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Abstract: [Objective] This study examined the water conservation capacity of litter layers and soil layers in
Quercus acutissima plantations of different ages, aiming to provide references for forest hydrology management
and water resource utilization in subtropical regions, as well as for the management of Q. acutissima plantations.
[Method] Q. acutissima plantations of different stand ages (4-, 10-, 25-, 45-, and 50-year-old stands) in
Huangfushan State-owned Forest Farm were selected as the research objects. Field investigation and indoor soaking
methods were used to measure the water conservation capacities of the litter and soil in Q. acutissima plantations of
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different stand ages. [Result] 1) The water-holding capacity of litter from Q. acutissima plantations of different
ages increased in stages with increasing immersion time, reaching saturation after 24 hours. Meanwhile, the water
uptake rate of litter decreased with prolonged immersion (peaking within 0.5 hours and approaching dynamic
equilibrium after 24 hours). 2) Litter stock in 4- to 50-year-old Q. acutissima plantations ranged from 1.14 to 3.92
t-hm2, with maximum water-holding capacity and effective retention capacity ranging from 4.57 to 15.72 t-hm
and 3.83 to 13.06 t-hm respectively. The maximum water-holding capacity and effective retention capacity of
litter from 50-year-old Q. acutissima plantations were significantly higher than those of other age classes (except
the 25-year-old stand), while no significant differences were observed in maximum water-holding rate or effective
retention rate across age classes. 3) The average capillary water retention capacity of soils across different forest
ages was ranked as follows: 25 years > 4 years > 10 years > 45 years > 50 years. The average minimum water re-
tention capacity was ranked: 45 years > 25 years > 4 years > 10 years > 50 years. 4) Comprehensive evaluation of
water conservation capacity in Q. acutissima plantations of different ages using the entropy weight method re-
vealed that 50-year-old stands exhibited the highest water conservation capacity. In summary, forest age influences
the structure of the litter layer and soil profile, thereby affecting the water conservation capacity of Q. acutissima
plantations, while 50-year-old stands exhibit optimal comprehensive water conservation capacity. [Conclusion]
When managing plantations in subtropical regions primarily for water conservation, emphasis should be placed on
protecting and nurturing middle-aged to mature plantations. For young plantations, reasonable tending methods
(such as thinning) can be considered to improve stand structure, promote litter accumulation, and enhance soil

quality, thereby accelerating the development of their hydrological and ecological benefits.

Keywords: forest age; Quercus acutissima plantation; litter; soil; water conservation capacity
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Table 1 Basic situation of the plots
ii/a i i WHm B B () MOYEE (planthm?)  CFHA/em PR E/m
4 118°00'00"E ~ 32°24'00"N 130 3] 10 4 600.00+427.20* 4.3340.11¢ 5.67+2.894
10 118°01'12"E  32°19'48"N 139 [E3] 12 2 683.33+224.07° 7.73+0.23¢ 8.52+0.33¢
25 117°5924"E  32°21'36"N 166 [E3] 13 2 591.67+366.00° 12.62+0.34¢ 8.92+0.07
45 118°0036"E  32°19'12"N 153 3] 12 1 558.33+£326.28° 17.54+0.78° 11.32+0.46%
50 117°5924"E ~ 32°18'00"N 169 [E3] 11 1 158.33+£52.04¢ 19.44+1.26* 12.44+0.45°

e FSIAR/NG FREFORA R A% 2R (P < 0.05),
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Figure 1 Present stock of litter in Quercus acutissima
plantations of different stand ages
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Figure 2 Variation of water-holding capacity of litter with forest age and immersion time
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Figure 3 Variation of the water absorption rate of litter from forests of different ages with immersion time
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Table 2 Water-holding capacity of litter in Quercus acutissima plantations of different stand ages

