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FZ R Z T FE T S 2 F T 0 i 3t D WA R BRI R ZE BT Evodia meliaefolia (41 BEA Rhaphiolepis in-
dica FIEFL Zenia insignis W7 P %) 832 V85 ) 00 (RCIR | AT A8 VAR R RT3 P2 1 ) AT 1 R AR T
o3 gk 93 )RR T I B R AR S ML, R R A Bl T R RO R R R R AR A5 SRR TR TR
RT3 SRS Ao 54 I R R AT A M S L B S R I R e T T R A B B AR, Ferh A BEA Y 5
i Hdnm (2R 490. 86 pe/g, M PENE A 38. 13 me/g) , BRIM SR AR B8 iR AR (AR 278. 33 ng/g, M PENE
27.74 mg/g) . T AT PR S OB R e R el N R R, R Bl SR BRI AR R T R I S Ik B
KRAEL, 73590709 5. 97 F1 6. 84 mg/ g, A1 REAAE P EET I A AR R (7. 44 mg/g) R+ F0F, A A BREARATE
PEER BT LU o IR K 20 251 53. 64% R BUHARSR B B 1T RE ). £ LT A8 3 KR b A BEAR AT
ARER A BRI TTHE ST , % W0 A RGR B WA AL R BRI SR A BB U 19 B8 ) B, B -2 I PR 2.

KRR BB BRI RN AR (TE
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Changes in Osmosis-Regulating Substances of Three Tree
Species Seedlings Under Drought Stress

PAN Xin, QIU Quan, LI Ji-yue, SU Yan, HE Qian
(College of Forestry, South China Agricultural University, Guangzhou 510642, China)

Abstract: This study deals with the changes of osmosis-regulating substances ( proline, soluble sugar and
soluble protein) of three common tree species in south China area, i.e. , Evodia meliaefolia, Rhaphiole-
pis indica, and Zenia insignis, under drought stress by means of pot experiment, with an aim to prove the
approach and mechanism of how the trial species adapt to the drought stress so as to provide evidence for
species selection in south China limestone area. Major findings were as follows: in condition of drought
stress, contents of proline and soluble sugar of all three species showed an increasing trend, which peak-
ed under heavy drought stress. Among them, R. indica was the highest ( proline 490. 86 wg/g, soluble
sugar 38. 13 mg/g) , while E. meliaefolia was the lowest ( proline 278.33 ng/g, soluble sugar 27.74
mg/¢) , Z. insignis was moderate. The content of soluble protein approximated a parabola; first an in-
crease, later a decrease. E. meliaefolia(5.97 mg/g) and Z. insignis(6.84 mg/g) peaked under light
drought stress, while R. indica(7.44 mg/g) peaked in moderate drought stress. In condition of heavy
drought stress, only R. indica’ s content of soluble protein (53.64% ) was higher than that of normal
condition, which approximated a great osmotic adjustment ability. In conclusion, R. indica shows a great
osmotic adjustment ability, which can well adapt to drought stress condition; Z. insignis takes the second

place, and E. meliaefolia is the worst.
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T ICHARSR M X LA Ak, Bk e 2410
SAIE AT AT R X T AR 24 o 4 A X TR RR Y
60. 6% 1) R4 [ B T EARAT M X, X R T H p
TR 5 A5 o T A% 4 R A K 4 X
YR M TR 3, 6 1 6 BB S RE RS B B A
AT M X 25 PR R G T LS

s A A SN BIE S SR R, 0 T 4 R o Ml IX A
PIRIHCAIERERT R A RAR L, % T4 KA X T
RS X 15 375 VR ) T A 20 257 Ak — R DGR
/b ARG S TR A0 K M X L AR
DA 2 Flfs R Ml DX 5 ARpSt e i - 5 2 L
BEAGE 18 %F 40T = 18 AR R B K 43 5 T 30 245
ASA R, IF B 2l 3 R T A B 22 S B0 T
. I A Y FE, 100 4 5 6t 0 5 R A B
P, S T R A X 3 AR R R B 2 4R it o 4
PRI RS2 MR , 4 2 XA R K B AR
HX B S L

1 #REFE

RN

IR ZARAE Y PR 2K B8 Evodia glabrifo-
lia AABEAR Rhaphiolepis indica T 5. Zenia insignis 4%
30 B, AR AERAF OISR 1, B AR Al K2
MerbRiR =N, TR E 0420 em, F 42 15 cm,
15123 em, 3 AR A R, Sy A R Al R A A
ARBe AR ARZTIE. B R A BRI BEA 2 4FAE
A3 T 0. P 4 3 1 ] 355 7K & o0 (268. 66 +
20.73) g/kg, AEH(1.34 +0.07) g/cm’.

