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Responses of sap flow to natural rainfall and continuous drought of tree species growing on
bedrock outcrops. ZHANG Hui-ling'**, DING Ya-li"**, CHEN Hong-song"*, WANG Ke-lin"?,
NIE Yun-peng'?* ('Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of
Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China; * Huanjiang

Observation and Research Station for Karst Ecosystems, Chinese Academy of Sciences, Huanjiang

547100, Guangxi, China; >University of Chinese Academy of Sciences, Beijing 100049, China).

Abstract ; This study focused on bedrock outcrops, a very common habitat in karst region of south-
west China. To reveal the responses of plant transpiration to natural rainfall and continuous drought,
two tree species typical to this habitat, Radermachera sinica and Triadica rotundifolia, were selected
as test materials. A rainout shelter was used to simulate continuous drought. The sap flow dynamics
were monitored using the method of Granier’ s thermal dissipation probe (TDP ). Our results showed
that sap flow density increased to different degrees after rain in different stages of the growing
season. Sap flow density of the deciduous species T. rotundifolia was always higher than that of the
semi-deciduous species R. sinica. After two months without rainfall input, both species exhibited no
obvious decrease in sap flow density, indicating that rainfall was not the dominant source for their
water uptake, at least in the short-term. Based on the regression relationships between sap flow
density and meteorological factors before and after rainfall, as well as at different stages of continu-
ous drought, we found that the dynamics of meteorological factors contributed little to plant transpi-
ration. The basic transpiration characteristics of both species were not changed in the circumstance
of natural rainfall and short-term continuous drought, which would be closely related to the special
water storage environments of bedrock outcrops and the reliance on deep water sources by tree
species.

Key words; Karst; Radermachera sinica; Triadica rotundifolia; sap flow density; transpiration

water consumption.
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Table 1 Morphological characteristics of sample trees

FEARIAR 5 fare  RWIER gk bR
Sample tree Serial DBH Som Sapwood  Sapwood
number (em) (em?)  width (em) area (cm?)
FER 1 1414 156.96 0.90 37.42
Radermachera 2 12.13 115.57 0.85 30.12
sinica 3 9.70 73.82 0.83 23.11
[EEIER | 1 10.51 86.70 0.90 27.16
Triadica rotundifolia 2 9.14 65.58 0.85 22.13
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Fig.1 Changes of precipitation from April to October, 2015.
REA bR b 3 ADMHEIE T HER R RIA R A 3 R Fo S vt i A
Bt 3 KBEKEM 4 A 29—5 H 1 H(14.1 mm) .7 A 18—19
H (5.6 mm) F1 10 4 9—10 H (21.1 mm) The marked time of three
rectangular boxes on X-axis were the study periods with the center of three

precipitation events on April 27 to May 1 (14.1 mm), July 18 to 19
(5.6 mm) and October 9 to 10 (21.1 mm).
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Fig.2 Solar radiation (R,) and daytime mean vapor pressure
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deficit (VPD) measured on pre- and post-precipitation periods.
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Fig.3 Sap flow density (F,;") of two tree species measured on
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pre- and post-precipitation ( mean+SE).

a) PR Pre-precipitation; b) F&WJ5 Post-precipitation. 1 ; SEEH
Radermachera sinica; 11 ; [Fl M 5% ¥ Triadica rotundifolia. A The
same below. /N [7] K 5 7 £ F 7R [7] — B 18] B B oK i 5 25 57 W 3%
(P<0.05) Different capital letters indicated significant difference
between the pre- and post-precipitation at 0.05 level.
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Fig.4 Difference of sap flow density (F,") of two tree species
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measured on pre- and post-precipitation ( mean+SE).
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Table 2 Sap flow density (F,’) of two tree species measured under rainfall exclusion conditions (m* - m™ - d™")

gl 07-16 .07-18 08-29—08-30 09-17—09-18
Species

X G M Radermachera sinica 0.2598+0.0262Ba 0.2950+0.0340Ba 0.2731+0.0337Ba
B 24 Triadica rotundifolia 0.8674+0.0777Aa 0.8263+0.0855Aa 0.8147+0.0856Aa

ARG b e [a]— I a] B 2 A Rh 25 S i 3 , ANEING B 3R R AN [R] B[] BE ] — W2 R (P<0.05) Different capital letters indicated
significant difference between tree species in the same time, and different small letters indicated significant difference among times for the same tree at

0.05 level.

7000 ¢ _ owp e 2 BRI A 22 A B KT I 2% 21 B 0

S PR =T BEHR 5895 (4 3) , 201 2 BERH S WK B 554
26 oo fofz  FEEMBIL,

22 s |08 24 ELRIMBINE TR (LT A

7 2000 | loa T B [ 2 (1 0

1000 | foz SR VT RITE R F AT H S0 i 25 90

0 6 LS ez 083 0917 H(E 7)), KBS VT 8K F 85K, VT 1

F 1 Dae Ly 25 kPa (W - m™) 2Bt R0 M F, A5 b T

B s SER MR B B K BHER S (R,) R H BIK AR 22 FasE VT 0 E] 20 kPa (W - m™2) V> ZE £ 1, [
VPD o B .
éig.s : Solar radiation (R,) and daytime mean vapor pressure B FJ’E’HQ%?*%XE ’Uﬁ% 2 WFRE e g AL

deficit (VPD) during the rainfall exclusion period.