Ml/a  HARTKE %  BRAFPKE/ (thm?) BRFFKE/ % AREEER (thm?) HRIEE L%
4 4.1242.75° 4.57+3.29° 300.07£135.95 3.83+2.75¢ 250.94+113.08
10 24.36+14.60° 6.18+3.67° 329.16+47.53¢ 4.90+3.22% 255.43+46.35°
25 20.07+22.17% 13.75+0.98:® 354.79+39.30° 10.97+1.45%® 281.50+15.83°
45 9.39+2.23 7.85+3.46 380.02+59.63° 6.47+2.84" 313.62+48.70°
50 8.71+1.67* 15.72+6.80° 429.43+38.49° 13.06+5.68° 356.31+31.66*

e RAPEE AR, FSIARNSG FREFORA R R ZRBE (P < 0.05).

LN 0.5~24 h WIRTEYIHKIE R 512 KE
BRI %0, —FH R EEFRRRECR (H
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A (23)H: O NFEEDHIKER (g-g-hD);

t NREA (h); av b NRHL

2.14 FRREHBARAIRBAZHOHERES BH
IR R BTV ERK R I Bl FE bR, R
JE T HAE HARIRE TR RE /7. ARG BRER A
THARITE D E AR G 7K ZIE A 4.12%~24.36%,
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10, 4 ML, ﬁtlﬂ 50 FEAREE E’Jﬁxﬁz#%i ELUN
FHABME (P < 0.05, £ 2). HEDERES
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Figure 4 Changes in soil bulk density (a), capillary porosity, and non-capillary porosity (b) with soil depth in Quercus acutissima

plantations of different stand ages
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7N 50 4E>10 4E>45 >4 4£>25 4F, ANEKE
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EAL, HAWRES ) IR RS JEBELRE
A LR R 35 8 T 2 VR B 3 I s 1 K s e (]
4 (b)), FLEMEELREERAEE (P >
0.05); 7£ (0, 10] cm Al (20, 30] cm L2, #k
BIHEHEBEELREERALRE (P > 0.05), MM
(10, 20] em T 2H, 4445 25 £, 50 F4+
BEEEILREEREE (P < 0.05. 7 (10,

20 Jem 1 (20, 30]em )2, AEBEILBELE 4 4
IR, 3N 15.37%F1 7.41%, 1E 50 AR
/N, 431N 4.00%F1 3.01%; 7€ (0, 10]cm A1 (10,
20] em LJZ, BESLIRELE 45 FAEN D, 5550
N 42.75%F1 40.03%.

