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Abstract: [Objective] This study investigates the spatiotemporal response characteristics and regulatory
mechanisms of soil moisture in Populus tomentosa plantations under different thinning intensities and water
gradient controls. It aims to elucidate the impact of management interventions on the water utilization and
retention capacity of plantations, with the goal of providing scientific basis for precise water regulation,
optimization of silvicultural measures, and continuous improvement of forest quality in artificial forests
across the North China Plain. [Method] The research was conducted in an 8-year-old triploid P. fomentosa
S86 plantation. Two thinning intensities were established: alternate row thinning with 50% thinning (T50),
and alternate row and alternate tree thinning with 75% thinning (T75). In the T75 experimental area, two
treatments were set up: full irrigation (T75W20) and no irrigation (T75). In the T50 experimental area, three
treatments were arranged: full irrigation (T50W20), deficit irrigation (T50W45), and no irrigation (T50). The
soil volumetric water content (SVWC) was continuously monitored during the growing season, and soil
water storage in the 0 — 600 cm profile was determined using the oven-drying method at the end of the
season to assess the temporal and spatial variations in soil moisture and the formation of dry soil layers.
[Result] (1) Soil moisture in the P. fomentosa plantation showed distinct vertical and temporal variation
patterns. The surface layer (0 — 30 cm) exhibited monthly fluctuations, with minimum SVWC in July and
maximum in August. Soil moisture increased stepwise with depth, with pronounced variation in the 30 —
100 cm layer and relative stability below 100 cm. (2) Thinning intensity significantly influenced moisture
distribution in the root zone (25 cm from trees). A 75% thinning rate altered the two-dimensional spatial
distribution of soil moisture in the root zone, while a 50% thinning rate primarily enhanced soil moisture in
the middle layer (30 — 100 cm). In some seasons, the root zone exhibited relatively lower water content.
(3) Irrigation significantly improved surface soil moisture. The TS0W20 treatment in the root zone increased
the average soil moisture by 28.78% compared to TS50, while the soil volumetric water content in the 10 —
70 cm root zone under the TSOW45 treatment remained relatively low. Under the TSOW20 treatment, SVWC
in the root zone increased by 28.78% compared with the control, while the TS0W45 treatment enhanced
water depletion within the 10 — 70 cm layer. Without irrigation, the deep soil (100 — 600 cm) showed higher
moisture in the non-root zone (100 cm from trees). (4) From 2022 to 2023, soil water storage decreased
overall, but increased thinning intensity markedly enhanced water storage, especially in the 100 — 200 cm
layer. The T75 treatment increased total soil water storage by 53.00% compared with T50. The T75W20
combination further improved multi-layer moisture conditions and promoted recovery in the 500 — 600 cm
layer. (5) Dry soil layers were mainly distributed within 0 — 300 cm. Under 50% thinning, the dry layer
reached 300 cm, whereas under 75% thinning it was reduced to 200 cm. Thinning significantly alleviated the
dry soil layer, while irrigation alone failed to eliminate dryness within 0 — 200 cm. [Conclusion] Soil
moisture dynamics in P. tomentosa plantations exhibit significant spatiotemporal heterogeneity. Both
thinning and irrigation effectively regulate vertical soil moisture distribution, and an appropriately increased
thinning intensity can mitigate the development of deep dry soil layers in the North China Plain. The
research results provide a quantitative basis for precision tending of plantations based on water constraints,
offering important reference value for constructing site-specific thinning-water synergistic regulation models
and enhancing the ecological stability and management sustainability of plantations.

Key words: thinning intensity; water management; Populus tomentosa; soil moisture dynamics; dry soil

layer; forest cultivation; precision improvement of forest quality

B EHOK S RIMEMRALER S RGRE Y UK E R Z B 8RR R K,
PERBR—KIER B RBRE IR 7, AN ARMAES RGN 0 SRR, RO IR RN E
“HL” Mo SRT, AE R R, KR RIEMAE . RO I A R B R AR A S R A
SRR ZR R SR BN S B0 2 X 50K R RARIER M. IR ORE, 3K > R
Bem i, HRBRIRE LIETR, PEE LR BRI RERRZ L, XA Eh & 5K



