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Study on sap flow in forest of Quercus liaotungensis and Populus davidiana by

using the TDP method

SUI Xuhong' ,ZHANG Jianjun'>* , WEN Wanrong’

1 College of Soil and Water Conservation ,Beijing Forestry University , Bejjing 100083, China
2 Key Laboratory for Soil and Water Conservation & Desertification Combating of Ministry of Education ,Beijing Forestry University , Betjing 100083 , China
3 Jixian County Hongqi Forestry Farm in Shanxi Province ,Shanxi Jixian 042200, China

Abstract: Stem sap flow of 15-year-old Quercus liaotungensis and Populus davidiana trees on the Loess Plateau, western
Shanxi Province, was measured with a thermal dissipation probe during the growing season from April to October, 2009.
Sap flow responses to meteorological factors, and diurnal and seasonal stem sap flow variations were analyzed. The
objectives were to establish a sap flow rate model with meteorological factors and to provide a theoretical basis to establish a
water-saving and drought-resistance model. Sap flow velocity (SFV) of both species exhibited diurnal patterns and was
higher when soil water was abundant than during drought. The daily maximum SFV was in the morning or at night in April,
while the stem sap flow increased sharply after sunrise and peaked around noon, and sap flow was weak or almost
nonexistent from sunset to sunrise in July. The SFVs of both species at night were higher than during the day, which showed

they suffered serious daytime water stress in April. The P. davidiana sap flow ‘ noon-rest’ might be caused by high
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temperature or high light intensity in April. The daily SFV maximum values in April in Q. liaotungensis and P. davidiana
were 2. 808 and 1.188 ecm/h, respectively, the minimum velocities were 0.218 and 0 em/h, and the average values were
1.440 and 0.516 cm/h. In July, the daily maximum values of SFV in Q. liaotungensis and P. davidiana were 12.276 and
20. 448 cm/h occurring between 10:00 and 16;00, the minimum values were 0. 144 and 0.288 cm/h, and the average sap
velocities of the two species were 3.656 and 6.328 c¢cm/h, which showed that there existed a significant difference between
the two tree species. The daily maximum and minimum SFVs in April were higher in . liaotungensis, whereas in July the
daily maximum ( occurring between 10:00 and 16:00) and minimum SFVs were higher in P. davidiana. The daily
maximum SFV on sunny days was higher than on cloudy days for Q. liaotungensis in July; the average SFVs on cloudy days
was 0. 95—-fold that on sunny days and 0. 75-fold that of P. davidiana. There was shorter duration peak on cloudy days than
on sunny days to P. davidiana. The lowest average SFVs were recorded in April (1. 106 and 0. 626 cm/hfor Q.
liaotungensis and P. davidiana respectively) , whereas the highest values were recorded in June (5.112 and 8.214 ecm/h;
4.62- and 13. 12-fold those of April, respectively). The estimated total water consumption used for tree transpiration for Q.
liaotungensis was much higher than that of P. davidiana over the whole growing season (201. 14 mm and 56. 43 mm,
respectively; the former was 3.56—fold that of the latter). Diurnal changes in sap flow were closely related to changes in
environmental variables, but the dominant environmental factors differed between the species. Air temperature and solar
radiation were the main factors influencing diurnal changes in Q. liaotungensis SFV , whereas solar radiation and water vapor
pressure deficit were the principal factors for P. davidiana. A statistical model to calculate SFV from micrometeorological

data is provided.

Key Words: Loess Plateau in western Shanxi Province; sap flow velocity; water consumption; Quercus liaotungensis ;

Populus davidiana
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Table 1 Basic situation of the observed sites

it Wi W o wcFRm movm E gy ERE
T Aol Wiz /o . B /m  JfE/ em o Wi/ % ) /( m*/hm)
R /a N /N° Canopy . . Under crown/ (#/hm?) /(m*/hm) .
Species Slope h Height Diameter . . Grass Storage
Age Aspect density height  Population Basal area j
coverage capacity
\T/ NZN
LZ‘FH— . 15 35 40 40 7.1 6.7 4.3 1655 90 5.8 70.5
Q. liaotungensis
T
uﬂ:ﬂj 15 35 40 35 8.6 7.2 4.6 300 90 5.1 63.0
P. davidiana
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Fig.1 Diurnal fluctuation of sap flow velocity of Quercus wutaishanica and Populus davidiana in April 14" to 16

