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Water-holding capacity of litter and soil layers of Pinus massoniana
forest in the mountainous areas of eastern Sichuan, China
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CHEN Tao, QI Shi& SUN Baoping
College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

Abstract To study the water-holding characteristics of litter layer and soil layer of Pinus massoniana forest with
different slopes in eastern Sichuan, the water-holding capacity of litter and soil under three slope ranges of 20°-
30°, 30°-40°, and 40°-50° were measured in P. massoniana-Cyclobalanopsis glauca-Cinnamomum camphora
mixed forest, P. massoniana-Chinese fir coniferous mixed forest, and Pinus massoniana coniferous pure forest,
and the stand types with the best water conservation capacity were discussed. The results showed that: (1) The
total litter volume of different stands on the same slope was significantly different (P < 0.05), and that of pure
coniferous forest was the largest on the slope of 20°-30°, which was 8.33 t/hm?; the maximum values of 30°-
40° and 40°-50° slopes were 12.79 and 17.77 t/hm? in coniferous mixed forest and coniferous and broad-leaved
mixed forest, respectively. The effective water holding capacity of litter in coniferous and broad-leaved mixed
forest was the highest, which was 10.38, 18.37, and 21.59 t/hm’, respectively. (2) The soil effective water holding
capacity of pure coniferous forest and mixed coniferous forest was the largest on 20°-30° and 40°-50° slopes,
with the value of 82.54 and 50.02 mm, respectively, and that of mixed coniferous and broad-leaved forest was
the largest on 40°-50° slopes, with the value of 60.28 mm. (3) The order of soil permeability coefficient and
cumulative infiltration of different stands on the same slope was coniferous mixed forest > coniferous and broad-
leaved mixed forest > coniferous pure forest. (4) The amounts of the comprehensive effective water holding
capacity of the pure coniferous forest was the largest on 20°-30° slopes, coniferous mixed forest was the largest
on 30°-40° slopes, and coniferous and broad-leaved mixed forest was the largest on 40°-50° slopes, which were
82.61, 50.04, and 60.50 mm, respectively. The water holding capacity of soil layer accounted for more than 90%
of the total effective water holding capacity, which was the dominant of water-holding capacity of P. masson pine
forest in this area.
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Table 1 Basic situation of the sample plot

17, 31k206.7-1 7741 m, HLZ 0 R H S R L3R A
W ZE 5. TSRS o) A, MR A, 2o kg, IR v, B
% — VA, GHb. REARK. R 3 206 1 Mo
TEYDHE R T, BT ISR T BT I T 2 RS
W51, BKWZ, EENET1 200 mm, FETLE, FEHR
215-23 °C. T EAHGR R G HEARMIN AL, AT 5 2 ]
Ly el NN L vl NN 2 2 Y a7 N 2 L sl /N
VIR AE MR G P8 R R AS AR, AR =, JLUCR AT
RIFE MR, LS FA. 24K [Cunninghamia lanceolata (Lamb.)
Hookl. #i/k (Cupressus funebris EndD) . i@ Hi¥s (Pinus
elliottii Engelmann) . #ii#% (Cryptomeria fortunei Hooibrenk
ex Otto et Dietr) S5 Pl 4L fl I 41 Ik o 12 %2 T 2% AR T B (1)
96.9%, R A ZE T S (¥ 1T PR AR A