28 D O NI

548 4

6 SR ZEBURR SR DA SRR 0 B8 U0 AH 5GP o E VR
X, ek oy 2 IR B R AR A, REAE T 2
MARAE R B 7 RN M 2T R X, 3K
AR KSR AL T 5 BR85S R AR i —
W AR T ARGy K A I 2 o A A R, 45 N AR
R RGINARE VELERR R T IR PRARE . A ]
YR RE, R LK 2 B 7 Z R IE .
K2 (<30 ecmD KA AR BT KivEY) = AE
VIR MR (1) 3 [E] 520, 2 T LR 050 v D IR 2 A e s R
L3> 100 em) 7K 73 EIRAH R A2 5E , E AT BE PR B
i B2 R R T % R AR SR 3 RS, R, 4
e 388 o AR PR A T 0 R R AL 4ERRRRAR T
R, XI T /K7t X M N THRAEKKE 28
HIE,

TR N AR DR A K TRk, 268 5 A 7K B3 3 v 57,
W KT FRR B 3K FF R R OK o 5 ik, X — ]
BHET R T R X e T R IR H Y,
G i - HEK 3 TR 0, TR ER 5 4 B 3 N AR
KO E . AR I PR % B2, BRI D 6
FEOK, RIS B MR Nl 5 I B oL, AT A
BERE AR NGB D BEE N B () 7K 43 Y P 1 e, AT
P 7R LK A, R T R iat. SR, £
(B AR A0 AT K B2 U5 AT B H 28 08 1)1 5 T, G HAELE
JEF T IX, N AR VR 38 T e X Pk il - B AR
B PROR e A 7K 43 7 5K, 5 0 A i FEE i FE A PR /K B2
PRV BRI, B e A B A R AR 5 S
BEWE R, XS MK m ORI RS S
o am A EEE . RECAHPFARS0EAN
TR Z LK 73 3h s, (HRT 4% 5 B B AE B A
A2 K2R PG RS K o I AR AR R LR, B RS
= R INIR . BN, AR FE 5 7K 4 5 22 40 4] 5%
Wi A A6~ SR L35 2 BT il S AR, 124 sk Z B
HUES -

FE F M (Populus tomentosa) &= [H AL 75 )12 3%
LA B, FEAE B AR BRI T e 55
77 T B B EAE DY, SR, H AR K IR 5 K 4y
M 803 v A AR P S BOHO 387K 7 AR A R O
&, K a7 R E R Z R AN TARA = 85
A Ty fit 24 45 1 O B R ) BT -0 10, LA R )
2, OAPFYEEICT S Ak R I 2+
BT RIS, Zik—2 M8 7N LK %
Bl Saa e . ok, BEAm A TR E T H A 1)
AR, 3 ARATT I R B B v DAERAIE G 2R AN
TR BEAR AR A o SRTHT, BB MRS IG G, i S Ak o) 55
J 5 3 BUR R 18] 56 40 0], AR A DG BEAS A2, 32 17 5 1
RS LK R AR, B 2638 Bk 4y 45 1)

ANE RN AE F= 7R U0 R b, 3 B SI i R) AR A2
ARG G580 GRS+ R 0 D35 58K oy F 9753
SAF R E B . 2T G, AHE AT LR AL SF IR = A
1RE A S86 ot 22 ((P. tomentosa x P. bolleana) *
(P. alba x P. glandulosa)) N X} G, 18 i %) A [A]
[) £ 588 B RN K 20 0 38R 6B LR 43 I KR
A7 B T] =22 1A ) 22 4 B 23 A AN [R) AL 38 AR 4 1 438
K G343 A SR PR B B8 50 18] A5 2 R 7K 73 B 0)
B N AR 3851 T P 7K 53 B 23 20 A 4R A0 1) 52 )
BLH 5 BH A A] A 58 R E W T - 438 i /K & e L4+
JERIFARE A, A5G “om BE RS & 7 I RE 5 2%
fif LT R X — LR R WA R e
J6F JFE N AR 387K 43 27 s W 5 P R 4 B AR 4t
g, A TREETFRIX UEAHARE
BN TARIK 73 i R 45 5 AR 2 R G kesE 1 1 1 [R] 42
Tt RAE AT S RS .

