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Abstract

Aims In order to better understand the mechanisms of nocturnal water activity in tree stems, this paper explores
the spatiotemporal dynamics of nocturnal sap flow and stem water filling in typical poplar plantations in the North
China Plain and environmental influencing factors.

Methods Taking rainfed Populus tomentosa as the research object, the thermal diffusion method was used to
continuously monitor the sap flow rate at different heights of stem in different growing periods. Soil water content
and meteorological factors were measured simultaneously. Dynamics of nocturnal sap flow at different heights
and its correlations with environmental factors were compared.

Important findings Before the rainy season, the ratio of nocturnal sap flow to daily sap flow at 0.35 and 1.3
meters of the stem was significantly higher than that after the rainy season, while the ratio at 7 meters increased
by 49% after the rainy season. Nocturnal sap flow rate at different heights of the stem showed a high
synchronization before the rainy season, and decreased with the increase of stem height. After the rainy season,
the main water resource of nocturnal water use changed from root water uptake to stored water in stem base,
which leading to 66% decrease of nocturnal sap flow at stem base. Meanwhile, the spatial characteristics of
nocturnal sap flow at different heights also varied in different periods. After the rainy season, stem water refilling
mainly occurred in 4-7 meters stem segment with mean daily water refilling amount of 4.16 L, while the refilling
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amount in 1.3—4 meters stem segment was much lower than others, possibly due to its primary function of water
transport. Before the rainy season, vapor pressure deficit, air temperature and soil water content at 3 meters depth
were significantly correlated with nocturnal sap flow rate at different heights, but this relation was obviously
weakened after the rainy season. And the correlations between the environmental impact factors and nocturnal sap
flow were different at each height. This study finds the spatiotemporal variations of nocturnal sap flow and stem
water refilling, which provide scientific support for optimizing diurnal water cycle and motion process simulation

of poplar plantation in North China Plain.

Key words poplar plantation; nocturnal sap flow; stem height; stem water refilling
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B RGK oA EORTTRR A RN, o Re ot J&
/NS A K B R i R 3 5 R (Jasechko et al., 2013;
Schlesinger & Jasechko, 2014). Z& & 7] LARFEAK T 73R
T 2 B AR 32 B i 451 3 (Cook et al., 1964;
Lin et al., 2017), 2R BRIEHK 7> S8 TR
Wy ) 3 ELE)) )15k PR (Wright & Barton, 1955; Tanner
& Beevers, 2001; Raven, 2008). FH#EI 4 KH
KA K 3 A B I DR T Bk 8, 250
BN SR AR 2 s AN 22K o is Bl ) 2 B E
(Burgess €t al., 2001; Bovard €t al., 2005). SFLIEN
S E R EE R R —, HkIT5H&E
H7 B A AT JOE ST (PAR) 5 /K VT E 5 Bk (VPD) 2%
IR 7142 ] (Hogg & Hurdle, 1997; Tang et al.,
2006; Zhao et al., 2006). [Xit, PARFIVPD 4 ¥ ik
E S IR B 25 T ) FE B R . TR
VPD# /N HPARFEACKH0, “SELM AT HR (15
BRIV 200 AL T RN 1 AR B G EE AR
(Ritchie, 1974; Benyon, 1999). %A1, FLfEXIANFAE
ARG A Z TR A, AGIESE T3
T AFAE [P (A1 AL (Snyder et al., 2003; Dawson €t al.,
2007; Marks & Lechowicz, 2007), &#t—# K II#
(YR S YK 124 A FE R s
S5 R AR SRR B VIR R (07 1648, 2018). X
R BB 2 W T RK = AR R 2 5
W, FF HA D ER HANAS RGKSCEA k4
ERALLKS B ( Zeppel et al., 2014). [FINF, AR
(BB 1) R A AL AR A 3 SRR I VI 9 A0
A (Daley & Phillips, 2006; Scholz et al., 2007,
Even et al., 2018).
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10%-25% (Yu et al., 2018; Wu et al., 2020), H:A4#E
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CL A I 78 %40 e TB] 26 s A 25 T 78 K BRI LR 3
BT B, VPDHEWNE 23T XA F S R4
TSN S R SR, VP DR IR e
AR K 73 36 B A AR 221 70K, PR At
WA (R RAE 2 5 kAT LA, AT R A )R
(RIS 4123 HEAT A S (Phillips et al., 2010). F: X, “T
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BAEER Y. BAW(P. tomentosa) &3 FH &L
JE X 2 BN AR R, BRLEAG PR A
F2 7 PP R SO SO R T AR M (R [l BH AT 2R 2
14, 2002). WA T LAY 2R KU X3 1 A6 P
JRE BN TR ——F AN R, RAA
5] s FE R 250, WAL B A R R 25 s FUAS ] v
1) ZEF 0K 2 B ASRRAE, J H 5 BREE R 7 R 1) %

F, FEERCUTAREERE: (DBEABAFRE
JFER BN 25T T8 K AEA [RI 9T A2 S 2 e 2
QNI E SR XA A F S EZE TR
[EJ U A 5 ) & T AR )2 456 O A 1 R 38
AEREFELE R, A SCET XS BB AR it DA R
8L (DB AWM BRI & EEAZE T 787K
S0 v LT v AT BRAI (2 BR T KO R3Ok ) 1
HTE, ANIR] R A 22 A VAR I A R (3)
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1 #RFAEE

11 RIG LR

TRIG AL T L 2R 28 W T o R B LA TR I pR 3
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JZ 3140 cmBL )R £ 201620214 F 14 i
142 °C, fEBF/KE588.5 mm, HA120214EFH1< iR
1521 C. B#/KE846.8 mm, HEH/pAHirES-9H .

