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Abstract; Soil moisture is the main component of water storage in forest ecosystems. The soil water reserve of forests and its
spatiotemporal dynamics and variations are of great significance for revealing the response of hydrological processes and the
change mechanism of service functions in forest ecosystems under the background of regional vegetation restoration and
climate change. In this study, we focused on the typical forests in lower subtropical China: a Pinus massoniana forest
(PF), mixed Pinus massoniana/broad-leaved forest (MF) , and monsoon evergreen broad-leaved forest (MEBF) , which

formed a natural successional sequence in this region. Based on the unified standards for the construction and monitoring of
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forest plots by the Chinese Ecosystem Research Network, long-term positioning observation of soil moisture in the above
forest types of the Dinghushan Forest Ecosystem Research Station was conducted during the 2005—2015 period. Through
analysis of the measured soil volumetric water content in different soil layers (0—15, 15—30, 30—45, 45—60, 60—75
and 75—90 ¢cm) of the above mentioned forests at each stage of succession, the change in soil water storage and its
spatiotemporal variation in the process of forest vegetation restoration in this region were explored. The data showed that in
the southern subtropical regions with simultaneous rain and heat and distinct dry and wet seasons, soil water storage and its
seasonal dynamics in Dinghushan were significantly affected by rainfall, and the soil layer had a strong regulatory and
stabilizing effect on rainfall. With natural succession from the planted ( PF) to the climax ( MEBF) stage, the ability to
regulate and store water gradually increased. Among forest types, from the initial stage ( PF) to the top community
(MEBF) , the soil water storage of the forest ecosystem gradually increased, and compared with the early forest types, the
soil water storage of late succession forest types showed small interannual and intra-annual variation. At a seasonal scale,
the difference in soil water storage between forest types in the dry season was greater than that in the wet season. The soil
water content of MEBF and MF in the dry season was 1.33 times and 1. 11 times that of PF, respectively. According to the
variation in the soil water content in dry and wet seasons, the coefficient of variation of the soil water content in each soil
layer of the different forest types was greater in the dry season than in the wet season. In the vertical direction, this
coefficient of variation highlighted that the variation in the soil water content in each layer of MEBF was more moderate than
that in the other two forest types in both the dry and wet seasons, which reflected the superior water regulation ability of
MEBF. On the whole, with natural succession from the planted (PF) to the climax ( MEBF) forest, the soil water storage

and its stability improved.
Key Words: soil moisture; spatial and temporal variation; forest succession; Dinghushan

ORI i A 2 R GOK TR AR B S RGN SR BRI BE & (19 70 e 55 1=, 0 A 25
ZRGE IS R A S RGN S5 T RE Y R FE AR R B MR T R TR, IR AR
ALK I BRI E AU, X7 BB B 5 AU AL AT 57 T A2 28 R GE K ST g AR AR 25
e 55 I REAE AR HAT MRS

IR IR R S R GEK I E PR TR, 5K i ek 52 DX A IR B A DY g S [ £
FIE AR B R A B A A S RGO AT I ARt AT B R A DX K 4
(10 SE BE AN SRR, A8 RT3 8 YR 220 0 I+ 39 7 T 2 A T8 R B DA R At K i Y e IR 5 A TR e R 2 R
RS IR - GRS R R MR, JE TR A2 28 R GERRAGE R A T, R A 1 3 20 5 2
B2 IR AR TN 20 BCHS SRy , P AR 6 22 S IR AR MK ZR IS AR T R A SRR 2 A R | iR A A Rl A
BT LHOK A Mt i 5o A0 2 5 3N SR O M SURE K B SR e R K 4 A
AR HEAS R REK PR PERE AR IS e ST &, AR 19 SRS BERR P B A A 2 5
LA A LA R L Al AR SRR A 0 AR B A A5 A 1 BSOS — T i R T R R R
iRy A5 I 23 o BC T 2 W 2K e AR DR N ZE O AR, 5 — O i, sl e S SR AL BRI A ALY
A — R IR T RV T LR KA R S B s