1 B K BRI 5 #F 5 7 &

1.1 RN

WA A, T R A B A H AR
(36°48'47"N, 116°0525"E), Hu#A-F4H, #F4& 30 m.
Z X HL AL TR R, SR, R, R
13.2 °C, &FERFEWEFE 7—8 H, FHHEKE 544.7
mm, 4F H BB % 2 651.9 h, LA 204 d. %L HK
HTE 0~ 1.4 miRE 2, B3 R L, i
£ 1.4~ 6.0 m IRFEE L=, Wabig L 2 A b R 2 &
I, B R KAL 6 ~9 m ¥, EARHT 0 ~ 80 cm 3%
BHUFCF 2880 3.34 ghkg, RS8N 0.23 gikg,
S &N 4.92 mg/kg.
1.2 RIEARFNA IS

K TR SN =R B AW S86 LM &R,
2016 FHERA 2 FEEPATIER, LL2 mx 3 m P
ATEE (R AEAREE 2 m, ZRPUATFE 3 m)IY S FRHE . 2022
SEAEAT] DA Pl R A 5 P R 36 AR BE AT TR A%, 20 A
B 47 B8 Bk 180 4%, (Tl A%, 75%, FRATEEAE A 4 m x 6 m,
T75) FaAT 4% (i) 4% 50%, ¥RATEEAZ A 2 m x 6 m,
T50). fE T50 F1 T75 150 [X & B A [F) 6 FE 1 #E 1%
R HE DRI AR B o TS0 56 X DL 57 HE R 5L 06 AR 43
s B Ax, WE T s #EBE(TS0W20). 77 R
HECTSOWAS) AR HE L (T5003 ML, LLR G0
AN [ VEE W6 R I R K A R R o T75 3R 56 X 5%
FET i P AR S 7 o E R 1 B TR BORE, R TS0
TG X T SOkt b R 50 i 5 B (AR5 & 70 70 HER
BB MARAS 22 fif LI T 27 1X — GRS 10 /8, X
B 780 BEE (T75W20) FIASHEE (T75) AN AR R Ak
B, BRI S IR 1 M R mar



53

FAE T )P BE AR B A A AR 3K 0 i 2 R 1 H 315 29

A7 A A4 00 BE AR T 30 em Ak, Sk ) PE 50 cm. 78
S REAN T HOBERE A 4K 1E T 77 20 em 3K
A )20 kPa(W20, H A FE/K & 1) 79%) . —45 kPa
(W45, HIAIER KB 609% ) J5 ShiEst, +I3K ik
FIHH [A]FE K B, DU L T, 2022 ST AR 7E B
SEMROR R B B (4 B WD TR EERE, BRI AT
(6 A 1L, KRN E WIBR R . v G
N IS, LA TS0 A1 T75 56 X B b9k iy —
MXH, %E 3ANXAH, A XHSHESE 2 N3
AN E/NX, B 3 IRESE, 15 NMNX . BRX 4
Hl| x4 BRARAS, H1a] 2 F1 950w, AR 78 2 F1 A fR 4
1T o B IRFE AR 5 BARRICE 2D,
1.3 HRAE

Fl5e “AN A AR RS Sk B RE T, EEH
N AR 387K 43 7 I () 43 5 2 TR) 45 4 el )RR
TE” X — 1% OB ), AHIE 7R R 345 T B
TH] SR B 225 18] 22 57 3 A )2 11 ) g - 438 7K 0 Wil 5 2R
PR R

BT EBANEBER Y, BHK 100 cm BLR
WRAMNEERERY, &R T EAMARFE
AT 0 ~30 cm L JZER LG R, AR E R
Tl ¥ R R R0 ~ 30 cm), R
(30 ~ 100 c) A1 1+ JZ (100 ~ 260 cm), LAX 43 AN [H]
IhRE L2 K 5 ma BLREAE o 78K 05 1) L, 25 8 F
EBAMANR FEEE D 50T IR T 0~ 25 cm 5
P EE AT 25 em Ab St NAR X, BEAT 100 cm
b 5 e RAERRIX, DAL AR 295 20 387K 43 73 A1
iof-2 8

