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cold tolerance evaluation in three Elymus species
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Abstract: In order to screencold tolerant Elymus germplasm, the 21 days aged seedlings of three Elymus spe-
cies from Tibet were used to investigate the physiological, biochemical responses and resistanceunder different
low temperature treatments(18, 10, 5, 0 °C) with 18 C as check.With the increase of low temperature stress
Elymus sibiricus cv. Tongde had maximum relative membrane permeability, but Baqing (E. nutans) is the
minimum. The contents of chlorophyll in Baging showed a trend of rising first then falling, but the content of

Chlorophyll in Tongde and Naqu (E. nutans) increased significantly (P<C0.05). The soluble protein content in
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Baqing had the smallest increase and it only increased 2.59 times when compared with control; The soluble pro-
tein content in Tongde and Naqu increased significantly (P<C0.05), and they increased 5.31 times than the con-
trol. The soluble sugar content in Baging and Tongde showed a trend of rising first and then falling, but the
soluble sugar content in Naqu increased significantly (P<C0.05) and it is 2.14 times of the control. The MDA
content in Tongde had the biggest increase; the MDA content in Baqing decreased significantly at 0 ‘C when
compared with that at 5 °C (P<C0.05). The free proline in all materials tested increased.Tongde had the maxi-
mum Pro content, and it increased 2.58 times when compared with control; Baqing had the minimum Pro con-
tent, it only increased 1.44 times when compared with control. The superoxide dismutase activities of Baqing
showed a trend of rising first then falling. But the superoxide dismutase activities of Naqu increased significant-
ly (P<C0.05) and it is 1.65 times of control. The peroxidase activities in Naqu is the maximum and it increased
4.13 times when compared with control; The peroxidase activities in Tongde is the maximum and it is 2.19

times of control. Membership function analysis showed the order of cold resistance of three Elymus species:

Baqing=>Tongde>>Naqu.
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Table 1 The three tested forage germplasm

Tl 44 5 i R AR i A5 K
Germplasm code Species Collection site Habitat Altitude/m
) v & ¥ i [ L o JE )
TD 3812
(Elymus sibiricus cv.Tong De) Tongde County, Qinghai Province Alpine meadow
, T R B 2 [ A== o JE B
BQ ) ) 4 500
Elymus nutans Baqing County, Tibetan Alpine meadow
e TR B VG R i B 1R FE R )
NQ 4 450

Elymus nutans

Naqu County. Tibetan

Alpine meadow

T RSO AR PR 2 R L 5 R

Note: The codes of material names will be used in the following figures and tables.
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HE AJBEEBEE=CXVXn/1 000Xa XW.CH
PRUE T B SRAGHE  (ng) o AW EBURE S AR AL (mL) .
V AR EE & (mL) ,n ARG W hAHEE
(g) o AT A I i BB 9 7E 0.25~0.30 g, 3 IR
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B1 3 EN A EEENTL
Fig.1 The change of the relative leaf membrane
permeability in 3 tested forages

TE AN ) /NG 5 B ] — b A [R] i B 4k B ) 22 53 35 (P <<0.05)
T,

Note: Different lower case letters for the same germplasm indicate sig-
nificant difference among different temperatures at 0.05 level. The same

below.

2.2 UG ol REL R 5 B SIS AR ST 5 M

AR 2 2R Y 1 S B AOR B 8 R i s R
SEME LTFHEER AR 2, 10 CLHE T, Bk BQ M4t
REoHRE IR E 2540 (P<0.05), Hg il o
M RE SRS EER AR E(P>0.05, 5°C
T AL R R ST RSB EE R, H
ONQ SRR S BRI, D IR 1.86 £ TD it
GEGE LIRS, N 1,46 5. 0 C 4B
T.HEHEEAMERREE SN REE ER (P
0.05), Hrp BQ M4 R & HALT 5 Al 10 CHP Y & &k,
EREMRTS CHAB TSRS, 5 10 CFHM
BESBESAREP>0.05), NQHHE55H
T, xR 2.13 %5, BQ MG &R & & L FH 18,
Xt FR A 1.32 %,

lLar

Migc BOioc Bsc OocT

t

BQ NQ
F 5 Germplasm
B2 3MEKAEHFHEEEENTNL
Fig.2 The change of the leaf chlorophyll

content in 3 tested forages
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Fig.3 The change of the leaf soluble protein

contents in 3 tested forages
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Fig.4 The change of the leaf soluble sugar

contents in 3 tested forages
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Fig.5 The change of the leaf MDA contents

