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Effects of bensulfuron-methyl on chlorophyll fluorescence characteristics and
active oxygen scavenging system in foxtail millet leaves
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Abstract: To assess the safety of bensulfuron-methyl on foxtail millet seedlings, the physiological re-
sponses of the foxtail millet to this herbicide were investigated from the perspective of photosystem II
(PSII) activity and active oxygen scavenging metabolism. Through pot experiments, chlorophyll fluores-
cence characteristics, antioxidant enzyme activities and antioxidant contents in the penultimate leaf of
foxtail millet were analyzed seven days and 30 days after bensulfuron-methyl treatment. The results
showed that, after <300 g/hm’ bensulfuron-methyl treatment, the maximum photochemical efficiency
(MPE), photosynthetic electron transport rate (ETR), photochemical quenching (PQ) and non-photo-

chemical quenching (NPQ) in the leaves were not significantly different from those of CK. Seven days
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after the recommend dosage (300 g/hm®) bensulfuron-methyl treatment, the peroxidase (POD) activity,
total ascorbate, ascorbate acid (AsA) and reduced glutathione (GSH) contents of Jingu 21 significantly
increased by 18.60%, 22.85%, 74.80% and 0.55%, respectively, while the ascorbate peroxidase (APX)
activity, ascorbate acid (AsA), total glutathione and reduced glutathione (GSH) contents of Zhangzagu
10 significantly increased by 15.31%, 13.82%, 1.48% and 0.56%, respectively. Thirty days after treat-
ment, the toxicity of bensulfuron-methyl to foxtail millet decreased slightly, and exhibited differences
among varieties. Seven days after the 1 200 g/hm’ bensulfuron-methyl treatment, the chlorophyll fluo-
rescence characteristics, antioxidant enzyme activities and antioxidant contents were significantly differ-
ent from those in CK, and only some of these indexes recovered to the control level by 30 days after
treatment. The results demonstrated that <300 g/hm* bensulfuron-methyl treatment didn’ t affect the
PSII photochemical activity and active oxygen scavenging system significantly, and was relatively safe
for foxtail millet while =1 200 g/hm’ bensulfuron-methyl treatment made obvious damage to foxtail mil-
let as it inhibited the PSII photochemical activity and affected the balance between production and clear-
ance of reactive oxygen species.

Key words: foxtail millet; bensulfuron-methyl; chlorophyll fluorescence; enzymatic activity; antioxi-

dant; reactive oxygen species
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Fig. 1 Effects of bensulfuron-methyl on chlorophyll fluorescence parameters in leaves of Jingu 21
P R T bR 22 . TR kR AR [R]/ING 8 3R 28 Duncan FCHT 22 K 10 78 P<0.05 7K F-22 5% %% . Data in

the figure are mean+SD. Different lowercase letters on the same color bars indicate significant difference at P<0.05 level by Duncan’s

new multiple range test.
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Fig. 2 Effects of bensulfuron-methyl on chlorophyll fluorescence parameters in leaves of Zhangzagu 10
Pl P A P B B bR i 22 o T AR [)/NG 813878 28 Duncan [GRTE 2275 KR 30 7E P<0.05 /K- 22 5 i 3% . Data in

the figure are mean+SD. Different lowercase letters on the same color bars indicate significant difference at P<0.05 level by Duncan’s

new multiple range test.
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Table 1 Effects of bensulfuron-methyl on antioxidant enzyme activities of foxtail millet

= Jiti 245 5} ] Ak £ SOD i POD ik CAT i1 APX i GR it

Varietics Application Treatment/  SOD activity/ POD activity/ ~ CAT activity/ ~ APX activity/ GR activity/
time/d (g/hm?) (U'min™"-g™") (Umin"-g")  (Umin"g") (pumol'min’-g”") (Umin'g")

B2 7 XHECK  171.3124.30b 42.57+0.98 ¢ 14.67+0.34 ¢ 27.03+0.91 b 3.2240.01 b
Jingu 21 150 179.72+4.06 ab ~ 45.82+1.16 ¢ 15.02+1.12 ¢ 29.23+0.18 b 3.31+0.03 ab
300 188.12+6.16 ab  50.49+0.56 b 16.62+0.98 bc  31.11+£0.36 b 3.41£0.04 ab
600 189.09+11.19 ab  51.04+2.30 b 18.71+0.40 ab  35.51+1.81 a 3.454+0.17 ab

