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Comparative Studies on Seasonal Water Use of Gymnosperms and
Angiosperms in South China

YE Hui-ying'?, ZHAO Ping'", LI Yan-giong?
(1. Guangdong Provincial Key Laboratory of Applied Botany, South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to understand the water use characteristics of gymnosperms and angiosperms in warm area, the
sap flow of two gymnosperms, Taxodium ascendens and T. distichum, two angiosperms, Liquidambar formosana
and Michelia chapensis, was continually monitored by using Granier’s thermal dissipation probes (TDP) in
Guangdong Province of southern China. The results showed that whole tree transpiration rate and daily water
consumption were positively correlated with photosynthetically active radiation and vapor pressure deficit. In the
dry season, the water transport capacity in Taxodium ascendens and T. distichum was significantly smaller than
that in L. formosana and M. chapensis, while it was just the reverse in the wet season. So, these could provide
scientific basis for landscape gardening and management in south China.
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HZEBFKELSERE, LS FEyit 2
TR, R TR AN TR, HE A I
Koy, IR RSB ST, HURBIERL
TEMIE B 25 B 1) A S UK. 7K1
JEE S e 1 AR AN g B By (KK oA S e T, mp
S ALK 2 WS AR SS He,  FF S MR AR )G
GERMAKHEZEE, EATREER M HEY
553 A Y0 B 58 B 38 B A A T, E R
] 46 T A V) b X BR T HEL Y0 5 0 A K 4 I )
X AL A2 o 5 R 2 70 Bk 56 H X AN [F] 1)
T, HEFHL X IR IIE, A AR K R A
Y, TERXPEAZK o RIS LT, Bl
TR K A o 2 7

RRN T R T R ) AN ) 75 6 FE 7K 1
AP AR AN ZE e, FRATTE S 2 FhLE AL M X H LI
JKA 7Rt A2 (Taxodium ascendens) R 7& FIA4(T.
distichum), DL} 2 Pl 1 HE YA (Liquidambar
formosana) A1 'k & & %€ (Michelia chapensis), Fi H
Granier #WHHCREFI2SHESE I 4 R FR IR T
i, VHEER KT SRR G AR, XA
MY EY ST EYK P HNZES ZR kRS

R 1 WIS RAE

Table 1 Morphological characteristic of sample trees

TR AR, TR AT B I A o A e 26 LA
LG e (K o B BB AR

1 MBI

1.1 BFFFEHAESL

WEFEREHAE T 2R PN T R [X [ L 2 e 4
FEFEIE N (23°11' N, 113°21" E), 247 FRHAFIX R
WH. BN ESMEAEYE. %X 8T R
(RS Fs 2 VR I Ui, B FEmim W, AR
AULRE, S0 TEZE. S5 KM N 4 365~
4 600 MI/m2l4, FES R 21.4~21.9°C, FRENE
2141700 mm, 44EZ) 85%[ M KEHE 4-9 H.

1.2 #¥

I 4 B DR DL IR 2 R R T AR 0T AZ (T
ascendens) M7 42 (T. distichum), 2 iz T HEAIM,
#F # (Liquidambar formosana) f1 5k & & %€ (Michelia
chapensis){E N IRIGA k] . FEFIIRIESRE 6 PRI 9 HR
PIRERS, it 24 Bk,

1.3 WRHERII &

FH OGN = 4% (TruPulse200, USA Laser Tech-
nology) I AFE AR FRY R (H) s A% RO 2 B 1 o
[ 1.3 m AL EAR(DBH):  FH#B RO & ek J2 55
R ANTE, HIAFAE AR AC): HAKHERT IR
2k Ve, ARPELA RO A 22 7 P B R DU 3 5
&, THEIIM AR (As)-

Hig % (DBH, cm) AR (As, m?) FEE (H, m) IR (Ac, m?)
Diameter at breast height Sapwood area Height Canopy
WAz Taxodium ascendens 39.98+5.90 0.04+0.01 16.63+1.14 14.16 £3.41
%42 T. distichum 38.0346.52 0.04+0.01 17.06+3.73 14.6045.41
WEH Liquidambar formosana 25.2143.97 0.05+0.02 15.5943.13 37.50+15.09
RE &4 Michelia chapensis 22.67+4.17 0.03+0.01 11.87+3.14 37.07+10.66

