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Trees transpiration response to meteorological variables in arid regions of

Northwest China
CHEN Ren-Sheng, KANG Er-Si, ZHAO Wen-Zhi, ZHANG Zhi-Hui, YANG Jian-Ping, ZHANG ]Ji-Shi

(Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China). Acta
Ecologica Sinica,2004,24(3) :477~485.
Abstract: A central issue in hydrology today is to establish relationships between hydrological and biological processes in
ecosystems. Water availability is a sparse and often restricting factor for plant production in the Arid Regions of Northwest
China (ARNC). Owing to the analogy between the transpiration and CO, diffusion processes., water shortage may limit CO,
assimilation and reduce the photosynthetic process. While for the low vegetation density and high soil evaporation, the water
use efficiency is very low in ARNC. In order to use the short water resources efficiently to get high plant production, and to
protect the deteriorating environments such as desertification and sandstorm in ARNC, where a number of shelterbelts and
some riparian forests are in existence, transpiration of the major five tree species in this region are measured using sapflow
techniques in the summer and early autumn, 2002. Tree transpiration is the major pathway for both water and energy leaving
the forest ecosystems, and it depends on soil moisture and other weather parameters strongly. The scale at which the forest is
studied answers different questions in the context of energy and matter. Studies at tree level provide an averaged response of
the mostly non-linear physiological processes, and are therefore, more useful for empirical modeling.

The two experimental sites are located in the midstream and downstream of the Heihe river basin that is the second largest
inland river basin of ARNC. named Linze and Erjinaqi, respectively. In the Linze site, the Mongol Scotch Pine (Pinus

sylvestris var. mongolica Litvin) ,» Dryland Elm (Ulmus glaucescens Franch) and Gansu Poplar (Populus gansuensis C. Wang et
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H. L. Yang) are the dominated tree species. A desert riparian forest in Erjinaqi is selected where the Euphrates Poplar
(Populus euphratica Oliv. ) and the Russia olive (Elaeagnus angustifolia Linn. ) are the dominated tree species.

An ENVIS System EERIL 3 (GMBH) was used to measure microclimate variables, soil moisture and sapflow every half
an hour in each site. Sapflow was measured using sapflow sensors (UP GMBH) at 1. 3m height for each selected tree, and the
measuring principle is the heat diffusion method. The leaf area index (LLAI, LAI2050,L.I-COR INC. ) and the projected area
(PA) of each observed tree are measured. Fredrik et al. summarized the relationship between the sapflow and transpiration,
and stated that the sum of transpiration totals could be assumed to equal the sum of transpiration in daily scale in usual
conditions. Thus the transpiration per leaf area and the tree conductance (7'C) are calculated in daily scale according to the
methods

E=F X 1000/(PA X LAI X 24 X 60 X 60)

2+ s 1), PA is the tree canopy projected area (m?), LAI is leaf area

Where E is the tree transpiration per leaf area (g » m~
index, and F is the daily sapflow (1 «d ").
Tree conductance (T'C, m s~ ') is a function of daily averaged vapor pressure deficit (D, Pa) and the tree transpiration per
leaf area E .
AEY

TC =255

where 2 is the latent heat of evaporation of water (2465 J « g '), 7 is the psychrometer constant (65.5 Pa « K '), p is the
density of the air (1225 g * m™?), and ¢, is the specific heat of air (1.01 J+ g~ '« K™1).

In the observed period, the averaged sapflow of Euphrates Poplar is 22. 64 1 « d ' and of Russia olive is 6. 951« d'. The
averaged sapflow of Mongol Scotch Pine, Dryland Elm and Gansu Poplar is 4.03 1 +d ™', 4.601+«d 'and 10.931+«d "',
respectively. The averaged transpiration per leaf area of Euphrates Poplar and Russia olive is 0.34 and 0.13 mm + d ',
respectively, while of Mongol Scotch Pine, Dryland Elm and Gansu Poplar is 0. 25mm * d ', 0.55 mm «d 'and 2.19 mm -
d~!', respectively. The averaged T'C of Euphrates Poplar and Russia olive is 0. 00025 and 0. 00011 m * s ', respectively. while
for Mongol Scotch Pine, Dryland Elm and Gansu Poplar, the averaged value is of 0.00037 m * s~ ', 0.00082 m * s ', and
0.0033 m « s ', respectively.

The relationships between 7'C and air temperature, vapor pressure deficit, global radiation or soil relative extractable
water are correlated using least square method. In most cases, the relationship between 7'C and daily averaged air temperature
or vapor pressure deficit is exponential, and between T'C and global radiation or soil water content is versatile.

The vapor pressure deficit D, global radiation R, air temperature 7" and soil relative extractable water Orgw are also used
together to fit an empirical model of T'C for each tree in each observed stage using numerical iteration methods. The function
has the form like this:

TC = f(D)S(R)f(T) [ (Orew)

The relationships between T'C and all the selected weather factors are better than the relationships between 7TC and any
single factor. The transpiration per leaf area is also simulated and the results are well too. However, the transpiration could
not be simulated as well as the T'C', because it is a function of 7'C and vapor pressure deficit.

