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Influencing factors and characteristics of nighttime sap flow of Acer truncatum in

Beijing mountainous area
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Abstract: Trees can maintain a partial stomatal opening at night, allowing night transpiration under certain environmental
driving factors. As an important source of storage water, the nighttime sap flow can remedy a daytime water deficit and
restore the water reserve, which is of great importance to the growth and development of plants. The stem sap flow of A.
iruncatum in Badaling Forest Center was measured by TDP thermal probe. In addition, we simultaneously measured the
main environmental factors, including air temperature, relative humidity, and soil moisture content, to determine the law of
water consumption at night and the regulation mechanism of vegetation in response to environmental stress. This research

should provide a theoretical basis for vegetation construction, forest health management, and the selection of water—saving
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tree species in mountainous areas. The results showed that the first half of the night and the latter half of the night were
distinguished by 00:00; the nighttime sap flow velocities of A. truncatum were more active in the first half of the night than
in the latter half of the night. In the first half night, the cumulative sap flow accounted for 53.85%—64.10% of the
nighttime cumulative sap flow, with the latter half of the night accounting for the remaining 35.9%—46.15%. The
cumulative nighttime sap flow rate was largest in May and the average nighttime sap flow flux followed the order May > June
> August > September > July. Under conditions of soil drought, the nighttime sap flow was increased, but when the soil
water condition was better and the soil moisture was no longer the limiting factor of the nighttime sap flow, the amount of the
nighttime sap flow was not high. There was a significant difference in nighttime sap flow between different tree morphologies.
Within a certain range, a larger diameter of breast height, tree height, and crown size was indicative of greater nighttime
sap flow. The nighttime sap flow used for night transpiration was related to air saturation vapor pressure deficit, air
temperature, relative humidity, and wind speed; night transpiration occurred in the first half of the night, and the
correlation between nighttime sap flow and environmental factors was more significant than in the latter half of the night. In
the latter half of the night, the stem water recharge was dependent on soil moisture content and daily transpiration intensity.
Under conditions of soil drought, nighttime sap flow was used not only for night transpiration but also for stem water
recharge ; however, when the soil water condition was good, nighttime sap flow was mainly used to supply water and, in this
case, the correlation of nighttime sap flow with environmental factors was lower. The ratio of nighttime sap flow to the total
transpiration of A. truncatum was higher in May and June than in July and August; thus, it can be considered that the ratio
of nighttime sap flow to total transpiration was higher in the dry season than in the wet season. There was a strong correlation
between the ratio of nighttime sap flow to total transpiration and the daily total transpiration. In addition, the ratio of

nighttime sap flow to total transpiration was negatively correlated with cumulative solar radiation.

Key Words: nighttime sap flow; environmental factor; shape of tree; ratio of nighttime sap flow to total transpiration
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Table 1 Statistical table of sample plots
Mgy gz 5L ME Canopy size/m

R Stand density/ e Diameter at i HE

Tree species ) Y Height/m . KL FL Slope/ (°)
(Fk/hm?) breast height/cm East and West North and South

JLEM A. truncatum 2356 7.65+1.48 11.02+3.13 3.70+1.22 4.04+1.39 23
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S5 2E B FF 10—30 mm #9 TDP SREHE AT AL, R i kB Ak SR B AR W, TDP B iR iR s 5
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Table 2 Statistical table of basic characteristics of sample tree

