5536 B 10 1] S &~ £ Eild Vol.36,No.10
2016 4F 5 A ACTA ECOLOGICA SINICA May,2016

DOI: 10.5846/stxb201409171846
T WS AR, T TUR L TR BOR 1 AR S K B bk g 28 FE RT3 41,2016,36 (10)

LiGD,FuFZ, XiBY, Wang Y, Jia L. M.Study of transpiration and water consumption of triploid Populus tomentosa at individual tree and stand scales by
using thermal dissipation technology.Acta Ecologica Sinica,2016,36(10) .

ETATBEAN=FEEFEEBTEREMKD HEBEFEKX
T

FIE GRS RA,EOM AR
1 EF IR AFAARARBE G EFEE L5 100039

2 ol RFEAIILEFME T SO A EHE A9, bt 100083

3 BT R R, KK 163002

FEE . E BT KA B ZE SRR AFAE  JEMAK - B B SCAERA T . SR B MR A B A 456 A sh R4,
X =ARRE A TR S I B AT T 2 2 ARSI, S5 RR . ) AR RE b, AR E A MR R R
H AL 7RIS R R T R« S0 0 e sssme R 7K EE 5 B (VPD) FK FHAR S (0s) , H SBT3 27E 4—10 435154 0.65%

107 2.12x107° 2.09x107° . 1.78x107° . 1.84x107° .1.76x107° . 1.04x 107> em/s;2) MR EE I, =451 E FI457E 2008 ,2009 4F (#k
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Study of transpiration and water consumption of triploid Populus tomentosa at

individual tree and stand scales by using thermal dissipation technology
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Abstract; Quantitative analysis of the transpiration and water consumption characteristics at the individual tree and stand
scales of forests is critical for forest water management. Developing fast-growing and high-yielding poplar plantations has
been identified as a major solution to the shortage of wood fibers in China, because of the strong demand for fibrous products
for the large population and limited land resources. The triploid Populus tomentosa has been one of the most widely planted
species in recent years due to its superior growth vigor and high timber yield. Accurately measuring the transpiration and
water consumption of trees is essential for regulating water use in triploid P. tomentosa plantations. In this study, thermal
dissipation probe ( TDP) monitoring technology was combined with an automatic weather station to investigate the
transpiration and water consumption of triploid P. tomentosa at the individual tree and stand scales over two years. The
response of sap flow velocity (V) in P. tomentosa trees to environmental factors, including solar radiation ( Qs), air

temperature ( Ta) , relative humidity ( RH) , wind speed ( WS) , soil water content (SWC) , soil temperature ( Ts), and
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vapor pressure deficit (VPD) , were analyzed using a multiple linear regression model. The results showed that (1) the
daily variation in sap flow velocity in individual P. tomentosa trees was significantly affected by the (s and VPD. Diurnal
variation in V, for individual trees had a unimodal pattern on sunny days. The flow rate rose from nearly zero at sunrise to a
maximum at around 13 ;00 local time and decreased gradually to nearly zero by midnight. In the growing season (from April
to October) , the average V for each month was 0.65 x 107,2.12%x 107,209 %x 107, 1.78 x 107, 1.84 x 107, 1.76 X
107, and 1.04 x 107 ¢m/s, respectively. The results of the correlation analysis showed that the V,, correlated significantly
(a = 0.01) with the Qs, Ta, WS, RH, SWC, Ts, and VPD. With the exception of RH, all correlations were positive. The
VPD and Qs had stronger effects on V, than SWC at a daily variation scale. (2) The water consumption of the P. tomentosa
stand was 339.52 and 410.62 mm during the growing season in the fourth and fifth years after planting (2008 and 2009) ,
respectively. The water consumption at the stand level was significantly affected by stomatal conductance ( Ge), RH, and
VPD. The variation in average daily water consumption followed a “low—high—low” unimodal pattern in the growing season
and high water consumption values were recorded in August 2008 and June 2009. The main factors that drove the seasonal
changes in water consumption in the stand were Gs, RH, and VPD. Lastly, (3) the regression model, with the measured
environmental factors as independent variables, explained the variation in V, well during the growing season in 2008 (P <
0.01). When the constructed model was used to predict the V, in the growing season in 2009, the simulated values

correlated well with the measured values (R*= 0.910) but was 6.39% higher than the measured values on average.