FERF T REE b, MR DX SR R AR AR K 2= R
FRAFEZEGS H). EEOG6—8 HHOMMKZEO—I1
A, FF 2 b 88K 4y bl A= K ZE ek 1 s A8 4k
1.3.1  E3ERARAKF RAziE 4 K

R B VPAG A [F] 1B AR FE (TR A% 50%, [A4R 75%)
FUAS ] 7K 73 8 B CFE 4 FE R, 5 SRR, ANV AR
I AEAE K R B K o i 2SR AE, 2022 4F

R EMEFERLESEAS
Tab. 1 Combination of thinning and irrigation
experimental treatments
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Tab. 2 Growth of P. tomentosa under different treatments
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O—11 IO EKRERZEESTHEEG—8 H(A 1,
P <0.05). RZE 100 ~ 260 cm) 7K 43 5 254 %F
FoE o X R K IR T3S R A R EE
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2 8K Ak i e AR E, S bR K 43 1) E B2
ME.

FE ML TR b, 33— 20 43 A (A) 30 FE X6 38 7K 4y
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R, ANAEAR X RN 53 2B (P < 0.05), Xtk
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Tab.3 Two-factor ANOVA for the effects of month, thinning intensity, and their interaction on soil volumetric water content

X JEAR X
AEFHRIR 0~30cm 30~ 100 em 100 ~ 260 cm 0~30cm 30~ 100 em 100 ~ 260 cm
A D <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
AR R (T 0.005 0.026 <0.001 0.145 0.366 0.999
MxT 0.980 0.335 <0.001 0.209 0.395 <0.001

P I RN AFAE B I (P<0.05) . T
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Fig. 1 Monthly dynamics of soil volumetric water content in root zone and non-root zone under different thinning treatments
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Tab.4 Two-factor ANOVA for the effects of horizontal position, soil depth, and their interaction on soil volumetric water

content under different thinning intensities

R HF FES wE
T50 T75 T50 175 T50 175
KA E CHD 0.855 0.222 0.007 0.347 0.031 0.733
LIIREED) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
HxD 0.647 <0.001 0.696 <0.001 0.056 0.003
FHARBE KR (emP-em™) FIEAEBIEIKRR (emP-em™)
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
a % T75 b F,‘L\M T50
50 eha 50t .
100 Ki 100 | i
150 150
#z
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250 | \. 250 | )
300l 300 L L
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Fig.2 Dynamics of soil volumetric water content in root zone and non-root zone with soil depth under different thinning treatments
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Tab.5 Two-factor ANOVA for the effects of month, irrigation gradient, and their interaction on soil volumetric water content

) RIX JEARIX
AR SRR
0~30cm 30~ 100 cm 100 ~ 260 cm 0~30cm 30~ 100 cm 100 ~ 260 cm
A4 (VD <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
REBETE (W) <0.001 <0.001 0.006 <0.001 <0.001 <0.001
MxWw 0.686 <0.001 <0.001 0.436 0.252 0.003
X AR X
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Fig.3 Monthly dynamics of soil volumetric water content in root zone and non-root zone under different irrigation treatments
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T IARFRE AR R ) 2 35 (P < 0.001, & 6),
A 52 I b JE R T 8 T ) A i A (A 4D,
KA I 22 S DR R B S, 7E W20 A HE R, AR
X 5 4ER X L3RR & K R 2 RN E 95 18
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Tab. 6 Two-factor ANOVA for the effects of horizontal position, soil depth, and their interaction on soil volumetric water

content under different i

rrigation gradients

‘ #% P s
T50W20 T50W45 T50 T50W20 T50W45 T50 T50W20 T50W45 T50
KL E CHD 0.387 <0.001 0.855 0.902 0.288 0.007 0.929 0.168 0.031
TR (D) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
HxD <0.001 <0.001 0.647 0.012 <0.001 0.696 0.023 <0.001 0.056
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Fig. 4 Dynamics of soil volumetric water content in the root zone and the non-root zone with soil depth under different irrigation gradients
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Fig. 5 Soil water storage and dry soil layer phenomenon at different
soil depths under different treatments
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Fig. 6 Variations in soil water storage under different treatments from 2022 to 2023
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