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T#RAE B O HXAHT Bag HEE F R x4
A e bt ERET OKAE" XARY
(L LA AR BRI IT I A A P 5 (5 7 T A S0 AR 050035 3

2. INARAE R R BRI R BTTE T, IR RO A E AWk 17 i S0 %, 5 250100
3. AR LT ER AR PR R 3l , A1 K 052160 4. 4T dbdb 72 Be A MRk 24 B, K% 11 075000)

HE: A A E TR R 2 F 0 AR AU, R T AT B2 £ S A K 4640
(C-4640) Fof B /) F Su k7T R 4198 (H-4198) 4 ¥ £ K 69 % wa , 5HME 15.75 g (a.i.)/hm’ (¥ 18] & K
WFHF F )P AR AR E A T B AP & Su AP 69 4 B ALEE 1 | B =B (malondialdehyde, MDA ) 4~
T HEZ S AOLSBIEAR N A B £ 5t —F RN AR M A £ R AT EF ) E
PR KA AR, R BT W A A A C-4640 A2 H-4198 # EC,, & %1 4 63.20 g (a.i.)/hm’F»
4.22 g (ai.)/hm’, Wi H 2 G H 69 1545 £ A& . 15.75 g (a.i)/hm’ ¥ & Z a5 phia T, C-4640 F= H-4198
R A AR BN A T B AW B it BAC R B S 2 LIS SR )G 5 KRR F)EAA
H C-4640 # 3 B ALEF & P58 & T H-4198;15.75 g (a.i.)/hm® ¥ & = &5 1% pir 18 F , C-4640 4k A
MDA 4% 2567t %6 TEAH, M H-4198 4k .9 MDA 4% £ % 5 R & B T 5 28.62% , X J& T 44
4 I H-4198 Ak N eH 20K 6 A4 TR B F K, m A ILF B KBk 2404 bk R 5 4
S RAER B BT RIEIR, 1 C-4640 BT B 2 F T, AW TERELT LT ASHEABZR
FACE M ST AR A 3 s AT AR AR AU 0 K AR AT
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Differences in physiological responses of resistant and susceptible wheat
varieties to mesosulfuron-methyl stress
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Abstract: To examine the physiological mechanisms that underlie the observed variations in resistance
to herbicide metildisulfuron among diverse wheat varieties, the effects of mesosulfuron-methyl on the
growth of seedlings of the resistant wheat variety Chang 4640 (C-4640) and the susceptible variety

Henong 4198 (H-4198) were determined, along with the response differences in antioxidant enzyme
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activities, malondialdehyde (MDA) content, chlorophyll content, and photosynthetic characteristic
parameters under 15.75 g (a.i.)/hm* mesosulfuron-methyl stress (the maximum recommended field
dose). Correlation analysis and principal component analysis (PCA) were further employed to identify
key indicators for evaluating herbicide resistance in wheat varieties. The study showed that the EC;,
values of mesosulfuron-methyl for C-4640 and H-4198 were 63.20 g (a.i.)/hm’ and 4.22 g (a.i.)/hn?’,
respectively, with the former being approximately 15 times higher than the latter. Under 15.75 g (a.i.)/hm’
mesosulfuron-methyl stress, the activities of superoxide dismutase, peroxidase, and catalase in both
C-4640 and H-4198 increased, peaking on day 5 after treatment, and the antioxidant enzyme activities
were generally higher in C-4640 than in H-4198; MDA content in C-4640 showed an initial increase fol-
lowed by a decrease, while in H-4198, it decreased by 28.62% relative to the control on day 5 before
rising continuously; chlorophyll content in H-4198 decreased significantly compared with the control.
However, a decline in photosynthetic parameters, including stomatal conductance, transpiration rate,
and net photosynthetic rate, was observed in the experimental group when compared with the control
group. In contrast, C-4640 exhibited no statistically significant alterations in these parameters. The
evaluation of wheat resistance to mesosulfuron-methyl can be facilitated by the use of key indicators,
including chloroplast pigment content, photosynthetic characteristics, and antioxidant enzyme activity.

