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Water consumption characteristics and water use efficiency of Eucalyptus

urophylla x Eucalyptus grandis and bamboo-willow seedlings

QIU Quan, PAN Xin, LI Jiyue*, HE Qian, SU Yan, LIN Wen
College of Forestry, South China Agricultural University, Guangzhou 510642, China

Abstract: Eucalyptus urophylla X Eucalyptus grandis and bamboo-willow have attracted wide concerns due to the debates on
their water consumption ( WC) and utilization efficiency problems. Insufficiency of scientific observation data and
consequent uncertainty of the rationality of blame or support on the two trees’ development make it a necessity to further
study their WC characteristics and water use efficiency ( WUE). In this study, WC and water consumption rate ( WCR) of
E. urophylla X E. grandis and bamboo-willow seedlings under different soil moisture conditions were measured by pot
seedling weight method, and net photosynthetic rate ( Pn), transpiration rate ( 7r) and WUE of them in different growth
periods were investigated by Li-6400 photosynthetic system measuring method. Under normal water condition, day-and-night
WC and maximum WCR of E. urophylla X E. grandis and bamboo-willow seedlings were ( 182.05+12.74) g/d, (100.48 +
10.95)g/d, (66.3129.91)g-m™>h™" and(89.50+13.54) g-m >>h™", respectively. Water consumption and WCR of the
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seedlings significantly declined with soil moisture decreases, with those of E. urophylla X E. grandis declining more sharply
than bamboo-willow under serious drought stress. The daily variation of WCR exhibited a one-peak curve ( the peak
appearing at 12;00—14:00) under normal water condition and light drought stress, but changed to a double-peak curve
(the peaks appearing at 10:00—12.:00 and 14.00—16.00, respectively) under moderate drought stress, and showed no
regular pattern under serious drought stress. Under normal water condition and light drought stress, a significant positive
correlation and a significant negative correlation were observed between WCR and environmental temperature and between
WCR and relative humidity, respectively. The influence of environmental factors on WCR weakened along with the
development of drought stress. At leaf level, bamboo-willow had higher photosynthetic rate and WUE, and lower
transpiration rate than E. wrophylla X E. grandis. In initial through vigorous growth period, net photosynthetic rate and
transpiration rate of both seedlings increased at similar amplitude, while their WUE remained unchanged. In terms of WC
and WCR of individual seedling and leaf WUE, bamboo-willow was a good water-saving fast-growing tree species. E.
urophylla x E. grandis had higher leaf transpiration rate and lower WUE at leaf level, but had lower WCR at individual
seedling level than bamboo-willow, which was particularly true when under serious drought stress, with its average daytime
WCR being only (4.02+0.60) g-m >h™". Therefore, E. urophylla x E. grandis seedlings also showed a certain ability of

drought resistance and water-saving.

Key Words: FEucalyptus urophylla X Eucalyptus grandis; bamboo-willow; water consumption; water consumption rate;

water use efficiency
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AEAE L RE G RATAIN | AR A 4T, 2011 4F 4 AT
HETA AR 24 R 2 5 I PR K BT A A L I
451 MR, FTRAE ARG A 200 mmx 150 mm , 3 i
- EH A B R AR R R T, L R K A

(26.87+2.07) % , 58 M (1.34+0.07) g/cm’ . TEEE
BIBEK, BRED, B I ORI AR IE# AR, 9250
WE TR AR BEAE SR 1,

®1 BREKRER
Table 1 Growth status for seedlings

HAE/mm
Basal diameter

PRk AL em?

Leaf area per plant

i i /m
Tree species Height

FEE ¥ E. urophylla x E. grandis 0.40+0.03
Y1l Bamboo-willow 0.45+0.07

3.92+0.65
9.10£2.12

2844.09+305.32
1254.08+202.26

1.2 Wik
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AR 5 HFE 7K B 0 R Tk O AR T R FR R
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FERRR 5 AN, R RRAOR R B R A, Bk Sk
FRAIRIEA , RERE 2 d SERR BN IE K , AR E]I G 2 h
X 78 BRI P AR M 08 :00—20 .00 #EATRRE, I T3
H 08:00 4728, R0 WS AR e i W, +
ek E R FOM/mts i #5 3 4 5898 B 3Tk 17 3%
ST, BP0 S R R R [ 2 5 A, S AR K E [H]
A BRI 2 d T 1800 WA FAR T A ) T AR FR &
K AR 25 T 4 B R T K, I Rk
30 d, 2 W AMZEIET,
(1) K
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(2) Rk
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(3) FEKHEHR
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80%—85% ) , i 4 118 Joi 1t 7 /K 2 T [ 2= HH [a] 45¢ 7K
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2.1 FEAKAFPER LLEL
2.1.1 FEKEMW R

