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Seasonal changes in enzymatic antioxidant system in roots of alpine

perennial forage grasses related to freezing tolerance

ZHOU Rui-Lian,ZHAO Hai-Lin J/CHENG GUO-DOHg (Cold and Arid Regions Environmental and En-
gineering Research Institute ,Chinese Academy of Sciences,Lanzhou 730000 {Lhina)

Abstract .Four plants, Poa sphyondylades. Bromus inermis, Bromus sinensis and Elymus nutans established
in apline in 1993, were investigated throughout the winter and spring between 1935 and 1996 by menitor-
ing MDA content and antioxidant enzymatic activities of SOD ,» CAT. POD and APX. Roots were sampled
at approximately 15 days interval in both autumn and spring. Leakage of ions and MDA content increased,
while SOD and CAT activities declined markedly from September with the drop of temperature. In con-
trast. in alive roots, MDA content increased markedly {rom September 1 to September 15,and then de-
creased to early October and was litter fluctuated from early Oct. to December, also during spring. Aver-
age activities of SOD, CAT, POD in roots of all species increased 170%, 130% , and 56% , respectively
from September to early November. Thereafter these enzymatic activities declined throughout winter, but
still higher than that of September, and elevated again with rising of temperature from mid-April to early
May. These results provided evidence for the ability of the alpine plant root to activate enzymatic defense
mechanisms to Jimit the production of free radicals to protect membrane integrity. In dead leaves, it is be-
cause antioxidant enzymes inactivated lead to accumulation of AOS initiating lipid peroxidation. APX is not
important scavengers for this study. Freezing tolerance in alpine grasses correlated with an increased ca-
pacity to scavenge or detoxify activated AOS by antioxidant enzymatic system.
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Table 1 Mean nir temperatures each month in 1995~ 1996

AF Year 1995(3¥1] Mean) 1996(F 1 Mean) 1995~1996

B Month F. S. L. F. S. L. Max. Min.
1 —12.5 —11.4 —15.8 —8. 8 —15. 6 —14. 7 1.1 —27. 4
2 —11.5 —8.3 ~11.9 — 9.4 —11.1 —12.4 2.4 —20.1
3 —9.9 —7.5 —2.9 —6.8 —7.2 —5.7 9. 4 —15.8
4 -3.3 —1.6 - 0.5 —§.5 —1.6 —3.4 16.3 —8.9
5 4.7 3.9 8.8 1. 8 4.4 9.9 16. 8 —5.0
6 10. 9 10. 7 12.3 7.3 9.3 9. 4 20. 2 —1.4
7 8.5 10. 5 11. 2 10. 0 12. 3 11- 3 21. 5 3.5
8 11. 6 8.5 11.0 11. 7 11. 6 8.5 18. 4 1-9
9 8.6 6.5 4.9 6. 2 7.8 8.0 17.7 —4. 6
10 1.3 3.1 —1.9 1- 4 3.1 —0.9 14. 3 —15.9
11 —2.4 —4.2 ~7.9 ~1.7 —7.8 —10. 4 9. 4 —~17. 6
12 —9.3 —12.4 ~9.9 13- 3 —9.8 —5.1 5.1 —21.6

» F A Ef#8 first 10days a month;S  H ) ¥l second 10days a month ;L. H FH##E last 10days a month

1.2 ATERM#ESER

EXRITREN A R AW DXL E X (Bromus inermis) . B M B WK (Poa sphyondviodes ). 1t &
¥ (Bromus sinensis) FI R HE W (Elymus nutans), 1993 F 5 A Ti{RBP. A kB, B EHE,
EEEE EREFHETIE 60cm, B B MAT L 30cm. FELRAY 1995~1996 LEM AU A TREBA IR
RARNXHEHE,
1.3 H¥PHEORESTE

B1995FE 9 HB 12 A M 1996 F 4 ARHB 5 AR SMEABE-XRHN. RATE 1995 F 9 F
TR IR 1 FRETHAMHEESRSR. BRI EY 12:00~14:00, LIS AR EEH ., I
HBH Olien M EHT  WELMARGHI . AEAKBREALTE- M EFEER LWL KS
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DEFHEINE LNMELHEUAHFESEARERENSHEERE. ABRENERKABTH
FEH) H Pt B AL W TR O % S, O A B R T HE A R AL .

