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Effects of Water Stress on Seedling Growth and Biomass Allocation
of Toona ciliata var. pubescens

SUN Hong-gang, LIU Jun, DONG Ru-xiang, JIANG Jing-min, DIAO Song-feng, LI Yan-jie
(Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang 311400, Zhejiang, China)

Abstract; Toona ciliata var. pubescens is a native and widespread dominant deciduous broad-leaf tree in the sub-
tropical region of China. An experiment was conducted to investigate the effect of water stress on the growth, bio-
mass partition and root characteristic index of 1-year-old T. ciliata var. pubescens seedlings. The seedlings grew un-
der well-watered and water stressed conditions which were imposed by controlling the water supply. The results
showed that the water stress had a negative significant effect on the root growth, but no effect on the growth of
ground diameter was found. The root mass ratio increased in the beginning, and then decreased. The leaf mass ratio
increased at the early and medium water stress period, and decreased at later and terminal water stress period. The
shoot mass ratio increased from beginning to end. The average root diameter decreased gradually from the medium to
the later water stress period, and then increased at terminal water stress period. However, the ratio of fine root to to-
tal root length increased gradually from the medium to the later water stress period, and then decreased at terminal
water stress period. The water stress has a significant effect on the root tip numbers. Therefore, the water supply is
satisfied with the aboveground organ growth demand as the priority at the cost of limiting root growth under the water
stress conditions. Defoliation and the secondary root growth were used to alleviate water stress pressure and improve
water absorption efficiency.

Key words: Toona ciliata var. pubescens; water stress; biomass partition; secondary root growth

Wk H . 2013-05-30

HAEWH IEI%UM/\*ﬁ?ﬂkﬂﬁﬁﬂﬁ(zoumom F1201204307 ) 5 WivT 48 -4 T 8 KR €30 (2012C12908 - 5)
FEB A PMERI(1976—) 35 S ARimAb N, BIBESE 61, 11, 8 N MR F S

* JAIAMEH : E-mail ; jmjiang6001 @ 126. com



382 Mook B

%27 %

L4 #% (Toona ciliata var. pubescens) A #f B}
(Meliaceae) 75 #5 J& ( Toona Roem. ) 1Y 5 K& M F
AR5 A TR E WL A LT CEB MR s
B P B AR CERIX) , PRI R,
N IVA 011 N RERE S CEANNS €2 B VIS S I /A
A R TR Y AR L XA R 2 0 Tl R A B A 22
U BRI R AE I B R E 400 ~ 1 300 m [)5
MRt ARG LA BB A3 55 S AN R A 45 B RE AR (H i
THRIRRA R B RE 1822, DL SR G T 35
SKFECRLLME R IRRIS BE AR, 1 H o3 A X 2 7
A1V AT BRI R 1 A B, T 1L | BH SR i Ak e 55
JERRER I A BE b, B RIRRTEVI R ) A
T3 I RE ) R IR SR SE I R S5 T T 44 B [R] R
TR .

AR, A EIIE TSR R BLLHE R
SRECHT RIS B AR RS LI, BELL 2 X B 2L
RIRFRIGFP T b 22 SR &) 1 250 i I 9 3k
B, A 5 B i IR i i 52 o) HG &)y R ) B S
K SRER SRR A K 1 AR B
YIHTGAFRE RS2 I B, 1 5K 43 5 i i R
KT BLGANEA , IFA B T R e an X
RUIFEE 1 K o RO A A T B L0 4 AR
Ko BIMEEXS 2 4R A BLIRYIEDE G R 3R
W, Bt DG A AR S R 3 R , B LR K g3
B RS TH R R RS, 330K 0 5 s
BRA I A R 2 OB RED . T RTI R, MY
T 3 AN TR AR N A A 1Y) 4 T R R 34 1 B
$F A, DTIDRE 308 358 40 7 PR AR 38 de /IR JBE, T A AT
R 7/h NN W BRI R7/D0N B ER T VA e 4D IE - X 1
BRI ARG i A T R K A o S
FH [R5 R A7 K B (Of BR) V2 B /K 40 v ad b B K 47
3B A K 3 W38 4 A 7K P09 4R 221 38 40 B
WFFE 1 AR B LR RS [ /K 53 ik 588 B2 1 1 A=
KA Y R ECAAER , DU 38 3 D0 B N R bR
ORI B LA R IR BEIIS KA