1200 197.17+7.82 a 55.92+1.09 a 19.20+0.46 a 35.51+£2.00 a 3.53+0.06 a

30 XHECK  189.9249.40 b 45.57+1.60 b 13.64+0.70 b 31.74+0.54 b 3.33+0.10 b
150 198.14+£7.18 ab ~ 48.68+0.73 ab  14.18+0.24 b 33.63+x1.27ab  3.56+0.03 ab

300  206.05+11.17ab 48.46+1.31ab  16.53%1.57ab  36.77+0.73 a 3.39+0.11 b

600 211.78+8.79 ab  49.90+1.83ab  17.29+0.63 a 36.77+2.36 a 3.79+0.05 a

1200  21891+2.18 a 51.36+1.86 a 16.2240.70 ab ~ 36.14+0.54 a 3.70+0.11 a

KA 105 7 X HE CK 175.87+2.28 b 45.56+2.93 b 15.38+0.90 a 26.71+0.73 b 3.36+0.06 b

Zhangzagu 10 150 177.13£6.32ab ~ 46.17+1.13 b 15.69+1.63 a 27.03+£0.54 b 3.41£0.05b

300 189.82+1.57ab  48.12+1.39ab  16.13+0.53 a 30.80+0.91 a 3.30+£0.02 b

600 190.24+4.16 ab  51.82+2.31ab  16.89+0.84 a 32.69+0.91 a 3.41£0.09 b

1200 195.8249.50 a 54.59+2.15a 18.84+1.03 a 32.06+0.73 a 3.79+0.02 a
30 X HE CK 192.90+6.88 a 50.83+1.28 a 15.2040.89 ab  23.57+091 b 3.2940.17 ab

150 211.24+2.94 a 49.7442.22 a 14.2240.31 b 27.03£1.27ab  3.12+0.05b

300 209.86+3.88 a 51.04+1.58 a 15.20+£0.67ab  27.66x1.09 a 3.51£0.03 a

600  212.43+1.42a 48.83+1.44 a 17.56+0.97 a 28.91+1.45a 3.49+0.12 a
1200  208.88+5.68 a 51.42+1.69 a 17.20+1.06 a 27.34+1.09ab  3.39+0.11 ab

T BRI ER . [FIFAREING FREE R 2 Duncan [CHT B ZE K IR TE P<0.05 /K F-22 53 B % . Data are mean=

SD. Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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Fig. 3 Effects of bensulfuron-methyl on antioxidant contents in leaves of Jingu 21
[ R i A Y A i 25 . W A R [R]/ING b 3278 48 Duncan BB & i 25 WA S0 7 P<0.05 K P22 5% 8 3% . Data in
the figure are mean=SD. Different lowercase letters on the same color bars indicate significant difference at P<0.05 level by Duncan’s

new multiple range test.
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Fig. 4 Effects of bensulfuron-methyl on antioxidant contents in leaves of Zhangzagu 10
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the figure are mean+SD. Different lowercase letters on the same color bars indicate significant difference at P<0.05 level by Duncan’s

new multiple range test.
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1% F1 GSH 7 1t 5 X0 Ji 22 SR 1 2 (H AsA & 143711
BT HE 2B T 36.109% (8] 3) 5 7 M gk B 4 4577
300 g/hm’jifi2lj 7 dJi , 5K 10 54 1IN AsA
S BEH KA A GSH A 40 ) A ik Bt 2 A
13.82% .1.48% F10.56%; it 2 30 d )7 , K 22 4% 10 %5
BT F B BEH KA GSH & i 5% iR 22 R
B3 T AsA 2 5 B0 B3 1 63.95% (1 4) .
S R [ 77 B 600 g/hm? A1 1 200 g/hm?fiti 2 7 d )5
2SR T R BTN LR  AsA FILELAS B H
JOR o b 1 G 2 Tk B L A it 5 it 2 s 1) 4
Rt Hh B BA (2 A MK A, ()] 55 06 HR 22 S (g 3 s
itk [ 1) B 600 g/hm>F1 1 200 g/hm? i 2y 7 d J5 , W54
21548 Tt N GSH 7 52 49 Ji1) 488 o) eI 3 184
0.37% F10.55%, ik 2445 10 545 F I A N GSH 75 i
A3 T B B 20 1.12% F1 1.49% , 125 30 d )5
W21 54T N GSH 2 it 5% IR 22 7] 22 e AN
B AR ER 105870 N GSH & &1 B %
T T R (& 3~4)

