55 39 B4 31 K AR Vol.39 No.3
2025 4 6 H Journal of Soil and Water Conservation Jun., 2025

DOI:10.13870/j.cnki.sthexb.2025.03.021 CSTR:32310.14.stbcxb.2025.03.021
B AW BRI, 5 300 XN TR AR AL B2 /N I 78 1 e fiE B JOur SO IR g ma 1o [ ). /K B AR5 4, 2025, 39(3) : 247-255.
HUANG Xian, YU Xinxiao, JIA Guodong, et al. Transpiration responses of Populus simonii with different degradation degrees to meteorological

factors in the Bashang areal J]. Journal of Soil and Water Conservation, 2025, 39(3):247-255.

MEMXAERULEENTGEE
A K H XS & B F B Wi e

F R, AHR, TEM&, AL

Pa

(1. e mtpiolr Kok AR Be , b 5T 1000835 2. 1l i k2% 3% -+ i A 38 i, K5 030006)

M OE: LB RN LM XA AR A B /N v 47 28 1 AR R X R R F iy ma iy o L7535 1 LU M
NP mﬂ“/\uﬂwpopuzm stmonit) R BIFFE X G2, F) AT B 00 4 U AR BT B R R AN TR A AR
JIN A (1 AR R0 R AT T 9 TR A W S A A AR S (PARD (B i (P VKR CTD R (WD A K
Y 22 (VPD) RV B (RED 8R4 W7, 055 K [RR AL R B /NiF A 28 S K LA R L 5 R4 W7 11
KFRo [HERT DARR TR /N A7 4 K 25 28 1 o 50 55 5 AR 0 B 0 B A8 b ka9, BoR GR b 2
IR AL /N A7 g Bh B DR v AR AR AR AR N A R A NI B A K R AR I R R B e T
fib 3 AR AL N4 o 2) R R AR AR AR B/ A 2R K R HOREK R R e KR UM AR ke, H
FeKER/DNBERERR DRBUSFRERASPERASTERMAE, KR ﬂC/J\LH’%EI*Eﬂ(ﬂz 2]
(197.19438.99) L, 4> 5 & %% & 1B 1k (82.4345.30) L. J& B 1k (60.06+6.79) L. =R N 7
(51.024£7.00) L1 2.4.3.3.3.91% o RFLAEAR /454 K ZE 4 i, v B 3R Ak AN 5 GR 1Jc/\ﬂﬂ°wtt{<i‘;<ﬁ
5—9 H o 3 AIAIE AL B /N A 2k K 2 FE S T SRR HORE K B 50 A A SRR B R R R KRR
2% FIRH X I B A S A 56 (p<C0.01) , R 3B b i B 4Jc/l\ﬂ+1%¢t:$Hﬁﬂ(g'ﬁfiﬂﬁﬁiﬁ%ﬁﬁﬁ
Ko AIRNR AL FR BE /N A A K 2 0 R 28 1 R 5 H B K & 4 SR R IR R A AR 2 L 2 %%&%ﬂi
PRI A 8 0 R 5 HRE K it . [£538 1 DR 5% WUSR 7T Ry /K 437 T 300 1t X/ i b T ARZE 25
IKAG SRR 4365 B 9% 32 3 5 B8 AL B0 AR 4 o

KR /A BT ZBBHEK; 2 ¥

hES%ES:S715.4 X EkFRIAAD : A X EHE:1009-2242(2025)03-0247-09

Transpiration Responses of Populus simonii with Different Degradation
Degrees to Meteorological Factors in the Bashang Area
HUANG Xian', YU Xinxiao', JIA Guodong', SUN Libo’
(1.College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;
2.Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China)
Abstract: [ Objective ] The objective of this study was to investigate the transpiration responses of Populus simonii
with different degradation degrees to meteorological factors in the Bashang area. [ Methods] Populus simonii with
different degradation degrees in Zhangbei County, Bashang area were taken as the research object. The sap flow of
P. simonii with different degradation degrees (no degradation, light degradation, moderate degradation, and
severe degradation) was monitored by the thermal dissipation sap flow probe. Meteorological factors such as
photosynthetically active radiation, precipitation, wind speed, air temperature, vapor pressure deficit and relative
humidity were simultaneously monitored. The transpiration characteristics of P. simonii with different degradation