e e - o tﬂﬁ]ﬁé{ - %Mﬁﬁf S IE Canopy size/m
ster as Sapwoo : -
Sample plot Tree number Height/m 1ame.el at breas P ) 2Rl AR
height/cm area/cm North and South East and West
JCEM A. truncatum 9 7.2 8.8 41.78 2.6 2.1
13 6.8 9.5 50.57 2.5 2.9
33 7.1 12.8 96.55 2.5 2.7
5 7.3 14.2 120.92 4.2 3.4
4 7.6 17.2 183.26 5.4 4.1
25 8.7 17.8 197.41 9.2 5.1
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Fig.1 The daily variations of sap flow rate and solar radiation of A. fruncatum In July
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Fig.2 The daily variations of nighttime sap flow rate of A. truncatum
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Table 3 The monthly variations of cumulative sap flux of Acer truncatum at night
HI*E(00:00am i) Je 202 (00:00am J5 )
The first half of the night The latter half of the night o
A o (Before 00:00am) ( After 00;00am) P
o S S Average sap flow
Month Summation/mm o & ) o o ) velocities/mm
. X Proportion of . Proportion of
Summation/mm . Summation/mm R
summation/ % summation/ %
5 H May 0.78 0.50 64.10 0.28 35.90 0.0251
6 H June 0.71 0.41 57.75 0.30 42.25 0.0236
7 7 July 0.51 0.29 56.86 0.22 43.14 0.0165
8 H August 0.52 0.28 53.85 0.24 46.15 0.0169
9 H September 0.5 0.30 60.00 0.20 40.00 0.0167
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FILL =R RAR AL (R*=0.734,P=0.031) , K LAY (R*=0.889,P=0.018) , Fl =K i A AL (R* = 0.
536,P=0.035) B &% R il
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Table 4 One-way ANOVA on cumulative sap flux at nigh of different sample A. fruncatum

S| Rl FI Jiz

F P
Ttem Sum of spuares Degrees of freedom Variance
ZH[E] Inter groups 18.678 5 3.736 21.51 0.000
ZH N Inner group 163.597 942 0.174
AT Sum 182.275 947
0.12 .
g
£ 0.10
> [ ]
S 08
2
S5 006k
= 3
% E 0.04
5 0.02
4
0 [ =
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Hatz
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Fig.3 Variations of nighttime sap flow flux at night and shape of tree factor of A. truncatum
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Table 5 The monthly variations of soil moisture( %) and relative extractable soil water in plot

ek W 5H 6 A 7R 8 A 9 A
Soil properties Depth/cm May June July August September
VWC/% 0—20 11.65+0.02 13.31+0.06 21.09+0.04 15.23+0.04 14.37+0.05
20—40 14.1+£0.02 10.84+0.01 21.13+0.05 15.16+0.04 18.27+0.01
REW 0—40 0.12+0.08 0.15+0.14 0.58+0.09 0.27£0.11 0.31£0.10

VWC . +IEIATRE 7K Z Soil moisture( % ) ; REW ; +IEAAXTA %0 E 7KZ Relative extractable soil water
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Fig.4 Variations of pricipitation and nighttime sap flow flux of A. fruncatum at night in June
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Fig.5 Variations of nighttime sap flow flux and soil moisture of A. truncatum
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Fig.6 Correlation of nighttime sap flow flux at night and environmental factor of A. truncatum

1) R0 JAE A 2k 14 52 W) [R5 =2 T R R 56 50 R A AN ] (3%

0.08

6), BVALFESH KB EE S H S KEMEH 0.07} * y=0.1138x + 0.0022
MR B Hoh 7 AGRiER S E ool oo
KR S EAG (R =0.708) , FLEAE P<0.0L KF 2S5 00sf  ~ ° e
TR, AR S BRI TR 55 oo C .
7.8 AR R SRR FOE A URRRE B2 00t e [ abany §oe
FE 2 R L B JXTE A 56 e A 1 I P 17 2onp Yy 'fé' .
VLE 00 TR TN AL T I A0 38 3 1 BERIAL 2
AR A7 R B DL T 38 4 7K 3 M 1 78 9 oK S R
BE ), ZERBE DT 10 0 AR K, 7T LI 82 ) 2 0 AR ik Sumof
W, G 7.8 A HORA SRR L (£ 4)