L #t# 577 %

1.1 Re#H 5%t

2012 4E5 J 12 H , AH EROLRFE AT e A
WML TR T g B B 1 AR AR B LR S,
PEBURR 5 40.0 em 142 2.0 em £ A5 B4l 96 £k,
FEALEN 60 cm FE 50 cm 5 40 em B EET A H,
24 ANT5H, BEARRRAE 4 PRYIT . FEJT ARG AR A R

2 JZL A RIS em WA SRJGTE L IRAE R T4,
] e A K (CK) K 26% , + 3 )3 A B 122 em
SRV — AR, L AR (8 MR BEK . Tl
JCE TR P, AR TR K2 AR . AR AR A
JEE KRR FIERARK I AHE, T6 A
10 H itk sr 4, FELFERE AT Bl - FF (7L
LFARHI A A A, 20 100 kg, &6 5 g) PRI
W I E KR A BOE S BN, B 3 KRR —
W IEAN TR HIOK T FE . 75 24 D ITRR N BEALIE & 4
AR AR PR - (1) ] e R RF K 2 (CK:100% ) 5 (2)
TR IK A3 3 (T1:80% CK) ; (3) H R /K 4 Wi
(T2:40% CK ) ; (4) /K43 Hhia (T3:20% CK)
BRI IR F IR 6 U, TR IR I, 26 R4 o
WL Bk BWUREH A 5.7 A 1 H (914) .8 H
LHCRE) 9T HUSE) 10 A1 HCEB) .
1.2 #HRAFZEMERNE

FEIURERSE B S 78 7 4 P 58 Bk v AR S5
KA80R, SR IG r B AR T B 2R RAR &, iF R 2R 4%
BIHE B BAS R R LR E G R L, R
RO s FARK B, 3 FF Win Rhizo ( Pro2004b) it R
FAHAL (IEK Regent Instruments 23 &) £ 7 ) ]
ARG T AR R R R OF 35 B AR TR R4
o MRS WM (d <0.5 mm) FUHAR (d=
0.5 mm) . ARG, SHIVEM A 22— R
JEIRES B TR bR B YR CHIR A
ZERI R R R (YRS BAEY
HEEE) R (AR S B Y (E)
FORR BT iE L (IR R AE i 5 SRR () ARG L
(MRS EF B i) s/ pRm
PR/ FARK DA AR/ B .
1.3 HESKITE5HH

YR 58 R T, ASTR K 2 a8 T i A=
AN SR R SPSS 16. 0 AR A7 s
F T ZE T (ANOVA) T3 R R 7K 43 e 22 [ 1)
2R ZE R ¢ #5600 LSD ( Least significant
difference ) 73 ¥ o

2 HERGHHT
2.1 AREKSEREETHEERNE

TR A3 THE BE 2 A B ALY i bk (F =
32.924,p <0.001) 42 (F =3.052,p =0.037) . ;i

K (F =8.201,p <0.001) LI K EHK: (F =8. 336,
p <0.001) yAEF, 7K 43 W38 7R B2 K, X B 4LAR 4



53 4

FINBE RIS < 7K 0 T30 X B2 A v A K A0 A o 7 S 1 ST

383

P AL BRI B (P 1) o S X R AR L,
BRI S 130 RV X B LA Al e AR A AR A
AEBRAVET, HLBE 770 ik s 1a] (9 3 1, AN R 7K 73
i3 Ak B TR] B AR A AR IR 8 22 5 03, I AE
—EREIE FRIK 0 R AR 2R A K i B B R A
T BEIK I W T B LI 4 Rk S R4
PO, AR R ZE I AN 3, R BE K 38 0 B2 K iy
0T PR AR 0 B 22 S 1 2, (HL R IR B 2