F1 3IMEBERHERER
Tab.1 Three kinds of basic conditions of seedlings

1.1

B Fh Him/m 2/ mm
i S 2 B 0.75 +0.06 6.30 £0.98
HEEA 0.60 0. 07 6.65 £1.31
T8 0.65 +0.05 12.16 +2.17

1.2 #RA*

XFHARDEAT HH B, i HERK AR JEE
FRIEAHIE Y 3 Bl R 4% 30 Bk S T3 bk ) 22 5%,
X RERRAR AR P A R A7 B R 5 1 A TR L /N 4B
15 ~8 F it rEbRid, T 2011 47 A 1 HF
A WARBRIE KRG AR AT ARSI, B 1k 3K
SPZER L IFT X H A 1 UCRFE , 1F R i i A IE 5 K
SRR, Z e E TR 3.6.9.12,15,19 .24
FRRHE BRI S3 T BL 3 Bk ()48 o A 4 i 7 i A7
5, 3N EE. WA TR T, BRI E +
ek (3 2) I 16 FH AR B v (%) A R 2 £ B
B A0 3 A1 A P S 202 ] s PR R mT i
ESlives il

®2 EATEMESHBANTESKERKSRKIRL

Tab.2 Seedlings at different stages of drought stress of the relationship between soil moisture and field capacity %

15 H WA 0d 3d 9d 12d 15d 19d 24 d
FHEEKE(0)  BMRZERE 3258 25.62  17.47  13.47  11.97 9.63 6.40 4.48
FIBEA 30.88  23.76  18.00  14.25  11.96  9.52 6.36 4.49
in=] 20.15 22,24 13.63  11.30  11.16 8.39 6.09 4.16
WK BEFSAEEE 121,25 95.35  65.03  50.15  44.55  35.85  23.82  16.68
Hf51 FiBEA 114.94  88.44  67.00  53.05  44.50  35.44  23.67  16.72
£ 108.50  82.78  50.72  42.06  41.56  31.22  22.67  15.50
Ko ARBL 1EH IEH RETR RETSE PETS pETS wETR HETR
1.3 MEERSFTE A Easttest ( 32 [¥ ) I 52 & FL 5 K &, £ 55 K &
13,1 2RAFEKRE LA KETENE  (w/%) = EBEKE (% )/ LT (g/em’) GHH
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IR g KIARBGEE 1T em®).
1.3.2 WRBmRATHMNE RS0 E .
R E =
1.3.3  TTREHELSZHE
S JH BRI
1.3.4 TTEiEzaszne FHEZ S G-
250 LI E ] bR A
1.4 HELE

TR T B FH SPSS B it A 7 b 2.

2 #ERESH

2.1 FEPpEMERHBIRSEMNI

M 3 AT LUE B K3 %A T 3 Md
IR & B AH 22 A 18 35, L LE o3 il D A 52 2%
B150.80 wg - g7, AABEAKR 28.68 pg - ¢ AT T
36.72 pg -+ g WA Z TR RA R, B 1
K B/ 3 AR B Il 2R & AR I B
I AL, NSRS 3 R ITAR 3 FRAE My 0] A7 1F il 2 25

AR A

St For R 48 g AT S b i R A
TRIHa PSR, T 2 5a 12 d J5 A4 2 3R
BN A IS A BEA I b i =R R R
ZALTF A WA, TR a9 d 5 F i Ped g,
Za—HATF 3 AR R RE. — By RS
K 5 )R K & 80% L R IE # K F, 70% ~
50% MERET5,50% ~30% Jyrh BE 5 AR T 30%
T 3 FEY I R b iR & AR T R T
F(9 ~ 12 d) JFIF AP R, IF A T S A 24 d
(HET5) IR BN, WEAE 73 38 - 1 BEK 490. 86
pg - g > AF T 320.76 pg - g o> B R ZE
278.33 pg - g ', AT BEAR M IR S A R AT AR
MR 1.5 R 18 5. 2R B i i g 5 0 IR
AHLG, A BEARYG N 15. 16 /% AT 3G 0 6. 74 4% Bt
GBI 3. 78 5. 5 2T A AR, oK 4 haa
24 d J5 3 MR ERR & i 22 5 B (P <0.05) ,
HIER KD S22 5 835 (P <0.05) . Al WK 4y
oIR8 X8 A P v i 2R 1 A R Y R T

®3 TEMOXEAHSBSENZMN

Tab.3 Drought stress on proline content of seedlings

w(IHERR)/(pg - g™")

[N 0d 3d 6d 12d 154 19d 24d
ey 3 50.80£7.03a  71.81 £6.11a  70.40 +5.14b  81.76 £12.30b  99.69 +8.13¢  132.67 +12.20c 198.34 +17.04¢ 278.33 +20.11c
ABEA 28.68 £3.21a  33.21 £+4.80c  35.77+2.03¢  49.77 £20.78c 143.88 +£20.71a 219.67 +17.70a 379.73 +24.51a 490.86 +20.01a
{ia5) 36.72+4.33a  60.87+6.04b  75.87+48.18a  88.67+4.0la  107.11£9.50b 167.98 £16.29h 248.67 +18.02b 320.76 +21. 16b

1) Ra &G, VAR — ARG FHH A7 £0.05 KF LE2FAREH (Duncan’s $ T ibEk).

