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Characteristics of sap flow of degraded Populus simonii in Bashang Area, Hebei
Province of northern China and its response to environmental factors
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(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;
2. Huadong Engineering Corporation Limited, Hangzhou 311100, Zhejiang, China)

Abstract: [Objective] This paper explores the transpiration water consumption patterns of degraded and
undegraded Populus simonii in the Bashang Area, Hebei Province of northern China, optimizes the
allocation of ecological water use, so as to provide theoretical references for the restoration and
reconstruction of degraded Populus simonii forests. [Method] In this study, we selected undegraded and
degraded Populus simonii as the research objects and used the thermal dissipation probe (TDP) method to
determine the sap flow, and also monitored the meteorological factors to study sap flow characteristics of the
two types of Populus simonii and their response mechanisms to environmental factors, as well as their sap
flow and transpiration rates during the growing season (July, August and September). [Result] (1) The
relationship between daily changes of sap flow of degraded and undegraded Populus simonii was greater in
sunny weather compared with rainy and cloudy days, with the largest difference observed on sunny days,
and the initiation of sap flow of undegraded Populus simonii was always earlier than that of degraded

Populus simonii. (2) The transpiration water consumption of undegraded Populus simonii was the highest
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during the growing season, and there was a significant difference in sap flow rates between the two species,

with a 3 times difference in transpiration. (3) Temperature and photosynthetically active radiation (PAR)

were the most important environmental factors affecting sap flow in Populus simonii, and undegraded

Populus simonii was more sensitive to environmental factors. [Conclusion] The low transpiration of

degraded Populus simonii makes it difficult to obtain the water required to maintain normal physiology,

resulting in physiological decline, and its sensitivity to changes in environmental factors is increased, which

further weakens its ability to cope with future drought events. Therefore, it is recommended to renovate the

degraded poplar stand.

Key words: Populus simonii; sap flow; degradation; environmental factors

2021 4F 3 H 14 HZE 15 AR, HEEEL 10 4F
SRS f R VO RS — b AR 3 15 B R
o 6 50T A AP 5 I e O i I e, B BUR Ay
HL X PM10 ¥ FE 5 2 000 pg/m’, HIE X DU 235 uh
1k 3 572 pg/m’, AL AR ) B OGE R AR
MRS o = BB 9 MR B Lok, xhib g, JUHR IR
HbTH YD B A Vb YR A M A% A 3 T e 59 EL 2 BRIk R
WM. /N4 (Populus simonii) & = A6 b [X A 5 (1) 38
AR, CERTIAR A E IS R AR TR, SRR
AR 77 37 PR A B3 R 1 3 I AMOK T JE e AN
TERF IS 30 4F I HEN BRI, 373 N7 B T AN
T2 EE AR AL, I b 3t DX A% W B 47 AR A TH AR
8.1 73 hm?, (& 4t BBy 97 A B TR 79.5%, H
HUNH g /e 1 B RERA A 2 — . /N N TARRfE
CUN AR B IE AR G i 1 P B R AN G, A
TRV X I ) AT RS K R . IR BRI N T
UL S an ey & PR s N M AR e 4ir 240 8 i
O I3t X = I 7 7 bR AR 2R d 33t 1) B

FEF T2 5L, 7K 2 i AR e A i
BRI 1o 78 LA R OELAR IR M5 7
th, ZE M FEK R Y AE KK B R E IR,
5 BT FRAMIK SR 40% DL RS, B AR 1 7K 4y
90% VA b VAZEIE (177 UK, ZBMoKEERA T
WM, 2005 SRS BT 99% DA BP0 SR
e M) FE 470 0 L 8 1 0 AR B (1 i e I E A
Az 368 143 2 B AR 2R B SR E R R ROV B,
T 5E A T BT SR B AR K 1) 2% 5 FE UK . Granier
A BUR £ LU (thermal dissipation probe, TDP)
A LAE AR IR AR KB LT, KA R a4
NI AR, BEAT A IS, IR 4 i 22 1
i a R TR i R - AN E - P S N o 70 i)
T ATRE IT 32 B BT R AN R AR 5 A AR )
IK I3 Y 22 REARFAIE LA S ZE R AR /KON L T 7K L5 e T
AR, S0 TR 5 AR B AR /N A 0 B ) 22
DS EZ AP R AL e S