E7 tERRERTEESHERREENEXXR

AT LU RE 7.8 A Oy il it ad AR B AR

WA R AU AI] , 8¢ I 0 7 10 o ) AR A 7K 3
JE 22 23 R LB XGH 52 3 — S AR SCOG & (H Al
ANBETE 2R TR IRIB0AL )22 A , 18 V) R0 208 15 4 ) 8 i o 1 b 3 5 /K A S R B B, A R IINI A7
TEPRA A ZAE T H RS SR, BRHARIK 7375 ke, X B A1 A 75 R R, XU s L S R A5 [N - 24
SALRY R BEFIZERE L], 455 5 H 2805 A G HEBGR RIS, U B A) W — 0 70 I T K A TRl b A5
— R A TIBCA H T R ) 2

Fig.7 Correlation of nighttime sap flow flux and sum of diurnal

sap flow of A. truncatum
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Table 6 Pearson correlation coefficient of nighttime sap flow flux and environmental factor of A. truncatum in different months
H 5> Month VPD RH T SM Ws E
5 H May 0.225"* -0.044 0.391 " 0.212"* 0.204 ** 0.4127*
6 J June 0.236 " -0.187" 0.023 0.305 " 0.202 " 0.534"*
7 A July 0.080 " -0.046 0.268 ** 0.708 ** -0.099 0.470 "
8 H August 0.107* -0.082 0.083 0.429 ** 0.066 0.391"*
9 J1 September 0.454 " 0.096 0.319"" 0.092 " 0.102 " 0.506 "

#040.05 K B2 R BE, « « 4 0.01 K L2257 83E; VPD A FAIKIKIE2E Vapor pressure deficit (kPa) ; RH: 45 S A X IR JE Relative
humidity (%) ; T: 55 R Air temperature( °C ) ;. SM ; Soil moisture( % ) ; Ws: XU Wind speed(m/s) ; E ;3% HZ&H Sum of diurnal sap flow ( mm)

A R IR AII BRI — #8730 T AN K — 83 T 2808 | i1 - BOR PRI AR R Z P T A0
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Table 7 Correlation analysis of nighttime sap flow flux and environmental factor of A. truncatum at the first half of the night and the latter half

of the night

BB Time VPD RH T Ws M
A7 The first half of the night 0.279 ** -0.293 " 0.175*" 0.089 "~ 0.145""
J52E1% The latter half of the night 0.078 * -0.027 0.104 * 0.037 0.193**

2.4 RO 5 H 2515 1) EL A5
oFASE) F A JC W [ T ST R A 5 22 0 W4 5 P=0.229>0.05( % 8) , W4 A i la] 2 i &
O H 28 A DTk R 2 N B 2 (H ] LU RS [R] A 4y stk A4 784k

£8 REAHTEARARRRAES 2
Table 8 One-way ANOVA on nighttime sap flow contribution rate of A.truncatum in different months

21 [H] Inter groups 613.411 4 153.353 1.422 0.229

Z N Inner group 15961.13 148 107.845

&1 Sum 16574.54 152

M8 ATRUF H oS4 A ] RBUR i 5 7. —_— 16

HR2BURR I LG 6 H>9 H>5 A>7 A>8 A M o] = 14

H 6 Afiik 14%, T TTIRAR 12% . A K Z 013 55! '/—‘\_,/*—* 12
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H A RIK 5 e, BT AN AR, 5 BB ) SR B 81t {2

9 IS, SR IS0 K SRR T o LMW1 B0 80 Hnj,

7SR eS| D PN (S I (PR =r s L P UM S PN R Month

Wit 1A%, S507.8 A O IR, ﬁﬂizﬁﬂﬁiﬂ BlS R LA A R

K, B IR T 7K 43 b FE X T2 1) o ik st /) Fig.8 The proportion of nighttime sap flow to daily total
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Table 9 Correlation analysis of nighttime sap flow flux contribution rate at night and environmental factor of A. truncatum

R A F Impact factors T RH Ws E Rn
I ZEL Correlation coefficient -0.001 0.077 0.093 -0.306 " -0.517*"

Rn: KBH4EHT58)¥ Rolar radiation intensity (W./m?)
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