Key words: wheat; mesosulfuron-methyl; physiological response; antioxidant enzyme activity; photo-

synthetic parameter
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BAEEZ L,

AN RV 4008 83 e 00 3 49 A 28 by A XA ]
R T i SE NS By RE I e W oS W G 78
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F1SOD i P b i B i THUR A AP 47 21 5 . R
ZIR5F (2014)WFRE R, SH2h/INE i AR LE R
FIAb P 5 OB N SR SR S R R T
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T RE RE MR /INAE SR 24 7 R SRR A, DAY) Sk H O
TR I A A i SO PR RIINZZ o vk R AL R
W

1 ##57%

1.1 #F

HEIR/INZ S BU2A /N SR C-4640 TR/ N
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C-4640 FIFIR/INAE i Fh H-4198 AT X} fif o4 S 128 T
TR ), R BEREXT C-4640 F1H-4198 11
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2.2 RECEENE TR.BUNENERmNZER
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Ok TR AL S , U2/ INAZ Rl C-4640 K CAT
TS R ETHE T RER a3, 7EALBRERS 5 Kk F)
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[&12-A) s HoAt A [A] 1) S5 X0 B 25 e R 2
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Pl H-4198 1A Py CAT 1% M 55 b FH 5 T R34,
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1 REZBEELE THA/NE R C-4640 FHFB/NINE
A H-4198 77 2 e Rz #h 2%
Fig. 1 Dose response curves of tolerant and sensitive wheat

under treatment with mesosulfuron-methyl

-o-%HE CK = HE A Mesosulfuron-methyl treatment
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MBI 8] Treatment time/d
B2 FEHEERIE THZ/NE R C-4640(A) FIGLRNE BT H-4198(B) A CAT iFtE
Fig. 2 CAT activities of herbicide-resistant wheat variety C-4640 (A) and sensitive wheat variety H-4198 (B)
under stress of mesosulfuron-methyl
A B S P S B AR E 25 o ns TR 22 RN WL TR G R g TA 4G 36 22 57 1 3 (P<0.01) . Data are mean+SD. ns

indicates no difference; ** indicates significant difference by ¢ test (P<0.01).

2.2.2 WA ZEEMA T SOD &g vh 5L £ 5F
5K (CK) AL 35 |, BT 25 /N 22 i Rl C-4640 {4
N SOD {if e Fa i , ZE IR A T 1.28%~53.17% 2.
[i) 5 777 HY L e A A B BT 2 /N7 i FR C-4640
& N SOD i P &2 4 b+ T B it 34, 76 b 3t
B 5 RIK (Y , 4 402.60 Ulg, B AL B % 5 T4
I8 (P<0.001) ; Bl J5 7EAL RIS 7 d A19 d, SOD 3 P

AT BB 3 T 6 R (P<0.05 F1 P<0.01,
E3-A),

TH K (CK) AL H 5 | B8 /IN 2 i H-4198 fR
SOD I PEMIFFEE T B, 55 9 KA NI T Uf Ab B T %
T 71.77%; i B 5 R A B S SR N R
H-4198 &P SOD {iPE[FIFE R 5E FIHE FREREH,
55 5 RIS FNIEE , Ty 273.60 Ulg, B H. i 2 /5 X B
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ARl C-4640 XiF BEZH T Ab BRZH 1Y SOD 7 4 B4 (A i,

i THUBINE S A H-4198(%13) .

223 WA AW T POD &6 v B £ F
857K (CK) AR B J5 , T 247N 22 fi F C-4640 R Y

POD JE M8 fa 5 , B IR AT 3.22%~45.00% 2 1] 5 /!
BT REAL RS, B2 /N AE AP C-4640 1A P POD
T A 3 RIF IR 2 5 T X IR (P<0.001) , 7255
5 RIKFNEAE , N 729.10 U/g(P<0.001) , Fifi 5 7E AL FH
J& 7 d 19 d, POD & MA I T K, {HLA)S 5 3 v T X
IR (P<0.05 F1P<0.01, K 4-A) .
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KbFERF E] Treatment time/d

3 FAEEENNME THRZ/NERHB C-4640(A) FIEI R/ E M FH H-4198(B) #I SOD i 4
Fig. 3 SOD activities of herbicide-resistant wheat variety C-4640 (A) and sensitive wheat variety H-4198 (B)

under stress of mesosulfuron-methyl
PR B R P B BB HE 2E o s FRoR 28 S AN L 5 ¥ o o ORI IR TR 90 28 57 1 3 (P<0.05.P<0.01,P<0.001) .