RS e 9 K i R AR A L R 2 2 5 — R A K S A AR 7 I T U 1R 2
FMARIIREE S ] ROBE N1 s I RUBE R R R K S s A, BRI RO A
HUTTE | TR K i SR PR R K A 57 O R I s A 0 TR Xk B, 130K 438 S B
A S P Bt A R | R A ) 2 S 2R 0 K S e T 0 M AL /N S B3 21225 3R 22 52 IR b
PRI AR, TR 2 IR R K G AR A E B AR R 2P Jorh R0 KA SR B IR R I A — 8 R AEAE
FEP AR b IR AR T T TR R T R A B B R 1 K S B S A A S R Gt

http ; //www. ecologica. cn



1800 A E = 41 5

T X0 TR K 3 B H T 240 W 9 A g b DX 2 5 T DX sl M AR bR A 8 - 3 7K 3 1 R B UL 5 i 4 s - 8
IK GBS 578 SRR X T RPA 3 46 R DR e R O 5 AR AR T BT B ARAREE VR 4 A S AR LR I
SR PRIR BT AR AL S B s I RS A S EANME

AR SC B LU AR AR A 25 R G T F ATl ol DX N A PR R S BB AA N MK ( Pinus massoniana coniferous
forest, PF) . 55 FE #) & I M 1R 38 AR ( mixed Pinus massoniana/broad-leaved forest, MF) Fll1Z= X & 4% & i Ak
(monsoon evergreen broad-leaved forest, MEBF) MAFFE X4 (KHE i [ A 25 R GubiF 7 X 285 Xt 45 L 7R MR 7R A b 1Y)
ARG T LSRR T A AR RE AL I, PRS0 X SR AR MR A SRR R vh R IR o I ) (4 ZR) 545 ]
(NRIARA AN[A] )22 ) A8 Stk S LRI SRAE , DAY Sy DXl g At 5 76 3 R AR G AR 28 IR 55 D RE DA 5 T 3R
fe i,

1 |ARMXREHARTE

1.1 BRI

ST E R B SRR P IX (23°09721"—23°11730”
N,112°30'39"—112°33'41" E) i F) KA KT, Z
BE AU L, 7 3Kk 9 100—700 m, 5% & e 0 58 1 i R
1000. 3 m, HuAb IR [E g W AR | i e S HR 1 11 2 XU
A KRB E, TR0 ARBE3 ) BE
(4—9 H) 48, F PR 20.9C &40 7 H L w&%
A1 H R 1860 mm, 4EH 78 & & 1115 mm, )
AR 829% 2 Mk IR T BN AT TRbA
P DUA P IRELEE & A ot , 1 4% pH 7E 4—4.9 Z b’ ot g
12 S IR 2 50—80 em, SR EBHbIX 1R T ik 0 L

N

A o WA

o BREMA TR

= B R S

R A AR
) HoAp A R R

100 ecm
o E1 WEREURE(AB.C AN MEBF MF I PF [0 000
1.2 At i)
W*EEF' 5| AR %%Eﬂ: % ¥ é% ( Chinese Ecosystem Fig. 1  Overview of the study area (A, B, C represent forest

Research Network, CERN) ZR A #3092 7 WL AU SE  sample plots of the MEBF, MF and PF, respectively )
— R, BRI AR 53 5135 S AE ST L 3 A [
B B AR RIS v 32 MR R 1 B A 4 AL R R B A AR (PR R i T B B 1) B R A L ]
TR SCPR ( M) RIS 5 i 300 9 BB 110 X S bt o 0 P 0 288 7R 23 XU S B AR ( MEBF) 7 B3k 3 R[]
BB BRI LI AE iy T Ak I 4 3B A FEAR IR 0, A5 FE M B AR BN 1 R, ARFFRb A )20+
HEYPEMETINEE 2 B, T 2005 4E3] 2015 4F  ffi ] CERN 48— & ' 74 (CNC503B, JL st e RH B 28 7]
Jb5T) 5 I 4% FEHL 0—15 ,15—30 ,30—45 45—60 .60—75 1 75—90 em $t 6 A1 2R T3 & K &
FEAFEHD N BB 3—T7 A~ 36K 3 LI, B b i 55 ELRILIN T 3k o) 5 2 XIS 258 R R K
VWC( % ) RN T 25 £ )2 13886 K i SWS(mm) fiHRAFh
VWC=m (R/R,)+c (1)
SWS =VWC x h/10 (2)
K, VWC A ARSI (% ) s R S R P 80% R OB KR 1 Hh P E0R s m M e B R,
BUE AR 12,272 F1-1.2683 ;SWS K45 )2 HIEAE K & (mm) sh A 2R (em)
1.3 +HK SRR
5 FRAL(CV) FIbRiEZE (SD) BT R AT .