3 itig

A 5T 45 R W, W R R ) 6 Ol 150~
1 200 g/hm? i}, 25 I Fr it 2 2O SE0h BURA]
T2 0 T v AT, 2457 =1 200 g/hm? At , 7311
i MPE .ETR 1 PQ %} it (i 35 A1, LBt 25 it 245 Fsf
] 3 F% , ETR A &2 2 % BB 7K, 2 HH 2 771 4 e g
BERE (45 T it v PSILE BR324, & M FAE 32
BH, 251 FOGRE R R BRI, G A RE T TR 2SR
W P R =600 g/hm’ B, 4TI A NPQ B & T,
{FL B 25 it 24 F 8] 710 HE RS S T IR A 2 06 R K, 2 ]
BT L i AR IOR S 22 2
SN KL TR A G RE AR AT SR 25 (A
%% 2011;Guo et al.,2018a;2019), Yuan et al.(2013)
WFFE S0, Bt R TH 2 it FH ) A 14, A AR
MPE . ETR #l PQ S AR, 5 AR 45 R — 3
W E A% (2017) KPR, 7.5 mg/L FHEFS b3 7 d )5,
SRAAT 55 AR 21 54 7t - MPE M ETR 34 1
AR NPQ W T, SAMFR A AL, FIE
A (201 1) AR F I, 2 A% 4 7 70 o 0 2Rt L S0 3RL

M AR, 2R G R SRR 2 WA AL B 2 13 1 I
MPE .PQ FINPQ ¥ JC it Z 5% , 5 AW 45 A —
2, AT AR B T RR R R SRR it DL A A A
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FAERAE(2019) 5T & PR R a0 AT i /NAZ
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S TR PR e e B L R R R 4 Y B SOD
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7 & RN W T ) ST 7 M
I3 P APX I P A W it Ak 3 A S8 S R AI, Ti rp
TSI A A it Ak HE A S 3 T IR 45, 2011) 5
Guo et al. (2019) BF 78 B , 25 7k F 4 GR 7 14 Fifi
SRS 2L it FH 0] 14 R S R T =0 S AR A1
R B SR OB A5 (2019 ) & BR, 7 75 W5 Al [ 150~
1 200 g/hm? 1) 43 [l N 23 70 5 TR R T PR R ik
R it 710 44 T IS A, B MR A i 4
Tt R AiMaRsE Az 4 . ARFR SR B, AT AN
SOD .POD , CAT 1 GR 17 14 i 1 e e Jih FH 7] £ 11
I, T APX G B s e I i P 79 R A 4
N SE T 5 i B A 3, 2 B AR XY 7] i W
GO, AT A RN E LR RE A AUE B 2
(A P SRR 3 S8k ), 1 T DR AR (A P
5 KA 1) 57 B R RN M R0 BN SO A 5 5K i O 4F
(2019) 30 &I, "R HER i 25 30 d ) , B4 21 51
KA 105 P 0 I kR IR Vi B M MR B 8 ) K
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WEREREN A T, AT 21 SR BT A AL TG R A
FE X REIKE 5K 42 45 10 54 PN B S8 A0 T 05 1 B
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BT 22 HE 2 B K, KA 10 5 1 254
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GSH 7 5t ) i 3 PR AR R0 55, 2016) 5 TR A0t
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GSH 1 AsA 75 i 15t B [R] R 2 19 B (30 OE
45 2007) . ASBFFTEE T o, R W 0 34 T
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S, RS T Y0 0T DL S AR Ak )
Jo R BB RN N BTG AR, R E SR
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MR, B4 sk o2 it FH 35l 4 A Bl
HRAZ VO, W2 5 80t A fe i & mt kb
AsA-GSHEIRAZ B, Bl TR M 5 04 7 A RN o Y- Al
KR, RAELAMNEE . Guo et al.(2018b) BIFFE 1, it
THT M5 it S0 SR 4 2 TR 1 4 I A S T TRt T
AsA S BEH K FD GSH & & i 2 1 0, 5 A BT
AR5

