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Abstract ; Litter and soil layers in forest ecosystems play a vital role in rain interception and water storage. In the context of
climate change, extreme rainfall, and drought events directly impact the water retention performance of litter and soil
layers, posing threats to the sustainable management of artificial forests. This study investigated three major artificial forest
types in subtropical regions ( Eucalyptus, Pinus massoniana, and Chinese fir) , employing both traditional soaking methods
and simulated rainfall methods to determine litter water-holding performance, and using the ring knife method to evaluate

soil water-holding properties. A comprehensive analysis of the water retention performance of litter and soil layers was
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conducted. The results indicated; (1) Within the same time frame (1 h) , the water-holding capacity of Eucalyptus, Pinus
massoniana, and Chinese fir litter measured by simulated rainfall methods was 136.00% , 129.51% , and 109.41% higher,
respectively, than that measured by traditional soaking methods. The traditional soaking method fails to fully account for
surface water drainage effects and the “retention effect” caused by litter accumulation, leading to underestimation of litter
water-holding capacity. (2) Water-holding capacity of different litter types increased with rainfall intensity and exhibited
significant differences (P<0.05). The maximum water-holding capacity per unit mass of litter was ranked as follows:
Eucalyptus forest (2.82 g/g), Pinus massoniana forest (2.11 g/g), and Chinese fir forest (1.80 g/g). The range of unit
area maximum water retention was from 3.92 t/hm’ to 23.38 t/hm”, and the effective interception amount ranged from 1.85
t/hm” to 14.91 t/hm*, with the ranking as follows: Pinus massoniana forest>Chinese fir forest>Eucalyptus forest. Water-
holding capacity of different litter types increased with increasing rainfall intensity, showing significant differences ( P<
0.05). (3) In terms of soil water-holding performance, Pinus massoniana soil demonstrated the best maximum water storage
capacity (322.46 mm) , while Chinese fir soil exhibited the highest capillary water storage capacity (263.44 mm). Overall
the total maximum water-holding capacity per unit area was ranked as Pinus massoniana (324.49 mm ) >Chinese fir (298.45
mm ) >Eucalyptus (253.42 mm). Pinus massoniana forests exhibit strong water conservation capabilities due to their greater
litter accumulation and higher soil porosity. Eucalyptus forests, on the other hand, possess superior litter water absorption
rates owing to their larger leaf area compared to other forest types. This study provides a comprehensive assessment of the
contributions of litter and soil layers to water-holding capacity in three major subtropical artificial forests, offering scientific
evidence for optimizing forest stand structures, enhancing regional water retention capacities, and achieving sustainable

management of artificial forests under climate change conditions.
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mx20 m FFRIERE DA TR A 5 R A
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F1 HFRBERFR

Table 1 The basic situation of the study area

st e TEEE .
Forest types & Latitude Elevation/m stand/a density/ % cz-anopy diameter/cm Gradieny/ (*) spacing/m
height/m
IZN 109°18'50"E,25°10'51"N 194 5 75 6.90 9.04 27 2x2
Chinese fir 109°19'10"E,25°07'35"N 165 8 95 10.04 11.24 15 2x2
109°18'47"E,25°10'45"N 193 11 85 11.08 14.72 30 2x3
109°17'58"E,25°08'53"N 201 15 80 14.00 16.49 38 2x3
FEEt#% 108°21'23"E,22°59'19"N 245 2 60 7.56 12.50 32 2x3
Eucalyptus 109°21'05"E,22°59'06"N 215 7 70 18.78 14.36 32 2x3
108°22'05"E,22°57'52"N 272 17 75 28.70 23.87 28 2x3
M 106°51'20"E,22°03'05"N 472 25 80 17.55 35.45 31 3x3
Pinus massoniana 106°50'47"E,22°01'51"N 466 34 85 26.00 36.26 37 3%3
106°53'08"E,22°01'56"N 460 39 85 35.32 37.89 35 3x3