Data are mean+SD. ns indicates no difference; * or ** or *** indicates significant difference by ¢ test (<0.05 or P<0.01 or P<0.001).

H 7K (CKO) AN | flU /N2 5 b H-4198 {4
POD {5 HU 24/ NZ i i C-4640 14 N POD Jif 14 42
AT 10 P 3 R A AL B , T R ) POD T AR
B AR T AT E , ZS 06N 4.909%~27.87% (K 4-B) . H

FE A RN RS BN R H-4198 {4 N POD
TEPEAESE 5 RIXBNIE(E ,  610.07 U/g, i B35 & T
X HE(P<0.01) , H: Al B[] 1 55 %6 B 22 S R 2 3%
(K4-B).
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Fig. 4 POD activities of herbicide-resistant wheat variety C-4640 (A) and sensitive wheat variety H-4198 (B)

under stress of mesosulfuron-methyl
P B o B AR MEZE o s RN 22N 3K 5 % 0 o ROR 2 R IRTA AR 56 22 5 13 (P<0.05,P<0.01,P<0.001) .

Data are mean+SD. ns indicates no difference; * or ** or *** indicates significant difference by ¢ test (P<0.05 or P<0.01 or P<0.001).
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F Ok B AL P S 3 d, L2y /N L RR C-4640
A& N MDA % & 50 B g 2 T, 4 54.07 nmol/g

(P<0.05) ; B J5 FF AR 542 T I AL FR S 9 d B 0) BE A
BRI 51.45%(P<0.01, &1 5-A) o HI 3L Tl [ Ab
RIS 3 d, BUR/NZE G R H-4198 1 P MDA & &84
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Sof 8 I 2 T} 42.87% (P<0.05) , AbFR TS 5 d 3 %) R
TR 28.62%, 5 TF i Rpsk B JF AL BS 9 d ik 3

WA, k1 69.26 nmol/g, H I 2 i X #E (P<0.001,
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Fig. 5 MDA contents of herbicide-resistant wheat variety C-4640 (A) and sensitive wheat variety H-4198 (B)
under stress of mesosulfuron-methyl
P R V- BB 22 o ns FRORZE AN L 5 xR ORI RA KL I8 22 5 103 (P<0.05.,P<0.01,P<0.001) .

Data are mean+SD. ns indicates no difference; * or ** or *** indicates significant difference by 7 test (P<0.05 or P<0.01 or P<0.001).
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SRR b o ol B IR R TR 13.07%.19.84%
36.65% (P<0.05) , M2 25 5 & 1 43 ) 48 i 35 F 1%
8.53%.18.7% .32.56%(P<0.05) ; 518 N K& AT
AEFRFS 9 d 00 IR B 2 B 34.35% (P<0.05) , HoAth
Bff] 3 SXTIR2E AR B (R 1), RIIH L R pE
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Fr e 5L FE U E (P<0.05) ; SOD i 7 5 MDA &
i R CO M AL T LA R R A,
ffLlE] CO, ¥ i 55 SOD I 1 . CAT it M4 &K a %
ORGSR LR KN P RSE
B, 78R 5 MDA & 4K a i I
GELEGENY N ERSTEREIMEX,RILRES
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Table 1 Effects of mesosulfuron-methyl stress on chloroplast pigment content in resistant and sensitive wheat