A 120,00
oCK mT1 BT2 0T3
b
100. 00 | b b b
i a ab b
80. 00 b b, .
5 b
<2 60.00
b
£ 40.00}
20.00 |
0. 00 . :
07-01 08-01 09-01 10-01
wE/ H-H
1200. 001
OCKm T18 T20T3
1000. 00} a
b
b C
d
d
07-01 08-01 09-01 10-01
KR/ H-H

FHRK/cm

PEZE S PR AT REJE: I O B 20 40 1 P RE K 73
a7 K 2350 E 4/ TRk i A I i Y
ALV G ¥ &)/ BERU R EEAR A
HAR A AR 5, (EL 3 Ao . 25 P (S 88 7K 5
P E AT R BB, A B S R K o) i
AR K 3 k38 2 [6) 28 5 A8 3%, wP RE 7K T 3e
HREK 0 2 1) (4 22 St A 2. 3, IX WK 73
X B LA A AR R A R AT R

9.007
8.00} CCK®T18T20T3 .

a
7.00F &
ab
ab p, b

6.00
5.00

08-01 09-01 10-01
i El/ A-H

4.00
a
b
C
b
C d

3.00F
2.00F

08-01 09-01 10-01
i)/ H-H

a a

b _p

Hi4%/cm

1.00
0.00

07-01

35.00
OCKmTlaT2m T3
30. 00
25.00 |
20.00 |
15.00 f
10.00 | b

5.00 [ e

0.00

07-01

I i SERO R SEAR 2 T R SR N AL

AFK AR EE T , BLLAE A A2/ bR L
{E¥ 5 LTS EREHE MHa R p R R, e BT
HEGHE X R A P A 2% (18] 2 - A) X 2R IK I
AP o e g A A D R AR A T X e A A A Y BR A o
o TRIIMHE T BLME 4 B AR/ ER A
TS HRZH R 3 e JEE 38 K, PR/ AR HE
{EB/N (18 2 - B) X R W B LRSI AR R XK 70
TE R e R U
2.2 JkGEMBARIERT 4hE A Y E S BRI

7K 53 30 R4 SRR [ 1) 4 25 5 ) B £ LA 407 v Y
SAEYEE R LG R B AR TR L, UK 2y

Jop 3 55 Ak B [ PR 58 A FHASOR AR i B A d 2
(R 1) o SXIRAMLL, LAY B YR
I Jo B L A2 TR LU B 7K 2 R R 94
flR(F 3 -A 3 -B3-C), MsH AR B o/
JEHERAEH (K 3 -D) o SXIRAAMEL, BLLAES
B KRR BN R AR AR K O3 T i
R 2 S ik R 22 S AR R B R
] A AE A BT K . TBLL M4l =5 B L X 7K 4y
O3 P JS N T 1 5, 7 Ak BE AU RE K 3 i
Xt B 22 5 . 2, A R ORI S0 R RE K 23 T 3 X
ZEJFUIR LG A R T R AL B YR RE K 3 i



¥

384 7S A = T %27 &
A B
20 T
——CK —2-T1 ~#-T2 —o—-T3
0.08 | 5
15 | P
]
LE ) 10
X 0.07 | iz
N #®
H 5 |
0.06 1 1 1 1 0 L L "
07-01 08-01 09-01 10-01 07-01 08-01 09-01 10-01
wE/H-H mE/H-H
B2 K3 ae i Az ik v R 5/ AR L L1 52 1
! 30.00 OCKkmTlaT2e T3 ’ r
2 b 050 oCKmT1oT2 oT3
25.00 | . a
d 0.40 [
b a
20.00 | B 4 bold
N a A3 b a
bec R 0.30
@g 15.00 | c e b
=
H I 0.20
% 10.00 Fy
5.00 | 0.10
0.00 L : : - ; 0.00 | .
07-01 08-01 09-01 10-01 08-01 09-01 10-01
mHiE/ H-H e/ H-H
c D 060 |
0.50 :
OCK mT1 @T2 @T3 OCK mT1 @T2 @T3 d
5 0.50 | (-}
0.40 fla
alp (3, (b 4 b b
bbb 0. 40 ¢ clg
0.30 | a - d
R X
™ o 0.30
i 0.20 F =
il ® 0.20
0.10 |
0.10
0.00 L . . . o . . .
07-01 08-01 09-01 10-01 ) 07-01 08-01 09-01 10-01
i/ H-H i)/ H-H
E
——CK —=-T1 - T2 - T3
1. 00
=
= 0.60
0.20
07-01 08-01 09-01 10-01
i/ H-H

