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The transpiration water consumption of two common fast-growing forests in

Leizhou Peninsula
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China Eucalypt Research Centre, Guangdong Zhanjiang Eucalyptus Plantation Ecosystem Research Station, Zhanjiang 524022, China

Abstract: To examine water consumption rules in Eucalyptus macrophylla and Pinus elliottiiX P. caribaea and to provide
guidance for tree species selection, cultivation and tending of regional plantation, sap flow of plantation grown, E. urophylla
and Pinus elliottiiXP. caribaea were continuously measured using the Thermal dissipation sap flow velocity probe technology
and the meteorological factors were continuously monitored and measured simultaneously to establish a sap flow rate model
with meteorological factors. The diurnal variation and seasonal variation of transpiration water consumption of E. urophylla
and Pinus elliottiiXP. caribaea in the Leizhou Peninsula were analyzed. Results showed that diurnal variations of sap flow of
both E. urophylla and Pinus elliottiiXP. caribaea displayed typical single-peaked curves. The average monthly flow rate was
different and significant difference was found during the rainy season and drought. The peak sap flow of E. urophylla in the
rainy season (0.127 ¢cm / min) and dry season (0.096 ¢cm / min) were 1.30 times and 1.57 times higher than that of Pinus
elliottiiXP. caribaea, respectively. The average daily flow rate of E. urophylla in the rainy season (0.045 cm/min) and dry
season (0.033 cm/min) were 1.27 times and 1.54 times higher than that of Pinus elliottitXP. caribaea, respectively. There
was no significant difference between the start-up time and the rapid decline time of the two species in the rainy season. But

the E. urophylla in the dry season increased by about 1—1.5 hours in advance and started to decline rapidly 0.5—1 hour
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later than that of Pinus elliottit X P. caribaea. The main meteorological factors affecting the sapwood flow rate of the two
species are the same. The average single plant daily water consumption of E. urophylla plantation was 12.79 L / d, which
was 1.33 times higher than that of Pinus ellioitit X P. caribaea. The stand transpiration water consumption of E. urophylla
(582.16 mm) and Pinus elliottii X P. caribaea (483.24 mm) accounted for 34.2% and 28.4% of the annual rainfall,
respectively, and the Stand transpiration water consumption of both tree species during the rainy season was significantly

greater than that during the dry season.

Key Words: transpiration; sap flow velocity; rainy and dry season; Eucalyptus urophylla; Pinus elliottitXP. cartbaea
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Table 1 Basic conditions of the sample trees

Maiz

BuRZN R

B Fh B 25 i . i bR BT 5
Tree Species Number Age/a Diameter at o eight/m  Canopy/m Sapwood Height/m
breast height/cm area/cm
FEMHE E. urophylla 1 10 21.7 21.2 3.1 205.8 1.3
2 10 25.5 23.7 3.3 284.3 1.3
3 10 222 24.5 3.9 215.4 1.3
4 10 25.1 20.3 3.8 275.4 1.3
5 10 20.8 18.8 3.9 189.1 1.3
s 1 10 24.5 13.1 3.3 393.1 1.3
P. elliottiixP. caribaea 2 10 19.9 13.2 2.2 258.1 1.3
3 10 15.5 11.4 2.4 155.7 1.3
4 10 18.7 12.4 2.3 227.6 1.3
5 10 16.1 11.1 1.9 168.1 1.3
MR Granier Y RHITA AR,
Js =0.0119%x(de,, /de,,—1)"'%'x60 (1)
di=T, _,—(T,_,+T,_3)/2 (2)
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FEAR R T AOCTE B i, SURE T A RN L 10 A PR 9 TR A1 BB Ak B Y 1 A A R B R
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Fig.1 Features and differences of sap flow in daytime during both rainy and dry seasons of E. urophylla and P. elliottiixP.caribaea

