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Abstract

Aims Hydraulic architecture is a morphological strategy in plants to transport water in coping with environ-
mental conditions. Change of hydraulic architecture for plants occupying different canopy layers within commu-
nity and for the same plant at different successional stages reflect existence and adaptation in plant’s water trans-
portation strategies. The objective of this study was to examine how hydraulic architecture varies with canopy
layers within a community and with forest succession.

Methods The study site is located in Tiantong National Forest Park, Zhejiang Province, China. Hydraulic archi-
tectural traits studied include sapwood-specific hydraulic conductivity, leaf-specific hydraulic conductivity, Huber
value, sapwood channel area of twigs, total leaf area per terminal twig, and water potential of twigs. We measured
those traits for species that occur in multiple successional stages (we called it “overlapping species”) and for spe-
cies that occur only in one successional stage (we called it “turnover species™) along a successional series of ever-
green broadleaved forests. For a given species, we sampled both overstory and understory trees. Hydraulic
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architectural traits between overstory and understory trees in the same community and at successional stages were
compared. Pearson correlation was used to exam the relationship between hydraulic architectural traits and the
twig/leaf traits.

Important findings Sapwood-specific hydraulic conductivities and leaf-specific hydraulic conductivities were
significantly higher in overstory trees than those in understory trees, but did not significantly differ from succes-
sional stages. Huber value decreased significantly for understory trees, but did not change for overstory trees
through forest successional stages. For overstory trees, a trend of decreasing sapwood-specific hydraulic conduc-
tivity was observed for overlapping species but not for turnover species with successional stages. In contrast, for
understory trees, a trend of decreasing Huber values was observed for turner species but not for overlapping spe-
cies with successional stages. Across tree species, sapwood-specific hydraulic conductivity was positively corre-
lated with sapwood channel area and total leaf area per terminal twig size. Huber value was negatively correlated
to water potential of twigs and total leaf area per terminal twig size. These results suggest that water transportation
capacity and efficiency are higher in overstory trees than in understory trees across successional stages in ever-
green broadleaved forests in Tiantong region. The contrasting trends of sapwood-specific hydraulic conductivity
between overlapping species and turnover species indicate that shift of microenvironment conditions might lead to
changes of hydraulic architecture in overstory trees, whereas species replacement might result in changes of hy-
draulic architecture in understory trees.
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Table 1 Characteristics of study plots in a secondary successional series of evergreen broad-leaved forests in Tiantong, Zhejiang Province
?Sﬁi%l‘ﬁ?ﬁ | ?&g%y iAPm gﬁﬁf‘l' EJZA Overstory tree FJEA Understory tree
g communlybme S8 e R JCA ERF e AR AT
Height  Overlapping Turnover Height  Overlapping Turnover
(m) species species (m) species species
s1 HEARTHE M VAV ¥ 8 At SF3 25 1wl gL
Loropetalum Loropetalum chinese Schima Quercus Symplocos Syzygium
chinese shrub i superba fabri sumuntia buxifolium
Syzygium buxifolium AL S
FIFR Eurya
Quercus fabri Rubiginosa
S2 KGR 60 K 17 bk 4.0 HiR1E
Schima superba Schima superba Lithocarpus Rhododendron
community AR glabra ovatum
Lithocarpus glabra
S3 PR 120 #% 22 ¥ 55 kA
Castanopsis farge- Castanopsis fargesii Castanopsis Daphniphyllum
sii community fargesii macropodum

MIZEINE . FHT-000E S /K31 ZEBR il 2 5
N K B B ORAE, DRk 25 B o )= 3% AT
KR, R SEE N T IS A ZE . RN SR N ZEE
P N S ) EL LS o S = T 2
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Fig. 1 Hydraulic architecture of trees between overstory and
understory species along a successional series in evergreen
broad-leaved forest in Tiantong, Zhejiang (mean + SE). All
means were combined for three successional stages. S1, S2 and
S3 represent successional stages. Different capital letters indi-
cate significant difference between canopy layers at the same
successional stage (p < 0.05). Different lowercase letters indi-
cate significant difference between successional stages for the
same canopy layer (p < 0.05).
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Table 2 Results of two-way ANOVA for testing the main effects of canopy layers, succession stages and their interactions on hydraulic architecture of tree
species