A FE S AR 2019 5B AR AR K FERT R

PUATAT BEAH R IR G A 7 AT D &, SRR/
W 75 M A PG RS TR 7 FA i 82, R Gt LR AE 5 R
BB TR AL, DA P 2R 2 i e R M
JE I HERL, DR B 47 PR R 228 B AR I e S AN B
WK

1 BF TR 5 #F 5 07 %

1.1 iREE R

PN =W VA Rl S5 R I | O G e
Bii 77 Mk /N & bR 3% (41°037 ~ 41°27'N, 114°20" ~
114°58'B), “F¥i4k 1300 mo iZ%H0 X A7 T E b5
WU b v T U T DR RRE  2 fE IX, DY 2R
R AR, 4F H I8 2 890 h, 4E PR 3.7 °C, BR
T 22 ]ORN B v iR 29 i) D —34.8 °C
33.4 C. ZHETHIFEKED 392.7 mm, 251N
ML 68 . N B+ &, &1 XHE
4.6 m/s, KA WS LA ER KRS, KRR I
P ERRE . IR R B LA fEXA AR
A ARERYD -, by v O A -, D EARIE, B
il LA EEAR L, pH {H7E 3.37 ~5.52 2 8], fEAEKZ
WIS AT AR o & . kI N EE A 1 i
¥y B&1- ¥~ (Pinus sylvestris var. mongholica) %1t
¥ ¥ (Larix principis-rupprechtii)~ ¥7 %% (Caragana
korshinskii)~ ¥V ¥k (Hippophae rhamnoides) ¥ &
(Medicago sativa)~ i & B2 5 (Setaria viridis)~ H.AK
SR (Melilotus officinalis)%% .

P& 2016 A1 2017 SELETK AL DXRE M 7 45 Rk
B, FRAGH XN AR A /N A7 AP S5 TR 3 A T
B U, A AN B AR 1,02 % 10° hm? s ASHE
FL/NI M BRI AL AR 23 THAR 1500 m?, ~F- 35 -+ 358 5 )&
83 cm, “F¥FIHE % B 1 438 #k/hm?, 35 [F] — 4E Fl
T, MRS 33 4. IEEEA B ARG, BARAHIT . BT [
ARG B4 BTG U B AR IR FR ALK /N 4
3L 5 BRI E X B, B S AR E b ifE 2 1]
(LY/T 3179—2020 IBALBT I A B HAR AR ) o *F
FEHb P4 3 58 R /N A 5 TR bR g AT R, FEAR IR A



38 b mw # Mk K

546 4

¥k

FEEWIER 1 Frow.
1.2 IFERERFNUE

wE AN 3R %55 (HOBO U30, Onset
inc., USA) WL SR 78 IX S G H0E ;s [F)BF 7E R by
WEMRAN/NY B S G, RN,
HH MRS KRR, 2 REE S AR
K FHER S G AR A 55 R E R, SREATFE 1 min
1 %, 15 min fiyH— AR . HWRKIR T 5 #E =
AR RN A S AR B T RO F
1.3 M ERNE

A T AR BRI 58 A A T TR S D R .
TARIS A IR PR HURE Ay G A5 AR B Al A 52 e A T
T I 5 7 T R b 5 % 8 M A2 AH T 1 /)
4%, EEAE, R R AR & 1.3 m A A&
HEAS EUASE 0 J7 0 5 JM B8 BEE o AR AR S AR R A
SR A UE, MRS KB 5O MK B Il 5%
guit, WEIMTE R SMARAR ST KRRy =
0.6055x—4.737 4, R*=0.971 1. FIf3% R FEHHE
PR BRI T B2, HE SR BFRRAE R A4 THI AR
14 MFRRANE

K H Granier #4 BUREF X FER 1) 1F 170 b6 9K
I R IR AT I SR I, W B[R] A 2019 4F 1 H 2
2019 4 12 H o EHEN TS 1.3 m WA E, &k
FA/NTI 208 B2, BATERUZ, S8 Ja AT 55 1L, &5
I ORSR ST el Sk, A F A EE PR Al AL .
LREGRE I AR E R N B AL, RS R
EHdE N T SLA, BERHES 10 mm, 28 & HESIRET
BB FLE IR AL « TDP PREF 3 AP T 32 i vz & FH
Tk Jlo 2 s, R4 I TR 22 i 1/4 SR, A S o
WA ERAZRE, PO LG4RS, b7k
K BAARF AT KBNS B 45 R . IREHSIME 12V
HL R RSN, S HLEREEAS N 8/ CR1000 £ 4
K4 %% (Campbell Scientific, Logan, USA)K 4 #f T
WREHE, B 10 s KR4 1 IREUE, & 15 min THHF
BIEIFIE .