1.4 A5 ER 7 B

KA TS 2 e R R A I /N T L AR S I 1
WL . 6B SR AE KA [PAR, pmol/(m? s)]
R ANEZE EJ5L 1 m &b, 2SR E (T, C)
HAEREE (RH, ) ) A% [ 2% 22 256 A6 UL 1 P R 3
Mm2) 18 m ik, RLEWiE R =02 ik, 1%

&A1 5 DL2e 4 REEAX (Delta-T A ], JEEH)AH
H, IR A 30 s, £F 10 min K 1 T HIME T
it

KRR T B (VPD, kPa), FEAF RH Al T )
P ERN ], VPD=axexp[bT/(T+c)](1-RH), X,
a. b Al c 4372 0.611 kPa. 17.502 #1 240.97°C..
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1.5 R HI E

# 1 %HK 20 mm [ Granier A BUREFAT %
FeAE AT T B s A B, BN BRI AR BE
10~15 cm. F¥Ek} 55 BAEPRES LABH IEH LS5, 4
0, 2 R B B DAY D K P S B IR R KB N .
DU 7 i L 48 S R 6T AN DL2e BUEHE R A4, W
FAR N 30's, & 10 min 3K 1 CPIEHAFE. b
WREF AN ESE 1 2 ez, @ 0.12 A FI B
LTI, FHREFAS IS 1A iR B AR AR, 2
ANEREF R AR IR 22 . TEM TR IR R, 2 A4S
PREF )P0 P 22 2 R B, ] F T AR A 1) o
P Y00 5 2 [Js, @/(m2 6)]0261, RJT B AR ik ) 3 3o A4S
M AR TR R, Js=119X[(ATn—AT)/AT]+23, =X
W, AT RN O IS ZE s AT NERTEZE . F)
FH 32 B L 58 K220 858 22 Be 71 & 1¥) Baseliner 3.0 4K
e R 22 B e A R R . B RS AT

A AR AR, 0~4 om b b Jy m RR L IX

4 cm LA A TAM AR 2 FE X, K3 B X T3
W EL N ZE X 45%, I H ¥R %
Ea [kg/(m? €)] K F In B0F ¥4 >Rk R /R 18291 Ep=
D [Ja % Agi + g x (A — Ay ) < 45% |x107° xt
Zinzl Asi

X, A AEBRFERIIA S IAR(M?); Asi HERRRFE
R JEFE 0~4 em 7 BIAM TR (M) Jsi N EFAREER
(B SRR FE [9/(m? )15 t 4 1 d [P ] 8.64 <104 s

LGS 4 R BT T[] P B 725 5 1 FE K 22,
BB 28I 2, IR FER ARG, AR A%
T2 A 11-13 B M Z(7 A 15-18 H) %,
I3HT 4 WEFR R EER ZE T T (B, ofs) ) H AR AL AFAE,
Et1=Js }As1 + Jsi XAs2 %45%, A, I N AR 1) %
IR B [9/(m? 8)]s Ast N ELRRAER JEBE 0~4 cm
A IR TEFR(M?), A N EPRFERSEE KT 4 cm
053 AR TR (M?) .

FT R H S FE K 5 (Qq, kg/d)ARTE Qq=
[(Js <As1) + (Js XAs2 X45%)] <103 <t {150, HIHEHEM 7%
AR (En) THEEEM K 1 2 EELK, /(s MPa)]®), k=Ex/
(ps—pL—pugh), K, s REIRI 7K (MPa), o
FE IRt 2 F 7K F4(MPa); pw A& 7K 2 (998 kg/md);
h = E(m); g & 7 IEE (9.8 N/kg) .

1.6 MK H &
£ 201943 H 1-3 HAI7 A 15-17 HHE B

KAT, 43 HIFEZEHIRT(4:00 B¢ 5:00). 1E4-(13:00
B} 13:30) A1 Fl 7% /5 (19:00 % 20:00)i1 5 - 7k #4091,
FERRFER 20 ) BT 2= /b 3 K B %%, R PMS
J% 712 (PMS Instruments, Oregon, USA) B[l 5 -
F K% (oL, MPa).