http ; //www. ecologica. cn



4794 A E = 314

RN 97K 53, J 8 P sl N LTS R, BRARAE IR N K 3 28 16 T 2

PR Fofr 32 TE] A RS 380 0 R S T 1 R U AR R 52 1) 1 P i ik e i, R ol T 28 0 Sk s 2, 7
P L3 Z I T BROK 422 (B AT RE h T 5 K A ORAR T 7 A % O ZE A A K 70 To ik ik B e b
1, TP EE R IR R B, BE] T AL SRR A AR 38 22 ] By 7K 3 2 80N i AR TR A AR
FA R TR 2 o R FEAR BEAK S, TSR AR IEE 11 R 7K A3 T AR i o 5 ) 22 0 B B
TS R 5T

126 2 T, A ARMRIY H -3 T s 2 LA 1 1. 79—4. 57 A%, WA S 10 S e T T AR o 0 T R 1) 2 5
4 F A WOV (L 19 e AP T2 252 - eSS KA I ) 240, T LE AR R LA W0 T 1 PR o5 WG ik e i 2 B 7 - K
OP AR ZEPE T BB BOR B AR S A 5, Ol AR T DR SR X BE R BT L

®2 4 AMIFEH LGB ERERZLHS

Table 2 Diumal sap flow velocity of Quercus wutaishanica and Populus davidiana in April

ITHME Q. wutaishanica 114 P. davidiana
H PR L fE
1 i Ty . GEETE
b WA sl O s e TR G )
Peak time Peak ' . Peak time Peak . Average rate
Average velocity Average velocity .

ratio

414 H 700 1.728 1.152 8:00 0.576 0.252 4.32

4H15H 8.00 2.808 1.944 8:00 0.972 0.612 3.28

416 H 8:00 1.980 1.224 20.00 1.188 0.684 1.76
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Fig. 2 Diurnal fluctution of sap flow velocity of Quercus wutaishanica and Populus davidiana in sunny days
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Fig. 3 Diurnal fluctution of sap flow velocity of Quercus wutaishanica and Populus davidiana in cloudy days

Table 3 Diumal sap flow velocity of Quercus wutaishanica and Populus davidiana

®3 TIFRHFILGBMERERZUHNS

U HER Q. wutaishanica

114 P. davidiana

- s g PR Vel RPMECR PRI
Date R ey /() BT R/ (em/h)/Cenh) (/D
Start time = . i Average Start time Peak time Peak Average Average rate
Peak time Peak ) . .
velocity velocity ratio( Q. /P. )
07-11 7.00 1000 11.772 4.032 7:00 1200 17.316 7.632 1.89
07-12 8.00 10:00 11.628 3.744 8.00 10:00 18.036 7.308 1.95
07-13 8:00 1000 12.276 3.492 8:00 11:00 16.812 7.218 2.10
07-14 8.00 16:00 10. 368 4.716 8.00 12.00 18.252 6.516 1.34
07-15 8:00 1000 11.304 2.736 8:00 11:00 20. 448 6.696 2.46
07-16 10:00 15.00 7.092 2.448 1000 15.00 13.896 3.708 1.51
07-17 8:00 12:00 10. 548 4.428 8:00 10:00 17. 640 5.220 1.18
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Table 4 The monthly average of stem sap velocity in different month ( cm/h)

m T HBE Q. wutaishanica 114 P. davidiana
Momh  Vs(H)  Ve(BO) . W) Va(H) V() . Ve H)/Vs( )
Vs(Day) Vs( Night) Vs( Day/Night) Vs(Day) Vs( Night) Vs( Day/Night)
4 0.763 1.448 1.106 0.53 0. 448 0. 803 0. 626 0.56
5 5.957 2.437 4.197 2.44 7.323 3.734 5.529 1.96
6 9.007 1.218 5.112 7.40 15.796 0. 631 8.214 25.03
7 7.137 1.434 4.285 4.98 13.877 0.946 7.412 14.67
8 5.374 1.147 3.261 4.69 11.803 1.824 6.814 6.47
9 4.362 1.008 2.685 4.32 10.097 0. 499 5.298 20.23
10 3.651 1.311 2.481 2.79 3.609 3.053 3.331 1.18
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