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Abstract: Research on the dynamic variation of cold resistance in forage’s root system has great importance for forage
introduction and screening, especially in cold areas. Using Poa Aalpine, Elymus junceus, Agropyron inerme, Agropyron
inerme ( Secar) and Agropyron inerme( Goldar) as experimental materials, the dynamic variation of MDA ,SOD ,soluble sugar
and protein in the of different grass species were investigated in different growth phases treatments of cold acclimation,
freezing treatment, thawing and recovering growth under controlled temperature condition. The results indicated that for all
the materials, the content of MDA increased a little in cold acclimation treatment and then maintained basically stable ; The
activity of SOD increased in cold acclimation treatment and decreased dramatically under freezing treatment, then after
thawing, it increased again in recovering treatment and the increase was significant; The content of soluble sugar, protein
and proline showed the same tendency of increasing in acclimation and freezing treatments, and decreasing in turning green
treatments. Furthermore, unlike SOD activity, soluble sugar content and proline content, the variation of MDA content and
soluble protein content are not significant under different treatments. At last, by using fuzzy mathematics method, the cold

resistance ability of those gramineous grass species tested was evaluated as Poa Aalpine > Elymus junceus > Agropyron inerme
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(Secar) > Agropyron inerme > Agropyron inerme( Goldar) .

Key Words: forage grass; cold resistance; SOD activity; soluble sugar; proline

TG BT R S MR o3 A ) E ARSI 2 —, DX B S B R 53 A A R B X IR BE AR P38 O P 45
Ro PP URIR G, B R | IR AR N IS N, REAL R RIL XA ZE % H
FREETEHC , 5 FE T — Soh FEME TR , 35 B2 X SR A 0 AP R B R, X 32 X ) B O & R L S
BAESHENRIPEAEERE L,

KREBFFL R KRG T R E S b AT R R R R & XEYRKA
AR R AT AR SR A0 M A UK R BT AR K BE RS 0K, OROK BB ) 38 5, ok 4 JRUAE SRZEARIR T A B K 153 5
WA N E BB E R 3 ), SHCEPIEE SRS WY R R S YR R
Bl 2% G0 BT P R AR e S AR BE 2 DA OR , AR B B T 1o AL ) i P R B4R SR PR, e AL BB 758, DR
50 KEHIEEDIST R KRBT R At B s A s s AR T B ST T
XX =S R WS SPRAR B =8 RN HRK RN SR, KR I B E S A EANR S
L HELRREY RPN, ARG DL 5 DR E G FERABHCE bk, APTFEBRRET A XS B, X %16 B Ak
B BET & MEAR R P SOD &M MDA R H i AL IE MR I 2R & Bt T T WhT, A BE &1
FLSL S5 A MR BT ZE N, B A AR A [R) TR BE Foh 38 T 93 R LA o
1 HEEHE
1.1 RA5bet Ak