L5 TR N W i R A A ) 5 300 g/hm? kb B
J& AT T D i R 2 IOk R v R Az
SR AN, A2 4 PR o i PSTLE 7 5 ik
U AEE ST E A B PR R PR T BRI PR AL
FUE I 7 A Wi PR A DR T R A . R
WA [ 7] 5 1 200 g/hm? Ba 0] 748 F (4 PSIDEG
A2 M S T 52 0 25 AR PR 35 42 AP 7 2B R B
A, NPT IR TERR B NE T A AN
7 55 I 5 BE H K -S- %% 7% [ ( glutathione-S-transfer-
ase, GST) FlI 41 it (4 38 P450 il & (cytochrome P450,
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& % 3 Bk (References)

Bai ZY, Li CD, Zhao JF, Wu TY, Zheng JF, Bi CR. 2011. Effect and
preliminary analysis of chromosomal control on the chlorophyll
fluorescence parameters of wheat substitution lines between syn-
thetic hexaploid wheat and Chinese spring under drought stress.
Scientia Agricultura Sinica, 44(1): 47-57 (in Chinese) [ [ &%,
ZEIEAR, XA, SR, AR e B 2011, F A X/
A At R I RIS BN 0 S G OB R4 .
ELALE, 44(1): 47-57)

Foyer CH, Noctor G. 2011. Ascorbate and glutathione: the heart of the
redox hub. Plant Physiology, 155(1): 2-18

Gao JF. 2006. Experimental guidance for plant physiology. Beijing:
Higher Education Press, pp. 211-215 (in Chinese) [ & 2 X .
2006. FEAY)AE B S AR T ALt @A EE NG, pp. 211-
215]

Gao ZP, Guo PY, Yuan XY, Dong SQ, Liu Y, Gao H, Ning N, Guo MJ,
Xie LL, Feng L, et al. 2015. Effects of tribenuron-methyl and
monosulfuron application on photosynthetic characteristics and
yield of Zhangza Gu 10. Journal of China Agricultural Universi-
ty, 20(6): 36-45 (in Chinese) [/ D12%, 7%, Jit [ BH, & WS,
XUBH, T, T, SRIEMR, RN, 1, 55 2015, AR AR
B P XS SR AR AT 10 5 00 G R S A A JR A2 ) o [l
KEF2FR, 20(6): 36-45]

Gill SS, Tuteja N. 2010. Reactive oxygen species and antioxidant ma-
chinery in abiotic stress tolerance in crop plants. Plant Physiolo-
gy and Biochemistry, 48(12): 909-930

Guo MJ, Shen J, Song X, Dong SQ, Wen YY, Yuan XY, Guo PY. 2019.
Comprehensive evaluation of fluroxypyr herbicide on physiolog-

ical parameters of spring hybrid millet. Peerl, 7: €7794

Guo MJ, Wang YG, Dong SQ, Wen YY, Song XE, Guo PY. 2018a. Pho-
tochemical changes and oxidative damage in four foxtail millet
varieties following exposure to sethoxydim. Photosynthetica, 56
(3): 820-831

Guo MJ, Wang YG, Yuan XY, Dong SQ, Wen YY, Song X, Guo PY.
2018b. Responses of the antioxidant system to fluroxypyr in fox-
tail millet (Setaria italica L.) at the seedling stage. Journal of In-
tegrative Agriculture, 17(3): 554-565

Halliwell B, Foyer CH. 1978. Properties and physiological function of
a glutathione reductase purified from spinach leaves by affinity
chromatography. Planta, 139(1): 9-17

Huang CY, Chen TB, Wang Y, Sun BH. 2005. A study on the safety and
injury of sulfonylureas herbicides to cereal crops. Plant Protec-
tion, 31(1): 50-53 (in Chinese) [ ¥, FEEZAE, FF, FhE%.
2005. B IRSSER IR R RS I 2t M 25 T RTE . Al
PIEA, 31(1): 50-53]

Janda T, Szalai G, Rios-Gonzalez K, Veisz O, Paldi E. 2003. Compara-
tive study of frost tolerance and antioxidant activity in cereals.
Plant Science, 164(2): 301-306

Jiang MY, Zhang JH. 2001. Effect of abscisic acid on active oxygen
species, antioxidative defence system and oxidative damage in
leaves of maize seedlings. Plant and Cell Physiology, 42(11):
1265-1273

