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Abstract: The purpose of this study is to clarify the spatiotemporal variation characteristics of litter from different stand
types on the Loess Plateau, which helps to deeply understand their soil and water conservation functions and also provides

basic materials and theoretical support for soil erosion simulation and prediction in the watershed. Three types of planted
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stands, namely Populus davidiana, Robinia pseudoacacia and Hippophae rhamnoides, as well as four secondary successional
stage stands including the early arbor ( Betula platyphylla) , middle arbor ( Quercus wutaishanica-Pine tabulaeformis mixed
forests) , sub-top stage arbor ( Pine tabulaeformis) and top stage arbor ( Quercus wutaishanica ) were selected for
investigation on the coverage, the thickness and the water-holding capacity of litter in the Beiluo River Basin. The water-
holding capacity and water absorption processes of litter were investigated by soaking method, a commonly used method in
previous studies. The litter thickness from each stand type in the watershed ranged from 4.55 to 1.38 cm and the biomass
from 17.24 to 4.99 t/hm”. The water-holding depth and the effective interception depth at 24 h for litter from different stand
types ranged from 2.73 to 0.96 mm and 2.45 to 0.81 mm, respectively. Litter from Quercus wutaishanica-Pine tabulaeformis
mixed forests saw the highest value of the water-holding depth and the effective retention depth at 24 h, followed by that of
Pine tabulaeformis/ Quercus wutaishanica, Populus davidiana, Robinia pseudoacacia, Hippophae rhamnoides and Betula
platyphylla. A logarithmic function could be used to represent the relationship between the water-holding capacity of litter
and the soaking time (R*=0.85, P<0.01), showing that the water-holding capacity increased the most rapidly within 2 h
and tended to be constant at 8 h. This suggests that forestland litter could play an important role in intercepting surface
runoff from short-duration and high-intensity rainfall, which is prone to severe soil erosion. The thickness, biomass, water-
holding capacity and water-absorbing rate of the semi-decomposed layer were all greater than those of the undecomposed
layer. The water absorption capacity and interception performance of litter from the secondary successional stands in the
basin were generally higher than that from the planted stands. Compared with the other vegetation succession stages, Quercus
wutaishanica-Pine tabulaeformis mixed forests had the best performance in terms of litter coverage, biomass and water-
holding capacity due to the optimal stand structure and stand density ( 1200—1600 trees /hm”). It is recommended to

emphasize the construction and protection of mixed forests in afforestation plans and forest management on the Loess Plateau.

Key Words: forestland litter; coverage and thickness; biomass; water absorption capacity; interception performance; the

Loess Plateau
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Fig.1 The spatial distribution of surveyed sample sites of forestland litter in different geomorphic areas of the Beiluo River Basin
Ck: 474 Caragana korshinskii; Hr: ¥> W Hippophae rhamnoides; Rp: BI#E Robinia pseudoacacia; Pd: 1i#% Populus davidiana; Bp: HH#E Betula
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tabulaeformis mixed forests
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Table 1 The basic information of typical stand plots in the Beiluo River Basin
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HFR — Slope L K Canopy Stand Mean Mean DBH
Geomorphological types Stand types p Slope/ (°) Elevation/m density/ . ) .
) position density/hm*= height/m (BD)/cm
and sites Coverage
Pl i a X Fr& (6 H) LAl Zina 16°—35° 1 406—1 609 0.3—0.7 1 240—4 793 1533 0.6—4.2
Hilly-gully area W6 H) gL 14°—28° 1 405—1 625 0.7—0.85 6 000—12 000 1.8—23 5.8—12.4
HRR(7 5 s f 200—24° 1 354—1 434 0.56—0.75  600—1 225 73—10 17.4—27.2
it (6 ) A 14°—31° 1295—1 468 0.4—0.85 650—2 100 8.2—13.7 13.8—71
+HILX EHE(6 3h) A 19°—30° 1030—1 131 0.53—0.81 1289—6563  10.7—13.9 9.4—16.1
‘T/ N /\"‘ &“‘H \
Earth-rock ]:ﬂ? TR L 13°—25° 1 160—1 246 0.75—0.86  1202—1 678 9.3—11.2 16.9—19.9
(3 H)
mountain area HINCES) L 23°—35° 1096—1 122 0.78—0.83 1224—3112  12.3—225 15.1—32.8
URE(3E) 16°—20°  1146—1240  0.71—0.83 1211—1696  12.4—13.4 10.8—24.2
R AR X .
P FIRE (4 ) i/ 7 21°—30° 996—1 180 0.66—0.82 1 124—2 397 43—88 5.6—10.7

