Han WHAF Y EI 2019, 27(6): 649 ~ 658
Journal of Tropical and Subtropical Botany

U5 PR e 1 1L o 56 I i A 3 ) A R e o7 R
[RESSER7ST R 9

NS é’? = H A *
REE L ZHME L E4 LINYi-han?, 5% 1, FHde!
(1. LIRS ARl 20, | AREEREE TR PO, |RESEPRES SRS E A=, /I 510631; 2. Agriculture

Victoria, AgriBio, Centre for AgriBioscience, Victoria 3086, Australia)

WE: N7 el 45 (Desmodium intortum) XK iR IO 5204, PATE R 77 %48 T V2 Pl 1A R 430 484 K 38 5 (Macroptilium
atropurureum) A XT &, BF 7L T L S T S HKIEHE AR B N . g5 HRR I, RIEMNE@GC) T, IS E SR RE L
R (Yield) FIG & AL BROR (ETR)TE ST 2~8 RN N BRME B2 2 2K T A6 K E.(P<0.05) . KR AL B8 e 1) 4t LR 4K
K I G A AL B (SOD) T 1 2 1 (P < 0.05): i A AV U BE (CAT) T 1 I 2 5 BRAIG s e 1L 2 1) 3 S A6 A i (POD) i
4 BFEA(P>0.05), HEIEKRE THT 47.11%. (RIEAB FiEH L& 2 B M R m i S B E e TR AR
F(P<0.05). EIHAMNHT HEHLAFRECRIE TR BT R W, Wedl I Lat 72 — P seht 58 FR MBI T RIE KR G R4
L, Horb Yield. ETR. CAT 15953 135905k (U 25 B 2 B A0 AT v M B ) BT AV A Bl 1L 4 S i 98 1 45 5 0 B B A TR AR
R TeILg S, AR, HRERVOSE: RN R ERR: AR IRENE

doi: 10.11926/jtsb.4046

Physiological Response of High Quality Forage Desmodium intortum to
Low Temperature Stress and Rapid Identification of Its Cold Tolerance

YU Han-xia!, JJIANG Chao-yang*, WANG Chun?, LIN Yi-han?, JI Ya-ping*, LI Wei-hua'"

(1. School of Life Sciences, South China Normal University, Guangdong Provincial Engineering Technology Research Center for Southern China Forage, Key
Laboratory of Ecology and Environmental Sciences in Guangdong Higher Education, Guangzhou 510631, China; 2. Agriculture Victoria, AgriBio, Centre for

AgriBioscience, Victoria 3086, Australia)

Abstract: In order to rapidly identify the tolerance to low temperature of Desmodium intortum, the physiological
response to low temperature stress (4°C) was studied by comparing with Macroptilium atropurureum, a high
quality forage widely planted in southern provinces in China. The results showed that under low temperature
stress, the effective quantum yield (Yield) and electron transfer rate (ETR) from the 2nd to 8th day decreased
significantly in M. atropurureum than those in D. intortum (P<0.05). The superoxide dismutase (SOD) activity
increased and catalase (CAT) activity decreased significantly (P<0.05) for both D. intortum and M. atropurureum
under low temperature stress. Specifically, the decrease of CAT activity in D. intortum was lower than that in M.
atropurureum. The peroxidase (POD) activity of D. intortum did not change (P>0.05) under low temperature,
while POD activity in M. atropurureum decreased by 47.11%. The contents of free proline (Pro) and soluble sugar
were significantly higher in D. intortum than those in M. atropurureum (P<0.05) under low temperature.
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According to regression analysis, resistance index and nutrient composition analysis, D. intortum was superior to
M. atropurureum in cold resistance and nutritional value. Furthermore, Yield, ETR, CAT, Pro and soluble sugar of
D. intortum could be used asimportant physiological indexes for identification of cold tolerance.
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Soluble sugar; Low temperature
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Fig.1 Change in biomass of Desmodium intortum under low temperature (4°C). n=4; Different letter upon column indicate significant difference at 0.05 level.