PASRE 5| #E i IR R (Poa Aalpine) MRF HEF 2 ( Elymus junceus) \JGt- VK E (Agropyron inerme) (73K
17 VK FE (Agropyron inerme) (144 Secar) \Z iK1 VK EE (Agropyron inerme) (4% Goldar)S FRABIHF Jy
BEE, 2006 48 11 A 10 HKRpPRHERD T FH IR MPBLE R 20 X A A X ik g B (B PG, % 8%) ,2007 4 3
H 30 B BIRER 1Sem, 42 10em FPEFREN , BAFERBR 12 5, 55 6 ¥k, B IR bk A% Rk T i &
THEEERE 4/5 WEA, P Vo Vs =371, HIEEABUMR R :pH =7. 175 B HLIK 6. 487g/kg
2R 0.621g/kg 25 22.431g/kg 2 1. 216g/kg B 0. 110mg/ kg H B 16. 196mg/ kg ; B i £ 7 T
PHACARARBH L K23 R ek T KB BRA ], ALK =50% JFFERR =20% .pH =5.5 ~ 6.5, ¥ EFRK
BT ZPQ-280D & A< A48 M BT RTIIRE 3% ( A KB HE 123001x,7:00 ~ 19:00, ¥R B 25°C JZJF 60% ; &K 18] Bt
B YRBE 20°C YR BE 75% ) , M\ 2007 4F 5 H 20 H FF i #ETHu 8B, IR FE 20°C/15°C ( B R/ [H)) \15°C/
10°C \10°C/5°C \5°C/5°C \2°C/2°C AR BERS B2 T #c 24h , M ] 6 AN B2 2R 1 [RT AT A 8% 77 , IS8R
AR BEE A — 10°CUKAE YR VRALEE 24h J5 , e FE BR M IR 1 AH S MU FHIR , Ot BERINE B [R1RiT 3 35
It RIETEE R/ (8] 25°C/20°C 8557 15d JEMEHRE B, ABjIET 8, B2 Kl 728 FR ek b i 1340
PRFFE H R K B MKF o AEBTFERMRRT (B Rt B BiFERAR G R R 58 2 °Cfi# R 24h e FIEL R/
& [8] 25°C/20°C ¥ 5% 15d JGHURE , B R BEALEE N 2 Z00URE , PR IE Y R AL 38 5 BT BRI RE A ARAEL AR AR AE
R F TTC 3% SRR R IE AT 58 5E , AT TG AEAR R, . R TAUR ¥ B R BRI FS AT (1,
m.v.v,

1.2 MEmH K5k

(1) B AO4REL  FREX 0.2000g #EAEBTRE, i 0. 05mol/L,pH 7. 8 HIBEERZE PR ( NS 1% B PVP)3. Oml
B BRI, T kKR BHE , thUtE A 2 10ml,10000g.4°C T B0 15min, EIEWR BRI NEGRBOR . 3T SOD
TEME S MDA FIA] 28 H & 2 AE .

(2) ALY ALEF(SOD) WM SRERRFE o BRI R K KINA 50mmol/L B B2 L% vh
W (pH 7.8) 1. 5ml, 130mmol/L H fii & & ( Met) 0. 3ml, 750 wmol/L 4 i PUM (NBT) 0. 3ml, 100pumol/L EDTA-
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Na,0. 3ml, 100 wmol/L #%# % (VB,)0. 3ml, E§¥ 0. 1ml, Z&1E7K 0. Sml, DLGE Mg A BRSO R (2 4) . 1R
SR E A 1 A R EXUZ R, SHE B R E LRI FRA N T 40001 H LT T 6424 & M 20min
(RS BOE—3, RBRBEEHIZE 30°C) o RN S5 G RG22 1k RN, R H I /& OD560 fH., LA KR 4 i
R PUmE (NBT) S A IR R 50% HB & — BTG S 30 (u-gFW " “h ")

G)AEHEEARSE RAL DR G-205 ke, 55— 2k Mg & A H bR e 225 58
“ERE I AE - B RSB 0. 1ml, il A 0. 9ml ZEME/K A Sml % THIE % G-205 itH], MRS, N E
2min J57E 595nm T Hof S PRE AR EAR S &,

(4) N (MDA) S BMAIEERSE  RAMICE LLZBR(TBA) AR , RFAWA 506 E
VAT R AT e A R o BUESRESIRBUR 1. Sml, il A 2. 5ml 0. 6% f9 TBA ¥, IR T ib/Ks
H R 15min, JBGHE R A5G 10000g.,4°C R B0 10min, BL_EIEBIE 450,532 F1 600nm T R EE

) HEREE 3% KB KGBRAED /KIS PRI 15min J5, R =M% 26, R)5 B
B, BOLEE 4h 5, BB 2R 2 1E 520nm K T RoBE Y,

1.3 ZEHh
IS i Fuzzy %2 0@ ks > ™ TR 610, it B AT
(1) 5HiFEE 2 IEAHX M S4 SOD RV HEE H IR HE B EHERR AR
X = Xoin

VW) =¥ X ™
(2) 5HiFEMZ RIS E MDA KA
Xi' _Xmin
U(X;) =1-m (2)

