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A factorial experiment was conducted in a completely randomized design with
three replications at the Islamic Azad University of Neyshabur to investigate
the impact of varying concentrations of metsulfuron-methyl + sulfosulfuron
herbicides, under conditions of both organic matter application and non-
application, on the growth and biochemical characteristics of mung bean
(Vigna radiata L.). The experimental treatments consisted of six
concentrations of the metsulfuron-methyl + sulfosulfuron herbicide (0, 10, 15,
20, 25, and 30 g a.i. ha™!, corresponding to 0, 20, 30, 40, 50, and 60 pg per pot
containing 4.5 kg of soil, respectively) and two levels of soil organic matter
(application of 4% organic matter and non-application). Physiological and
biochemical characteristics, including chlorophyll a and b, carotenoids,
proline, catalase, superoxide dismutase, peroxidase, and acetolactate synthase
(ALS) activity, were assessed 45 days post-plant emergence (start of
flowering). The findings indicated that the assessed leaf indices including
chlorophyll a and b, carotenoids, proline, catalase, peroxidase, and ALS
activity were significantly (p< 0.01) influenced by the concentration of
metsulfuron-methyl + sulfosulfuron. Increasing the herbicide concentration in
the soil led to a reduction in chlorophyll a and b, carotenoids, catalase,
peroxidase, and ALS activity, with a significant rise in leaf proline levels. The
herbicide concentration also significantly affected proline, catalase,
peroxidase, and ALS activity in the roots. Increasing the herbicide
concentration resulted in an increase in proline and root catalase levels, while
concurrently decreasing root peroxidase and ALS activity. The results indicate
that metsulfuron-methyl + sulfosulfuron induces oxidative stress in mung
bean. Consequently, considering the detrimental effects of this herbicide,
mung bean exhibits sensitivity to it, which must be taken into account in
chemical weed control of this crop.
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Table 1. Soil characteristics of the experimental pots.

Soil Absorbable Absorbable  Organic

Bulk Particle size percentage

depth potassium phosphorus  carbon pH E;; m) density tse(;l:ure Sand Silt Clay
(cm) (mg.kg™) (mg.kg™) (%) : (g.cm™) (%) (%) (%)
0-30 27.12 14.11 0.12 73 217 1.50 Loam 40.8 413 179
(38 55 oy ¥ J9or
Table 2. Characteristics of cattle manure.

Moisture C/N Organic carbon H EC Total N Total Total

(%) (%) P @s.m') (%) P (%) K(%)

24.6 8.77 15.8 7.8 24 1.8 0.31 0.81
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U Spirodela punctata (G. Meyer) D.H. Les & D.J. Crawford, synonym: Landoltia punctata



(D) YY Ol 5 atacile [ils alme /(180 8) 0o 5 o

AR

odiyl35l gl i8S Cale I 1y S &S5 05
T b 4 Oadh e I 4SS,
Sl 3,5 51w Cele YF O oS ol
A Calises Slals 555,87 5 Jds IS 2alS o
.(Kunert & Boger, 1979)
ny das ol bl =3y slaasl
e 55 58] mita dile 09l LS 9] sun (Sl 25" Cale
P o> Pt G b Sl 0 s s sl g
i il SladliSS s oy S s bl
Loyl 8 L gd g0 olS ) 5 i i 2l
~ oS sl 0 5T b lge S ins e OLES
solS ) g o g el 4 e Sl
PR 4 e oS 0ds &5 b G AT S
Royuela et al.,) >si fﬁ L;Law’h\i;)
31 .(2000; Rose et al., 2016; Mendes, 2022
S AS e g Dl i 5L Ko 55
ol S eesS JT esle Ly oyl sl s
ST oske g5 5 Jlie 4 g olS 5 a2 Cale
53 &Sl was 5L .(Mendes, 2022) Cunl Sl
S S Cals slad S ge Sl (VUPH Lyl 2
VoS o CB L5 (g D)oty 05l Joi 5 5
4 e S 4 JT ool 039530 dits STl s
osle 4 i Cda 5 STl 5 DT a8 &S o
a3 8 515 0bLE e zws 53 S geas JT
Mousavi e al.,) Lsi o b BOT lowg