2 HRSHE

21 HEEREREE

20204F-8H 9, 1EHUIT 7L X Py ALy B A AL 50 i) 3
AR Y B FRIRASHR {2, /i35 X [Cyclobalanopsis
myrsinifolia (Blume) Oersted], &% (Cinnamomum
camphora, CD) } \ £ R M (B R, 24K, CM) | £ it
afi bk (R Fa, CP) WX B, #4343k J& v [l (22 3% (20°-
30°) . BEHE (30°-40°) FIM B (40°-50°) 1, 4~k JiE ¥ Bl Rk
53 1B 3SR B () SRS, 3 UK R AR I HN R T4
AN IR, REF AR SRR AL S ES5 1 m x 1 miy
INEETT PR CROM BRIV 2D SREREWIFER, I
B N I b 48 (A ST 06 =5 [R] AR P A0 465 2078 0@ 10 58 P AR
7y W EHEEIE R TR BENLYY 513 B A s AT I E
P IE AR R AZ T MRSy T3 08 RBUA. MhAb, TRy B
WU S 3/ TR RE T, B s 49838 )23 4 35 R R i it
2, AT 1455 TR $ 1.0-20 cm. 20-40 cm. 40-60 cmit
ERAE, BEEBAELE, U TE i RN [ SR
&S =&, e RIEALBR AL K SE W E AR bR, )
fIZ5 #9100 cm?®, &ih = 5.000 cm, Ef%d = 5.046 cm. ki
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2.2 EMFEIKEESME V4 B A R AR (1 R V& 4 2 N T
SEWRE, SR T AT A, SRJG R FE AN A T, 2285
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W% RIF ST %45 Geographic coordinates (a/°) P ik B TR
Slope Stand type 7% Longitude Jt 4 Latitude Aspect Altitude (h/m) Age (t/a) Soil thickness (6/cm)
E CD 106.78082 30.39583 ES 485 55) 65
Gentle slope CM 106.83931 30.44119 WN 431 55 65
CP 106.78092 30.3958 EN 577 52 65
b b CD 106.78093 30.39581 EN 594 55 55
o~ CM 106.84131 30.44569 WS 609 55) 66
Steep slope
CP 106.78071 30.39572 WS 575 52 60
Wb CD 106.78081 30.39582 WS 598 55) 50
Extremely steep CM 106.84132 30.44078 WN 554 55 55
CP 106.78097 30.39589 WN 58l 52 65

LRI L B . CD: BRI ACH: CM: EFIHRACHKR; CP: £F I 4liAk.
The soil types are all mountain yellow soil. CD: Coniferous and broad-leaved mixed forest; CM: Coniferous mixed forest; CP: Coniferous pure

forest.
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Table 2 Litter accumulation of different forests with different slopes

B LR S IR ERL, AR I RK R A AL, WA
B IR KA, AR IR R K EA RN
H=3"_,P x5 x A, @)
b HA BRI 32 FK & (mm) 5 68+ 3 2 (12 )i
(mm) s PTIEFLERIE (%) 5 DA R R R B AT .
2.3 #IEAIE
P B EEXCEL 2010956 /%, FHISPASS 20.0% %
P BEAT LR 32 05 % 40 HT (one-way ANOVA) K £ f LLELSD
(least-significant difference) 44/, & fOrigin 2017{F .

3 GRS

31 PR E I HFE

A — 3 B N AR 200 R R A VA 8 FR i 2 R 3,
MRS REZERARE (R2) . TEEAKLIE Y24 iR )25
I 2 bR 25 KT e R VR BT PR, 1T R I R e B Ak e - 44
N RS MO R AT AR, 220, BEYE AN BE S AL VR
Wy A B AR AL TE L 4y 51 N 6-10. 7.6-10.75. 7-12.6 cm; S EH
ARG 43 5 A 4.45-8.33. 6.88-15.75. 4.95-17.77 t/hm?,
HANFE MR T B 2 7 B (P < 0.05) , HdRMSAR
W FEET TR AR ET TR A MR R B E RN EH BE /N T
B S RN AR B s T AT I S AR SR Iy 2 e 2 KT B SRR B s [+
— Bl PR [RI AR 20 G 3 A T i 4 bR B B B K T A R TR R
FRAAE TR AT PR, 1110 7E B I S5 A0 I Sl At ool P 5 R R B
INTF R R A MR R VR AS AR, KT, BES L T R AN VRS
Wi REREaS TS REMak, B0 %2 2% m AR
I FE IR ALV P B R ZE I R R R
3.2 tRHhHE TR D FE K

