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Abstract: [Objective] This study aims to investigate the impact of drought stress on the transpiration
process of Robinia pseudoacacia plantations in the loess region of western Shanxi Province, northern China.

Additionally, it aims to explore the environmental and physiological mechanisms that regulate transpiration
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in R. pseudoacacia under drought stress conditions. The findings of this study aim to establish a theoretical
basis for the management and water regulation of R. pseudoacacia plantations in the loess region of western
Shanxi Province. [Method] The research focused on R. pseudoacacia plantations in the loess region of
western Shanxi Province. Continuous monitoring of sap flow changes in R. pseudoacacia was to conduct
alongside a rainfall interception experiment (the 50% precipitation reduction during the entire growing
season). Simultaneously, environmental factors and hydraulic physiological changes were monitored to
analyze their collective influence on sap flow. [Result] (1) Drought treatment significantly reduced the sap
flow rate (J;) of R. pseudoacacia, with an average of 0.92 g/(cm*-h) under drought treatment, markedly
lower than the control treatment’s J, of 1.87 g/(cm*-h). However, the trend of variation exhibited similarity.
(2) Drought treatment had an impact on the relative water content of R. pseudoacacia branches and leaves.
Over time, the relative water content decreased with extended drought treatment periods. In varying
treatment conditions, both water potential and hydraulic capacitance of R. pseudoacacia branches and leaves
exhibited a “V” shaped pattern. Under drought treatment, the water potential of branches and leaves
(-1.22 MPa, —0.72 MPa) was lower compared with the control treatment (—1.15 MPa, —0.60 MPa).
Moreover, under drought treatment, there was a decrease in the hydraulic capacitance of branches (0.52
g/(cm’-MPa)) and leaves (1.05 x 107 g/(cm**MPa)). (3) Changes in R. pseudoacacia’s sap flow were
influenced by meteorological factors, soil moisture, and hydraulic physiological factors. The primary
controlling factors under different treatments were solar radiation. Under drought treatment, the influence of
branch and leaf hydraulic capacitance weakened, indicating that R. pseudoacacia under control conditions
relied more on tissue hydraulic capacitance to meet transpiration compared with drought treatment.
[Conclusion] Drought treatment significantly reduces the sap flow rate of R. pseudoacacia, but the trend of
variation exhibites similarity. Changes in R. pseudoacacia’s sap flow are influenced by meteorological
factors, the primary controlling factors are meteorological factors, soil moisture, and hydraulic physiological
factors. These findings contribute to a deeper understanding of transpiration alterations in plantations under
drought conditions. Additionally, they hold significant importance in evaluating the stability of plantation
ecosystems and eco-hydrological processes in the loess region amidst climate change.

Key words: trunk sap flow; hydraulic physiology; drought treatment; structural equation model; Robinia

pseudoacacia plantation
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Tab. 1 Basic information of experimental sample trees

ARG S i e U THIAR
Sample tree No. DBH/cm  Tree height/m  Sapwood area/cm?
DTI 12.9 8.6 419
DT2 15.9 9.5 62.9
DT3 18.8 10.3 87.1
DT4 23.2 11.6 131.0
CKl1 13.7 8.1 47.1
CK2 16.4 9.5 66.8
CK3 19.2 10.5 90.7
CK4 22.0 11.7 118.1

:DT. T RAH; CK. X &AL EE . Notes: DT, drought treatment; CK,
control treatment.
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WilE], -5 b BEATRT R AL B 60 cm LA T B R JE
PR KE LR E 2R (P> 0.05).

22 FELEBTRBRERNESTN

AT IHA R AL B A&, RIRR J, A AL
CE 3D R BT A 33 2 35 FRAK T IR U, (EP b 2% A
TR AR AL 7E T RV, 7 H TR
SEFRFHEARALHIAR J, B E BRI Bl T 2 b A ] (1Y
K, 8.9 H T AT KA T R J, BT X R
(P <0.05). [FINBEEEKTWHER, B J T
B, 817 H>8 H>9 H. ARMWGET J, BB
— B, SR R I Y S R B 0 B it 2 AR b A
P A B TEIE 06:00 Z247, T 12:00 24715 F
Mg . TR T H J,0.92 g/(em® b)) & EK T