222 TREABARARAIARLIEGHKRE S BE

3 TATHN, AHEARES R N AR IR R M B RS
KEERAEZE (P > 0.05), {HE (20, 30] cm
T2, 4 ERE T B EKREE KT
HABFREE (P < 0.05). B 4 FH1 45 FMREBAL, H
A RIS 3 1 B FEK SR i KRR K R B+ 2 IR
FERE IR, BAE R — T2 AR [ ) B
FKEMBRFKFELREZR (P > 0.05). A&
WM, 7625 SEMEELEF, (0, 10] em LZEMTK
FAKEEZEKT (20, 30] cm L2; 7E 50 iR
+3Er, (0, 10] em L ZHBERKFMERFIK
FWREFEKRKT (20, 30)em LE (P<0.05). A
Ml LI BEROKEHET N: 25 4 > 44 >
104 > 454 > 50 4F; P AKRKERHT A:
44 > 254 > 104 > 454 > 50 4FE. A,
BR 10 SFEARUE A1, HARMREE I BN R K ZR I B 2 IR
BTN AR £ (20, 30] em )2, 4 FEMERL
R NE KRB E KT 45 4/ 50 FEMEE (P <
0.05); 10 5EF1 45 FRREE HIEAE (0, 10] ecm 12
i NREKRBEE R T HMATLZE (P < 0.05);
ANFIMEE TR RN KRBT R EESR (P >
0.05). A[FEIMEE TEEF I /N REKEHT N: 45
> 25> 458> 104> 50 &
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Table 3 Soil water-holding capacity of Q. acutissima plantations with different stand ages
il /a +ZEE/em FR S 7K % EEFIKE/Y% B KFRK /% BNEK R /%
4 0, 10] 9.10+3.7848 45.31+15.1248 54.87+15.634 21.4747.224
(10, 20] 8.29+2.264 45.88+1.06 63.2346.684 20.1342.78A2
(20, 30] 10.64:+4.0842 45.08+8.514 51.89+5.8040 19.1140.284a
¥IE 9.34+1.194a 45.43+0.414 56.67+5.88A 20.24+1.18%
10 0, 10] 3.67+1.28B2 45.41+6.234 54.10+8.524a 29.39+8.814
(10, 20] 4.02+0.86488 41.36+8.904 49.57+12.774 12.80+5.34A
(20, 30] 3.22+42.468 40.46+4.624 46.19+4 314 15.52+4.19ABb
¥IA 3.64+0.4082 42.41+2.644 49.96:+3.974 19.24+8 894
25 0, 10] 6.07+2.324Ba 57.48+19.924a 70.854+22.124a 30.25+10.4142
(10, 20] 4.34+2 56488 51.53+14.954a 56.36:+12.284A® 18.89:3.924
(20, 30] 4.38+1.5688 34.35+12.884 38.54+12.844b 14.28+5.39ABb
YA 4.93+(.9982 47.78+12.014a 55.25+16.18A® 21.1448.22A
45 0, 10] 4.24+(.524Ba 46.53+19.6042 53.68+18.4042 35.3543.634
(10, 20] 2.78+2.35B8 35.364+8.954 45.73+8.124 16.2049.034
(20, 30] 3.86+0.5952 43.98+24.2748 48.70+25.2948 12.71+2.668°
¥IE 3.63+0.76B2 41.96+5.854 49 37+4.024 21.42+12.194Aab
50 0, 10] 6.3144.6548a 51.76£5.154 61.8242.814 24,8447 544
(10, 20] 4.52+4 26488 41.98+5.654® 45.72+7.83A 13.96+5.91 4%
(20, 30] 2.69+1.4982 30.614+7.2240 33.08+5.504° 10.59+0.558°
YA 4.51+1.818 41.45+10.594 46.87+14.414 16.46+7 454

T RPHUEN CPEME EARHER), NRIKE TR — LEARMER R Z R B2, ARNG FREOR R — MR

FTZEEZEREE (P < 0.05).

#* 4 KMO I Bartlett Tk 1010
Table 4 KMO test and Bartlett’s sphericity test

i B 1
KMO IR IE V)M R 4L 0.681
ERRTT 87.571
Bartlett ER 2 BE 46 56 Sh:ic 10
o <0.001

x5 EMSHEESHETEE
Table 5 Principal component eigenvalues and variance
contribution rates

AR REERE, i R EE AN 7 22 DR 2R I
FERr . BIRA RO REES KT 1, Rty
ZETABRFIL 83.287%, KULERUX N FEM . 25
R 5 F1 6,

® 6 KIIERREMRD S

Table 6 Principal component analysis of hydrological indicators

F RS> FHIEE T3 ZETTHR %
B 1 3.080 61.595
A 2 1.085 21.692
5y 3 0.768 15.358
oy 4 0.065 1.295
o5 0.003 0.059

iz o1 R4y 2

EE 0.990 —0.038

THIE B KRR & 0.987 —0.011
HEMARTEE —0.135 0.865

EELRE —0.434 —0.572

EEBEILIRE 0.959 —0.086
FREE 3.080 1.085

piy & 61.595 21.692

2.3 TEIFREE B AR A OB H 50 4 38 /KR iR 55
BEJTIEMN

231 #BREZIFMAEHE BT OWEREZ, &

FHERDHTE (PCA) B, ¥, XHIEIHAT

Z-score Wil B XFRUEA S BIEAE 1T KMO

K400 Bartlett BREFERGLS, WK 4 Fix, KMO >

0.6, P < 0.05, KIPFIRIEE T PCA; &Jait

232 RREMEBIFMAEARKAE  RABAGES IR 2
ZIRPRIPN R R, 5 BT A RIARES BRER N AR
IKVEIRTERE ST SEELA 5 TUZ O Fa R, RS RTEY
ER R AR, AR REY R RIE
B RARKEMAGREE R, HIEEAFEEEIL
BREEAEHEBE SRR (WK 7.