H A%, Rk SR K [a) 28— P IEA SR R R,
K BB IR KIS 2 8, B2 2 S R 221k
AR FrKE R I LI (R A LE2 hEAW, 7E10
G K AR BN, R — 3 SR R bR 2 (8 R 93 2
IR KK R AT FER AR > B TR A bR > 4 I 4l bk 22 4%
il E R KRN B, RAEILA R 2], AR R )
FEK SRS I (A IR AT TR B R Q = Kin t + b, 30
QML K R (glkg) » EAREYE IR K TE] (h) , kKN &
0, by B

&M1& Stock (M/t hm™)

% LR Stock ratio (P/%)

T iy Thickness I RO )2 ME R Rl RO
ope type (d/cm) Semi-decomposed Undecomposed Total accumulation Semi- Undecomposed
layer layer decomposed layer layer

i CD 8.60 + 1.67Aa 2.50 £ 1.76Aa 3.93 + 1.37Aa 6.43 + 3.13Aa 38.94 + 0.15Aa 61.06 £ 0.61Aa
éentle slope CM 6.00 + 2.17ABa 1.94 + 0.90ABa 2.51 £ 0.24Aa 4.45 £ 1.11Aa 43.54 + 0.90Aa 56.46 + 0.56Aa
CP 10.00 + 4.46Ab 4.08 £ 1.12Ba 4.25 + 0.36Aa 8.33 £ 1.24Ba 49.00 + 0.08Aa 51.00 + 0.51Aa

bEb CD 10.20 + 3.78Ab 6.69 + 1.42Ab 6.10 + 1.56Aa 12.79 + 2.67Ab 52.31 £ 0.07Aa 47.69 + 0.48Aa
Steep slope CM 10.75 + 1.83ABb 7.99 + 1.48ABb 7.76 £ 2.22Aa 15.75 + 3.50Ab 50.72 + 0.05Aa 49.28 + 0.49Aa
CP 7.60 + 0.47Bb 2.63 £ 1.16Bb 4.24 +5.44Aa 6.88 + 3.28Bb 38.27 £ 0.12Aa 61.73 £ 0.62Aa

Wl CD 12.60 + 2.01Aab 8.52 + 2.69Aab 9.26 + 1.14Aa 17.77 £ 3.00Ab 47.93 £ 0.24Aa 52.07 + 0.52Aa
Extremely CM 7.00 £ 3.59ABab  3.84 + 0.59ABab 3.60 + 1.14Aa 7.44 £ 0.71Ab 51.63 £ 0.21Aa 48.37 + 0.48Aa
steep CP 10.20 + 3.43Bab 213 + 1.12Bab 2.82 + 1.62Aa 4.95 + 0.50Bb 43.03 + 0.12Aa 56.97 + 0.57Aa

RPBHE NP bR 2 (N = 5) , AFERE TR FRORE 3 A FM G [0 22 3 VR 3, AF/NG TR 3R R — R AN R 4 P ) 22 S5 1 Xl 2%

(P<0.05). CD: %R H: CM: BHHRACHR: CP: &4k,

Different capital letters all indicate significant differences between different forest stands on the same slope (P < 0.05), different lowercase letters
all indicate significant differences between different slopes of the same forest (P < 0.05). CD: Coniferous and broad-leaved mixed forest; CM:

Coniferous mixed forest; CP: Coniferous pure forest.
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i 5] Time (t/h)
E1 TR M EREESBESKSBERKE (A B) 5R/KIEE (C\ D). CD: £ IIRAH: CM: FFIHIRACH; CP: £FIH-4lifk.