LilJY, Xu X, Yang P, Wang BX, Wang ZF, Li XF. 2012. Effects of alu-
minum stress on ecophysiological characteristics of male and fe-
male Populus cathayana seedlings. Chinese Journal of Applied
Ecology, 23(1): 45-50 (in Chinese) [45 R 4K, 75 W%, #l5, L34
2, FkRIE, R0 2012, BRI T3 MELES) i A B S
AEfysENR . 0 A R4, 23(1): 45-50]

Li PS, Wei SH, Ji MS, Dong Q, Wang HN. 2015. The resistance of Sag-
ittaria trifolia populations in rice fields from Liaoning Province
to bensulfuron-methyl. Journal of Plant Protection, 42(4): 663—
668 (in Chinese) [Z=°F- A=, BRAN LT, 2B 1L, AR B8, Tilg 7.
2015. 10745 T M 2 0 00 R s AR HU 24 18 . Al A DR 2%
1, 42(4): 663-668]

Liu JX, Wang JC, Wang RJ, Jia HY. 2016. The physiological mecha-
nisms through which exogenous H,0, increases the resistance of
Avena nuda to salt stress. Acta Prataculturae Sinica, 25(2): 216—
222 (in Chinese) [XIELHr, 40, FHilH, BTFHE. 2016. SME
I S S R R T M 1 AR AL . B A4, 25(2): 216-
222]

Lu ZZ, Zhang CX, Fu JF, Li GJ. 2009. Resistant Monochoria korsa-
kowii biotypes to bensulfuron-methyl and their acetolactate syn-
thase sensitivity. Journal of Plant Protection, 36(4): 354-358 (in
Chinese) [F925% 38, FK&IBE, I, 2252 %2. 2009. F IR A {6
XN BEBRE I 291 . AR A4, 36(4): 354-358]

Li XM, Yang YF, Lu XY, Jin J, Fan XM. 2016. Effects of NaCl stress
on the AsA-GSH cycle in sour jujube seedlings. Plant Physiolo-
gy Journal, 52(5): 736-744 (in Chinese) [ £} 7%, B4 ML, &%
e, Wi, HERTIE . 2016. NaCl P8 xR L) T AsA-GSH i FR
BUSAI  AE R PR, 52(5): 736-744]

Nagalakshmi N, Prasad MNV. 2001. Responses of glutathione cycle en-



244 Ly A CNEERRIEX AT SRRSO LRGN PR R SRR 691

zymes and glutathione metabolism to copper stress in Scenedes-
mus bijugatus. Plant Science, 160(2): 291-299

Nakano Y, Asada K. 1981. Hydrogen peroxide is scavenged by ascor-
bate-specific peroxidase in spinach chloroplasts. Plant and Cell
Physiology, 22(5): 867-880

Ning N, Yuan XY, Dong SQ, Wen YY, Gao ZP, Guo MJ, Guo PY.
2015. Grain yield and quality of foxtail millet (Setaria italica L.)
in response to tribenuron-methyl. PLoS ONE, 10(11): e0142557

Ray TB. 1984. Site of action of chlorsulfuron: inhibition of valine and
isoleucine biosynthesis in plants. Plant Physiology, 75(3): 827-
831

Tan W, Wang H, Zhai H. 2011. Effects of herbicide on grape leaf photo-
synthesis and nutrient storage. Chinese Journal of Applied Ecolo-
2y, 22(9): 2355-2362 (in Chinese) [1§if15, F 5, &M 2011. Bk
RGN A A Il A B 3 (B W R A A2 4R,
22(9): 2355-2362]

Tasgin E, Atic1 O, Nalbantoglu B, Popova LP. 2006. Effects of salicylic
acid and cold treatments on protein levels and on the activities of
antioxidant enzymes in the apoplast of winter wheat leaves. Phy-
tochemistry, 67(7): 710-715

Tranel PJ, Wright TR. 2002. Resistance of weeds to ALS-inhibiting her-
bicides: what have we learned? Weed Science, 50(6): 700-712

Wang CQ, Xu HJ, Liu T. 2011. Effect of selenium on ascorbate-gluta-
thione metabolism during PEG-induced water deficit in Trifoli-
um repens L. Journal of Plant Growth Regulation, 30(4): 436—
444