233 MEARAELEREFTERE @SR
SRR O L AT EE AL R, M H—1k
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PR RE LI RR BN R Gk 8). BE)E, ETER
WP, THERERREVFIN AR R PR E AR (R
9.

234 HHLEEWFMME KRR OIRIREE S TR

PRACEAE AR, FriS4h RN ZEEVENE, ZAE AT
S L T AN S KRR FR R T . FHER 10 AT,
AN [RIRRES BRAR N AR B 7K IR 75 BE 1R /IMK RN«
50 HE>25 4E>45 > 10 >4 4F,

® 7 5 HARMETHN OIS

Table 7 Evaluation core indicators of five different forest ages

s /a Al/ (thm?) A2/ (thm?) A3/ (thm?) A4/% AS/%
4 1.14 457 3.83 47.53 10.96
10 1.83 6.18 4.90 46.89 8.38
25 3.92 13.75 10.99 46.26 6.90
45 2.02 7.85 6.47 4423 8.01
50 3.70 15.72 13.06 45.17 5.72
W ALCNEDIE R A2 ATVEMRCORTFKE: A3 NAEDE RS A N TIREEIRE; AS ALEEEE
FLBRE
#z 8 HBiwlIiskrtrENER R
Table 8 Standardized matrix of each core indicator 3 FJ- -l:e
Wilva AL A2 A3 A AS 3y RERKESRTRRAR A THORE R AR SR
4 0.09 0.10 0.10 0.21 0.28 =0
10 0.15 0.13 0.12 0.20 0.21 i
25 031 0.29 028 0.20 017 B PRES GG, AR T =1 2,
45 016 016 017 019 020 HE s, LR /N3, HEARFRF, 54
50 0.29 0.33 0.33 0.20 0.14

#* 9 IRIFINEE
Table 9 Index weight values

Ei=2an Al A2 A3 A4 A5

AN 0.29 0.31 0.31 0.00 0.08

® 10 KFEHEFEETFNE

Table 10 Comprehensive evaluation values of water conservation

Mi#sa Al A2 A3 A4 A5 AV
4 0.03 0.03 0.03 000 0.02 0.11
10 0.04 0.04 004 000 0.02 0.14
25 0.09 0.09 0.09 000 0.01 0.28
45 0.05 0.05 0.05 000 0.02 0.17
50 0.08 0.10 0.10 0.00 0.01 0.30

xR 11 BREABRGZAEISHA
Table 11 Comprehensive score and ranking of coefficient of
variation method
iNits Gty He4
4 0.15 5
10 0.23 4
25 0.77 2
45 0.31 3
50 0.83 1
235 IFMERTEERIE ZEHERFREER

