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Controlling action of soil organic matter on soil moisture retention and its availability
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Abstract

Aims  Assessment of the ecological benefits of forest in soil water retention based on conventionally monitored
factors and exploration of the relation between forest carbon-sink function and hydrological benefits has special
meaning in Millennium Ecosystem Assessment. Our objectives were to 1) characterize the spatial and temporal
variations of soil moisture in three subtropical forests and 2) determine the controlling action of soil organic mat-
ter on soil moisture retention during vegetation succession.

Methods Standard plots were established in Pinus massonniana coniferous forest (PF), mixed Pinus masson-
niana-broad-leaved forest (PBF) and monsoon evergreen broad-leaved forest (MBF). We measured soil water
content every 10 days from 2002 to 2008 using neutron probes and analyzed soil organic matter content in the
laboratory by the potassium dichromate oxidation method.

Important findings With natural succession from planted PF to climax MBF, soil water content (0—30 cm soil
layer) increased significantly; soil water content was highest in MBF and lowest in PBF. The distribution patterns
of soil moisture in the three forests were different: the soil moisture of MBF decreased with soil depth, was more
homogeneous in the soil profile in PBF and was lower at the surface than in deeper layers in PF. The soil water
characteristic curves showed that under the same matrix suction the magnitude of soil water content (0—40 cm soil
layer) was: MBF > PBF > PF; the soil of MBF was the most retentive. Further analysis indicated that soil porosity
had the greatest impact on soil moisture, followed by saturated soil water content and soil organic matter content,
while soil bulk density had a minimal impact. In the process of natural succession, soil moisture was significantly
correlated with the soil organic matter content (»p = 0.014), as the soil organic matter could affect soil moisture
holding (p = 0.030). Accordingly, we recommend soil organic matter as an effective and integrated index for ap-
praising forest ecosystem services.
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Table 1 General information of the experimental sites

Py St g Weim) 3k bANiES

Forest type Slope gradient Slope aspect Altitude (m) Forest age (a)
I R b 25°-30° ViRg Southwest 200-300 50-60

Pinus massoniana coniferous forest (PF)

RS R AT AR 28°-35° PiRd Southwest 220-300 70-80

Mixed Pinus massoniana-broad-leaved forest (PBF)

75 IR S R AR 25°-33° 7=t Northeast 220-300 400

Monsoon evergreen broad-leaved forest (MBF)

2 MIRAE
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ZE0-15 cm. 15-30 cm. 30-45 cm. 45-60 cm. 60-75
cm. 75-90 coiX 64 TR L () AR BK &
22 HIEBHNE

S B AR IR X (3R AR AL 430 v T I e
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JEFR, 1996) 73 #1 T A LS
2.3 TIRIKDFFIE R ZE RO E

T3 KA RFAE i 2R H B O LI E (W 22
FE K, 2000)
24 MEBARHERXBKENITE
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él(k) — i k i k
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IR LA B~ PR SRk A, THEE N

1f=%25,.(k) (57, 1992).
k=i
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TS Z S KEZERAREP > 0.05). XUtH:
BEE AR ITEORE, L33 K 3 28 ) AR R EL R AR 1)
T EET A, XE AR AR A R . R
T 0 A R E A P FEGEZ DB FE 26, 2005). 7E
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TSR T N K P, WE45 em PN 2
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TIERZ(0-30 emiFib) /Ko T EZ RN TS
SRR S5 TR PR B0« MIBF -5 HAth 5 b 254 A
SR Vi 1T 2= 7 SN2 5 NN - 2.5 N
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TR BT T 34y
3.2 TIEKHFAEH LR
321 %S

IR AR M 2R e S IR E KR
TAEF SR IIHT, HHs K A FRE th M HE Ky
205 Ao Hirp, Gardner 1 Visserdie Hi 1) pR 20T 72
(RFEEL, 2008) LA 1€ SHUBD I A, AR BRI,
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Fig. 1 Soil volumetric water contents of different soil layers
in the three forest types (mean + SD). Different letters indicate
significant differences at p < 0.05 level in the same soil layer.
MBF, monsoon evergreen broad-leaved forest; PBF, mixed
Pinus massoniana-broad-leaved forest; PF, Pinus massoniana
coniferous forest.