L
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Fig. 2 Seasonal variations in meteorological factors during the observation period
*2 BABHSKEFREEZRFESN (FHE L REE)
Tab.2 One-way ANOVA of daily mean meteorological factors for each month (mean + standard deviation)

H 4 Month R/(W-m™) VPD/kPa 7/°C H/% Wy/(m-s") PP/mm
7 466.53 + 50.60a 1.27+0.10a 24.66 = 0.70a 64.01 +2.46b 1.41 £0.07a 122.80
8 375.93+29.17b 0.90 £ 0.09b 24.33 +0.84a 77.49 + 1.50a 1.39 + 0.06a 90.20
9 345.53 £29.78b 0.85+0.06b 18.46 + 0.46b 68.35+3.03b 1.27 £ 0.05a 9.80

VE: TR HOAXHEE . AN ERARERAF A TR R E T 5 MR (P <0.05). Notes: T, temperature; H, relative humidity. Different
lowercase letters represent difference in significance of meteorological factors in varied months (P < 0.05).

*3 AALEREMFHTESKE (FHELREE)

Tab. 3 Average soil water content for different soil depths (mean =+ standard deviation) %
Kb P Treatment 0~10cm 10 ~20 cm 20 ~40 cm 40 ~ 60 cm 60~90cm 90~120cm 120~160cm 160 ~200 cm
F 5 Drought 8.20+ 1.54a 7.89 +£0.83a 8.09+0.39a 850+0.60a 8.44+0.63a 8.44+0.28a 8.01 £0.34a 7.59 £0.37a
%8 Control 1459+ 1.01b 11.93+1.08b 10.57+0.75b 9.16+0.46b 8.70+0.43a 837+037a 7.92+041la 7.67+0.38a

¥ A F/NG F AR A R AR B R P4 5K B 2 5 3 (P < 0.05) . Note: different lowercase letters represent the significant differences in

average soil moisture content under different treatments (P < 0.05).

SR AL HE R H 1 J(1.87 g/(em® ) (P < 0.05). A~
] A R B AERLE] (20:00—K H 06:00) 47588 ] S il
FI B BT, 7021 5(20:00—24:00)J, KT )5
K (24:00—% H 06:00)
2.3 FELETREKSEERFHETL
FEATLIHA, 52 A0 3 A 3 oA o g ok
FERT K B AN A X B K & (B 40 A [E LB T
SRR I B A K R AR — B, BEE AR KR
AL, AN B K R AR . AN TR] A B 2% A TR TR R
K AR SR K AR (B 5 R 21158
ZET AR, AR HKE H B B S
TR Ko 26 N AR — B, B 5 AR B g o AR e

FrK#(—=1.22 + 0.28) MPa X T X} B8 4L P (—1.15 =
0.29) MPa, £ 45 /K#(-0.72 + 0.34) MPa fik T X} i&
AbFE(—0.60 + 0.34) MPa. HJRJZ b, BRI Ao 4%
KB RV R, I K A B &S N L I
(05:00) M 7K #4 Ay 4x K e KAH, Bl A 75 Ji 1 3
5, KA TFUE B, 7K 3 B ARAE tH IRAE IR
(11:00), Z Ja W KB F IR R T B kKBNS N
F7F 07:00 1k B AR, B ARAE HILAE 13:00, BT
F 412 h, B JEBCSRKBIF MG . BB B, il
IR 2 W K3 RV AR 6), BAE
AN [E A B R T S 3 22 S o IE K ) e/ ME AR
TEA-(11:00) 2 47, ARG Sk o /IMELRS [RT IR TP 72 2 he
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AR/ 'S B AR 5 Ak AR S R Ak 3T ) A T R ) 2 5 B 35 1 (P < 0.05) . Different lowercase letters represent the significance of
difference in the flow rate of Robinia pseudoacacia under drought treatment and control treatment (P < 0.05).
B3 AN[RIALFE T SRR T R 2R AL

Fig. 3 Changes in sap flow rate of Robinia pseudoacacia under different treatments