(2005

2 Scenedesmus acutus Meyen

ML g fSde 1oy mb
Sade 55 balaK, 5 by 5 CawsadE
b Jis S s p Mg S o Ol ST
2 dsben s a J35 S sy p o sidS
L3 18 0T Corad omen 5 sa Jidg IS
K5 lasdlls 5 (Dos santos et al., 1999)
A Js I olie fals Zel il g LS 5
Lo LT S 3 s 55 5)8 imen 5 by
&) 3 cpl wdl (Okmen er al., 2013)
g ol g ples s Chle 4 anuly Odia
S s (,,?GL,A PIY0 Ll s S, sba
e s BBe ST Llae o )
Ll edaline el 45,18
bl 55 lads 555,87 5 e Jos IS Hlus
S Sda 2 s p 5 Le 00 5 YO Y0
Copets fd oo (';?g‘—‘ Voo chle s 5 sl
555053 (Okmenetal.,2013) kb y s 51 JulS
ctalin gplie LB gy 35 S5 e lla oo
EARY rfdgﬁm Spd b slacbile 5.5
L 555, 5 s s 1 GRlB )
ﬁp?dgﬂn Chle )3 a8 Il s el odalie
Foo Chle s g 0p JLals Ouda JI ) 2
Syt S 55558 5 s S 2 53 0 8 e
mb (Okmen et al., 2013) wzd, o 51 JulS
U3 sl ol oiasoilis 33 Ks Slalllas
—4 b 1S Cale 4 S 555,87 5 by IS (g g
el 613655y w0yl sla S Cale o3


https://www.algaebase.org/search/species/detail/?species_id=27860
https://www.algaebase.org/search/species/detail/?species_id=27860

Yo v gkl & (Vigna radiata L) 2l olS olowd s 5 o555 50 b STy oL

S St Yl 05T 5 ST,
by doys 6 Jlas| zae 03 Solsgae
@ Jos ) Jols Sliv sl o5 (F Jsas)
3 Y (odsn s, b fey )
Jodr) S s gae S50 ey s AST )y g
254 Pl e e 658 5585 8 (Y
L ismG e ASle jesdnd LA
ol 2L sl sesdle (Fakhr rad ef al., 2013)
AS e @ ldie 0l S Sloj 053
Sy il Bl by 3L 180 ) gmis e
bl Bl gals 4 e Ll 5 e ST JTeske
+ e0gsdlsae S Cale Calee  la
Ak Sl olS ST 55 0 gl 5l g
ST e 3540 55 65, Sl flie
doys &G e s S SY gl 5T
OIS Slaw a4 5y oS s g Ll sme
sblae Obe 3 e Hbgae flaw
S5 o e S ko o g ok, S o 31
D S SSY gul @ 5T Ol sl LIS 1,
2l ekl gy 45 s Ol Ol e ol
clp oslhs Gbaiss 5 S Lls e T
odiyloil Gl S ale gl asis b
AL ST s Sl DS gl o 5T
e 5,8 4 asls Ol ) p SO =W
s Sl Oyl el 4 e Jle
A Ay 5 T S T T