degrees and their relationship with meteorological factors were studied. [ Results] 1) The transpiration rate of
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P. simonii with different degradation degrees during the growing season showed a unimodal trend, peaking during
the day and decreasing at night. The initiation time of transpiration of undegraded and lightly degraded P. simonii
was earlier than that of moderately and severely degraded P. simonii, and the peak transpiration rate of undegraded
P. simonii was significantly higher than that of the other three degrees of degraded P. simonii. 2) The daily water
consumption of P. simonii with different degradation degrees during the growing season showed a seasonal trend of
first increasing and then decreasing, and the daily water consumption generally followed the order of
undegraded > lightly degraded > moderately degraded > severely degraded. The peak daily water consumption
of undegraded P. simonii (197.194-38.99) 1. was 2.4, 3.3, and 3.9 times that of lightly degraded (82.434-5.30) 1.,
moderately degraded (62.064-6.79) L, and severely degraded P. simonii (51.0247.00) L, respectively.
Degradation shortened the growing season of P. simonii, with the growing season of moderately and severely
degraded P. simonii lasting from May to September. 3) The transpiration rate and daily water consumption of
P. simonii with different degradation degrees during the growing season was extremely significantly correlated with
photosynthetically active radiation, wind speed, air temperature, vapor pressure deficit and relative humidity. The
daily water consumption of undegraded and lightly degraded P. simonii during the growing season showed a
significant negative correlation with precipitation. There were differences in the responses of transpiration rate and
daily water consumption to meteorological factors among P. simonii with different degradation degrees, and
multiple meteorological factors jointly controlled the transpiration rate and daily water consumption of P. simonii.
[ Conclusion ] The results can provide a theoretical basis for estimating the ecological water demand and selecting
appropriate stand density of P. simonii plantations in the Bashang area under balanced water conditions.

Keywords: Populus simonii; degradation degree; transpiration water consumption; meteorological factors
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Table 1 Characteristics of monitored sample trees of Populus simonii

FEAGY BAERE Hifx/% WE/m W&E/om LM%E/cm WMER/em* BT E/m %
1 KRk 0 14.30 32.00 12.83 772.70 1.70 6.50 5.20
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10 wER =60 10.40 18.10 8.62 256.72 1.30 270 2.90
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1.3 #Fiwimn
FFH A 8 B CI A 20O 28 Tk g kAT
B 1 W 1) 3 2 0 2 (36 1), W I Bsf [R) A 2019 4F- 5 H
1HZE10H 31 H. #$F 00 b 58 B A i 4R 5, il 2
BEASEE oo b IF S8 AL T M . ZER T AR (IR
M TE 1.3 mo) o7 P 7 ) A B LR L E RS R
TDP-30(Dynamax, Houston, 3¢ [ ) i #8 £ , % %% 5¢
BB, R By 1k T K AR S T AR T 3 R e, P i R
Ji2 5 B R B 5 R T A 4 O R e R AR T
AR BFHB A7 . i CR 1000 %48 % 4E #% (Campbell
Scientific, Logan, 3¢ [& ) W} ] >R 48 & & i 204 |, IF
HhEEL12 VLR, CRUEFRF LR E I PR i 4 e B
RAERR B R E N 15 min/IK o 8% A A Y
ZE R A H FE K EIT A AR R
Fu=36%00119%[(Dy—D)/D]™" < A, (1)

L By 28 R L/hs Dy O W O B 9 3 25
D R BERT IR 25 s AN IO M AL, em”; Q 0 HFE K &2, L
i R SR A NI B AR BIE S 1) 2% 1 R AR K R
AR LR Y 3 BRAE A2 .
14 S&5EF

FIH /NS [ 33 4 3 (HOBO U30, Onset Inc.,
USAD % Z2 WD & 47 80 9T LPAR, pmol/(m*+ ) | |
W RS (P, mm) R CT,°C) XGHE (W, m/s) Kk
W (RH, Y0 %4+, & 15 min R 1 IR .
AR V5 E 22 (VPD  kPa) HE AR R

VPD = 0.610 78 X (1 — RH )x 77/ 273] (3)
K VPD b i F K IR R 25, kPa; RH oA A X2

B Y0 TR, C
1.5 #iEaiE

K Excel 2021 544 %5 /N 47 W0 808 3%
By gk AT b 38, R A SPSS 27.0 844 #Y) Pearson #H &
SrHT Ay AL NI I R R R HFEKE S
KL F B AHOCHE  JF 0 2 o0 &A%k & 25 8] 1H 53 B
53 ) g AN T 3B Ak R B /N i A IS R 25 s B H AR
K 5L T 0 L2 AR, SCrb 4 B 35 R
Origin 2021 8 A4 58 1 o
2 GBRE59WH
21 MG REBEERT ST

