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Effect of low temperature stress on the cold-resistance physiological indexes of

10 germplasm resources of Roegneria in Qinghai

Li Chang-hui', Li Shu-juan', Liu Yan-xia®*, Dong Tian-cai', Jia Ke', Liang De-fei'
(1.Agriculture and Animal Husbandry Collage of Qinghai University, Xining 810016, Qinghai, China;

2.Agriculture and Animal husbandry comprehensive service center of Qiongjie county, Shannan 856800, Tibet, China)

Abstract: In order to study the effect of low temperature on the physiological indexes of 10 populations of six
wild species belonging to the Roegneria genus in the Three Rivers region of Qinghai, seedlings with four to five
leaf stages were used as experimental materials, and the leaf chlorophyll (ChD , soluble sugar (SS), malondial-
dehyde (MDA) , free proline (Pro) , catalase (CAT) and peroxidase (POD) activities, and cell membrane per-
meability were measured under low temperature stress of between —25 and 5 C. The results showed that the
cold resistance indexes of plant materials, such as Chl content, MDA, SS content, Pro content, and CAT and
POD activity were significantly different under low temperature stress compared to the control. Different mate-
rials have different change ranges, and present different change rules, that is electrolyte permeability continues

increasing by increasing the size of the S curve. The MDA content of the all experimental materials tended to
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remain consistent first increase, and then decrease. The contents of SS and Pro presented as an inverted
V-shape, increasing first and then decreasing. The Chl content of nine materials continued to decrease. Mem-
bership function analysis showed the order of cold resistance of the 10 Roegneria germ plasms is: Roegneria
yushuensis (Maduo) > R. yushuensis (Tiebujia) > R. yushuensis (Xinhai) > R. stricta (Tongren) >
R. abolinii var. divaricans (Huangyuan) > R. abolinii var. divaricans (Zeku) > R. brevipes (Qumalai) >
R. purpurascens (Maixiu ) > R. brevipes (Zeku) > R. trichospicula (Zeku), in order from the strongest to
weakest.

Key words: Roegneria; cold stress; physiological index; cold resistance; method of membership function;

Three Rivers region; germplasm resources
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Table 1 Origin of the experiment materials
k5 il 5t 44 1K Z % (E) ESEAOND) R HhL
Material code Germplasm name Altitude/m Longitude Latitude Collection site
L - . mZAREWMAN
A 4 366 98°07.686 34746.327
Roegneria yushuensis Xingxinghai, Maduo County
T o o SERMAE MW
B 3228 99°33.121 37°04.148 ) o
R. yushuensis Tiebujia, Gonghe County
2 e o o mmETEW
C 2513 101°23.713 36°40.292
R. abolinii var. divaricans Xiaboxiang, Huangyuan County
R - L REREEEMNY
D 3016 101°56.285 35°14.151
R. trichospicula Maixiu tree farm. Zeku County
T L . L MBATENE
E 3522 99°53 35°45
R. yushuensis Ziketan, Xinghai County
A o O HEEARL
F 4 086 96°25.284 337°54.185
R. brevipes Dongfeng, Qumalai County
e 4 o C EBEMHZ
G 3 286 101°23.713 36°40.292
R. abolinii var. divaricans Heri, Zeku County
D . , . ;o R
H 2726 101°57.675 35722.539
R. stricta Xipusha, Tongren County
A 9 0 - R EARHZ
1 3 506 101°00.141 35712.426
R. brevipes Heri, Zeku County
s o L REREEKY
J 2997 101°55.828 35°14.788
R. purpurascens Maixiu Tree Farm, Zeku County
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Effect of cold stress on the relative membrane permeability in leaves of seedlings
PIRIIEEE JERM RS RR LT

