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TE ARG AOURE 42 1) T 5 2%, O P8 F O 1 45 U A [ 45 SRS 18 ) 76 T Sl 25 A0, IR 2061 Triadica
rotundifolia F1TE 4 5. Croton lachnocarpus WY e A R &40 5] U X BEVS D 2% ~5% 11 8% ~10% , FeAt A K&
BN 17% ~35% F110% ~30% ; K& T 530 IR, 2 FRas 4l oo - T34y a R I 28 T %
R A PG A5 R W, [ S A R AT VAR 1 i A TR W i (POD ) 15 P R 48016 1B fL i (SOD) ¥ 1
FIPN % (MDA ) & S 408 T B A 52 BB 8 AR AT PR AR (1 3 R POD 35 P X T 52 a6 g e 17 L ek
1B SOD I P4 A1 MDA 255 X5 T 530 140 A8 AN B . K30 At 301 46 ) LU AC 4 2R 3R I, 2 PP 7E 2500 B 2 1) B
AT ARG B LA AR RO 22 57, T i 2 S BCHOR ST 55 R 0 PR B LB n , B e 17 2 AN o ] 5 5 34
TIN5 55 5 P 245 A 17 T A3 R S SR ek B 0 B 5 SR R W), IR R T 5 i 2 R T 5,
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Seedling growth , morphology and physiological characteristics of
Triadica rotundifolia and Croton lachnocarpus under drought stress

HONG Wenjun, XU Ruijing, WEI Yina, HE Miaokun, ZHUANG Xueying
(College of Forestry, South China Agricultural University, Guangzhou 510642, China)

Abstract ; [ Objective ] Seedling growth, morphology and physiological characteristics of Triadica rotundi-
folia and Croton lachnocarpus were investigated under drought stress to provide scientific basis for species
selection and artificial reforestation in the limestone region of South China. [ Method]Pot culture experi-
ment was applied in this study to simulate drought stress by watering frequency. The physiological indica-
tors were measured with comventional methods. [ Result and conclusion] The results showed that height
growth of T. rotundifolia and C. lachnocarpus declined by 2% -5% and 8% —10% respectivly, while
basal diameter growth increased by 17% -35% and 10% —30% respectivly under drought stress. Seed-
ling aboveground biomass, underground biomass, total biomass, and root-shoot ratio could be enhanced
by light drought stress, but they declined with the increase of drought stress. Results of physiological ex-
amination showed that the soluble protein content, peroxidase (POD) activity, activity of superoxide dis-
mutase (SOD) , and malondialdehyde ( MDA) content varied with species and drought stress. Soluble
protein content and POD activity were more sensitive than the activity of SOD and MDA content. Compar-

ison of the stem anatomical structure showed that there were differences in the structure of cortex, phlo-
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em, xylem and marrow. Drought would result in increasing ratio of xylem and marrow, which indicated

that they could adapt to drought stress by adjusting xylem and marrow structure. Analyses of subordinate

functions showed that the drought tolerance of T. rotundifolia were higher than that of C. lachnocarpus un-

der various drought stresses. They may possess different resistance mechanisms to drought stress based on

their difference in physiological responses and stem anatomical structures.

Key words : drought stress; seedling growth; morphology; physiological response; Triadica rotundifolia;

Croton lachnocarpus

AT b 2 K RE T 22 SR BRI AE
AR E N R IR 6 A I R A 85 P A
A A R IR K A A Rl D
I3 WA KA T R AR 1 7 R SRR R
it S A 2R AR AT R AR Ak L b A K A T
PR PEARAERL AR A U 4R A A KA ) A B A
BEREMPR I OS2 B e Bk T g
T VEEEVE Bt X 2T 35 LU BRHF Alchornea trewioides 1l
[E M4 Triadica rotundifolia 55 4 FhAH ) ) 7K 43 5
ik, e BRG] - B4 A P 5 J00 000 2 48 b 24 Jeg T v ). gk
W 2 L BERIT S T 4045 LLURRAT RIS - 2 44 25 4 Fop
FEPIXTEE 7K A3 W W BE T, 48R T B S A
B e AR A, X G R RE 7 i, HLHE K 45 )
FHRLCRAR.