Key Words: triploid Populus tomeniosa; water consumption; sap flow; TDP ( thermal dissipation probe ) ;

environmental factors
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306.0—975.9 mm, 4 F-375 & & 1880 mm , AR F- IR 12.0—14.1 °C , i e iRk 41.2 C , Bom AR < iR
i£-20.8 °C, 4F H MR B4k 4433.5 h, JCFEI 204 d,

RIMHL N i +, FIREA T 1.51 ¢/em’, FEHE LTS & 0.39%, 2% 0.131%, 4 P 0.129%,
0.612% , XL A 14.486 mg/kg, WAL P 1.752 mg/kg, #53% K 49.914 mg/kg,

2 KEHMBERE

2.1 RXEAR

RIEM B R =AEIRTE % ((P. tomentosaXP. bolleana) XP. tomentosa) , 1 4FA M B T 2005 4K % it
MR, AL T, B 1 mx2 m+6 m, iREHRZ 3.4 hm?,
2.2 BRI S e
2.2.1 MBI E

TEMH DAL E R R T RAF TOWIRE R =R 5 SRAE VAR, TRIm (1.30£0.10) m 4t
2P B A BRI % #R%T (TDP-30, Dynamax Inc., Houston, USA) . % 10 s R4 1 &4, £ 10 min
HAFEIFC S, FEAREASEILTR(ED),

x1 NEEHEESH

Table 1 Major parameters of sample trees

S Namber | NOE/em 5 /m S Crown diameter/m W T /m WAL S TETBY em?
DBH Height KV EW it NS Under-branch height Sapwood area at breast height
1 10.50 12.20 4.90 2.50 1.80 82.86
2 9.20 11.90 5.50 2.90 2.60 64.20
3 10.30 12.60 4.20 3.40 3.00 79.84
4 9.90 12.80 4.30 2.90 2.10 73.96
5 10.20 13.20 4.50 2.70 2.30 78.35

BRI, M DYNAMAX 2 Al B 7 Mk P E X I s R ab B 553153 Wmid Rt A X s

V, =0.0119 x K" (1)
K= dTM - dT (2)
dT
Horpr, v (Sap flow velocity ) 131 HR (em/s) ,dTM N 24 h N E R R KRIR2ZEE(C) ,dT HH:

i 2 BRI IR 22 (°C) o
2.2.2  JfRAbi b AR
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¥ T B 1) IS BRI e AR ) R AR 5 R P b v G — 4 ek S 2% B R K A B B A 1 IR
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T S 12 BT A L R 33K 56 30 1] e £ 4 XUE] AT AR AR ) = 5K B A4 M 42 ( DBH, Diameter at Breast
Height) Xl M TRIAL( A, , Sapwood Area) 3t 47 A1%4ls &7 [MIH 72 A, = 0.884 x DBH"”' (R*=0.9944 ,n =
47) , T RERS SR M AR Ak s AF IR,

223 MozEpFeKkERIHH
MAr7&EFE/K & E(Stand Evapotranspiration, mm/d) H 1D /N e =
3600 x 24 X E|

3
A % 10° (3)
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Forb, A, MG BAR AL IR BEITRR; E, (g H,0/8) ARG 25 FE/KGE A Sl AN RSB FE KRR 8] v,
55 0 RRIZR PG AL 4 DT A m ALV, i TDP-30 S AR PG A6 3 D st SR 7] v 4
ANTT LG AR 7 R T 5 A, S AR AR AR Tk T AR
2.3 FREIH T IR
231 SBHT