T8 0 = as™®e X s LR J7: 00+
R S KE, afllb S
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2 AN IR L) 3K 23R A 2 B A

TR A b A IR T 0 L A TR 2R 2R bR S UK 43
FEIE o S abi B TR AR, SO0 A A
A5{k: MBF > PBF > PF. Zaflbf K/ L2+
T (EBE /N T0.1 mmfRFEPE R R A 1A
BUTTE (R 52 (] <6255, 1982),
3.2.2  3FhAREL L1k S 4E1E B2 RY EEAR

TR KPR B RIS AL . B LR
B A, REEANUR. IR 2 R 5 e
(EEAEFNZE E T, 1994). s AAMRALR S, 13K
IYHFIE M ER 5 os h: MBFBEE + )2 03 (0-80 ¢cm
TRAL), AH ) 38 g 4% A 1R 48 1 K 2 W %
%, PROKPEIL IR, X555 N % 2 L MR &
A5G PBFH30-80 cm 12 () 38K 23R E ith
7SI, PR T 2 M R R T W
M. e E AL, BMARAI0-10 cmt 2 Ay,
FEAMH FE T I, 38K &4 MBF >
PBF > PF, W2 3K M AE th 4t ) (K12). MBF
(1) L3RR OK B8 ) B, KA G Bk, PBFIKZ,
PFi 2.
33 TEBAMEREMNTIESKENTI—RTF
&R AR

DLAZ 0 X 3F AR g i 06 5, SR K 64 9 Tk

Table 2 Mathematical models of soil water characteristic curves at different soil depths

A IR iy YesE REL
Forest type Soil depth (cm) Mathematical model" Determination coefficient (R)
BT [PN 0-10 0=25.081s"17 0.992%*
Monsoon evergreen broad-leaved 10=20 0=23.283516! 0.986%*
forest 20-40 0=122.807s "% 0.987%**
40-60 0 =120.608s "'+ 0.987**
60-80 0=19.080s "% 0.990%*
M R IR AR 0-10 0=122.918s 2" 0.993 %+
Mixed Pinus massoniana broad- 10-20 0=21.35350186 0.985%*
leaved forest
20-40 0=122.0035"1¢ 0.983**
40-60 0=122.1135"'% 0.986**
60-80 0=21.3635"1 0.987**
AN AR 0-10 0=17.947516 0.995%*
Pinus massoniana coniferous forest 10-20 0=13.1265"1% 0.988%*
20-40 0=15.57651% 0.989%*
40-60 0 =18.3555 1% 0.987%*
60-80 0=18.1965 "% 0.990%*

1) 6, LIRS AKE; s, TR,

** p<0.000 1. 1) 6, Mass water content of soil (%); s, soil suction.

www.plant-ecology.com
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RS K # Mass water content of soil (%)
=2 > B

0 1 2 3 4 5 6 7 8 9 10
438 /1 Soil suction (bar)

—e— MBF —O— PBF —v— PF

B2 3FEAE - HERE (A, 0-10 cm; B, 10-20 cm; C,
20-40 cm; D, 40-60 cm; E, 60-80 cm)) 135 7K ZM R AE 14k
MBF. PBFAIPFILIE1.

Fig. 2 Soil water characteristic curves at different soil depths
(A, 0-10 cm; B, 1020 cm; C, 2040 cm; D, 40-60 cm; E,
60-80 cm) in the three forest types. MBF, PBF and PF see Fig. 1.
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AAFR KB (W) IAH S BE R MR IR R s T 358 LR B>
PORTEE K > L U TR d . LU
TS KRR R BN Y], sk, +
S K EM LA SRR, TR
7N o BEAN DR () K B G BR BE A 38 T B d0.5, Ut
AF X S PR 7 0] - AR 7K S IR s A AR K

4 itig

AU T LA G S, A ER
B~ P ok Rt v LR R E B3, 2000). LA
AMEF XA R B B AN R B 2R A LA
BT 1 1 93 A S 78 S o IRV AR 22 (HH B S 55,
2004; RAEELZE 2004; Jia et al., 2005; Nad-
porozhskaya et al., 2006; He & Tang, 2008; XIJJH
&, 2009), WA A BEE AR T,
FEEFM BRI, LR EN R RN
=, HBEG BRI T, ARSI E KE
WO . Zhou:(2006) 3 iz X i 111 H AR AR X ik
AR 400 a)KIA25F 1 BT B, $£0-20
em -+ 2 AT HLBRIE 5247345 £L0.54-0.68 Mg C-hm ™
a I N < 0.000 1), WIE3FIR, BT
TIEHULE SN 42 BRI SR
T K RAE 2 S Ha MR 3 #r, nTLLE
TRNEE T WE K, pfHS39250.014410.030. -+
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Table 3  Soil water content and soil physic-chemical properties of three forests at Dinghushan

A T IEAAE K HIVIIER /NS g LR TR AHUTS =

Forest type Soil volumetric water Saturated water Soil porosity  Soil bulk density ~ Organic matter content
content (%) content (%) (%) (grem™) (gkg™)

7= XUH 4R A Tk MBF 29.02 51.00 55.05 1.01 25.29

L RFAET R ACAR PBF 24.85 48.88 40.75 1.23 23.75

A RR PE 20.46 40.68 39.05 1.31 13.30

MBF, monsoon evergreen broad-leaved forest; PBF, mixed Pinus massoniana-broad-leaved forest; PF, Pinus massoniana coniferous forest.