B3 KIS0 B4R Al v A B 95 )



%3 1 FIBERIAE K A3 I3 X B £ 4 1 2 IR A Wy ek ) B F S 385
R EBCR A SR AT B ARUK I 2.3 KOBMEAEX A EIR R EKBZIT
AEHEE , L A R HE AR AR B0 30 A R SIS RREAAA LE , 2K 73 19030 R B 2 M B LLAR A Hi

W, AEAL B S AIAH 2 i A . B K 23
JAFEE I, LML AR LU TE A 3] P TR R,
A BRI B b Ak BRI B ZH R R T AR
Sk HE T R, HRRE K 0 i 3 MR RE K O3 ik 30 AR e EE 4k
SRR (EI3-E).

F1 KOBELENEAEHEEYVENE
EMMAESTER
At A AhE  FAE P
BAEYR/e KA NE 3 2.286 0.033
b 3 s ] 3 14.539  <0.001
IKG3 W38 x Ak B s [ 9 1.085 0.400
EYinidaa K5y Hria 3 5.436 0.004
b P s ] 3 7.807 <0.001
TKAF TG x Kb P A] 9 1.532 0.179
R K E 3 3.728 0.021
LbF ] 3 14.716  <0.001
P& SERE L i ] 9 3.261 0.236
MR K Hhka 3 9.968 0.042
Qb3 ] 3 11.585  <0.001
IKATTRIE X AbBRAST 7] 9 4.546 0.01
A
0.90
——CK == =T1 ====T2=="-T3
E 0.70
Il
i
w
B
W 0.50
3
030 07-01 08-01 09-01 10-01
R/ H-H
12000
oCK ®T1 ©T2 oT3
10000 a
£
ig§ 8000 b
5
= 6000
abc
4000 | a c
aa
a
2000
0 A A
07-01 08-01 09-01 10-01
R/ A-H

B

AR/ B K

WA EAR (F =41.505,p <0.001) AR/ EHK
FeE(F =4.746,p =0. 008) FIHRISE & (F =24. 119,
p<0.001) o [Al—XLMIIP , 7K 73 3 R BB, AL
FEA IR AR EASEUN (B 4 - A) o TFER]—K >
BT, BLLME 4 8RR -2 AR AL BT R
A BRI S J1 52 Bk ), Ak BRI ) S i B
Xf HRZH B2 HR &)y v AR SR OB B b JH o ) 4
RBAHE N, B2 BE K I3 W38 F 7EAL 2R 1 52 Fe
e, BRI B R BE K 3 Whie T A AL B T R 3R
B TR, (H BRI WA T B AR B AR T
{E R R R T K ke (4 - B) o fEAb
BRI Y] AN [ 7K 70la Ak 2 T] AR QB 22 5
A AL RS STRIAC , 7K 73 38 X AR A K

ARSI 2257 ., ARAHSCR Rt A 7K T2 e B 38 K
LRI [Rl—7K e AL BT, B A B 1] 14 2
R MRAREI A AN [l R J8E (0 18 o, (EL 7 b PR i S99
IR BB, Ak 3 AR A B B 3 1, O
FREFIPHa SR (54 - C) .