X AN [] 3R b B B /N i A A A 2= 1 (5—6 )
O (7—8 ) JF 1 (9—10 H ) fi4 B 1 K 75 i o %
AT, o AE R Y I ERE 6 A 6-8 H , A K F
Wik #E 7 A30M31H . 8H1H,&KZJGHk#E
9H 21-23 H . X HeAS [A) 3R A0 A8 B /)N it Az B8 5 K 1)
7% B R AR AL RRAE (I 1D & B, 76 15 KB, JC 3 fa] ff
B bR B R AR A SR I N A 2K 0 R A ] Y
B, R A REB R E R TR, AKE
IS, 4 FpAS[R] R A6 R B /N 4% 7 6 : 00—7: 00 FF 1R
Jash. AR FE P, N LE 7:00—8: 00 I 1R A
B A K JE W, oK AR Ak R R R R/ it g A
8:00 A= A7 FF U Jet 8l , i v J3E R b A R B SR A/ i A
1E10:00 A TP UG SR 3 o FEEEAS K F= ), KRB 1k
F AR A/ i A7 e gl ) ] 7 b R A RN T R
/N4 o SRR )R AR B /N i A7 2B K R R 78
Jits R A H S Ak R A Ry — B, Yy R gt 2 L3
e =S I SEX I WANUR 7R B S S T
T A 3FPIR AL/t (R 2D

http. // stbexb.alljournal.com.cn



250 KRR

%039 %

14 =

=1 (a) KV

219

¥ o6

A _— .
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72

i} [ /h

~10  (b) ZEKZ= ]

<16

—

F

& 8

g 4 B

e o : —
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72

I /h

= v =

%:%;1 (c) K51

210

R

=

)

0w

W g
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
i 7] /h

—— R - REIRN - IR —~ HERM
1 NGB REBERTHKESR
Fig. 1 Diurnal variation trend of transpiration rate of Populus

simonii on sunny days
R2 PMBERFEBEREBERIER

Table 2 Peak transpiration rate of Populus simonii on

sunny days during the growing season L/h
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Table 3 Correlation coefficients between transpiration rate of Populus simonii and meteorological factors on sunny days

A SEYIR Y PRI
PAR w T RH VPD
HKiR 1k 0.879" 0.766™ 0.844™ —0.858" 0.911"
D %E§1t 0.81()i 0,705i ().878i —0.927i 0.949:
iRk 0.877 0.760 0.829 —0.833 0.889
&R 0.847" 0.767" 0.876" —0.878" 0.935"
KR 0.834" 0.380" 0.889" —0.914" 0.910"
e 7 2R RAL 0.826" 0.382" 0.908" —0.931" 0.926"
IR 1k 0.817" 0.388" 0.876" —0.902" 0.907"
R 0.796™ 0.391" 0.874" —0.907" 0.920™
iRk 0.546™ 0.392" 0.850" —0.872" 0.919"
K iR 0.699” 0.390" 0.909" —0.930" 0.966"
IRk 0.569™ 0.366" 0.879" —0.914" 0.941"
& ER 0.520" 0.426" 0.806" —0.830" 0.877"

T R AE 0. 01 S COURD 35 AHG 5 * 3R 78 0. 05 2 (AU L WM. FIAl.
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Table 4 Multiple regression models of transpiration rate of Populus simonii and meteorological factors on sunny days

AR SEL =95 EYEiE: R? Sig. F
AKiBfk Y=4.038+0.002PAR-0.038RH+0.477W—+0.081T 0.887 0 554.044
. IR Y=2.356-0.031RH+0.115W+0.037T+0.195X 10°PAR 0.915 0 758.911
K F )
hEEIR AR Y=1.192+0.001PAR+0.158 W-0.018RH~+0.032T 0.862 0 442.355
IR Y=0.615-0.009RH~+0.084 W+0.019T+0.163 X 10°PAR 0.897 0 616.291
KRk Y=24.003-0.213RH~+0.003PAR-0.351T 0.911 0 964.384
iRk Y=12.481-0.114RH~+0.002PAR-0.153T 0.925 0 1173.868
AR )
hEEIR 1k Y=8.546-0.075RH+0.001PAR-0.127T 0.883 0 717.894
TR Y=3.766-0.033RH+0.415X 10°PAR-0.058T 0.880 0 696.830
iRk Y=6.576-0.077RH-0.002PAR+2.709W—+0.157T 0.809 0 300.367
B iRk Y=5.166-0.056RH+1.145W 0.878 0 1023.561
ERFREW )
hEEIR AR Y=1.288-0.014RH+0.164 X 10°PAR+0.225W 0.871 0 637.754
T EFIR L Y=1.229-0.013RH+0.436 W+0.164 X 10°PAR 0.746 0 278.046
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Table 5 Correlation coefficients between transpiration water consumption of Populus simonii and meteorological factors

