Iranian Journal of Weed Science (2026) 22 (1): 39-57

Iranian Research
Institute of Plant Protection

Iranian Journal of Weed Science

https://ijws.areeo.ac.ir/

Research Article

Evaluation of the impact of single-purpose, dual-purpose, and herbicide
mixtures on weed control, seed yield, and physiological and biochemical
changes in the barley cultivar Fardan

Hosseinali Sarli', Ebrahim Gholamalipour Alamdari?**, Ziba AvarsejiZ, Ramatollah

Mohammadi Gonbad?

I MSc graduate in Weed Science, Plant Production Department, Faculty of Agriculture and Natural Resources, Gonbad
Kavous University, Gonbad Kavous, Golestan Province, Iran.

2 Associate Professor, Plant Production Department, Faculty of Agriculture and Natural Resources, Gonbad Kavous
University, Gonbad Kavous, Golestan Province, Iran.

3 Researcher, Agricultural and Natural Resources Research and Education Center of Golestan Province, Agricultural and
Horticultural Sciences Research Department, Golestan Province, Iran.

Article Info

Abstract

Received:
January 05, 2026

Accepted:
June 08, 2026

First published online:
June 22, 2026

Corresponding Author:

Ebrahim Gholamalipour
Alamdari

Email:
eg.alamdari@gonbad.ac.ir

Key words:

Apirus,

Axial 1,

Basagran DP,
Chlorophyll content,
Compatible osmolytes,
Seed yield.

An experiment was conducted to evaluate the effectiveness of dual-purpose and single-
purpose herbicides, as well as herbicide mixtures, in controlling weeds and their impact
on yield components, seed yield, and physiological and biochemical traits of the barley
cultivar Fardan, using a randomized complete block design with three replications. The
treatments included Bazagran DP (Bentazon + Dichlorprop), Axial 1 (Pinoxaden +
Cloquintocet-mexyl), Apirus (Sulfosulfuron), Atlantis (Mesosulfuron-methyl +
Iodosulfuron-methyl-sodium + Mefenpyr-diethyl), Axial (Pinoxaden) + Bromicid MA
(Bromoxynil + MCPA), Axial + Buctril-Universal (Bromoxynil + 2,4-D), Granstar
(Tribenuron-methyl), Puma Super (Fenoxaprop-p-ethyl), Granstar + [luxan (Diclofop-
methyl), and no herbicide application with manual weeding as the control. The studied
herbicides were applied based on the Zadoks growth scale at the initial tillering stage.
According to the results, eight weed species were identified in the experimental plots,
with prostrate knotweed (Polygonum aviculare L.), rough mustard (Rapistrum rugosum
L.), and wild oats (Avena Iudoviciana Durieu) being the dominant species. The dry
weight of weeds was significantly affected by different herbicide treatments and no
herbicide application. The highest barley seed yield was observed in the Bazagran DP
and weeding treatments (3653 and 3631 kg ha™', respectively), while the lowest yield
was obtained in the no-herbicide treatment (1361 kg /ha). Axial 1 and its combination
with Bromicid MA also increased barley seed yield through effective weed control.
Despite a relative increase in osmotic adjustment compounds and total phenols,
chlorophyll content decreased. This study indicated that the enhancement of
physiological and biochemical protective traits primarily reflects the plant's defensive
response to stress rather than an improvement in yield, as these changes could not
compensate for the reduction in chlorophyll content and growth. Overall, the
application of Bazagran DP and Axial 1 is recommended for improved weed control
and increased barley yield.
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Table 1. Herbicide treatments, application rates, and manufacturers

No. Herbicide Application rate Manufacturer

1 Bazagran DP 2 Lha™ BASF, Germany
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3 Apirus 26.6 gha™! Bayer, Germany

4 Atlantis 1.6 Lha! Kavosh Sam, Iran

5 Axial + Bromicide MA 1.2Lha"'+1.5 Lha™ Syngenta, Switzerland +Aria Shimi, Iran
6 Axial + Buctril 1.2 Lha'+1.52 Lha™ Syngenta, Switzerland+ BASF, Germany
7 Granstar + Puma Super 35gha'+1 Lha™ Aria Shimi, Iran+ Golsam Gorgan, Iran

