YRR 2020, 44 (8): 864-874
Chinese Journal of Plant Ecology

DOI: 10.17521/cjpe.2020.0089

http://www.plant-ecology.com

EABETARGUREBRRECHAEREEE
=M F

1* 1* 1,2 3 > el > =4 1 1**
R & Ee R 4 TR x| # FIEY TR AR
ekl R S B AR B SR A HE AU %, b5 100083 ; 2SS KRS SIS, IEREERE 010021; *db I Aol SR R R
FiBE, AL 100093; ‘K IFBOCEARARE L HEE, L5t 100039

% FE CAWHEOM(Populus tomentosa) SR J7 A 171 28 i 5 (N1 S 25 1 e /K B (Sr) SR MR TG 2 R, BR AR 7 4r
NOFIS ) FERZ W R, AZ A 08 #0057 8 A AT R AR 09 B M ZE AR E MR AR, R ERIE X
Y NIFISro A8 1 33 S uh AU IR Tk S+ KBRS AR S (R, kW m ). R E(T,, C). T MM IEE(RH, %) K (v,
ms )y HIEKIE(p, kPa)SEFMER T o L HLA & 5 AL A NS 6 3 1 R /N 0 % e S5 FRE BR T 22 1) (A S e 15 31
A7 1) 2 T B A ) 22 S e DA B & T S A TR Y 2 B R 1o 45 3 567 SRATREAL T 2 M BORERN 5 7 o7 O NeRI S B K, e
WG AL IR SR 3 KT HAR AN T 7, ALTT AL N R 2 /T H 3N 5 Ay Fopth o 2 8] (I NeRISr E 35 22 ey S5 T LR a2
FRIKEE 5 AR 1 LA (Sr/ Q) 8. 3 22 57 o R AT AN T W M PRV AR 08 5 L I NERN Sy R ¥ B K, w8 5 6 1) S 3 KT 7R
Ji AL AR A, BT ALIINGR DS, RN T 5 AL ANy A, FA 7 R N S G 35 7 R B T L 1 Sr/Q IR 2 KT A3
NTiL o & JT BLIINCFISIS) 5 /KR R 5 Sh(VPDYAR BB W IEA DGR R, M0 T SiNRISr S5 T MRHEA B EM SRR, AT
RINFISF 5Vl BIEA R K R e NS AL IR I ZE R (Ntcyn Srey)GVPD Tyw RH. vy LB EMK KR, WA, Sr2E
RITIRITESI RS . 42 EATR, BAMARE M NSRRGSR AR AN ZER, B IA T 6 VPDRFH
KNS S R T .

XH2iE TBEW; T WIAARE, EFRK

864-874. DOI: 10.17521/cjpe.2020.0089

Azimuthal variation in nighttime sap flow and its mainly influence factor s of Populus tomentosa

ZHAO Fei-Fei'", MA Xu'", DI Nan'?, WANG Ye®, LIU Yang', LI Guang-De*, JIA Li-Ming', and XI Ben-Ye'""

'Ministry of Education Key Laboratory of Silviculture and Conservation, Beijing Forestry University, Beijing 100083, China; *School of Ecology and Envi-
ronment, Inner Mongolia University, Hohhot 010021, China; *Beijing Academy of Forestry and Pomology sciences, Beijing 100093, China; and *Faculty of
Agriculture, Forestry and Medicine, the Open University of China, Beijing 100039, China

Abstract

Aims To clarify the azimuthal regularity of nocturnal sap-flow activities of Populus tomentosa, which includes
nocturnal transpiration (Nf) and stem water refilling (Sr), and explore the main impact factors of Nt and Sr in dif-
ferent orientations.

Methods The thermal dissipation method was used to monitor the nocturnal sap flow of P. tomentosa planted in
wide and narrow rows patterns. The image method was used to distinguish Nt and Sr. An automatic weather sta-
tion measured global solar radiation (R, kW-m ), air temperature (7,, ‘C), relative humidity (RH, %), wind
speed (v, m-sﬁl) and other environmental factors. Mechanical tensiometers measured soil water potential (y, kPa).
The differences of nocturnal sap-flow among orientations and their main impact factors were determined by com-
paring the magnitudes of Nt and Sr and their correlations with the impact factors.