& M 2 A0 5 5 Croton lachnocarpus ¥4 H
SR AT T AL I 1 XA 19 KR ( Euphorbi-
aceae) FHY). Horr, BS540 B AR 0 A TIRE) A )T
VG B TR R LA B R R X
ERETHTERG B, A K T AR g L XK 30 ~
800 m [1) M bk T ARk al il A2 AR I8 I 4
R KA, BRI T AN R T 5 45 44 %) B - 1
AMERE G AR ZETIES S A R E A5
M), 400 Ay A A R b XA i K O A A A 2 S
TIE MRS AL Rl AR

1 #REF=E
1.1 RIe iR

TG AT 7 T R XA B ARl R A B A [l
(113°18"26"E 23°06'26"N) . |} 7 b &b 5 37 s =&
WX AP0 21, 8 °C L AR RE R i 1 623. 6 ~

1 899. 8 mm.
1.2 Rt

PR BT AR AR W I TV R X T A KA
UK. BERFERE 7 11,2013 4F 6 HBRAE T, &
HA A E IR, M 18 em x 16 em (EAE x ),
PLV(ELG L) s VOIED) s VOERLET) =2:1: 1 fE R4k
Jor, B 1Bk JF R — B0 H R AR KA R 1
T IR MR R AR K (R 1) &R 30 d il
SIS A e AR AE 590 d e ey, et
B IR T A Wy AR BRAR bR SRR AR AR

F1 2 #AgHKEYNERERER

Tab.1 Seedling sizes of two species for experiments

[ALIREY i EREE
szt — —
WE/cm A/ mm 5/ em R/ mm
WHIE(CK) 25.2+1.65 3.540.12 44.6+1.11 2.4+0.05
TI 25.4+1.53 3.4+0.18 46.3+2.34 2.3+0.04
T2 25.3+0.98 3.3+0.08 44.4+2.93 2.4+0.06
T3 25.8+1.44 3.2+0.16 46.8+2.00 2.6+0.08

DR HEAFHME +FREE.

HE 3 1 198 19 OF 4 1 ) K &R (25.78 +
6.25)% , P25 E R (1.26 0. 12) g - em . R4
KR E T 4 DN T Rl B
WIANEE , BAEL S RN ARSI
SRR, SR 5 0 B2 (CK) Rz T 5L (T1) _th g
TE(T2) HERET5(T3) AbFRZH 73 il Hl B 1.3 .6,
9 d BB FE A TR PR K, 1 48 B K i K oy
FH [] 477K 22 Y U A B DR R R 26 2 s B3 il 2
. IR ] 90 d.

R2 2HEYAETFELEASEANTESKE

Tab.2 Soil moisture of two species under different drought treatments

e GRIKIA] [ - 4 BREE
fif i)/ d THEEOKE/ % S ERRACR R /% SR/ % 5 BRI H il %
CK 1 25.6~29.5 99.4 ~114.4 27.5~29.4 106.7 ~114.1
T1 3 20.3~23.2 78.8 ~90.0 18.5~21.2 71.8 ~82.3
T2 6 14.6 ~16.5 56.7 ~64. 1 13.1~14.3 50.8 ~55.5
3 9 10.8 ~12.1 41.9 ~47.0 10.3~11.2 40.0 ~43.5
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1.3 WEIEHRR I ® 2.2 TR S ERBHEM
1301 RHAKE - HKS AL (S