The same is Figures 3, 4.
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Fig. 2 Changes in chlorophyll fluorescence parameters of Desmodium intortum under low temperature (4°C). n=4.
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Fig. 3 Changes in antioxidase activities of Desmodium intortum under low temperature (4C). n=4.
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Fig. 4 Change in content of osmotic regulators in Desmodium intortum under low temperature (4°C). n=4.
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Table 1 Linear regression analysis between total biomass and physiological indexes of two forages under low temperature (4°C)
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Correlation coefficient Coefficient of determination Regression equation
Fu/Fm 0.488 0.238 1.874 y=0.150-0.182x -1.369
Yield 0.928 0.861 37.100 - y=-0.012+0.099x 6.091
ETR 0.950 0.902 54.964 - y=-0.018+0.003x 7414
SOD 0.908 0.825 28.266 - y=-0.108+0.013x 5.317
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Table 2 Resistance indexes in Desmodium intortum and Macroptilium atropurpureum under low temperature stress
PEs b [ ] P=s [EIEE]
M. atropurureum D. intortum M. atropurureum D. intortum
MAEY)E Total biomass 0.38+0.03 0.70+0.03™ CAT 0.15+0.02 0.3440.05™
Fu/Fm 0.69+0.04 0.78+0.03 POD 0.53+0.01 0.50+0.05
Yield 0.29+0.04 0.840.07™ Pro 0.52+0.06 0.68+0.03™
ETR 0.30+0.02 0.76+0.08" ALETERE Soluble sugar 0.18+0.06 0.22+0.04™
SOD 0.86+0.10 0.84+0.01

™ P<0.01;n=4



654 P AT ) 22 4R

07 %

3 eSS

3.1 {KiRAREN MRS T M

IR YR DGR RE T PRAIK,  TIX M AR 1k
AL IR I 5 P4 2 9 ' TR 5 R A S B HA oK o Fo/ P
SEMEPIFERSE MRS T B PS I B Kb i 77
B, BT PSITRRMIHG N EGRe R aR, B
PSII & KRR 0, Yield RntEYEE
TER PSR w730, Reig REDI PS
IT 2 S H 0 75 388 43 26 PR O T 14D SEE B Ji A7) ' e
ARG, ETR B T Y RO E %
AR, SEMIEGEE R R IEARN, R
o, REME T, BEH LSS 1) F/Fa. Yield
ETR 357 B I il s i 1) (1) R K T 5 35 %, R IAAIK
T8 T3PS IS OS2 45, et Ll 4 R Ak
REFRIAE T ARG, H P PSTT R 32477 3 R P8 I A 1 - )
e KT, 3k — s T R A A R R,
it SRR G HE AR s R 2 2], ETR A
Yield 28/)y, 1% 55 B = SIS PG Lol () 4
FGE I ] AR B L5 R — 8. R T R AN T
(Solanum melongena)%/i i I Tt R B, iR PrE
FERFn TR, H BB B iR e K
AN PV 7 S04 e S5 708 2% (Wedelia trilobata)
L2 (W, chinensis) (BT 77 152 B IR 18 2 2
Fu/Fm. Yield, ETR 23 NFE. AF5TH, AR
L4 S 1 Yield A1 ETR R M08 Bk T4
WREE, Sosiedil 42 2R /N

3.2 AKIEMHEN M FHr LB R
TEIEREIEN, MRS EE R ISR R
G R — M PAPIRSM, MRS S S EBUED
s P9 P A T A BRI P A KR R,
SRARFIZR R AA 7 AR ) 32 B A A B A B 5 1 (07)
Al H20,, SOD et il 07 A Bl H202 F11 Oz, [
ik O XY B EE FAEH, 1 CAT A1 POD w] LAk —
IR HoO2, W H AR N AT ERIK, IiiHe s
YIRS e, HREFFER B, Bk (Juglans regia)
WS TR R I SOD. CAT il POD vl i Bl I iR it
I ) 25 AR BERESS, EIdERRE R B
IR It Sk, BRAEG T 40 i 45 A b R R A U 1)
FAL I SR TT I (AR IR AR BE, AT 2 I Aot
FEMELTL, (45 GRS SIT 2 b 2 R B (Elymus
nutans) IHF 7T #K B, SOD. CAT Al POD i frt¥

SRAT RE R T YA N AR B BT, TR T
MM RGeS A IO RR L s [ B SR X A vy )
FHRAY MR EEWHETREEIIER . P
PO A R B, Jb3E &7 (llex verticillata) ] LA
IR IS (SOD POD) M4k Rkt in, #t—
R PR 1) B G JE A PUR MR AsAL L
JRAYZ B K GSH)RIF FRid BG4, i
IGIRAT AL T o IR SEIEINT 4 Fhi A 5
¥ (Carex rigescens. C. lancifolia. C. leucochlora
A1 C. humilis) (7T W], SOD ¥ 5 Hpi st
FEYIMR. AT H, KRR 12d )5, Fedil
SRt ) SOD VE R R E iR E, TR N AR AE
)07, BESRHI i) CAT 3EPE T[4, 18 POD %1%
TEGIR Mg B, nT DA IE R SOD 4k Oz 1
P H202, MTTIRAR TR BB I a3 . 1 H,
BEAREIERE TG SOD v 5 jig il gt 5 AL,
{H CAT Al POD HE LY T F%, H CAT TR 5
K, el &N IR 1.48 £5. v I, 5%
TERE AL, Bed L4 OO RiR i B A BRI
i fbRe