http ; //www.ecologica.cn



6 1) T A TN 8 R R AN N TARZE IS AR K LA 5

GBI ARE TE R T 2 30, W e 55 T ) AP R A K A R (BRIt , LT~ PR O 3 23 M A A s B 38 35 J B K
Je 2 TR A 4 35 /N FLP AR 0 5 R AT 82 F 2 AR 17K A 422 30 A AR 732 R 7K 43 b 7 194 B ] 32 2k i 2
o R HEZ T ZE 0 18] P-4 7 3 % (0.0059 em/min) 5 5225 (0.0062 em/min) JC i E M 25 5 5 W0 A R 20 4]
SR I .(0.0063 em/min ) 5522 (0.0060 cm/min) 25 58 2 | H I FRE] 02 80T 018 2 5 20 2 1
T2 FIARIR B B E K,
3.1.2 R HE SR AIIAAT- I R A S AR

PRI TR R R N R S B AR BRI A2, S B O S ) T AR G R
W% RIS 25 H A W R AT 38 A5t — AR N A A 0 R SR ARG R (8] 2) |, B AT LU Y i
FEHR] R AL ] PR 12 A dse N, RIS 1 A 5/, 7351124 0.027 em/min F10.016 cm/min, i KAE
yEEmHE R 8 H 24 0.051 em/min, 2/ A3 19 1.9 45 MM AA e K H PR B BAE 7 A, 0 0.048 em/
min , JER/NI Y 3.0 £, PR ] 0P80 E SR MR - A% 8 A>7 A>10 H>9 A>6 H>5 F>1
H>11 H>4 A>2 A>3 A>12 A, #8nis k7 H>8 A>6 A>9 A>11 A>5 A>4 A>12 A>10 A>3 A>2 A>1
A& AR s R R A TN R R 2R A Gy PR e ] 22 BN T 52 H 4 ] (4 2658
3.2 PR MG MR R R SRR RO R e RIFHEE. urophylla
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Table 2 Parameters of multivariable model of sap velocity and meteorological factors

il 5H IETARRA0 o109 . TR 5 2
Species Item Partial rfagresswn Standard error t Sig. Partial cor.relauon
coefficient coefficient
A1/ R -658.96 9.07 -7.27 0.00 —
P. elliottiixP. caribaea HRK 2 913.71 2.39 38.23 0.00 0.678
ARG 2.66 0.024 11.01 0.00 0.256
PR -2.8 0.030 -9.42 0.00 -0.221
AHX )3 5.99 0.093 6.47 0.00 0.154
A 2.58 0.046 5.56 0.00 0.133
¥ E. urophylla R 2482.44 4.74 52.34 0.00 —
AEX I -25.78 0.051 -50.37 0.00 -0.772
ARG 0.83 0.0020 41.16 0.00 0.704
A 4.37 0.059 7.45 0.00 0.177
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Fig.3 Relationship between stem sap flow rate and meteorological factors
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Table 3 Transpiration water consumption of E. urophylla and P. elliottiixP.caribaea