AR 250 m /Y 4x A 37" T4 (Delta—T, Cambridge, England) Il %€, 8 45 A K B4R 5 ( Qs
Effective Solar Radiation, X107 wmol m™ s™") 2SS (Ta, Air Temperature, °C) .25 S AXIZEE (RH, Air
Relative Humidity, %) . XL 3% ( WS, Wind Speed, m/s) . [’ & ( R, Rainfall, mm) . 1 3 & B ( Ts, Soil
Temperature , C ) & SRR A A

IKZESX KT8 (VPD, Vapor Pressure Deficit) 1 T 208

VPD = ae"™ ") (1 - RH) (5)

Horb, T2 SARBE(C) ,RH R RSAARHBEE a,b,c HHEL, 53900 0.61121 Kpa,17.502,240.97 C
232 HHUKER

FHEE K (SWC, Soil Water Content ) SR F MBI 4= 387K 715 S8 4% ( ATP220 , AT % , Jb 5 sl duf 38 Bk A5 FR
O], At ) I E A AR BB AT TDP PREFAURERS T TR EE 209009 10 em (30 cm (45 em 1 70 em, 55
TDP HUCRAs A , Bdli R AL E] B 9 30 min,
2.4 MBS SERE SIS E N E

M BUER(LAL, Leaf Area Index) FHAYIEZ KIS ML (CI-110, CID, USA) W%, TAKF4EH L
TR 1—2 K BATC R KA, TE 17.:00—18 100 , M43 ASIRI 7 B HR 20 NI 5E o5 354 70 5 35 o

SRS ILGEE (Ge) M S AL BE ( Cond ) %5, Cond P EHEREA (U E (Li-6400, USA) , H JH 13 &
M 6:00 JF4f7,18:00 453, I [E] 5K 2 b, W5E H 535100 2008 4F 5 H 26 H.7 H 12 H 8 A 24 H 10 A 24
H, LK 2009 45 H 17 H 6 30 H 8 7127 H .9 26 H .10 H 23 H,
2.5 BAEALES b
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Table 2 Sap flow velocity(V,,) characteristics of triploid P. fomentosa at different months in 2009

Aty Je B[] /h FRIEAE I []/h WA ER SNt ES
Month Start time Peak time Peak V,, value Average daily V,, value
4 06:40 12:40 0.00151+0.00013b 0.00065+0.00007h
5 06:00 12:50 0.00562+0.00056a 0.00212+0.00032a
6 05:50 13:40 0.00530+0.00043a 0.00209+0.00007a
7 06:00 1340 0.00460+0.00066a 0.00178+0.00016a
8 06:20 1330 0.00510+0.00055a 0.00184+0.00024a
9 07:20 13:10 0.00522+0.00092a 0.00176+0.00055a
10 08:30 12:00 0.00403+0.00046a 0.00104+0.00018ab

AR FEERIRTE 0.05 /K 255 18 3 (2-tailed )

3.1.2 WA E R H AR S R R A AR S

M FZIREE R H A (] 1b—g) oV, 5 EZ ARG F A iR (R 3) W LLE Vv, H LS
Qs Ta WS SWC Ts \VPD EIREE R F R W W A, 5 RH R FOM G, @il BEE A RET DUk IR,
VPD il Qs X FRAR T3 MW 0 5 I B K, SWC s/, I IEBEA AR K T 2 =R E BB AR v H
ARAL I B R S VPD L Qs , 38K SmRGUAE LR Ry SR TT I B IR RUBE XS V) RS R T LA

£3 ZRAEEAHAAMTUMBRERSHEEFRAXRY(r) REZBZRH(DPC)

Table 3 The correlation and direct path coefficients between Vsp and main environmental factors in 2009

_— - e 25 AR . TR E . KZESIET

ROk KA sruE ORI AR gy RURTR
- L . Relative . Soil water . Vapor pressure

Coefficients types Solar radiation ~ Air temperature . Wind speed Soil temperature ..

