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Sap flux density in response to rainfall pulses for Pinus tabuliformis and Hippophae rham-—
noides from mixed plantation in hilly Loess Plateau. LU Sen-bao' CHEN Yun-ming" > TANG
Yakun® WU Xu> WEN Jie' ('College of Forestry Northwest A&F University Yangling 712100
Shaanxi China; *Research Center of Institute of Soil and Water Conservation and Ecological Envi-
ronment Chinese Academy of Sciences and Ministry of Education Yangling 712100 Shaanxi Chi—
na; Institute of Soil and Water Conservation Chinese Academy of Sciences and Ministry of Water Re—
sources Yangling 712100 Shaanxi China) .

Abstract: Thermal dissipation probe ( TDP) was used to continuously measure the sap flux density
( F,) of Pinus tabuliformis and Hippophae rhamnoides individuals in hilly Loess Plateau from June
to October 2015 and the environmental factors i.e. photosynthetic active radiation ( PAR)  water
vapor pressure deficit ( VPD) and soil water content ( SWC)  were simultaneously monitored to
clarify the difference of rainfall utilization between the two tree species in a mixed plantation. Using
the methods of a Threshold—delay model stepwise multiple regression analyses and partial correla—
tion analyses this paper studied the process of F, in these two species in response to the rainfall
pulses and then determined the effects of environmental factors on F',. The results showed that with
the increase of rainfall the response percentages of F in both P. tabuliformis and H. rhamnoides in—
creased at first but then decreased; specifically in the range of 0—1 mm rainfall the F of P. tabu—
liformis ( =16.3%) and H. rhamnoides ( —6.3%) clearly decreased; in the range of 1-5 mm rain—
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fall the F, of P. tabuliformis decreased ( —0.4%)

whereas that of H. rhamnoides significantly in—

creased (9.0%) . The lower rainfall thresholds ( R") of F, for P. tabuliformis and H. rhamnoides
were 6.4 and 1.9 mm respectively with a corresponding time-ag ( 7) of 1.96 and 1.67 days. In

the pre —rainfall period
(70%)

the peak time of F, of P. tabuliformis converged upon 12:00-12:30
while the F', of H. rhamnoides peaked twice between 10: 30 and 12: 00 ( 48%) and again

between 16: 00 and 16: 30 (30%) . In the post—rainfall period the peak time of F of P. tabulifor—

mis converged upon 11: 00-13: 00 ( 40%)

while that of H. rhamnoides peaked twice between

12:00 and 13: 00 ( 52%) and again between 16: 30 and 17: 00 ( 24%) . Among the environmental
factors the rank order of factors associated with the F; of both P. tabuliformis and H. rhamnoides
was PAR>VPD before rainfall. However the rank order of factors influencing the F of P. tabuli—

formis was PAR>VPD>0-20 cm SWC ( SWC,_,,)

whereas this order was different for H. rham—

noides: SWC,_,,>PAR >VPD after rainfall. This mixed plantation of P. tabuliformis and H. rham—

noides trees had a high stability of water utilization.

Key words: mixed plantation; sap flux density; rainfall pulses; Threshold-delay model; environ—

mental factor.
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Fig.1 Distribution of diameter class for Pinus tabuliformis and

Hippophae rhamnoides.

1
Table 1 Morphological parameter of the sample trees

/

Tree No. Tree DBH/DGH Sapwood
species height ( m) (em) thickness ( cm)
1 3.00 7.30 2.80
P. tabuliformis 2 3.20 7.20 2.50
3 3.40 7.60 2.70
4 3.80 5.80 1.60
5 4.76 9.60 3.26
1 2.30 4.80 0.80
H. rhamnoides 2 2.60 3.60 0.60
3 3.00 6.30 1.20
4 3.10 7.60 1.10
5 3.40 5.00 0.80
30 s 0.5 h F,
5.
F,=119x10°x (AT, -1) /AT "*" (1)
L F, (kg *m™ «h™'); AT,
F, 0 LAT
AT (AT,,)
( ATmax) "
AT=aAT. + AT, . (2)
RN
b=1-a. F, 0
1.2.2 200 m
( RM

