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Antioxidant properties of four native grasses in Loess Plateau under drought

stress

SHAN Changjuan'?, HAN Ruilian" ", LIANG Zongsuo'
1 Northwest A & F University, Yangling 712100, China
2 Henan Institute of Science and Technology, Xinxiang 453003, China

Abstract: The grasses Agropyron cristatum, Stipa bungeana, Cleisto genessongorica, and Bothriochloa ischaemum are
widely distributed on the Loess Plateau, and all are drought—resistant to varying degrees. However, little is known about the
responses of their antioxidant systems to drought stress. The objective of this study was to investigate the antioxidant
properties of four native grasses in response to drought stress, to provide a theoretical basis for selecting grasses suitable for
vegetation/ecological restoration on the Loess Plateau. The treatments consisted of three levels of drought; 80, 60, and
45% of field capacity (FC) levels. These moisture levels were obtained by a weighing method using a pot experiment
system. Leaf samples were taken from the four native grasses after 30 days of drought treatments.

Assays were conducted on the leaf tissue to determine the activities of the following antioxidant enzymes: superoxide
dismutase (SOD, EC 1. 15. 1. 1), catalase ( CAT, EC 1. 11.1.6), peroxidase (POD, EC 1. 11.1.7), ascorbate
peroxidase ( APX, EC 1. 11. 1. 11), glutathione reductase ( GR, EC 1. 6. 4. 2), monodehydroascorbate reductase
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(MDHAR, EC 1.6.5.4), dehydroascorbate reductase ( DHAR, EC 1.8.5.1), and glutathione peroxidase ( GPX, EC
1.11.1.9). In addition, we determined the contents of hydrogen peroxide ( H,0,), malondialdehyde ( MDA), reduced
glutathione (GSH) , reduced ascorbic acid ( AsA) and carotenoid (Car) in the leaves. The results showed that the MDA
and H, 0O, contents in the leaves of the four grasses increased with increasing levels of drought stress. These results suggested
that all the grasses suffered oxidative damage under different levels of drought stress and that the oxidative damage became
more serious with increasing levels of drought stress. According to their MDA and H, 0, contents, the magnitude of oxidative
damage was greatest in S. bungeana, followed by B. ischaemum, then C. genessongorica, and then A. cristatum. The four
grasses enhanced their antioxidant capacity by increasing activities of antioxidant enzymes and the contents of antioxidant
substances under different levels of drought stress. The four grasses all belong to the Gramineae family and inhabit the same
ecological environment. Therefore, they showed some similarities in their antioxidant responses to drought stress. At both
60% and 45% FC levels, all four grasses protected themselves against drought-induced oxidative damage by increasing the
activities of SOD, CAT, APX, GR, DHAR, MDHAR, and GPX, and their AsA content. However, since the four grasses
were all different species, there were also some differences in their antioxidant responses. At both 60% and 45% FC
levels, A. cristatum, C. genessongorica, and B. ischaemum protected themselves by increasing their Car content, while S.
bungeana and B. ischaemum protected themselves by increasing POD activity. At the 60% FC level, A. cristatum showed
an increase in GSH content. The overall trend in antioxidant capacity for the four grasses was as follows: A. cristatum > C.
genessongorica > B. ischaemum > S. bungeana, as determined by comprehensive evaluation using the subject function
method. Above results suggested that A. cristatum is the most drought-resistant, followed by C. genessongorica and B.
ischaemum , while S. bungeana is the least drought-resistant. Thus, A. cristatum, C. genessongorica, and B. ischaemum

are suitable grasses for vegetation/ecological restoration on the Loess Plateau.

Key Words: drought stress; antioxidant property; native grass; the Loess Plateau
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Fig. 1 Effects of drought stress on the contents of H, O, and MDA in the leaves of four native grasses
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Fig. 2 Effects of drought stress on the activities of SOD and CAT in the leaves of four native grasses
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Fig. 5 Effects of drought stress on the GPX activity in the leaves
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Fig. 6 Effects of drought stress on the contents of GSH and AsA in the leaves of four native grasses
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Fig. 7 Effects of drought stress on the Car content in the leaves

of four native grasses
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Table 1 The comparison of the antioxidant ability of four native grasses under drought stress

BRI FK Species of native grasses
WSE F A5

Tested items SRS PKEE KPURE TR
B. ischaemum A. cristatum S. bungeana C. genessongorica

SOD it 0.346 0.571 0.297 0.393
CAT T 0.412 0.386 0.584 0.436
POD 754 0.536 0.113 0.650 0.039
APX 75 0.273 0.546 0.201 0.411
GR i 0.416 0.550 0.237 0.494
DHAR 7 0.347 0.586 0.253 0.385
MDHAR 7% 0.502 0.467 0.424 0.611
GPX ¥ 0.255 0.560 0.213 0.319
GSH &t 0.473 0.649 0.263 0. 456
AsA S 0.268 0.618 0.471 0.236
Car &4 0.429 0.191 0.312 0.688
H,0, &kt 0.581 0.752 0.487 0. 609
MDA & & 0.557 0.800 0.447 0.633
g5 R A 0.415 0.522 0.372 0.439
EiE =R ta: =il 52 3 1 4 2