FOM, "¢ Easttest) U & T3 AR B Bk i 1408
Kt = RS K i 2R x 100% .
1.3.2 oy fE g G m s R A7
5 = (PR A B8 A BERTAAS 50 % 100% .
1.3.3 S Ad Tl HEs 105 CHEAR AL
15 min X755, BT 70 CHET 24 b, I 3 Hb R
AR ALEAE Y i, T IAAR E L (RERR T 3RAE )
/M EEA )
1.3.4 TTEwEkamEssanl e FH%E D
SEWE G-250 ¥V G AT VA AR 1R B (B
mg - g ).
1.3.5 fRypusgEmae oA yiE(PoD) iF
PECRAAL:U-g ™" - min ") SR @ QIR B E I "
ALY AL (SOD) JE M (FAfi:U - g7') R
U UM (NBT) Sl Js e
1.3.6 Am=@(MDA)&&nl & RAMICELE
% (TBA) F A B 5 MDA (%) J5 & B8 IR Mk (B for
pmol - g™") (3],
1.3.7  ZEHM3KE RIEZ 90 d AbHE AR
2B, FAA T 5 W (AR ARS8k 70% 1 &
PV WO TR ) [T , ¥ 8 VIR vE il e, U0 I Dy 30
wm , ZFLL [E s gefa,, v i B A, SR FH Motic Images
Plus 3.0 EZ 53 A D0 £, 240 5t 48 A5 82 42 20
R
1.4 HESH

SR FHBRY SR Jag bR 50 % 8 P S5 A7 R B R 2 S e
RRES TR

X(u) =(X=X,.,)/ (X =X

X (w) AP A St — b BT (95K s pR 4K
B X A IZAE Y 7E % A0 B R (9 3500 5 A8 X, Rl
X i 53R BT A 2R ) e 2 AL BT 1 25000 5 i P
IIFGYNIERBFHNIER

X Microsoft excel 2003 #1 SPSS19. 0 ( Statistical
product and service solutions ) 37 (4 47 8045 b 1
5451t 4r.

2 #FRESH

2.1 FTERMBITZEKEENRMm

HEA AR T 244 FAEK 90 d J5, Bt
LA A b B4 B R BTG R 100% 5 BAREL S
CK 411 T1 4b PRV A RIS 28 100% , 1 T2 #1 T3
AR FRZE A BIAE R I A 2 R VR R A K G2 g B
= HIIET, BSR4 5 73. 3% Fi1 80. 0% .

PERARINES SRR e a4 28 90 d i, +
S LA B2 R R N T CKO4 S B
TSR RN E e R R (R
A FATAF S K KT CK 4 (R3). T &
SEATEE AR, B A T A 415 CK 4IRS
R 2E ORI G I T A B2 A BEAR L K
5 CK A 22538 51 5K BRE ST
5 CK A R K 22 A 2 w5 iCF T2 AbF]
5 CK AR AT R B 22 57 A 3 7K

£3 2 MENTETRAEAGKNSEKBILR

Tab. 3  Seedling growth of two species under different

drought treatments

o TSR BRE TR
— Bif/em  HEf/mm HiE/em JER/mm

CK  2.81£0.37a 2.11£0.07b 6.02+1.42a 1.65+0.14b

Tl 2.79£0.89a 2.98 £0.34a 3.03+2.04b 1.83+0.17b

T2 2.07£0.55a 2.60 £0.25ab 2.53 £2.01b 2.82 +£0.23a

T3 2.02+£0.55a 2.75+£0.16ab 2.17 £1.17b 2.60 £0.40ab

DR &G LEA MR N EELFEH, KTk
0.05 /KF £ £ F R 2% (Duncan’s ).

2.3 FEBEMNSEEYMENZI

Ay E S5 SRR, T A BREH A A T 2 FbkE
Wy &l e 3 b A AR A P e 4G (H T3 4b PR
Xof JHC Ml S T AR G KA Bl 4 . B
T E A A s 2 B 0 SR R AR T L
BIRTREEH. Ir 20 R Wos, B 540 T1 &b
PRZH 5 H Al 20 4 S AR W 25 R B KT
BAS TR 2 [) 4y 1 AR L 1 26 5 A SR 3] T 25 /K
(F4) 1B RO G R4 R AR S A YR 2R
YA 83 (H CK 4 i AR ARE e B/ 11 5 kA
H(FK4).
2.4 TEBEMNYPEFNREEASENTZM