1.00
——CK =B-T1-#-T2 = T3

0.95 |

0.90 |

0.85 |

0.80 - .
07-01 08-01 09-01 10-01

IR/ H-H

B4 TR IHEXT BLAE SR R A K R



386 Mok B

$271 %

3 5tk

T A5 a8 B 22 18] A2 P00 o BE e A2 A, 2 I 3o
PRBE M 36 5 B A i 3 L =2 " AR R R
BV ey 7 SR L 21 7 ) S RIS SEAR (3 4) <
TSR ZR 1) A W L IR B v K o IR RE T T
HEE K A i AR AR A AR R ol AR
o R, 3X 5 7K I AR AR A R A A 2 B
— B0 BLLHEL B 5 L B K 23 1B 0 R R
1713 8 25 FAEARR , (EL B e IR TR AR SE S [R]— 7K i ae
SRR S BT NS T R X5
AR X0 7 2 2 9 A A7 SR SR AT O o AL
WA, K o a0 B LA R AR K R
AT R (R BRI AN A, 3 e WA AE 7K T
18T BLLHRA R AT RE LR BRI A i [R) A o A= 7 4%
IR D) TR SR AR PR R AR, DU
TR FEAR AR AR RE ST s FEALBR 5 AR, i Tk
IFRIK 73R8 , S BB LA A AR R A K2 40, Koy
M ACRE g 25T, 5 LA v i A O S0 i K
O 7N A B2 1K T AR AR AR KOR PR R A7 o
A 5 253 A 7K o ol 3 B R E 7 A ML e B
HA BEK G ol AN R B AR k3, FE AL BRI B 4T
PRSI B AR AR A A2 B BR ], K 70 5 T R A v A
Fr A SR LA i [ AL 203, O B AR 28 0 [R] A6 4 o
(7 oK, ARTE LE R I 5 Y5221 /K 73 D8 Jo ik ik FIAR
FR K1t SR A B ELAR , 3684 ) i 2ok v s 2D oK
THFELLRFRAR 2R (0K 23 it oK, B g A i
W, SRR LA B 101 5, HL B0 e B A, [0 T i
FEWMMOR . BRI T, K 7375 IR S 1 A2 25
A R SR, X AR A R BRIV FH T AR, ol A 4k 2L A9
SFT ARSI L e, (LRt T e TR A A 4, e 1
AW B, AR R K W E 28 T 1 R R A ) R A
XK 3K, IR R 3B 2Bt v, SRR L A
I Bt

FEATFFE T, % HRZH B LTRE 4 1 AR/ SR T
{EAEAL BT B I, AR B P2 EAR f K, 12 R
FEAERPR P25 PR B T AR AR AR 1] A2 R XK o0 Y
ROMARGIE R, A5 G AIARAR HE 1Y EL B )s , T 202
AR/ BR K FO (AR o B K ST e 1, B
ZIAE AR AR B2 ) A 52 20 W A BRI 7 AR 28 %8
K3 DB A TE PR AR AR K, (A ARAR BRI
FefE s TXF IR AL FEAL B RS U, BLLHE R &
THIG “ U, BARR B AR R B (2 35 0 2 F 4

A RN, X — MR FEAR RV ER TR
SRR/ AR BB R, A2 A0 38 0 5 AR 3R
FEIEAR T R DL AR SR (B B R R
TEAL A, th T B L0 4 1 7% 3 BOR & TR
IKAT I, 7E— e FEE BB f# T K AR R AR K
(R BT , HR 2R A A 1 A KRNI AR KA TR, A
T S BUAR 3R B4R A I8 i A AR/ SR K el R
REARZZ 1 Fa A

MR Rl &, BB ER AT
RO K A e B 208 BT A RO I L - AE
BRBEK AR, K3 e fih g BLL M bR = A
A BRBIAR R A K AR UE AR 78 /2 6 BRI AR = 3
Z W R 5T 5 BEAE 7K 3 W R B 3 K, il i P i
FAR ZR I R AR e BE 25 AR R XK 43 SR A
PERK TR, DA IR 28 A% 7K 43 38 % A= A7 1
PR T ZE UL EAFAE R R & B B, AT
TR 8 P 385 IO SR W A 7 Ak 4 A i 22 SO
AR FE L5V S 3 T B LML v X 7K 43 360 (4 i) 1o
S50 A A HAX S 1B K 70 R X BLLH A
KA OGRS e AR AE Y R T B4R
SIS NPER ARG % . A T IERR R K S ARk
XERAHYHERKEE RN, O &EEBAHE IR
DX AT R 1) B A0, X A B 9 2 e i AT E— 25
RN