3.3 {KEMHEXH &R YRS 'R

IR 39 58 — 7 T 2 A A A 40 6F K 23 R R A
&AM Tk, BT R E
IKHEB B, AT 4 3R 40 M 72 325 ~F- 1 LA & B
1B AEBE00, Pro AIAT VA PERE B U R PR P 2 2
RSB RTRIR . O IR 7T 22 DR ad m]
5 R A P9 it R R0 T e W KRS B T e o 4
T [ X T4 3 B (1181, Pro 55 R] i 1 A AR
RSP PTIEN: B B3 IEAHSCN349-51 5K jly ik 44(52]
X} 3 Pl BB SR O P FE M A AL R B, Pro Al
R PR U UL P R 0 ) T R 4
AT, e LSk G Pro A A] v PERE S B 7R
AN S BN, SR AATTFE S IR A i B
PGER, R TR, s K aE
JIMEEAER, MR T B S, i,
IR I hEH L 2R 2 By 1) Pro FURT I BE 75 550
APER 5.24 F1 1.41 %, 40 LN ERAE K & R
1) 1.64 1 1.83 f5. FULMBIERTYICKE el
& S TR T 5

3.4 EEAHT SRRSO
BT 2R, ARIR T 2 FhBC i 5 R 9Ok



%56 3

ARIREZ A AU R 1 £ T UG e A TR R 7 i SR P R 4 655

ZH(Yield F1 ETR). HuE LB 1 (SOD. CAT Al
POD) &% I 5 4 5 (Pro AT a] ya bl & ) 5 sk
YRR IEAESE, R T TR E
M5 . BT HIFR AR T -1~ +1, EHORER
RS BkaE, AEAEHCHTAN FUE R TR, +1
FER B FE ) 76 AV AT RN (HRBT T 8RBT FEAIK
BACHER, SeHlL4E =K Fu/Fmy SOD & POD K
PR S B KRERA REER, Y Fu/Fo.
SOD F1 POD AR U Hi X 43 T 1L 23 5 R AR K
BRI W 18 B HEPT T o AR T FH L £% S Yield
ETR. CAT. Pro AR i& R T I8 w3 = T
HICKE G, YL 45 3 2B Yield.
ETR. CAT i MEANSIE R 1903 F 5o id M AR IR
B, XSRS RIEA 8 RS E
PR IR BT AR E S 2 Ao 4L s3], A Ay
WHIC T W L s SR U484, RIGUEHAKE )
e, XRALMARZA, WFHEE—BHT.

AR AEYD R (CE K R AL KB
FNTYIRE) 2 AR, IE R IR e 2 e s
T AN A& IR MHE I RE T o[RBT ASHIE T 7R AR
A T IR, A KK S AN A
—EMZEE, FHE#E— DI MR U G
TRAUETE S PR R R

3.5 PR RIE IR LR

WORUE F7 U R SRR B 6 R B & 1
FrESRE, VORI R 57 ) AR, U
A RCE TR (A . MR LT YE. FK )
ATERIR )P, P h KA B R SR A R e
F 2R, TR M AR YR R E R
3R, RO T B A S B A T
K EREPIHHAR, 5 —Jr K > & B AT
RSB AR E RS, — Rl oy, AR A AR
TR A o3 1) & By, I SR sy, 1o
FHEF Y5 B R A4, HAA N D o), gt
LG R ER . HURDT . ToRUR AR 3 1) &
BABCEICR R G, HHEAGER AR RRER
55%, AT TR I 1L 4 5 1 fe R IR T4, W
N FOAGUIR MR 5 AN B P e 2 10 32 2l
BIOR, UHES. . BEEREN, FitsGE
K, FEHILER GRS SR E R TR,

LR LR, S EE A L 2R SR P U
HEFMEHIR TR KRR TR R Al [

T E 7 % T Hed il 4 & B A R 4 A S L R
sto [ARF, 4RI SH(Yield F1 ETR). CAT 5
BBV (Pro FIRTVEPERE) v DAPRIE L R b
WA, G UCK HAE e 1L 28 5 i SE PR 4
) 2 A PR AR AR

S50

[1] CHEN Z H, LI X Y, HONG J. Current situation, problems, and
suggestions for forage germplasm resource conservation in China [J].
Pratacult Sci, 2018, 35(1): 186-191. doi: 10.11829/j.issn.1001-0629.
2017-0155.
PREZR, f—, WE. REERFEEN RPN, 8
Wi [J]. BLRY, 2018, 35(1): 186-191. doi: 10.11829/j.issn.1001-
0629.2017-0155.