The direct relationship between sapflow or transpiration per leaf area and any single meteorological variable is not found in
this study.

Key words : transpiration per leaf area; tree conductance; weather variable; response; models
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,1C (m*s ')3A (2465] « g~ ')37 1
(65.5Pa « K ;0 (1225g » em %) Table 1 Dendrological properties of the sapflow trees
¢ (1.0l +g ' =K 1.
. Mongol Dryland Gansu Euphrates Russia
Fredrik [ s D(Pa). Items 80 Y P .
scotch pine Elm  Poplar Poplar  olive
R(W +m %), TCC Ore -
(Wem 5 (C) REW Diameter (cm)  15.9  13.7  18.0 25.5  17.5
o Fredrik , Height (m) 6.9  10.1  20.4  14.5 6.7
\ Projected
5 9.6 8.0 3.8 26.0 42.0
[107 area (m?)
b o
0 . .5 .
s s Leaf Area Index 1. 65 1. 05 1. 32 2.56 1.29
R : Leaf area(m?)  15.8 84 5.0  66.6  54.2
TC = f(D)f(R)f(T)f(lgREw) (6)
[17:’ [10]0 NSE[IX]:
DI (TCpe — TCha)?
NSE =1 — = (7
D I(TC. — TCy)?
i=1
A Cie i A Cinoa i T Cos n . NSE=1
[19]
,2002 o 2,
2 2002
Table 2 Effective observed period for each sapflow tree in 2002
Stages Mongol scotch pine Dryland elm Gansu poplar Euphrates poplar Russia olive
1 05-27~06-08 05-27~06-08 05-27~06-08 06-12~07-16 06-12~07-16
Stage 1 May 27~ June 8 May 27~ June 8 May 27~ June 8 June 12~]July 16 June 12~July16
2 06-18~07-14 06-18~07-14 06-18~07-14 08-12~09-06 08-12~09-06
Stage 2 June 18~July 14 June 18~July 14 June 18~July 14 Aug. 12~Sep. 6 Aug. 12~Sep. 6
3 07-24~10-11 07-24~10-11 07-24~10-11
Stage 3 July 24~0Oct. 11 July 24~0Oct. 11 July 24~0Oct. 11
2
2.1
o 9,
1.
2.2
3 o 3 ’ b b
b ’ b o b
2.3
4~ 8 o 4, 1,
s 2 3 B s
b o
5 o 1 s
2, ,R*=0.60, 3 . o 2 3,
C 6),R*=0.97, B

’
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Fig. 1 Soil moisture characteristic curve in Erjinaqi site
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Table 3 Averaged daily sapflow, conductance and leaf area transpiration in Linze and Erjinaqi Experimental sites in 2002

Transpiration

Tree species Stages Sapflow (1 +d~!')  Conductance (m * s~ 1) per leaf area (mm +d—1)
Mongol scotch pine 1 Stage 1 3.88 0. 00029 0. 25
2 Stage 2 3. 67 0.00032 0.23
3 Stage 3 4.18 0. 00041 0. 26
Dryland elm 1 Stage 1 3. 65 0. 00048 0. 44
2 Stage 2 2.95 0. 00047 0. 35
3 Stage 3 5. 36 0.0010 0. 64
Gansu poplar 1 Stage 1 14.99 0. 0035 3.00
2 Stage 2 10. 66 0.0031 2.13
3 Stage 3 10. 32 0.0033 2.06
Euphrates poplar 1 Stage 1 28.27 0. 00025 0.42
2 Stage 2 17.47 0.00024 0. 26
Russia olive 1 Stage 1 5. 47 6.03X10°° 0.10
2 Stage 2 8.481 0. 00015 0.15
4
Table 4 Relationship between Mongol Scotch Pine conductance TC and weather factors in the whole 3 stages in 2002
1 3

TC in stage 1 (m*s 1)

TC in stage 2(m + s~ 1)

TC in stage 3(m + s~ 1)

TC=—0.0003In(D)+0.0028

TC=0. 0263[)70'6”1

T'C=0.0009¢ % 00080

D (Pa) R?=0.9748 R2=0. 7629 R2=0. 6209

TC=0.001e 00057 TC=0.0006e 0-0028R TC= 0.0008¢ 00012
R(W »m ?2) R?=0. 6646 R2=0.3724 R2=0. 313

TC=0.0085¢ 015997 TC=0.0048¢ 012617 TC=0.00]6e 0 08327
T (C) R2=0. 849 R?=0.7033 R2=0. 6439

) TC=—8335. 80kpw+3504. 10kpw .
TC=5.92950kzw — 0. 8740rEW TC=0.0005¢ 19 605REw
—549. 40%zw + 38. 060rEw — 0. 983
Orew +0.1482 R?=0.9108 o 1" REW 05 ‘ TUEY R2—0.3292
2=0. 3313
, C D, 1,

