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Driving I nfluence of Environmental Factorson the Sap Flow of theArtificial Poplar
Forest on Sandy Land
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Abstract: Stem sap flow is an important basis to characterize the transpiration of trees. Studying the dynamic
characteristics of sap flow and the driving effects of environmental factors on it is of great significance to explore the
physiological characteristics and water dynamic changes of trees. Populusx euramericana cv.‘74/76’ is one of the
main fast-growing tree species widely cultivated and also a water-fertilizer-sensitive tree species. The amount of
water directly affects its growth. Populusx euramericana cv.‘74/76’ in Luannan county forest farm in Tangshan city
was taken as research object, the drip irrigation method was used to set the soil volumetric water content at
15%—-20%, 10%—15% and 5%—10% respectively by controlling the irrigation time, the soil volumetric water content
was respectively set as 15%—20%, 10%—15% and 5%—10% by drip irrigation, the sapwood flow rate of
Populusx euramericana cv.‘74/76” was measured by the thermal dissipation probe(TDP), and the solar radiation, air
temperature, atmospheric humidity, atmospheric pressure, wind speed and other meteorological factors were

simultaneously monitored by using the HOBO automatic weather monitoring station to explore the change rules of
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sap flow during day and night under different environmental conditions, establish a regression model between
meteorological factors and the sap flow, analyze the water utilization of trees in different environments in order to
provide guidance for the formulation of reasonable water irrigation strategies for fast-growing and high-yield
plantation. Tharted earlier, peaked higher, lasted longer, and fluctuated more at night than cloudy and rainy de results
showed that the sap flow was driven by different weather conditions, it on sunny days stays; The sap flow was also
driven by soil moisture, under the condition of soil water shortage, the start time was late, the peak was low, the
duration was short, and it changed steadily and increasingly at night. After time lag analysis, it is found that there is a
"time lag effect" between the sap flow and meteorological factors, the sap flow lagged behind the solar radiation for
40 min, and was ahead of temperature, relative humidity and VPD (vapor pressure deficit) for 60min. There was a
"hysteresis loop" relationship between sap flow and VPD, meteorological factors all had a significantly driving effect
on the sap flow after the time lag dislocation, it had the greatest correlation with air temperature and stronger driving
force during the day, while had the greatest correlation with VPD and stronger driving force at night. After time lag
dislocation, the imitative effect of sap flow and meteorological factors was better than before. It can be seen that
the environmental factors had an obvious driving effect on the sap flow, especially weather types, meteorological
factors, and soil moisture, the regression model established between the weather factors and the sap flow after the
time lag can better explain the relationship between the two mathematical relationship, meanwhile, sap flow can
better reflect the water condition of sandy soil and the water consumption characteristics of trees, which provided a
strong basis for the precise irrigation strategy of poplar fast-growing and high-yielding forests.

Key words: Sap flow; Thermal dissipation probe; Sandy land in eastern Hebei; Populusx euramericana cv.74/76’;
Environmental factors
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Tablel Soail particlesizedistribution in the study area

Hi4% Particle

7 kb Percentage(%) Z B Accumulation(%)

size(pm)
0.02-2.00 1.79 1.79
2.00-20.00 7.59 9.39
20.00—1000.00 90.61 100.00
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Table2 Basic soil propertiesin the study area

RBP4 KRR .
AT 1% EL R T AR W e AR
Volume Length
Area average Specific surface Peak
average average
diameter area particle size
diameter diameter
(um) (m*kg™) (wm)
(um) (um)
134.267 25.061 1.558 88.670 174.138
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Table3 Diameter at breast height, height and crown width

of test trees
o e ) s
T W
Diameter at breast Crown
Number Height(m) )
height(cm) width(m®)
1 14.3 9.3 17.12
2 12.9 8.7 12.35
3 12.0 8.3 8.54
4 11.7 7.5 11.20
5 11.9 7.7 10.80
6 12.2 8.2 12.95
7 10.9 7.5 7.54
8 11.2 7.9 10.15
9 12.5 8.3 8.92
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Fig. 1 Diurnal variation of trunk sap flow on the typical weather days
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Fig. 2 Diurnal changes of trunk sap flow with different soil moisture
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Note: Ta is the air temperature, RH is the air relative humidity, Rs
is the solar radiation intensity, VPD is the saturated vapor pressure

#H2% Z % Correlation coefficient

difference. The dashed line indicate the time when correlation
coefficient reached the maximum value. The same as below.