HYIREK B A TR [ 5 728 15 F + 875 & P&
O3, AT Hp A R 3 200k 7 R B A B
WCETAR B 1Y) 25 1 AR AR HE ) &b 5 2R K ME — 3%
o M2 ATLUEH RE K 5T, PR
AR H EFEK & AUE R FEK A — 22 5, Sk
oRVE, BEE T S A 0 & R PR R FE K E 2
TREE S AR A T AN, NER 2 thAl LI R
W IE R KA 55 TR T R A & T B EA%
AR H RFE K A 1 FE /K B4R 2 3 = AT (P <
0.05), HEEIK AT A T, IR K H B AEK S
REK it BRI B TR, 5 158 K a3 SR A L, R
Ee AT M0 H BFEK 5 20 3 F BT 74. 61% i
59.71% ,FH TR E R K, % 2 s+

SR E T PR ol RE K R R(E BT, i R LR
ARG A R R K Tl 308 e DR 3 AR 7 A ik >
XEARITHITEAE . 2 B A4 T H K Sy i aa 4,
FUAZ 4 H AR KB FUE RO K AR T A M, e rp 4
KABKEAL N 15.97g, Bi W B A% 7E - 5K 71 77 ik
WHRBL T AT MIEAR A K BE 1. o5 — 7 i,
AR S PR AR 4 K FE K & R AR K
90% 7 A7, i LRI B AR BOFE K 22k A T HK, N
I, X TR R AR K B FE K R AT RLAE o 9F 50 64
EENA, BT RS TN R R R BB
AR A FE /K B2 Al 35 AT B (E T B
R BEAF AR A2 22 57, T AR /K 8 7 T 7 1 P b i A
TEANR LK 3 26 T R OKBE T 22 5%, IR, 1
AT BRI P LA, A AR AR T DU O —
AMRE AP 1R b, PR R PR AL
A RIE B E f4 E A

R2 FREKSEHTEARFEKRE(PRIERE) /g

Table 2 Water consumption ( tstandard error) of seedlings under different soil moisture conditions

CK LD MD )
P AR LK LR ISS
Tree species FIX b D:: and X it D:: and Fx Bk D:: and FIX Bk D:: and
Day Night y Day Night y Day Night y Day Night y
night night night night
REME. urophyllax  162.07+  19.98+  182.05+  149.85: 17.03+ 16688+ 40.74+ 548+ 4622+  13.53+ 243+ 1597+
E. grandis 1072 2.02 12.74 1562 415 2015 5.46 101 6.47 2.01 0.51 3.05
P 8878+  11.70x 10048+ 6120+  11.40=  72.60= 3508+  5.40& 4048+ 1910+ 248+  21.58:
AMOOTWEOW g o7 2.88 10.95 8.15 3.02 9.07 5.30 1.02 6.32 3.58 0.52 4.05

LD; 3T 5 Light dry; MD; HE 5 Middle dry;SD: j%& 15 Serious dry

2.1.2 FEKHAEHZL
ZRIBAEIK it g — 8 R R INA [ B 2 [a] FE K
255 AR R FE/K 51 AN BB 58 4 % B HAE /K 58 1 AN
KRBT 5 55, B LA AN [ B o (14 FE K AN 7K
A, A BRI AR R T AR, B LA P R I FE KGR R
RIEATAHT AL, RN B AR I B /K T80 2 th FE /K i
FEARM AL F e iy, B 1 AT LUE Y 5
b FIEH K A S A RV B K A it S5 R R B AR
FIPTHINE A FE 7K 2 58 H AR Ak 3435 o B I B 06 iy
2, HBAE 3 0 AR 12:00—14: 00 B, 1M H 2 K
S3TNIE T R G AR AR A R H AR Ak #3 Dy XLg
Mgk, A W {8 2 5 LA 10. 00—12. 00 #11
14:00—16:00 W B, Bl & /K53 WhiE 1) & &, +ageat
FE AR, BL S PR AR AR K R H ARk
BiaTRoE (K 1), BEMMATHIE A RAS R B