Wang HZ, Bai S, Wu XH, Wu CX, Liu WT, Wang JX. 2019. Resis-
tance mechanism of Lithospermum arvense L. to tribenuron-
methyl in winter wheat field. Journal of Plant Protection, 46(1):
216-223 (in Chinese) [ THH, 55, /N E, 3R E, X,
T . 2019, /NAE 22 G20 ORI e R BT PEATLIE . A A O
224 46(1): 216-223]

Wang HZ, Ma J, Li XY, Li Y, Zhang RP, Wang RQ. 2007. Effects of
water stress on active oxygen generation and protection system
in rice during grain filling stage. Scientia Agricultura Sinica, 40
(7): 1379-1387 (in Chinese) [ F 5% 1F, ¥, ZRJ5, Z25Hi, ko
P, TEAAR . 2007 K53 130 X6 7K R4 S0 2 40 A R R A
RGN . ELOLRNE, 40(7): 1379-1387]

Wang ZG, Zhou LY, Guo WS, Zhu XK, Li CY, Peng YX, Feng CN.
2011. Effects of herbicides on photosynthesis and chlorophyll
fluorescence parameters in wheat leaves. Journal of Agro-Envi-
ronment Science, 30(6): 1037-1043 (in Chinese) [ F 1E %, J& 7.
=, SROCE, ASHIT, ZRME, KR, EDEAE . 2011, BRI
INZE G RIE MM B RS B . O FREERL 224,
30(6): 1037-1043]

Wen YY, Guo PY, Yin MQ, Yan H, Wang YG. 2012. Effect of prome-
tryne on root activity and oxidative stress of Polygala tenuifolia
Willd. seedling roots. Acta Ecologica Sinica, 32(8): 2506-2514
(in Chinese) [Ji4R 7T, Z-F-%t, 73568, [EEE, £ EE. 2012, #h

AN T AR A AR RS ) B A s . AR AR, 32
(8): 2506-2514]

Wen ZL, Liu HY, Zhou Y, Chen XJ, Feng YL. 2018. The involvement
of nitric oxide in exogenous glutathione regulates antioxidant de-
fense capacity against salt stress in tomato seedlings. Plant Phys-
iology Journal, 54(4): 607-617 (in Chinese) [Jf&FEH, X1 E4, &
¥, BRE, S . 2018, —SALE S SAMEAR T EE
R F LU AR R . A A BEAAAR, 54(4): 607
617]

Xu QY, Lan Y, Liu JX, Zhou XY, Zhang G, Zheng ZF. 2019. Mecha-
nisms underlying plant resistance to the acetohydroxyacid syn-
thase-inhibiting herbicides. Acta Agronomica Sinica, 45(9):
1295-1302 (in Chinese) [#:1& &, 22, XI5 0k, JE# T, 5KKI,
FRAEET . 2019. 2BtV R 5 B ] 700 28 B 20500 (¥ AR 0 DL R L
. AEMIEEAR, 45(9): 1295-1302]

Yang HJ, Yuan XY, Guo PY, Dong SQ, Zhang LG, Wen YY, Song XE,
Wang HF. 2017. Effects of brassinolide on photosynthesis, chlo-
rophyll fluorescence characteristics and carbohydrates metabo-
lism in leaves of foxtail millet (Setaria italica) under Sigma
broad stress. Scientia Agricultura Sinica, 50(13): 2508-2518 (in
Chinese) [#27K, JEU BH, 5573, # iU, sk, IART, &
B, ERE . 2017 ISR PR I AR AT RO
B VR BRGSO R, 50(13): 2508~
2518]

Yang JH, Gao Y, Li YM, Qi XH, Zhang MF. 2008. Salicylic acid-in-
duced enhancement of cold tolerance through activation of anti-
oxidative capacity in watermelon. Scientia Horticulturae, 118(3):
200-205

Yang LH, Gong DX, Tang J, Luo JK, Ding CX. 2012. Simultaneous de-
termination of bensulfuron-methyl and mefenacet residues in
paddy field using high performance liquid chromatography. Chi-
nese Journal of Chromatography, 30(1): 71-75 (in Chinese) [1%
AR, ST, T, PHRYL, T AR 2012, SRR G %L R
s 0 A T = s o2 R DR IR R SR B (A, 30(1): 71—
75]

