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Abstract; The objective of this study was to determine the main influencing factors of tree trunk sap flow
(TTSF) at different time scales to provide a theoretical basis for understanding the driving mechanism of
liquid flow density in response to the environment. Taking Armeniaca sibirica in the loess hilly region of
Ningxia as an example, the TTSF density, meteorological elements, soil environment and other indicators
were simultaneously monitored during the growing season,and the response relationships of the TTSF on
the hourly,daily and monthly scales to environmental factors were analyzed. The results showed that 1) on
the daily scale,the TTSF had extremely significant correlations with eight environmental factors,including

solar radiation (R ) ,saturated vapor pressure deficit (V) ,air temperature (T,) ,relative humidity (Ry) ,
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wind speed (W), precipitation (P ) ,soil moisture (Vgy,) ,and soil temperature (T,). On the hourly scale,
TTSF was extremely and significantly correlated with 7 other environmental factors except for W,. On the
monthly scale, TTSF was extremely and significantly correlated only to Vg, and T,.2) From the hourly
scale to the daily scale, the response degree of TTSF to Vy, and T, gradually increased. From daily to
monthly scales,the response of TTSF to R,,Vyp,and T, gradually weakened, while the response to Vgy
gradually increased. On three time scales, the TTSF had positive responses to R,, T,, T,,and VPD, and
negative responses to Ry ,W,,and Vgy. 3) The relationships between TTSF and environmental factors on
three time scales were established. At smaller scales (hour),the selected factors included 7 factors,inclu-
ding R, and T, ,etc. For the larger scale (month) ,only one factor (Vg,) was selected. For the intermediate
scale (day), four factors were selected, including Vg, and R,. As the scale changes from hour, day to
month, the interpretation rates of TTSF were 61.5%,76. 6% ,and 80. 5% ,respectively. The primary influ-

encing factors of TTSF on the hourly and daily scales were R, ,while it was Vg, on the monthly scale.

Key words: stem sap flow; environmental factor; time scale; Armeniaca sibirica
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Table 1  The growing features of samples trees
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Hi /m /cm /m /m
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Fig. 1 Variations of daily environmental factors during the study period
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Fig. 2 Variations of daily and monthly of sap flow density during the study period
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Table 2 Correlation between sap flow density and environmental conditions in each month on hourly scale
Js T, Ry W, R, Vep T, Viam P
4 Hn=1720) 0.583" " —0.341" " 0.063 0.355"" 0.637"" 0.533"" —0.528"" —0.035
5 H(m=744) 0.632" —0.383"" 0.151"" 0.756" " 0.513"" 0.360"" —0.285"" —0.083"
6 H(n=720) 0.770" —0.548" " 0.247" " 0.847"" 0.654" " 0.186"° "  —0.067 —0.153""
7 H=1744) 0.823"" —0.640" " 0.373" " 0.868" " 0.691"" 0.270" " —0.067 —0.117""
8 H(n=744) 0.733" " —0.762"" 0.069 0.826"" 0.799"" 0.256" " —0.165"" —0.143""
9 H =720 0.800" " —0.680"" 0.206" " 0.698" " 0.817"" 0.465" " —0.107"" —0.106" "
10 H (n=384) 0.233" —0.354" " 0.163° "  0.053 0.393" "  —o0.112" —0.207"" 0.032
W) (n =4 776) 0.670""  —0.340" " 0.015 0.673"" 0.6117" 0.312""  —0.383" " —0.091" "
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Fig. 3 The relationship between sap flow density and environmental factors on hourly scale
*3 HMRELBREZEFESHNERFHERSE TS H
Table 3 Stepwise regression between sap flow density and environmental factors on hourly scale
8] [ )5 5 i R*® P
1A J.=10.071+3.513V,+0. 041R ,, —0. 673V gy —0. 127T, +2.57X10 'R, 0.552  <C0.01
5 H J.=—15.246+8.08X10 R, +1.267T, 0.655 <C0.01
6 H J.=9.985+7.48X10 "R +1.151T,—6. 390V »,—0. 108R ;;+1. 836W,—0. 688T,—0. 358V g, 0.808 <C0.01
7H J.=8.590+6.45X10 "R +1.760T,—9. 123V p,—0. 136R ;;—1. 016 T, +1. 414W_, —0. 309V ¢, 0.862 <<0.01
8 H J.=—3.629+7.77X10 °R,+0.617T . —0. 129R ;;+0. 196 T, + 1. 087W, 0.759  <<0.01
9 H J =—22.33546. 034V p,+0. 100R ;; +0. 489V ¢, +0. 202T ,+5. 34X 10 'R, 0.79 <<0.01
10 H J.=—0.82142.166Vp,+4.77X10 *R,+0.018R ;;—0. 068T ,+0. 143W 0.288 <C0.01
W5 1 8] J.=0.10945.49X10 *R_+40.103T,—0. 365V g, +0. 142T .+2. 430V 5, +0. 037R ;; — 0. 410P , 0.615 <<0.01
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Fig. 4 The importance of environmental factors influences

to sap flow density on hourly scale
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Table 4 Correlation between sap flow density and environmental conditions in each month on daily scale

fisf ] T, Ry w, R, Voo T, Vium P

4 Hnm=30 0.728"" —0.533" —0.005 0.539" 0.783" " 0.818" " —0.893" " —0.291

5 Hm=3D 0.414" —0.383" —0.083 0. 469 . 300 0.751" " —0.680"" —0.525"
6 H (=30 0.763" " —0.750" " 0.315 0.831" 0.729"" 0.118 —0.191 —0.674"
7Hm=31) 0.840" —0.767"" 0.262 0.897" 0.754" 0.339 —0. 144 —0.588"
8 H(n=31 0.717" —0.795"" —0.290 0.803" 0.851"" 0.415 —0.339 —0.572"
9 H =30 0.851 —0.860"" —0.019 0.837" 0.887"" 0.700"" —0.170 —0.500

10 H(n=16) —0.045 —0.598" 0.556 0.694" 0.606" —0. 281 —0. 357 0.019

WS (n=199) 0. 742 —0.274" —0.289° " 0.594" " 0.577 0.525° " —0.686" —0.282"
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Fig.5 The relationship between sap flow density and environmental factors on daily scale
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Table 5 Stepwise regression between sap flow density and environmental factors on daily scale

8] a5 75 72 R* P

4 A7 J.=955.472—47.128V g —11.161T +2.746T, 0.901 <<0.01
5H J.=—320.579+30.899T +0. 180R,—5. 329P . — 34. 160V py, 0.786 <0.01
6 A J.=—257.325+0. 164R ,—4. 747P  +127. 208W, +15. 744T 0.868 <0.01
7 H J.=48.18840.274R —2.917P 0. 838 <0.01
8 H J . =52.934+206. 916V, —81. 087TW, 0.775 0. 01
9 A J.=—339.343451. 117V, +6. 857T, +11. 720V gy, 0.867 <0.01
10 A J.=—14.97540.063R,+2.087P, +0.961T, 0.817 <0.01
B 5 09 1] J.=96.992—10. 744V g, +0. 195R . +7. 307T, —2. 054P 0.766 <0.01
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Fig. 6 The importance of environmental factors influences

to sap flow density on daily scale
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