(FEK BRI AR LB FEL A F 1. 43—4.29 gom ™
h™' 1 7.52—19.28 g-m >h™" ], 6B = & /K 23 ik i
T ARKEIK B R AZ PR T H AR AL AN K
e KRB K 32 S Il 1 R e R FE K W T K 4 A 2
F8bR o TEH KT S5 NATHN B R FE K 3% L B A%
R, AF] T (89.50+13.54) g -m >h", i J& FL KX
H(66.31£9.91) g-m™h™"', L FREK I
T A M KRR K B A T A 2 (64.20 +£10.32)
g-m >h™" I H LR B AL 16.74% , 7] UL 24 4 18
B s a7 STER N B U U DIV Ry B SN R -/ €
Jolp 360 B 9 o v A B R A K R 2 BLTE 10 00—
1200, (EATHIE TR EAL , 5 3R (41.53 £5.69) ¢ -
m >h™'F1(26.37 £3.45) g -m > h™", PL R E KX rh
JE - ER e 336 45 4 L s o 7 38 3 R R AR B
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—o— EE¥ E. urophylla X E. grandis

—a— P/l bamboo-willow
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Fig.1 Water consumption rate ( +standard error) of seedlings in each period in the daytime under different soil moisture conditions

0 I 30T R - 38 T B2 DK o3 T 38 LA R Bk K A
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MR AR K BE ) 22 S E 2 Fe bR . T 250 i
22 B LUACE AR WA R AN TR K 3 250 T H
KPR K R I AE P 22 57 (P<0.05) , W]

80 r
—~ B BB
= E 70 a E. urophylla X E. grandis
(‘\é k= 260 a ‘} o 7 #l Bamboo-willow
= B
g 5 8 a
T2z 50} b
8 &
Wy 40+
%5 .£
s = ‘é 30 | c
2% g
2
0 L L ,
CK LD MD SD
T2 1A Drought stress

E2 AEITEASFETEARBRFEHFAKEE (iR
%)

Fig. 2 Average water consumption rate ( standard error) of
seedlings during daytime under different soil moisture

conditions

AT BEFIRTE 0.05 /KF 12253 1.3 ( Duncan's )

T HOK I X R MR K AR AR T Y
Wi, &2 ATLAE Y R RO R K G R AR
PR KA K BRI — 5 R R, JF B %
R AR AR R A — B, B R W K5 55 T R B A%
FCTFATM, (E A2 32 Foip 36 B 7 490 U o v B e 3 DA I
e E R B TN, B AT DL e KA /K B 5
RV BIFE K 3 1] G A7 AE 5 2 1 LA DG &% | i BT
AIRER Z =88 KA 8] T IEH &0 T &
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151, 5 FRSSE AR,
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KRR, 28 16 R 5 P58 A 7 26 52
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JE, P RT UL e P K I3 2R AR ARG R R
WA FE/K R A B R BN T BEH T 5 Ml i & B
R B R ANAT AN FE /K 545 R SR B IE AT SCRE JEE e
AR R RE TR S R JBE P P55 , AR S A 20 BT 4
s RN T R T R AR AT FE K

A5 BRI Tk B R X 0 B2 A A OC AR B2 28R 2
HAHRRBAITE 0.8 LUF, el & 76 5 T 4,
PrHIFE/K A5 PREIELE (AR 5C R BULR 0.412, T
AR R AR SC AR BOUAR 2= 0.347, BAT S, +
TR O3 2 A AN 58 A I, 358 3 FEE R ) 38 B 2 52
M P o ARG 7K S 3R 1) T BRI IR 1, T 2 4K
G375 AR EL I, A ik JRE RTS8 X 1P Ao i R
FEKHR AN A B3

