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Table 1. Dose-response regression analysis values of different doses of bentazone and paraquat herbicides under different spray carriers without
and with PC Gate surfactant on the control of ground cherry (Physalis divaricata L.)

GESa 530350 83k 0 8) Ji3a 5

ASle Jol T sas 55 e Yt . 7 gt 0505 dety
. . . b D? . Effective dose (g.a.i. ha™) i SRP) s
Herbicide Carrier Water conditioner s> s EDyo EDy, > EDyg 315 o
095k Sz OT Ol go O 3.77 20.09 86.01 153.99 27572 0.29 ™
Bentazone Distilled water (DW) None sufactant ~ (0.37) (0.35) (5.72) (5.02)  (17.84) . 111
oS e 438 19.16 83.69 138.14  228.01 0.36™ (0.15)
(PC Gate) (0.60) (0.34) (5.84) (4.15)  (18.22) .
ot Sl S e OT Ol go O 3.53 20.39 96.76 180.38  336.27 0.99
DW + Na,CO; None sufactant ~ (0.34) (0.35) (7.38) (6.16) (20.27) . 1.13
oL e 3.67 19.55 87.61 159.32  289.73 014" (0.17)
(PC Gate) (0.37) (0.35) (6.41) (5.49)  (19.08) .
e Sl S+ laie ST Ol go O3 3.99 20.42 119.47 20693  358.42 0.98 ™
DW + MgCO; None sufactant (0.49) (0.37) (10.09) (6.47) (21.96) . 1.12
oL e 3.73 19.60 102.30 18427  331.90 0.53 ™ (0.16)
(PC Gate) (0.39) 0.37) (8.15) (6.44)  (20.19) .
poiee IT Sl ST+ e OT Ol 2 O3k 5.13 20.55 152.09 23348 35840 0w
DW + Al(CO5)s None sufactant ~ (1.13) (0.39) (15.27) (11.09)  (33.45) . 1.08
L s 4.56 19.55 133.49 216.15  349.99 0.38 ™ (0.11)
(PC Gate) (0.75) (0.36) (12.99) (6.47)  (24.69) .
ST Saie T Ol go Ogs 3.94 19.44 39.88 69.32 120.49 0.28 ™
Paraquat Distilled water (DW) None sufactant (0.82) (0.53) (5.14) (2.86) (13.64) . 1.05
Lz 5.99 18.48 45.71 65.94 95.12 s (0.09)
S s 0.36
(1.83) (0.44) (7.01) (3.09) (7.39)
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Figure 2. Comparison of ED values obtained for different doses of bentazone (Solid lines) and paraquat (Dotted lines) herbicides
without (Left) and with PC Gate surfactant (Right) under different spray solution carriers distilled water (DW) in red color, Na,CO;
(Na") in blue color, MgCO; (Mg ") in green color and Al, (COs); (Al in orange color on the control of ground cherry (Physalis

divaricata L.)

z

Tmu.ﬂy = ‘g:,.wb‘bbu,:s

g:..w‘dzjbg:)
O WP

(Al#)kszcéjbmsbhoﬁ:lf@lfv»@y@
LOT s Mg™) 28 ,b 55 b 458 )
sy (Na) s b oSS 0,318 S

S e JS0ge an 2 &S

A Jjss

(55 p e JT 05518

Sty

S Cble 4l s Loyl plo

55

e O

A ale IS s

Aliverdi et al.,, ;2014) »