8 Granstar + Iloxan 35gha'+2.5 Lha™! Aria Shimi, Iran+ Syngenta, Switzerland
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Table 2. Analysis of variance of the dry weight of dominant weed species and total weeds in barley cv. Fardan under weeding,
non-weeding, and various herbicide treatments

Polygonum aviculare Rapistrum rugosum Avena ludoviciana Total dry weight of

047 Df dry weight dry weight dry weight weed species
Replication 2 0.003" 0.367™ 436™ 0.4.95™
Treatment 9 30.95™ 82.44™ 913.75™ 1609.78™
Error 18 0.002 0.21 2.34 2.59
Coefficient variance (%) - 3.68 13.83 14.97 10.90
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**: significant at the 1% confidence level; ns: not significant.
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Table 3. Comparison of means (mean + standard deviation) of the dry weight of dominant weed species and total weeds in barley
cv. Fardan under weeding, non-weeding, and various herbicide treatments

. Polygonum aviculare Rapistrum rugosum Avena ludoviciana Total dry weight of
Characteristics . q q q
dry weight dry weight dry weight weed species
Weedy check 10.40+0.10* 13.10+0.10* 50.00£2.00* 73.50+0.18*
Hand weeding 0.00+0.00° 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
Bazagran DP 0.13+0.03¢ 0.000.00¢ 0.36+0.07¢ 0.49+0.11°¢
Axial 1 0.11%0.02¢ 0.00+0.00¢ 1.00+0.19¢ 1.10+0.26¢
Apirus 0.47+0.06° 12.49+0.84* 1.49+.35¢ 14.38+1.20°
Atlantis 0.16+0.02¢ 5.00+0.81° 4.81+£27° 10.251.06¢
Axial + Bromicide MA 0.18+0.03¢ 0.00+0.00¢ 1.43+£.31¢ 2.01+0.40°
Axial + Buctril 0.50+0.04° 0.08+0.14¢ 34.73+4.57° 34.83+4.58°
Granstar + Puma super 0.34+0.05¢ 0.94+0.18¢ 7.01+0.12¢ 8.46+0.16¢
Granstar + Iloxan 0.42+0.05° 1.17+0.89¢ 1.37+0.41¢ 2.70+1.13¢
LSD 5% 0.09 0.78 2.62 2.76
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Similar letters in each column indicate no significant difference at the 5% significance level based on the LSD test
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Table 4. Variance analysis of the yield components and grain yield of barley cv. Fardan under weeding, non-weeding, and various

herbicide treatments

SOV Number of spikes lember of seeds per 10(?0-seed Biological yield Grain yield 'Harvest
per square meter spike weight index
Replication 2 42.60™ 2.25™ 0.08™ 3074.42" 41775.77™ 4.53™
Treatment 9 6268.80" 2248 24.08™" 1850073.01** 195412631 157.52"
Error 18 429.60 1.32 2.15 96367.58 35105.26 6.74
Coefficient of 537 621 4.00 3.74 720 8.41

variation (%)

“significant at the 1% confidence level; ns: no significant difference.
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Table 5. Mean comparison (mean + standard deviation) of the yield components and grain yield of barley cv. Fardan under
weeding, non-weeding, and various herbicide treatments

Characteristics Number of spikes Number of seeds per 1000-seed Biological yield  Grain yield Harvest
per square meter spike weight (mg) (kg/ha) (kg/ha) index (%)
Weedy check 330.00£0.00° 12.9340.29° 32.3340.57¢ 7650450.00° 1361453.51° 17.7920.69¢
Hand weeding 434.3849.38" 20.1740.91° 42.1440.24° 95794351.26° 3631463.61° 38.1342.00°
Bazagran DP 430.00£0.00* 20.5040.46 42.2340.21° 9563+76.56 36534251.66°  37.9740.85
Axial 1 434,58 +12.77° 20.63%1.88° 37.00+£1.73% 882945.51° 3215420158  36.4643.01°
Apirus 321.25421.90¢ 14.5740.81° 37.00£1.73%  7846£229.13% 1662£93.18F  21.20+#1.52¢¢
Atlantis 410.17446.78 20.4740.97* 35.8940.53%¢  8396+£349.87% 28544248.66°  33.95+1.63%
ial +

g’“al. . 413.33411.55® 20.1741.55 37.4042.11° 8296+278.33¢ 3047£130.51%°  36.7842.63"