cv SD

x

(3)

http ; //www. ecologica. cn



/

53 XGRS A5 Sl LA [RTHSCRR [ Be AR bR 3K 23 i 23 A8 S 1801

Jn_lZu—x) (4)
SRt AR R R AS T A (8 AR A o, WREAIOS § MEEA O UL

F1 HRE3 MHHRMEREHERER

Table 1 The general characteristics of the three forests in the study area

; . . " GREH.Z7/s
AR HIZ 7 WepE N IS AT BE LNTIpATEE S .
. . . ; Annual litter fall
Forest type Altitude/m Gradient/° Stand age/a  Canopy coverage/%  Leaf area index )
mass/ ( mg/hm” )
PF 130—200 25—30 60—70 70 4.3 2.53
MF 150—220 28—35 80—90 >90 6.5 7.31
MEBF 160—230 25—33 >400 >95 7.8 8.84

PF. S N TAHK Pinus massoniana coniferous forest; MF ; 5 AN MM IEAZ AR mixed Pinus massoniana/broad-leaved forest; MEBF; 2% X\ 4%

[ 1H#K monsoon evergreen broad-leaved forest

F2 WRRX 3 MARMER T IR R
Table 2  Soil physical properties of the three forests in the study area
A E

- j:E‘??fJE Soil bulk AL %%‘?Lﬂﬁ%’ﬁ JF%%?LWTE Kk b A B
Forest type Soil depth density/ T()'tal (,apfllary Non—ce'iplllary 2— 0.05— <0.002 mm/%
/cm (&/em®) porosity/ % porosity/ % porosity/ % 0.05 mm/%  0.002 mm/%
PF 0—15 1.4 46.0 32.6 13.4 56.0 23.7 20.3
15—30 1.5 41.7 31.8 9.9 55.0 25.0 20.0
30—45 1.6 40.3 31.6 8.7 50.7 25.3 24.0
45—60 1.5 42.2 30.7 11.5 51.3 24.0 24.7
60—75 1.6 40.5 33.6 6.9 43.7 30.3 26.0
75—90 1.6 38.8 32.6 6.2 45.3 30.2 24.5
MF 0—15 1.3 51.7 41.2 10.5 55.3 21.8 22.9
15—30 1.4 47.5 40.0 7.5 41.7 29.0 29.3
30—45 1.4 46.1 41.0 5.1 37.7 27.7 34.6
45—60 1.5 42.4 37.8 4.6 32.5 26.0 41.5
60—75 1.5 42.7 36.6 6.1 29.3 30.7 40.0
75—90 1.5 42.0 38.4 3.6 27.7 27.2 45.1
MEBF 0—15 1.2 55.7 41.7 14.0 40.6 33.7 25.7
15—30 1.3 51.2 42.5 8.7 34.0 35.0 31.0
30—45 1.3 48.9 40.0 8.9 27.1 35.6 37.3
45—60 1.3 49.2 39.9 .3 26.8 33.6 39.6
60—75 1.3 49.5 38.5 11.0 25.1 37.5 37.4
75—90 1.4 47.0 39.0 8.0 30.0 34.7 35.3
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Fig.3 Monthly dynamics of meteorological factors and soil water storage
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Fig.4 Seasonal dynamics of soil water storage in different forest types
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Fig.5 Profile distribution of soil volumetric water content under different forest types
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Fig.6 Vertical variability of soil volumetric water content under different forest types
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