2.2 FEBEBXMEHATIEESENIMN

A RY]IEIE R KT 55T 3 Rk A B
ALV R Y 2K P R AR — 2, 23 0] Ry BRI SR 2
8.70 mg/g ABEAN 7.96 mg/g AT 5. 7. 65 mg/g. TF
T 5B R R B IR B AL T, S K R
WA /I REL I R v R R AR B O T
KB, TR0 3 ~6 d 1,3 Rl A ) A] 35 7%
WS 225 A B3, RS T A (24 d) ik 3]
{0, 53531 A« A1 BEAK 38. 18 mg/g, {15 30. 89 mg/g, B
M RICHE 27. 74 mg/ g, WEARL I A7 BEA Y AT P PR 35 1
FEAL AR SRASBE g 1 7. 29 F110. 44 mg/g. Jr225)
Pras AR, 3 Bl AR 5 I8 7K 73 2511 AR F 22 S
BFE(P<0.01) , BIAEH K> FRAFALL, A BEAR M

Hr Rl S I IR £, o 30. 17 mg/g, HORAT 5
BTN 23. 24 mg/g, BRI S 2 0 A /0, Ry 19. 04
mg/g. FE/K AT E0 ~6 d,3 Fi i A B ]
TrEINgE e AT SRR R AN 6 KA iR
T, SR A X R E  dERETE 5% A Ay A BEA
AT A B AR S ) 2 MR — i IX
S, MIEH KA 40 F 2T 2 a5 12 K, A BER
I 0 T 5 P A i BRI AT R I SR 2
ET R 9 R BEET ), A BEA K 0] 7 4 b
ErR A IO IR N, AT S AR R BR T 3
d,15 d J55e4 i T 40 2 AR, LG Lt 55 S0
AN R B 160, 10% (I SR ZEBE) R 75. 2%
(fE5).

F4 FTEHOMBATHMEESEHHM

Tab.4 Drought stress on soluble sugar content of seedlings

w( AT/ (mg - g7")

HA 0d 3d 6d 12d 15d 19 d 24 d
B 5R4EH 8.70£0.71a  9.80+0.83a 11.00+0.92a 16.00+1.10a 18.28 +0.77b 20.65 £1.51b 21.98 £1.53¢ 27.74 +1.33c
ABEAR 7.96 £0.62a 8.87+0.81a 9.00+0.84a 11.00+1.22b 18.00£1.21b 24.00+1.20a 30.00 +1.80a 38.13 £1.80a
15 7.65+0.52a 8.90+0.55a 10.70 +0.60a 16.78 £0.80a 21.00+1.10a 23.00+1.09a 26.00 +1.83h 30.89 +1.59b

1) FIF 36 LRA — AR G 84, AR 0.05 KF L £F R 2% (Duncan’s $ FH3k).
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2.3 FERENEATAEEARSENZM
B2 225001 (] 5) 3R, 3 PRI AEIEH K
AR AIEHEARSREERDE. £ T 2WhiE
FEEE MR GO0, WA B o] 4 8 A
i BRI SE R R N R 3 Fh i AR ] ]
BHEEAR S EER R, HER 24 d 46,3 ARFpaT
VPR R & T OE K A A5 N M. AE T 5
9 R T52) St R4 80T & a5 Je ik 1)
(B, Hor R S 28 B it v n] R R B AR L R
5.97 mg/g fETE N 6. 84 mg/g, A1 BEARTE T Fria

B12 R(PETR) ARG 7. 44 mg/g, Bt 5=
BT B LA BE R R AT T 53 0 R 24, 6% F
8.77% . FfE T (3 ~9 d) , A BEAR ] i
P RS R T Ao 2 M Fh. fEIg 2 )5 3
PR AN 7 rfoml i B B B B AR T R R, B
BRI S BT FAT &2 T Bl 3 T R, (H A Pk
FEAR G EHTICT AR, /T2 k0 24 d B, B
ISR 0 RN 543 B F 1E 5 K 43 454 51. 2% Fn
16.95% , A1 BEARHN L IE 7 K53 554405 T 53. 64% .