A, B, C,eeeeee , J indicate materials code in Table 1; similarly for the following figures.
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Fig. 2 Effect of cold stress on the MDA content in leaves of Roegneria seedlings
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Fig. 3 Effect of cold stress on the catalase activity in leaves of Roegneria seedlings
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Fig. 4 Effect of cold stress on the POD activity in leaves of Roegneria seedlings
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Fig. 5 Effect of cold stress on the soluble sugar content in leaves of Roegneria seedlings
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Fig. 6 Effect of cold stress on the free proline content in leaves of Roegneria seedlings
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Fig. 7 Effect of cold stress on the chlorophyll content in leaves of Roegneria seedlings
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Table 2 Synthetic evaluation indexes and weighted value of cold resistance character of 10 Roegneria germplasm
YRz i G 4 B )& PR B Membership fuction value ZTEA
Code Germplasm name Pro MDA CAT 3S Chl Cond pop  Evaluation
< B 3R UL B (3
A I*J%X)h$( 42 0.569 3 0.551 9 0.517 5 0.385 2 0.543 5 0.562 5 0.567 1 0.470 8
R. yushuensis (Maduo)
< B R U (R
B Iﬁf&%yu'?(%j{ f‘.j][l)“ 0.523 5 0.484 4 0.552 7 0.371 5 0.395 4 0.564 4 0.704 7 0.448 1
R. yushuensis (Tiebujia)
s S B R D)
C R. abolinii var. divaricansi 0.394 2 0.581 8 0.547 9 0.4334 0.397 1 0.560 8 0.377 9 0.340 0
(Huangyuan)
= TR U0 (%R
D t# %rﬂ)b$< HEJE) 0.4735 0.5943 0.5219 0.4048 0.3444 0.5602 0.526 8 0.312 4
R. trichospicula (Zekuw)
T R L (%)
E R . {ﬁ X 0.539 6 0.504 5 0.519 2 0.4547 0.5453 0.5107 0.543 3 0.353 9
R .yushuensis (Xinghai)
G AV 36 XL ot JRR 36O
F RS .)hl? HHJ/W;E_ 0.558 4 0.608 3 0.554 1 0.472 1 0.416 5 0.586 4 0.482 4 0.328 1
R. brevipes (Qumalai)
e EL ke 9% e
G m]t’“,t%({*)@ , 0.437 1 0.539 1 0.4990 0.4492 0.4320 0.546 2 0.4156  0.332 1
R. abolinii var. divaricans (Zeku)
G ACEE )
H I [u” 0.467 2 0.549 4  0.534 3 0.434 4 0.426 2 0.6052 0.606 7 0.345 2
R. stricta (Tongren)
A 3 LR R )
1 FIAT .)hl? P 0.5223 0.6215 0.578 2 0.4681 0.444 7 0.5595 0.4350 0.312 7
R. brevipes(Zeku)
X R WL B (3 5 MR
J SRR LT ZJ 0.475 2 0.5304 0.510 8 0.454 4 0.4006 0.553 6 0.439 2 0.327 8
R. purpurascens (Maixiu)
AL
. . 0.099 96 0.100 00 0.099 99 0.099 98 0.100 30 0.099 86 0.100 47
Weight coefficient
XA . —0.544 —0.782 0.393 —0.837 0.359 —0.91 —0.299
Related coefficient
P <20.01 <0.01 <0.01 <20.01 <20.01 <20.01 <20.01

JRE LT JRR 3R ) = 58 B WL s (32 75 kdgp) = S A 8 0L
FCF ) > BRI ILR G o AN [ e 45 20 A 14 ) —
TP P TOIREPE AT — 5 22 5, (R BL I T 3R 5T XA 9
YA T TR . IR B b AR B R AR, 7E SRR L IX
AR AP PUIE R R — 2, AR R WY 5R
Ao 6 J3E A 5 1) 2 DR o 52 14 0 A7 1 B 8 04 il DX 114 A ol B

£ % 3Lk References:
(1]

PUHE . 5 IS o A T PR R A 3 22 B ) R
R L A M T AR AR A B I I g R R O ) 4
FEPESR . ARPPIT I E MR EIEEY —25~5 C. R
X e DR ) AR IR I 30 ) F 5 SCHK & B AT BF 5 PR
BB L = — 25~ — 15 C IR TR i & BT L
ABEFE AR A SCRRAS 22

o Bk e b B R 2 2 b EAE S CGE LB S =00 bt B2 Ak . 1987 :51-109.

Editorial Committee of Chinese Journal of Plant of Chinese Academy of Sciences.Flora of China. Vol..9 Book 3.Beijing: Science

Press,.1987:51-109. (in Chinese)
(2]

TG P IL R A BT S BT R A S R 4 B T K I

N BRI ,1999:74-86.

http://cykx.lzu.edu.cn



55130 FRE FARRMAXT 10 4y R VL 508 B A= Fb BT BT 7€ AR BIAE BR 1052 0 131

(4]

(6]

[7]