MR A s e B, W R 22 e R O VR 2 S
Js=0.0119k"%! (1)

K = (ATy — AT) /AT 2)
A T N ERREE AR B (g/(em?s)); K N TE &
P H B ATy, NTRIE TE N 0 I AR ET 2 18] R
22C°C)s AT PIATRES 2 [A) B B 3t 22 C°CD
F =3 600J.A, 3)

s F OB B /NI Z8 11 5 (g/h), A AT
(em®), 3 600 Jy¥s ik I I 25 FE 4 i B & /N
2 [ I A4 5 SR 4

H TR o R AR A AE 22 57, DA AR o ROBE
T REFHERE MR REER H 2B & .

Ec = 1.17 (Js,i XAs,i) (4)
i=1

[ B N HZERBE (mm), J,, £o8 i BN ETA AR
B FEYAME, Ag; 9 i B AR AR, n A%
1.5 HiRSH

HH T 98 DX R ) S S A — IR
5 A K, 10 A R vE s, B AR RN
5—10 Ho

FF Microsoft Excel 2019 #4347 % Bk b
HEAN A Hr, VR EHE FI A Dynamax 2 m] S {1
TR ECAE 3 M 3CPF S SPSS 26.0 Fi vk #A4 4y A Ak
HE, FIH Pearson AHIE /4T 2 Jo2e Vi [A1 A 43 B XF /s
R A TR PR R 0 08 R AT i, 2 E L
EAE 0.05 7K B B /)s i 3 22 7 (least significant
difference, LSD)i% 0SS« FH Origin 2021 347 B3
2l

2 RGN

2.1 ARXKBHSFRBRLNHEHTRARETH
EAEKENEIRE KRG A 25 H)BRGTH
3HD. ARG H 9 B, &HIAFRKRSEMS T/

R BAREREHE

Tab. 1 Basic characteristics of sample wood
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Degradation Tree - Withered shoot Clear bole Sapwood Sapwood

. DBH/cm . . P Bk . s

degree height/m height/m height/m K width/cm area/cm
East-west North-south

FiEAL 13.7 41.0 2.1 6.7 53 19.58 1317.59

Undegraded 134 242 2.5 4.1 2.1 9.62 440.64

10.6 18.5 3.1 1.2 2.8 3.1 6.24 240.36

B 12.9 237 5.6 1.4 22 3.5 9.32 421.10
Degraded

12.6 21.8 5.9 2.1 2.8 3.5 8.20 350.31
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Fig. 1 Changes in sap flow of Populus simonii under different weather conditions



40 [T 7 N N S ZO 74 46 %
0.0040 7 H July 00040 = 8 H August 0.0040 9 A September
0.003 5 - 0.0035 |- 0.003 5 |-
0.003 0 |- 0.003 0 |- 0.003 0 |-
0.002 5 - 0.002 5 - 0.002 5

0.0020 0.002 0

BT # R Sap flow rate/(cm-s™)

0.001 5 - 0.001 5
0.001 0 |- 0.001 0
0.000 5 |~ 0.000 5
0 | L‘I | | L | s 0

[ PR e i = R R B B e i e N el

e

S N O N O N O AN O Ao

S S S =3 =3 =3

521 Time

0.002 0

0.001 5

0.001 0

0.000 5

—— #Efk Undegraded ——iEfk Degraded
7T—9 AMMHE MM A TH 48 H,8H 5—9H,9H 4—8 H. The observated dates for July, August, and September are July 4th to 8th,

August 5th to 9th, and September 4th to 8th, respectively.

B2 AR N TR A

Fig. 2 Changes in sap flow of Populus simonii during the growing season

i B 23 )9 64.12 mm A 14.63 mm, % 8 H 23 5 B
1% 42.17% 1 36.02%. % 10 H, B EHF N ALK
K, AR/ A7 28 16 B KON 19.67 mm. %
KT, AR/ 1) 2806 5 03 T IR,
B84 7 A G R . X R B AR AL 5 2%
i 4 B3 BRI, AR K P AR B Ak /N 4 1) 28 i FE
KRR/ 3 £