KL, UX,) A5 DRSS MR B ks REE, H U(X,) €[0,1]; X, /-5 i NEFR
5 j ANBE B b AR E 5 X X WITE SRS b THEATR I B KB AR/ ME
1.4 HEabsE

PSR IR HAE ] SAS FeiH ik ST 350 /0T , 2 HBSR ) Duncan 31,
2 BERENN
2.1 RBREHEHR

BRERREIEEHRKE ALK 15d FRREEH SR RGN KB BN E o, EfeE—EBE L EWR
WA B T FERE 7 , 1R 75 SRR, B FEMERRR , R 2 55 . XI5 A M B AP R R4 51K : T (74.0a) >
1 (64.9a) >IV(55.6ab) >V (45.4b) > (41.7b),
2.2 MDA 214k

NT T RRAHCE AR R AN [R5 BE A B0 R 0 200 M R S v, W8 TS (DR BE A B B R AR P A MDA
B, BREWVCRD) AL SEMEAIE BRI, R FEH MR R GRS &, BIEREEZEKF
(P<0.05) ,(HESBEAHMNEM, NERETE R THEREM; KR K EF MDA & E7ER b3 2 rh B A 4
e IR AR BE(P>0.05),
2.3 SOD {EHERIAL

AR ELRIAR R SOD JE M 45 SR R (3R 2) HUFEBRHRAT, &FRE MR R EA B m 1 SOD 1 ; hi &
Bekr)a ,SOD e A prite , b T VI IV, I, VIR B3 ; - 10CRGHRAHE, SEMB R
SOD i #:3) B Z FEAR , Horh VSF{Y 163.366 u-g ™ 'FW-h ™" BRIEHR K ;20 ~25°CH3% 15d J5,S0D 1 HERR I
BN B S, A N3k BE K (P <0.05) ,
2.4 WEMHERRSEZML

AR T A EMRRPEEEA RS BN MEFTSR(F3) . HIEBMHATA R R b T
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EE & B RBR YiEBdF)E, [V VIS, (B iEA B3, T IVIEIEEE (P <0.05) ; iRA:
g A ERE, 1. VEEDE, . VA RE  BRIRE AR 15d 5, R A St ARSI,
BT Pl B3, A I VAR S R 2 2%, B E R A B3 (P >0.05) .

®1 FEALE3 MDA SEEH0E
Table 1 MDA content under different treatments
Ex MDA ( mmol - gFW ~!)
X} H Control P FE4BHR Cold hardening BRI B Cold treatment

Grass species &7 Tuming green

I 2.575¢ £0.307 3.631bc +0.224 5.592b +0. 608 8.654a +0.280
I 5.306a +0. 107 6.938a +0.007 6.973a +0. 625 6.661a +0.358
I 5.592a +0.185 7.017a £0.199 6.525a +0.310 7.282a +0.205
v 4.126a +0. 185 5.988a +0.053 6.157a +0.199 6.100a +0. 608
v 5.771a £0.254 6.306a +0. 042 6.755a +£0.211 6.325a +0.315

DA EBFRIR M + pnE 2 W — TR R AR S B EF AR E(P=0.05),%2.3.4.5 5tHH[F]  The data in the table are the

average value * standard division; Difference between data in each row followed by the same letter is not significant at P =0. 05 level, it was the same as in