romicide MA
Axial + Buctril 388.08£10.54 18.90+41.61% 33.7941.30%  77844487.17% 2350+132.29¢ 30.2241.51°
g’ranmr - 365.82426.94% 19.3341.42° 33.6422.23%  7663£246.53  2345£142.80°  30.6242.17°

uma super

+

S;i‘;tar 330.3344.51% 17.03£0.91° 34.7041.25%  74462349.98° 1889434843 25.5145.66°
LSD 5% 35.55 1.97 251 533.00 321 445
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Similar letters in each column indicate no significant difference at the 5% probability level based on the LSD test

b J5 5 @ J355 Jols (s 55 5o 150,
S ol pmen a8 5 (ath) S
S 5 (Jglons Gl 5 gt g2aT) 550
23008 03,5 3 JS U gl ol

(7 dgde) 39 s gmn Lo 3 &G ez elans

n 9> lowdsw 9 (Sige s Ole mW
O 9 (w9 poe (g sl Cxi Ol B

aliceo Sy s ile
slasles JIas sl Ol besls uibyly 4
Jﬁjl;jgﬁj‘u:sw&}fﬂ‘(’*“&‘u@h*

LS‘}:’“ B ¢ 2 wror DJ}A LsLhu;'Su.l.O



oy Q\JJ}F})}?;‘L&&JJ’LSJJ&.Jow‘je)jja’;ﬂjzgo)jﬁ;»&duﬁqlﬁﬁj‘uv.fl_.{)')\

V Jgdr) 353 l5 g s5LT s

» kA eSS, Al (U sbe
biScals 5,08 5 s ede slled
fl oS 53 58 slacale 2 5y edmsoles
gl 6l ul) sl b pp glacale o7 s 8 4
Ll 5 05,5 sgdoma |y oy 0l o iws iy
S s el S o Sl
Gl (Spbe @anT 3 55 Ml L sl e
sl asls OT 5 Sles 5 ddy e Ol
Zarco-) OLSaa 5 bl =S5 dkalyoplys
eSS, 8 ws S ok (Tejada et al., 2000
L - £, by kS
oo ) o 55 WOT Hliae 5 dies Jaoes gla 25
LF ol Sl e SAlS Gl bl o Al
Pahe Mg A Sl sy e el
(Harre et al., 2018) 0L, Kaa 5 Ll puiomes
Copan 5 50 lacale JE S s S IS
SLS S e S e LSl
Oas 5 (Seteds 353 g0 08 3 SIS ST
Iy L5, ;5 (Telesinski et al., 2008)
Llos S B 2e sas 5T e OIS ST Ol s
S e ) bl 25 A5 Ll 8 s oS
Sl S gaw! (Slgizee
pe Slaolesd Cowi s el s T Ol ks aels
S AS e 5,80 5 ey (S e 58
235 08 2 U35, Se VPO BYVNO (y (il
G S MEe o 2eST g op i g il 4 e
Dy s 3 A e 5, pde Hled 4 by e
Wl Co 50 uu;;fgdg 3,55 a8 sl Ol @Ls

B3 o p e 4 (148 4 B olS s 2

JT b a g b5 (S wwgd (So 1y (Slgiome
budedigsl g (ath)

238 JdsJS 0355, Sl o ik S Gillas
DMEe b g ald Hled 4 bgr e D15 5 055
S 53y oib 055 ¢S 5 e ke VYA
S Cale U5 pan pds 5lag 53 OT e o 58
) s oalin (o35 035 p S 2 p 5 e V/Y0)
B\

antin al b J35 IS 6580, (Sl a3 50 5
S S il poles 3,8 St o (K555
O fals or s dald b awslie )3 pwy 355
o sl L T I S Ol 4 ST osls
208 pde Ll e 53 g Hla e
s gl iS e S (S el en 4 a2 e
OLS bl + 5l & 5 s mT o o S 9+ JLuST
03505 Slgmme s (Bl e 25 W L
Slyoes § gazme 53 (VY Jsdr) Ldi b Jss IS
Span S s mopmn S, U5 Ji NS
5 @il Sppe &) il b S Cale
Bl Al s Sl b oawlie s (LS
 Lgpn 5 S8 IS aimn (S6)155k on
S sy paml 5 ASale 5,8 e slajles
e 4 Gl J2alS Ao ya YV/FY 5 YY) (S S
AV Jgde) Lsls Ol

