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Effects of High Rhizosphere Temperature Stress on Morphological
Characteristics and Water Status of ‘ Deqin’ Medicago sativa L.

LI Meng-nan', ZHANG Yu-wen', BI Yu-fen’, ZHAO Yan'
(1. College of Horticulture and Landscape, Yunnan Agricultural University, Kunming Yunnan 650201, P. R. China;
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Abstract; To reveal the response of Medicago sativa L. under high rhizosphere temperature stress, by using two
factors randomized block design, 5 temperatures and 5 sampling time under constant and variable temperature,
this study analyzed the morphological characteristics and water status of Medicago sativa L. ‘ Deqin’ under different
rhizosphere temperature. The results showed that visual quality of alfalfa was influenced by high rhizosphere tem-
perature. The accumulative growth rate of plant height, total number of leaves and leaf width of alfalfa decreased
while the rhizosphere temperature was higher than 25°C , and the growth of aboveground part would be inhibited.
However, the root length and roots regeneration significantly increased at 25 —30°C, with ranging 13.93% -
40. 69% and 2 283.31% -4 868. 58% , respectively. Leaves were dehydration and revolute at top of plant but eti-
olation, defoliation and scorch at bottom, furthermore, roots were thinner and softer than before and no new roots
growth anymore at 40°C after 72h treatment, and the ceiling temperature was 40°C for alfalfa growth. The relative
water content of leaves and roots decreased with the increasing of stress temperature and the prolongation of stress
time, but the decrease rate of roots was a little bit slighter than that of leaves, meanwhile the electrolytic leakage
of leaves and roots were increased.

Key words: rhizosphere temperature; high temperature stress; ‘Deqin’ Medicago sativa L.; two factors random-

ized block design; morphological characteristics; water status

« WFRBHA: 2018-05-21
HE&TH: EXHABFEESTE (31660683), ZRHAHEITRIEETH (2016YJS060)
F—EEEN: ZEmE (1993-), 2o, 5, FENFRERMAAYEFH S0, E-mail :956352262@ qq. com
BHREE® N B (1974-), %, BIZEE, Ht, FENFREMAEYFEF RS T A5, E-mail: zhaoyan@ ynau. edu. cn



%64

ZEWE: REdmETERY

A B R AR Bl 23

TR A AR R e KA
P, & HErEIR R A IR R KRR+
IRAFAERSR AR, 0-20em + 2 E S Z K
SRR ) Sem T EIRS 1m, 7m F138m
ARSI R TEA X (RP=0.96-0.97)°°, 0-
25cm )2 AR BRI B Sk 25 £ i, R o ek
M IR R, S RS A, MR R X
TR A AL T AR AR B e R b A R R IR A
FRIRZIA R ARBRE IR W /N ( Triticum aes-
tivum ) . T JN ( Cucumis sativus ) . ¥ B ( Malus
pumila) . HEGI R (Agrostis stolonifera) “5Z5F
MY AEREF | BEERN | IPRERT
B AR R KT

LHEE (Medicago sativa 1. ) B m e SR
( Leguminosae ) el BCF B K
IR FMR R R IBE A, TERG T YR 2, WY
WrlEH s, 2 AR A Bl AR L e A A A 254
EL7 A (SN ec i = H = N W A WV A =E AUk 12
JURINH . BT EARE AE 2 T8% AR KT 0-
20em 19 HJZ, 60% —90% HIH R A 1) k43 A F
0-30cm 1Y +J27" ) HAARRMA KK T 2SR
BRI 25 S e R R 0 28 A 7 1l 3 2R K
KRBT TR PP, (A WA BR & 5 48 48
Bt AT IERIE . AATIE L, 2 F 7 i AR
HAE ( “Deqin’) bR, S b AN A AR B R %) H
FESFFEMK RGO 520, P8R A E— 2D
7RI DA ST e 52 48 A Tt A PR RO B R AR
HBEELBARAE