LAV ERATIONE . 3R 11 AIA0, 1245 1500
RO EE R—3, B BOE TS 45 R B A B0
RS -

AN FIPREE SRR N AR 75 0 fifh 5 I R SR I HH Bt Ak i
5 E SRR AR Y, Hod 25 AEAERERR N ARV IR
figi i KT IHARARES, X ATREE T REE ARG K,
M) o i Z ik, SEUHE KB, 4R
WEFCH S ASFEARES IRAR N T AR VE & P RE K B AR 7K
R RV (AR R IR R AR . IR
WA, JRTEYD K IR N, WK 260 B ;
B K, REK R EESE, TRKIE 2 E 3
Ny B 240 R, RIKEIERIER KM, WoKERET
T 0. XATRER B NIRKYIHIEE Y223 e
(] BRI KA IR, AR AE7K A PUEIB N5 Bt I [A]4E
¥, KAZEHHRIEIFET —8, HEIEHF)
A PATCS . ASRIREE FRAR N TARYE V4 P K AT
KIEZEHF Ty 50 4E4 > 25 4F4E > 45 44 >
10 R8> 4494, AVEYRKEMRKIER SR
IKEFAIAZTE R AT X BRI R, 5 RZHE
R FL S FABAAE-S13, R b AT R P 4256 7 FE X
IR AR 9 40 7K SO 2 AT T AN AL o

JHIEN I FE K I B 2 T S AR OK IR IR 7R 57K L
TREFIIREMI KBS R bR TEARTIFLH, 50 FEARES (197
W KRR E. BROKEIKR, BREEENE
BRI KT HADARES, X ATREZ F NI TE DR RF
KEEN ST RRE .. IFE LRSS,
b ARSI, VR, A ARAR RO,
FFKRE 7 RG0S B SCH HR B 1) BRI 5 R 3R
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Gb, RIREIREL R RIS RETEVI 3 2 DI o
AW RN, RS SRRE Y R REY S
PE, HETIE VA DRI o R, S SR T A ) FE
IKREIEBOT thAh, FRARPTZE L X (MRS R 25
S5 R RS R IE Y 0 R KR 2 AR R BT, R
i, AHICHE SR SRR E AR R, X R
KM FEER R ) EE AT 1

3.2 EIFREE 3T RRAR A LAk 38 B KR H 7R I RE

=ppA

AN TE PR PR AR N T bK 39 7% =6 o - 2 0 T 1 18
DR, X R FUONBEE RN, TG R
HHL S & Sl s, 12382 5o 398 [ 3R
NI 335 E 3R E R TG KPS, [FR, AR
B, VRIS NSRRI ER), AR
25 A AR T it K T ARG, X vT RE2
HoA g E N R A

AR FER B, BEE ARG RSN, T8+
HALBREE . P AERE LR . P35 AL R iR T
o3, HAH SRR T AR 383 B FLIR
FE L P AEBE LB . FL R B PR 1 iz
WIS o IX ] BEAE R AS [N Tl bR b 2 J2 PR TR P 4
B JRATEY B A TR DA AR RIBOK PEREAN ], AT
SRR AR A B, WFRRE, I
SFLFREE —AE 30%~60%2 7], KZHEHAIEH
KR FUBR LR 50% 25 471390, ASHIF 9tk P 33
FLBR BV EIAE 50.89%~58.49% 2 8], YLl 5 PNAIA
FRESFRAR N TR T3 FL R A PR e e . ks, W
TR, AEBE FLIR L AE A8 FLRR R A BT o E ARk,
TRAKRE TR, FEARRTLH, 4 FA MR IEE
EALBRE s, ULRH 4 SEAERRERAR IR AR K RE
JIR T H AR .

KT, A [FRIBRES BRERAR I B K 2 A0
B KRR R B ARBEARES 8 N 2 R R, (HIE 25
SEARES IS BB B . Ho, 25 SEAERRERAR T B
ERKRETIHAMAAE, 4 4RI R K
R T IHANARES . X TTBEAR R O bRES 2 5 5 30k
BEAE, HEm G EAR TR YR R
TEIEIF S BRI 22 5 eah, AR KU Y 2614
RAF, (REREY RN, TR IR E
W2, AYREERERTT, &SR ERKNE
REAFTE 22 R 42,

AW FERIN, A FERR S BRAR N ARG KR TR 77
REJILL 50 FFEARES MR AR, (HAE 58P B RFK
KA/ N AR, 50 SEMREE IR Z1 AT
KRAL o 1K AT BEAR RN VR 73 il 2 5 K 48 P11 5