[8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

Northwest Plateau Institute of Biology,the Chinese Academy of Sciences Editorial Committee.Flora Qinghaiica. Vol.4.Xining:
Qinghai People Press,1999:74-86.(in Chinese)
T RS TV R UL P T 7 I NI AL, 2012, 192-193.
The Qinghai General Station of Grassland.Grassland Resource in Qinghai Province.Xining : Qinghai People Press,2012:192-193.
(in Chinese)
BHRE L EARA SO, T EAE TR B T = Fh v 25 51 557 55 59 57 8 PR A2 1L L R 738 42, 2007, 13(7) 1 41-43,
Chi C Y,Lian Y Q,Li W J,Ding G H.Chilling resistance change of three turf grass varieties under low temperature stress. An-
hui Agricultural Science Bulletin,2007,13(7) :41-43.(in Chinese)
RRVK R AT )T 2 KR TR 2 G AR AL B R O [ R AR R 100 A B A e T M L AR AR I 2009,29(3)
1341-1347.
LiY B,Yang S Q,Ren G X,Feng Y Z,Zhang Q.Li P.Changes analysis in physiological properties of several graminaceae grass
species and cold resistance comparison on under cold stress.Acta Ecologica Sinica,2009,29(3):1341-1347.(in Chinese)
T AR A B G T R A R 5 2000 442-450.
Wang Z.Plant Physiology.Beijing: Chinese Agriculture Press,2000:442-450.(in Chinese)
Whoe 28, i m s R ARV R E . W R L LA W R R H S RS I T VR LU R R T AR BE B R . 2010, 30(5)
88-91.
Chen A K,Han R H,Li D Y,Lin L. L,Luo H X,Tang S J.A comparison of two methods for electrical conductivity about plant
leaves.Journal of Guangdong Education Institute,2010,30(5):88-91.(in Chinese)
5 M. [ P9 58 AL T A I PE AL BT ST HE R SR B VTR A4 2011(T) 1 146-148.
Dou Y M.Advance of research on cold-resistance mechanism of alfalfa in China. Heilongjiang Agricultural Sciences.2011(7)
146-148.(in Chinese)
52 55 S A R AR B8 X AR SR G SOD L POD I8 1 FIH 20 B2 & & 195 M. F0lk B2, 2005, 22(6) : 29-32.
Feng C J,Luo X Y,Sha W, Wang F G.Effect of low temperature stress on SOD,POD activity and proline content of alfalfa.
Pratacultural Science,2005,22(6) :29-32.(in Chinese)
BRI, IR BOE B B A AW B0 TR A DT T8 R R B AR L B B 4, 2006, 23(7) 1 15-18.
Wei Z W,Wang D X, He L. C.Effect of superoxide dismutase on cold acclimation of alfalfa.Pratacultural Science,2006,23(7):
15-18.(in Chinese)
PR i, TR L Bt S R, 55 1746 00 B8 6 AR IR 0 38 %o 48 48 B A i R 3R SO R 1 S R RE M 24 4, 2011, 19 (4D
596-600.
Chen SR,Yu L Q,YiJ,Wurina,Jirenhua, Liu S N.Influence of chlorophyll fluorescence characteristics on alfalfa seedlings un-
der cryogenic stress.Acta Agrestia Sinica,2011,19(4) :596-600.(in Chinese)
XA AL, 5 I A P PO 2R B L b s b RO YRR L 1994:8-23.
Liu Z Q,Zhang S C.Plant Resistance Physiology.Beijing:China Agriculture Press,1994:8-23.(in Chinese)
AR B A A AR B S R T b s o L RO Y R L 2000,
Zou Q.Experiment Instruction of Plant Physiology.Beijing: China Agriculture Press.2000.(in Chinese)
AN A ST AU AT AU AT R A% MU . 2002:134-139.
Li S G.Practical Biometrics.Beijing: Peking University Press,2002:134-139.(in Chinese)
I R A W, E R AR B AR W 3B XS 6 R I AR AR S A EILER AR 09 5 L 2 BRI R AR R L 2009 (2)
172-177.
Meng Y J.Zhang L. F.Wang L. H,Fu S L.Effects of low temperature stress on the cold-resistance physiological indexes of six
leaf-colored climbing shrub species.Journal of Anhui Agricultural University,2009(2):172-177.(in Chinese)
B RO M. 30 75 2 B B R FE PR T Bl A2, 2011, 28(1) £ 90-93.
Deying,Zhao L. X, Mu H B.Winter hardiness of 30 germplasm materials of Elymus sibiricus.Pratacultural Science, 2011,
28(1) :90-93.(in Chinese)
K ME SR BT OB 1 AS DUSRARIIR L TR TLAT. 3 A e i i e IR 3 1 AR B 0 R i 9T FE T A B A
*,2016,33(6) :1154-1163.
Zhang S X, Nimapingcuo,Xu Y M,Miao Y J,Baosaihenna,Zhang W H.Physiological responses to low temperature stress and

cold tolerance evaluation in three Elymus species.Pratacultural Science,2016,33(6):1154-1163.(in Chinese)

http://cykx.lzu.edu.cn



132

ool B 55 35 &

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Ji) B 32 o X PR 5 S L DX R A ) 09 R 4 1 R B B AR IR AR K B AR L TS AR 2 4 2002, 22(3) :566-573.

Zhou R L,Zhao H L.Protecting enzyme system of herbage and its functions in the cold growing process in alpine and cold re-
gion, Acta Botanica Boreali-Occidentalia Sinica,2002,22(3) :566-573.(in Chinese)

R3S, i 75 7 B 45, AT AR BRAL B, 1 5 62 400 i 00 AR 38 % i 1z 0k Rk 2, 2016, 33(7) 1 1375-1382.

