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Transpiration responses of a poplar plantation to the environmental conditions on
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Abstract; Poplar plantations are the most prevalent and the fastest expanding plantations in Northern China. However, the
high water use of poplars necessitates careful consideration of their suitability for water —stressed regions. It is essential to
find out the relationships between the water transpired by poplar plantation and environmental factors during different
growing periods, which is very important in poplar plantation sustainable management. Many researchers have done a lot of
job on this subject, but few referred to a mature fast growing poplar stand. In the current study the water use and response to
environmental factors was evaluated by simultaneous measurements of sap flow using the TDP (Thermal Dissipation Probe)
method , micrometeorological conditions and soil moisture in a 13-year old poplar ( Populus euramericana cv. “74/76”)
plantation located on the floodplain of Yongding River in Daxing district, the southern suburb of Beijing, China from 2010

to 2011. Our objectives were to illustrate the water used for transpiration by this 13-year old fast growing poplar plantation
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and explore how the tree/stand transpiration responses to the different environmental conditions. The results showed that the
daily pattern of sap flow was a bell curve. The daily water consumption of individual trees ranged from 6.4 to 59.7 kg/d,
varying by season and sapwood which was calculated through the trunk diameter at breast height. On a ground area basis,
the growing season transpiration was 114 and 175 mm in 2010 and 2011, respectively. It accounted for 30%—37% of
precipitation over the same periods. Compared to earlier reports for poplars in literature, the observed water use was
relatively low, likely attributable to growing age and no available irrigation during the study period. A diurnal hysteresis was
observed between sap flow and vapor pressure deficit { VPD). Similarly, this situation was also true between sap flow and
net radiation (Rn). The hysteresis was greater with high than low soil moisture,, suggesting that transpiration did response to
the change of soil moisture though indirectly. On daily scale, significant correlations were observed between daily stand
transpiration and Rn, VPD and soil moisture. Besides, the relationship between transpiration and soil moisture was related
to the depth of soil. The soil moisture under the surface 30—90cm affected transpiration most effectively. When the soil
moisture changed, the relationship between stand transpiration and Rn or VPD varied. The growth of VPD stimulated the
stand transpiration when it was not greater than 1 kPa. The over great value of VPD would slow down the growth of stand
transpiration. Compared to the data of earlier research at this site, we found that the transpiration of the plantation declined
with the stand age. On a monthly and annual scale, transpiration was correlated with rainfall, suggesting limited soil water
storage. Simultaneously, we found that during dry months when transpiration could not be satisfied by rainfall, soil water

storage offered the water to be transpired. However, the source of soil water storage was also come from rainfall thus the

transpiration between 2010 and 2011 were quite different because of great rainfall difference in these two years.

Key Words: transpiration ; poplar plantation ;sap flow ;environmental factors
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Table 1 The frequency distribution of DBH in 2010—2011

2B/ em $5 3% Frequency/ %
DBH class 2010 2011
0—2 0.0 0.0
2—4 0.0 0.0
4—6 0.7 0.0
6—8 7.7 1.3
8—10 13.2 5.6
10—12 15.8 7.3
12—14 12.1 10.6
14—16 15.0 15.9
16—18 13.6 25.2
18—20 9.2 11.0
20—22 8.1 10.0
22—24 4.0 7.3
24—26 04 4.0
26—28 0.4 1.0
28—30 0.0 0.7
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Table 2 Monthly stand transpiration during growing seasons in 2010 and 2011