1 Aminopyralid
2 Aminocyclopyrachlor

3 Picloram

Copae S gl iSale J1 b5,
3 (® 1 5) dslokels (® uisls) NS szl
SV s 5 (B0 Jsishlsy
315 OLad &3 3 50 s 3 AenSTl s 5 510STT
Sty Caliien ol 3 L iS Cale 3,8 o
(A 5 Sy b oaw Olip) )b
OB (g gmme il 33l o (515 sme Do) g0
1 S 53 56 ey 3 Sy g 5 1S
(Grigoryuk et al., 2016)
Soson S Y gl 05T (6 s
ASlale ble Sol5 sma
38 S5 opigmsile 4 Ja0s) sl g
—055 58 guie iS Cale oS ST (Y Jgus)
— LS sl e 0515k O 5 g 5 g+ Jize
2 3T ol Sl Al ol (el Sl
syl sl iSUle 5l a3 OWLE
Zand & ) Cans Sl 51 e Sl tSTY gl

Baghestani, 2002; Mousavi et al., 2005;
P Lﬁl.aui)\jf (Toteva et al., 2004

Abzes

3 55 48 S S gl 0 5T (6 1
4 pslie g s ol T ksl o
3,15 49 V'iJ'ST ol el sl ST ale
ol OLE > ol Ll (Toteva et al., 2004)
w0307 Lamea )3 iy ammtiys Sl S sl
Oospusiym 4 Jralgysll guie 2S5 ile
slciv S JT oske Sldie b ialS



(D) YY Ol 5 atacile [ils alme /(180 8) 0o 5 o

¥

S5 o il alin s
sl jsam 53 gl oSy sladsy s
~05) 38 guca oS ke ki
ok 0303 LIS F Jgdr 3 0 i) s g gurt fito
BYW-SU (G SN PP I PYN LR RPN
B 0o s g g g 4 J00 55 5 goie 1S ke
boalie 5 CBIE oy a8 s a6 5ba 05 8
Ol 1y ey MW Sl pme S dali
03) a by S rals Hldae o mie das o
osle p S¥) S Cale ke o YL S (Ao
S Cale O dald 4 S QLSS 3 053
DSy 55b g IS 5ldae (F Jgda) Ad odaline
+ Jee05) s guie AS e ) gl a | L2alS
4b Jos IS Canluo ols OLES O 5] g 5] 5
+ o0 9 5 e oS s 23
S gysbasga Jy IS 51 2SO 58 s sl g
efsmesle s Sl 55 cho,5 0 als
SV e IS Hluds zalS s edalive LS
— 3 Jlapa S 2 b S Gale bl
wooedalie WUT oSUs 5 posbdl
.(Okmen et al., 2013)
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3 Cucumis melo

sphe b s Tl G S £ oblE
axdllas opl oms s ol o Do (Sing e al., 2019)
A48 g ol a b Il 3,08« 5ls Ol
3,8 csll (3T 5, 0alS ws, e
Sy AF 1 i el 4 e Jle Jij
9 IS0 S e e s anl j3 Oyl
5 e b JBj b g me sl IS
Sl Gl S Jeys skas Jlb e
Al 5wl ¢ S 8 OISyl T
s ded Jj Sl g ph polie 5,08 4 5L
L Llg oo &S JT osle (Sing er al., 2019)
4 e ST 5 (S5 Jalse Sl 1)
wdl s LS dale (S5 s g Sl
SBJT:\}ACEMJJLAJSJLO;‘JJ?-UQUM
o LS4y 2 Jalse L pen 511 OT Wl
W5k S 5o BOT bl 5 008 b
.(Shin et al.,1998)
b iScae Ol Ol 5 JT osbe &
Sl Ol ey S mlS el S S
J2e0a508 5 5 O IS sl iS5 Cale
A S Gosba s S5 Mesle g 5 56 s
Sg i oS JTosle 53 ¢S sandn Ol e 4
J;:SLQTMLACEMJJLAJ{J#@\;?J;-Q\}:J
plpesdte (Mielnik ef al., 2025) 55 g
5> oslitalsyge (S35l sl g5 s Ll
S Olje b 25 e ol (65l O s 5o 3



YV v gkl & (Vigna radiata L) b o\S olawdsw 5 So599 50 b STy oL

Vigna radiata L.) 5 &5 5 olasdsm 5 S5 50 Slivo b3 slajlas 51 (Sl o x5 K5ke) el s 4 50 ¥ J9o>

Table 3. Analysis of variance results (mean squares) for the effect of treatments on leaf physiological and biochemical traits of mung bean (Vigna radiata L.).