®3 FAKEXRSRBEERFEXREH

Table 3 Correlation coefficient of water consumption rates and environmental factors

b P W Fh W AHX )3
Treatment Tree species Environmental temperature Relative humidity
CK FEEM E. urophyllax E. grandis 0.863 " -0.987 "

Pl bamboo-willow 0.860 -0.982**
LD FEEM E. urophyllax E. grandis 0.850 " -0.924""
A8l bamboo-willow. 0.859 " -0.959 "
MD FEE & E. urophyllax E. grandis 0.769 -0.552
YiHil bamboo-willow 0.752 -0.734
SD JEEAE E. urophyllax E. grandis 0.659 -0.435
FiHil bamboo-willow 0.412 -0.347

* FrRAE 0.05 /K L R EAHDE; ** FIRTE 0.01 K L B 3 AH

2.2 BRI KR HRCR I T

T 4 ] DUE iR A K AR K RE g
BB, P M0 ) v A 0 0l L R B R R 57.27% FH
43.14% , o] WATHIE DG A A K AR D) e B B AR AR,
SRR 8 R A R T B I 2 B
T AT AR A R S 0 AT A e T R E A
I, I 7K Bk, B B R Ay 7 K BE I RS AL FA7T
W, R BB 7K A3 R FH 0% D T A s T
15 K A3 I AR AR ) 1 A K e B 1

IR 38R 43 ) Bb J8 A /8 55.24% N 48.46%
53— 7T R E AR DA K A 0T 3 2 K E B 1
JEA R R ZE I TR B 25 4R (P<0.01) TR A
BRI K FIFHRCR 22 A8 B 2, FURMG AR o, £
5 PRS2 P b 7 A K RSB vl A i R B —
FREERETIN, [RIEE i 5 2% 8 3 23 . 2 A A [ 0 32 4
FHOK R RA R A, BRI, o
K LRT R e FL A B R 114 2% 1 3 38 0 B A 1Y
KAy FFRCE

R4 EARBREASFAZERNLLER

Table 4 Comparison on instantaneous water use efficiency of seedlings

HOl A HR (Pn) ZEMEHR(Tr) IR R (WUE)
W Fh Net photosynthetic rate/ Transpiration rate Water use efficiency
Tree species (pmolCOym™2s71) /(mmolH,0 -m™2s7") /( pmolCO,/ mmolH,0)
6 H 8 H 6 f 8 H 64 8 J
FEE ¥ E. urophyllax E. grandis 9.90+0.29 11.52+0.93 3.99+0.22 4.46+0.29 2.48+0.07 2.60+0.32
Bl bamboo-willow 15.57+1.23 16.49+0.74 4.0420.22 4.27£0.26 3.85+0.09 3.86+0.6

3 iTFig

3.1 B AE R RE AR Y LR
FEARIEAEHEAT DU 1Y 7K b i S8 of 228 6 A S T

AT {1 45 57, 1R 4F ML T WA FRRE K fiE 0 %
ST R SR K 2
I LA B b, T LR WO 5 1 5k 5
UREE 3 R [ 5 B o 10 S HE KR, 6
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K LSRR B A R K BE ST A T LY
Hi BT AN BE B A FVPT M A FE 7K BB T, 0K b 75 Fp
R A At R A AL A AR 1 A AR 2R T T
XTH (3R 5) , FBE I s [B) 35 R 2548 7 4y,
ITES AR AR E I, R 5 P2 T 4 45
AR R TE IR B K 50 250 F FRFEK i R
FEK B2 R IIFEAKGH 2 3 A B RE KN o 4
Pro FIRSFEIK A, B KFEK 3R H RF B FEK
TR B B A AT AR T8 1A AR, R /NI
FEYh S E A>T S B ERE, TRLE R Y +
By FE R 4 T A= A e eh | e B A RN AT AR K
FAXTEEAG, J& T 45 K M RE A | T4 3 a2 ) 252
WG A R AN R AR (Acacia auriculaeformis ) | 25
mi M (Acacia mangium) | [FI 1 ( Sabina chinensis ) |
FBIR (Acacia mearnsii ) 75 A% ¥ A FH K LR FEK 2 53
Sk 498.5.232.1.306.5 .631.7 ¢/d, ¥ & TR E#