RIS XT ROAN2015FFFRMATIAIZ m, Hk(A)2
m)f] =R E A e ZRB301 (P tomentosa x P,
bolleana) x P. tomentosa). PN, 47T Al
W42 (3.0 + 0.1) m, (3.7 + 0.2) cm, PRAMB5E
N1666%k-hm . FEFEAMRIGIIE], BRAFELETRER
Je KA, ANXF RIS AR 4 AT BN RERE, (e R
BURIE(JRZ, 296.88 kg-hm 2). [ 546 bk 4 BR 1%
fitio AT 20214:7-9 A&, WHRIEAR > — 4~
[X(0.67 hm®) P FIRER HEAT REARK R, MR35 T 5
BRI I B BB . (AT 10 mpy (I3 0K 34 bR
AEAEAT W, 58 LA AT A FEA AR KB I a3 1
FT7R o
12 IMEEF

I PER 56 11 29900 m I 5 v [ 8h < b
(Delta-T Devices, Cambridge, UK)X 56 Hh (1<

F1 BABFEREKEE

Tablel Growth information of sample trees of Populus tomentosa

ETRs ke ot RIRTE R

Number Diameter at breast Height (m) Height of lowest
height (cm) living branch (m)

Tl 14.21 17.10 9.79

T2 13.52 15.95 6.56

T3 13.60 16.96 9.81
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Fig.l Variations in meteorological factors (T, air temperature, ‘C; RH, relative humidity, %; W, wind speed, m's™'; P, precipitation,
mm; VPD, vapor pressure deficit, kPa) and soil water content (SWC, %) during the study period. Left figures show the variation
before the rainy season (July), and right figures show the variation after the rainy season (September).

F2  WEHAE HWARE TR EHE T ZE R

Table2 Differences of diurnal and nocturnal meteorological factors before and after the rainy season

2 S TR KR R W
Relative humidity (%) Air temperature (C) Vapor pressure deficit (kPa) Wind speed (m's™")
H ] B 1) =1 sl Hial e Hial e
Daytime Nighttime Daytime Nighttime Daytime Nighttime Daytime Nighttime
FESIEE T 0.511 ~1.215 6.055 7.0437 1.043 2.9827 —3.059" —0.894
Before rainy season-after rainy season
p 0.615 0.239 0.000 0.000 0.309 0.007 0.006 0.382

*, £E0.05/KF LB =, 7E0.01KF LR,

*, significant correlations at 0.05 level; **, significant correlations at 0.01 level.

), MRHMAGZ R FFRA T H MR, HAHEL  MIVPDYYEERRIR(R2), “FHRHE LTI EAZ LR
THARRE T, RHI HARMBEN N SRS, 2), (HBEhiEE R RLIE D thah, MZ)E K H A
AFERAERNY, HESHEEMEIRETHZE  MREWsHH T g, B0 AWK &
SR . MR T, WA H AR T M=, & LESWCHIZ T2 ELE T A2
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22 FREEETERRMNSTH
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TRV 2 (Quigne) £ EL VB 2 (Q) 11 L A8 (782 ) 3
k). ZERT, 1.3 mARI BRI o b B e, ik 2

Bl T Z:H(j Before rainy season
% = FZJ5 After rainy season

*

30

N
[
T
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[\
(=]
T

& kE SWC
Soil water content (%)
S &
*
*

(%]

0
0-100 100-200 200-300 300400 400-500 500-600
¥ Depth (cm)

B2 WFEAE0-6 m TIESIKRESR . *, 7£0.05K 7 L& E;
wAE0.01KF R .

Fig.2 Differences of soil water content in 0—6 m depth before
and after the rainy season, *, significant correlations at 0.05
level; **, significant correlations at 0.01 level.

Bl Z77 Before rainy season
2 [ WZJ5 After rainy season
*

—_ =
N A
T 1

—_
o
T

a

RIENR IR/ H BB E Quign/Quay
Nocturnal sap flow/daily sap flow (%)

S N A O

0.35 1.3
B Height (m)

B3 ZEFAFGEEAERRE S H SRR ERE. a
b A R 2= 1 AN [R] v REARL IRV o LA SB35 22 3 % RO
(7] — 25 o B2 9 2 1T J 282 18] YRUUAL o BE A 825 22 57 (0.05 K
).