1 MH57%

1.1 ka4

MR TR E 1
1.2 #HEEFNREIEIT

SR AR 885 10 K T 1 (0 4K T R P IR R 2
G, BB, BIEETChKE KL, EFA
TAMA T, EIRE N 25/20°C (BHR/RIR) . Ot
Jili R 16h/8h (FIR/ BAK) . AHXHBIE R 65% |, 6
HEGE B hy 400pwmol/m’s A Z5 48 T % 12 A, 45 2d
DEEAR 22 B R 200mL, R A AR Eh AL A0
PR RKF— B AR S AR BRI EE R 18/16°C
(CK) 120 FLKEE46, FEINHB THARMER L IES
AR, RN EIGA R 24h iB1E, &N 7d R,
KR RE R B N AR A T b A B

KA R RMVUX H T, FAEE AR 2 F
J5 SO R E g A TAR PR R be , #5185 MR
B EE, fH R M 18/18C (B /%R, X &,
CK1 ). 25/25°C, 30/30°C . 35/35°C. 40/40°C,
AR W 18/16°C (X HR, CK2) . 25/22°C . 30/27°C.
35/32°C ., 40/37°C, HAERFMAZ, BURERT ]
54K, BB Oh, 12h, 24h, 48h, 72h J5HUFEINE
SRR, A B ER 3 K, HRIEEART 3
PRI
1.3 W=EFE
1.3.1 JE&FER

HR AL BB [R] AT WS, I SRR B 19 AR R
B, ARt ER ok g E2E e Rt
B MR RAKEIAREH AR,
1.3.2  AHfERR

XK (RWC) FIAEXTH SR (EL) By
52 2 RS B T ik
1.3.3 iR ases

o T AR 1 (R U AR A AR KR = (D
H-XTHR{E) /X BB{Ex100% , IE(HFZ R, 7
IR TR,
1.4 HESH

A IS K R T Excel 2012 #4101 20 G811
SPSS 18. 0 #1725 LB A7 225347

2 HREHA

2.1 REESENEREEEKESHZNME

HR B e T2 M PR T AR A, (R E R AR
TR PR ER SR IO W25 5 AbBE 720 5, AE
fH IR 25/25°C AR IR 25/22°C R PRAE TR, 4R
fe FEARSME O B A2 4k IR T+ 2 fH R 30/30°C il
A 30/27°CHE, FATFEAR R I I 4G s
geuifl . M EM IS, fEIEIR 35/35°C 22 TR
35/32°CHHA N, ZEAEMRM R sk M2
iy AEARAEE TR 40/40°C FNAR R 40/37°C JHpiE T 3%
FE, BE R ROKZERE . G, TEM A
wAk, A, MRITRNTE, AR H 2R
i,
2.2 WRESENERERE S ERKOZME

FEPE RS IR S5 T, R PR S R e AR
Hifabke, S Mo, RS EZEIM (P<
0.01), BFE B XFdkm . Srt4, w5805,
X5 F2EJe M B (P<0.01) , [UEET



24

i IS

#

B = - = 2018 &

T SEE E xRS BRI AAAEEAE (P<
0.01), HARUEESHEZEITLEEN (£1),
PR (e fE I 25/25°C FIAE IR 25/22°C i, W3
RFXTE (F2); EMEIE 40/40°C FAE R 40/37°C
F, PR BRI RREAL, 400 X IR 2. 89%
F14.84% , EIECETE R 25/25°C F14E & 30/27C
I A, AR AR R 25/22°C A /g T, iR
JEAREE T, EIRAN S FEER B S AN R R R

®1 RESEME

e, fE R 40/40°C B R B, M SE AE fH R
30/30°C FIAS i 30/27°C i} i & B AR, 4351 A %oF
MREY 19. 84% F1 18.99% , 7E1H i 40/40°C F1AZ i
40/37°CHTREEIEAR, ZITHEK R 58 -10. 86%
H1-9.84% , W5 32 ZEJe M AE AR IR 30/27°C i 2
i 2 W m, 40/37°C B BaF K R K, ik
62.98% ; TEIHIR 40/40°C i it A 5 3225 3 ff 23t
KRR, 573.52%,

TESNEBESERMERERAESN

Tab. 1 Variance analysis of high rhizosphere temperature stress on morphological and physiological index of ‘Deqin’ Medicago sativa 1.