Fig. 1 Water holding capacity (A, B) and water absorption rate (C, D) of semi-decomposed layer and undecomposed layer of litter in

different forest stands and slopes. CD: Coniferous and broad-leaved mixed forest; CM: Coniferous mixed forest; CP: Coniferous pure forest.
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Sk IR A PR T 3 AR B 3250 A e VR B b > e R 5 K
> BRI AlbR . A EDRR 43RG V8 0 55 R 7K e 3 A R B E 3
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ERmbaibk. 3 R B KR B B AL E BRI
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Table 3 Relationship between water holding capacity, moisture absorption rate, and soaking time of litter

745 )

. K B2 K I 1A WL 7K 3 15 38 7K I i)

AN 3 =

Staﬁi/fc e Lﬁ{eﬁrzj%r Si%)}ge Water holding capacity and R? Water absorption rate and

yp Y P immersion time immersion time

” CcD M=129.91In t + 1625.6 0.9122 vV =369.12t"7"° 0.9316

éﬂfﬁﬂ oaiEe CM M =163.75In t + 1497.1 0.9756 V = 208.56t"°% 0.8857
cP M=115.91In t + 1438.9 0.804 V =1103.8t"7% 0.9266

b BN CD M=139.91In t + 1457.5 0.9669 Vv =382.8t"%" 0.9125

ESteep slope Semi-decomposed CM M =29.966In t + 413.6 0.9232 V =33.94t"7 0.787

layer CP M =197.03In t + 1004.7 0.9724 V =368.97t"° 0.8903

- cb M=99.157In t + 1375.3 0.9674 V = 238.85¢"°%° 0.8759

Exﬁ’femely e CM M =54.213In t + 357.75 0.8102 V = 84.711¢13% 0.9056
CP M =127.98In t + 1129.7 0.9325 V = 152.45¢"4%3 0.8183

S CD M=199.81In t + 1824.3 0.9039 V = 375.04¢"%® 0.7641

éﬁenﬂe slope CM M =189.29In t + 1321.1 0.975 V = 218.76t"%2 0.9457
CP M =105.44In t + 1690.7 0.7805 V = 551.68t"° 0.8806

b PN = cD M=176.93In ¢ + 1726.8 0.9594 V = 492.66t"°% 0.8964

gmwsbm Undecomposed CM M =40.216In t + 362.52 0.9659 V = 44 847342 0.8915

layer CP M=1791In t + 1079.9 0.9709 V =300.6"°% 0.7605

Vit CD M=159.72In t + 1487.5 0.952 V =399.37t"°% 0.9248

Eﬁ%mmyamm CM M =61.994In t + 381.41 0.9722 V =72.802t"% 0.9619
CcP M =152.72In t + 1446.1 0.9804 V = 183.39¢'°% 0.9093