Fig. 3 The ratio of nocturnal sap flow to total daily sap flow
at different stem heights. a, b represent the significant
differences of the ratio between different heights in the same
season; * significant differences of the ratio before and after the
rainy season at the same height (at the 0.05 level).
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11.78%, ‘&2 =10.35 m (5.34%)F17 m (5.08%)4t
AT WZERT, WEJG, 0.35 F11.3 mib R a1
i EEE R 2 R (p < 0.05), 117 mib# BRI &5 EL
BEWN(P < 0.05). MZEE, 1.3 17 mbR
5 HE 2 BN 8.55% 17.56%, {H ) 2 T0.35 m
(4.19%).

TUREAR AN [7] 25T 15 BE WY 2= 11 )5 1) 25 T Bk
() 24 hah BB E AR SRS, WA
HrEEQYE T WG . WA, ASE R H b
B YU B (Qaay) EL AT BE R I TR 20 1, AH (6 550)FF
AP TF T, 10:00 21 15:00 3 18] A X6 45 v HoFa e,
15:007F 46 %2 H ¥ 28 % (E4A). WSS, 0.35 m
5 A4 m BB AAAAEZE R, 0.35 mibqu M
6:0031 10:003Z 4 38 i1, 11:0055 2|24 K & KAH J5 28T
P/, T AT AN 15 B Qaay W 7E 12:003% 2 8 5 7K,
H— B 45720 14:00, F M 15:00FF 46 32 87 9 /> (B
4B). FNZERT, & 25T B A 1R) I o YU 22 (Qnighe)
M20:00%22:00 KHRE T F%, 2 58 i E (E4C).
1.3 mAb quign 7E 22 B BT AS BT kN ok, HoAtha A =
F% Quigh I TEZL BT £ G2 G & A . KT Rk
1 Quigne 7F: Y ZE A1 Ji5 5 A% 52 AR ALK A2 AL i 35 (I 4C
4AD)o (HA A F RN qugn NZET R E B J7
BTN A, T ZESE AT 0.35 mAL 1 quign I
F1.3. 4F17 mik, EF23:00F 1S K, FHTIK
H 2:00 18 31 54 1 BE o i e KA (14D) o AH EL T 2
BT, oAt 4 w5 2 AL 1) Quigne £E B2 B BT A9 B T W 2 AH
XN

THE 4 A [5) 25 w50 B (0 B I VR £ (q) Bh A&
i 2% B L RS 1 T AR A5 38 AS [ s P88 25 B o 0 78 7K B
FKER H AR (EIS). WG, 4-7A17-10 miA] 25
B H R 7K B AR 2 N IEME, 35 H I 78 K &5 5
EF)(4.16 £ 1.25) LAI(1.65 £ 040) L. NZHl,
0.35-1.3 miE] 2B AR/KBEIGLAIE, BENZE)G
[118:004% YK H 1:00%6 AR ACKRES o« AHEE T HoAth =
ZEEL, 1.3-4 mia] ) 25 B e K 228 A AH 4878,
HAP AR AR FE AU A—0.11-0.06 Lo %25 BLAE 2RI
Ji 1) 76 7K B 343 591 9 10:00-17:0041111:00-16:00,
RIS B8 b TR ACIRAS
23 AREERERRAMINERFFEIEREFRY
e Jiz

AN E R Vs 50-6 m3E & /K H 1M -5
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Fig. 4 Daily variations in momentary sap flow (q) at different heights (mean of multi-day measurements of T1 sample trees). A, C

show the variations before the rainy season, and B, D show the variations after the rainy season. C and D are the enlarge figures of
nocturnal variations of momentary sap flow.
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DOI: 10.17521/cjpe.2022.0162


席本野

席本野

席本野


8 FHMIEZM Chinese Journal of Plant Ecology 2022, 46

HR3  IEE KA (SWO) SR AR I 5 AR KAk

Table3 Correlation coefficients between soil water content (SWC) and nocturnal sap flow rate

SWCim SWCon SWCisn SWCin SWCsp, SWCm
S 0.35m —0.757 —0.606" 0.669" —0.827" —0.725" —0.610"
Before rainy season 13m ~0.437 ~0.140 0.623" ~0.510 ~0.587" ~0.590"

7m —0.769" —0.640" 0.679" —0.833" -0.737" —0.630"
WEG 0.35m ~0.084 -0.007 -0.030 -0.136 0.210 0.280
After rainy season 13m ~0.122 0.052 0.294 0.294 ~0.154 ~0.274

7m —0.536" ~0.306 0.267 —0.021 -0.162 -0.175

*, E0.05/KF LR 3 **, 7E0.01KF L&,

*, significant correlations at 0.05 level; **, significant correlations at 0.01 level.

X 1-6 mIISWCHIA B R Ri(p < 0.05), & [AIVsS
SWCin R IEMK KR, EHRE&E LZSWCHE R
FHRK R 1M1.3 mb KAV S SWC;,, 2 53 1E
R, H5SWCsnMSWCqp 2235 HiAHG . W,
18] VI 2 5 %+ 2 SWC A 56 1k B 2 06k 59,
HAT mib R Vs 5SWC, & & E A X P <
0.05).