3 it ESER

H,0, 1 MDA £ 5 2 i g S Ak e R R B b 2 ZEARBF ST, KO JE B o SR R
TET 5238 254 T =t B H,0, f1 MDA #4380, sX Ui i+ 52 0k 35 530 4 Fh & £ mofpali 57 7 A ke
FLFf A T 538 AR B (4 i 4 Fh & - EORpEZ (9 S HE BTN EE . 7E 60% FC F1 45% FC KR K PE
A H,0, F1 MDA & 235 18 3 5 T HAb 3 Bl & £ 50ff SCud B 22 s A W3l Z5 0 H L bl 32 T 8 g
EA AR A0 E . VK A5 H,0, 1 MDA #5348 BT A 3 Fh 2 +50F0 x5 HEA SR P Ak
(LB

T 4 Fl 2 +5RYE TARARSHE A THFE S @A SR T, BT AR A e — e 1yt
Pk, 7E60% FC Fl 45% FC T 538 T, 4 A B4 0] DL o 3% 5% 51 4 fL B SOD |, CAT, APX , GR, DHAR ,
MDHAR GPX & M ARG T AsA & SRR AL 55 . HAE 4 Fh 2 L 5Fph DL Lk s g
BRYTBET S8 (T SRR, AR 4 F S LR 2 R AR 225 e EDU AR E A TR
[fl, 7E 60% FC F145% FC T2l T, vk J0 28 fa BRI A 2 5000 8 o 38 AR B 5T A AL 9 5 Car 5 HE3E 50
PLAALRE ST, KB Car 5 Tk Bl 520200 A0 i ) 17 S 388 I 38, e B 7 FN A 2R Y Car 25 RS T S50
FA) ) T S AR A%, LAy 2 1 T T 7 G 5 A o P 3 B DS ] 3 3 34 POD JG MERRA T 5, H =%

http ; //www. ecologica. cn



1182 A E = 324

(1) POD {4 il 5 1038 1 o ) i S BRIk 3 R34 B 25 3 T A /K oy, #E 60% FC T 5 HRA R | vK 8 ] 3l
ARG A LY BT GSH & i $2 B P A M, BRILZ AN, TR WA T 4 F 2 - R A LG SOD |
CAT ,APX GR .DHAR \MDHAR ,GPX {4 FAEEGHL ALY Bt AsA 2 MW BEA B E2ER 1£ 60% FC
45% FC T2 WA R, kB BA B E I AsA & 81 SOD  APX .GR .DHAR } GPX i, 425 % | ELAG 45 85 1Y)
CAT TPk, T b F B A B = 1) MDHAR 1%

BRI, HY T A AR R AR, AR A e 22 57 ) ARG, AR R G R
TEHET Y KEFET CHEYD  KEE T C,-CAM JEMEAY ™, AR LN, 71 BE R’
AT RE R, LA LR CAT 78 CHYIERRIG TSR H,0, A e B E/EH Y AR, 7
60% FC f145% FC /KFTF, C, BRHE P B m: Jo () CAT 3G PEY B 35 8 THE #Ry, sesh, BATHBF IR R
TRF C, AR POD MM B % & TH e RR, KEMFIEEN, POD fEA SO E RIS A H,0,
P, A BF5E R, POD 7E C, R T2 R BR H,0, Mt Bt A EEAE . AR, K hia T C il
Y EK L C AN B3R E) APX .GR . DHAR {5 MERIASH 19 AsA F1 GSH &8 ZEFRATHBF 52 o, T
BT CHYT BT R CMEY K H W EA S 1 APX GR \DHAR i PEFI GSH % &, (H I AsA & A
WEMTEE . W C MY FHAE 60% FC /K T CoAEP I - 5 HAT# i 1 DHAR 36 M AT GSH & 4,
TE 45% FC /K F KPR EA S GR . DHAR 1§ A GSH & &, AN RTE 60% FC K V-0 JEFE 45% FC
K, C AP 2 F A AsA S B BT CEP K, AN, AR R, C, MY 2L e
R GRS R A B S 1Y Car i, C Y A SE R C A 1 50 HLA 48R 1 MDHAR {644

FEARWFFE T, KB 4 P & - BORpIE ] LI i 19 5m PR i BR- 75 e H IR 2R RS0 BR H,0,, FrilE bk
PR -2 I PO B B 1) 05 P 220 o B T, A ) o — 2 L 88 R D P Bl 6 A A T o [RL Ik, X6 4 Fp & - R
A AR BRI AR -4 D H KOG ERRES PESEA T HL e MR 9, Wik — 20 7R 4 Fh & BT S AL ERTE R 57
FEAEENSZME,

K FHBOR SR a8 sRAE AT 4 B 2 L RR B AR T RS PPN S5 R R W] vk T ST B T 5o, R O TG
TR TR SRR KRBT AR RE S i s . 7 TR WE T Pk JC T R R 2 R A IR 0 B B A
FRE, B, VKR JE R FORT SR R AT DU A & B RO T R T R X R R
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