24 FTELETRFRANZWEE

XoF 5 M AR SR (1) 4 AN FRBER A 6 Nk
I3 FE IR AR NI RO R AT A AT, SREUEE
TR KT 0.5 (19 5 NERSY . 3R 4 ATH1: TR A0
FGF AL AT S AN s RARTT ZE TTERER 73N
91.99% #1 91.38%, He % HL N 4 1t fif B J, (1) 52
B, Ay 1 Zmk &k, 75k
49.51% M 50.73%. & 5 W R 1 1€ & £ s b i g
R WL 1% A DR EE GR 5D, B — E o
5K BA AR 5 TR KR 2 X S 5 1 1E AR
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5 70%, » E R 28 ELEEH . ER 3. 4.
5 5B SKE MR KASERRERHEIKR. 2
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SWC. Ko A H o
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FE 50N A TR 2 B NN 0.92, X A T R A2 iR
KAKARW EHF T, B2 7Y SILR I R
JE, T2 RS AR Fr (RO IR 38 KRS R T AR
16, FI TR AT, R X J, W E BN S, 745
BUNIBESER . VPD X J, B BN, T A A
AR AR AL AT R E BN 0.47 A 0.34, 54k
LR VPD X J, R sgmm s ag, R T 248 T, Y



134 b ® Mok K % %R i 46 3
100 100
a b
S IS
= =)
“g 80 - ATa AIa Aa  Aa 2 801 ATa Aa Aa
ER L B E | A a0
I ° Ba — 8 T L I Ta !
25 60} t 2 60} T
M= 4 8
= 8 =l
Es EZ°
i E d0r &5 40t
x5 ®E
E o
S 20t 2 20f
= &
2022-07 202208 2022-09 2022—07 2022—08 202209
5 [E] Time 58] Time

[ F#4b#E Drought treatment [ | XF /i 4b# Control treatment
KEFRRRF— BN, AR H GRS KERERREEWP<0.05; NEFREFORE— A0 FARGEPMHEN S KEERFREP<

0.05), Capital letters indicate the difference in relative water content of different months under the same treatment (P < 0.05); lowercase letters

indicate the difference in relative water content of different treatments in the same month (P < 0.05).
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Fig. 4 Relative water content of leaves and branches
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Fig. 5 Diurnal variations in leaf water potential and branch water potential of Robinia pseudoacacia under different treatments
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Fig. 6 Diurnal variations in leaf hydraulic capacitance and branch hydraulic capacitance of Robinia pseudoacacia under different treatments
*4 ETEBHHSMHRRERZMEFHFEERFTERKE
Tab.4 Eigenvalues and variance contribution rates of the sap flow rate influencing factors based on
principal component analysis
FF 47 Drought treatment X HE AL FE Control treatment
: 4 >yt T bh v ErT =N > e v ET@=N
o . pE i ES i T TR SRR
Principal component Ei i ] Variance contribution Cumulative Ei ; | Variance contribution Cumulative
1genvatue rate/% explaination/% 1genvatue rate/% explaination/%
1 222 49.51 49.51 2.25 50.73 50.73
2 1.34 18.10 67.61 1.32 17.63 68.36
3 1.08 11.84 79.45 1.08 11.81 80.17
4 0.85 7.22 86.67 0.86 7.40 87.57
5 0.72 5.32 91.99 0.61 3.81 91.38

A EE BT B S V) AR X I RRE N A A B R
NIRRT R I, N T AEH 50% 28375 N BH 2 B AIK
T RIFRA A H AR . Zhang SECOB I, U
Ab 33 SRR TR AL PR ARPR 43 7% s 43 i) S 2 BRI
T 39% F1 28%. Besson ZEPH N 4% Wi 36 115
B 7 AL S5 SR, R S AR AR 28 R kb T 20% ~
27%. SR, A B TC AR IR R X AR5y 26 S #E /K%
335 5 B S R /NCY, R DR AT R T R AL R
2 Hb B A TT DA USCHE TR K, 2R A ek N R
5o filan, i 52 BRI ARAR REBUR, AT LA 4 R A
Bl 4T KB, A AR SR AR AL N AP IE BT R

SR, AHIE T8 BRI ARG T8 P 3 X, H 77K
FEHL T JL K2 LA K, Tl 1 R AR R oKy
Bl SRR TR K BYE L A, 7K Sk R G BN
I, YRR 5 I 4 T 5 B R e )RR ) 2R
FEIK

T 5 2 B M R R K o AR B . A2 2]
IK Gy A AERF ) IR AU B B A, A & K&
KRBT R aRAEY oK B I HIaREg . fRi
i FCAS [F) 1 52 Wp A8 66 B 6 B BE ( Castanea mollissima)
W4 Ve R AR N B K B R, R I RE A T 5
FERERIIG N, M A KR 2 T R EH . K
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x5 BRERZMEFERREMRS EHETE