A R big=id=l e B xR B B
Variable Vertical layer Succession stage Vertical layer x succession stage
df F p df F p df F p
WA 2% Sapwood-specific hydraulic conductivity 1 4362  <0.001 2 244 0.10 2 1.36 0.27
b3 2% Leaf-specific hydraulic conductivity 1 5.18  <0.050 2 2.86 0.07 2 0.32 0.73
#HAA/RE Huber value 1 4.65 <0.050 2 2.92 0.07 2 1.14 0.33
A 24 507 6r
a F=141 F=007
L a a =L a o
. I 407 T p=026 g p =080
16 ¢ 4}
b F=935 gl
127 '|' p=<0.05 3t .
20+ . .
gt a2 1
4 10+ 11
- =~
£ 0 . . 0 0 . . - .
= S1 s2 S3 £ S S2 S3 O S2 S3
B . lof &
+ F=076;p=048 a = 301 F=0.19;p=083 . Sp F=0.19 a
g D ] =0.84
i ] p=0.
= = a 4t )
= ch =
. 4 20
£ 1 _ 3t
: 2 £l
= z 10 < .
2 E ER
S R 5
5 Sl 2 S3 3 g 0
= 2 =
C 2 24r a F=0.09; p=092 E 5 @
3 a a 3 [ = 3r
j= 9 e =] —3
? 18t ] o 4of =
2 ol p 2 30} 2
@ 5 20} |
g o6r - |
% s 10
> i "
= 0 : : e : : : 0= ' -
& Sl 2 S3 e SI 2 S3 S1 S2 S3
B T 60p
D 12r F=3.04:p=0.12 sol a F=0.78,p=0.50 16 - F=791;p <005

Sl S2 S3 Sl S2 S3 Sl S2 S3
THEITEL  Successional stage {HEFTEL  Successional stage B Successional stage
EEk Overstory I T2 Understory

B2 WRLR G AR R4 BT RIS R R K D 20 2 e CR B AR HE R 7). A, BEJEARILER. B, FEAI
HH. C, LEARTHFR. D, FEARFEERM. S1. S2HSIRREEM B AR BA R/ING T8 R /R 22 57 135 (p < 0.05),
FHIp s B8 3275 22 70 A i A

Fig. 2 Differences of hydraulic architecture for over lapping and turnover species in both overstory and understory layers along a
successional series in evergreen broad-leaved forest in Tiantong, Zhejiang (mean * SE). A, Overstory over lapping species. B, Under-
story over lapping species. C, Overstory turnover species. D, Understory turnover species. S1, S2 and S3 represent successional
stages. Different letters among successional stages indicate significant difference (p < 0.05). F and p are results of one-way ANOVA.
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RS WHTIR W kR MR 7K 01 45K 5 RO PR I Pearson 56 R 4L

Table 3 Coefficients of Pearson correlation between plant hydraulic architecture and branch and leaf traits in evergreen broad-leaved forests in Tiantong,

Zhejiang
RS RS B R & S IS HITE AR s & Sl gp A
Sapwood-specific hy-  Leaf-specific hydraulic Huber value  Branches channel ~ Terminal leaf area
draulic conductivity conductivity area
HLb 3% Leaf-specific hydraulic conductivity 0.50™"
WA /K Huber value -0.12 055"
44 S 1HiA Branches channel area 0.38" 0.02 -0.17
Kl 4 ST A Terminal leaf area 033" -0.09 -0.36" 0.75™"
Hi4/K# Branches water potential 0.13 -0.10 -0.377 056" 050"

**,p<0.01; *** p<0.001.

BIAS 2% (p > 0.05) (E2D).
2.3 HEYIKNERSE SR EIREIHE XM
WIERIPT/R, MPWAMIL RS SR EH
AR (p < 0.01), HA/RMEANE i EE 3% W 25 1EAH
K (p < 0.001) . A4 LT 2 55 K 2% A 3 T RRURT R i A3
JIT PR R R TR 35 IEAH G (p < 0.01), #A1/K
1B 5 87 4% 7K 34 B R v B B b T AR 2 2 AR G (p <
0.01). A% IR F 4% I S 4 (1) - T AR R A
ZE /KBRS IEAH G (p < 0.01). Forfr, #lillAg:
% /K5 k-3.18- -0.78 MPa.