Table-gully area
Ck:¥7%% Caragana korshinskii;Hr: V3§ Hippophae rhamnoides; Rp : I Robinia pseudoacacia;Pd: 1145 Populus davidiana;Bp: FA¥E Betula platyphylla; Pt:iHFA Pinus

tabulaeformis ; Qw : 3L Kk Quercus wutaishanica ; Qw-Ptmf : 3 REE—IMAMR M Quercus wutaishanica-Pinus tabulaeformis mixed forests; DBH: Diameter at Breast Height
BD:Basal diameter

2.2 Ml EE R AN S A

FEAN [F) 55 S T DX 50| e B TR AR A3 AR 39 T A A A, 0 A 8 M 34 50 o7 1 A A
JIT A H BEALRAIE A7, 3 BE AT 13°—35° , RAXT AL IEA% 1 m (] E X 3¢ 1T A oA i b 3% 25 B85 64 7 4
HOA IC IR R TGS . R 55 B VT L 10 SRR T ) R S RS S I R A TR AR S R Y L
(HEHE , FEFRUEREHL N, BEFLLEERL 3 DG TEY/NEEJT (31.7 emx31.7 em) , MRHE A 3t 2 TN 1 40 )22 1) FH 4R
U3 SR LR B 1A i o e 5
23 FHEWE

FERRAERE M BE LSS B ARG 75 0 INRE 7 N, 33 ECR A3 J2 RN 21 0 i 2 43 IV SCEE AG T R B e A 4 5 1)
SHEAS A L= NFRER M [ AR KR SEIRA0TE 3 IREE A . SR Bt Vs WA it T s A 2 P 3E XU,
SRIT 3 KRG FRRFREE , BV AT HA 45 pRor 2SR AR I A Y5 0 10 & B (v/hm?)
2.4 FpKEES Rk R R K R
241 FEKiE

BT FRE S AT RS B AFLBE N | mmx 1 mm (92 JE AR 3 B A KA 2SN, R
UERE i TR0, 20 W1 8 R A A K T 75 . 7ERIEET K 5 min 10 min 20 min 30 min 45 min 1 h,
2h.4 h.8h 12 h 124 h B R SD A SR AR B BhK e B 2 JCHE Tk R IR 28 5 R
FwIFEsR, BRUIBCHAE SRR O AT B A RE A Bk A SR — IR I B R R S5 T AR B
K, I P RS 7 K ot 0 25 (8 B i R e K &t AV 9 0 IR K R 23 A T PR O 9 0 i T K 1
W 7K B T ) B P LA SRl 2 SIE 58 2 | g5 e e I Al P, 200 D0 e KRk i, R A PSRRI AR

http ; //www.ecologica.cn



13 4 VR/NIT A5 B e SR TR SERObA A 7 R AR B 7 73 W R 800 5157

— BRI 24 h B E AR SCE R R IR 24 h IR K SR R

PESCHR 34 T, 2437 YR F R 1 8 3 R R F 2% B 20—30 mm B, 85% HIAG ¥4 W) i K FR /K R 54 B2 B A
— B0, AT R F X — 5 R R A SR AN [FIAR S0 Aili T W A 3002 3 i, S o A B A V& ) A W) e
PEHCE K BE ST . RGVE Y K BE 13 3120 24 h AR K ( Wy, ) FRAKR (R, ) AR ERE
( W ) HHRAEE AR ( Ry, ) SRR, AF

Wos =W =W, (1)
W24 - Wo
R, = x100% (2)
2% W,
R24a17 = 0' 85 xR24m _RO ( 3 )
Wt = Ross X W, (4)

A, W, IR 24 h BF AR KA (vhm? ), W,, 8 24 h IFARS VR B (vhm?) W, IARTEYIBE T E (v
hm?*) R, 0 24 h BFBYRFIKF (%) , Ry, M 24 h BEIA B R (%) R, HASTEVIWNET AR TKE (%),
Wi N 24 h BEA R E B (V/hm?) |
242 FpKkidt
WAV DK B S IR R AR A R R
Q=aln(z)+b (5)
K, Q MATTEYIFKE (Vhm?) 0 ARHERITE (h) o TR R B, b 7 R 44
243 KR
ARGV DK R SRR R A TR O R Y IR .
V=kt" (6)
AV ORE YR KE R (thm 2 b)) e IR (h) B AR R n HIREL
2.5 FdEaba
FI FH Microsof Excel 2010 X 58 4740 B R One-Way ANOVA 5 Filf /N i 25 22 73 (LSD) K 5o A [
MRAF SR DL R [F]— BRI AN [FMRIE AL L Al v U R B i B 38 AR AR K BB D 5 T 22 5% («=0.05) , 43
IR 53 IR MG TR D AR K R T WK 2R 5 I B (I HE A T [ U5 4307, JF % 7 R AT 1 2 MR 5 ( P<0.01 F8 )
BEM) . fHH Origin 8.6 FIFLH