SE

(1] #ar==, Bk, 3k 8. BAHRFERP ST MR IR
Sx[I]. Mok BT, 2010,24(1) 10 - 14

[2] %) %, BReiZe, INRIE, &5 RT3 0E A MG TR BALIR
RARFEFERY 23 B A 254 [T ]. Aol Bh24, 2008, 44(6) . 53
-59

[3] #2122, 5k &, BURIF. BLLRRIRMANF I 7 5 KA
For[J]. AR, 2012, 23(4) . 972 -978

[4] 5k g, SRR, AR I, 45, JERTA LK X BLAESIHDE
SRR T]. BRI R B AAFRRERR, 2006, 30
(5):63 -66

(ST o, Bk, BR H, % BLKIGE Mok A SR
[J]. hEEMOL R R 222 4l B AR AR, 2011, 31(5) . 87
-91

[6] Hutchings M J, Kroon H. Foraging in plants: the role of morphologi-
cal plasticity in resource acquisition [ J]. Advances in Ecological
Research, 1994, 25. 159 -238

(7] BRI, 2 FEAR, 5 BB Bl sl B AR
HASRER L] RS ARE, 2011, 30(9) : 1908
-1914

(8] M/, FEMEAAHT 4 AN IR [ oA ol 7 A PR 8 1oy P 5
[J]. #RlkBl2#, 2002, 38(1) : 56 - 60



53 4

FINBE RIS < 7K 0 T30 X B2 A v A K A0 A o 7 S 1 ST

387

(9]

[10

[11

(12

] B, £

Lang A C, Hédtlea W, Bruelheide H, et al. Tree morphology re-

sponds to neighbourhood competition and slope in species-rich forests

of subtropical China[J].

260(10) : 1708 - 1715

AR, MR 2EAE KRR LR LA bR
R AR ORI [ T]. A5k, 2004, 23(5)
:93-97

] Elberse I A M, Damme J M M, Tienderen P H. Plasticity of growth

Forest Ecology and Management, 2010,

characteristics in wild barley ( Hordeum spontaneum) in response to
Journal of Ecology, 2003, 91 (3). 371

nutrient limitation[ J ].

-382

[

Siemens D H, Duvall-Jisha J, Jacobs J, et al. Water deficiency in-
duces evolutionary tradeoff between stress tolerance and chemical
defense allocation that may help explain range limits in plants[ J].

Oikos, 2012, 121(5) : 790 —800

[13]

[14]

[15]

[16

[

[17]

Rada F', Azocar A, Bricetio B, et al . Carbon and water balance in
Polylepis sericea, a tropical treeline species [ J]. Trees, 1996,10
(4):218 -222

Sala A, Piper F, Hoch G. Physiological mechanisms of drought —
induced tree mortality are far from being resolved [ J]. New Phytol-
ogist, 2010, 186(2) : 274 - 281

Zangerl A R, Arntz A M, Berenbaum M R. Physiological price of
an induced chemical defense: photosynthesis, respiration, biosyn-
thesis, and growth [ J]. Oecologia, 1997, 109 . 433 - 441

Chen T, Pei H, Zhang Y, et al. Seasonal changes in non-structural
carbohydrates and sucrose metabolism enzymes in two Sabina spe-
cies [ J]. Acta Physiol Plant, 2012, 34.173 —180

Anthony P O, Patrick ] M M, Elizabeth A, et al . Thirsty roots and
hungry leaves: unravelling the roles of carbon and water dynamics

in tree mortality [ J]. New Phytologist, 2013, 200(2) ; 294 —297