humidity content deficit
wi%ﬁ - 0.876 " 0.675"" -0.584 " 0.472"* 0.104 " 0.418"* 0.801 "
Correlation coefficients
RESERAENY
LRSI R 0.548 0.147 0.186 ~0.186 - ~0.306 0.976

Direct path coefficients

* FrnAE 0.05 K LML R B, * + FRTE 0.01 K LA LR B3 (2-tailed)

32 =AREAHAD B FEKE
321 MPZEBFOKEREFTTAZ L

A KB =AU AR 2 AR K R AN IR 2 B, 25 G ReRT i, 19 84 K22 = A5 R B R o K i
ROL(FK4) o 5 H IR E AL, =R T B AR 28 15 FE /K Bl 2 79 4 B o 22 < G- g IR o B e A

AL

R4 ERFEA=ZFEEAHTHEBRAKE BRNERESERSFLELLD

Table 4 Monthly average water consumption (E) of triploid P. tomentosa and rainfall( R) and their ratio in growth seasons in 2008 and 2009

AEAIN
) H 4 Month 4 5 6 7 8 9 10 23 Total
Year
LK £/ 57.92 63.83 61.10 65. 56.22 34.46
2008 TEAHEE/mm — o 9 339.52
Bl /% /17.34 /19.11 /18.29 /19.76 /16.83 /10.32
ST R/
ﬁgji mm - 24.70/6.93 40.40/11.33 145.30/40.75 81.20/22.77 43.00/12.06 22.00/6.17 356.60
0
kit £/
2009 fﬁg}f‘fy M 21.83/5.32 57.06/13.90 73.18/17.82 70.92/17.27 72.04/17.54 67.78/16.51 47.82/11.65 410.62
0

[ 3 R/mm

HefAl % 48.20/7.53  79.20/12.37 135.42/21.14 168.28/26.27 121.60/18.99 87.80/13.71 0.00 640.51
‘0
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Fig.1 Diurnal variation of triploid P. fomentosa V,, and main environmental factors in sunny days from April to October, 2009

MR, PIAR B R 1R T RIS FE K ik, (ELRERE T 20 A T 5, AR TR TE 6.7.8 1X 3 4
A1 70% L 1 X LA I ZEREHREK I 5 55% A2 A7, BRI R4 2 1 M AL AKOR A2 1) REAR SR A7 A
3.2.2 MO ZEBEFEAR TR TS

5 AR 2008 4FA1 2009 4F 2 MK FE =AHAE A4 A ISR H SRR KR E -5 R )R AL
SR RS R LA R S SRR T A SG R RO B AR R, TR, S VSRR TR E
FNEMN Ge LALQs Ta RH SWC J Ts VPD “FHR 2 S IEAIOCHE, M5 WS fAHSC, M E B REOR
B IR FIIE = 5T Mo ZE BB REK it T AR = Z N E N Ge RH VPD,
33 —HAREAABRKR R A & S KT

ek 2008 4F 4 A3 K,5—10 AREH 6 REGK V,, SRR 7 Bodli gt vr Z e Epiil (£ 6) , 5eit
SR E (P<0.01) , HAE REFBKT 0.9, #2009 4F ISR H 109 B 5 I HdR A 13 2R Tk
PR BNAE (R 7) .
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Table 5 The correlation and direct path coefficients between E of triploid P. tomentosa and Gc¢, LAI, and main environmental factors in 2008