Important findings The results showed that, for trees on the east-wide-row, the west orientation has the largest
Nt and Sr. The Sr in the west orientation was significantly larger than that in the other three orientations. In contrast,
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north oriented Nt was significantly smaller than that in the other three orientations. There was no significant dif-
ference in Nt and Sr among other orientations and the proportion of Sr accounted for the nighttime sap flow (S#/Q)
in all orientations. For trees on the west-wide-row, Nt and Sr in the west orientation were also the largest, and the
Sr in the west orientation was significantly larger than that in the east and south. The Nt in the south orientation
was the smallest and significantly smaller than that in the west and north. There was no significant difference in
Nt and Sr among other orientations. The S#/Q in the south orientation was significantly larger than that in the other
three orientations. The Nt and S had significantly positive correlations with vapor pressure deficiency (VPD), and
Nt and Sr in some orientations had significant correlations with 7, and RH, but Nt and Sr in all orientations had no
significant correlation with v and y. The variation coefficient of Nt and Sr among the four orientations (Nf¢y and
Srcy) had no significant correlation with VPD, T,, RH, v and y. In addition, the Sr was significantly affected by
the daytime sap flow. In conclusion, there were significant differences in nocturnal sap flow of P. tomentosa such
as Nt and Sr, with west being the most dominant. VPD was the mainly meteorological impact factor of Nt and Sr

in all orientations at night.
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Fig. 1 Scheme of wide and narrow row planting of Populus tomentosa.
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Table1l Characteristics and metrical information of sample trees of Populus tomentosa which planted in wide and narrow rows

W T FRTEEET W e T AR E
Number Diameter at breast height (cm) Sap flow measured date Full measured days Wide row position
T, 10.32 2011-05-16-05-19 4 W

T, 10.56 2011-05-21-05-24 4 E

T; 11.04 2011-05-26-05-29 4 w

Ty 9.80 2011-05-31-06-04 5 E

Ts 9.90 2011-06-06—-06-12 7 E

Te 10.65 2011-06-17-06-23 7 W

T, 13.30 2011-06-25-07-03 9 W

Ts 12.72 2011-07-05-07-18 13 W

Ty 7.47 2011-07-19-07-29 11 w

Tio 8.35 2011-08-02-08-16 14 w

T-Ti#R 1B 10N B W B ARR AT AL TR RO P50

T,—T)o indicate the first to the tenth sample trees; E and W indicate wide rows are in the east and west of sample trees, respectively.
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Fig. 2 Scheme of distinguishing nighttime transpiration from stem refilling of Populus tomentosa.

N
<)
1
—
o
S

) _
\;35 80 E
5 g 30 60 £ £
T 825 = 8
& 40 ¥ 3
520' 20 g
21 0 &
4r
TR
2 ,
gg.g 2
S g N
>3

100
80

60

SRR

Air relative humidity (%)

R

Wind speed (m-s™)

g o
T._; -10
BRE 20r
§ g 30t
H B —40 -
g 50+
2] 05-21 05-28 06-04 06-11 06-18 06-25 07-02 07-09 07-16 07-23 07-30 08-06 08-13 08-20
H #§ Date
— X Daytime  ---- %{JA] Nighttime == [&/K Precipitation

B3 FE AT B N B AR 7T A A I AR A
Fig. 3 Variation of environmental factors during the sap flow study period of Populus tomentosa which planted in wide and
narrow rows.
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Table 2 Differences and correlations between diurnal and nocturnal mete-
orological factors during the sap flow study period of Populus tomentosa
which planted in wide and narrow rows

T,('C) VPD(kPa) RH (%) v(ms')
AR 4347 0777 —1208" 073"
Daytime-nighttime
MRAK 0.812"  0.879" 0.849"  0.533"

