increased weed control efficiency and tobacco yield significantly compared to EC
formulation and the highest weed control performance and tobacco yield belong to the soil incorporated of
microcapsule formulation with recommended dose.

Conclusions

The results indicated that the utilization of a microcapsule formulation allows for a 25% reduction in the
application dose of the EPTC herbicide, without compromising weed control or tobacco yield. Consequently,
there were no significant differences observed between applying 75% of the recommended dose using the
microcapsule formulation and applying 100% of the recommended dose using the EC formulation, with or
without the extender. Based on these findings, it is crucial to promptly mix the herbicide with the soil
immediately after spraying in order to maintain the efficiency of EPTC. Furthermore, it was discovered that
employing two-thirds of the recommended dose of the microcapsule formulation yields the same level of
effectiveness as the recommended dose of other formulations. Additionally, incorporating the EPTC herbicide
with soil in all formulations enhanced weed control efficacy. In contrast to previous research suggesting the
positive impact of extender adjuvants such as ammonium thiosulfate on herbicide efficiency, this study did not
observe similar effects. This discrepancy may be attributed to the varying soil and climatic conditions at the test
site.
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10- Ammonium thiosulfate
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14- N-Methylcarbamoyloxyanilides

15- Iminophenyl N-methylcarbamates

16- S-ethyl-N, N-bis (3-chloroallyl) carbamothioate
17- Fonofos
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2- Water dispersible granule

3- Kinetics of release

4- Delivery

5- Minimum threshold concentration
6- Microencapsule or Microcapsule
7- Capsule suspension

8- Coat
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Table 1- The physical and chemical characteristics of the experimental field soil
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12- Echinochloa crus-galli (L.) Beauv.
13- Digitaria sanguinalis (L.) Scop.
14- Panicum dichotomiflorum Michx.
15- Zea mays L.

16- Glycine max L.
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1- Heliotropium europaeum L.

2- Acalypha sp.

3- Cyperus rotundus L.

4- Digitaria sanguinalis (L.) Scop.
5- Convolvulus arvensis L.

6- Solanum nigrum L.

7- Tribulus terrestris L.

8- Portulaca oleracea L.

9- Chenopodium album L.

10- Sorghum halepense (L.) Pers.
11- Chrozophora tinctoria (L.) A. Juss.
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Table 2- The density and frequency of the dominate weeds in the experimental field
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Name Scientific name Family 20t 507 20 =
Gfe‘; ‘:” fl;’)’(*t’;” Setaria viridis L. Poaceae 25 18 21 24
3o Sl Amaranthus retroflexus L.  Amaranthaceae 38 23 33 31

Redroot pigweed
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Table 3- Analysis of variance the effects of formulation, dose and application methods of EPTC herbicide green foxtail and
redroot pigweed density and dry weight 40 and 60 days after tobacco transplanting

©lapo (nS0be
Mean squares
Ol pds 2ol NEHETSH }?""u:*’lis;ﬁf }")-9“*‘*-1)0*_’9)"5"
Source of variation df Green foxtail Redroot pigweed
40t 607 40 60
Sy Sl Sy WS1F L )))
Density Density  Dry weight  Density Density  Dry weight
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S ile Jie (B) 2 12175.92™ 8178.60 8915.80 4667.58 1859.81 2216.85
dose
°’_’~’K o (€) 1 404811  3711.40™  8044.00™  851.86™ 6526.70™  5812.15™
Application method
AxB 4 86.87 143.40 248.70 139.31" 22.56 35.96
AxC 2 305.08" 474.20" 628.60" 44.61 135.40 56.93
BxC 2 548.67™ 333.20 8.50 275.16™ 76.28 481.63™
A xBxC 4 92.88 109.90 193.50 39.61 2.28 138.18
ks 34 83.34 114.00 102.20 40.50 77.42 82.06
Error
0, - .
() Sl ot 15 20 18 12 14 18

Variation of coefficient (%)

] b ime do)d S g gy Jlein] pdaw )0 s )5 4w g

GBI 9y T
* and ** significant at 5% and 1% probability levels, respectively.
T Day after transplanting
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Table 4- Mean comparison the main effect of EPTC formulation on green foxtail and redroot pigweed density and dry
weight compare to weed infest control 40 and 60 days after tobacco transplanting

JySs o
Control percent
. 3 Ugyod o Bauio -
Ooawd g0 48 TR e PPMEI9PE
Formulation Green foxtail Redroot pigweed
407 60" 40 60
L 3 B 1 1 BNy
Density Density Dry weight Density Density Dry weight
Q’Eéf ‘ 54,00  44.63° 49.43° 46.25°  43.54° 45.06P

pogel SMlgwgss olpod & 0gedyel g 41 g9b 48720 42850 4157 42.84°
EC + Ammonium thiosulfate