T VPD AT 7 2% 11T J5 & 25 51 B B IR TR
TR I 22 W I 3R BNE FH (p < 0.05). WY ZEHT,
WAV sBE R B VPD AT IR InF 2271, b7 mis
AR AR AV 5 VPD AT AH AR BE Bt e V2R, 1R
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e

gy

= 2 0.0004 -

“E

(6] Vit VPD AT 3G iy 38 1y i 52 B S P A1, HL
2 VPD#I0.5 kPaltf, £ 8] 28 TP Fa (E
6). MZEJE, 0.35 mibR [ Vs 5 VPDAITIAH L
B 2 A A1

MEIARERE, HIEWSESWFE1.3 mik
AV 2 L HE 5535 (1 AR R OK R (p < 0.05, 7).
FZEAT, 345 B 1 H R & (Quay) 3 5 H 45 H AL
B TAT B B (Quigno) AR 35 HIEAH R R R (p <
0.01). M ZJ5, 1X1.3F17 mAk ) Quay 5 HQuign A7 E IF
KK R < 0.05), 170.35 mALMKIQuigh T FHQuay
21 B (p > 0.05, 7).
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Fig. 6 Short term responses of nocturnal sap flow rate to nocturnal vapor pressure deficit and air temperature at different stem
heights. *, significant correlations at 0.05 level; **, significant correlations at 0.01 level.
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Fig. 7 Long term responses of nocturnal sap flow (rate) to Ws and diurnal sap flow at different stem heights. *, significant

correlations at 0.05 level; **, significant correlations at 0.01 level.

3 it

31 EABHETARGEREGRNNZESR
PRI I TR IE SETE 2 PRI R3S R 40 i
KA, BRI R A IR B ORI 4 R =
7 EGAEAS [FIR R [X 38 (8] 47 7E B S8 22 57 (Dawson et
al., 2007). AT, AH 5K IAE [R]—Hb 23 (A [F) 4
Bl b, B AR & E 22T AN R e (AR R
ZEH A WA AE B 22 R (B3) . MIZRAT, T2
#(0.35 m)ATIE K AL (7 m) R0 5 ELERIR,
FRAZ AL (1.3 m) R IR o PL AR FRPE RS R K F e T
TENZR G A KA, JEE 3 R0 B 42 Ak 1 4 TR0 Y
A BT T B, VA A R AR o b I 2
B IXFREEFNIENZERT, BEW H IR REY,
XFZET N I KRR, B AR SR At
AT IR R R AN 78 25T R 17K 43, XA m) LA
T Tk Y ZE 22 1R ) Qigne b B HE—SDAIE K
DRI, 2SR 25T FE R0 N S0k X 42 g A 8 B
o b R ELR i H R SR A 17K 2 T FE RO (R HE 2% 1)
MR R IK 5] B R Quign FTEL . BEAL, 25T FRIKAER
[ R 7 b A = TR 2 i (Di et al., 2019; Wu

et al., 2020), MG ETRA AT mib =T
Fe /K B I it R T 0.35811.3 mim FE Ak 7 18] ik
MR E TR R

MR G, A7 m) B R 5 b R 4
U EE 710 m28 Bt iy B AR TA) 78 7K & P 3 (1
5). FHECIIZERT, 7 mAb ) B R AR A IR (q)
ENZEGHTHERK, B%ET mll Ed 2R
A5 WEEATHLRAFEK T R S8, ZTEEHM
BEEATK PR Qg 22 FH T 2% i 482 TR 28 0 = 238 7K 4 PRI R A
FIFH B R (El4), 1T BT RE 2 1K H T =T
A K CAAERFP AR B3R e . (R, W E
0.35-1.3 mf7-10 mZEBAER (A H 2 3l B /K RN
ETRKEFEBLRES). XHFE-—BIEL T B
W 12 1) FH 7K P 2 2R R AR SR i 338K A
NTFHMETFK. g7 E, TIRRB AR & Hid 2
2K KK PR A B A2 AT LR & A7 3L
R 2= H 5 SR HL 7 AN R A ) 7K SR . 2= B
W (A 18] 25 F K 2 R IR T3 2L AR R IBK, 1
Y 2% i 1R 1) 1) 25T 7K i s AR s T B R AR 78 o
JH T I 5ECE 25T AR5 1K 48, IR AR K A AE
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M5 1B B DK TSSO A .
Ab, 7-10 mZET 70 /K &3 0 An A i B2 25 B ek
EFE, HEFEVAEAAR &S EAR M ZET R
K]0 22 S R AE N 22 5 B T FRAR, 00 IR SE T AR5
et 2.