208 Uy 5 g8 (6l e
Al Lgy e sled b awlis 5o IS Cale
DM i g S &S sosbe toAs
sles 4 S 15k

YAYY) esmT s (hoys VI9A) o0l S150

byp <SS

S alse (Fp g SN ol L s g (Lo



OA=YA :(VYY Ol 5l 5 aslacids ls ale (V80 0) 0L, dJ)L.ﬂ 0¢

sk 51 55 5 5 LS (5Ll 5 (6 jaml LIS
S b ) biee 1 ol S e Cliblons
s JouS 51 S sloos S o (S5skr Slakisn
Sl Culg 5o 5 by 5 (oad (glse i)
o e sl 3,8 o g g e
Lis ) Jole slaé slaitdsind Ll e 5,5 L
Jsloes By p oltle Sl i 51 g 0 S
{Elhovirdian Hamidi, 2016) &l s 8 s
7 Jg Slgiom

U A Lo Ol 8 035 g 5o JST 53 (Sl s
oy ol boawlie j b Sl 5,8
da iSCale o s WZ8L LRIl e slacale
ol SIE 0 8 Lo VNG ki b oy T 5les
s 5 e S W (‘;? Ve s
ol SSIE 0 8 e VY it b 5301 S5
\)ydp)lmaﬁ&i&é}&rf\n B
5 b gl bT zE (V ds) sls Ol
&S ol osls Olias (Harre et al., 2018) of,8as
b i8S Cale :ﬁ)lfr.au))',a slacale |l o
S I ST IS5 i &Ko s
5 odsn a5 (Js b S 5 0 S e

Spbe OWLE 5> S LS

e @ by Ol o3, s ez S, 0
05 2 Jsns Son YMOA Sl b o T 25 Cale
3,8 (umman (Y Jgd>) 5g 030 gl O
ORIF 4 e ey pde s 5 LISl
5 ot A o 65 55 houn (sladS gl s
4 bap oIia dsle gladd (51531 0 S
S 5 g 5830l S5k 5 2 ke 3 )08 pe e
2als 5l 4 Caed Lo p3 YFIYA 5 VFA/BY Ol su0a
AV Jgd) sl 20580 e g
Llg o A5 Ll 3 Gdon pend R
RIS (Sl S el 51 0T s oS 5 1 50
5 OsmeldnST 51 (6,8 sl dlaisT Gy b3l Js
Oldses S L iy e 5y I
El5l b OLLE agrlpe 3 45 Whes ST 518
554 Lol giaT 2130 5 a0y 4 s cla 55
(Hadizadeh et al., 2015) s 43 g ] s g
Ol (Mishra & Dubey, 2006)  gls 5 | b
(Sl dols Lias 5 oD s 4S5 sel
(Ol oS NS (g S L Ol siea
iSOl 5 oo OpmelenST oS g
5o Jslous Gaud uS o es 15T SIS,
g A5 Ll o 5l Gl sanl Ol sie

o b s o S o ) Bl 2 5wl

Calien G S Cale 3 25187 5 s ol (sl o 0135 085 g plasdine 5 (S5 58 Dlie ills 4 T J9de
Table 6. Variance analysis of physiological and biochemical characteristics of barley cv. Fardan under weeding, non-weeding,

and various herbicide treatments

Chlorophyll  Chlorophyll Total Carotenoids Proline Soluble Total phenol
SOV Df chlorophyll sugars
a content b content content content content
content content
Replication 2 0.005™ 0.001™ 0.012" 0.0001™ 15.65™ 0.81" 0.34"
Treatment 9 0.08™ 0.002" 0.16™ 0.08™ 2118.55™ 43.48™ 840.57™
Error 18 0.003 0.002 0.006 0.002 21.06 0.64 14.99
Coefficient of 3.46 8.57 3.97 3.08 446 329 416

variation (%)

Dls g M| pe 5N Jlex| éa..a 33 13 gme sdasOlEs

**: indicates significance at the 1% probability level; ns: no significant difference.
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Table 7. Mean comparison (mean + standard deviation) of the physiological and biochemical characteristics of barley cv. Fardan
under weeding, non-weeding, and various herbicide treatments