J’“':A‘é)s“’ 80.17%  68.932 68.442 67.882  62.852 60.41°2
g el gl 7.45 8.72 8.25 5.20 7.18 7.40

Honestly significant difference
sl (S5 09031 b oy s G )lel s 5 )l sine BB pas Sily gty 5 e g
SHBLE I e o) T
Mean within a column followed by the same letter are not significantly different at the 5% level according to Tukey test
T Day after transplanting
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Table 5- Mean comparison the interaction effect of formulation and application methods of EPTC on green foxtail and
redroot pigweed density and dry weight compare to weed infest control 40 and 60 days after tobacco transplanting

J 55 oy
Control percent
) 5 o plgyed 3084l y g S U
F‘;:;Mu}:;i):n bys ! Green foxtai! Redroot pigweed
40t 607 40 60
Sl WSl KB Sl WS KBS
Density Density Dry weight Density Density Dry weight
Ogamdgel + 66.61¢  50.77 63.832 58.50°  57.64° 56.40°
EC - 41.39¢  38.49« 35.03° 34.00¢  29.44° 33.72¢
posgel Olilgwnss ol e 4y gmd gl + 59.55¢  56.04° 65.422 54,95  50.48P 51.16°
EC + Ammonium thiosulfate - 41604  27.75¢ 32.02° 30.76°  32.67° 34.52¢
oS 5)Ss0 + 84562  73.51la 73.952 7733 7283 71.872
MC - 75.78%  64.35% 62.932 58.43>  52.87° 48.94°
s i o3l 1299 15.19 14.38 905 1252 12.89

Honestly significant difference
ol (S5 ogeil b sy gy )lel o 53l tme M) pae Sy 50 52 )3 wlitie gy
U ) g oy T

Mean within a column followed by the same letter are not significantly different at the 5% level according to Tukey test
+ Day after transplanting.
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1- Lolium spp.
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Figure 1- The interaction effect of EPTC doses and formulation on green foxtail (a) and redroot pigweed density (b) compare

to weed infest control 40 and 60 days after tobacco transplanting
HSD: Honestly significant difference



Q0 xFoste b ogigh jsadile J S )0 sl GiSude o1 5lwaing (5o 9 0

8o 55 A B pslis o3l + sadsel T gedsdl
EC—E- EC + Extender —A— MC—$3—

100
HSD: 19.32 100 HSD: 17.31

80 A - 80 4

60 A 60 -

i cile U3 g S )
Weed dry wieght losess (%)
s
jabcile SUS 59 ShalS ds)
Weed dry wieght losess (%)
-
o

20 1 20 A
O - T T = O T T r
2.46 3.69 4.92 2.46 3.69 4.92
(58 53 2,50k 235 e £ 300 o3Le (15 53 2)55k) 003 smsi 8550 o3le
Recommended active ingredient (kg.ha) Recommended active ingredient (kg.ha')

g )03 5 gladile SWid (459 (iR Mo yd (o 8! IS AlE 3,5 sk g (g V90 8 (S )low Jilie Ol 5T JSUS
GBS 51 e 59y Te )3 IS s WL 4y Connd (e o) 50 Bl y g B EU 9 (Coml ) o)
I gine (s iglas :HSD
Figure 2- The interaction effect of EPTC doses and formulation on green foxtail (right) and redroot pigweed (left) dry weight

compare to weed infest control 40 and 60 days after tobacco transplanting
HSD: Honestly significant difference
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Table 6- Analysis of variance the effects of formulation, dose and application methods of EPTC herbicide on yield and the
percentage of increasing yield of tobacco compare to infested control

Olayo (uile
[CHPOVES ¥ W18 NEUETSY) Mean squares
Source of variation df 3, Slos 5 Shos i) 38 dwo
Yield Percentage of increasing yield
ok 2 0.04 11865.7
Block
oYy &5 (A) 2 132" 1911.9"
Formulation (A)
Sl i (B) 13.12™ 183596
Dose (B)
28 o (C) 1 10.13™ 13827.5™
Application method (C)
AxB 4 0.32 418.3
AxC 2 0.17 308.6
BxC 2 0.49 729.5
A xBxC 4 0.23 268.6
s 34 0.21 341.3
Error
0, - .
(%) st 25 13 14

Variation of coefficient (%)

ol Y gine 2o )d S g iy Jlosin] pdaw )0 i 4y e g 5
*and ** significant at 5% and 1% probability levels, respectively.
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Figure 3- The interaction effect of EPTC doses and formulation on tobacco yield (bar chart) and the percentage of increasing

11.

12.

tobacco yield compare to infested control (line chart)
HSD: Honestly significant difference
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