[2] XINLJ, WANG L X, LIU A M. Regional production and consumption
equilibrium of feed grain in china and its policy implication [J]. J Nat

Resour, 2018, 33(6): 965-977. doi: 10.31497/zrzyxb.20180300.

[J]. ESRVEIRAAIR, 2018, 33(6): 965-977. doi: 10.31497/zrzyxb.20180300.

[3] MO X M, CHENG S Q, ZHENG Z H, et al. The effect of Desmodium
intortum on the development of eco-agriculture in Jianjiang [J]. Ecol
Econ, 1994(3): 47-49.

SRR, REXUE, KSrhAe, eSS AR A SRR
AR R HRIEHAR [0]. LEARETF, 1994(3): 47-49.

[4] HAN D F, LI X P, LI J, et al. Mechanism of improving cold resistance
of plant by glycine betaine and its application [J]. J Trop Subtrop Bot,
2010, 18(2): 210-216. doi: 10.3969/j.issn.1005-3395.2010.02.016.
BATT, BEW, BE, 5. RSERIE s YR LB R R
). B SGEYSR, 2010, 18(2): 210-216. doi: 10.3969/j.
issn.1005-3395.2010.02.016.

[5] YANG J C, DU G F, PENG J Z. Comparison of cold resistance and
nutritional quality of six tropical and subtropical leguminous forages
during overwintering period [J]. Pratacult Sci, 2017, 34(4): 794-801.
doi: 10.11829/j.issn.1001-0629.2016-0560.

Ak, o EE, AR, 6 P IR ERMICE U S IR
FLELEE [0]. EOlRLEE, 2017, 34(4): 794-801. doi: 10.11829/j.issn.
1001-0629.2016-0560.

[6] WANG C Z, QIAN S, TAN F Y, et al. Influence of winter climate on
agricultural production in 2015/2016 [J]. Chin J Agrometeorol, 2016,
37(2): 255-257. doi: 10.3969/j.issn.1000-6362.2016.02.016.

Falikl, Bett, W, 5. 2015/2016 4 &R ARV AE = 1R
o [3]. PELALS R, 2016, 37(2): 255-257. doi: 10.3969/j.issn.
1000-6362.2016.02.016.



656 T A ) 22 4R

07 %

[71 WANG C L, LIU J L, ZENG X, et al. Characteristics of recent 50
year’s cold damage in winter in Guangdong [J]. J Nat Disast, 2004,
13(4): 121-127. doi: 10.3969/j.issn.1004-4574.2004.04.021.

FARR, XIS, Wk, S B0 MK ARATREHIRHE [J]. BAAK
2R, 2004, 13(4): 121-127. doi: 10.3969/j.issn.1004-4574.2004.04.021.

[8] LIN Q M, CHEN Y Q, REN W B, et al. Analysis of a 2016 cold wave
weather process in eastern Guangdong and an associated aquaculture
disaster in the shallow offshore waters [J]. Guangdong Meteor, 2017,
39(2): 7-11. doi: 10.3969/j.issn.1007-6190.2017.02.002.

IG5, BRI, (F30®, %5 2016 4F SR — GBI R UL R Kok
WFRERESHT [ T AS SR, 2017, 39(2): 7-11. doi: 10.3969/j.
issn.1007-6190.2017.02.002.

[91 WANG H, CHEN H H, TANG L S, et al. Temporal and spatial change
of climate resources and meteorological disasters under climate change
during winter crop growing season in Guangdong Province, China [J].
Chin J Appl Ecol, 2018, 29(1): 93-102. doi: 10.13287/j.1001-9332.
201801.015.

EAE, BRESE, L, S RRARREE SR ARA R A A R
WA R R TN MA Q] B AR SR, 2018, 29(1):
93-102. doi: 10.13287/j.1001-9332.201801.015.

[10] CHEN X, ZHOU Z H, WANG R Q, et al. Effect of low temperature
stress on antioxidant ability in llex verticillata leaves [J]. J Trop Subtrop Bot,
2016, 24(6): 689-695. doi: 10.11926/j.issn.1005-3395.2016.06.013.
MrRot, FZiR, EaE, & RIRAAEXALEAFH P ibig
s [J]. B TE AT A 2441, 2016, 24(6): 689-695. doi: 10.
11926/j.issn.1005-3395.2016.06.013.