H P TA AT B S A ) R P R A R R
T EREE. T 5P S8 2 M ARl i E A
T TR A T8 AR B R 8 i S AR AN [ T 5
L 2HL 1) ) T VR A S R ] AR A (H R
RGN 5 phaE 41 ] i A2 A 2, T Kb 2 2H By
B T R, T2 4 BRZE 38 IR SR K, T3 b3
AR BE I ST B, A% 2 1R] 22 R Ak B GE A 1 i
FEAKE
2.5 TFTEMEXTZE POD 1 SOD iF 4B

[ - £ 41 8% {1 POD 3 PEAIR T B R 12 52 (&l
IB). T 50 T80 2 Fi AR POD & PR hn. B it
Bty POD JEPELL T1 AbBRZH 5 , Bl k36 B
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il S B AR et Tl B R L 5 POD {& PENIBE S 5 POD y&Mfi, H 5 CK 419 2 Rk Bl 480t o2 %

Jop 30 R R B 4 0 5 b TR A, LT3 A B Y

PEAF-.

®4 2HEYARTELEBAFEARNEYEMRTLL"

Tab.4 Biomass and root shoot ratio of two species under different drought treatments

A I3 TRiG
s Py, i
L wrw rw Vo L wrw e Ve
CK 7.37+0.84a 2.94+1.08a 10.31+1.89h 0.40+0.11a 8.36+0.82a 3.12+0.20a 11.48 +1.11a 0.37 £0.03¢
Tl 9.37+1.27a  5.06+0.30a 14.43+1.47a 0.54+0.06a 8.23+1.78a 5.58 £1.80a 13.81+2.32a 0.67 +£0.08a
T2 7.19+1.20a  3.33+0.45a 10.52+1.38b 0.46+0.07a 7.56+2.35a 4.18+1.14a 11.84 +2.56a 0.55+0.03ab
T3 7.09+1.07a 2.88 +0.12a 9.97+1.08b 0.40+0.05a 6.08+1.53a 3.07+1.39a 9.15+1.39a 0.49 +0.11b

1) B3 3% )5 UBA — A AR N5 3E L F4, & 74 0. 05 K-F L £ 7% R 2% (Duncan’s 3% ).

FEFHNE T, B S Aa Ll R A SOD i 4 5
PSETHE R # 3, 1 T2 Aab JHL I 3k 21 g, {EL 4%
S CK AR AB (K 10) B+ 5 rid i

2 gET ]

b

0 8
CK TI1 T2 T3
5 e

TI T2
£kl

w(ATEEE H )/ (mg-

FEfBEN, 5 A SOD 1% ) 52 B 5 - Ty
R FE T3 AP IA B B K (B B 415 CK 4111
ZRWARIERN G 2R B E K (K’ 1C).

mEREE

T2
ikl

e R T B 7 LA — DRGSR FRTE 0. 05 /K22 57 A8 1.3 ( Duncan’s %) .

K1
Fig. 1

TEBEXT41# MDA &2/
WD o] LA, AT R L2 My ey
MDA XA BTt BEAE BE a iy, B it 240 Y
MDA & 2B THE BB, 78 T1 AL MDA
SRDERT CK A, mERE M 5 MDA & &k
5B iR R A 5 B b T A, T3 Ak
fF MDA & ik 25K B 5 CK A 22 7AW .
2.7 2 Fhah ARG EL B R Xt T B g B i f
FEBCWEIE T 2 Fhaly v 2800 0 e ) 45 4. 25 2R 3R
B2 DRIFP YL i 2R AR R e 2 AR A A
ISR R, AL 150 Pt 5 A 25 ) ) B PR IR L A T
TR B I DA B 5 B e (1 2) . iR S T
M, 5 CK A, T REha T, B SiaAE R
SRR R IR A, BARE S T
B30 R A T T R (R S ARl T CKZH
BRI FE Ll 32.9% , B R G451 CK 44
Je IR LU BN 17.3% , B /N TRl &. 6T 5 5%
PET, B S5 A B0 B 358 L 85, A 6 2R 1 S A )
F BB LT R 5 18 i S5 A6 CKZH 45 08 A S 38R B L
Bl A46. 5% , i B H 1 5 CK AL 4 1) A 5 5 J5
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Physiological responses of two species to different drought stresses