1.3 kit
1.3.1  FEFRIEENAED R K ERE 2

AHIFFEAE IHE T2 00 5 PRV 0 00 8, 3R IR Bk 2 R e ke S R AGE L B E TR BORE A 60
FURJE R4S 2 BTk, U SE AN [R) I H] £.(0.25.,0.5 1,2 1 4,6,8 10,12 .24 h) BYAE S BTt 281k, 115 5K
T I ORRRK G A R PR R AR, AU

WHC=(M,~M,)/M,*x100% (1)
W, =(M,~M,)/M, (2)
W, =(0.85xW,x100%~WHC ) xM (3)
AM, =(M,-M,) /100 (4)
AM, = (M;=M,)/Mx100% (5)
RM,=(M,~M,)/M, (6)
RM_=(M,-M,)/M, (7)
RAM,=(M,-M,) /10000 (8)
RAM, = (M,-M,) /10000 (9)

Frf, WHC 75 AL IR EKE (%) s M, - R VBETE () s M, PRV T HL () s M, FEANIREE 24 h R YR (g) 5
M JAVE DRSO T (o) s M, PP 1 b JE BRI R (g) 5 M- B0 i AU IS ) it (1/hm® ) 50.85
ARPEEREGW,, BB G (g/g) s W, BB REA AL (g/g) s AW, - BAAL T R K R K o
(v/hm®) s AW, . ST AU R (v/hm® ) 5 RW, < ARDLRE W A7 B 5 KRG K 0 (g/g) s RW, « AR WY 2137
B AT A (2/g) s RAW,, « ARCADLE R 27 10 B UR KK 0 (v hm® ) s RAW, AL A R B 18 B 302 o
(t/hm?)
1.3.2 FETRALIRE TR A 95 4 A

ARSEIMRFTT P KR R 7 B e AR 2 B A AR B T 1A T, AR T R 45 ( QYTY - 503, PG 42 ¥ i i 5
ARAT BN D ) 3 s 34 S 1] A K SHG VR AR TR AR AR RT3 134 6 e, WA 4R RIS 8 ) 1 4R AR T ) 28 ol
Vi H BT S >85% 7 o AR BRI SR B A E R o, BRI AT HEA TR L TS MK M RE I S %
EORFHNAEN 2 em [ PVC A HEHE 50x50x50 em®HESL, FH4H1E 60 H JE T I LB 1- 8 76 W4 % , [ vk 20>
TET 5 6 U P A B K B A S, JE R 090 D i [ EAE SR | AR R AR v R AT, RS AN Rl A i
LA T AR P R AR T R I TR I b kSR ek JR 2 I R K HE AR TE R T
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PR (30 mm/h, 50 mm/h, 70 mm/h, 90 mm/h, 110 mm/h) , FFZEHFE] K 60 min , VLI AR B8 457 HE KK SCIhRE,
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Fig.1 Installation diagram

1.3.3  HHERKERR I E

K PERE R FIFR T P I, FEARPRUAE A T (R) B RUKE (S, ) KRR (S, HIE
Rk (S, FAEBEBEE () BELBEE (p) LB (k) B REKE(W,) BEEKE(W,) LAEE
EEAKR(W,) . BACDIRANT  FRIBCS BRI R i (my ) SCEA TR TSR BR TR (m) ) T8 A AR &K
(S,) o BB FUR AR T E TR 12 b, FRE (m, ) HEAR S, ., N DKL E AR A SRV B 2 h,
B KA SR (my ) JFHH8AS p RS, B BRI TIBCE LA TR PR B, e — g i ) (126
+:24 h 1+ .48—52 h Kt :96—120 h) , BRI h IR K508 B BB K, R (my) , BVA] 545
KR (S, ) s B 5 R BT 105°C T SRR rPbb T 248 T (my ) TS R, p UK f,p FILL ZHAEDR &, 4%
BRI AT

R=(ms-my)/V (10)
k=(m,=my)/(ms—m, ) xRx100% (11)
p=(m;—ms)/(ms—m,)xRx100% (12)
f=kp (13)
S,=(m,=ms)/(ms—m,)x100% (14)
S, e = (my=my )/ (ms—m,, ) X100% (15)
S e =(my=my) / (ms—m,) x100% (16)
S =(my=my)/(ms—m,) x100% (17)
W =0.1xRXhXS,. . (18)
W,=0.1XRXhxS, (19)
W, =0.1XRxhxS_, (20)