Correlation coefficient

*ON0.0UKF B . AR-REABRARE T LK FH%ER . RH,
AR T, 2R VPD, KR TR v KU

** means significant correlations at the 0.01 level. Daytime-nighttime indi-
cates average difference of diurnal and nocturnal meteorological factors
between daytime and nighttime. RH, air relative humidity; 7,, air tempera-
ture; v, wind speed; VPD, vapor pressure deficiency.
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Fig. 4 Variation of differently azimuthal nocturnal sap flux of Populus tomentosa which planted in wide and narrow rows. DAY, the

number of days to start monitoring the sap flow.
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Table3 The t-test result of differently azimuthal nocturnal sap flux of Populus tomentosa which planted in wide and narrow rows

Jifii. Orientation E-S E-W E-N S-w S-N W-N n
FATEERLT 25 ¥ 5% Average difference ~0.005  -0.027 0.021 -0.022 0.026 0.049" 23
Wide row in the east HIZ R B Correlation coefficient 0.644" 06127  0.739" 0.586™  0.895" 0.434"
5547 56 A7 T P FH% 5 Average difference 0.029 011" -0.035 -0.14"  -0.063" 0.075" 70
Wide row in the west AHHE Correlation coefficient 0621 04717 0.675" 0.609"  0.445" 0.344"

#90.057KF LR, *+50.01KF LR, Ev S. W NARIFRRAER, B 7. A MR . ndonill s KA.
* means significant correlations at the 0.05 level, ** means significant correlations at the 0.01 level. E, S, W, N indicate nocturnal sap flux in esat, south, west

and north respectively. » indicates the number of measured days.
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Fig. 5 Average value (mean = SD) of nocturnal transpiration,
stem refilling, and proportion of stem refilling in different orien-
tations of Populus tomentosa. E and W indicate wide rows are
in the east and west of the sample trees, respectively. Different
lowercase letters indicate significant difference in different
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R4 FEEATRUR R B A A A 5 (L 8 28 e A 25 FE /KR BO X R A G 06 4 R

Table4 The t-test result of nocturnal transpiration and stem refilling of Populus tomentosa which planted in wide and narrow rows

E-S E-W E-N S-W S-N W-N
SEATHALF AR M -0.012 -0.013 0.039” -0.001 0.051" 0.052"
‘Wide row in the east * " N
Sr 0.029 -0.062 0.029 -0.091 0.001 0.091
Sr/Q 0.067 -0.019 -0.034 -0.086 ~0.100 -0.015
B AT BEAL T PE N Nt 0.031 ~0.068 -0.034 -0.099"™ -0.065" 0.034
Wide row in the west " - o+ *
Sr ~0.005 -0.072 ~0.046 -0.070 ~0.041 0.026
Sr/Q —0.096" 0.009 —0.024 0.110" 0.073" -0.033

#90.057KF B, ++R0.01KF LR, Neo Sry QM MZORBIAZENE « B1A 25 8 KRR A A At o

* means significant correlations at the 0.05 level, ** means significant correlations at the 0.01 level. Nz, Sr and Q indicate nocturnal transpiration, stem refilling

and nocturnal sap flux, respectively.
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Table 5 Correlation coefficients between nocturnal transpiration, stem
refilling and diurnal sap flux in different orientations of Populus tomentosa
which planted in wide and narrow rows

E S w N
Nt 0.096 0.189 -0.203 0.015
Sr 0.436" 0377 0.471" 0.250"

*90.05/KF L83, *+50.01/KF LEE. E. S\ W. NS HIEREAKRR.
Fi~ P8 AT EORAR . NeISr 2y ) 3R B 6] 28 G AN [ 25 T 78 K &
* means significant correlations at the 0.05 level, ** means significant cor-
relations at the 0.01 level. E, S, W, N indicate diurnal sap flux in the east,
south, west and north, respectively. Nt and Sr indicate nocturnal transpiration
and stem refilling, respectively.