S.0.vV DF Chlorophylla Chlorophyllb Carotenoids Leaf proline Leaf catalase Leaf SOD Leaf peroxidase Leaf ALS
Block 2 0.0376"™ 0.0045 " 0.0203 " 77.076 "™ 7.41x1071s 0.0303 " 2.28x107m 2.17x10713ns
Herbicide concentration 5 2.654" 0.6108" 0.1507" 318.18™ 6.67x10°%" 0.0214 1.64x10°%" 2.17x10712
Organic matter 1 0.0001 ™ 0.0559 ™ 0.0076 " 66.98 ™ 4.71x1010ns 0.0248 " 1.11x10°%" 5.64x107 11
HC x OM 5 0.0860 ™ 0.0498 ™ 0.0075 " 39.00™ x108.77 " 0.0238 " 1.20x10%* 3.69x10712*
Error 22 0.0586 0.0404 0.0119 44.053 1.12x10%® 0.0532 6.77x1010 9.27x1071
C.V (%) 9.76 16.24 13.08 32.06 41.48 18.66 26.17 3.50

%k g

.MM):&j@J\“blcb“):s)l:@n,g)b@ru%,;;q{: s ¢

"S, " and "*: non-significant and significant at the 5% and 1% probability levels, respectively.
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Table 4. Comparison of the means for the effect of herbicide concentration on leaf physiological and biochemical traits of
mung bean (Vigna radiata L.).

Herbicide Chlorophyll a Chlorophyll b Carotenoids Leaf Leaf catalase = Leaf Leaf ALS
concentration in soil mg g' FW mg g' FW mgg'FW  prolinegg Ug!'FW peroxidase U 0.00001nmol

(ug a.i. ha) 'Fwu g'FW 2,3diketon g' FW
0 3.313¢® 1.624 2 1.076 * 8.040 ¢ 0.00041 @ 0.00003 ¢ 9.76x10 -2

20 2.938 1.560 2 0.832° 18.550° 0.00012 © 0.00007°  8.64x10 6P

30 2.531°¢ 1.261° 0.897° 19.522° 0.00032 0.00009°  8.96x10 P

40 2.286 ¢ 1.138° 0.847° 24.096 0.00015 © 0.00010°  8.98x10 P

50 2.453¢ 1.072° 0.770 ® 25.022 % 0.00030 0.00010°  8.18x10¢¢

60 1.354 4 0.771 ¢ 0.592 ¢ 28.987 2 0.00023 b° 0.000192 8.14x10-6¢

I Sl e Ol Bl 0 g0 5T s L M)A@ka\cl:.n): Sl gme SlE O g pa y5 alie oy o o éu;,:i;l,_.p

The means with the same letter in each column are not significantly different at the 0.05 probability level according to the LSD test.
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Table 5. Analysis of variance results (mean squares) for the effect of treatments on root biochemical traits of mung bean
(Vigna radiata L.).

Root Root Root Root
8.0.v DF proline catalase S.0.D peroxidase Root ALS
Block 2 2.974ns 1.30x1091s 0.0207 ns 2.86x109ns 4.01x104ns
Herbicide concentration 5 133.454™" 1.69x108" 0.0283 s 1.92x108* 4.20%x1013*
Organic matter 1 19.703 ns 2.01x108" 0.0071ns 7.80%10°9ns 2.07x10°130s
HC x OM 5 19.675™ 7.10x1079 s 0.0262 s 2.09x10% ™ 2.33x1013 ™
Error 22 1.199 4.36x107 0.0223 3.82x10° 52110
C.V (%) 24.92 47.66 18.14 28.16 1.84

s Ao y3 65 5 g e o 53 (65130 5 Sl mn pde e FF 5 ans

ns, * and **: non-significant and significant at the 5% and 1% probability levels, respectively.