table 2, 3, 4 and 5

F2 FEALER SOD F RN

Table 2 SOD activity under different treatments

B SOD &P (urg " FW-h~1)
Grass species X & Control P FE4BHR Cold hardening BHALFE Cold treatment &7 Tuming green
I 908.738b +52. 175 1205. 882a +54.073 495.283¢ +31.753 1214.789a +46.410
I 655.670c +16.766 1314.050a +34.479 511.364c +£9.642 950. 000b +35.355
I 952.941ab +74.870 1132.858a +71.936 553.846¢ +£27.196 765.957¢ +30.090
v 980.769b +70.711 1235.294a +71.305 283.784c +£29.049 755.245b +29. 669
\4 1018.868a +13.342 1063. 107a +20. 595 163.366b +36.405 1085.714a +40. 406
®3 FELABEMTRAEEERSENKM
Table 3 Soluble protein content of under different treatments
Ex W] %525 1 Soluble protein (mg/g FW)
Grass species X & Control P FE4BHR Cold hardening BHALFE Cold treatment &7 Tuming green
1 4.217¢ +0.384 5.504¢ +0.492 9.815a +0.707 7.305b +0.410

< =2 =2 =

4.848b +0.108
4.809a +0.984
3.809b +0.799
4.598a +0.369

8.157a+0.922
5.685a +0.307
7.587a +0.261
5.113a +0.676

6.772b £0.307
5.358a +0.430
5.576b +0.738
5.685a +0.523

4.109b +0.630
5.902a 0. 553
4.326b +0.538
4.435a +0.538

2.5 JHARSEZL

FHEMRR PR G BRI R ST R G RR A EHE (R 4) , T EEBHE R R BB RS
B, SRS AR EMER R B R BB S &, B R, B A EMER T ERA P HHE
R & BB E R T UIRBARAT S & (P <0.05) o FEAMEKAR, S EMRATHHER S BHRET BE
(P <0.05) EAR (LA A, Horh I IV AR BERER, T A0V AR fLig BEAHXT B/ o
2.6 WIEERSERK

BOEAR R Al e & B EAS (R 5) , IR T, 1 IS EARA ATt & 858, LV,
VSRR & BRI TUIRBR)E bR 140, AR T 1 & B B E N (P <0.05) 5 - 10°CHR URALEE 24h
J& A5 ] 5 P 2 e S AT, LR S A 3 o, (EB WA (.38 520 ~ 25 °C 3R 15d J& , {3 T il 3
BB BER I, VILPIA, BT AR, EAV 16 B E K (P <0.05)
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Table 4 Proline content of under different treatments

B

4R Proline( pg-g~')

Grass species

X # Control

YIFEHBHR Cold hardening

Y URALPE Cold treatment

i&# Tuming green

I

< =2 B =

0.069¢ +0.006
0.109¢ +0.007
0.053¢ +0.003
0.077¢ +0.006
0.153b +0.007

0.186a +0.010
0.168b +0.014
0.198b +0.011
0.172b £0.010
0.169b +0.008

0.135b +0.007
0.455a +0.037
0.284a +0.017
0.281a +0.013
0.214a +0.007

0.105b +0.010
0.194b +0.013
0.216b +0.013
0.119b +0.009
0.209a +0.013

RS TRLKLENTHEESBHXE

Table 5 Soluble sugar content of under different treatments

HERp

W5 PEHE Soluble sugar ( mmol/L)

Grass species

X & Control

P FE4BHR Cold hardening

BHALFE Cold treatment

&7 Tuming green

I

< =2 B2 =

0.410b +0.050
0.199b +0.083
0.035¢ +0. 000
0.070¢ £0. 050
0.047b £0.033

0.556b +0.070
0.708a +0.091
0.726a +0. 066
0.562ab +0.033
0.544a +0. 059

0.562b +0.057
0.720a +0.053
0.562b +0.099
0.726a +0. 066
0.621a +0. 006

0.779a £0.025
0.545a +0.016
0.492b +0.033
0.492b +0. 000
0.621a +0.057

2.7 HFEMLGEIEM

BRI RV SRR G E AR RN I8 n A0 ik B Bl B2, A SCR AR R ik &7 6 0F
MR LEF TN B EIRAK(1) ((2) KA FIEAEARSHUN IR REUE, R 5 A & R AR 1
R R BUE R IEACK - ER LR S PR E, ZR 5 TR ERCR , PIEPE R, RZ W55, £ 6 9 5 A-FFl
5 WHRFESHI LGPPSR 8 H HPUEERSIUT N I > T >V > 10>V,