XTECRZERT G, KT A6 /KTEAE Y 4R 17K 5y
B A BRI A, (RO [R] v R 2R B
FITHREENAEAE — BRI ZE 0 . AR B A 2 BT A A 4y
L REAEIK Sy, TR 2 S EEAE AR AR B (AR
X =AM BT I RRAR, XthEHT
FELY) e B3 T 5 A T (1 7K 43 A Wi B i A B R
X RERATRU . TEA R FIMEEAAE T, M
15 A [7 P 2 Jo 75 SR - 498K 23 (B 264, AT Ik
MG EEE, SEHR. MEALER. F4%
i 58 5 R R AIE S IR O 8 16 AS [) A B 2y B ] R A A
(Pratt & Jacobsen, 2017; Pratt et al., 2021). A&#F 50 H,
T HMEERZET, 134 mERNZETRKE
AMUERAK, HAEMZERT BN ES). X—BG
A eSS H T2 BOR e AR K T E B A K
SYIEHA L, AR R KRN 25 R 1
fERPGE s E T E, AT 75 K3 Az
Pfautsch 55 (2018) 18 i #iff 7 A% A% A (] 1y F5E A Joia 356 A
FlGE R, T8 AR T = 2T R PR
Mi&s, HRE AR RKHZBAE TR+ T
. XEMRE D RS K S EE A
P m HAK g ae S, DAORRE BK 7 ok
(1) B o (LR o FHESCITT 5, B5380 2 M4 A4 mZ Vs A
V) () 9/ 25 B U T 2R i B (I 25 R B A7
IR VERIPRANERAL . B A R 2 i I A) Z8 0 1 FH 1)
W, IR ZEBIAEE KT FE A BTG %
T T SRR IR R 55 2 B H s voe, A
A SRR ) R B VIR, BT ZET K451
JeoK 75 5 7K 2 A A AU % 28 ] BE AR A7 7 1
BT BRI E R, AR E gl — P, Lk
WAL R T E T A IR MR %L, EH
WA [ 1o P A AR TR o BT 25 78 /K 38 oK B s
ANCIPE S i
32 EABETARESERERRIREF

2R, BAMZET0.35, 1.3817 mE A5
Vs 5 B3 mAh 138 5K 3 2 U 96K R (ER3),
X 5 Chen%:(2020) Fll Pfautsch:(2018) (K 78 45 A1
Bho 7EF R0 RS T, WAV Z LK 1)

www.plant-ecology.com

BRI T BREAIS, e SR ITH EEa s 1 e, XN
BK LRI R RERAR AR FEWEREEZ M ZET
A7k, — A Tl R & B FKTHR R, H—Jm
B AR K 23 B2 AS A2 T B3 F 7K 0 R ORI o T #E
(19 25 i A7 /K ) 75 ZE AR AR I AT #h 78, DA4E
FRRH HIEZE BB IREAT . R, T3ET 2S5
TR Vs T 81 AT BRI 540 AR [R] 2R AT (1 5 25 XAk
M ZEBEA R, WAMRMX —IhRe & of
WEFCIE S2(Pfautsch et al., 2011). Jh4h, FREEIELEZ
R BRI S s 26 i B 7E B ZE AT AL TR KT,
H 2 & FIE AMTE 2 oA R & R USOR (48
AEZE, 2019), ATLA 202 m) 3K 525250
H I|] 338 2% 5 R KPTHFE, BEET V&
MR N A 7t H 18] 5 % A1 2 IR A Rk
R, W EETBEE KR SRV i &R N 5
Ko MET FELE RE@G mULT)EHK G320
AN ZE RS AT B, Iz SR KB R %,
HAR IR FE AR b2 RO AR (E), HRZERT
MR RE/ANEER EAEHRG A BA B AN
W)o TIZM BLRIE] Vs ) 2020 PR 35 (B T 1),
Rk, %EIVs54 mUL R R Z 588 K E 1 6
AR 2R 32 B A 3 (A I I =45 AR b ka 35 i
.

HHAME LEARR, 3 mESWCEALE TR
#, RMETESREN G RART & . ER—RIE, 3
miR LK AR B R A A AR B B2 (2 m) -+
KA. FTHITE AR [F) B AR 2 OB 2 1)
R RIS R ATK 73R TS (Liu et al., 2021)F W,
X AT RS BT AR 3 18 A ) B 28 I TR A e A
(R Z 7K 5 LR R S A R 78 2 1) 437K 43 T
ELEEEHT, B86 mEMEESKESHL LR
TR AT R, T (A2 B S R F Vs
A IEA R R BAh, 1.3 meAb R 2 a2
TE7 H R I B AR RR A 5 oAt 95/ v B AH &, BT BA
i AV 5 38K 2 (] A D PEELES, X AT AR
5B B 1.3 mAR B )R I 2 (bR R A R
MWZE 78 R BRI s T L3R 2K 0, (HEHIES T
TIEE KB ERAVH FIAHIE . AT REAEE LT R
PR 55—, A H ] 28 0 52 W 105 5 W g8 i B A1G, 9K
T KA R SR AERE, BB, A ARAR
R, KA T Ko, =, WEE
Je B A R R K 32 AR 30 25Tk, BRI
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XK A AR R, RS, SWCAF RN
PR B B 28 s 1 32 E R, W= fE 34 = L
TR I %2 5 e 5 K R LA T 3 PR R SR Ak