3 HBREHS

3.1 MY EE R

i ) i 7 T T TR N R SRR Y T 90% , A5 KA Z R 22 AN WL (P>0.05) . AT
R BRI TR A A, e A Ve 1 3 B /N (92% ) 3L ARBR— IR A PR K (100% )

WY& L RE DT T, & RS R BE A T 4.55—1.38 cm, H{H K 3.18 em, RAMRIZIE /N T2 R)ZE
N TR AR AT IE AR, VE AR v i 0 25K T 2% (P<0.05) (B 2) o A Ll XMl R M
BERIIL AR, FH IO A V5 ) V5 R R e R A in ) AR Ak B 32, 30 ZR AR R Al V& 0 SR 8 e A, A ME S5 A LA
HFRHRZE S B3 (P<0.05) , VA K I F— Mo BEARES SN, A 75 P 2 B0 B R A 834 (1B 3)
32 thRMERE

TS PRI A A 15 ) A R BN I AR AR — AR TR S PR > T AR/ 3L AR KR > Ll Az > R > VD > e vk s
BRMO BRI AT 1.41 65, NTIRARMEEARM 1.21 £5, BAORE , RAEBEB M AT
Mo 22 REKR (B 4,5)

MR BOR T , 140 1L X TR AR 48R 17 91 rh MR R34t V5 ) 5 B R 22 SRR 7E 17.24—4.99 v/hm 2
6], BIEH 9.58 t/hm®, IL ARAR—IHAATR 3 i ORIV AR Hh 8 MR ES B e K, R 17,24 +/hm® 5 P MEIT MR I

http ; //www.ecologica.cn



&
H

5158 2 SO Eire 41 4

LRz
I 4 i

JE J& Thickness/cm

s = & E <
£
<o
T BEAAR X AKX IR
Hilly-gully area Earth-rock mountain area Table-gully area

B2 Jb&AmisEERS LR ENEE
Fig.2 The litter thickness of typical stand types in the Beiluo River Basin
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Fig.3 The litter thickness of typical stand types in different succession stages of earth—-rock mountain area

Bp-nmf ; FAHET MK (41—50 4F) Betula platyphylla near-mature forest (41—350 ages) ; Bp-mf; FAFERZAHIA(51—60 4F) Betula platyphylla mature
forest (51—60 ages) ; Bp-omf; FHHEIT Bbk (>60 4F) Betula platyphylla over-mature forest ( Over 60 ages) ; Qw-Ptmf-mf ; {T A BF—iH AR TR 3C 2k
(51—60 4F) Quercus wutaishanica-Pinus tabulaeformis mixed mature forest (51—60 ages ) ; Qw-Ptmf-omf ; 1T Z< #—J A5 1R 38 i K ( > 60 4F)
Quercus wutaishanica-Pinus tabulaeformis mixed over-mature forest ( Over 60 ages) ; Pt-maf ; JH A HH % K (21—40 ) Pinus tabulaeformis middle-
aged forest (21—40 ages) ; Pt-nmf ; JHFA YT MK (41—50 4E) Pinus tabulaeformis near-mature forest (41—50 ages) ; Pt-mf ; JH A2 12K (51—70
) Pinus tabulaeformis mature forest (51—70 ages) ; Qw-maf: iT Z% £k H #3 K (21—40 4F) Quercus wutaishanica middle-aged forest ( 21—40
ages) ; Qw-omf: 1T RARIT B (>60 4F) Quercus wutaishanica over—mature forest ( Over 60 ages)
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Table 2 The water-holding capacity of litter layer of typical stand types in the Beiluo River Basin