and 2009
T i AR - , vl +4 e IKR#ER
- SileE . mAF SRR ; X o, HHENE I
FHO LS e KRR STURE pgn VR g PERIE oy
- Stomatal Solar Air . Wind . Soil
Coefficients types Leaf area o Relative Soil water Vapor pressure
conductance radiation temperature . speed temperature ..
index humidity content deficit
)Fﬁaé/%ﬁ - 0.897 ** 0.518" 0.392 0.658 " 0.472 -0.167 0.620 " 0.714" 0.111
Correlation coefficients
Y 42 2 M
E_j%ﬁh_%\;& .. 1.682 0.154 — — -1.239 -0.203 0.045 — -0.726
Direct path coefficients
x6 2008 FERKFTZAMAMBRERS ETZNEEFE AR
Table 6 Multi-regression equations between V,, and climatic factors during growth months in 2008
" FE RAL
GIELERA
H 1 Month [_IE/}\EE:: . . Determination Sig. n
Mulll—rcgressmn equations -
coefficients

V., ==0.001+0.001Qs—1.3x1073Ta—6.5% 10" RH+2.99% 107> WS+0.004SWC +6.04 x
4 o 0.969 0.000 432
1073 Ts —1.0x107'°VPD

V,, ==0.007+0.0050s~2.597x 107 Ta+2.07x 10" RH-9.99x 107> WS+0.019SWC~4.

> 0.988 0.000 864
24x107°Ts +0.001VPD
6 V,, ==0.005+0.0050s+4.57x 10" Ta+5.56x 10™° RH~4.30x 107 WS-0.001SWC+5.97 0,984 0.000 o
x107¢Ts+0.002VPD : .
7 V,, ==0.002+0.0050s—1.05x 107 Ta+4.25x 10" RH~3.48x 107> WS—0.005SWC~1.01 0.982 0.000 864
X107 Ts +0.001VPD : .
V,,=0.001+0.004Qs+2.27%107° Ta+1.46x 107> RH-6.89x 107> WS~-0.007SWC~1.33x
; 107 Ts +0.001VPD 0.999 0.000 864
V,,=0.004Qs+7.08x10™ Ta +2.00x 10~ RH-5.46x107> WS-0.003SWC-1.46x 107 T
’ ’ 0.001VPD 0.999 0.000 864
+0.
V., =-0.003+0.0060s~3.05x 1073 Ta+2.76x 105 RH+2.80x 1076 WS+0.002SWC+2.21
10 ’ 0.976 0.000 864

x107Ts +0.001VPD

AL DL, TN 5 S AR 25 BEAAE £20% Z N, 38 2Z [ B e 2 4 M A OC (R® = 0.910, Sig. = 0.00054 , n =
1008) , A=K FINE A SMM{E K 6.39%

R7 2009 FERKZ=FGHELHRTAMRRELTRNES SMER L (B FH1E)

Table 7 Comparison of triploid P. tomentosa V,, by TDP and multi-regression equations in 2009

y K Z T8
ﬁjzh 4 5 6 7 8 9 10 ifvije &
HPAE Predictive value/(em/s)  0.000747  0.00218  0.00256  0.00144  0.00203  0.00200  0.00103 0.00171
Sz {H Measured value/(em/s)  0.000646  0.00212  0.00209  0.00178  0.00184  0.00176  0.00104 0.00161
%% Error/% 15.63 2.83 22.49 -19.10 10.33 13.64 -0.96 6.39

SR T UMb S N S SO A AR L FR L DL 2009 4 6 A 3 I HASEAERI (B 3) , TTRAREL, —
H AT EATR] A R W A0 PREE A CF AL 0 R 5 i I 18] 22 , o S e B0 P B oK g ROk %8
REPESE XS ZERE AR K BRI . RSP B AOK MR EEAS 5 1 Bl e A=A Ak, e ad ik (1 B 7K 1 25
) KA SRR PRAY D oK o B 28 R | ek o

4 HiRSH

ehbkode B Y B BSE 107 4510 SR SRR, ISR SRR B AR v, B AR LR R
WERL” | BEFETTEMORTE , HPI(E 5 6 Aok BBk, AR, SR HZRBAE KT S, =B A
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Fig.2 Daily variations of water consumption of triploid P. fomentosa in growth seasons in 2008 and 2009
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