1.7 BIWBGITHT

f# Fi} Microsoft Excel 2019 £l SPSS 20.0 4t 114>
MR A 34T B s A 3 AN 7347, 487 Origin Pro il ],
K H Duncan 356 R 3R 7 22 43 At AU AR AR t
Ko e AT B (0 22 S WE VR A . 2 ARR BE AT AR
T 52 K PH AR S RS20, VPD g I 2 A i B R 3
(LRI, T 8k G B A 0 b AH TR e A 85 R
T 4 FhFERT B 280 (Ev) 5066 I (PAR) 2
VPD [ IR 2 R Rl AR % 73 BTis o

2 R

2.1 H¥IWREERNTEEZN

ME L AR, fETZE3 H), MAZFITE RIS
(1) H 350 V00 % B (Ba) 2 K T IE M FILAR B & 5
(P<0.05), WA 5 5K B & 511 Ea B, 73794 404.63
F1 457.11 kg/(m? d); MWAZ SVE PRI, 50000
71.74 A1 123.83 kg/(m? d). M 1: B A[ UL, 7EiEZ
(7 ), BT AEPAZ R P 5 R R AR A4
REEEN Ea WA REZR(P>0.05), WES5FRE
BRI Ea s A 745.87 A 1 154.66 kg/(m? d); b
¥ 5% P53 794 1071.46 F1 990.67 kg/(m? d). iX
VLA FE KRG REF BB UL, B HE A S A7 T AR
M KB 5 T AR AR

2.2 BNABERNTESZN

TR ARAN, 4 PR )8R 2515
HEENHEREHERHZ, 5666805
(PAR). %S /KI5E 5 B(VPD) £ H — B ) 28 b
(K 2: A B). MK 2:C,D AL, FHBEFIMAZFIVE
PRSI 14:00 76 A7k BIZE NG R VEAE, B A4
R BEENLE 13:00 A4 IRRE, #AHEAK
Ev U R HH SIS [B) E2 0 T4 T84, IX T RE 2R T 1E
Y1505 MR BB A A A R S 80N . TZRAs
FVE PR Er BB KT RAER AR B S X(P<
0.05), HAMREM K m, WAZIRK. B
FIEPIAZ 1) Ex 35 TR AR B 15 54(P <0.05),
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Fig. 1 Changes in daily sap flow density (Ea) of gymnosperms and angiosperms in dry (A) and wet (B) seasons. CS: Taxodium ascendens; LYS: T. distichum;

FX: Liquidambar formosana; LCHX: Michelia chapensis. The same is following Figures and Table.
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Fig. 2 Daily changes in photosynthetical active radiation (PAR), vapor pressure deficit (VPD) and whole tree transpiration rate (Er) of gymnosperms and

angiosperms in dry (C) and wet (D) seasons
Hepibk2 s, B SRR,

2.3 BRAKNRERTEFER

Wkl 3 B, fET33 A), 2 PR TadptiAs 1
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WK B B2 e TN AR B 555 (P<0.05); #R
TR AR A R R 2% 22 57:(P < 0.05).

2.4 fRFERGHT

A AE 553 AT T WL, 4 A AR 110 S et 2 1 1o 26 (Er)
#5506 A 28 5T (PAR) A 25 < /KR 5 5k (VPD)
FAEMAHR KR R, WK ErfETIBZES PAR K
FIRFEFE AR EAR T VPD (. VR FIAZ . AR A

RESEN ErE TS PAR HfkAH CHE R 2
=T VPD ). Bk, PAR 5 VPD SRR R Ex
FEAEAS A (P52 o

X} 4 FRER ) H $5FE K 8 (Qu) FI M 45 & (PAR
5 VPD)H TG, TR TFILZEIETE, Qq ikl
PAR 18N £ IMZNME R Ky, Qo #BE VPD I3 N
S 6 B Kt A (B 4). 00 R R R e T
75 T 20 R R R e B R AU, R R

k [g/(s-MPa)]
- w
< wn )
T [ T I
=
A =
w
h
=3

Ca
ﬂ ﬂ
FX LCHX

1) Species

K 3 MY ST EWER A SR KR THEEEL. HEARNE FRIORTREERBE, ARAKGFRIORARRRME —FW 2R RE.

Fig. 3 Change in whole tree hydraulic conductance (k) of gymnosperms and angiosperms in dry and wet seasons. Different small letters indicate significant

difference between dry and wet seasons at 0.05 level, while different capital letters indicate significant difference among different species at the same season at

0.05 level.