3 Wig

31 HEARSERBEMKNEMNES

K 7 G5 R SR IAE T A R /K S X6 SRS R
A AESE A IS N AR IR, 3 B TR ) A2
AEFI AR R PO R G N . 7E— MR, b
JEARRT A ) i 5 (1) 7 A B 52 L35t 4% R 22 5 )
Ab, WSR3 1WA 0% . A STiE T
56 R B M X 53 ] I AR R A U TP AN T 8 A
WK GRS RIL: EEARMIN SKE, 2
M TR SR EE ST NER, IEH TR
FHH X AR, BEARMYIRIE T KWKy
HRE )RR s s, XA AR 3R —
MEFER UL

ZE M- 3R -k 0 25 U0 B T R R R 7K
ZERIBER AR OB S, BT W R PR AR R,
T I AR H 3 S AR 7K o AN TR T AR e 58
gy, MHATKAAS W . WERIIZEVN R ZEEHr )2
IR AERE RN TR) L8 i 1) 2 ZEUK B J) (Zimmer-
mann et al., 2002). Fitiff 3G I, FEA7K 3 o de e
Sf k™ # (Koch et al., 2004). fi##I M %< (Fahn, 1964)
FNELISHEMN (West et al., 1999)#4)K 1, F45 84 iy
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42 BE B S R B8 N % AR N o B B Hagen-
Poiseuille 21, 7K 731 Be J1 bl & 18 HLAR 4k J7
FREUARAL, B T KK T kR Ak, K 4R
(P RH ) ksl ok, BRIk, TR K sfid g,
B U NV e AR R A B € 3 e o
(RRL ) K/ - B e T 28 M A i, 1T AR 25 I
FEHAMBHRE P, WSEBEARK RN, 7
B R A (B K BB R 525, 2004) . TR
FEARAH LU AR 4 B A K1 34 H 42 (Carlquist &
Hoekman, 1985). Bk (1 AR ik 4%, PRtk R ARSI
T BRI L S N b S 2 (B, BRI
/K Be RN R R A 80, TR Rh T KR B K
Iy IS KK BE 7 R B s, DARA O 2 8 1R 7K oAl
I, i R E R AR B Bl R
32 AREBMBREMKNEHNES

FH TR (1) 7K ) 5 KRR I A7 A0 0 B v 2 S,
TR P L BAT PR BRI R JZAR 53 AT s
30T, AT AN [R] v B2 2 AR (1) 7K ) 25 46 o] e 5
SR R RO AR SO (AT T AR A

BEIEEREAT, LEART N JZ A K ) 45 KRR AE 4R
AT (EIL), X2 B A RS B B VR 4 PR
PRI 7~ 1 2 St B 1), 2 s RN 3 K i 55 . i
(103 TRV v P TARR, AR T B S 5 4% (1) e P 25
oy, B VR AR R R DR AR T 2 A ) ) 28 9 A AR
KR IR BH B 6 B N, A1 v
HR R TCIR R o [R]N IE % T E N A ARET
B, (R HERETE AR K IR K, 3 R
FERI 35 K R AK . S5 IR 2 T2 A4k,
T R TR A AR TR JEE Y T 4 R 3 (R R B LG, I
o FEE WS A, T A AR R L AR
TR, B BER O T, T EARMEY I
FRME R TR, &R TSR, FEAMN
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AR B 22, YRR TETE N R EARE K
BRI BR 7, R4 A SRECE 2 (6, D6 2500 KT S
LA R T AR b 2 2 1) I T R ) 43 % (o A 4T 2,
2014), [R]E, FEAAR 2 8 i AL R ) MR R A T R
122, BRSPS BT 358 o R T A F 458 K (A 08 4R 2%,
2013), F4 7 (13X ol AR Ak 06 AR T BEAT BE K (KK 4338
fantie RS = (1 7K 2 R FH AR AE S SRRt R B o

EURIFFEH, A BB AE L R s,
AT RV AN [ g 5 J2 PO R A R B AR 42 7K
1GR3 0 HEAT 73 BT (12), LA E e A b ) ol
RSB K S G5 . AR I B JEATL
TFPIK I SRR R A1 F 2 N Rkads, il
M T 3 B4 B R(p < 0.05), 1 SR Fh AR ILH ]
Bk, FIEASERIAK D S %AE KA AR
A, T SE R A L R TR . I U AT
TP 28 AR B 2 T30, R
T2 AR BOABE JE HAE  E5 K R (AR A A i )2
AR 7 R AR AR 1) T LS D, IR S R i
JEARIK ST RIS R A B R A BRI
AR, TR A ORI e K 4%
PERARAGS IR, BT IR EA IR e B oA & N AH
X R IREE, K RGO IR S s, HAT
HBAR KR, BRI A G, BRI
R JEAKIEE W Wk, IR ES AT 5%, Y
ARIEE 22 PR ORI, T B A KR AR g
BRI ARl . R EAR R ILAT B i T Fhoks
PE—3, oK) 85 AR & I BOR R I I 2
5,