FYZ=RT 5, AN B AR Vi3 5 R E] VPD A
TR B3 EA R (El6), X5 B2 Bt Fi R B R
[B) Y I 3 B2 52 7% 18] VPD AT I [ 3K 3 F A0 A — 2K
(Zeppel et al., 2010; Yu et al., 2018; Hayat et al.,
2021). EANE T LMERFTE, AR IVPDHITH A
RV ) X S A R AE AN [R] IR AN AN 7] vy i ) 24 B A
—EMZE R, XA RS R AN T
TE W ZE 1 S5 R IA) 7K 70 M ) SR AN R 5. [R]I,
ZEE R E T AR MRS . SRS, W3
Ja i A AR ATV s 55 TR R 5 38 3k AR,
fHER0.35 m4t, K IAIVsS5 VPDIAIAHSGYEIS A Frde i
(6). TIRHIZAT ), ITiEBAEBRIAIV R VPD I
g Ay WS, T AR A v EE A Vs R 5 VPD R 2
FASR, (HAHRALEHZAC T7 m AL o X — I RAE
UE W] VPD 14 1] 7% 15 B SR 5 R 2R B[R] I, ik
DAAEAE 70 R 43 H AR B) Vs 5 VP D P 0% i 18 4 32
BE MIMORB R] 26 s 300 . BIRMZERT A, Mt
AR BV XS R F-(VPDAIT) i B 45 T K AR AL
XA HE R H T MR A 22T 2= AT e ah 2 K DA
o] _Bizim oy E R ThRE, Kk, WA AR BT AR
R I TR FEN . R AR RIBUKSS, EH
BRI FHZK ) 32 BORIE R AR AR, SBEURS 22
BRI AN VS R FEAS, BT DAL R 2R 5 A Vs 53 5
F2 BEIRA PR [ (R AH G AR B I R %

R 2= i) S5 1] V g B AR AN 52 KU PRI R (1 7), A
P25 1.3 mm BEAL IR [A] Vs 5 R 52 4 35 A A 55
X5 HFTER 78T 745 0 RUE O B VAR 22 5
WER R 45 18— (Zeppel et al., 2010; Zhao et al.,
2019; Kangur et al., 2020). (HHA H AL, K
OO TR] VB AT AE L7 BA) 2 1) 52 i (W et al.,
2020; Chen et al., 2020). 4T LA BAHS 4510 8
TAFI B AR X IRFR A5, Rk, XU SRR
[V HI R AR PT RE R T AN R A . bRRE . B
75 QUL R R P T B S22 o T e J2 G5 A8 R A
A AR TR AR S o IR %) 50y 2 Wi S AR AT AT A 2
— BT AR o oAb, AR 5 R QuigneE R 2%
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WU 1K 23 RVE, 2872 P8 Qign i AR, TR, 3L
5 Quay I R thAFE 225

4 £t
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Ky, bz 2 B e KN A F I
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e LA A5 B 78 /K R 10 22 5 T e el T R K
It B R A AN R £ BT RE, HEETIOKERE
F7K SR AT AR A . IZRAT, B A
RS KV Tk 0B 3 miR A L35 K
FFH A RO I B2 I m e B, W25 AR
RO A5 S DR 1B AR Sk B Rk g5 . AN TR
BLIE M B8] K 20 A P SR I 2 A2 Ak, 9Bl
AFZR 7RI T AL, BRI AIK T 1E3)
AR, PR TS R G EIK 7 AR
0 SR B PR Bt 1R A SCHF

S 3k

Antezana-Vera SA, Marenco RA (2021). Sap flow rates of
Minquartia guianensis in central Amazonia during the
prolonged dry season of 2015-2016. Journal of Forestry
Research, 32, 2067-2076.

Benyon RG (1999). Nighttime water use in an irrigated
Eucalyptus grandis plantation. Tree Physiology, 19,
853-859.

Bovard BD, Curtis PS, Vogel CS, Su HB, Schmid HP (2005).
Environmental controls on sap flow in a northern
hardwood forest. Tree Physiology, 25, 31-38.

Burgess SS, Adams MA, Turner NC, Beverly CR, Ong CK,
Khan AA, Bleby TM (2001). An improved heat pulse
method to measure low and reverse rates of sap flow in
woody plants. Tree Physiology, 21, 589-98.

Campbell GS, Norman JM (1998). An Introduction to
Environmental Biophysics. 2nd ed. Springer, New York.

Cao QQ, Li JR, Xiao HJ, Cao YB, Xin ZM, Yang BM, Liu T,
Yuan MT (2020). Sap flow of Amorpha fruticosa:
implications of water use strategy in a semiarid system
with secondary salinization. Scientific Reports, 10, 13504.

Chen ZSN, Zhang ZQ, Sun G, Chen LX, Xu H, Chen SN
(2020). Biophysical controls on nocturnal sap flow in
plantation forests in a semi-arid region of northern China.
Agricultural and Forest Meteorology, 284, 107904.

Cook GD, Dixon JR, Leopold AC (1964). Transpiration: Its

DOI: 10.17521/cjpe.2022.0162



12 HEYEZS 3R Chinese Journal of Plant Ecology 2022, 46

effects on plant leaf temperature. Science, 144, 546-547.