oy A FEK 4 Bk H AR K R
H Monthly transpiration/ mm Mean daily sap flux of simple tree/(L/d) [£355)
Date -4 FTAIIEVN J K TAIIEVN 4 Rainfall/mm
E.urophylla P. elliottiixP.caribaea E. urophylla P. elliottiixP.caribaea
4 J1 April 40.40 31.16 10.82 7.55 37.6
5 J May 48.16 35.31 12.48 8.28 425.8
6 H June 54.89 57.32 14.69 13.90 307.2
7 A July 64.44 72.20 16.70 16.94 228.3
8 J1 August 65.28 67.14 16.92 15.75 353.9
9 J1 September 55.36 51.57 14.82 12.50 79.1
10 H October 62.64 29.50 16.23 6.92 105.9
11 J November 40.45 36.20 10.83 8.78 80.9
12 H December 34.78 30.87 9.01 7.24 24.5
1 H January 43.97 24.02 11.39 5.64 29.7
2 H February 34.18 22.37 9.80 5.81 21.9
3 J March 37.63 25.58 9.75 6.00 9.9
£545 Total 582.16 483.24 12.79" 9.61" 1704.7
= AU ] i H ALK A
4 BRSiTE 000 g
\g 1400:00 o
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zi:\‘/ﬂgj][]‘]‘j% , }J\ﬁﬁbn'mzﬁﬂ% , iﬁy&?ﬁﬁ% , fﬁg%% E/\jfﬂ: E.urophylla P. elliottii X P.caribaea Rainfall
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SRR R oAb H R 28 B & i 7K 70 5 Bk, A YK Figd Comparison of transpiration water consumption and
KNP AR . WFSE R R, BiA il SR 2207 [l i rainfall during the same rainy season and dry season
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MM A LS ,ﬁlﬂ@%ﬁ%ﬁﬁ@iﬂé1ﬁﬁﬁm , i s KDY X ( Populus euphratica ) 7% B FE /K B BF 5 &
B, AR A B B A 2RISR, 325 3R 0 0.7 mmol m™ 57" & A% AR A& TR V03 %) = 2B SRR, 3
it E 2 0 0 AR TR AL 28 M AT M 0 [ P X 78 ) 0 0 3 30 5 AR R R R T R 5 20 BT, AT A0 7 A T ¥k
D2 75 DAL B 73 TR) 7K 3 o A T 22 8 RS 1 A [ I AT 38 1l
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PR 2R (] (1) HASAARRIE 22 57 SR, AR ol 8 223 Sl ) 44 7 R 2 WA | 4 o VAR U R 3 1) I 1) B - B3 it
MR RER TR, X5 FEEE X E AR BRI IE TSR 25 RO — 3, 1 X — 4511
Jir PR 3 2 T M 4 B e DR AT A v 108 O PR S 2 R B 0 7 J 18 K S5 P (A5 T ZR 2 i i 3R T
Z X AEHABRSFR AN KA (Acacia auriculiformis) 2 o B (Acacia mangium ) B AESE ThE B T X
— Wi RN RN ANAA AR R ] H AR AR E WA AR R 22 5, TR 2R AR o ) 22 S B/ R 28 S 0K 1

http ; //www.ecologica.cn



8 S % 39 &

B R RIS B (9 2R 2 E AR D 1

WX R R A AR A O A TR I R 2R T2 G g M A 25 S AR i 2 5 25 R B RGER
KRR 6B 3R S LA OK IR 7 Sl i 5 25 IR A DG, 5 2 A G I S W 35 00 A G T -5 A T 2
ERSCNE, X G X ERE DT X AR M S RGN TR R T IE 45 AR — 50, BEH Y WS R I AR
AR ZE N ) die BRI G R FJ R BHAR S 2 AR B AR, b 596t 2 K B AR 5 AR FIK AR 25 V<Ol
BIEMXCR, 5 RE 2 AR AU 25 R 5 U O — 3,

ARWFFEXS 10 2R BRI H AR AR AR S 28 BB FE/K B I IF ST B0 . R AR AR - 34 AR FE K 5 R 12.791L/d (1.
59 mm/d) FRHIFA A 9.61 L/d(1.31 mm/d) , FRA4FEFEK & B FNRMAA 5351 24 582.16 mm F1 483.24 mm,
4350 o TR IR W Y 34,290 F11 28.4% , 5K T RSV X Sk DK da A R A TR K RS B A4 B 1
FEKE 08 1.49 1.53 mm/d, 5FFE/K R 542 559 mm, 5ARDF5E 10 A MAFEK A Y, FIRJE 10 424
MR H B E R /N T 4 R AR R (R A TR AR B 2 KT 4 4R 2R SR Ak 3 bk H B K
PRI ZE A K, TINA 28 B RE K BIFSE FRiTH D (E R 25 4F A finih He A 26 B AE K BT 58 R I H A /K& 0 0.
35—3.52 mm/d " XUBLERAE T 0 20 AF A IR A RE K A ST A B, HOMRMEZE S 50 477 mm (1.31 mm/d) ,