AB#EBER/mm MRS T Z L % HABAAKBE/ (mm/d)
At Monthly T Ration of T and P Maximum daily T
Month
2010 2011 2010 2011 2010 2011
5 13.9 23.4 139.3 122.9 0.7 1.0
6 16.7 25.2 22.4 4.1 0.9 1.3
7 14.5 35.4 48.7 15.9 0.7 1.6
8 27.0 40.6 17.1 23.5 1.6 1.9
9 23.1 252 29.5 112.6 1.5 1.9
10 18.4 25.0 74.1 215.5 1.0 1.4
B/ B F1 Sum/ Average 113.7 174.8 30.4 34.6 1.1 1.5
0.0030
T 0.0025 |
. B
& & 0.0020
E £ 0.0015
o
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B2 00010 ¢
S
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-0.5 0 0.5 1.0 1.5 2.0
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Net radiation /(MJ-m™2.d™!)
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» 0.0025 | '» 00025 | o ypp<ikPa: ¥PD-J
1 1 OO
< & o000 | ~ § o000 | o Q%
73 o 2 0
gg 0.0015 - Eg‘ 0.0015 | )
29 3 ¢
H 5 00010 | 2 00010 | 6 o
® = S = o 3
& 0.0005 [ o O VPD >0.7kPa: VPD-J, & 00005 WO
% ® VPD<0.7kPa: VPD-J,
O L

0 0.5 1.0 1.5 2.0 2.5 3.0
HRIKSEZ VPD
Vapor pressure deficit/kPa

H4

0 0.5 1.0 1.5 2.0 2.5 3.0
HRKSER vPD
Vapor pressure deficit/kPa

WHEESREH MRS EERHRKR

Fig.4 The hysteresis between sapflow velocity (J,) and net radiation (R,), vapor pressure deficit (VPD)
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R2=041 Sig<0.02
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Daily stand ranspiration/(mm/d)

[ ]
fo3
® % T=-691.9 + 692.5Rn%0002
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Fig.5 The relationships between daily stand transpiration and Rn, VPD
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MR K E 7, BRI ARR, /M2 B AR X 6
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M H ) Eak, TEE R AR ZE BN S KE
(REW) BT 2R BB M) SR ELRE . Xt B T AP
v, B4k 2010 4E 2011 4E/9 8 A Rn B BB A VPD
ABEBRBERRAERKENMEKRE, BRI TS
ABMAR, A REBELES ARIRLK,

ERHTERA, KRR E—EBRE LR
R ZEFE , T ARYE I 1, 3k A RERE R I sh i K, B
R, AT TR I 8R OC 1 R TR R 2R B 2 (k] Y O
Fo Zeppel FIETHEM KR EARRMAITER (T 4F
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Table 3 Soil water storage of different depths during growing season in 2011

Afn +IEEHRE Depth of soil
Month 20 ecm 30 cm 60 cm 90 cm 120 ecm 160 em 200 ecm
5 -0.07 -0.01 0.00 -0.05 0.00 -0.02 -0.04
6 0.23 0.06 0.12 0.21 0.00 -0.05 -0.04
7 -0.02 0.05 0.11 0.38 0.39 0.15 -0.01
8 0.14 -0.06 -0.18 -0.36 -0.25 0.35 0.56
9 -0.34 ~-0.03 -0.04 -0.23 -0.11 -0.33 -0.06
10 0.00 -0.02 -0.03 -0.07 -0.04 -0.08 -0.05
s BB B ILE 2010 55 2011 SR MARGAG RN THRE

TEA BT, B A R B B bR B R R RS FE K B
542 2 IE A OCR &R X L H A IR 8 B9 R A
Ak, FIARB PO AR S R 59 B AR R RE FEK B/ T 1l
INFBARRFEK B, BEE MR RO K, IR E KB

S FE 7K B BOPR 43 A K AT H B I/ A B, 2010 0
2011 AR A KM S REK B B4 0 113.7,
174.8 mm, (5 [F) 3 FE TR A9 30.2% .34.6% . & /N
REEE Bk HE AN TS Re VPD ¥377 16 I i
BER, BAEARRK KR, 5 4 DL B
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AARR., B RE L, k7% 5 Rn #1 VPD ££—
EWENFEEMXER, AX—XEZ3 LK
I SAF BRI ; 24 Rn F0 VPD 53 KB X RN IE M6 %
EXIMH. EARBEREREL BWEE WY
RWAIHMKS SEBENTERE, B Y ERET
BGRB8 A TARAR 2 28 18 B 1O 4E B A4k
BK,
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