2 VIR TTART (em’) 5h: 2R (em)
1.4 Fdigit 508

Bliid sk S IR H Microsoft Excel 2022 ##47, Giit4r#rfifi ] IBM SPSS Statistics 20, £ % LA %
75253 (ANOVA) J2 LSD S5 K36 (P<0.05) o {#i ] Pearson #H 3¢ 25054 4% 7K SCHE bR 18] 4 AH G e, 3 5
95% {7 DX TR PEAG AR DGR 285 SR AE I BE ( P<0.05) o 7K SCHEECS M T 2R B AR AR 1Y) 56 FR 3 i 22 5T [l 3 Fn
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FELPERA /T HEA T, e E R (R JH T IRAG RS B [0 05 23 M A0 58l mT AL AL 4 OriginPro 2022
#HAT

2 #R

2.1 PR ERE
2,11 TR TE YRR T RE

3 2 7 2250 BT R WL AN [RIAE B S BT 7 ) 35 AR A i 358 0 ( P<0.05) o ST XA T8 P T 24 & R
B : RN (9.45 /hm? ) A2 K (6.38 t/hm? ) >R (3.07 v/hm?) o BREF K 17 a SRl Sh, ot A Tk
PRV A BRI G R TR I, REVTRI A 0 PR B W A B A S B (W) O R E AR (2.32 g/g) > 12
K(1.76 ¢/g) >TEM(1.27 ¢/g) , i T i KK (W) N BEM(2.86 ¢/g) >F2 A (2.25 ¢/g) > R
(1.63 g/g) (W 2) . AIFARELL W R W, 225 K83 (P>0.05) 18 [F — MR A RIS 2 1] 22 53 8.3 (P<
0.05) ., ANFEIMATTEYFKERE2: 5 03 . REMN AW, AW, BT 5 BN FIAZ A (P<0.05) , ik
FIN A (10.77 /hm®) >HZA(9.14 v/hm*) > E#%(5.23 t/hm?) | 1 AW, W E A (13.75 vhm? ) >£2
AK(11.65 vhm?) > EH£(6.45 vhm®) . RBEAR KRR IE 285.75% , 2 AR BANR K 253511 °4223.95%
H1162.63%, —FhHJATEYIZSHIN H AR S K S KRR K R 302 3 e Y M B i K, PR & YK 2
B2 6 Fof [RDZR T4 0, 0.5 b PARGERIG AN 5 T 7E 2—8 h [ MRMZE ;8—24 h R TR, Rk (Q, ¢/g) 5
BB (¢, h) EXPBOCR (WLE 2) o =Flobk g3 (0 U8 WK 2 i 122 6 B[] 320 i R AR ( DL 2) | Sk %
MR, 3532 b P, WK o 3 de e, W5 T PRI L . 7 2—10 b P9, T /KB e, 5 K o 3R 76
%%, 24 WIS, WOK SR T 0, [R]— MR [ BRI 9 A7 5 08 7 0 K G e 22 S R B 2SR RO
PIA FAFHBERF R AR 1L, TSP WK H 3 (V) S5 IRIR T (¢) S 5 1) 8 PR BSOR O6 56 32 (P<0.001)

F2 BEBIBEWFIKEHE
Table 2 Water-holding characteristics of different types of litters