Yu CY, He BR. 2011. Research progress on the mode and mechanism
of action of plant acetolactate synthase inhibitors. Chinese Jour-
nal of Pesticide Science, 13(3): 221-227 (in Chinese) [ T ¥& %,
fATFEGN . 2011, A Z BEFLIR U A 79 4 17 s LR
G . A 2224, 13(3): 221-227]

Yuan XY, Guo PY, Qi X, Ning N, Wang H, Wang HF, Wang X, Yang
YJ. 2013. Safety of herbicide Sigma broad on radix isatidis (Isa-
tis indigotica Fort.) seedlings and their photosynthetic physiolog-
ical responses. Pesticide Biochemistry and Physiology, 106(1/2):
45-50

Zeng B, Wang FJ, Zhu C, Sun ZX. 2008. Effect of AsSA-GSH cycle on
Hg” tolerance in rice mutant. Acta Agronomica Sinica, 34(5):
823-830 (in Chinese) [%k, T KIH, A, #h5215 . 2008. AsA-
GSH G KR AR AT R AR . TEY2F4z, 34(5): 823-



692 iR/ B A= S 1 494

830]

Zhang LG, Zhang WL, Zhao L, Deng Y, Guo HX, Pei CC, Wang CY,
Yuan XY. 2019. Effects of bensulfuron-methyl on safety of fox-
tail millet and physiological characteristics of foxtail millet
leaves. Acta Agriculturae Boreali-Occidentalis Sinica, 28(11):
1769-1777 (in Chinese) [5K RO, 5AHT, X0, XEWF, FPUTEE,
FERU, A2, I BH . 2019, "R WS R X 4% 1922 4k Kot
A AR RS2 L PO 224, 28(11): 1769-1777]

Zhang SR. 1999. A discussion on chlorophyll fluorescence kinetics pa-
rameters and their significance. Chinese Bulletin of Botany, 34
(4): 444-448 (in Chinese) [TK~F{~. 1999. M-ER VOB J12: 2
B L RATE . AR, 34(4): 444-448]

Zhang WL, Zhang LG, Wang JX, Bai YQ, Chang ZZ, Wang YQ, Zhou
H, Yuan XY. 2019. Effects of bensulfuron methyl on the agro-
nomic characteristics and photosynthetic pigment contents of Jin-
gu 21. Journal of Shanxi Agricultural Sciences, 47(4): 545-547,
552 (in Chinese) [5KFHA], 5KmOG, EiHEE, AT, BH &, £
AR, JE, SR B . 2019, "R EETERE X 4% 21 5 R A
HeA ERMEEN . ILPYREL, 47(4): 545-547, 552]

Zhou FP, Liu QS, Zhang YZ, Zhang XJ, Zhang GX, Zhang HY, Shi
HM, Li AJ. 2018. Effects of low temperature stress on chloro-

phyll fluorescence parameters of sorghum seedling. Seed, 37(9):

36-40 (in Chinese) [JF4-F, BIFT L, sk—, sKIEEH, KEET,
ST, LA, AL 2018 AR 0 = B4 i A R e
FEBHIFE . FhF, 37(9): 36-40]

Zhou HZ, Hou SL, Song YF, Zhao Y, Dong L, Jia HY, Lii P, Wang XY,
Liu EK, Bo KY. 2013. Impacts of monocotyledon weeds on mil-
let yield lossin foxtail millet field. Chinese Agricultural Science
Bulletin, 29(12): 179184 (in Chinese) [ J& 13 &5, 42 J}- #k, A4
J5, WA, AT, DO, SO, TR, X RURL, wEE D 2013,
A H BT I R BN AR T e A R I AR 2 AR, 29
(12): 179-184]

Zhou QY, Liu WP, Zhang YS, Liu KK. 2007. Action mechanisms of ac-
etolactate synthase-inhibiting herbicides. Pesticide Biochemistry
and Physiology, 89(2): 89-96

Zhu SY, Cui J, Xu W, Shi SS, Zhang WF, Li H. 2016. Effects of the
treatment with S-metolachlor before seedling emergence on the
soybean growth and physiological and biochemical indexes.
Journal of Plant Protection, 43(4): 677-682 (in Chinese) [ i
3, IR, TRAh, SRR, SRICT, 2. 2016, A S DN BRI
Tk P A TR DR e 0 A K B A PR A AR TR AR RS . )
T34, 43(4): 677-682]

(FrAE 24t RAR 27 )