. b RS ] M4z a &g R b & IS Juacs iy HHE bR
INFE A KbPR )
. Treatment Chlorophyll a Chlorophyll b Total chlorophyll  Carotenoid con-
Wheat variety . Treatment
time/d content/(mg/g) content/(mg/g) content/(mg/g) tent/(mg/g)
C-4640 0 77K Water (CK) 0.527+0.012 0.1370.003 0.663+0.015 0.108+0.004
L e e 0.508+0.005 0.128+0.001" 0.63620.007 0.107+0.004
Mesosulfuron-methyl
3 77K Water (CK) 0.755+0.046 0.216+0.005 1.096+0.030 0.190+0.008
SR oy i 3 0.572+0.038" 0.148+0.009" 0.720+0.020" 0.119+0.002"
Mesosulfuron-methyl
5 57K Water (CK) 0.629+0.049 0.15620.005 0.785+0.026 0.13620.004
FE e 0.644=0.014 0.167+0.004 0.8110.019 0.146+0.003"
Mesosulfuron-methyl
7 ¥ 7K Water (CK) 0.653+0.012 0.186+0.001 0.839+0.013 0.140+0.013
PP 3 — e 0.686+0.024 0.196+0.008 0.882+0.032 0.149+0.005
Mesosulfuron-methyl
9 7K Water (CK) 0.590+0.047 0.11840.001 0.708+0.005 0.094+0.008
L — e 0.534+0.014 0.164+0.003 0.698+0.017 0.115+0.003"
Mesosulfuron-methyl
H-4198 0 7K Water (CK) 0.481+0.018 0.1100.001 0.592+0.041 0.109+0.002
R I A 111143 0.634+0.014" 0.15240.008" 0.790+0.022" 0.128+0.007"
Mesosulfuron-methyl
3 157K Water (CK) 0.597+0.032 0.153+0.007 0.750+0.020 0.12340.006
FH L Rt 0.553+0.016" 0.133+0.007" 0.686+0.024" 0.119+0.017
Mesosulfuron-methyl
5 57K Water (CK) 0.48440.006 0.121+0.002 0.605+0.008 0.10040.004
PP i — e 0.464+0.032 0.12440.003" 0.588+0.030 0.101+0.009
Mesosulfuron-methyl
7 7K Water (CK) 0.505+0.010 0.126+0.003 0.631+0.032 0.101+0.005
FH L 0.413+0.009" 0.101+0.003" 0.513+0.012" 0.100+0.006
Mesosulfuron-methyl
9 157K Water (CK) 0.576+0.040 0.161+0.001 0.737+0.007 0.131+0.011
R oy ] 3 0.395+0.050" 0.102+0.004" 0.497+0.037" 0.086+0.017"

Mesosulfuron-methyl
RPBAE A BB bRfE 2 . * R s A F 5 X R ) 28 ¢ K 0y K 0 25 57 1 3 (P<0.05) . Data are mean+SD. * indicates
significant difference between treatment and CK by # test (P<0.05).

&2 RETEENE TR B/NERMEESHIESH

Table 2 Effects of mesosulfuron-methyl on the parameters of photosynthetic characteristics of tolerant and sensitive wheat

JitLE] CO, Mk B T LT HOLEHER
INFE Ab P Intercellular CO, ARTILR Stomatal Net photosynthetic
. . Transpiration rate/
Wheat variety Treatment concentration/ (mmol-m2+s™) conductance/ rate/
(umol-m™) © s (mmol-m™+s™") (umol-m™-s™)

H-4198 17K Water (CK) 249.00+42.52 0.55+0.08 0.04+0.01 3.81+0.83
FHE it e 270.00+34.36 0.310.15° 0.02+0.01° 2.67£0.52
Mesosulfuron-methyl

C-4640 17K Water (CK) 264.00+13.28 0.66+0.03 0.04+0.01 5.39+0.37
CIE St 270.00+25.66 0.65+0.16 0.03+0.01 4.11+0.56

Mesosulfuron-methyl
Fe P B R T B R 25 o *FOR A 5 X R () 28 R B A A B8 22 5 J 35 (P<0.05) . Data are mean+SD. * indicates
significant difference between treatment and CK by 7 test (P<0.05).
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Table 3 Correlation analysis of physiological indices of wheat under mesosulfuron-methyl stress