22 BRI 2 (Er) 5 PAR Ml VPD HIfRiAH %55 £

Table 2 Partial correlations of whole tree transpiration rate (Er) with PAR and VPD

Fh R 2 ps Er
Season Species Variable Control variable {RAESEZEL Partial correlation Sig.
T2 Dry W42 Taxodium ascendens PAR VPD 141 0.353 0
VPD PAR 141 0.640 0
¥PIAZ T distichum PAR VPD 141 0.906 0
VPD PAR 141 0.307 0
PA M Liguidambar formosana PAR VPD 141 0.945 0
VPD PAR 141 0.676 0
RE &% Michelia chapensis PAR VPD 141 0.747 0
VPD PAR 141 0.380 0
07 Wet #h42 Taxodium ascendens PAR VPD 141 0.757 0
VPD PAR 141 0.906 0
¥PIAZ T distichum PAR VPD 141 0.857 0
VPD PAR 141 0.854 0
W AR Liguidambar formosana PAR VPD 141 0.877 0
VPD PAR 141 0.723 0
SR EHE% Michelia chapensis PAR VPD 141 0.927 0
VPD PAR 141 0.302 0
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) Qu Xt VPD i B7 i 2 () RbRE = T T2, Ul
FRFT VPD fm 37 L EGRE (K] 4: B, D). (£ T2,
HAZFIVEIAZ ) Qu Xt PAR A1 VPD i 37 i 28 46
BERTRAERFIR B &M 4: A, B), ME4:C,
D ® L, MWAZFITEPIAZ ) Qu fEEZENT PAR FiT VPD
e )97 i 2% () RE i TIE AR B 528, BRI

FITEFIAZ 5T PAR Fi VPD M 37 i 28 Rk R R 12l
PRI 2 P 2E I ZE 0 PAR HTVPD frInf R[] 15
FETZEI 75 PIAZ X PAR A1 VPD i o7 i 25 f) 4 5 B
BE Az, UL RIS ALE T 2R /K B AT RE
EETiR . L TEEREE, WAEMX PAR
F1VPD M B i & IR R AR B = TR B3 2

90 s 100 —
o CS 1=0.01806x-0.55803, R=0.96099 o s ¥=1.32292In(x)+4.83569, R*=0.46079
o LYS  »=0.03425x—1.24757, R'=0.93957 | o LYS  »=2.53854In(x)+9.02398, R’=046152
| 4 FX 1=0.07625x+5.49161, R"=0.75538 A FX 1=7.79789In(x)+31.37189, B*=0.73117
¥ LCHX  =0.06697x—0.90909, R*=0.99856 ;5L Y LCHX 3=5.09313In(x)+19.35857, R°=0.51921
3H March 3H March
60 |-
S0+
301
;:; 0k 1 L 1
=
< 90 5 100 .
o s  1=0.10523x+8.33756, R°=0.42933 o €S y=21.47898In(x)+45.91095, R*=0.50943
o LYS  »y=0.10088x+8.85462, R°=042764 0 LYS  1=21.56745In(x)+45.58278, R*=0.46436
| & FX  3=0.08055x+9.16658, R*=0.48477 T A FX  3=14.45322In(x)+37.63527, R°=0.45189
v LCHX 'y=0.07948x+2 8877, R=0.92964 v LCHX 3=14.37053In(x)+31.6458, R°=0.70945 o
7H July . a 0 S 7H July .
60 -
301
oL 1 L 1 n 1 0 1 1 1 1 1 1 1 L ]
150 300 450 0 0.5 1.0 1.5 2.0
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K 4 TR 0 SRR E(Qu) 56 &8 R (PAR). 2 UKITE T B (VPD) XK £

Fig. 4 Relationship between photosynthetically active radiation (PAR), vapor pressure deficit (VPD) and daily water consumption (Qq) of plants in dry and wet

seasons
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R 2R EALES, R S8 Em ety 2
Coh =ity TR 5 AU = b= L A 7 T
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MR T R AR AR, BRI S A
BE RTHEE Rl 2 5L Dirlgs 25 ik
RUSCAE 25 PUE SR B F R T, (HM
ARk T A5 P38 60 402 3 T AR A0, < SR P
R, W 3 MR X AR TR 7 A RISk