Daley MJ, Phillips NG (2006). Interspecific variation in
nighttime transpiration and stomatal conductance in a
mixed New England deciduous forest. Tree Physiology,
26, 411-419.

Dawson TE, Burgess SSO, Tu KP, Oliveira RS, Santiago LS,
Fisher JB, Simonin KA, Ambrose AR (2007). Nighttime
transpiration in woody plants from contrasting ecosystems.
Tree Physiology, 27, 561-575.

Di N, Xi BY, Clothier B, Wang Y, Li GD, Jia LM (2019).
Diurnal and nocturnal transpiration behaviors and their
responses  to fluctuations  and
meteorological factors of Populus tomentosa in the North
China Plain. Forest Ecology and Management, 443,
445-456.

Even M, Sabo M, Meng DL, Kreszies T, Schreiber L, Fricke
W(2018). Night-time transpiration in barley (Hordeum

groundwater-table

vulgare) facilitates respiratory carbon dioxide release and
is regulated during salt stress. Annals of Botany, 122,
569-582.

Fang WW, LU N, Fu BJ (2018). Research advances in
nighttime sap flow density, its physiological implications,
and influencing factors in plants. Acta Ecologica Snica,
38, 7521-7529. [Jifhfh, Bk, A2 (2018). MK
BRI A A AR B R SRS R R T k. AR
1, 38, 7521-7529.]

Fisher JB, Baldocchi DD, Misson L, Dawson TE, Goldstein
AH (2007). What the towers don't see at night: nocturnal
sap flow in trees and shrubs at two AmeriFlux sites in
California. Tree Physiology, 27, 597-610.

Granier A (1987). Evaluation of transpiration in a Douglas-fir
stand by means of sap flow measurements. Tree
physiology, 3, 309-320.

Hayat M, Igbal S, Zha TS, Jia X, Qian D, Bourque CPA, Khan
A, Tian Y, Bai YJ, Liu P, Yang RZ (2021). Biophysical
control on nighttime sap flow in Salix psammophila in a
semiarid shrubland ecosystem. Agricultural and Forest
Meteorology, 300, 108329.

Hogg EH, Hurdle PA (1997). Sap flow in trembling aspen:
implications for stomatal responses to vapor pressure
deficit. Tree Physiology, 17, 501-509.

Howard AR, Donovan LA (2007). Helianthus nighttime
conductance and transpiration respond to soil water but not
nutrient availability. Plant Physiology, 143, 145-155.

Jasechko S, Sharp ZD, Gibson JJ, Birks SJ, Yi Y, Fawcett PJ
(2013).
transpiration. Nature, 496, 347-350.

Kang XY, Zhu ZT (2002). Position and function of triploid
Populus tomentosa in pulp production in China. Journal of
Beijing Forestry University, 24, 51-56. [JE[AIFH, 22156
(2002). —f5kE AR E AR A= R AL S1EH.
JETMAML K 24, 24, 51-56.]

Terrestrial water fluxes dominated by

www.plant-ecology.com

Kangur O, Tullus A, Sellin A (2020). Night-time transpiration,
predawn hydraulic conductance and water potential
disequilibrium in hybrid aspen coppice. Trees, 34,
133-141.

Kumagai T, Aoki S, Nagasawa H, Mabuchi T, Kubota K, Inoue
S, Utsumi Y, Otsuki K (2005). Effects of tree-to-tree and
radial variations on sap flow estimates of transpiration in
Japanese cedar. Agricultural and Forest Meteorology, 135,
110-116.

Lin H, Chen YJ, Zhang HL, Fu PL, Fan ZX (2017). Stronger
cooling effects of transpiration and leaf physical traits of
plants from a hot dry habitat than from a hot wet habitat.
Functional Ecology, 31, 2202-2211.

Liu XJ, Zhao P, Rao XQ, Ma L, Cai XA, Zeng XP(2008).
Response of canopy stomatal conductance of Acacia
mangium forest to environmental driving factors. Frontiers
of Forestry in China, 3, 64-17.

Liu Y, Nadezhdina N, Di N, Ma X, Liu JQ, Zou SY, Xi BY,
Clothier B(2021). An undiscovered facet of hydraulic
redistribution driven by evaporation-a study from a
Populus tomentosa plantation. Plant Physiology, 186,
361-372.

Marks CO, Lechowicz MJ (2007). The ecological and
functional correlates of nocturnal transpiration. Tree
Physiology, 27, 577-584.

Oren R, Phillips N, Ewers BE, Pataki DE, Megonigal JP
(1999). Sap-flux-scaled transpiration responses to light,
vapor pressure deficit, and leaf area reduction in a flooded
Taxodium distichum forest. Tree Physiology, 19, 337-347.

Pfautsch S, Keitel C, Turnbull TL, Braimbridge MJ, Wright
TE, Simpson RR, O'Brien JA., Adams MA (2011).
Diurnal patterns of water use in Eucalyptus victrix indicate
pronounced  desiccation-rehydration  cycles  despite
unlimited water supply. Tree Physiology, 31, 1041-1051.