Total Carotenoids Proline Soluble sugars  Total phenol
Silltilrt(;gilyll ccol:ll:)el:tp Lol chlorophyll content content content content
Characteristics (mg per g fresh  (mg per g fresh content (mg per g (nmol per g (mg per 100 g (mg GAE per g
.g ﬁt) g g ll:t) g (mg per g fresh sample fresh sample dry sample dry
welg weig fresh weight)  weight) weight) weight) weight)
Weedy check 1.25+0.05# 0.38+0.03¢ 1.63+0.58¢ 1.07+0.05¢ 31.15+1.95* 144.20+6.04* 117.85£5.81*
Hand weeding 1.79+0.05* 0.59+0.02° 2.38+0.61* 1.56+0.01° 16.65+0.09" 57.78+2.05" 62.40+2.90"
Bazagran DP 1.69+0.03° 0.58+0.03% 2.26+0.06® 1.44+0.03° 22.42+0.41°¢ 71.23+£2.93¢ 76.33£3.27¢
Axial 1 1.63£0.07* 0.51+0.04° 2.14+0.09% 1.38+0.02% 24.80+0.07¢ 88.13+2.72f 78.32+0.25¢
Apirus 1.35+0.04" 0.40+0.03¢ 1.73£0.35% 1.12+0.06% 28.58+1.53% 130.34+5.20° 111.16+5.88°
Atlantis 1.59+0.02¢ 0.53+0.04% 2.12+0.07¢ 1.36+0.04¢ 24.41+0.42¢ 97.03£1.10° 97.28+0.43cd
: de ab cd c
g;i;ill;c—ide VA 1.49+0.10 0.53+0.06 2.02+0.13 1.344+0.01 23 4120 61% 05,085 88" 94,4043 30
Axial + Buctril 1.41£0.09¢f 0.39+0.08¢ 1.8140.16F 1.15+0.04¢ 23.28+0.15% 115.77+4.97¢ 94.71+0.55¢
cd b be
SGurl::rstar+ Puma 1.57+£0.03 0.51+0.03 2.08+0.06¢ 1.4040.03 23.95+0.2]¢ 105.345.16 95 75+1.10¢
Granstar + Iloxan 1.49+0.10% 0.4340.02¢ 1.91£0.02% 1.13+0.05% 25.31+0.06° 122.56+5.86™ 103.67+5.94¢
LSD 5% 0.09 0.07 0.14 0.07 1.38 7.87 6.64
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Similar letters in each column indicate no significant difference at the 5% probability level based on the LSD test
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  𝑨 =   𝟏 𝟎 𝟎 − 𝑩  𝟖 𝟔 × 𝑪              


  𝑯 𝑰 =   𝑮 𝒀  𝑩 𝒀 × 𝟏 𝟎 𝟎      


  𝑪 𝒉 𝒍 𝒐 𝒓 𝒐 𝒑 𝒉 𝒚 𝒍 𝒍   𝒂 =   𝑽    ( 𝟏 𝟗 . 𝟑 × 𝑨 𝟔 𝟔 𝟑 −   𝟎 . 𝟖 𝟔 ×   𝑨 𝟔 𝟒 𝟓 )  𝟏 𝟎 𝟎   𝑾      


    𝑪 𝒉 𝒍 𝒐 𝒓 𝒐 𝒑 𝒉 𝒚 𝒍 𝒍   𝒃 =   𝑽    ( 𝟏 𝟗 . 𝟑 ×   𝑨 𝟔 𝟒 𝟓 − 𝟑 . 𝟔 ×   𝑨 𝟔 𝟔 𝟑 )  𝟏 𝟎 𝟎   𝑾      


  𝑪 𝒂 𝒓 𝒕 𝒆 𝒏 𝒐 𝒊 𝒅 𝒔 =   𝟏 𝟏 𝟎 𝟎 ( 𝑨   𝟒 𝟕 𝟎 ) − 𝟑 . 𝟐 𝟕   ( 𝒎 𝒈   𝒄 𝒉 𝒍   𝒂 ) −   𝟏 𝟎 𝟒     ( 𝒎 𝒈   𝒄 𝒉 𝒍   𝒃 )    𝟐 𝟐 𝟕    


  I(%)=100×   R1 – R2  R1