H I AR

| S yH B —~yH P

b U T T T N vl 10 S T B i e
3= 29. 64" 0.02 0.01 22.99** 0.03 0.01
L 12.51** 0.09 0. 02 17.42°" 0. 09 0.01
5 27.19"" 0.01 0.07 97.91"" 0.01 0.15
5 EERM 78.46%* 31.04"" 4.37"" 49.16"" 7.87"" 1.16
Lis§IS 27.97%* 0. 09 0.02 52.80%* 0.32 0.10
WEHLE 85.22%" 96.00"" 9.88"" 85.75"" 94.16"" 11.62"*
N VNS 61.39"" 52.47"" 5.68"" 44.10"* 42.447" 4,32
FRAF L S 151.49 " 89.48*" 7.17** 86.49"" 30.69 " 2.91**
AR K 2 11.63°" 18.32°" 3.12° 9.35"* 12.38"* 2.04"
FRAR XS 5K & 6.04%* 15.16"* 0.84 6.73"" 14.53** 0. 54

e o o« FREFMEHE (P<0.01), = FRERLH (P<0.05),

®2 REESEME TEKERE LB ESHERERENTL

Tab. 2 High rhizosphere temperature stress on growth rate changing of ‘ Deqin’ Medicago sativa L. above-ground morphological index

A ARBRERE FR IR B W38 A BT[]/ h Bifmagk
izt /C 0Oh 12h 24h 48h 72h /%

18/18 0. 00=0. 00 0.3520. 23 1.33+0.32 2.0420. 56 3.2120. 63 6.9320.43 ¢
25/25 0. 00+0. 00 0.2420. 15 0.78=0. 32 1.23+0.13 1.92+0. 19 4.17+0.63 b
30/30 0. 00£0. 00 0. 00£0. 00 0.210. 16 0.53£0.20 0. 86+0. 14 1.60+0.23 a
35/35 0. 00£0. 00 0. 00£0. 00 0.14£0. 12 0.21£0.04 0.200. 15 0.55+0.08 a
40/40 0. 00£0. 00 0. 00£0. 00 0. 00£0. 00 0. 10£0. 08 0. 10£0. 08 0.20£0.12 a

bk 0.00£0.00 A 0.59+0.00 A  2.460.00 AB  4.11£0.00 B 6.29+0.00 C

e 18/16 0. 00+0. 00 0.3420. 12 1. 160. 55 1.92+0. 74 3.19+1. 06 6.61+1.52 d

™ 25/22 0. 00+0. 00 0.320. 17 0.610. 16 1.250. 01 2.17+0. 18 4.35+0.31 ¢
30/27 0. 00+0. 00 0. 00£0. 00 0.3420. 11 0. 72+0. 49 1.08+0. 24 2.1420.76 b
35/32 0. 00+0. 00 0. 00+0. 00 0. 12£0. 09 0.24+0. 13 0.310. 15 0. 67+0.37 ab
40/37 0. 00£0. 00 0. 00£0. 00 0. 12£0. 07 0. 10£0. 06 0. 10£0. 06 0.32£0.16 a

0.00£0.00 A 0.66+0.00 A  2.35+0.00 B 4.23£0.00 B 6.85+0.00 C

18/18 0. 00£0. 00 0. 930. 67 4.24+0.56 7.51£0.52 12. 86+2. 09 25.54+1.26 d
25/25 0. 00+0. 00 0.920. 82 3.03+1.05 5.32£1.07 8. 34+0. 50 17.61+2.79 ¢
30/30 0. 00=0. 00 0.3520. 11 1. 54+0.97 2.8720. 93 4.82+0.76 9.58+1.50 be
35/35 0. 00+0. 00 0. 00=0. 00 0. 6620. 54 1.21+0. 89 2.20+1.76 4.07+2.31 b