F4 LIRS KRN L A A S

Table 4 Generation series of soil volumetric water content and soil physic-chemical properties

vaSic) TIRARTE KR (IEAIERT i LR IR AP

Forest type Soil volumetric water Saturated water Soil porosity  Soil bulk density ~ Organic matter content
content content

Z A H Sk AR MBF 1.00 1.00 1.00 0.77 1.00

SRR MR A PBF 0.85 0.96 0.74 0.94 0.94

I A AR PE 0.71 0.80 0.71 1.00 0.53

MBEF, monsoon evergreen broad-leaved forest; PBF, mixed Pinus massoniana-broad-leaved forest; PF, Pinus massoniana coniferous forest.

RS BB ECS SRR K R K ORI R O ORI

Table 5 Grey correlation coefficient and degree between soil volumetric water content and soil physic-chemical properties

A AN K g LR TR E NI &=
Forest type Saturated water content Soil porosity Soil bulk density Organic matter content
ZENH LR AR MBF 1.00 1.00 0.39 1.00

O RANE R VB A AR PBF 0.57 0.57 0.62 0.62

I RN bR PE 0.62 1.00 0.33 0.45

KHKEE Correlation degree 0.729 0.856 0.446 0.688

MBF, monsoon evergreen broad-leaved forest; PBF, mixed Pinus massoniana-broad-leaved forest; PF, Pinus massoniana coniferous forest.

KN, FEBEE RN A 2B P8 B AT
R AR . A USSR, — 7 s
T AR, LB, S — O R T+
B AAIR L, A I B . X 7 T
YER#AA R T 38K 0 AR FE, NI 4585 /K =
BT HE, 1998) o HHAIUAPE 22 M P4 T B
MBF & 2, RGPS R 8, -
BN RS K E A R, ALY
TIEE KR E BENEHIER.

TARAE M A ER R AR R TR
—FRRRERIN AR AR, LIEFLBRRE . LIRS KR
A T LK R ) T AR . AR, M
TR A E IR EORE, BRI RAR AN A R
FE B2 Rga AR g, JUHERE R+
e, LIRS RS K g 2 T R HLUR
(AT, 1998; A4S, 2002). X FEEHT
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AU A G SR eiia 2 AL, R R o e
b - 58 A1 3R Ak 45 K4 1R T J5G 1T 556 W) 1 398 21 85 B FL R
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1973; #2345, 2003; Rawls ef al., 2004). LAk, 15
AR, LA S B, RIEARBOKE
A (R YLEE, 1992; Hudson, 1994).

E AR, AP N 26 T %
MIRED) o 75 E3FASF AR, MBFH T4 Y)
Iy R N, B G FR O IR R R B (F R AR A
2001), HHADPRMRAA L, HEEEE K. KA
JINEag . FIEAHUR IR AE R T ) K — I
FEIRER, 0RO (ER A R &
RAN . RZAN T AT, AP 15
K 3 1) S0 3 o3 A FH T 58 2 1% b DX AR MR R 42 B
T PR

Wi\ Ay FARAEAT T RS RGN 2273
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Fig. 3 Regression between soil organic matter content and its
corresponding soil layer’s soil volumetric water content (A),
parameter a of soil water characteristic curve (B).

BB, PAL 3 B AR I LI AR SR e P
H AR D3k 1 38 e 1) 32 5 M ik #2 (Chertov et
al., 2002). 5 2E(1998) KT 10NN F A KL &
R 0 R4 ) SEIR PEREAC S T T R HL
SO 3K o3 W ) 5, 48 H B A AL
WK, HIEMEASKE.. BRI KR, BEKS
I, HIgREM IR XA AR H A
R R A LSO K A IR A
S HAE TARAF M HIUE . LifIShao (2006)id it X}
T SR T R X SR B b B DL 2R KR (Quercus
liaotungensis) 2} [ TH 2 AR MR ¥ KB 1504 (1)
SR R rh A M T ) A A AR B BEE N
() dE AR, 3R 1 A 0 PR AIC, RN - e AL B
FEs BIESKE . BIERMAARE I LR ATK )4 5
FE3) W g, JCIHAEF RN 14458, T+
WRIZANIE B S ER N, IR A ] 4
P X JEHETE(2009) LAZF R I TR], BF9T T P4
Ak b DR AR L — B b — g I N — FE AP b —~
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