CD: FF[ARAZM; CM: BHHHRAIMR; CP: B4k

CD: Coniferous and broad-leaved mixed forest; CM: Coniferous mixed forest; CP: Coniferous pure forest.
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Table 4 Water holding capacity of litter with different slopes
. oy H R R R M B K R KR R B KRR KR BAEERE AR ER
)z W Forest Natural water qumum water MaX|mum‘water.hold|ng Maximum storage ) Effectl\(e
Cover layer Slope stand rate holding rate of litter capacity of }2|tter capacny2 mterceptlgn
(Ro/%) (Rw/%) (M/t hm™) (W,/t hm™) (Wit hm™)
22l CD 32.91 £ 2.08A 256.82 + 57.42A 4.59 + 0.33A 5.26 £ 1.31B 4.39+1.10B
Gentle CM 10.19 + 0.26B 234.25 + 48.06A 3.89 £ 0.05A 3.72 + 3.08A 3.13 £ 2.59A
slope CP 18.03 + 1.40C 198.57 £ 55.31A 5.85 £ 0.39A 3.98 £ 1.97A 3.29 + 1.64A
*%@E 354 CD 20.06 + 0.23A 196.82 + 80.99A 11.71 £ 0.28B 10.36 +4.07B 8.60 + 3.43B
gsggr}posed Steep CM 49.54 + 2.85B 209.39 + 15.49A 1.76 £ 0.42A 1.31+ 1.36A 1.04 £ 1.10A
layer slope CP 13.41 £ 8.62C 290.86 + 1.36A 3.40 £ 0.67A 3.21+ 1.02A 2.07 £ 0.82A
s CD 16.92 + 0.85A 206.38 + 129.13A 10.64 + 0.17B 9.72+9.79B 8.13 £ 8.24B
Extremely CM 64.39 +7.27B 228.33 + 83.27A 1.65+0.31A 1.24 + 1.41A 0.99 + 1.14A
steep CP 19.18 £ 0.37C 182.12 + 96.17A 3.70 £ 0.22A 3.33 £ 3.02A 2.77 + 2.54A
SR CD 26.84 £ 0.88A 285.40 + 120.09A 7.32 £ 0.98A 715+2.87B 5.99 +2.41B
Gentle CM 13.83 + 1.95B 23110 £ 32.77A 5.10 + 1.06A 4.80 + 2.90A 4.03 £ 2.14A
slope CP 16.94 + 2.15C 233.05 + 141.37A 7.70 £ 0.96A 6.62 + 2.57A 5.52 + 2.14A
R iR 2 (358 CD 13.69 + 1.65A 239.34 + 4.28A 12.23 £ 1.09B 11.62 + 4.98B 9.77 +4.18B
Undecomposed Steep CM 62.68 + 0.45B 223.61 + 11.40A 1.96 £ 0.82A 1.35+0.18A 1.06 + 0.88A
layer slope CP 1713 £ 2.67C 183.98 + 33.1A 5.26 + 0.90A 4.69 £ 0.46A 3.90 £ 0.35A
Wbk CD 10.74 £ 0.98A 204.70 + 100.34A 16.86 + 0.89B 15.99 + 4.78B 13.46 + 4.04B
Extremely CM 53.9 £ 14.20B 241.21 + 1.70A 2.81+1.01A 219+ 1.29A 1.77 £ 1.04A
steep CP 13.44 +2.19C 95.82 + 3.20A 1.66 + 0.89A 1.37 £ 2.97A 3.75 + 2.50A

FPHAR N T E £h5 R 2 (N =5) . CD: 4R H; CM: &M HEAE AR CP: A 4libk. A KRS 7 BER 3R [F — 3 AR M A 7 2 7tk B 3% (P <

0.05).

CD: Coniferous and broad-leaved mixed forest; CM: Coniferous mixed forest; CP: Coniferous pure forest. Different capital letters all indicate
significant differences between different forest stands on the same slope (P < 0.05).

5 3K L BROIR UL R Bk R

Table 5 Soil porosity and water holding characteristics with different slopes forest land