FATH, SRS SR E WP AT 5. ( Zenia insignis ) |
A BEA ( Rhaphiolepis indica) , B M 5 4 8 ( Evodia
glabrifolia) W AAR T AR F R BRPRFE K it 5 R E ke AN
P He e, 43 3l 127.93 (84.24 162.75 ¢/d., #%
FEE AT M AT X LU N & 30, e B ke 1 R B K 4
SEATHIY 1.82 A% H HAFE /K AR (d5 R FE /K A
FIRSFFE K R ) J LTI, FZFE I EE
Y AT NG 2 € ) &1 A N TR A 2 5 S 2 T}
B, REAE T KRR S S, PR AR LA Y 3 bR
SRR WG TR Rl B FE K B FNFE A HE P
TrTAIR 2R AN o B 4 P FE 7K B /N A% b
5 RS WoRTE 4 R E R R B T K
PERESRAS RN, FEPFE/GH R T B 3 iRl
M EARR T ARFE K A BE R UF, i 43 95 5 B E A mi #E K
B2 REE

RS EEMFREKEEXTLE

Table 5 Comparison on water consumption of fast-growing species

IR AR

HRFEKE/ (g/d)

HRF KR

R Fh . Maximum water Average water consumption Bk IR
- . Water consumption . . .

Tree species . . consumption rate rate during the daytime Data sourse

during the daytime o P
/(g m™h™") /(g m™h™")

FEM E. urophyllax E. grandis 162.07 66.31 48.23 EN S
i 88.78 89.50 59.19 A5
E A P. tomentosa 177.30 148.50 90.00 fiypg el
WA C. bungei 1500.70 179.60 121.10 et 17)

3.2 RIA A HEAK A3 2 Ao A A b RE A R A 3 i)

FHEA AR W A K Y B R R T, KR
FERWIARE 1 K o 5 1F T, MW FE K R A7 76 1
2R AREEGE TR K R TR,
FE AR AT HIAE /K FIRE /K 3 R 24 5L B K I R [ 1)
A R RIEAE 1K 4 e o R E AR T
W 22 HL A KRR K R R R S KRB K B 4 31
R ZIEH 2 T 8.35% 411 8.08% , TEmEKEE,
HFEK FEETRERZE(4—9 H), B EERIK 2
W B AR B R ZE R K, 2T MR K
KRR AL A B G2 I A Ak A A 2 EAR
TR [ B FE A SR el D o A R A YR A 3 T A
AR, TR TS ALCH M 751 T [
AR E | MAFLCH R 3 B2 BN T
M, it HEARRIK G325 08 BRE R - (IR BRIR B AT
TR ) X AHRE K HR MR F |, B T S e i

Je i , PRE IR TR R K AR B R 0 A BT IS , ) RE
H T 5 M3 AR e e O A R A ALK I
FIEREOK , AL SR P S BOR R N 2k 25 7 X
FEAKAFFIER [R5 ], DA B TSt — AP UESE T
FLRMIEH Y ZEHE TR T 2R N X — 458
3.3 EARARII ok o R RIS CR 22 5