R6 HIRHT 5B ARSI CLB A R 25 8 K A OC R L
Table 6 Correlation coefficients between environmental factors and noc-
turnal transpiration, stem refilling in different orientations of Populus to-
mentosa

VPD T, RH v 7]
Nig 0.590" —0.611" -0.814™ 0.188 0.042
Nig 0.760" 0.102 -0.613" -0.310 —0.354
Nty 0.577" ~0.334 -0.602" -0.026 -0.178
Niy 0.678" ~0.288 -0.623" -0.099 -0.212
Nicy -0.385 —0.194 0.152 0.345 0.398
Srg 0.584" —0.472" -0.554" -0.297 ~0.170
Srs 0.555™ 0.068 —0.411 —0.514 -0.276
Srw 0.576" -0.129 —0.468"  —0.421 -0.261
Sry 0.521" 0313 —0.457" -0.296 -0.067
Srey 0.152 0.159 -0.078 -0.321 0.046

*80.05/KF_E R, *50.01KF ERE. v, LK, RH, 25N
MWL T, /R VPD, KRS v M. Nigy Niss Niws Nino>
AR B T AR T AL R 8 B Necy 977 o (B4 ) 78 1
ARG Sres Srsy Srws SWAHINAR. T P AL4NTTALE ] 2R
F7eKEE; Srey 77 NI BA) 25 78 K B A48 57 R4

* means significant correlations at the 0.05 level, ** means significant cor-
relations at the 0.01 level. y, soil water potential; RH, air relative humidity;
T,, air temperature; v, wind speed; VPD, vapor pressure deficiency. Ntz Nts,
Nty, Nty indicate nocturnal transpiration in the esat, south, west and north,
respectively. Ntcy indicates nocturnal transpiration variable coefficient. Sr,
Srs, Sry, Sry indicate stem refilling in the esat, south, west and north, respec-
tively. Srey indicates stem refilling variable coefficient.

y=0.369x—0.072 R>=0.333 p=0.03 (¥§ West)
y=0.308x— 0.053 R=0.348 p=0.02 (% East)

y=0.286x—0.058 R>=0.459 p <0.01 (4t North)
y=0.256x—0.043 R*=0.577 p<0.01 (B South)

§ 04' A

= a
g-goo.s-

o .

*ﬁﬁg a 02}
e
%SE 0.1}

3

Z 'Y °

0 1 1 1 1 ]
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JKIEFE Sk Vapour pressure dificiency (kPa)

AZK East o South

(2010)H LI R, AERBE R, IR, MK, i&
AR, AR K, ZHAAEEAMAR. B 7.
64 T5 LRI 8 AR L [R) ¥ 54 5 3 1 TE A 2 5%
o XU BB AL T AR B
KRN 7K 53 i 5 - Waisel Z5(1972) & BLASBAE 51
ETrh 2B TORECE MR B, HAEEUER T AFE
PR TR s R B . BhAh, A 5T AR
SR, AN E D7 A e J2 BT A R B 3 51 HLAR L,
ZARB T IR SER T FE o, R 2 %
75 67 A A B VR 1 3R AL A R IR AR L e A 5 R 2
FHME .

BT ARG, SEIRAE SRR, &5 R R
AT, TR R R = B W A (DR
K G LSRR TR RR T b E S s
2£(2010)%F B 14 J& 1) T 78 R B R 4% 7 AL
WRELER . WAL AP MENAR, T
ES R R R TAIIY) & et 1 & S N I R S 2R e
oot H A IR EAT G i, a2 e A8 A
SE MR K o AR, FEo0 8 70T 8 1 i 22
FREUMEMERNKR, Filidie, & BEM
F(R* = 0.49, p < 0.01), VIR TAE 5619884
T AR B S 2 R T AN () 5 67 R 9 I8 2 (Tsuruta. et al,
2010). ()8 MRt 2 5 5 8K A 5%, 33K
3P 72 [ e o A 2 i 5 R TR 1) 5 TR e o 1,
O 1 B R . Lu g (2000) X AT R
(Mangifera indica)P BB FEENIE 71X AN A, AR
AT SRR T J [ VAL 1) 22 A 38K 43 A AN 35
B, T ELAEAS MR 26 A, & 07 L K /N )
HFAFE.