Tab. 5 Load of sap flow rate influencing factors on different principal components

A E T4 2 Drought treatment X HR AL FE Control treatment
Variile F o F g2 F 53 F g4 F s F s F g2 F 53 F g4 F 55
PCl PC2 PC3 PC4 PC5 PC1 PC2 PC3 PC4 PC5
VPD 0.41 0.20 0.19 0.19 0.39 0.23 0.22 0.12
Rs 0.39 0.13 —0.16 —0.25 0.39 —-0.57
Ws 0.35 0.30 0.32 0.34 0.38 0.5
SWC 0.69 0.22 -0.25 0.68 —0.44 —0.18
wr -0.32 0.44 0.11 —-0.30 0.41 -0.21 0.24 0.26
wg —-0.21 0.36 —-0.57 0.17 -0.42 —-0.89 —-0.10
'3 —0.34 0.14 0.53 0.54 -0.33 0.12 0.68 -0.22
P —0.36 —0.15 —-0.53 0.22 —-0.37 —-0.20 —0.41 —-0.20
Cp -0.28 0.51 0.36 —-0.57 —0.33 0.35 0.24 0.13 —-0.25
Cp -0.30 -0.22 0.41 —0.46 -0.22 -0.37 -0.14 0.22 -0.22 0.38

s w AR B KR we BAR A R B KR WL KB P B AR K F s CL K2R C B4k 7K %5 - Notes: wy, the relative water content of
leaves; wg, relative water content of branch; ¥}, leaf water potential; ¥g, branch water potential; C;, leaf hydraulic capacitance; Cg, branch hydraulic
capacitance.

CF1=0.986, GFI=0.915, RMSEA <0.06 CFI=0.978, GFI=0.905, RMSEA <0.06

a XJ iRALEE Control treatment b T 5:4b# Drought treatment
CFLELE AU A 647 GFLIL A RAF 4R 5 RMSEA TR I fRIR 225 . %, 4+ 0 IR R E P < 0.05. P<0.01. P<0.001; IEROM MR 25,
TGN L2k, B Sk, AR E L. CFI, comparative fit index; GFI, goodness of fit index; RMSEA, root mean square error of approximation;
* k¥ *E* represent the correlation at P < 0.05, P <0.01, P <0.001 levels, respectively. Positive effect, black line; negative effect, red line; significant,

solid line; insignificant, dotted line.

7 RRKEER M T RRIE R G RE T LK K A0 R T [0 () 45 1) 5 R AR e 4
Fig. 7 Structural equation model path diagram between the fluid flow rate and meteorological factors, soil moisture and

hydraulic physiological factors under different treatment conditions
WEFRIL, TR ACE T RIBEA, AR K EBRA R 3, T RAB T BB E KBRS, e oK,
FH A, XA RER B N AW ST R AL B CORBURE  RIMRE S B AR 7K 38R K 4 22 DR 4 4
50% Kt i, 250 B ARIE AU B T 5 RIS MRS OR B2 A, 2R
D5, R B 5 RS R o 2 PESR I, JLALGUKES T BRI K
Ky G EREETT G NIMORIER IEH A BIhRE, X 56 AR E K. FOKIRET), ReLha
BREPRT A — 8 MYWHLUKSH T LURBE ARG E S KEAKBRM KRS, £ R A
Y K R E DA S SRR BE IR/, AT AR T, BRIBRAL AR 5 K SR AR 35 ) A, S ORI
WLIR UK 7 IRE ST AU BT R AL BEFEAR BB KA A NI .

TORIBRAL S WK, (BHARIE N, ZRAEE. 32 RRNTRRERERTUNEEZWEF

IR TR, 24 IS KRR, Y& 5 5K FEAS RIS T8) ROBE b=, #0000 -5 A8 TR 7 R %
R YRS, WM SEBHR RARE. BT, AN REE B R 2RI J
IR, M - - K ESA RS BURREERET, J, 5 VPD. W R F EH KK
o, R SOREAHKHEREK A ZRKTIEREE &R, 5 SWCRAAEFE . K EIRFEFECRHI LR
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