F.

o
Ma: 8 ; Xy : ABTHE s Phe: §1 B 35 Co: B2 )2
A BRI E 4 CK 21 ;B [BIH 246 T3 AL 34 C. BRI T CK 41;D:
P T3 A,

B2 B SRR SR I G4 R SR DT T
Fig.2  Stem anatomical structures in the seedlings of Triadica

rotundifolia and Croton lachnocarpus
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PESCR 45 S 0T 13 M- S AR B 2R L A AR S TS A A AR 5 83

CK 225 ik ¥ 5 KF. 55 CK AR, 2 i)
S RE AR BE R LA R R, (E A TR A
T1 FI T2 25 CK H2E 7k 5 B 2EK-F, BREET
FPREA S CK 2257 AR S B E K. [T

R 2 TR ) 40 v =25 V0 A9 AR T S L £ 5 M
AW E KT CK 4, 78 T1 AL 5040 F, AR
T/ BT LU AFL 25 T v, (HLBE A 30 B N5, 12 0H X
EES/ N G <N

R5 2HENARTRELEAHAZEYES RS LEEEILE

Tab.5 Comparisons of stem anatomical structure of two species under different drought treatments

LRy BREE
WP R RR. WIBGR/ KRG/ BE/ZE S ORBGE/ R RR/ BIEGR/ KRG/ B/ KRG/
mm S S S mm FER O BERE R ER B
CK  2.44£0.06c 0.050b 0.329b 0.465a 0.156a 0.030c 1.78+0.08c 0.013¢c 0.173a  0.690b 0.124a  0.05lc
TI  3.90£0.10a 0.073ab 0.374a  0.459a  0.094b 0.049a 2.02+0.06c 0.054a 0.137b 0.690b 0.119a  0.065a
T2 3.66+0.09a 0.065b 0.364a 0.469a 0.103b 0.046a 2.15+0.11b 0.044a 0.143ab 0.709a 0.105a  0.061ab
T3 3.28+0.10b 0.084a 0.336b  0.455a 0.125ab 0.036b 2.61+0.08a 0.032b 0.112b 0.747a  0.110a  0.057h

1) RV &5 )5 LAEAH — AR B 3ELF A4, R £ 0.05 K-F £ 25+ R 2% (Duncan’ s 7).

2.8 2 #ehEm RLES DTN

Ty 51 R 2 22 N R WA A A2 2R 25 5 1
AR, B AT RE 2 ) R AR 2E 4T 255 PR A, ol e A
PRAM AR AR I E S5 R A e, P E AR S
PRGSO R, BT AR B & R L POD

fig \SOD [l F1 MDA 7 i 4 I A= BLEE A5 S 2R 20 4125
Y ZH0 0T AT B9 B SR R R BUE 25 5 1T 45 2R
(FO)RW . LiLRBEETRE(TI b)), H 2
RS (T2 fb PR ) s E B+ 5 (T3 A3 ),
5] I 5 41 9 2555 T SR BE T g o T B AR

x6 ETRMRERYEX 2 MEYTHEEHNEEITMN

Tab.6 Comprehensive assessments of drought tolerance of two species based on subordinate function values

8 R A
g R W Rz Amm ORmEC
z . Iz HH/ == JUL T
POD ififk SOD J&PE MDA it 2548 -3
1 g W S % v kg o FEE 4
T1 EEY 5] 0.59 0.52 0.65 0.66 0.56 0.61 0.60 0.59 0.60 1
EHRET 0.61 0.52 0.60 0.59 0.53 0.33 0.62 0.53 0.53 2
™ 111“_[%1{1 0.52 0.47 0.66 0.54 0.42 0.62 0.70 0.70 0.58 1
EREE 0.56 0.39 0.51 0.59 0.47 0.56 0.69 0.45 0.53 2
T3 =R 5] 0.58 0.48 0.74 0.35 0.50 0.42 0.47 0.50 0.50 1
ERET 0.45 0.48 0.40 0.56 0.35 0.36 0.37 0.51 0.44 2
LA sis““ﬂ]ﬂ:ﬂﬂ( Cupressus funebris“” SEH A A IR &
3 i HOM X 0B (3 L M AT
. R . 3.2 FEBENEHSHEERESEHAREERE
3.1 AMSHEERES &AW FEMEMNEK e
W &0 A