y=0.493x — 0.058 R*=0.331 p=0.02 (F§ West)
»=0.399x—0.064 R*=0.308 p <0.01 (% East)

y=0.362x—0.039 R>=0.271 p=0.03 ({L North)
y=0284x—001 R>=0.341 p=0.03 (& South)
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Fig. 6 Linear relationship between nocturnal transpiration, stem refilling in different orientations of Populus tomentosa and vapour

pressure deficiency.
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32 AEIANKEEAEBEMNETRAKENERR
HER LA

AT, &5 AR R 28 AN 22T 7R K = 3
BAEBRAKMESRS, HhZ2TFRKET LR ZER
(CV =45.6%) KT IHZ M E&(CV =39.2%). AL
IR 8 1 B0 2 25T e K &, P 5 A AR 2 3 Ty
fro XL R AT RE S5 FREE N 1 DL R AR 22 AR5
AR K. IR ZET K EEH TN R A
RAEMBFEBIIKS, 5EREEERA DZEMCHE
(Wang et al., 2012), 1 7&/15 £ £ 52 PARFIVPDI 5
Wi (Poyatos et al., 2007). FEEK, FEE KMHZED, A
[F) 7 AR St BT 52 (R G RS ) SN, DRI 26
A RER I BRI 2 5 TAER A G K BH AR A, &
T 78 2 N . KBRS R K aris
T E EEIE, ERHIKCE b, WK TT DL i i
UM S8 1 BAR RN B R #E K 4318 i (February et
al., 1995). BFFLRM, fE—RH, NROKBHEE T
VPD%E b 5( 5 4 K45, 2007), 1 PU A e AE T 4
B2 K PH B3, 58008 7 b 2 B A BOR & 1
o KUILRIAE, PRI &6 ] G o & & /K 73 ia 56
RE BRI ALY, A AT REDH L5 B0 [R] 2 i A
ZFRKIBE SR T HARE L.

WA ZE I FI 22T 78 K B A AR AR E L, B
IHE 2 R A) O 4 L A8 BT AS [F] (Fisher et all,
2007). AHFFRM, RIHZET AR KEAEPIR A K
FFEE T, 205K AR ER150%-70% (Fisher et
al., 2007; KEEE, 2019). S0 AMHEFLE R —FE,
TEAF T, BRI 25T 78 K & BT 5 He il s, 407
PR~ P B db) 7l /&54.2%. 60.7%- 54.5%-
57.4%, A7 EOA L35 K T At 3AN T B (K 4)
ASZIGREHLA T HEAb X, BRGR Z Rk (F2). [
RIEE R, 7ZBRIZL, SRR IRKS T ™E, K
PR R 78 7K BBl o T 7 1D Ui B8 FAAIR, 3 30vPD
AR, IR ZE 1t AH PRI TS, Rl Ik 26 1 o 5 A [
IKITEEBI /N . WRFEER A, FEANFIZETT . AN[A AT,
AN TR Folt 78 1 2 s R 25 1 78 KR BT o A R Al A
Fr AN, Ee i Fisher 25 (2007) B i 72 & B Quercus
douglasii{E %42 JL-F- To R (A1 Z& M, (AR & 2 %
LN ZET 00K, TR B 2R 28 0 o5 R (R = 1
30%, ZF7/K570%. Daley M Phillips (2006)% I
Betula papyrifera A AR IAI Z& W5 AN K. -5 HX
Acacia mangium P [0 25T 787K & (5 4 R = I L
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W29 914.7%, LERELRARE 83 DX A HE B 5 30.3%
(Wang et al., 2012).
33 {BHMNUEEIZEBMETFRKNZIEF