AR B APLA th 27 7. K 6 AT %0, 2 B Fil
FUTEARKZENREE VT B35 02 i o, 2 B F
F, 2 ¥ FRaER VT Z 30 (W - m™>) 2.

R3 2HMEKEIERATE(F,) MEBETE(VT)H
BEER

Table 3 Fitted results of sap flow density (F’,) and tran-
spiration variable parameter ( VI') measured on pre- and
post-precipitation

0 7 14 21 28 35 42 0 7 14 21 28 35 42

T A Rk it KK i BFEME
Species Month Pre-precipitation  Post-precipitation ~ Significance
FER 4—6 a=0.006 a=0.018 P>0.05
Radermachera b=0.121 5=0.023 P>0.05
sinica R2:0363 R2:0605 ” o4 L 1 1 ] 1 L L L L Il
P<0.001 P<0.001 0 15 30 45 60 75 9 0 15 30 45 60 75 90
7—8 a=0.018 a=0.021 P>0.05 0.024
b=0.053 b=0.047 P>0.05
R>=0.892 R>=0.817 0.020 . a
P<0.001 P <0.001 0.016
9—10 a=0.015 a=0.018 P>0.05 0.012
b=0.091 b=0.047 P<0.01
R?=0.583 R?=0.569 0.008}8
P<0.001 P<0.001 0.004
FteK 46 4=0.019 =0.020 P>0.05 e
Triadica b=0.078 b=0.063 P<0.05 0 10 20 30 40 50 60 O 10l 20 30 40 50 60
rotundifolia R2=0.842 R2=0.838 ABAE VI kPa - W 2-m)
P<0.001 P<0.001
78 @=0.021 @=0.022 P>0.05 B 6 N[l 01 R K Ay J 23 SRS R 5 Pt A R A7 e i B T
00l b0l P00S SR (F, ') PSR RE(VT) 1926 5
P<0.001 P<0.001 Fig.6 Relationships between sap flow density (F,") and tran-
910 2=0.019 2=0.013 P>0.05 spiration (VT) of Radermachera sinica and Triadica rotundifolia
5=0.060 5=0.134 P<0.05 measured on pre- and post-precipitation.
R*=0.509 R*=0.316 A: 4—6 H April-June; B: 7—8 H July—August; C: 9—10 H Septem-

P<0.001 P<0.001 ber—October.
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Table 4 Fitted results of sap flow density (F,’) and tran-
spiration ( VT) under rainfall exclusion conditions

R Fh H 1 Date

Species 2016-07-16,18  2016-08-29,30  2016-09-17,18

KER a=0.016 a=0.018 a=0.018

Radermachera b=0.075 b=0.054 b=0.061

sinica R*=0.892 R*=0.833 R*=0.862
P<0.001 P<0.001 P<0.001

[53 H-40 a=0.043 a=0.046 a=0.044

Triadica b=0.174 5=0.072 b=0.149

roundifolia R?=0.634 R?=0.605 R?=0.572
P<0.001 P<0.001 P<0.001

x5 ERNEGTRERRZE(F,) 5&ZBTE(VT) WIE

SR
Table 5 Fitted coefficients test of sap flow density (F,’) in
relation to transpiration ( VT ) under rainfall exclusion
conditions

H H 2016-08- 2016-09-
Species Date 29,30 17,18
Bk 2016-07-16,18 P,>0.05 P,>0.05
Radermachera P,>0.05 P,>0.05
sinica 2016-08-29,30 P,>0.05
P,>0.05
- 25 4 2016-07-16,18 P,<0.05 P,>0.05
Triadica P,>0.05 P,>0.05
rotundifolia 2016-08-29,30 P>0.05
P,>0.05

P, BH a W Comparison of parameter a; P,: S8 b B L

Comparison of parameter b.

0025 1 |
0.020 | oho Aa ,aa
0.015 “

' . N

0.010 | * 2016-07-16,18
—~ A 2016-08-29,30
q 0 2016-09-17,18
- 0.005
E
) 0
& 0.06
il
¥ 0.05
S
B 004

0.01

10 0 10 20 30 40 50 60 70 80
AR VT (Pa - W1+ m)

7 SR AR T S SR B - A A D e W T AR
W (F,) SABARE (V) FER

Fig.7 Relationships between sap flow density ( F,") and tran-
spiration (VT) of Radermachera sinica and Triadica rotundifolia

under rainfall exclusion conditions.
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