R
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5

Table 5 Relationship between Dryland Elm conductance 7C and weather factors in the whole 3 stages in 2002

1 2 3
TC in stage 1 (m+s™ 1) TC in stage 2(m + s~ 1) TC in stage 3(m * s~ 1)
TC=4X10"19D?—2X 10 5D-+0.0017 TC=0. 0007¢ " 00010 TC=0. 0033¢ 000110
D (Pa) R?2=0. 9882 R2=0. 3746 R2=0. 6801
. , TC=—3%10"8R?+6X 10 R+
TC=2X10"8R2—1X10 "R+0.0019  TC=0.0007¢ 022K 0. 0013 *
R(W +m 2 R?=0. 661 R?=0.1993 T
(Wem D 6618 B R?=0. 3699 )
TC=1X10"5T2—0. 000674 0. 0069 TC=0. 0067¢ 012427 TC=0. 0093¢ 013427
T () R?=0. 9354 R2=0. 6002 R2=0.8079
TC = — 144890kpw + 6069. 50kpw —
TC=8. 5970kew —2. T180kew +0-2152 o o _‘2‘20 ) 688‘;‘” g TC=—0-0004Ln(Grew)
Oxew R2=0.9127 P HOREWTE DY 0 £BUREW T L —0.0009 R2=0.5798
—0. 2551
6

Table 6 Relationship between Gansu Polar conductance TC and weather factors in the whole 3 stages in 2002

1 2 3
TC in stage 1 (m*s™ 1) TC in stage 2(m + s~ 1) TC in stage 3(m + s 1)
TC=0. 0144¢= 010 TC=0. 0079¢ - 008D TC=0.0091¢~ 010
D (Pa) R?=0.7597 R?=0.7916 R?=0.6269
TC=—0.0038Ln(R)+0.0241 TC=—0.0019Ln(R)+0.013 TC=0.0082¢ 000K
R(W +m™?) R?=0.4235 R?=0. 3351 R?=0.2987
TC=—0.0152Ln(1) +0. 0505 TC=0.1881¢ 19027 TC=0.0243¢ 1237
T (C) R?=0.9701 R?=0.8592 R?=0.7599
TC=—0.51890rew+0. 0848 TC=6.35790rew?— 1. 31880rEw TC=—0.0014Ln(0rew)
OrEW R?=0.6208 +0.0707 R*=0.1183 —0.0031 R?=0.3882
7

Table 7 Relationship between Russia olive conductance TC and weather factors in the whole 2 stages in 2002

1 2
TC in stage 1 (m s~ 1) TC in stage 2(m + s~ 1)
D (Pa) TC=—1X10"1"D*+2X10 8D+9X10"° R?=0.4126 TC=0.0007¢ 000110 R?=0.3511
R(W «m ?) TC=1X10 500K R?2=0. 3362 TC=—2X10""TR-+0.0002 R?=0.003
TCCe) TC=—7X10"%T+40.0002 R?=0.3339 TC=0.0035¢ 015127 R?=0.2671
OrEw TC=0.00170rew?— 0. 00050rEw +9 X 10° R?=0.324 TC=0.0034e " *30rpw R?=0.4074

8

Table 8 Relationship between Euphrates Poplar conductance TC and weather factors in the whole 2 stages in 2002

1 2
TC in stage 1 (m+s™ 1) TC in stage 2(m * s~ 1)
D (Pa) TC=0.0007¢ 0000 R?=0.7304  TC=0.0007¢ 00000 R?=0.4115
ROW +m=2)  TC=0.0001¢" 023 R?=0.3116  TC=2X10 SR 17! R?=0.0775
TCC) TC=—2x10"5T+0. 0008 R?=0.7046  TC=0.0009¢~ 052" R?=0.1595
TC=0. 00480kew —0- 00510k .
Orew TC=0. 00460kew —0- 00160xEw +0. 0004 R?=0. 2980 TR R R?=0.0728
+0. 0015
1 C 8, s
2, s s 2 o
4~ 8 [} ’ ’

2.4
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Table 9 Evaluation function NSE values for leaf area transpiration models
Stages Mongol scotch pine Gansu poplar Dryland elm Russia olive Euphrates poplar
1 Stages 1 0.912 0. 821 0.796 0. 464 0.427
2 Stages 2 0.578 0.501 0.452 0.591 0.601
3 Stages 3 0.324 0.503 0.671
, 0.25mm « d ', 0.55 mm «d ', 2.19 mm «d ',
0.34  0.13mm-d ',
s L031ed?, 4.601«d7", 10.931+d7%,
22.641«d" 6.951+d7",
b b b o
b o . o
., o
b o - b
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