[11] BO X P, WANG M X, CUI L, et al. Evaluation on correlations of three
kinds of osmoregulation substances in tea fresh leaves with low
temperature during winter and spring respectively and their difference
among cultivars [J]. Sci Agric Sin, 2016, 49(19): 3807-3817. doi: 10.
3864/j.issn.0578-1752.2016.19.012.

WIGERE, EARR AR, W 3 RBERITI S LR KIRM
TR B I R R 1) 22 RVRAY ). R ERORL S, 2016, 49(19):
3807-3817. doi: 10.3864/j.issn.0578-1752.2016.19.012.

[12] HABIBI F, NORMAHAMADI G H, HEIDARY S A H, et al. Effect of
cold stress on cell membrane stability, chlorophyll a and b contain and
proline accumulation in wheat (Triticum aiestivum L.) variety [J]. AfrJ
Agric Res, 2011, 6(27): 5854-5859.

[13] WANG X X, LI S D, DONG H R, et al. The correlationship of
cold-tolerance with ABA, soluble sugar and respiratory intensity in
tomato [J]. Acta Hort Sin, 1998, 25(1): 56-60.

EFE, BRE, REL, F FHMANEEIES ABA IR
ERMAXR [] HEHR, 1998, 25(1): 56-60.

[14] BAKER N R. Chlorophyll fluorescence: A probe of photosynthesis in
vivo [J]. Annu Rev Plant Biol, 2008, 59(1): 89-113. doi: 10.1146/
annurev.arplant.59.032607.092759.

[15] TANG M L, QUAN J C. Introduction and cultivation technology of fine
breeds of green manure in orchards [J]. SW Hort, 2001, 29(3): 57-58.
JEHIEE, k. RIS R IEH L S G 5l R R AR HOR 3] 7
mE 2, 2001, 29(3): 57-58.

[16] YE X Z, LI Y X, ZHANG D M, et al. The relationship between the
morphological and anatomical characters of vegetative organs of
Desmodium intortum and the high nitrogen fixation, shade tolerance and
conservation of soil and water [J]. J Trop Subtrop Bot, 1994, 2(1): 31-37.
WL, FRAE, SKEEH, 4. el %k (Desmodium intortum)E
Feos B ML MEIR AT m B A IR LORIFI R R D] #
iy AT A 41, 1994, 2(1): 31-37.

[17] PEREZ-MALDONADO R A, NORTON B W. The effects of condensed
tannins from Desmodium intortum and Calliandra calothyrsus on
protein and carbohydrate digestion in sheep and goats [J]. Br J Nutr,
1996, 76(4): 515-533. doi: 10.1079/BIJN19960060.

[18] CHENG H Q, ZHANG W W, CHEN Z P, et al. Effect of overshadow
on nutritional components in Desmodium intortum [J]. J S China Nor
Univ (Nat Sci), 2000(3): 88-91. doi: 10.3969/j.issn.1000-5463.2000.03.021.
TR, KO, BRIEP, S, RN BEH L G G E IR IR
W) [J]. ARG K 2 4R (H SR FH# M), 2000(3): 88-91. doi: 10.
3969/j.issn.1000-5463.2000.03.021.

[19] LIN D Q. High antialkaline and symbiotic nitrogen fixation activity of
the fast-growing rhizobia from Desmodium intortum [J]. Acta Micro-
biol Sin, 1989, 20(5): 354-359. doi: 10.13343/j.cnki.wsxb.1989.05.004.
MRPEER, TR L 23 5 BB R TR i BE PO S G AR [ [0, e
24K, 1989, 20(5): 354-359. doi: 10.13343/j.cnki.wsxb.1989.05.004.

[20] YAO X W, CHEN Z P, CHENG S Q, et al. Expression of hydrogenase
system in strain MXDlIg of rhizobium (Desmodium intortum) [J]. J Trop
Subtrop Bot, 1995, 3(2): 65-69.

BN, BRIET, FEXAEF, & BEH 4% AR B MXDle itk 2
FEFRIE ] Pl TR 2R, 1995, 3(2): 65-69.

[21] JING Y X, CHEN Z P, CHENG H Q, et al. Root hair deformation
testing of nodulation factor in rhizobium strain CB627 isolated from
Desmodium intortum [J]. J Trop Subtrop Bot, 1999, 7(1): 81-83.
wie, BRI, PR, & RIS ERRE CB627 SR T
BIME [3]. A0 #v fEA F44H, 1999, 7(1): 81-83.