Vigna radiata L) e akyy olasd go Slio » 15 Cale clile 31 o Kls awlio 1 Jou>

Table 6. Comparison of the means for the effect of herbicide concentration on root biochemical traits of mung bean (Vigna radiata L.).

Herbicide concentration in soil Root proline Root catalase Root peroxidase = Root ALS 0.00001nmol

(ug a.i. hal) pg g' FW Ug!FW Ug!FW 2,3diketon g'' FW
0 47714 0.00001 ® 0.00028 # 0.00001269 #
20 5.510 ¢« 0.00015°® 0.00019 b° 0.00001268 #
30 6.283 4 0.00013 ® 0.00027 # 0.00001226
40 7.638 ¢ 0.00008 ° 0.00025 0.00001234 °®
50 11.338° 0.00014 ° 0.00021 ® 0.00001231°
60 17.168 0.00023 * 0.00013 © 0.00001200 ©

I Sl gme Ol Bl g0 5T s S Lo s o) Jlex>! c]a.~ 03 b gae Sl alie oy o slyls ‘.;Lnacfdl.f
The means with the same letter are not significantly different at the 0.05 probability level according to the LSD test.
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Table 7. Comparison of the means for the effect of organic matter on shoot physiological and
biochemical traits of mung bean (Vigna radiata L.).

Herbicide concentration  Leaf peroxidase Leaf ALS 0.0000lnmol Root catalase

(g a.i. ha') Ug!'FW 2,3diketon g"'FW Ug!'FW
0 0.00008 © 7.52x10°" 0.00016 ®
4 0.00012 # 1.00x1038 0.00011°

Il e SN Sl 0 505T aa 5L Aoy o Jlez| cla.a 03 Gl e Sl alie Loy o yld ébh&:i}l:.n

The means with the same letter are not significantly different at the 0.05 probability level according to the LSD
test.

Sl atoy 58 Slad s Sliv p JTesle 3 35 Cale clale Blize 1 oKl aeslie A Jgi>
(Vigna radiata L.)

Table 8. Comparison of means for the effect of herbicide concentration on growth traits of mung bean (Vigna radiata L.).

Organic Herbicide .. Leaf . Leaf ALS 0.00001nmol Root peroxidase Root ALS
mater  Coneentrationin - peroxidase )’y an oW Ul EW 0.0006 tamal 13-
0 2.95x10° ¢ 9.62x10°" 2.70x10*2 1.27x1073 2
20 9.47x107° %  7.62x10°° 2.84x1042 1.28x107 2
0 30 1.17x10%b  7.28x10°" 0.81x1073 ¢ 1.21x1073 ¢
40 7.11x10° %4 7.08x10°°° 2.14x104 &° 1.20x107 ¢f
50 7.14x10° %4 7.01x10°°° 1.50x10*od 1.24x10 b
60 1.00x10°¢  6.55x10°° 8.32x10 ¢ 1.17x107°f
0 3.33x10° ¢ 3.87x107% 2.80x10*2 1.27x107 2
20 5.42x103 %4 8.67x10°6° 8.36x107 ¢ 1.25%107 24
4 30 8.02x10° %4 1.06x107° 3.11x10*2 1.24x10 b
40 1.14x10*°%  1.09x103° 2.86x1042 1.26x107 a¢
50 2.2x10%8 9.36x10°° 2.69x10* 2 1.22x10 de
60 1.14x10%°%  1.07x103" 1.64x10*b-d 1.23x107 ¢°

Il e SN Sl 55T a5 Aoy o) Jlex! Cb.« 03 b gae Sl wlie oy > (slyls L;Laacfdl.f
The means with the same letter are not significantly different at the 0.05 probability level according to the LSD test.
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