POD SOD CAT MDA Chla Chlb Chlatb  Car Ci Tr Gs Pn
POD 1.000
SOD 0.673"  1.000
CAT 0.713  0.754°  1.000
MDA -0.077 -0.483 -0.545 1.000
Chla 0.122 0.367 0.521  -0.466 1.000
Chl b 0.234 0.425 0.652" -0.640" 0.917"  1.000
Chl at+b 0.150 0.386 0.559 -0.514 0.996”  0.950"  1.000
Car 0.215 0.481 0.573  -0.440 0.964"  0.906" 0.965"  1.000
Ci 0.042 -0.101 -0.103 0.025 -0.421 -0.168 -0.367 -0.447 1.000
Tr 0.080 0.038 0.064 -0.318 -0.257 0.041 -0.190 -0.278 0.915" 1.000
Gs 0.067 -0.016 0.001 -0.192 -0.326 -0.040 -0.263 -0.350 0.967" 0.988 1.000
Pn 0.068 -0.011 0.006 -0.202 -0.321 -0.033 -0.257 -0.344 0.963" 0.990" 1.000” 1.000

POD : i S8 AL WY 14 5 SOD « i AL B AL I 1 5 CAT - i 48040 UG 11 s MDA - T 8% s Chl a: 4% 3 a it ; Chil b
M4 2 b Chl a+b: AR 2 S Car: 8008 N 250185 Ci U IR] CO, M s Tr: 283 K ; Gs . LT P oL AR
* k435I R 25 A ¢ (P<0.05 87 P<0.01) . POD: Peroxidase activity; SOD: superoxide dismutase activity; CAT: catalase activ-
ity; MDA: malondialdehyde content; Chl a: chlorophyll a content; Chl b: chlorophyll b content; Chl a+b: total chlorophyll content;

Carl: carotenoid content; Ci: intercellular CO, concentration; Tr: transpiration rate; Gs: stomatal conductance; Pn: net photosynthetic

rate. * or ** indicates significant correlation (P<0.05 or P<0.01).

2.6 THFIEME T/INEZEIBIERNER S ST

F R AT ES R BN B3 A RS BTk
ZiKH90.79% , F WX 34~ e A I g e/
2 0 I TR R A B KO, A 1 3 B R AR
] S EL K 5.487, DTHR R 45.73% 5 55 2 LA F ik
] (BN 3.844, BTk H N 32.04% ;55 3 AU 4FAE
] H M 1.563, BTl % A 13.02%. 7E55 1 E L4
O ERD R OEHE MRS E SRR ASE
2R a & i HARORIE T (H, RIS 1 5
FE R T SRR RIS 7E5 2 TR,
L] CO, Mk BE ¥t & e 25 I R ML S 3
Far (A WY S T AR bR, W26 2 32 0 32 2 I ke
TOCERESEAE 2 7R 3 R, POD I
PEFT SOD i P A 2 A (B e e (R 4) .

3 Tt

ANTR]/INAZ f b B i A A BT A AR A
EEF(FFI5,2015) . ABFIE &I JE
XL /NAE il C-4640 1 EC5, M 63.20 g (a.i.)/hm?,
SR INAZ i Ff H-4198 1 EC,, N 4.22 g (a.i.)/hm?,
ARG A WIS A5 . EFHHQ2019) e T %
TETRE L [X 40 A~/ N2 SRt B 3 — i B A PR K
e PR R R T RUER N2 L A A R 828 1Y EC, Y
47 0.04 mg (a.i.)/mL, XJ 5T 245 /N 22 i P 3L 22 585 (1)

EC,, }y 1.06 mg (a.i.)/mL, J&5 & &1 & 1 24 55 42 47 o
R4 55 (2022 ) SR L AR A A0 5 AN ) /N 22 o
BEIEXT 6 300 mL/hm? (14 A5HEFERI &) L Rk e 1y
Ut oK -, & B BB 2 /N R T 25 GO0 2 v
RUR/INZ SR 345 . ASTRIPT B/ INZZ b oGS R
TR ECy, 25 SRR, X T RS ARG 1 = T
W5 B 23R AR AR e AT AT G