TR E A W L AR ) A R Y T PR A
R AWML R R TR EAR T 2 R K
HE MR A, (HHEAR R X5 Al
SURI T S8 2R R e R R ML 25
R, 2 BT ARSI IR ) R A TS A
TR —E 225, T R PHaZ&0F .2 My
AR5 B VR B LU AR 5 3, e ke 2 4> A Ao
iy e o K05 K S i R O A8 AR SR R S L
KA N A

HEAh, TR PRA T 2 R R LR R,
B 7 E AT RE E i i i AR OR LUk B N 4 8 T R 3R
B, BARGRA A IR TRE ST, 3X 5 & Toona sinen-

ARWFFERGEI T 2 B e ARAE T 38 T B s T
H A POD P SOD & ¥4 Fl MDA & (25 1k
0L ZRE KT, 2 FAE P IR Y Y T i 1 2 1 5
POD I X0 1 52 JBlk36 1) o 17 bE A BURR , {HL SOD 37 14
H MDA 5 52X 5 B3 4 e 15 28 A6 AN B . AT
EHREMEYIAN B E R YR Z —, BA SRR
PR, ARG SR A0 B Y ROK BE 7, PROHGCH S B R /N AT A
poRa v L7/ ey ) STERIORA B K =1 e RN ) STEICT)
FEC2 P TS S I BT R (H R
FE AR iR BE 1S I, 2 FhAR 2y e T IR AR 1 iRl
AT A — B, e T S a2 B - 2 46
AR A A0 A AN AR 155 8, H 2 R 4%
SR A B A B N SR AT 25 5
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SOD A1 POD {f P4 2 - AL Wy it 51 ) 6 9
FROPAETRIA T 2 MR POD 3% 4 H B
AR AHE M AR DR R R s, TR AR
EL TR POD & PRl G -+ 5 38 72 B2 i 18 b 7,
DA 2T 5200 POD 3G PR fe ey, O 1 2 MiE ) 7
TEEE T, Y ReE 4 E R N POD BEE M, BRI 4
DAL R T E KT D 2% IR 4 3 N AT 1Y 52
HREEE.

MDA & i i A8 b 2 s oAt P (A B g it S Ak 1 FH
ME B AR ™. TS A T, R MDA & 83 i
8N U BT PR R s A S, MDA 2 s Bk, bt
FLpR S L B AR B S MDA T
L Jpp 3 e 137 Y7228 Ak Ea #e 5 POD Y& PEAR I, (B i £ 4
TERR R SR MDA 5 1 I 25 1 T 0T B, i B 21
EL A T R P 2 5 X6 R4 MDA & i 25 57 3
KRIKF) W E K. TR v S 82 MR
MDA & &8I, SO 7 4 E e T R0 N RN
AR A AN]R8 3 S A 0 0, (B 32 40 0 AR
AN BRI S AA AR P MDA 55 5 00 1 52 038 2 B2 114 i)
N5 A AL 3 ARER IR Acacia dealbata VALK Catalpa
fargesii HE 5. Zenia insignis RN AT TR
R G MDA 5 28 5% 1 52 Jpih A8 o B % i [0 5 3
B¥ Phellodendron amurense 4117 #3E.

2 D B o Y171 512 N N 1 1 Y (S B S N L
1B AT 3E A b b A A 1 4 E A P AT
VEPERR A S i RIS P MDA 550 B R IA T
J5 R AR AE P 1A 1 1E AR A D RE, R T R
P IR BNIE N T IR R H Y, R AR 1 it 5
PERE. BOWISR R sREUE T 45 R R, TR 2R T
B R BN E T 5 B S AR Y T 5 B8 ) i o
TEREG.

S 3Lk
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