R R AR 5 R AR
AR B AL

P PAR w T RH VPD
KBk —0.165 0.339" —0.453" 0.658" 0.392" 0.122
. 2Rk —0.114 0.315° —0.391" 0.699" 0.441" 0.125

K . o . . }
IRk —0.028 0.308 —0.417 0.672 0.447 0.121
EEIR —0.056 0.183 —0.334" 0.612" 0.433" 0.076
Kik Mk —0.344" 0.784" —0.319" 0.390" —0.445" 0.596"
RERL —0.602" 0.822" —0.312" 0.480" —0.564" 0.740"
Rt N * ) * . * .
R Ak —0.268 0.686 —0.319 0.558 —0.271 0.550
mEIRL —0.160 0.619” —0.390" 0.347" —0.161 0.328"
KBk —0.293" 0.789" —0.353" 0.585" —0.342" 0.795"
, 7Rk —0.248 0.720" —0.352" 0.601" —0.174 0.695"
ERFIRM . . . .
thEE IRk —0.206 0.657 —0.360 0.433 —0.243 0.545
R —0.035 0.531" —0.258' 0.380" —0.094 0.370"
Kik Mk —0.154" 0.530" —0.380" 0.659" 0.292" 0.245"
. IRk —0.159’ 0.451" —0.410” 0.701" 0.380" 0.197"
TF 5% 1 1] . w . o . -
LRI EY Y —0.074 0.518 —0.329 0.650 0.298 0.249
mFIRL —0.036 0.481" —0.250" 0.592" 0.285" 0.202"

F 22 90 £k 1 3 A 81 )3 2 B, 6F AR [RGB 4k RH . Pl W It [6] 52 m |, 52 5 3B 1k /h it 4 H FE K &
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F6 NHHAEBRABRESKATFHE TEAME

Table 6 Multiple regression models of transpiration water consumption of Populus simonii and meteorological factors

AR B LR B 5 Jy A2 R? Sig. F
iR 1k Y=—164.06945.358T+0.126PAR+1.953RH-2.093P-14.847W  0.797 0 43.262
A BRrEAL Y=—74.964+2.273T+0.059PAR+0.735RH-0.571P 0.828 0 67.316
R Y=—62.337+1.851T+0.057PAR+0.521RH 0.772 0 64.227
EEFEML Y=-—30.675+1.031T+0.280RH+0.025PAR 0.582 0 26.495
KRk Y=—37.226+0.238PAR+3.303T-26.827W 0.695 0 43.997
RIEEAL  Y=30.4474+0.050PAR+1.534T-0.578P-6.706 W-0.267RH 0.857 0 66.873
R .
IR Y=—23.2764+0.057PAR+1.872T-8.829 W 0.681 0 41.226
FwHEAE  Y=—34.154+0.056PAR+0.393RH-7.975W 0.535 0 22.283
iR 1k Y=—19.809+0.159PAR+1.122T 0.693 0 64.435
RRrEf Y=—14.851+0.088PAR+0.867T 0.619 0 47.016
KR .
PR Y=1.0074+0.037PAR 0.431 0 44.734
EEFIE/L  Y=0.541+0.013PAR 0.282 0 23.218
ESEY Y=—130.875+2.904T+0.183PAR+1.587RH-18.673W-1.516P  0.712 0 88.071
U REEAL  Y=—54.172+1.518T-8.259 W+ 0.060PAR+0.766RH-0.967P 0.770 0 118.928
PrER IR Y=—34.20340.747T+0.055PAR+0.397RH-4.446 W 0.660 0 86.798
FHEFBRL  Y=—26.484+0.412T+0.035PAR+0.272RH 0.546 0 72.241

FEAE K R ) SRR A R B AR Ak /it g H AR ], R AR AR R AL /N A H AE K 32 PAR (T
K Z PAR T Hl WAL R 5200, 42 B R fb /it 4 H #E W) 52, rh AR b R HE R R Ak /N A B FE K i 32
K2 PAR . T P WM RH 3t [6] 52 mi , 8 5B 4k /i PAR B 520 o 75 8 A4S A2 4 Z= Y], oK R 1k fn g 2
W H#EK 8% PAR RH W 3t . 728 K5 R B/t K HFEK#3Z T.PAR.RH . W F1 P
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