[22] KHAN Z R, MIDEGA C A O, WANYAMA J M, et al. Integration of
edible beans (Phaseolus vulgaris L.) into the push-pull technology
developed for stemborer and Striga control in maize-based cropping

systems [J]. Crop Prot, 2009, 28(11): 997-1006. doi: 10.1016/j.cropro.



%56 3

ARIREZ A AU R 1 £ T UG e A TR R 7 i SR P R 4 657

2009.05.014.

[23] TOBISA M, UCHIDA Y. Effect of phosphorus application and arbu-
scular mycorrhizal fungi inoculation on the growth of American
Jointvetch and Greenleaf Desmodium [J]. Amer J Agric Biol Sci, 2017,
12(2): 85-94. doi: 10.3844/ajabssp.2017.85.94.

[24] MIDEGA C A O, WASONGA C J, HOOPER A M, et al. Drought-
tolerant Desmodium species effectively suppress parasitic Striga weed
and improve cereal grain yields in western Kenya [J]. Crop Prot, 2017,
98: 94-101. doi: 10.1016/j.cropro.2017.03.018.

[25] MIDEGA C A O, PITTCHAR J O, PICKETT J A, et al. A climate-
adapted push-pull system effectively controls fall armyworm, Spodo-
ptera frugiperda (J E Smith), in maize in East Africa [J]. Crop Prot,
2018, 105: 10-15. doi: 10.1016/j.cropro.2017.11.003.

[26] ZHOU Y W, LIU Y P, DAI S L. Identification of cold resistant plants
by chlorophyll fluorescence analysis technique [J]. Plant Physiol Commun,
2006, 42(5): 945-950.

JAZER, AHENE, B RIS R IOE T BOR S E A BURE
R [9]. FEYAE B2, 2006, 42(5): 945-950.

[27] YANG J M, MENG Q R, WANG X D, et al. Effects of low temperature
stress and INA bacteria on chlorophyll fluorescence parameter and cold
resistance in young fruits of Apricot [J]. Sci Agric Sin, 2002, 35(9):
1090-1094. doi: 10.3321/j.issn:0578-1752.2002.09.011.

R, WPKH, EF4, & INA BB AL R SR 9 SR
PUEEMERIRE I [0, SR EAERE, 2002, 35(9): 1090-1094. doi: 10.
3321/j.issn:0578-1752.2002.09.011.

[28] WANG X T, LU Q W, CANG J, et al. Effects of cold acclimation on
chlorophyll fluorescence characteristics and antioxidant enzyme
activity in winter wheat [J]. Plant Physiol J, 2016, 52(12): 1959-1969.
doi: 10.13592/j.cnki.pp;j.2016.0352.

EFHEH, SKE, e, . RIRYI X &N SRR R &
PUAMMHETERIE W (3], M4 224k, 2016, 52(12): 1959-1969.
doi: 10.13592/j.cnki.ppj.2016.0352.

[29] GAO C H, HU J, ZHENG Y'Y, et al. Antioxidant enzyme activities and
proline content in maize seedling and their relationships to cold
endurance [J]. Chin J Appl Ecol, 2006, 17(6): 1045-1050.

FIUNAL, W, RRME, A ORI BT RS IEIR S A
WHEHIHFENERIDRER [J]. MRS, 2006, 17(6): 1045-1050.

[30] TENG S H, LAI Z Q. High yield cultivation and utilization of legu-
minous forage Macroptilium atropurpureum [J]. Shanghai J Animal
Husbandry Vet Med, 2013(5): 52-53. doi: 10.3969/j.issn.1000-7725.
2013.05.027.
b7, Bksk. R SRR R E kB SR [ L
B PR, 2013(5): 52-53. doi: 10.3969/].issn.1000-7725.2013.

05.027.

[31] GRAY G R, CHAUVIN L P, SARHAN F, et al. Cold acclimation and
freezing tolerance (a complex interaction of light and temperature) [J].
Plant Physiol, 1997, 114(2): 467-474. doi: 10.1104/pp.114.2.467.

[32] SCHREIBER U, SCHLIWA U, BILGER W. Continuous recording of
photochemical and non-photochemical chlorophyll fluorescence quen-
ching with a new type of modulation fluorometer [J]. Photosyn Res,
1986, 10(1/2): 51-62. doi: 10.1007/BF00024185.