. 40/40 0. 00+0. 00 0. 00+0. 00 0. 00£0. 00 0. 00+0. 00 -0.520.27 -0.52+0.27 a

njr 0.00£0.00 A 2.20+0.00 A 9.47+0.00 B 16.9120.00 B 27.70=0.00 C

% 18/16 0. 00£0. 00 1. 02£0. 67 4.2320.51 7.76£0. 43 13.22+2.33 26.23+1.80 ¢
25/22 0. 00£0. 00 1.77£1.01 5.13£0.52 9.81£1.06 15.70+2.22 32.41+3.85 ¢
30/27 0. 00£0. 00 0. 44£0. 34 1.75£0.73 3.48+0. 68 5.62£1.37 11.29+2.17 b
35/32 0. 00=0. 00 0.2120. 18 0. 83+0. 59 1. 40+0. 48 2.32+0.25 4.76+0.91 ab
40/37 0. 00+0. 00 0. 00:£0. 00 0. 00+0. 00 0. 00:£0. 00 0. 84+0. 81 0.84+0.81 a

0.00£0.00 A 3.4420.00 AB  11.94+0.00 B 22.45+0.00 C  37.70=0.00 D
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WA

FEAE R AR TL WY % v

25

RS
e )
A ARBRIEE HR IR BE 38 AL B[] /h SR %
Tebr /C Oh 12h 24h 48h 72h /%
18/18 0. 00=0. 00 1. 42+0.96 2.70+1. 38 3.97+0.32 4.71+1.18 12.80+1.40 c
25/25 0. 00=0. 00 1. 26+0. 40 1. 82+0. 65 3.50+0. 18 4.15+0.79 10.73£1.89 ¢
30/30 0. 00+0. 00 0.220.20 0.3420. 24 0.95+0.22 1. 03+0. 31 2.5420.30 b
35/35 0. 00+0. 00 0. 11£0. 08 0. 00+0. 00 -0.43£0. 19 -0.720. 21 -1.0420.58 b
" 40/40 0. 00£0. 00 -0. 64£0. 31 ~1.530.43 -3.83£1.29 -4.86+0. 37 -10.86+1.18 a
0.00£0.00 A 2.37+0.00 B 3.33x0.00 B 4.61£0.00 C  4.31+0.00 C
¢ 18/16 0. 00+0. 00 1. 45+0. 87 2.72+0.73 3.81£1.21 4.55+0. 54 12.53+0.93 ¢
25/22 0. 00+0. 00 1.21+0.23 1.77+0. 63 3.17+1.42 3.91+1.17 10.06£1. 16 ¢
30/27 0. 00=0. 00 0.1320. 02 0.52+0.23 0. 82+0. 44 0.9120.22 2.3820.16 b
35/32 0. 00=0. 00 0. 10+0. 06 0. 00=0. 00 —0.42+0.24 —0. 64+0. 37 ~0.96+0.25 b
40/37 0. 00+0. 00 -0.71+0. 54 ~1.66+0. 11 -3.02+0. 49 —4.45+0.70 -9.84+1.21 a
0.00£0.00 A 2.18+0.00 B 3.35x0.00 C  4.36+0.00 D  4.28+0.00 D
18/18 0. 00=0. 00 0. 00=0. 00 4.01+1.15 4.34+2.17 4.63+1.94 12.98+3.23 a
25/25 0. 00+0. 00 2.05+1.06 4.16+2.08 6.1320. 07 6.82+3. 46 19.16+4.34 a
30/30 0. 00£0. 00 3.61£1.82 6.04+2. 84 9.08+1.03 12.56+1. 64 31.2943.52 a
it 35/35 0. 00+0. 00 3.63£1. 80 6.62£1.09 9. 64 £0. 89 13.29+1. 82 33.18+1.57 a
T 40/40 0. 00+0. 00 5.16+2. 86 10. 30+2. 57 23.22+2. 64 34.84+2.96 73.5244.12 b
5 0.00£0.00 A 14.45£1.43 B  31.13£2.01 C 52.41«1.87 D 72.14+2.54 E
g 18/16 0. 00+0. 00 0. 00=0. 00 4.10+1.10 4.12+2.40 4.81+1.15 13.03£1.18 a
% 25/22 0. 00=0. 00 1.4320. 13 3.55+1.19 4.23+1.17 4.90+1.25 14.11£1.21 a
f 30/27 0. 00=0. 00 1.32+0. 19 3.24+1.07 6.57+1.25 8.46+3. 07 19.59+2.69 b
35/32 0. 00+0. 00 2. 44 0. 81 6.74£2.36 7.90+1. 01 10. 35+0. 98 27.43+1.87 b
40/37 0. 00£0. 00 4.76+0.98 11.77+3.08 20.03+3. 69 26.42+2.39 62.98+1.85 ¢
0.00£0.00 A 9.95+0. 69 19.40+2.31 C  42.85£1.58 D 54.94£1.96 E