Bai X L.Zhou Q P.Chen Y J.Tian L. H,Chen S Y, Xiao X J.Responses of oat seedlings to chilling stress.Pratacultural Sci-
ence,2016,33(7):1375-1382. (in Chinese)

Sk 1) O AE L R I  2E DRELT m JEL R R SE AR W 1 B € AR SRR DY AL AR M % 4R . 2005, 25(12) 1 2502-2509.

Han F,Yue X G,Shi S B,Wu B,Li Y K.Physiological characteristics in cold resistance of several alpine plants in Qinghai-Ti-
bet Plateau. Acta Botanica Boreali-Occidentalia Sinica,2005,25(12) :2502-2509. (in Chinese)

SRR R AR IR 0 AR Sl 30 X R 2 5 A R R B S R B4 . 200926 (5) 1 185-188.

Zhang Z,Wang S F,Xu H G, Liu M. The effect of low temperature stress on tall fescue growth.Pratacultural Science, 2009,
26(5) :185-188.(in Chinese)

E A BB, /N D, R AR O AN B AR R ORI B 38 A A B R R 9 B FE M T AL B M 2E R, 2014, 22(2)
326-333.

LyuY W,He ] Y.Bai X M,Dong Q.,Lei Y W.Evaluation of physiological responses and resistances of nine wild poa to low
temperature, Acta Agrestia Sinica,2014,22(2) :326-333.(in Chinese)

ZEOCH] B3R ERAMENE TR0 55 5 Al I T J AR ) o IR R B 3 g AR e R K T TR AR PR AN AR B AR A AR R L 2017, 45(T)
28-33.

Li W M,Wei Y S,Qian Y P, Tian R N.Evaluation of cold resistance and physiological response to low temperature on five
kinds of Oxalis plants.Journal of Northeast Forestry University,2017,45(7) ;28-33.(in Chinese)

AE AT ARG AR T, ST BB S L R AR TR 0 X 2R A A AR SRR R R I ST U1 R AR (B AR RO
2005,42(1) :190-194.

Deng X K,Qiao D R,Li L., Yu X,Zhang N S,Lei G P,Cao Y.The effect of chilling stress on physiological characters of Medi-
cago sativa.Journal of Sichuan University(Natural Science Edition) ,2005.,42(1):190-194.(in Chinese)

PRI, BN A0 it AR 38 N R R OR M A AR AR AR 0 5 L R 24 4R, 2001, 9(4) £ 283-286.

Liang H M, Xia Y,Du F,Zhang P J.Effect of low temperature stress on physiological process of kentucky bluegrass.Acta Ag-
restia Sinica,2001,9(4) :283-286.(in Chinese)

TR Gyt AR W 0 SR A R AR B I IR W 3 1 A= B 7 e R 2 4 . 2011,33(3) :107-111.

Gao L H,YiJ,Li F,Lei X F,Ma ]J.The physiological response to low temperature stress of three gramineous pastures.Chinese
Journal of Grassland,2011,33(3):107-111.(in Chinese)

LI E IR, W A B ST AT0 500 4 500 Xk 4 - 25 2k B BT FE A Y S L BV BE A4, 2013,30(9) 1 1344-1348.

Xiao H D,Wang H Z,Yu M.Influence of turfass stress resistance and green enhancer on chilling resistance of Zoysia tenuifo-
lia.Pratacultural Science,2013,30(9):1344-1348.(in Chinese)

J i 3 KA 4. A 2 e T O Ml P R AR b SR g T RN R A B T 0 AR Ak R AR AN GE MR AR AR AR AR, 1996, 16 (4)
402-407.

Zhou R L,Zhang P J.The change in carbohydrate content and protecting enzyme activities in root of alpine forage related to its
adaptation to cold in spring.Acta Ecologica Sinica,1996,16(4):402-407.(in Chinese)

Aitken S N, Hannerz M.Genecology and gene resource management strategies for conifer cold hardiness.//Bigras F J,Colum-
bo S J.(eds).Conifer Cold Hardiness.Dordrecht: Kluwer Academic Publishers,2001:23-53.

R B s RIS 90 R £ A ) B0 AT U 3 17 1 2R 25 2 IO A ) A A5 A 4R . 1998,22(1) 1 60-67.

Yang S C,Lin P.Ecological studies on the resistance and adaptation to cold of some tidal mangrove species in China. Acta Phy-
toecologica Sinica,1998,22(1) :60-67.(in Chinese)

TR B L e B A T T A 10 A A A A L I 5 R MO B2, 2007 ,43(4) £ 88-93.

Xu Y,Xue L,Qu M.Physiological and ecological mechanisms of plant adaptation to low temperature.Scientia Silvae Sinicae,

2007,43(4) :88-93.(in Chinese)

(FTAEH 4 Tk3#)

http://cykx.lzu.edu.cn