LT R X 1) 6 APl HEA . AR TR
WK IR, EIEARER DN
KW HIRE I Lo TS5 . BRI AR
HOR LM P2, (B SR B R s i
AR, InMIZEA2 (Larix potaninii) A H- A 21
fR)3z e B Al A 110 mi2l,

RS K 775 FE R R A DK 7K o AR 8 B 3
Rk E R R IR, WAL RA RIRIEAS
SE RN IR 7316 SRS I IE B AR AP IR, SO AR 7K
715 EERe R TR A KR B TR K R
SR8, B IK 77T LR AR o3 AR B A ZRAE R ACK
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125N b 1) B 2T, R R A 5 R A R
KRAKGER FHBEWRKRIZES, KRERHT TR AR
FHEYIE M gh f e is e /) B EE A I
S LG58, AR Hh X JE T G ZE KR
AR, BEFENA S LR, &6 2 MEY)
Ak, JHIREFRPIHE TR Y], R IX A
fuf A (Schima superba) fEIRZ=(1K /1 R BT 2T
FEARTEA R Z, X 5AWTT P 2 Fhl R 1)
SR FEEEPI R, e 5L X
R RR B A R A T8 2= () VR 2% L 5 0 1A )
HESEMm ARAHIE, HHBFRREEEREE, X
W5 AR FE R 5

Caitlyn %50V 3 [E 159 5o g o B e R W, #R
T K IERS (Pinus taeda) () 25 6 3 R 5.2 = T 2
FhRKJE 4% 7154 (Quercus stellata #11 Q. marilandica),
KIERA FIRCR 2 BE L IX 2 PR B A ) i 2 36%, 1%
HAMAFIRENSE R —H. EEMX, T
W AZ FTE SPIAZ () B 75 s N BER 7K T 5 BEAE VR
ZFT B REETH T HEIRER AR &S5 8
R, 4 TR EER K 775 B AT ZE R A
EEWK, Hd, W AVE Pk SO, X h]
e 51hA2 S5V PR AR K S A OG, Az fgE P2
SETEMAEY), FET 2R i AR SURIPRAIG, B K
TR N WAL TP A B X
W LKA, I AZ RSP H G R R i 7K
EN 5 1 e 95 320, Ay X U 2R /K FA 5% 1 R B,
X2 MR A KIS TP A2 I R oK
I, AT RE HH I B0 2 B K 77 5 BE R R

PAR FZE{H T S FLIFEE, VPD N2 Z& 51
FIEREN 77, BT AR 2 A Rl 4 ) 26 s e 3= 22 1)
AR T RZHFRYAELRE T PAR F1 VPD %)
REAR ZEEFE KA — € )52, ANEZETE) PAR Al
VPD i 25 20 firf A (1) BEA 26 15, AELSE M A B2 T A
[F] 81, I AT e A2 F AT A B R TR T B s A7
¥%(Eucalyptus citriodora)f14: 4 ¥k (Acacia auriculae-
formis) ) ¥ % 5 5 PAR Al VPD #J 5 5 3 IE M
FB3: HRFFE R, kAR (Tectona grandis) B0 %
EETFIRZEAS VPD REEMIE, 25 PAR KA
KIEEER 5B, fEARB T, 4 PR R0 H
HIFE/K BB 78 I 20 5 PAR I VPD A7 3%
KRR R, (HEARZEFRMHREEAR, X515
I H SRR T g R — 8. DR AREBHRIE, W&
BT TR 2 T R e se AT R A EH,

A R M AR A AR RF L, IX 5 ARHT T
H 2R AR AT TR R 4 SRARAT B

WEFERM], i AR R T Y A IR
Mt 32 38 S, R AT 0 A AR A X S 10 SRS (3t J 36
PEAF RS R T I 7K 23 8 e RE T IO AAR K,
FEAEFIR PRI IX, AR5 R AZ AR PIAZ AR S
SRR B BAT R I 2 & M, E B
FALE T RIANSZ K G BRI FE M A ST A, IX AT RE 2
TS PR IR — Tl N S, I SR g A K P ol R
TR e b X R AT DA B g A B =
K IR . WA FE RKE, AL AT
12 (VAN ZE R RS2 A IR T RO RE R, AR 2
Hiem, B TAERAR B &5 L, A THEN,
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