[33]1 ZHU Z J, WEI G Q, LI J, et al. Silicon alleviates salt stress and
increases antioxidant enzymes activity in leaves of salt-stressed
cucumber (Cucumis sativus L.) [J]. Plant Sci, 2004, 167(3): 527-533.
doi: 10.1016/j.plantsci.2004.04.020.

[34] AL-AGHABARY K, ZHU Z J, SHI Q H. Influence of silicon supply
on chlorophyll content, chlorophyll fluorescence, and antioxidative
enzyme activities in tomato plants under salt stress [J]. J Plant Nutr,
2005, 27(12): 2101-2115. doi: 10.1081/PLN-200034641.

[35] ZHANG Z L, QU W J. The Experimental Guide for Plant Physiology
[M]. 3rd ed. Beijing: Higher Education Press, 2003: 123-124.

KER, BHEE. EWAEREIIRRT M) 3. et mEH
H tH AL, 2003: 123-124,

[36] ZHAO S J, XU C C, ZOU Q, et al. Improvements of method for
measurement of malondialdehyde in plant tissues [J]. Plant Physiol
Commun, 1994, 30(3): 207-210.

RS, VR, ARE, . ML T RN E TR s [
A B 2% I, 1994, 30(3): 207-210.

[37] ORWIN K H, WARDLE D A. New indices for quantifying the resi-
stance and resilience of soil biota to exogenous disturbances [J]. Soil Biol
Biochem, 2004, 36(11): 1907-1912. doi: 10.1016/j.s0ilbio.2004.04.036.

[38] Yunnan Jinye Ecological Construction Group. A well-nourished legu-
minous forage: Macroptilium atropurpureum [J]. Farmer Sci Technol,
2010(5): 8.

AW AR EBER]. BRI EME —KRE ] K
FEHL, 2010(5): 8.

[39] PAM X, HUANG Z W. Chemical composition and nutrition evaluation
of 38 forage grass in Guangxi Province, China [J]. Guangxi J Animal
Husbandry Vet Med, 2014, 30(6): 287-289. doi: 10.3969/j.issn.1002—-
5235.2014.06.002.

THEASS, BEM. 100 38 FHBCRERILEE O T K E R ME LT E
[3]. J A E SR, 2014, 30(6): 287-289. doi: 10.3969/j.issn.1002-
5235.2014.06.002.

[40] GENTY B, BRIANTAIS J M, BAKER N R. The relationship between
the quantum yield of photosynthetic electron transport and quenching

of chlorophyll fluorescence [J]. Biochim Biophys Acta, 1989, 990(1):



658 T A ) 22 4R

07 %

87-92. doi: 10.1016/S0304-4165(89)80016-9.

[41] ROHACEK K. Chlorophyll fluorescence parameters: the definitions,
photosynthetic meaning, and mutual relationships [J]. Photosynthetica,
2002, 40(1): 13-29. doi: 10.1023/A:1020125719386.

[42] WU X X, YANG X C, ZHU Z W, et al. Effects of exogenous 6-BA on
photosynthesis, chlorophyll fluorescence characteristics and the allocation
of absorbed light in eggplant seedlings under low temperature stress [J].
Plant Physiol J, 2013, 49(11): 1181-1188. doi: 10.13592/j.cnki.ppj.
2013.11.003.

REE, BRE, KFEL, 5 HNE 6-BA XMRIRMHE NI T 4IE G
HEH MERVOCSEIORATCHIEW [J]. HEA R R,
2013, 49(11): 1181-1188. doi: 10.13592/j.cnki.ppj.2013.11.003.

[43] LIAO D B, BAI K D, CAO K F, et al. Seasonal changes in photo-
synthetic traits of the co-occurring evergreen and deciduous broad-leaved
species in a montane forest of Mao’er Mountain, Guangxi [J]. J Trop
Subtrop Bot, 2008, 16(3): 205-211. doi: 10.3969/j.issn.1005-3395.2008.
03.004.

BET, AMR, EIIT, & IR Ll AR AR IR A R SR
F B RO AR TR [J]. P R 4R, 2008,
16(3): 205-211. doi: 10.3969/j.issn.1005-3395.2008.03.004.

[44] SUN B Y, SUN L L, SONG L Y, et al. Contrasting changes of
chlorophyll fluorescence in leaves of invasive Wedelia trilobata at
different temperatures under high irradiance stress [J]. J S China Norm
Univ (Nat Sci), 2009(4): 100-105.

IMER, N2, RHIE, 55 NI =R EGH i H41 900
XS [3]. HEREITITER 240 2R FH2R), 2009(4): 100-105.

