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Abstract: In agriculture ecosystems, more than 90% of all water input is lost by evapotranspiration ( ET). Thus, the
accurate measurement of ET and its associated components (i.e., canopy transpiration and soil evaporation) are essential
for many agricultural applications, such as irrigation scheduling, drainage, and yield forecasts. In the arid region of
northwestern China, water resources are rare and are often the restricting factor for plant production. By comprehensively
using the sap flow method and eddy covariance ( EC) technique, the single tree sap flow velocity and evapotranspiration
flux from the grapevine in a desert oasis ecosystem located in Nanhu County, China, were measured during a typical growing
season from July 13 to September 12, 2013. Canopy transpiration was then obtained by multiplying the average sap flow per
leaf area unit by the leaf area index (LAI) , and compared with the EC-measured evapotranspiration flux. The results showed
that the diurnal dynamics of sap flow velocity of all sample trees exhibited single peak curves. With increasing diameter of

the grapevine at breast height (DBH) , the peak in the diurnal variation of sap flow velocity tended to increase. Thus, the
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sap flow velocities of different single trees were mainly controlled by DBH. The average daily water consumption of the
grapevine was exponentially associated with DBH, while the regression relationships differed significantly in different
months. Mean water consumption of each sample trees ranged from 2.76 kg to 10 kg during a typical growing season, which
was consistent with previous studies on the water consumption of Tamarix ramosissima in the hinterland of Taklimakan
Desert in China. Daytime dynamics of canopy transpiration upscaled by sap flow (E ) and evapotranspiration measured by
EC (ET,) both exhibited the unimodal type, and their variation trends were also relatively identical. From 08:00 to 12:00
and 17:00 to 20:00, there was good agreement between the values of E and ET,, which means that evapotranspiration
primarily originated from canopy transpiration for this period. However, from 12:00 to 17:00, the values of E were lower

than those of ET

ec?

due to the contributions of soil evaporation to the evapotranspiration process. During the study period,
the daily evapotranspiration varied from 1.74 mm/d to 10.12 mm/d, with a mean value of 7.13 mm/d, while daily canopy
transpiration ranged from 1.88 mm/d to 8.12 mm/d, with a mean value of 6.12 mm/d. The ratios of daily canopy
transpiration to daily evapotranspiration varied from 60% to 98.3% , with a mean value of 85.8%. On cloudy and rainy
days, the difference between daily evapotranspiration and daily canopy transpiration was very small, with both being less
than 5 mm/d. These results indicate that evapotranspiration was dominated by canopy transpiration during the growth stage
of the grapevine. The difference in daily evapotranspiration and daily canopy transpiration was daily soil evaporation with a
mean value of 1.01 mm/d. However, this result still needs further experimental verification. Thus, the comprehensive use of
the sap flow method and eddy covariance technique may help us to identify the characteristics evapotranspiration and its
different components ( canopy transpiration and soil evaporation) in ecosystem efficiently. This information will improve our

understanding about how the evapotranspiration process interacts with environmental factors.

Key Words; Sap Flow, Heat Balance method, Eddy Covariance, Canopy Transpiration, Evapotranspiration
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Fig. 1 Schematic plot of study site (Includes the scope of study site, instrument, sample trees and wind rose plot and the result of

footprint analysis)
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Table 1 Parameters of the sample-trees used for sap flow measurement

5 e Mz s JEHE i s 4 A R
Sample tree No. Hight/m Diameter at breast height/cm Perimeter/cm Cross sectional area/cm
DG1# 4.5 1.62 5.10 2.07
DG2* 4.6 1.91 6.00 2.87
DG3* 4.3 3.18 10.00 7.96
DG4* 4.5 3.34 10.51 8.78
DGSs* 4.6 3.89 12.22 11.85
DG6* 4.4 4.14 13.01 13.46
2.2 KTk
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Fig. 2 Diurnal dynamics of mean sap flow velocity of different sample trees in a typical growth season
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Fig. 3 Dynamics of daily water consumption of different sample trees and precipitation in a typical growth season
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Fig. 4 Daytime dynamics of canopy transpiration E, and evapotranspiration ET,. measured in different months

20 — - 110

- = [ ] E/EL
18 i+ A ETec -1 100
. M —x— Ey .

50

&
X O
~

20

TR AN Ey B AR R RET,.
Daily canopy transpiration and daily evapotranapiration/(mm/d)
=
)
1
|
|
- —~e
: [*))
)
T JEFRNE E oy UK ET e
Ratios between daily canopy transpiration to daily evapotranspiration/%

09-11 E
09-12

o o
08-15 e
c =

o

07-13
07-17 E
07-23 E
07-25 E
07-30
08-01 E
08-09 £
o 08-13 E
08-18 E
08-22 E
08-26 E
09-01 E
09-08 E

H

al

b=

€

Bs5 #HEEE#HEBERFHKET, MEEATWL(7.13—9.12, #RERKXBRIIEEEES B RITERKRKLLE)
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