ASLUG g AR, VPD NS T R R 25 5 5 25
TR L0 (R 1, O A T 28 s 114 2 i B
K(FK6). MR 25N /& — Wi sh g3, AR
T, JUH X VPDAR A A B ¥ )3 (Dawson et al.,
2007), T 25 78 /K 2 M0 259 51 1) 7K 43 75 ik
(PR N, (Wang et al., 2012), K05 # 5% VPDARALI
Wi 3% 5 AR 2% . DaleyAPhillips (2006) % L VPDE
% Betula papyrifera [8) S LT, 3E 0 52m <44
A W RO 1) 7% s A FH PR B 1) S 3 %« Cheen®5:(2020)
I T R AS [R5 A (Pinus  tabuliformis) F17G
EMk(Acer truncatum) IS LE N T, R
6] VP D& 41 PR (1R TR A 2 B 3 i R o
T AR 5T FIRE AR LE SO0 I 1E b T4 8 B, A ] 25
#0225 78 7K SRR TRV I B0 VP DI Wil 5 A 5k
o AHFOE K IA R 5 AR R 25T 78 K 2 2 E R
SXof I8 7 N 2 s e (1 5 ) 4 3 (3R 5), 5 Snyder (2003)
4R 5 Snyder (2003) KK [AEMIZ=THIKE
AR LR = 0.28, n = 522, p < 0.01),
KE IR WAL T 78 22, B RaRA R A
AW F BN K 57 ke

IEAN, DA BRI 5 3 B S5 R -t e A% s i)
A 25 8] LR Z R . b, Tomonori%s
(2012) KNI SLAA B8 FoBS = SN B0AL 2. 35 K TN
], 523 e A0 2 P35 G KT H o 1T Poyatos 55 (2007)
X} Quercus pubescensi% MR FL K ILVPD PAR
SRR TR BRI A TSR H AT
R 22 IR R 2 — o iR PR AR R S,
BTG A B FEK IS N2 51 RS AH B AR B T K oy
BHIGIN . AMUR 2 SR TR ECR, &
[F) 28 Js A/ 2 A S I, DR 17 A2 /MO AR et 25 s
FEAK IR 2, OO BB N B B 12 47K 2 (R RE )
HCER, T PR SR IV 1R A TE K 4338 i e D RS,
TX BT A2 1) YA A 22 e 1 = B R (Manwel et
al., 2001). {EFEARSEIGSE A FrAFE, BT
A 38 BB TRV A ] e 2 [B] b ) ) 3 22 o
XA e PR N AR AR AN [ 77 67 B P45 2% A AH 22 A
K, K& TR A IR, A 2238 17 7 18]
WIRRR ZSR . METZRHIKEEER, 4
Ja A W BRI FEAS R 7 AR TR 5 A 2 G ) 22 et
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TR T o [l VU 22 S PR 520
34 XTHRERREMREIL

ARSI B AN R 5 57 (A 18] 28 JH F 25T 78
IKEFWAT AT THETE, 53 W 5 AL R4 8] 25 Jis A
22T AR S RS B 22 S SO G, PR #%
J5 S [ ZE I AN 25T K e R 7, AR RS
TR R - (HRIEA R 2 [ R g — P,
B0 O 1 SEL R LA B (Zeppel et al., 2014),
+3/K 43 (Chen et al., 2014; Di et al., 2019), Al
B - (Chen et al., 2020)254x G A R0 18] VA
FEAE A, A G R e R 20 S ) A 1)L 22
1) 5 M 30 AN A o 7 1) AR TRV 8 (1) 222 S o
IR K G R RAG TE IR, DA R o] 38 41X
RZEANE . Rk, DUS IOAE F0 8 5 2 Hh 4

M. EERFEERNRE L, EEHE Z1E
FE
4 ZEig

X6 B A AT R RAE T R 1ORRAE A % ) V0L i3k
AT HE 5B, R BAS 18 B2 AT 7EAFE B 2R I 348 2 v A,
FER T4 77 7 10 1 [0 28 Jo R 25 T 78 7K S50 h A
K, BFEBEANEERTIHA AL, AR5 AL 1)
KN 3EA WH SAEE . A)ZE5 78K & o R R
WEAHIECR, AN R F. . Ao sk
54.2%. 60.7%- 54.5% 57.4%. KT HHIVPD
X5 44N J5 6F 1 7 18] 7% s AN 25 78 K B 15 2 B2 i
ARG H T AR FEOT AL R R ZE /8 A2 78K
LSRR o R 718 28 s R S AN S5 2
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