[45] FU J J, LIU J, SUN Y F, et al. Effects of cold stress on the growths and
physiological characteristics of two Elymus nutans varieties [J]. Acta Agrest
Sin, 2014, 22(4): 789-795. doi: 10.11733/j.issn.1007-0435.2014.04.017.
APEREE, XU, b7, & Veiaasn 2 b A e A AR A 3
FRPERRLN [J]. FEHIZAIR, 2014, 22(4): 789-795. doi: 10.11733/j.
issn.1007-0435.2014.04.017.

[46] LI C Y, XU W, LIU L W, et al. Changes of endogenous hormone
contents and antioxidative enzyme activities in wheat leaves under low
temperature stress at jointing stage [J]. Chin J Appl Ecol, 2015, 26(7):
2015-2022. doi: 10.13287/j.1001-9332.20150527.004.

PR, WE, XL, S REFME N RTINS N IRER
ErR AU EE VLR R [3]. RS SER, 2015, 26(7): 2015
2022. doi: 10.13287/j.1001-9332.20150527.004.

[47] TIAN J H, WANG H X, ZHANG Z H, et al. Effects of chilling stress on
antioxidant system and ultrastructure of walnut cultivars [J]. Chin J Appl
Ecol, 2015, 26(5): 1320-1326. doi: 10.13287/j.1001-9332.20150319.004.
Mstie, EL08, KEE, & RIRTSE AR FZA A R

Gt R AR (0] RFAEZS A4, 2015, 26(5): 1320-1326.
doi: 10.13287/j.1001-9332.20150319.004.

[48] YE Y R, WANG W L, ZHENG C S, et al. Evaluation of cold resistance
of four wild Carex species [J]. Chin J Appl Ecol, 2017, 28(1): 89-95.
doi: 10.13287/j.1001-9332.201701.035.

SR, FICH], FORGR, 55 DM AE & R Y I SETE RN (9],
JSEFIAEAS244R, 2017, 28(1): 89-95. doi: 10.13287/1.1001-9332.201701.035.

[49] ASHRAF M, FOOLAD M R. Roles of glycine betaine and proline in
improving plant abiotic stress resistance [J]. Environ Exp Bot, 2007,
59(2): 206-216.

[50] DENG R J, FAN J X, WANG Y Q, et al. Physiological responses of
pitaya (Hylocereus spp.) seedlings to chilling stress and comprehensive
evaluation of their cold resistance [J]. Plant Physiol J, 2014, 50(10):
1529-1534. doi: 10.13592/j.cnki.ppj.2014.0174.

AZEG, VEEH, FAWE, S O R4 I A B R
FHFEMLEA AN 0] WA, 2014, 50(10): 1529-1534.
doi: 10.13592/j.cnki.ppj.2014.0174.

[51] LIANG J Y, JIAO T, WU J P, et al. The relationship between seasonal
forage digestibility and forage nutritive value in different grazing
pastures [J]. Acta Pratacult Sin, 2015, 24(6): 108-115. doi: 10.11686/
cyxb2014140.

PR, flF, RET, 5 ARRMEMBEHEERERIHES
BIRMAMCATIT (] Falk2adi, 2015, 24(6): 108-115. doi:
10.11686/cyxb2014140.

[52] ZHANG S X, NIMA P C, XU Y M, et al. Physiological responses to
low temperature stress and cold tolerance evaluation in three Elymus
species [J]. Pratacult Sci, 2016, 33(6): 1154-1163. doi: 10.11829/j.issn.
1001-0629.2015-0489.

TR, JEIDE, IRAENE, S5 3 AR R AR P A
FR IS R DLV [3]. FOlRLE, 2016, 33(6): 1154-1163.
doi: 10.11829/j.issn.1001-0629.2015-0489.

[53] BOUCOT A J. The complexity and stability of ecosystems [J]. Nature,
1985, 315(6021): 635-636. doi: 10.1038/315635¢c0.

[54] XIN Y C. The analysis of nutrition ingredient of grass in Qinghai
natural grassland [J]. Qinghai Pratacult, 2011, 20(1): 26-31,9. doi: 10.
3969/j.issn.1008-1445.2011.01.008.

FEF. FlERAFEMBEE R R []. Filgslk, 2011, 20
(1): 26-31,9. doi: 10.3969/j.issn.1008-1445.2011.01.008.

[55] CHEN P, LIANG F Y, LI R T, et al. Nutritional composition analysis of
several forages in Guangxi Province, China [J]. Guangxi Agric Sci,
1983(1): 46-49.

Wt RAHE, Fhns, 5. LR E SR 0 (3] T
Al A}, 1983(1): 46-49.