SRR, M5 LIEAYURA R 28 B,
- THT AR P AR AR S S8 3 J5 R, 50 SR AREERR 20T
FIEEAER S, ORI AR, H A
BUBE BT & 3 B AR T oAbk 43 X — i FR 30| 7 &
SR RRAR B A RSB A B, R, ANEAR S
FRIHIS P 52 222 St TR B ) 1 BRIk N CARLE AN [ A G
B B 35 = KRR R g
3.3 TR FRAR A DK IR TR gE DR ETEN

JE A R AN 38 2 KRR TR I AR, AL
WA ROHER MR R, W2 E A 77
E S VPN RBR AT BE,  RRRE MR TR RIAR bR A TR 22
FEFEURA AT fr] 15T, ASHIE 95 F R RGED G
5 ANPRESBRBR N AR V& 0 J2 A0 438 2 K R R 7 e
DI ATERG VIS, 193] 50 45 >25 4 >45 4>10 4
>4 AR, RIRAAES LR ARES RGN, BRAR
N TMIKIEIR TR RE IR . %45 R 55K 2 55120,
gk it S5O R T 45 R AR — B, IX AT RE A R AR
BRN TR R T, GBS BIRE Y = AEY)
AR, RN AR, 2R Ak
KRR RE . HE EHEZFEWISE T T2
( Pinus sylvestris ) K« 1 2% 2 55 48156 T M A2
(Cryptomeria japonica) N THREIW S5 RATFAE 2
Tt JEE RKIKIRATR RE ) REARRE 1 K ARG5S
RIS . X022 e AT R A R TR 22 7 5| A 1Y
IR P S22 5 T o o 28 22 S LA S i 2
RUARI 3542490, SR, AR TR, PLSE
B AL AN [F) AR B8 R AR N CARK IS IR T D RE Y 22
TS LR
34 MIRTESRE

AHIT TR FH BRI 5 AN [RI FRRE R ASR A\ Ak
TR . BRI Tk AR 9
H AT R R A, DLRA ORAN [F] b [a] A5 ) AT BG4
EA T AN, FEYEEAAE Y] B 3= SN .
BUCRFEGE R ] Re 0 e I R MmN S
SRANASFETIEME . SR, BT AT B ER
FRUE XT 7K URR 7% B8 T BRI RT s, ELRTAE FE S 7E
[ — I BCRAE, X AR 22 R (R e g RAKSR B
HERNZHME . AR TGS K E A9
Chn ) BEBRER R RAE ) ik — 20 B A AR 8 BRAR AR
TG EZETZA I, DS SRS i AE bR i
AR A, BRI SC TR AN S & N L
BEAR, LB ZFM . MR- RS Sh
TS FLAEF AR G S A P 7 A ST J= 28364150,
Ji& 8 IR T 2 N R KUR TR 57 B8 I 2R & V-
YO, DA SR AN HBAR FEAS [R] MRS BRAR N AR R 7K
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[F) AR IR AR N AR Vi R K S 24 B 92 7K B T i K
SR BN N, FRAE 24 h Ik BRI RIS B
T IH 35 B IR 7K IS E) ST AR (0.5 h Pk IgAH,
24 h JE I Eh AT . 2) 50 FEARESBRER N AR
DI B K FEK AV A & B B E KT HAR A
W, TS R AR TR T () B K R K B NG A &
TEZEZR . 3) AR T BE KR
925 FE>44E>10 4E>45 4E>50 4F, HIEFR
INFRIK AT R 45 4E>25 4E >4 4 >10 45> 50 4.
43R FRAZ 0 AN [ MRS SR AR N AR 7K IR 577 R
BATERE VI, I 50 FEARUE RAR N AR KRR 77
Re It 25 b, RIS sema i vE o) 2 A 1 582
Ghk, R BRARAR K IR FRRE /T, 50 AEARES R
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