Young Inc. USA) . ( Model LI190SB

USA) . ( HMP45D Finland) .
( HMP45D Finland) CR1000
0.5h |
( VPD) 7
e(T)=0.611xexp 17.502/( T+240.97) (3)
VPD=e(T) —e,=e(T) (1-HR) (4)
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(C) e, ( kPa) ; HR
(%) ; VPD ( kPa) .
1.2.3 1
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Fig.3 Daily variation of environmental factor during the experiment period.
2
Table 2 Response of sap flux density of Pinus tabuliformis and Hippophae rhamnoides to rainfall pulses
Fy Fy Fy
Date I?ainfe)ﬂ] F, of pre=ainfall (kg * m™ + d™!)  F, of postwainfall (kg * m™2 «d™') Change rate of F; ( %)
mm
P. tabuliformis  H. rhamnoides P. tabuliformis  H. rhamnoides P. tabuliformis  H. rhamnoides
06-03 4.1 134.96 13.71 141.92 15.97 5.2 16.4
0620—06-21 11.7 88.00 17.96 116.84 15.69 32.8 -10.4
0623—06-24 7.1 116.84 15.69 134.67 14.56 15.3 =72
06-28—06-29 4.6 138.38 10.75 119.76 9.98 -13.5 =72
07-05 2.2 90.46 15.28 90.60 15.25 -0.2 -0.2
0745—07-18 11.0 61.58 13.12 79.40 10.89 28.9 -17.0
0720 0.6 79.40 10.89 63.29 10.44 -20.3 -4.1
0724 0.1 59.79 10.26 47.30 9.25 -20.8 -9.8
0729 1.3 49.70 11.44 44.95 12.66 -9.5 10.7
08-01—08-02 6.4 42.38 13.27 51.51 15.18 0.5 1.1
08-06 1.6 51.51 15.18 54.16 10.28 5.2 -0.3
08-10—08-14 10.9 57.55 14.76 64.45 20.55 12.0 39.2
0821 1.1 41.75 9.91 35.43 11.17 -15.1 12.7
0826 4.8 46.18 8.54 53.28 9.64 15.4 12.9
08-28—08-30 9.4 53.28 9.64 50.48 10.52 -5.3 9.2
09-03—09-04 15.7 52.23 11.36 96.91 13.49 84.4 18.7
09-08—09-14 18.1 94.80 13.87 99.77 15.12 5.2 9.0
09-17 1.9 81.08 11.66 83.16 14.10 2.6 21.0
0920 0.1 84.30 76.88 10.03 9.94 -8.8 -0.9
09-20—09-22 12.6 76.87 9.94 90.24 11.32 17.4 13.9
09-27—09-30 19.6 86.61 14.37 80.90 11.25 -6.3 21.7
10-06 20.7 85.15 12.28 81.84 11.01 -39 -10.4
10-13 3.3 77.34 8.68 82.59 10.00 6.8 15.2
1022—10-26 21.6 68.19 8.78 83.62 9.98 22.6 13.3
F, 1 The pre-rainfall sap flux density represented the average values of the day before a rainfall;
F, The postrainfall sap flux density represented the average values when the maximum occurred after

the rainfall.
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Table 3 Parameters of the T-D model for changes of sap
flux density of Pinus tabuliformis and Hippophae rhamnoides
in response to rainfall pulses

Tree 7(d) k S nax max
species R ( kg e m~2 (kg* m2
('mm) ) )
6.4 1.96 0.80 64.98 236.30
P. tabuliformis
1.9 1.67 0.68 8.75 80.21

H. rhamnoides
Fy 8:00—16: 00 Choice value of F; was in 8 to 16
0’ clock.

SO'A

W (RTR AT Pre-rainfall
O & )5 Post-rainfall

L
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25 1 B
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Fig.5 Peak frequency of sap flux density of Pinus tabuliformis

(A) and Hippophae rhamnoides ( B) during pre— and post—

rainfall periods.
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Fd
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4
Table 4 Multiple stepwise regression equations between

sap flux density and its impact factors for Pinus tabuliformis
and Hippophae rhamnoides during pre— and post-rainfall
periods

Tree species Rainfall Multiple stepwise R? df
regression equation
F4=-0.012PAR- 0.937 352.180

Pre-rainfall 1.97vPp-1.424
F =992.158+0.022PAR+  0.833 73.258
Postrainfall 7.626VPD-
3490.488SWC,_,o+
322.075
F4=0.001PAR+ 0.902

Pre-rainfall  (.389VPD+599.65
SWC, 5,=53.866

F,=0.002PAR+ 0.844  79.341
Postrainfall 1 781vPD-
1810.9428WC,_y+
169.124
Fy: Sap flux density (kg * m™ « h™'); VPD:
Water vapor pressure deficit ( kPa) ; PAR:
synthetic active radiation (W * m™2); SWCy_: 0~20 cm

P. tabuliformis

134.565

H. rhamnoides

Photo—

Soil water content at 020 cm (m® ¢ m™) .

Table 5 Partial correlation coefficients between sap flux
density and its impact factors for Pinus tabuliformis and
Hippophae rhamnoides during pre—and post-rainfall periods

0~20 cm
Tree species Rainfall ( mm) PAR VPD
(Wem™ ( kPa) SWCy_20
(m?+m™
0.932%* 0.679* * -
P. tabuliformis Pre-ainfall
0.822**  0483**  -0311"
Post-rainfall
0.922%* 0.647* * 0.233
H. rhamnoides Pre-rainfall
0.757**  0.731°*  -0.818**
Post-rainfall
* P<0.05; * % P<0.01.
PAR\VPD  SWC, : F,
PAR.VPD  SWC,_,, (4.
Fd
PAR.VPD PAR. VPD~SWC,_;
F, PAR. VPD.SWC,_,,
SWC,_,,~PAR.VPD(  5).
3
3.1
1~10 mm F,
;10 mm
Fd ( 4)
Fd
2 0~1 mm
F(l SWC0~20
( 2).Owens * Juniperus ashei
(<2.5 mm)
Fd
Zeppel * Zhao " .Jian "
(<5 mm) .
1~5 mm F, (-0.4%)
F, (9.0%) ( 4)
0~1 mm I1~5 mm
SWC
26
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