Y o Tz = TEILRRE FEBETLBE AFLRR
Slope Stand type  Soil layer (5/cm)  Bulk density (o/g cm™)  Capillary porosity (P/%) Non-capillary porosity (P/%) Total soil porosity (P/%)
0-20 0.98 £ 0.03A 40.22 £ 2.98A 13.05 + 2.98A 53.26 £ 2.40A
CD 20-40 1.07 £ 0.06A 41.86 + 0.86A 9.30 + 2.50A 51.16 + 2.88A
40-60 1.22 £ 0.10A 39.51 £ 0.51A 9.25 + 3.04A 48.76 £ 2.71A
22 0-20 118 £ 0.11B 38.68 + 2.74A 12.43 + 4.06A 51.11 + 3.02B
Gentle CM 20-40 1.15+0.10B 39.57 +2.71A 12.43 + 4.04A 52.01 £ 2.76B
slope 40-60 1.24 £+ 0.07B 39.73 + 1.48A 8.34 + 2.54A 48.07 £ 3.37B
0-20 0.92 £ 0.27A 38.51 £ 1.15A 17.77 £ 7.74A 56.27 + 9.36A
CP 20-40 1.06 £ 0.05A 4219 + 0.39A 11.38 £ 1.55A 53.56 + 1.45A
40-60 1.06 £ 0.12A 41.44 + 0.86A 1212 £ 4.32A 53.56 + 0.03A
0-20 1.03 £+ 0.14A 44.56 £ 1.94A 11.38 £ 1.85A 55.94 + 2.32A
CD 20-40 1.27 £ 0.04A 42.78 £ 1.48A 6.98 + 2.33A 49.76 £ 1.55A
40-60 1.18 £ 0.43A 39.92 + 6.16A 3.62 + 3.38A 42.04 + 8.43A
ok dyte 0-20 1.15+£0.14B 37.88 + 1.73A 11.75 £ 4.08A 49.63 + 3.56B
Steep CM 20-40 1.28 £ 0.11B 39.57 + 2.64A 7.67 £ 2.93A 47.24 +2.81B
slope 40-60 1.30 £ 0.10B 37.66 + 2.47A 5.59 + 2.71A 43.25 + 2.94B
0-20 1.28 £ 0.07AB 34.08 + 1.04A 11.35+ 5.43A 45.43 + 5.06AB
CP 20-40 1.40 £ 0.06AB 36.83 £+ 2.88A 5.81+3.62A 42.64 + 3.62AB
40-60 1.39 £ 0.08AB 33.92 + 4.51A 6.11 £ 4.53A 40.03 + 4.53AB
0-20 1.29 £ 0.07A 30.87 £ 3.35A 12.44 + 1.89A 43.31 £ 4.24A
CD 20-40 1.35 + 0.06A 31.73 £5.21A 8.87 £ 5.56A 40.60 £ 2.52A
40-60 1.34 £ 0.08A 34.98 + 2.54A 8.83 + 5.46A 43.81 + 3.37A
453 0-20 1.26 £0.17B 39.33+2.16A 7.00 £ 4.16A 46.33 £ 2.52B
Extremely CM 20-40 1.45+0.17B 39.74 £ 3.71A 2.82 +2.41A 42.56 + 5.51B
steep 40-60 1.41 £ 0.14B 38.57 £ 2.20A 277 +1.61A 41.34 +3.62B
0-20 1.14 £ 0.05AB 3512 £ 2.71A 12.03 + 4.56A 4715 £3.75AB
CP 20-40 1.46 + 0.06AB 36.70 £ 2.04A 213 + 0.80A 38.83 + 1.53AB
40-60 1.38 £ 0.09AB 4319+ 2.77A 0.87 £ 0.23A 44.06 + 3.33AB

FMEI N PEIE AR 22 (N = 3) . RIFEKS FRESER R [ — YA B )22 5k .35 (P < 0.05) . CD: £HiERASHk: CM: FHIHHEZEH: CP: B4k
Different capital letters all indicate significant differences between different forest stands on the same slope (P < 0.05). CD: Coniferous and broad-
leaved mixed forest; CM: Coniferous mixed forest; CP: Coniferous pure forest.
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Fig. 2 Maximum soil water holding capacity (A) and effective water holding capacity (B) of gentle slope forest land. Different capital
letters indicate significant differences between different forest stands on the same slope (P < 0.05).
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Fig. 3 Maximum soil water holding capacity (A) and effective water holding capacity (B) of steep slope forest land. Different lowercase
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Fig. 4 Maximum soil water holding capacity (A) and effective water holding capacity (B) of extremely steep slope forest land. Different
lowercase letters indicate significant differences between different forest stands on the same slope (P < 0.05).
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Fig. 5 Soil permeability coefficient and cumulative infiltration rate of
three forests with different slopes. CD: Coniferous and broad-leaved
mixed forest; CM: Coniferous mixed forest; CP: Coniferous pure forest.
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Fig. 6 Comprehensive analysis of the maximum water holding capacity (A) and effective water holding capacity (B) of the litter and soil layer
of three forests with different slopes. CD: Coniferous and broad-leaved mixed forest; CM: Coniferous mixed forest; CP: Coniferous pure forest.
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