OMDA RN E # Dhindsa B HF K HIR. M HABRIES R, LA MDA T RETREME
I EABRE. |

OMBNHE MBMKBXKE(—80C HRMEXME 4 BIH 0. 5¢ W 1g HFFERE KR M 5ml
50ml/L DEBS B2 o (PH7. 5.4 & 10g/LPVP,0. Img/L Na2EDTA,0. 1% REZMOHY . A B it
G, 4C T 15000g ®.L> 20min, EWHAERBA THENE THNE,

QP EWE T IME ¥ Beyer Hl Fridovich JiL¥ MM kM E SOD & 77 S REREN T E,
B H.O,- M AR R Wl E POD i 11; B E CAT M35 71,38 Gupta HEED, 7 290mm 4L W E
H0 35 I MG W fL KR APX #5155 8 M Bradford AN E SR F V' MEEGRY R, U BSA YEER
AF o
2 UREZWH
2.1 BKEREEHAIHNEBATHN

EREILUE,S A TAZSFERFHMMB EHITFRHAR. X A TARESERB OCLIT, . HFH
RMGR N (B 1C), MDA S XM & (E 1D). [t SOD EH (B LA CAT EH(EH 1IB)HSB TR, X
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Fig. 1

leakage (C)and malondialdehyyde content{D) in leaves in late fall
S XLE R Bromes inermis  QEWBEME Elymus nuians @R IR Poa sphyondylodes, ® LK K Bromus sinensis

N

Changes in activities of superoxide dismuctase (A),catalase activity (B), relative membrane electrolyte



.o

A

868 %t

* #

21 ¥

BREENSIRRETRA RREZH ARHBREINATEFARATNEEZLBEE.

2.2 B MDA ERNHFH B

HTITTREEEPERLSFSHRM TR
xR .METHKKFEBEEFEEARIRFHEK MDA
TR AR RH HMEKEKSBTE A9RLHHISH
B MDA SR RETR. - SETRS
CCLRLTFe () 10 H#B 12 A ¥ . MDA SR &
ERBFLAE.ZHRE—EHAFAEETSEHE A (H
2). RN BEEHLASFEKPRAT ARABRE T
EAFEEA KRBERMBRS 4TS H 408w R
HEfER P EMREEHRAR X,

2.3 4 SOD A CAT E M ET R

AT ETH . BFSODEHLER . EILHY
EEREEA WM LEEAF LEF EHERE
MEBEREKBFSODEITHERT 186%.
162%.216% R 119% . HALEFHRETRR 0C
LITE . BEPSODEA TR, HAERITELFERP SOD
EHNRTFRE.F—HEFEESF, 5SODBENE
A, BEPR K  T RE4R < CAT 5 sh 1% & (B 3B),
1l APOXREEE HEAF EREEENRERE
BRI T 97%.159% . 150% M 109% (HBEER
HR.EHEFSXBEAIRF CATHAFTRELH . X
ESEFSEBNA L. HHBEOCH THE SVHE
HETERAX.

2.4 ¥a POD # APX #5574k

5 SOD f1 CAT #il, £ EXSE TR IR FH
t POD 57 MMEREE . Bl 10 AbHREEAR.E
E&F EWHEMAEMERKXPOD 5 MT 28%.
25%.137% M 33% (B 4A). HIE . EEFKEB R A2
B PODEHREAWEMD . L4 A TRAHS A
PRIEEEE EEF . ENEWE R BK 45 3
BT 261%.112%.,301 % 196% . ERKRLTSE
THRTEFR.BHAPX BSALHER& . HIFAHSE
LR .
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Fig. 2 Seasonal changes in MDA in the roots
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Fig. 3 Seasonal changes in activities of superoxide dis-
muctase (A),catalase(B)in the roots
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BN IBRESRE. B 2B ERFRKA (Frost
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H), 84 MDA R E7.SOD.CAT.PODBEANKE g, mpk A% EEHWME S POD (A APX 5
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TR A 15~10 A 1 H),% 50D, CAT.POD & Fig.4 Seasonal changes in activities of peroxidase(A)and
—EMRTM MDA SR X BB, X BB : OB ascorbate peroxidase (B)in the roots
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