FENRE AR MAA B 2 0 2K T A K S, Hoh B R N 2R 28 S 1l 350.76 mm, AR L ZE IS Y
60% , H F-IFEK &4 1.91 mm/d, 2522 H FEK Y 1.5 £% TS InFA T 228 5 5 (313.04 mm) J& =75 %
Y 1.84 £, TR T RIS X Sk 40 57 R MR S TR 2 1 2R R E A P R RE & B, AR B H AR K R X R M 2
WERTES X GACHFIIEE R —8, FEOX—45 R0 IR 55 4 504 oK s K AR % VPD
GAEAFREE _ARRR S T AR (REK i

2% 3L HR ( References)

[ 1] FSii, d4sE, T, B, Db, kM. PRPGHrAR X AR N-A7 5 W R AR AR AR ST, P RAMBH R 2264 H
SRBIERR, 2013, 41(8) ; 85-90.

(2] JUlE, EEes, Zaiom, 2, dKRIPER, 0. B TR S S LM TR, £E%, 2014, 34(9) : 2401-2410.

[3] WAK, WEM, D, =, TWE, 22805, TS KMRR TR RIE I m KR, 8%, 2016, 36(17) : 5519-5527.

[4] A, BRzuW, B, S0, SE R, e, 35 b DR | 7k K BB V0 2 BE AR S s e R N 2R S 2R,
2017, 28(3) ; 763-771.

(5] A, BB, S48 T, 0, skmam, ZRBRmk. Sl &r F iR 58 Ak 4 Fh Ok S0 R 1 900 A, A2 A 23T, 2015, 35(12) .
4097-4104.

[6] INER, el FEAE. B HMEARPGER TWRSE . B AW, 2004, 15(6) : 1074-1078.

[ 7] PFEBLL, K7, SO, B8 L I RER IR TR AT oT. A2, 2011, 31(16) : 4791-4798.

[ 8] kK, ZEER, BULIE. MFA K FBRR TR0 R 3. RS2, 2005, 25(8) : 1934-1940.

[ 9] #kTM, AT, Mouis J, JEJazE, FIER, SR, T L M TR B S R AE Y U 52, MOl BLH# 55, 2003, 16(6) -

661-667.

[10] Zejmtd, LR, KEL, WRGE, XN, FEAMARNE A2 E i RH F AR GIA KIFH. Mok BHERESE, 2008, 21(3) : 314-319.

[11] Nikles D G. Experience with some Pinus hybrids in Queensland, Australia//Dungey H S, Dieters M J, Nikles D G, eds. Proceedings of QFRI/
CRC-SPF Symposium on Hybrid Breeding and Genetics of Forest Trees-Theme; case studies of hybrid breeding programs. Brisbane: QFRI/CRC-
SPF, 2000. 27-43.

[12] Nikles D G. The first 50 years of the evolution of forest tree improvement in Queensland[ C]//Dieters M J, Matheson A C, Nikles D G, Harwood,
C E, Walker, S M, eds. Proceedings of QFRI - TUFRO Conference on Tree Improvement for Sustainable Tropical Forestry. Australia: QFRI -
IUFRO, 1996 51-64.

[13]  skpi, BAr, ARZE, BUERL, BRAL, 208 MAATE B ALl DRI A R R BAIR. MOl B2 BF5E, 2007, 20(4) : 556-562.

[14] WBER, BT, TEE, Habk, TR, PRl FREMITASAMER M HENTIS. MBI, 1999, 12(4) : 398-402.

[15] R, B, SEM, sk, 25, oo, 2205, SR0R. JRANRA SR AR 6] 35 1% B B 55 2 Rl DR 34 B AR SC P 0. AROL BL2RIF ST,
2012, 25(2) . 138-143.