05518 &S5 Ay @

Ghls Js ol K5 5055 1 5wl
e g3 p G (Sl o)

r.:v\.w

B

05> _dlse .(2000,Nalewaja & Matysiak

J',a;n;:u/)u:sgdp@s@jgls@;



e ST L

spcale J S 1, SISThHL 5 055k sle
ety 31 ool g5 i 3 2 000 2153
O ) &S o b 1y sl 55 oo
jl&ﬁké\ﬁSﬁj)lf&\wbja
2 ol ST 553 50 Ol SE LG ool
St Ol a3 )8 a2 Cale oI5
o s Ol 38 K Sole 4 ol
Jsbmr (e (2387 (1257w s 5
e 3 shae 8 A S il
o 550 ol i Cdo g odd ial (olae s
SISTY 5 oasky sla iS5 Cale 51K
S Gale 2l G ady e Sulgns el
Sl B3 ol o @ 1) 03, Sy Sy e
ol ploil G o .(Ramsey et al., 2005)
I e gl FAb e 2 0L
SR 58 a5 o b S Gy b
o sl b 0L go 5T Cow 0T ules 445
IS8 3 6l 4l pie hby Csl &
SRIP ek G s eds S s
OLla s, (Sharma & Singh, 2005) Las s
5585 Sl o se 5 e Iy

5oL slo il 035y IS il 50 ol
Penner et) 545 o i)y, 5 5SS & b
i oy 0L 5o Yzl ¢ oyl 4l al, 2005
Sl S il Jglous mbaw 228 _2alS L
el A1) Al o pe SIS 5 055k
035 g $Seg o 5 p o b 1AL 5 S
S s O s o g o 55 5 0d
st s e o) S IS8
A ke 0 S50 esle in Ol g fos
OT S a5l 5 SLSTHL 5 0aske sl

Al

Cov by S Cale oS Hs Llg o Ooa
ST 53 55 0 Calibes sla ¢SS 5,8
Nalewaja & Matysiak,) Lil 3 Ciew
5oa el Cale Calises b 455 Juses (2000
Dl gt 4y Sy o 28 ale 5,08 4
S sls i sl Gl Sidnshr
Cake LIS 2 I8 5T ge Jalse 5l s 5
bl .(Holm & Henry, 2005) Cwla =S~
4 Cand Calides L;Lad':,f e Gl
s iS55 Cl Dogline OT e
ST B a5 S il 8 S
"y QJ‘;-); WSl 6ol Cawlee lyls
e 4 Sl g el O st S je ST ale
55 O g S 2S5 Cale ol ol OT
s Cawle lhls g Ol & 4
Sele s Spli e 4 Okl oyl s
S caba i Gle (S s gl
DT et S35 s S hs L5
.(Istvan & Endre, 2009) das ,| 3 ng Coo
st Ol 5 eslinal ) Jgdor 15 Gl

S 4 e (6)ls gme sk 4 S
0558 b5 ,3ED,, 5ED,, ED,, sl
s oslizal 3y 50 2 b aw 5 93 (S5 gla
JED, ED,, ystis oK o 6osb o
ol St 055 gy slyls o 5 4ED
VY /FQ A/ ) B 2A/FY FY/0V B Y/AA )
Jol i 5 550 5 30 85l S VAY/AY b
e Sl S e S ST e OT sl
Sagye s e @l s JT Sl S
s Olism 83 Sl 4 ks ges p Sty
AS e S p G s 8



VFoY Olesl WA s ly =Y o)lad — Y9 0,95« L1155 SO 9ol S sdg 5 4 i

St 5 BB ssb 4 O 0 OL g0 s 3o )
2D S osb 4 (Y ) 55 Sl
2 SISLL 5 Ok o fse b3k p S kST
sl &8 (v (g Olige Hpdm 55 ,ESa
PPy R VPR VAL ATAL VAR
VXY ONY 000 5 oS K o 05k
S 53 DSl o f e 85l o 8 ASTV/YA
ol 03 iy S0 Gl 265 &
e Sl S e Dl ST lake OT sla
xS Ol5 oo ol o p s T OB S
4 g Ol 25 SIS 5 S
SF5 o5k 4 DISHL 5 0siky S Cale
A5 0T o il Co ge
Calide (5235 5 1,187 bl 4 2
Sy & OIS 5 055k sla 1S Cale
S E o (g Olse olyen 4 5 el
35 Blew Jdous Ssline gl ol 3T
2 eap Ly Sege 5 dale IS
1Y Jader polas .ol ol 03,57 ¥ Jgd>
Ok sla (3 Cale Calises slaj3 5,18
Ob go ol yon 4 5 LAl &) g0 4 SISTHL
Sglize gl ol 5b Cow o8 e o
Sz i p e IS 55 Gl o
olaly (P<O01) 59 Ll5 me 03, Codo
e Dbz glajs (o Kbe amlie mb
A S e SIS 5 ogiky sl 25
D5 ¥l s il 5l ol 125
(83,8 33 I L &S b 4 ls S
G333 s 5 ke b 23S e Jlous
e 505y A5 ale 8y S
255 ke o faS 403 5 Ly Sy 85