B, HENEHEETRE, WERIHF#H—

He5E, WA 2 BB ﬁﬁﬁ.%?gﬂéﬂllﬁzﬁﬁ
SR B Ak 55, TR0 I A 4 B A ST B sk /N 1T 2
B, I EAFRESAEIR, XMCRETA
“IRFFEIIR” (hysteresis loops) < 2, B _EFFHiZEA1 T

PR A E S, & 4b Bon, MRS VPD [
2 [0 2 3o A 2 R 5 1 T -5 A A B i 1 5
FEIF BRI IR R &R

20,00 (@) #THRAF VDI
Response of trunk sap flow to VPD

18.00
16.00
14.00
12.00
10.00
8.00
6.00
4001 +
2.00
oo0 ™ , ., . . . .
00 02 04 06 08 10 12 14 16 18 20
VPD(kPa)

Wi I % Sap flow velocity(cm-h™)

B SR 25 R DG 1, U I 5 s U R A X 3 B A G
PR m, AR R XTEIAE] 0.940 LA E, JH
X RE R AR R, M5 KRS M VPD
Z B AR 5% R B4 5N 0.901 A1 0.923. FELIH

Mm-S S X . KBH$E S UL & VPD
BRI NN R M e, K 5HXHEE R A
KKRFZR, HEHRE. MHEE. KA ZH

(R ¢ SR B 2 BB EE H a1, 105 VPD [ AH
RABLE H K. T, RGBT 0T A

BAWPEMIRSER, HIEAUE. A X E AR
IoF 4 555 55 4% T 0 ) 2 B R TA) K, T[] VPD
OB - A ) s bl TRDOK s A O R S A T R
M 2R RK R

K ZE S RHE SR TR E RS LR
WERFMZngERa, BL 5% 10% /) n]
SEMEAR DN DR AR B ON IR AN G R G A, B 4R ]
AR SR W R 5. tHER AT LLE H, I £ AL AT
M A G RIETTREE -2 ESR, UE
ROR A —HF, 2k i &5 A7 J5 1L & 5 2 A
KEAKNK, MAERRLE. FHI, o EH
R I R e B AT WA R i NP
BEAT I B AL S PR 3E AT R T VR [ U AR Y ) A
&, AT LA RN R ZE

20.00 - (b) AT A FHAR 5 A 2

12.00 Response of tree trunk sap flow to solar radiation

hedl * #, *

= L2 2 F *uk

'= 16.00 53,,, * ggﬁ 5 * *

E +% * + 4+ % +¥* *

5 1400} A # %

z a¥pEl L 0B

5 12.00 20N *

2 & ﬁﬁzig

£ 10.00F LpfETHT

2 P +

2 8.00 + 4+

g 6.00r + o,

¥ 400] ++ + 6:00-11:00

" - + + * 11:00-17:00

£ 200 Foh A 17:00-21:00

= o 21:00-6:00
0.00
_200 1 1 1 1 1 1 1 1 1 ]

=100 0 100 200 300 400 500 600 700 800 900

#5198 B Solar radiation(W-m™)

B4 KEESER (VPD) FKPRES A H T RRAIIRE H L

Fig. 4

Thedriving diurnal variation of the saturated water vapor pressur e difference (VPD) and solar radiation on the trunk

sap flow



* 408 - H Kok R E I
F 4 EHFHRUARMTRRSSKEFHMEXME
Table4 Correlation between trunk sap flow and meteorological factors after timelag
Ta RH Rs VPD
6:00-19:00 0.946™ —0.944"™ 0.901" 0.923"
19:00-6:00 0.8917 -0.921™ 0.870" 0.949™
FE: TRR P<0.01,
Note: ™ is P<<0.01.
#5 WTFRRSSKEFHE TEIRE G+
Table5 Multivariateregression model estimation of trunk sap flow and meteorological factors
[a] )95 F Regression equation R’ P
B i 45 52 7T Before time lag SF=18.911+0.862Ta—0.5RH+0.012Rs—0.237VPD 0.955 <0.01
AL S After time lag SF=85.942+0.473Ta—0.876RH+0.001Rs—12.218VPD 0.961 <0.01

FE: SFOARFRUR, RPANEIIGE RS, P RNEEMEKL.

Note: SF is the tree trunk sap flow, R? is the coefficient, and P is the significance test level.
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