2 s & 7 I o AT o A

Hor R j:fif T s o A M
Forest type sand/a (Vhm') WHE/% W/ (e/s) W) AW/(Vhe®) AW,/ (1/hm?)
JEARR S 2 3.39+0.04 Ca 13.39+0.18 Ba 2.60+0.2 Aa 3.22+0.23 Aa 6.68+0.65 Ba 8.26+0.76 Ba
Eucalyptus 7 3.68+0.19 Ca 10.19+1.27 Bb 2.01+0.18 Ac 2.48+0.23 Ac 5.83+0.16 Bb 7.21+0.18 Bb
17 2.14+0.28 Cb 7.98+0.60 Be 2.36+£0.23 Ab 2.87+£0.27 Ab 3.19+0.57 Be 3.8+£0.71 Be
M 25 7.47+1.41 Ab 8.10+0.76 Be 1.30+£0.25 Ab 1.62+£0.29 Ab 9.86+1.51 Ac 12.26+1.91 Ac
Pinus massoniana 34 9.29+1.82 Aab 10.26+0.49 Bb 1.21+0.22 Ac 1.55+0.27 Ac 11.21+£1.17 Ab 14.33+£1.56 Ab
39 10.28+0.64 Aa 14.25+£0.91 Ba 1.31+£0.03 Aa 1.71+£0.03 Aa 11.24+0.73 Aa 14.66+0.98 Aa
FZAR 5 3.56+0.20 Cc 9.08+2.35 Ad 1.71+0.13 Ac 2.12+0.16 Ad 6.19+£0.26 Ad 7.53+£0.36 Ad
Chinese fir 8 5.08+0.86 Bb 12.06+£2.70 Ac 1.94+0.11 Aa 2.43+0.15 Aa 9.80+1.07 Ab 12.28+1.46 Ac
11 5.94+0.25 Bab 18.33+3.44 Ab 1.63+£0.01 Ad 2.13+0.03 Ac 9.78+0.35 Ac 12.66+0.38 Ab
15 6.11+£0.39 Ba 21.40+2.66 Aa 1.75+0.04 Ab 2.31+£0.07 Ab 10.80+1.31 Aa 14.13+1.29 Aa

RHEEIR P ELARER” s [ AR RS TR R A AR B 2 [0 22 53 .25 (P<0.05) 5 [R5 FROR )N - RER R AR R R EL T A [ AR
it 22 [0 22 53 8. (P<0.05)

2.1.2 TR RN B I VR Pk Mg

TERHURER 25T 759 1 h B BT AR & i (RW, ) Y (0.85+0.27) g/g—(2.00+0.24) g/g.
[Fi] — P75 3] 5 A0 e 7 e e A R B8R B 185 7 8 L T (P<0.05) , HR IR MRS [ 47 1 Bk 3 22 5 (P<0.05 ), i [F] —
RIS TR AR 1] 22 5 R B 3% (P>0.05) , /NF R T, SR AR FIAZ AR IR I5 9 1 h B4 i die KRk &2
(RW ) i 25 (P>0.05) B KM T 253 03 (P<0.05) (WIE 3) . 1874807 i F i KK R BN
M (20.30 /hm?) > F2AK(13.26 t/hm?) >JEE#2(7.89 v/hm?) , #1245 T30 % &% 2.03 .1.33 .0.79 mm &R
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g 01 R>=0887 e A .
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5 20 g 6
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=1} | < "K
g 10 5 3} AW =
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E HEMEMZ y=0.078Inx + 1.355 = !
i R*=0.987 % Or
m 05 : s = :
= 0 5 10 15 20 8 0 5 10 15 20
& 25 E s
20} T l
or |
15t e 5| l\ e 5a<« 8a=+ lla+- 152 &
=
ol i at | L z
: «5a y=0.141lnx+ 1422 R2=0.675 L o ~
05 8a y=0.122Inx + 1.947 R2=0.678 3 #EM%ﬁhy}Z%%QWW R
: *11a y=0.095Inx + 1.685 R>=10.786 2t ‘
I 152 y=0.108lnx + 1.750 R2=0.695 n
0 HER AL y=0.116lnx + 1.355
_05 I I L R2:0|702 O [ 1 1 1 |77 1 B
’ 0 5 10 15 20 0 5 10 15 20

12 LI ] Soaking time/h

B2 AEFHRREFAEMRCREFKEMNEZYRKEZSZEREHNXER
Fig.2 The relationship between water holding capacity per unit mass of litter and water absorption rate of litter and soaking time in

different forest types
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Fig.3 The relationship between the effective storage capacity per unit mass and unit area and the maximum water holding capacity under

different rainfall intensities in the simulated rainfall method
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Fig.5 Characteristics of soil bulk density and porosity in different forest types
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Fig.6 Soil water holding capacity of different forest types
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