ry

S Sl odd IS ummen ok L
S by M) e olass slas S
gh 03y e swME 2SS Cale ol a4
Jobomn 53 Kn s0s5S s s
OT alS oo S 5258 lad 1 ¢ 1S ke
5156 ) eSS i Al 3 eslizal b La
e 05318 a1 sl A
alis b « .(Bernards ef al., 2005) dzwlS
S35 3en 5,55 L &S Gl ol i
Cile S S el 015 o b IS e
23 3 n S A o b Coi ) 0
Devkota ;Y+++) sls 2l 5L Jslous T
.(,Nalewaja & Matysiak & Johnson, 2019
ds ol gl a0 5 gl WS SlaulesT b
ST 05 s se e 5 @edS Gla 0558
@b A e Sl Gl Jel-
Bt R R SRTISY PR e v
Azils Oy b 0T 258 (o0 Oy (e J 2S5
5 psisel Ollpu (G353 sl 355 &
osb 4 A Gale e 4 psisel Ol
ClS o glS Sl Jas I s 5
As 5,8 eoeen (Nosratti ef al., 2012)
Sl S 5 0 F b e ST S
st L A e S
a8 US55 passT-onedE
Yo Osgpl &S LS i ol sk
0333 3 U8 psmsel Spe 2 03 0 8
OT A o Sl 1 5l e ST 4 257 Cale
(Pratt et al., 2003) &S o (5,8
S sl S L s fedly sl
OISTHL 5 095k sl iS5 Cale eSS a



v S oLl

Sslize gl Jolo S o S e g Ol ol pen 45 05 SISl 5 D55k sl ST Cale Sslize (b33 3HANOVA) byl 45 ulinY s
03 iy &Sy ,e j,n Cale 5 055 il Jsloe

Table 2. Results of analysis of variance (ANOVA) for the effect of different doses of bentazone and paraquat herbicides
without and with PC Gate under different spray solution carriers on fresh weight of ground cherry (Physalis divaricata L.)

Al 5,8 cfw&+udu:x)l5
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A ) :Sile - - o -
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Table 3. Mean comparison for the effect of the different doses of bentazone and paraquat herbicides without and
with PC Gate under different spray solution carriers on fresh weight of ground cherry (Physalis divaricata L.)
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Table 4. Visual observations (EWRC) of ground cherry (Physalis divaricata L.) injury after 7, 14 and 21
days of spraying with bentazone and paraquat herbicides without and with PC Gate at four- to six-true leaf stage.
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Extended Abstract

Kordmir, M., Chitband, A. A., Shakarami, J.,. The evaluation of water quality under different
spray carriers and surfactant on bentazone and paraquat efficacy on control of ground cherry (Physalis

divaricata L.)
Applied Research in Field Crops Vol 36, No. 2, 2023 04-06: 19-39(in Persian)

Introduction:

Ground cherry, scientifically known as Physalis divaricata L. is a member of the
solanaceae family. It is an annual summer weed and an invasive and troublesome
species reported in various fields of beans, sugar beet and corn. This weed can
decrease the yield of sensitive crops such as peas and beans due to competition for
water, food and light during the growing season (Sabeti ef al., 2021). Bentazone
is a selective herbicide from the benzothiadiazinone group and is used to control
annual and perennial broadleaf weeds in soybean and legume fields. Paraquat, a
foliar-applied contact herbicide from bipyridylium chemical family, is the second
most widely used pesticide globally. Although it is a non-selective herbicide, its use
is extensive in both agricultural and non-agricultural ecosystems. Water, universal
solvent, is used as a primary carrier for crop protection product applications. The
properties of water used as a carrier in spray solutions can greatly influence the
performance of herbicides, including glyphosate, paraquat and bentazone. Quality

of water used in spray tanks can affect herbicides efficacy. Water hardness is
Email address of the corresponding author: chitband.a.a@lu.ac.ir
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primarily dependent on the concentration of cations such as calcium (Ca*” and
magnesium (Mg**) in water. Many studies have shown a reduction in weak acid
herbicide performance into the leaf when used with water hardness. The addition
of adjuvants such as ammonium (AMS) to weak acid herbicide solution reduces
the antagonistic effect of cations and enhances the control of certain weed species
(Prattet al., 2003). Zollinger et al. (2010) reported that the activity of the four weak
acid herbicides, such as, dicamba plus diflufenzopyr, and glufosinate increased with
addition of ammonium sulphate to the spray solution; they were all antagonized by
calcium and magnesium, and ammonium sulfate overcame this antagonism.

Materials & Methods:

Two experiments were conducted at the research greenhouse of the Agricultural
Faculty, Lorestan University, Lorestan, Iran (Lat 32° 3’ N, Long 48° 21’ E; 1117 m
altitude) from May to September 2021. Ground cherry seeds were collected from
a legume field near the research greenhouse at Lorestan University, Lorestan, Iran.
The seeds were germinated by adding 1250 ppm GA, in glass Petri dishes. Ten
germinated seedlings were planted at a depth of 1 cm in each 2 L plastic pot filled
with a mixture of sand, clay loam soil, and peat (1:1:1; v/v/v). The experiment was
factorial based on completely randomized design with four carrier water treatments;
distilled water (DW), Na,CO, (Na*), MgCO, (Mg*) and AL (CO,), (AI’") in dose-
response arrangements with three replications for each treatment. Treatments were
sprayed at four-to-five-leafy stage by using an overhead trolley sprayer equipped
with a flat-fannozzle. Four weeks after spraying, the shoots of the experimental
units control and treated plants were harvested, oven-dried at 75°C for 48 h, and
then weighed. The statistical analysis of data was performed using RStudio with
drc package and the PROC GLM procedure of SAS.

Results&Discussion:

The results showed that the fresh weight of Physalis divaricata L. was
significantly affected by different water carriers and doses of bentazone and paraquat
herbicides (P<0.01). According to ED |, <ED, and ED,, values for different carriers
of bentazone and paraquat spray solutions, the highest and the lowest antagonistic

effects on herbicides efficacy were recoded with AL(CO,), (AI’*) and Na,CO,,
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respectively. The intensity of the antagonistic effects depended on the cation’s
valence and ranked as follows: AL(CO,), (AP’") > MgCO, (Mg**) > Na, CO, (Na")
> distilled water (DW). All the EDs values for different hard water carrier were
reduced using the PC Gate surfactant. The highest damage to P. divaricate was
observed 21 days after spraying with doses of 300 and 480 gr of paraquat and
bentazone.

Conclusion:

In conclusion, using an adjuvant is essential to maintain herbicide efficiency
when cations are present in the water used for spraying. Also, applying bentazone
at 480 g a.i. ha'! and paraquat at 300 g a.i. ha! with PC Gate is recommended as the
most effective herbicide treatment to control Physalis divaricata L. weeds

Keywords: Adjuvant, dose-response, ED values, hard water cation, surfactant,

water carrier.
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