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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 ﬁl(; m) density tse(;::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
.5)1? 58 Slo s Y J9u>
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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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 ™ 2.28x107ms 2.17x10713ns
Herbicide concentration 5 2.654" 0.6108" 0.1507" 318.18" 6.67x10°%" 0.0214 1.64x10°%" 2.17%10712"
Organic matter 1 0.0001 ™ 0.0559 ™ 0.0076 " 66.98 ™ 4.71x1010ns 0.0248 ™ 1.11x10%" 5.64x101™
HC x OM 5 0.0860 ™ 0.0498 ™ 0.0075" 39.00™ x108.77 " 0.0238 " 1.20x10°%" 3.69x10°12*
Error 22 0.0586 0.0404 0.0119 44.053 1.12x10°8 0.0532 6.77x1071° 9.27x1071
C.V (%) 9.76 16.24 13.08 32.06 41.48 18.66 26.17 3.50

kK

..J.;:..waM,:&5j@JLs:>lcl=.~):‘5)l>@M,Lg)l>‘_;'~rJ&9§j:@: )

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



(D) YY Ol 5 atacile [iils alome /(10 8) 0o 5 o

YA

A5 Cale 4 63L 5 Lol &80 5 5 Jlal goay
) e 02 8 S 2515 D) gy IS
Slie 4 Celu YF 51w 3,8 15 1S e
dad oo Sl s Gdan e 0L
99 el el sl (Toteva et al., 2004)
03 disly S Cale CLIE 5 £ 5 4 Sl e sDle
Ly & 5 VB ol wly 55 olS &R
ASe chle il L (sl
(3¢50 0L O 5l g sl g+ Ji200 55 54) g
Sl A5Gl gl 5o VBT S ba
Sl Olas
ASCale Sl 1L S, s,
5 3L Rl 0 ) e sl g 4 J200 9 58 e
Yoooles Lyl 5o ST g o e
2 el L odalie JESa 530 S sm 03k p 8
SISy Sl S Y ol 05T T
o Sale cbl
i1 A i 3L Al O 5 g s s
L Soosba 5 5Ll SkwobSY gzl
t g SSCde CBlE g 5S
Aol b gl 53 (guls e sba 0 5 g 5] 5
LS 51 (ks 53 3L a8 A5 e 050k
Sl Sl 4l o) 0Ll 5 s
G some AAST Gl SY szl o 5T 0ils 5L
Toteva ef al.,) Sl odd odalin r-ij"T o
Slao bl 4z mli & sl (2004
ASaale chle Shoes an, oledis
ST oale 5litn ¢y 5 e sl g + J200 55 58 ses
Chle das e 0L 1y LOT blize 31 pomes

Oraped 5 gl b 5 bl sS,)l8 hle

O3 o g g+ J00 9y 9] guze Zhale o1 53
Sl L sy s o IS jbay il tals
ol b Gl Sl ol Lals Ly, ccble
Sl edmsolis K5 et 515 mbs 5 adllas
o alaSy e eiylsil sla S Cale sdialS”
ChL I L i) 5 Jbs ST (s s
s ble sl .(Kunert & Boger, 1979) 5 &
FIY0) Ul sspleS s sl S ale ol
e BT S pp B Ma o 5 (53 5 e
L 555, 5 Jds A5 e SRIB (Rd )o
chle all b ose ol e s edalie
O3 o sl o+ J200g) 58 gua S Cale
G5 OMRe (e &S5 5 sbas ol OLAS Al B
S 3 0 jge esle o 5 ¥ (les il d o
@ aly e Al (¥ Jgd) Ad sdalie
Loy odpbnl adlas s AS e cble
(Moradbeigi & Khara, 2011) L= 5 Kosl e
AS ke Heam s adlad, O KT <y,
ol STy adl .l oks 51 sk 5
R I S N Tt
ook otalice il 5 (K5 535505 55 05558 g A
s YL b iSlale S Jbs e
5 S8 s n S5 1 5 035k,
Cwlus (Fayez & Kristen, 1996) duilas Mt
L I3 S o e o (A ol LS
o s NS o IS s sl S pds
@l Condy b shien 3L Sl ALS

S oo A5 g S e 4 g S e olS



Y4 v gackle & (Vigna radiata L) 3l olS glowd s 5 o595 50 b STy oL

e (K iy Lase 53 03315465
adl (8L il ool i @ ads, s
09058 33 JS S e ar b gy o 21531 0 iy
ot 3 50 e 34l g g VBT 5350 5
b iSCale 5,8 L Oyl ad,y 5 s,
b 2S5 Cale sl o S (g sba il LU
SHL B odie LTl ol

(Grigoryuk et al., 2016)

2 O g sd) g+ Jzel g 58 gute ES ke
Sl DS gl g adyy ST s ol g ldae
JJ}YUKﬁ)M})&_JL&}‘&)J@)
24 Sl s sl QLS Hls sme I M‘)J@cb.w
e S5 pb asdls ok O Jyds)
3,55 L &S sl olis (Fayez & Kristen, 1996)
Doy s8 gy IS Gla iS5 Cale

s oLy

(Vigna radiata L.) 2o &5 5 slacdgm 5 S50 58 Sliv p 1S Cale chale Ol 1 S0k 4 lio £ J9u>

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 2 8.040 ¢ 0.00041 ® 0.00003 ¢ 9.76x10 62

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¢¢

Il e Ol Bl 0 g0 5T s 5L .x..;p@dkblcb.n): Soldgme SslE O g pp y0 alie oy o Syld Lsu&_iil._.n

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 2.86x109ms 4.01x104ns
Herbicide concentration 5 133.454™" 1.69x108" 0.0283 s 1.92x108* 4.20%x10°13 "
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

.MM))&)@J»\&)}6)‘)@#)6)\}@#(-&%}4{:**}*sns

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

Vigna radiata L) gl aky y olasd o Slio p 15 Cale Clile 31 5 Kle awlio 1 Jous>

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 2 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 ©

Il gme Ol Bl 50 5T s S s o o Jlex! Cla.~ 03 b gae Sl wlie oy > slyls 5\.&@?&@
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 0.00001lnmol 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°

I s e SNl Sl 55T aa 5L Aoy o Jlez| cb.a 03 Gl gme 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.

Sleatay 568 ) slastign Sliv , JTesle ys 28 Cale clale flize 1 Kl alin A J9
(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  ConCentrationin - peroxidase )’y an W U EW 00000 amal 13-
0 2.95x10° ¢ 9.62x10°" 2.70x10*2 1.27x1073 @
20 9.47x107° %  7.62x10°° 2.84x1042 1.28x107 2
0 30 1.17x10%b  7.28x10°" 0.81x107 ¢ 1.21x1073 ¢
40 7.11x10° %4 7.08x10°°° 2.14x104 &° 1.20x107 ¢f
50 7.14x10° %4 7.01x10°°° 1.50%10 1.24x10 bd
60 1.00x10° ¢  6.55x10°° 8.32x10 ¢ 1.17x107°f
0 3.33x10° ¢ 3.87x107% 2.80x10*2 1.27x107 2
20 5.42x10° %4 8.67x10°6° 8.36x107 ¢ 1.25%107 ad
4 30 8.02x10° %4 1.06x107° 3.11x10%2 1.24x103 b
40 1.14x10*°%  1.09x103° 2.86x10*2 1.26x107 &<
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 SNl Sl 55T a5 Aoy o) Jlex! Cb.« 03 b gae Sl alie oy o yld Lgl.»;nfdl,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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