- AKiRfk Undegraded
- iB 1k Degraded

—_—

N BN O
SO OO OO

5 6 7 8 9 10
A4 Month

K3 AERF NGRS E

Fig. 3 Transpiration of Populus simonii during the

Z&IH5 & Transpiration/mm

growing season
23 BUSKEBUNTEFERERNSKETFEN
B M 2

B0 AR5 1B AN IR W B A
TRAMBIF(E 2. 8 DY, WER TR S
SARBETREMALP<0.00D). PE5EER,
P TR e A R SR R =t
LRI 2, AN B AR R K 22 5 Uk R %

o W 5B /NI LR R, 15 ARIBA
MM IR IR R R R 2 WoR: BRI 3 2
KSR E (28.5%) Y66 SR T (21.5%) F L Al
KRR Z (12.09%) 540 o X FARIBANT#, KSR
JEE 52 B K (60.3%), S B/ # 10 2.1 £, JL
W EE A RERS (27.3%) FLATK IR R 2(22.0%),
PG PR M /N (3.3%) 0 23 b, RIBAL /N XS
G e 7 R, G A R AR FE R TR R A
KB, GGG A 8GR, KX N
WYL PR 52 0 B )~

AW FERT IR AL 5 AR AN A A TR AT
T Z BB mIA T, LKA E . B & A R
S AT . ROE A KIR EZ N E AR, 4553
IR, W T AR/ A, KR FE AR R T T
I 31.6%, 10 5 MR HE TLEMBET
45.4% 784k SR, X TR AN dg, KSR B
e BN, A 4 MR TLEAMMET 27.1%
PRI AR A o 1K 3R B A IR AN /N4 AR T VR BE &)
TR T
3

W
3.1 BUSKBHATHHTRTRNBEW
18 H R B, /N A T30 T % i R A



7 AR A5« S0 DR A /N A7 B R0 AR IE R ke B3 IR 7 1 i 2 41
R2 AEBERFSMMGRTRRNIAEHE
Tab. 2 Fitting equations between different environmental factors and sap flow of Populus simonii
B LT WETE R P
Degradation degree Meteorological factor Fitting equation
oA RS __ _ 2 — 6’
Photosynthetically active radiation (x,) y="174.222 + 4.89x, = 0.06 x,” + 2.524¢ — 6 x, 0.215 <0.001
JRE Wind speed (x,) y=610.465 + 557.01 x, 0.068 <0.001
iRk Degraded KA Air temperature (x3) y==17.1 +26.646 x3 — 2.627 x5 + 0.045 x5 * 0285  <0.001
FHSTEE Relative humidity (x,) y=-1192.5+11.385x,—0.253 x,° 0.051 <0.001
HIFN/K IR E 2 Saturated vapor pressure (xs) y=-306.041 — 34.063 x5 — 0.141 x5 0.120 <0.001
AR _ 2 P
Photosynthetically active radiation (x;) y=281.786+7.923 x, -0.09 x,” + 3.605E — 6 x; 0.273 <0.001
K& Wind speed (x,) y=1179.974 + 786.543-83.242 x,* 0.033 <0.001
AIBHE Undegraded KA Air temperature (x3) y=-309.610+ 7.625 x5+ 5.541 x>+ 0.176 x5 ° 0.603 <0.001
FHSTEE Relative humidity (x,) y=1824.017+26.977 x4 — 0.495 x,° 0.072 <0.001
MK 5 2 Vapor pressure deficit (xs) y=-574.040 — 49.729 x5 — 0.163 x5’ 0220  <0.001
VE: y AW THAE R . T [H]. Notes: y is sap flow rate. Same as below.
*3 HMTRRSWNERFELSEESH
Tab.3 Stepwise regression analysis of sap flow and environmental factors
BT b ACIN =y
. . . . R? P
Degradation degree Stepwise regression equation
y=0.562 x; 0.316 <0.001
3 =0.426 x; + 0.306 x, 0.391 <0.001
AIBLL 3=0.198 x; + 0.381 x, — 0.263 x5 0.418 <0.001
Undegraded
y=-0.227 x5+ 0.286 x; — 0.744 x5 — 0.428 x4 0.454 <0.001
y=-0.225x3+0.312 x; — 0.742 x5 — 0.435 x4 — 0.063 x, 0.457 <0.001
y=0433 x, 0.188 <0.001
. =0.408 x;— 0.257 x. 0.253 <0.001
B4k, y 1 5
Degraded y=0.310x, — 0.327 x5 — 0.164 x, 0.266 <0.001
y=0.277 x; — 0.328 x5 — 0.153 x4 + 0.081 x, 0.271 <0.001
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