I NETFRFORMIZER RS (P<0.05); KEFHFRMMERTE (P<0.05), TR,

TEERCE TSR R 0 AR TE IRAL T 48h DL R A8 iR b

MR B (P<0.05)

240 B 2 E A, S TR AL 240 S5 I E Y
I, EEEAZENNE T, 120 FHYE. MRS E
ES S il ERI I

2.3 RESENEREED THSERKNZME

FEE RS I S5 T, I RS ] [N 4 d 3
AR B (P<0.01), TR 50 E 1A 7E 5 AR
(P<0.01) . JEHFXREZmNEE (P<0.01),
i ) PR 7 X AR K TGS i, L 5 TR JE 38 VR
(%£3),

BEAR B il B2 ) TR, AR AT AR AR B S AR ik
AN LT TR (R3), MEKAFAMRE R
FETE IR 30/30°C AR IR 30/27°C I i 3555 T H AR
PRiE (P<0.05) . BL/e, WBETHE 0 IR {1
AR AR =, FEME IR 40/40°C AL IR 40/37°C
IR ZRIRAL (P<0.05), MK RGBT G
-0.8% M-0.1% , HHE&AH ERE, EMHEIEFM
R, 12h FREH AR L 24h 5

2.4 WREFEXMEREEEMNSKE (RWC) B

=)
FETIR AR PE T, BRI (] 42 & 25 5

MR FIHZE ) RWC (P<0.01), XM A RWC 7k
JE S E A F AR EAE (P<0.01) (3R1), &
RETEM A AR RAE R —RE T, BEE R ) 4E
£, HRWC ¥R TS, mpEEErn LA, T
RRmE BE 3 K, M AR R, A RWC T R i B2
K, FEfEIRAAR R A T, 12h J5 0 R RR R 1
RWC ¥ i Z MK (P<0.05); 72h J5 RWC Y[ %
e fik, FEfER 25/25°C FAE L 25/22°C 2b 38 72h B,
R RWC 430 LEXF RER R T 7. 06% F15.63% , AR
Z RWC &AL A 4.16% F13.00% (K&l 1, A, B,
C. D), fEHIR 40/40°C FIZE#E 40/37°C Wil 72h
J&, MR RWC FERIEAR, BEIE50 11.57% Fi
9.45% ; ILHHRZR RWC R AR, i 51N
8.01% f6.76% (K1, A, B, C, D),
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Tab. 3 High rhizosphere temperature stress on growth rate changing of ‘Deqin’ Medicago sativa L. under-ground morphological index
A MRERR AR L2 Jp 1 A 3L 7]/ b SR
LT VA Oh 12h 24h 48h 72h /%
18/18  0.00+0.00  0.00+0. 00 0. 82+0. 40 1.91+0. 39 3.25+1. 16 5.98+1.75 b
25/25  0.00+0.00  0.74+0.24 2.93+0. 46 4.46+2. 04 5.80+1.95 13.93+£3.23 ¢
30730  0.00+0.00  2.23+0.73 6.03+0. 57 9.05+1.69 11. 31+2.07 28.62+3.96 d
35735 0.00+0.00  0.60=0. 21 1. 22+0. 35 2.44+0.72 3.73+0. 69 7.99+0.54 b
40740  0.00+0.00  0.00+0.00 0. 00+0. 00 —-0.41+0.04 -0.43+0.27 -0. 84+0.46 a
1’ 0.00+0.00 A 3.75+0.00 A 11.00+0. 00 B 17.45+0.00 B 23.66+0.00 C
K 18716  0.00+0.00  0.00+0.00 1.24+0. 41 2.07+0. 40 3.60+0. 71 6.91+£1.29 b
25/22  0.00+£0.00  0.87+0.10 2.61+0.12 4. 40+0. 65 6.22+0. 58 14.10£1.63 ¢