24 h FpkR 24 h Fk i 24 h HREEE
The water-holding The water-holding capacity The effective interception
g WAy rate at 24 h/% at 24 h capacity at 24 h
Geomorphologial types  Stand types RAWE CEREE ARE ERRE AR AR
Undecomposed ~ Semi-decomposed ~ Undecomposed ~ Semi-decomposed ~ Undecomposed Semi-decomposed
layer layer layer layer layer layer
FEBAIX Tk Hr 218.87 141.20 5.80/0.58 6.10/0.61 4.93/0.49 5.19/0.52
Hilly-gully area FIME Rp 235.00 160.62 5.64/0.56 10.81/1.08 4.79/0.48 9.19/0.92
1h# Pd 127.14 168.39 4.17/0.42 12.73/1.27 3.54/0.35 10.82/1.08
TAIX FI#E Bp 157.98 185.02 1.88/0.19 7.66/0.77 1.60/0.16 6.51/0.65
- 1T R HR-FAE AE
arth-rock HRH-AR IR 182.08 184.39 6.30/0.63 21.02/2.10 5.36/0.54 17.87/1.78
mountain area K Qw-Ptmf
AL Pt 175.78 246.26 8.42/0.84 16.10/1.61 7.16/0.72 17.33/1.73
ILRBE Qw 174.84 161.65 2.78/0.28 20.39/2.04 2.36/0.24 13.69/1.37
R X
A HIML Rp 139.07 203.08 1.14/0.11 8.28/0.83 0.97/0.10 7.04/0.70

Table-gully area
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Fig.4 The litter biomass of typical stand types in the Beiluo River Basin
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Table 3 The water-holding capacity of litter layer of typical stand types in different succession stages of earth-rock mountain area
24 h FkE 24 h Fkt UhHREER
The water-holding The water-holding The effective interception
) ) rate at 24 h/% capacity at 24 h capacity at 24 h
VR Mok it o o e
Succession stages Stand types Forest age FKoMRE o %E FKOMRE o %E KR i %E
Undecomposed Seni Undecomposed S Undecomposed e
decomposed decomposed decomposed
layer layer layer
layer layer layer
AN FI¥E Bp AR (4150 4F) 151.82 174.42 1.04/0.10 1.5/0.75 0.88/0.09 6.38/0.64
Early arbor TR (51—60 4F) 170.90 176.73 2.29/0.23 7.07.0.71 1.95/0.20 6.01/0.60
AR (60 4EL) T) 149.56 204.04 2.32/0.32 8.41/0.84 1.97/0.20 7.15/0.72
TRHH TR - A 3R 38
Aok (51— 170.4 218.1 .22/0.62 17.13/1.71 .29/0. 14.56/1.4
Middle arbor B Qu-Prnt AR (51—60 4F) 70.47 8.15 6.22/0.6! 1.13/1.7 5.29/0.53 56/1.46
AR (60 F L T) 209.13 203.50 6.46/0.65 28.82/2.88 5.49/0.55 24.49/2.45
TR kR Pt AR (21—40 4F) 154.60 188.50 10.93/1.09 19.17/1.92 9.29/0.93 16.29/1.63
Sub-top stage arbor TR (4150 4F) 201.25 218.71 8.63/0.86 11.94/1.19 7.34/0.73 10.15/1.02
AR (5170 ) 189.53 187.09 5.71/0.57 17.19/1.72 4.85/0.49 14.61/1.46
e TAH Qw AR (21—40 4F) 176.59 185.80 2.44/0.4 21.5/2.15 2.07/0.21 18.29/1.83
Top stage arbor HFR(60 4ELLL) 171.80 164.06 3.47/0.35 18.13/1.81 2.95/0.30 15.41/1.54

3.4 HhEEYIRKG R

BRI IRV YK 5 R [ A R X B PR B & (P<0.01)

2 h DL K GE RS N, Bl IR v

[AE A K R N W AR 22,8 h FEASK BN (1 6,7) , SRR R, TSk AR v AR A v W Rk =T

NI} R RTRIRIZE, TR
AN TR ST i PR S IARL TR MRS TLARBR AR e AR>S R ME I 20bK AR SR R B, &5 ARy

RENNFI N IL AR —

R R P TR R — I A TR S 1 R T WK B fe o, /K A
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Fig.5 The litter biomass of typical stand types in different succession stages of earth-rock mountain area
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Fig.6 The water-holding preocess of litter undecomposed layer and semi-decomposed layer for typical stand types in the Beiluo River Basin
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Fig.7 The water-holding preocess of litter undecomposed layer and semi-decomposed layer for typical stand types in different succession

stages of earth-rock mountain area
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Fig.8 The water-absorbing rate of litter undecomposed layer and semi-decomposed layer for typical stand types in the Beiluo River Basin
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Fig.9 The water-absorbing rate of litter undecomposed layer and semi-decomposed layer for typical stand types in different succession

stages of earth-rock mountain area
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