£6 FRBEMAEEZRITH

Table 6 Synthetic evaluation of cold resistance character of different forage grasses

A MDA 4 it SOD WK AR W TR P
Grass species MDA content SOD activity Soluble protein Proline Soluble sugar Synthetic evaluation
1 0.596 0.689 0.483 0.176 0.728 0.486
I 0.380 0.603 0.36 0.443 0.683 0.447
I 0.358 0.598 0.271 0.335 0.563 0.391
v 0.519 0.565 0.252 0.272 0.575 0.402
Vv 0.408 0.582 0.191 0.331 0.569 0.378

3 wHgEge

BIFER U, R VRa S TR R R TR BRI PR A it SR RIR L A B i E ™ XA 5
ERUENELZ R R T KBNS E = (MDA) o [T MDA #9774 B A% T S5 A0 T i i 5%
et PR fE E R M EEIERZ — " o ARK R, A AR R o MDA 5 5 B IR B M8 A5 LB IR B
L EBRN SR AR R A, X S PUREBARANR URAL 5 , IR T ¥ PR 3 R A AT o M R
B Bk T JE I RE4ER R & B K, 5 SOD T METESTIE B IA M B E TR , R URAL B 5 1B 38 P AR AR 75 4K
HAEREFREET RIS LEUE R FOVHER . AR B B S e S R EZ B & T B
BIRW, BB AR R BETR = 40O A PRIK BE T 3o 200 D 0 A i o S A W FEREE AR AP VR, B L3 i S
R F R AR R A, A EE AR MBS M H R R I, S0D
TPk ST IE MR VAR e B R R E BB ORI ER, AT SR LK (8K
2900m )4 Fh S 44 EAAEYIDT TR A AR R TUA MBI R GE K G FR A A i 5 By 1k AR i AL AL , 2 35 20 MO
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SERENE, PRUEH % el A A B A B R o

— AN R B RIS RN R R 2 (B SR BRAE A M U T M v (0 P PSR AR A A, FE X
esk1 $0lB5 T (Arabidopsis thalianal L. ) {BFFE KM, WK ENBEREMAERFNEERERZ
Wanner %) 5142 H I 2= FR7E V3 BRI 18] & R 9 LT AT RERS LR PE MO BR I A AT A B HeAE T, B 03RRI A
SRR B T AU L BRI, MARE RN, A B P, SO AR AR IR R & A DTSR
J& A VRAL B 8 20, A R OR AR A A5 A BTG, BT S8 3 1 0 R, 3R A A R 5 2 52 1L s o
I MR TR R EE A PA TR

Y RTINS A B A (AR SR & AR P BB A R B, IR I, B — BT AR e T H AR A 3 FER R 252
BIENIREST o TRIOHESE " MBS B H Fuzey BU¥ IR RBER A VPR R IR R AR SR SN B v
UYL 3R 4 DU AP R ST R AR BEAT TSRS WAL BB T RN R . A0 T0E R T i,
MDA SOD | ATy PN ATV MRS B &R 5 M E B A WS HOHT LA AT A HT I T > 1
>V > >V, BERSGEFRERILTF—2LBE T HHSCR , RP\XFITIETEEY KT d 2
BRI

£ BRI YIRS 2 R EHE VR VE SR RN IR Y BRI R T 8, BORAR R SOD &
PR AT PR A SR AT P 5 R B IR BE b3 ) S S AR A, A Wk (R ) T AR A MM Y R Al i AL AR
BE, s T AR A SE B 5 00 (kAR ) T RIEL X AR AR B 05 3 , R A8 A0 B AR A S IR A8 190388 oL e J O A
ZHEAF B BT
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