UbAh, B RGN L3R 2 Rl ]
BE L3 A K AR R IR . A RFE R, 4
TSR 20 1R 7 B2 S AR R /K 20 TR, AT FAAT:
425 B 5 /K % (Quintero et al., 1999; Carvajal et
al., 1996; %% [1Hr%F, 2003; iHH 4%, 2007), RIEZ
ERRMKEH TR, 07k S BUR AL/ 8k
SEAR I o R DX S AR L RN M 3R R VA
M5 BRSBTS 0 K A (TR PR 2
2%, 1999; IhICHYAL, 2014), TRIMIIAM H S IR
RO WS, nh b SR 2 AW TR, BT
DI AT TRy TR R AR LA A )
IK I EEGER IR, R R SRR T8 A2 I 97 43 2 AHHIE
W T R LR AR AN S i A K T
SRR R AE AR SN

3.3 HEYIKNEH SRR ER

TH IR A 7K 3 58 5 W PR R G A 56
RO, REHDAED LB L T, il ERY
AR SR N S HC S R SR R iR
25 SCHE A R T TR B A 45 K RS Ptk 2 TR A7 A
BE MK R (ERS), Mg B 5 AR 3 H 5
TAERE AR U A

R K 53 A B S B 2 T8 I AR 2R 55— R A1 2%
BN, AR R K a8 S R AR, B
PEPR AR 3 B 4% (1) ARG 035 s AR ) 7K ) 45
BOHPIR R RS HEZ N RE, HREEX
T AT R 5T AR, S 30E RS KE, X
5 IRATH S RANST, RIES 4 S AR S ) = B
AR LG G2 A A W2 IEAH OGO R (p < 0.01)(#3). K
i 5 2% 7K A v (1) A P L A7 A T AR T 25 B B R
ARETE R AR, RRRIA BRI A0 R, 1X
JEH TR TS &, BAAR K
(IR DA 4% e 8 il 2 SE R TR M 28 5 ok i, A
BB 46 /K 5 HP R AE R B T B 2 18 A DG (58
3)o JiHb, BRI WA A AN G R FE 1 K
A, oA REK 4% F 68 J) T B (Cochard, 2002).

R R AT 6 S R A FH ) 2
JIt, JLTEAS AR B AR 2 ) 28 0 1 bR, b i 5%
WA AE A IR 7K ) GERRRAE o NI B A S50 U, i
TR R ) ZE A FH (T H2 45, 2007), BRIt 1i
MSHURTEZ K5y LS EEAFERRE N, o
AR KW 75 B i s 2 1K oy 2t i, DAL
M P o Rtk BAA RO A ), R A
BRI 7K BE ) AR R AR 0%, XA 45 ATk
IR TP 15 3 T 50 (3R3), A utikl 4% i T A 4
F R KK ) S5 R WA R B S SR A SR (B (p
< 0.01)o MM A BREEMRFIETE, M A S
ZEIEAE I DGRl T, AR 10 L S AL 28 1 Tk e ik
TR, 4EFRRE 7515 /K 5 SPAC R 4 A7 Uit /K
ZABNA P o PRI AL B RPACFL R /N R
AL P R R ) 7K ) AR () T R

B2, T T HITOR 2 4o ] W PR [R] 8 B i
B ERAA/K T S5 R TR I, AP K T 4 He A
R HE R ES, M EEARMY) A E KM
SREA TR, D MEERTH . HENK
A R T REAK DI S5 R AR A, B AR TR
SR 104k R ol 4 B T 1) o AR TR T 95

doi: 10.17521/cjpe.2015.0258

©UI 00000 Chinese Journal of Plant Ecology



124 Y2244 Chinese Journal of Plant Ecology 2016, 40 (2): 116-126

BRI ERRIR I G RRFAL, JE R K T Eik
72 5 1) A B AR PR 01 R ik L S IK T G5 K6 %k SPACHE
EARBI G (K5 00 55 ) AU AT 5 2% 9o
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