®5 TEHOXHEATAINEARSENTZM
Tab.5 Drought stress on soluble protein content of seedlings w( AR/ (mg - g7")
N 0d 3d 6d 9d 12d 15d 19d 24 d
B8 1.66+0.20a  2.58+0.3a  4.58+0.2a 5.97+0.47b 4.34+0.35¢ 2.87+0.33¢ 1.98+0.15¢ 0.8 £0.26b
APER 1.51£0.20a  2.04 £0.3b  3.69 £0.35b 5.23+0.38c 7.44+0.16a 5.98+0.27a 3.98+0.21a 2.3+0.33a
3 1.18£0.10b  2.76 £0.2a  3.75+0.16b 6.84 £0.25a 5.98 £0.33b 3.70+£0.13b 2.57+0.34b 0.9 £0.35b

1) )86 LR A — A AR 5 5484 &7 2 0.05 AF £ £ 7R Z % (Duncan’s $ ¥ bt ik).
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3.1 FEpENEVENFIESEMNZMN

I 2 PR A A ) AR PN 1) — b B BB R T )
XoF SR e S R Rk, SRR 1 22 D R AR R
EAEYIPCR ST A B bR, EAE IR N K R B
B EHAF 2RI FTIE S R A T 5 A B
I 2R P ety , b P R e D k. Al b, 3
FRAEYITE A% BE T 5 AR N T 20 R 7 B 2218 4 7t h
JEE LI I G S 0, R T SR A B A R,
HABEARTERR T 2 bl 2 5 28T 5
SRR TSR R 3 AR AR K, 24 d B
AR R, 29 ) AT 0 BRI S 4883 1 1.5 % A
L. 8 5. VEBHABEA XS T 245 A 38 N M . A FR IR
RE 50, BLRRE S 1. X SR SO X R ke T
YR Cornus wilsoniana A8 T 2 1 A 09 4= B A
s A AR T 45 S % BB RER Alnus formosana il
PO JITFEA A. cremastogyme TR T AT 7K 43 p 36 B4 A=
FHEne) 107 19 X 4 R — 3
3.2 TEpEMNEYEANFAEESENZIT

AV R B E TR, TR
WSS, AR N AT R O 2s U R R
FERUEEIN, 8208 3% 7 [ AR 43 I 38 6 ¥ R 1 £
FOTE—E R AR S X AN )R R Y 3 N g
S ARG S5 R R, B K R A
Jofp3E0 B T0) B9 B, o B0 R T 3 oy B 45, FE T
SR E PRI, R AT RS S R R R, 3X
i 2% 5 2 ot b ik Hippohae rhamnoides subsp.
sinensis [ 0] 7 PEBE E B AE A AR IR R

P A5 R —8 YRR, M PT 51 55 i PR SR 4888
FIX R RE 7855 , i R rh Rl o B m i s .
e B, AT RE GRS
SOV R ) 2 T 52 % S K X LB Robinia pseud-
oacacia %) Vi W] NS S B 00 WA R SO T X
TR O R AN [R] 0 2 VAR Y AR A A AR Ak
MRS F] , 7T RESE B 1™ 5 W0 T SO0 0 3 R
FEARTEL. BEH K S AR L, A BRI rh ml i
PEWE & 3 i £ 4 30,17 mg/g, H AT &3 n
23.24 mg/g, R AL Ind /bR 19. 04 mg/g. H.
ABEARIL T3 Hb 2 A REFP ISR A, Bd IR Ao T
SRR (138 I PR AT P 3 o A0 R A A, I AR
SR H IR
3.3 FEBEMNEYENTFEERRSENZN
TR EMAYIENTEEANTR, FEUEAE T
FALFIER 10T () AXFR S 70 F ISR, o 1kt e
BERGE, SFF7 A S EA R, &85
AP A ] S B 4E R AR ) A M B Y 2
K A3 Waa BN 053, B LA PE R 0 A )
SRR AT TR A AR T AR R, ok
S1IE 0 ~19 d AP 1 BT & 4 TR R K5
ZAF, 24 d B A BEAKR IH & T I H A, TR 5 2
B T TIERME. £ TR o R(BETR)
BRI 5 4885 FNATE: 1 05 S 18 B ARL, T A BEARFE T 5
ia A 12 R (5 A TR RIIEAE , X Al g2 Kl
TR A BT AR P A P9 B ANV 8 1 G AR T R
VIBGSEB BT 6 ), (HME T 2 af R e, #
Pyxor 5 2L e T BEA, A IR AR SZ B, &
B TR, 3 45 ok e T 450 7 SR I 4 4
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