30727  0.00=0. 00 3.93+0. 68 8.95+0. 98 11.41£0.71 16. 40+1. 39 40.69+2.09 d
35732 0.00+£0.00  0.72+0.04 1. 55+0. 30 3.03+0. 69 3. 84+0. 55 9. 14+0. 46 be
40/37  0.00+0.00  0.00+0.00 0. 00+0. 00 0. 00+0. 00 -0. 10+0. 26 -0.10£0.26 a
0.00£0.00 A 5.52+0.00 A 14.35+0.00 B 20.91+0.00 C 29.96+0.00 D
18718  0.00+0.00  72.30+4.77 154. 11£25. 27 287.20+23.42 389.09+16. 76 902.70+43.54 b
25/25 0.00+0.00  153.31x11.63  450.00+39. 34 680. 00+25. 05 1 000. 00+20. 18 2283.31+108.22 ¢
30730  0.00+0.00  247.13+49.81 621.26+32.73 1 030.00+109.02 1 465.00+208. 14 3 363.39+246.62 d
35/35  0.00+0.00  75.21+6.27 150. 00+8. 87 215.23+34. 08 300. 00+6. 67 740.44+35.15 b
M 40740  0.00+0.00  0.00=+0.00 0. 00+0. 00 0. 00+0. 00 0. 00+0. 00 0.00+0.00 a
£ 0.00£0.00 A 547.95+23.74 B 1375.37+51.27 C 2212.10+89.77 D 3 154.09+147.01 E
B 18/16  0.00+0.00  76.42+5.80 166. 13+28.24 300. 00+22. 01 400. 00£19. 36 942.55+31.55 ab
A 25,22 0.000.00  284. 1418.41 669. 27+9. 46 1 053.12+51. 44 1 538.31+54. 87 3 544.84+96.33 b
30727  0.00+0.00  438.28+8. 38 869. 07+1.70 1 538. 20+50. 00 2 023.03+11. 10 4 868.58+48.93 ¢
35/32  0.00+0. 00 117.61+£7.85 291.25+7.32 421. 06+26. 41 552.29+75. 06 1 382.21+92.20 ab
40737  0.00+0.00  0.00=0. 00 0. 00+0. 00 0. 00+0. 00 0. 00+0. 00 0.00+0.00 a
0.00+0.00 A 916.45+33.68 B 1995.72+26.73 C 3312.38+45.59 D 4 513.63+£76.53 E
T I8/18°C —ME255C —hm3030°C —HE3HIEC R H0H0C = 13/16°C —=2522°C == 30/27°C =¥=35/32°C =#=4037°C
95 4 % -
90 - 90
E 85 4 S s
: 80 1 E 80
by = s ]
T ) 70
65 ; . 6 ‘ ‘
oh 12h 24h 48h 20, 0h 12h 24h 43h b p
A ERR ] / 1R RREIN 1] / R
. —— 18/15°C —B—25/25°C —d—30/30°C —#—35/35°C —%—40/40°C s - 4 1516°C —B=2502°C —AS027°C —H=35H2°C —H=403TC
100 B T ) 04 _
L9 " : g——2 w578 . 5
% 90 % ‘5 9 4
g 5 7 85 B
% 0 % ©1
% 55 ] ¥ sl
70 70
6 , . T 6
oh 12h 24h 48h 72h 0h 12h 24h 48h 2h
R / A ]/
1 RERHENEREEMNFMRRENRKENHNT
T A MEIEALF R RWC; B AZSIRACIE A RWC; C AEIRALEE TR &R RWC; D AZEIRA I TR RWC

Fig. 1

High rhizosphere temperature stress on leaf and root of ‘ Deqin’ Medicago sativa L. relative water content
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