Phillips NG, Lewis JD, Logan BA, Tissue DT (2010). Inter-
and intra-specific variation in nocturnal water transport in
Eucalyptus. Tree Physiology, 30, 586-596.

Pratt RB, Jacobsen AL (2017) Conflicting demands on
angiosperm xylem: Tradeoffs among storage, transport and
biomechanics. Plant, Cell & Environment, 40, 897-913.

Pratt RB, Jacobsen AL, Percolla MI, De Guzman ME, Traugh
CA, Tobin MF (2021). Trade-offs among transport,
support, and storage in xylem from shrubs in a semiarid
chaparral environment tested with structural equation
modeling. Proceedings of the National Academy of
Sciences of the United Sates of America, 118,
€2104336118.

Raven JA (2008). Transpiration: how many functions? New
Phytologist, 179, 905-907.

Ritchie JT (1974). Atmospheric and soil water influences on the
plant water balance. Agricultural Meteorology, 14,

183-198.



WA BAMZETRIENGRN 2 3h & LB E T 13

Schlesinger WH, Jasechko S (2014). Transpiration in the global
water cycle. Agricultural and Forest Meteorology,
189-190, 115-117.

Scholz FG, Bucci SJ, Goldstein G, Meinzer FC, Franco AC,
Miralles Wilhelm F (2007). Removal of nutrient
limitations by long-term fertilization decreases nocturnal
water loss in savanna trees. Tree Physiology, 27, 551-559.

Snyder KA, Richards JH, Donovan LA (2003). Night-time
conductance in C3 and C4 species: do plants lose water at
night? Journal of Experimental Botany, 54,861-865.

Tang JW, Bolstad P, Ewers B, Desai A, Davis K, Carey EV
(2006). Sap flux-upscaled canopy transpiration, stomatal
conductance, and water use efficiency in an old growth
forest in the Great Lakes region of the United States.
Journal Of Geophysical Research-Biogeosciences, 111.

Tanner W, Beevers H (2001). Transpiration, a prerequisite for
long-distance transport of minerals in plants? Proceedings
of the National Academy of Sciences of the United States
of America, 98, 9443-9447.

Weiwei F, Nan L, Yu Z, Lei J, Bojie F (2018). Responses of
nighttime sap flow to atmospheric and soil dryness and its
potential roles for shrubs on the Loess Plateau of China.
Journal of Plant Ecology, (5), 717-729.

Wright KE, Barton NL (1955). Transpiration and the absorption
and distribution of radioactive Phosphorus in plants. Plant
Physiology, 30, 386-388.

Wu J, Liu HX, Zhu JY, Gong L, Xu LJ, Jin GX, Li J, Hauer R,
Xu CY (2020). Nocturnal sap flow is mainly caused by
stem refilling rather than nocturnal transpiration for Acer
truncatum in urban environment. Urban Forestry & Urban
Greening, 56, 126800.

Yu TF, Feng Q, Si JH, Mitchell PJ, Forster MA, Zhang XY,
Zhao CY (2018). Depressed hydraulic redistribution of

roots more by stem refilling than by nocturnal
transpiration for Populus euphratica Oliv. in situ
measurement. Ecology and Evolution, 8, 2607-2616.

Zeppel M, Tissue D, Taylor D. Macinnis Ng C, Eamus D
(2010). Rates of nocturnal transpiration in two evergreen
temperate woodland species with differing water-use
strategies. Tree Physiology, 30, 988-1000.

Zeppel MIB, Lewis JD, Chaszar B, Smith RA, Medlyn BE,
Huxman TE, Tissue DT (2012). Nocturnal stomatal
conductance responses to rising[CO,;, temperature and
drought. New Phytologist, 193, 929-938.

Zeppel MJB, Lewis JD, Phillips NG, Tissue DT (2014).
Consequences of nocturnal water loss: a synthesis of
regulating factors and implications for capacitance,
embolism and use in models. Tree Physiology, 34,
1047-1055.

Zhao CY, Si JH, Feng Q, Yu TF, Li PD (2017). Comparative
study of daytime and nighttime sap flow of Populus
euphratica. Plant Growth Regulation, 82, 353-362.

Zhao CY, Si JH, Feng Q, Yu TF, Li PD, Forster MA (2019).
Nighttime transpiration of Populus euphratica during
different phenophases. Journal Of Forestry Research, 30,
435-444.

Zou SY, Li DD, Wang JS, Di N, Liu JQ, Wang Y, Li GD, Duan
J, Jia LM, Xi BY (2019).Response of fine roots to soil
moisture of different gradients in young Populus
tomentosa plantation. Scientia Slvae Snicae, 55, 124-137.
(B8R 5, ZEG, e, i, xlemm, EfE, 2
7, B, BERY, AR (2019). BEEIRANRT
B K M BL. Mol R, 55, 124-137.]

WEmZE: BRI STERE: W

DOI: 10.17521/cjpe.2022.0162