LI 7 7K o3 FH SR BE ik AR ) TN FE O FE 7K
BU AFTE ] A ZE A AR 22 St AR BRI,
MEEARA R, AR BE S 28 AR R B
T —RE B2 S, AT RE R PR Y A koA (A
Thim 55 ) Bk, o n] BE -5 v AR TE AN [ A= R 30 A A B
FEPEANRAT S, R K 23 M RTCR WA B E ,
AR NI AR I AN K, 158 B BRI PR A 3o i
ARAERIIN I 7 7K 23 B RCRSE AN R, Al L AR
HE S AR ALK ISR AR IR 5 DR AR 230 M TSGR 19
P, (ELI A SRR 75 R v AR AR R — B A ML i
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ARt — L0 gE, AL B AR i ok A A 5
FRAAAEY K 53 R HRCR A% e ke BB A A mol
B & KK A3 R 0% 0 R L T AS B 9 rh R
E et R T He AT MR AR K 53 R P 03 0 A A
Ui R B AR K 23 1) A% 6 1 =5 55 7T R A S5 A2 7,
B R 5 RS 5 ILS5 18— 808 A FRiE— 0t
5, AEA TR AR R AP TAE T, 32 857K 50 R R Ak
FRA] DR — AR (RIS 7w
3.4 BAERIFK S-S FEFIR] IR 25 A AT
AR AR 3T AR R A R) — LR 45 A%
SR A B T N TR R S35 %) 56 12 £ s 3l 3 X R[]
KA 5T R E R THIRE KRR PE R 5T LA B 5 B
FRA TP L35 2 B 7 ool A A R e R SR T
BRIFMP R OKEE T, iF 2 TR EMKIE RS
WA, AR5 h T B R, BE A R
ZE I SR AR M0 B R K B R T K U AN [R] F 5 2
KPR AN A 9T 45 5 ) BRIV [) — J2 O ) 368 bt
S 25 WA 5 R R PR AR /K 2 R (H
FEACHDRAN AL, S5 L, 8 B MoK 23 FIL F 3L
FAL R HTR AT KA 158 , B LU RE B T P
P45, i —25 U B G T 3 A AR B RE K 0 DA T 2 4
HRHA LR AR . ARRIFSE 32 B4 X B AR IKF-
FEARRFERY LU B, Bt T 2 A AR Rl R A
A A AR RE K FLAE , (H I 35 5E 4 I Wit 1 A PR A
MIFEZK BB 22 5, 53 AN AHIF 5 i ok IR 9 A R 1Y
T 28 7 25 M0 i D A BRI KRB K AT
TE—E JRBR T, 2% - BER AL Y AR 22 0 0 7= A — 5
S R 5 5 i 2B ekt [ YA T
TAHYI I ZE B K EZEDTE 4 DER L, Bt
b/ N 7 N/ S N 75 ) O N = R DS S =N S 8
SRS 32 B X AR T R AR K AT 2%
B FERIF I, HA — 5 1 R B , 76 ELAR 1) 1 MRS B
o, JCIR IR B MR A XK ST A RE K R,
I, X6 Bk K S FIAR 43 7K SF- 2 T] FE 7K B8 B4 4 e LA
B DX 3K B FE K St 4 SR A TR iE— 2 BT, T
H 11 B B N AMR 2538 B 28T X SRR B A IR 437K
EROBE Z 1] Y RE K R e F AT K & BB SE T
PEP JFBLR T KM kM, ik 7 p
ST RN 2 5 B R N T AARFE K B AT T RA
WH5E, 3 —J7 1, AR WF5E AR P K 4 R R
D FLIE T Ik B R S0 A8 0 7K 43 R B8GR5

AT RIVERE I R R K 73 M IR B AR I
4 Zig

(1) AR K73 2518~ R E AR ATHIAE K B
FIFEIK BRI A7 AE 22 57, (LA R A B AN [), e
Wt oK o 26 1 B RO, PR KRR K R H AR
PRI B FG 32 3R 358 TR 3 18 57 W) B2 259 7 A AR o A2
o AEIEIK IR AN IR, R BRI M1 BE I 55 FE 7K
RIE N T, A B R BT K RE T RE 1
FARGS M A A7 A R I 3K (9T AE,
AR, R ef BB a2 IR A
AR SIEAR — B E K 3 M TSR A R E |
TEFEAT I A FPFE K P REVPAN I, W i 255 75 TR H:
TEATRIAE A I 645 A KRB Ty L 28 1 #E K E ) AIK
SRR AR R B

(2) Primi AR LE R A BA mOE S AR
19 7K 3 R PSR B RS A ARG A AR A ol A AR K
I, R LA B ok o3 M) R A A1, (H
FARRAFEK B FIAE K AR AT He AR, O B AR
THEK Iy T BRI RBU T AT L BT R
JKBEST, FE50 U W BEAE AR 5 i DR+ 5 340
B FRLF AT RN, MOX A R T, R A% - il
KL BRI T BB AIRIE, SUATI S, RE AR
AR AR 2 1 K A RE B A b, ml A T8 A Y Aot T
AR R PRI 28 T H A HIE
Brigh: SRR R Al RS bR e R A AR e 3
M RIE B
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