in 3 tested forages
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Fig.6 The change of the leaf free proline contents

in 3 tested forages
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3 (P<0.05), IR TR 5 CH,TD A SOD i 1
FEXF 10 CAH BT, H2E S AR 3% (P>>0.05);BQ K
SOD {i P B & 3 5% , Jf 3k 2] A b 2K P 19 5 KAE .
H271.47 U« (g» min) '3 NQ ) SOD & #4810 C
B REAL(P <<0.05), RERELE 0 CH, B BQ M
SOD & PR 55 4h . H A MR SOD i 7 i 2 4 o, H:
HNQ ) SOD i PR3 58 B B, S5 0 A 1.65 £% .
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Fig.7 The change of the leaf SOD activities

in 3 tested forages
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97.2% i FEFE 2 5°C , TDR POD % ¥ ik 2] XF 18 20
1) 2.31 £5:BQ M POD i 5 10 CER AR FE (P>
0.05) . ¥41% k1.6 % ; NQ 9 POD &M% 10 CHf i %
Fhi 30 151.91% ., REERE 2 0 °C,BQ 1Y POD
TEPERS 10 °C 2 3G KL B IR O 204.15% . J2 X FR
3.18% . TD 5 NQ Y POD 3% 1 23 51 J& %t B Ay 2,91,
4.134%.
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Fig.8 The change of the leaf POD activities

in 3 tested forages
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W) B FEPEAS BB B — Fi5 A ok ), AW
5 CHY 3 MM R Z % FER /N B & 82 5 R
BR GRS CHE 3 Fh 05 1) 45 46 AR AR by 1 10
PUFERE 1 L5 VR 1 SN, I3 3 A o (A o L3
SRR BQ UL G M EH R K. R 0.71, M
e TD $LIFELE G PP E N 0.52, BLFEME P 4 s NQ 1t
FELEL M R 0.48 , FLFEMES (F 2),
2.10 3 AR AR BE bR S LU MG TR 5 B

K4 5 CC R 3 i s A A AR A X 5 2R GO
W LA T AR SR A AT, 25 R R (3R 3D, 3 R bt B
FEAIG IR 38 AT R 1 R AR 5 25 A TN (E
3 ARG (P <<0.05) , AHC R B —1.00, FHX IR %
PR U OB AU AR T L T R R L I R
T EA Y B A S PR LR AT 2 RN B
(P>>0.05) , ASTFFEIAE X 2% 28 5 A0 X {H 5 L 7€ 25
G VP E AT T A R B, i S A E S
PUFELE A VI A IH] 22 67 M 56 (P=>0.05) .

£2 3B EEHEH A AEMEERRERYE NERITNE

Table 2 Subordinate function values, weights, and integrated evaluation valves of cold resistance of 3 tested forages

R JE PR EL{E Subordinate function value

MELZGRITME SR

k5
Material AHXT B33 1 A A NI S BEAMAY &k Integrated Order
code Relative membrane ey MDA AR 157 1k il W it assessment and
permeability SP SS Pro SOD POD value degree
TD 0.56 0.69 1.00 0.15 0.76 0.73 0.68 0.52 Il
BQ 1.00 0.31 1.00 1.00 0.96 1.00 0.02 0.71 1
NQ 0.40 0.37 055  1.00 0.73 0.48 0.63 0.48 I
R Weight 0.14 0.14  0.10  0.14 0.14 0.14 0.14 - -
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Table 3 The correlation between physiological indices and cold resistance of 3 tested forages
AFRT I35 e . , . o e o
T H ‘ AR TR O WEEMER BAE Wi oS s MR
Relative membrane
Item SP SS MDA Pro SOD POD Chlorophyll
permeability
LR r 0.95 —1.00 —0.78 0.67 —0.47 0.83 —0.98 —0.41
P 0.20 0.02 0.42 0.52 0.68 0.37 0.12 0.72
3 e JE RTINS ) e s U A e 0 o e B
e I R B A TR (E T i R A [
3.1 IS T P B B R PR G &R LR AR O A R e R ot o A e e B A

ALy it SR P Y 5 555 5 o S O P 1) A A R R OGS
A WFITR I TS 5 20 2 PR R AR L AR
U5 125 1 SR G40 Y 5 2 SR R ) 32 B Rl
PUmiPEgt i 2z . ARUFR R L3 R I R
R X B 1P i B8 D o A1 2 S 9 K /N i 3,
T[] 8 1 2 AN RO P e K 32 B 3 o e K5 B2
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