POD .SOD Fl CAT 2| Y P A L RS by 2
fit, 7025 it P e AR A 1 T S AR T A AT
il BB 2 U, DT Bl o 31 Foth 0 o ) f 3 (e
AARSE 2021) ., 7E0.06% L HFEANIER Iz Pr ey
it Ff Norin 41 4P SOD I 14 il CAT 3 P . 3% & T
U SRR, T MDA 5 2 ACA U S Rl ) 76% (T X
25.2022), FBF55E(2009) BIFSE S 30 ke HF A0 T /)N
F RN MDA % T+, SOD 7 £ #l POD 1 1t 7
o AL (2021) WFFE R IR Rt FH S o AR
THA T AP SOD . POD 11, BT 4%
7 P RE TR R A B R T 24 /N 2 A C-4640 1Y
SOD . POD , CAT ¥ 4 ¥ 1 T 80g i Fh H-4198, H.
MDA ¥ & BRI/ N 2 i P H-4198 5 FT kAL, 5 2
AW AE R —B F, RIS BR =R E T EY
AT S Ab ZR G e I 22 S 7 16 X o 50 42 4 I VE )
g e, e ek R T TR B R A A i 24 (BEAE
45,2015)



840 LR/

2 i 523

x4 RETEEMNE T/NERERIERER S ST
Table 4 Principal component analysis of physiological

indicators in wheat under mesosulfuron-methyl stress

HE R LRSS H2EMS H3 NS
Physiological Principal Principal Principal
index component 1 component 2 component 3

i At 0.057 0.098 0.509
Peroxidase
A AL AL 0.102 0.110 0.363
Superoxide
dismutase
it A L S 0.122 0.129 0.277
Catalase
WS -0.088 -0.145 0.121
Malondialdehyde
content
MR a it 0.167 0.033 -0.204
Chlorophyll a
content
MR b i 0.152 0.112 -0.188
Chlorophyll b
content
s Pt 0.166 0.052 -0.204
Total chlorophyll
content
FE PR A 0.171 0.033 -0.124
Carotenoid content
Hedli) CO, ke i -0.115 0.190 -0.052
Intercellular CO,
concentration
RN AR -0.082 0.228 -0.092
Transpiration rate
AL TR -0.096 0.218 -0.078
Stomatal
conductance
HOLA AR -0.095 0.219 -0.080
Net photosynthetic
rate

BB P 5 A YE AR R 4 R A AR
A CEBAE,2021) . Yuan et al. (2013) 13645 5 F A (i
PR IR B 2505 R A 9 i o TR R 2 s
R ALFE OB RS (photosystem, PSIT) fz K i
T PSILA R 7 38  PSITHL 15188 FR 45 22 T
A R bR AP . AT KB I R
Je SO INAZ T H-4198 (S (0 25 B (-4
Fa.b) LOCAFHFSE (MR CO, MR FEREHR |
AL EEREOLE R FELL TR, NPT 2h/ N S fh
C-4640 1143k SEF5 b I F B 755 (1 ASUE 1 5 55 Zhao et
al. (2019 )75 i Y Y ik — s 410 1) 7 22 W Alopecurus
aequalis YoEVE W45 TS AT , BIPT 25 5 Fh i o 4
FREGR MG BRI R 255 o LAk, ALS #1711

SRR A AT L3R ek B SR AR s B 5 T R G ]
S GAVE R, T 24 5 R nT e i A i 2 i e
o il 28 A8 BEAIG 27 PE T 48 (Liu et al., 2017; ¥ AL 61,
2022) . R BB i Aot s s AR = 2o
=98

ZE TR A B R R R A T BT B N
AR A B OGSV E T AR 3 22 5% Bt
P e 8 A 1 /N A2 it i 3 P ) 2 SR b S Ak T
PE PRI BRI AR L B ) R B R LA R A AL
R 7 ST PR 3 R 1 R O A2 AR OGS K
YoM R AR R S i A RHIESAL
FHT A AR PR AT VR DA /N2 ) B R i g A2
PERE B AR, N5 TARB R 24 2A80R A
HUBR AL AR S i Qi i SOt & VR AR G 3
PRl e 3 VA A5 THT R A AT /N2 % R R e e
PEBL , S /N2 AR 7 B 500 45 B R ot ol kg
R AR HERLAA
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