[16] WHEAS, RIOF, TR, B2, WA, SRE. M AN THOK GBI [T]. MolbRle:, 2009, 45(11) :135-140.

http ; //www.ecologica.cn



6

T AF RN R AR AR AN N T ARG RS FE K R AT 5T 9

[17]
[18]
[19]

[20]
[21]

[22]

[23]

[24]
[25]
[26]
[27]
[28]
[29]

[30]

XD, LB, BN, SR, SKIE. T8 M2 5 AR N TR FE K RRIE. AErhflk R34, 2015, 34(6) : 27-32.

TR, AR, JIM Morris, DGR, FIFEHT, J¥E. SR & M TR KRR J]. Mol BHEBESE, 2007, 20(1) 1 1-5.
PNIRA, B, AR, ), RIER, AR, TR, TRIRIR, AR, SRS IR R AR SE R TR R R A R FE K
Sk, HEAAE, 2014, 33(10) : 2588-2595.

TR, PUTSE, AR R R BT ZER TIRRREAR AT BTTLARMOR SR, 2017, 34(2) ¢ 319-325.

Vertessy R A, Hatton T J, Reece P, O'Sullivan S K, Benyon R G. Estimating stand water use of large mountain ash trees and validation of the sap
flow measurement technique. Tree Physiology, 1997, 17(12) : 747-756.

Waullschleger S D, Hanson P J, Todd D E. Transpiration from a multi-species deciduous forest as estimated by xylem sap flow techniques. Forest
Ecology and Management, 2001, 143(1/3): 205-213.

FRIZ, BRSLRR, X SR, XUSFAE, aRAER. 21 5 DO T PR I8 T A3 28 G RR AL B HEXT PR I5E R - i 7. AR 22441, 2015, 35(15)
5076-5084.

Granier A. Evaluation of transpiration in a Douglas-fir stand by means of sap flow measurements. Tree Physiology, 1987, 3(4) : 309-320.

T ik, B, Al BRI R AW (Platycladus orientalis) W TR BIAS. A228544H, 2009, 29(7) : 3970-3976.

O, i, BIUDK, BT K E LA TR A B e AR, B A RS2 . FARBIEERR, 2012, 36(5) : 77-80.
XUFRME. ITAbA 1L B B X 3 S AR R R K AREE S D] B« bl K24, 2011.

ERM, ABT. R E MR TR s A MR R T T AU IR R, 2016, 44(5) : 24-28.

Goldstein G, Andrade J L, Meinzer F C, Holbrook N M, Cavelier J, Jackson P, Celis A. Stem water storage and diurnal patterns of water use in
tropical forest canopy trees. Plant, Cell & Environment, 1998, 21(4) . 397-406.

Snyder K A, Richards J H, Donovan L A. Night-time conductance in C; and C, species: do plants lose water at night? Journal of Experimental
Botany, 2003, 54(383) : 861-865.

ffETR, Wi, wlEAe, s/, R WA R B ZE M —R A IO AR S B R A R . L SRl KSR 2
2017, 39(9) : 8-16.

FANEE, foKkE, R, IKESE, B, THRITA KM ARER TR EW IS LHE SR N TR, RLFHABT, 2013, 26(2)
145-150.

B, SRERMI, GEXAL, ThE%, L4, /NP, S AT (S RUEAMR B A AR BARRR R ML, A AR, 2011, 31(20) : 6038-6048.
B, ANELILACO S AR R KRR ETAE L D] dbnt: FEML R AITFEBE , 2003.

KT AR N TARFEAKEBFFE[ D] AL hEMERFEDRSERE, 2010.

KTE, BRROF, Morri ST, B3, JEOGAS. B B RS N AR Z R AR S A K BT, MOl RLEBEST, 2007, 20(5) -
591-597.

XUBLER, WM, RN, LV T AR AN N TR E AR SIS MR SE R, AR A AR, 2008, 28(11) : 5322-5330.

http ; //www.ecologica.cn



