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Abstract: The construction and quality improvement of water conservation forests are important research contents in for-
est management. This paper compares the differences in water conservation functions among four forest types in the east-
ern mountainous areas of Heilongjiang Province through the study of litter and soil hydrological effects: Korean pine-
broadleaved forest (KH) , spruce-fir forest (YLS), larch forest (LYS), and Mongolian oak forest (MGL). The results
indicate that the total thickness of the litter layer for the four forest types in the mountainous areas of eastern Heilongjiang
Province varies from 3. 08 to 7. 78 ¢cm, and the litter stock volume ranges from 7. 65 to 11. 08 t/hm?. The effective water reten-
tion capacity of the undecomposed litter layer is 2. 58—15. 41 t/hm?, with an effective retention rate of 56. 02%-216. 67%.
The effective water retention capacity of the semi-decomposed layer is 0. 95-9. 88 t/hm?, and the effective retention rate
reaches 62. 78%—281. 29%. The water conservation capacity of the undecomposed layer is higher. The immersion time
of the litter has a logarithmic relationship with the litter's water holding capacity and a power function relationship with
the water absorption rate. For the four forest types, the soil bulk density increases with the increase of soil depth, while
the soil porosity decreases. The soil saturated water holding capacity in the 0-20 c¢m soil layer of KH, YLS, LYS, and
MGL ranges from 973. 41 to 1, 085. 08 t/hm> The total water holding capacity of the four forest types, from largest to
smallest is KH, LYS, MGL, and YLS. The soil layer plays a key role in the water conservation function of forests, with
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a water holding capacity of 97. 41%—98. 15% of the total water holding capacity. The research results provide a theoreti-

cal basis for the quality improvement and transformation of water conservation forests in this region.

Keywords: Eastern mountainous region; different forest types; water holding capacity of litter; water holding capacity

of soil; water conservation of forest
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Tab. 1 General situation of the sample plot
; _ GR/YSZIN & . 4 :
Bl & O TRAME  gmm mmC) Wi FEMECm W
Plot Forest type Coordinate gf standsg Elevation Slope gradient Slope aspect Mean DBH Canopy density
130.056 242°E,44.182 212°N
KH FEMZIFARR  130.055 895°E, 44.182 462°N KRR FAAR 731.33 £9.29 5115 i 9.74 £ 1.69 0.80 £ 0.00
130.056 748°E, 44.182 588°N
130.113 198°E, 43.945 880°N
YLS PREZVUN 130.115 203°E, 43.947 527°N K IR AR AR 598.33 + 8.96 5~15 it 14.81£1.79 0.77 +0.06
130.115 483°E, 43.947 548°N
130.195 412°E, 44.202 115°N
LYS AR 130.195 390°E, 44.201 695°N AT 525.63 +14.20 <5 ARl 9.80 £+1.63 0.73 £ 0.06
130.194 743°E, 44.201 383°N
130.170 532°E, 44.077 042°N
MGL SRR 130.170 593°E, 44.077 388°N KR AR 552.33%6.81 5~15 i 10.96 + 0.68 0.73 +0.06

130.170 282°E, 44.076 602° N

Vi RP BRI E AR EE  n=3,
Note: The data in the table are mean + standard deviation,n=3.
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JG AFER AL VE IR A3 &, HAR R IR A
7 [ G = RS TE PR R 2 By, —BR 3 T 65 °C
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R = (M, = M,)IM, x 100%. (D
W=MxR, . (2)

W, =(0.85R,.. - R,)- (3)
W.=(M, - M,)/M, x 1000, (4)
W, = (M, - M,)/M, x 1000, (5)
V= W,IT, (6)
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12,24) B JSu &t s MONAS I JKER j /N (j=0. 5, 1,2, 4,
8,12,24) U EE &LV, NS TEPIIR KB R AR B3 W, R
MYEINR KRR T, A iR KB K R TE] o
1.4 TEHEERERNE
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W, =10000 x P, x H, (7)
W,=10000 x P, x H, (8)
W, =10000 x P, x H, (9)

o WO IR R WO R E K E W,
NEEAEEEROKE P IEETLRE PN BT
B, PN R EE LS  H N LR E R
1.5 HELESSH

K F Excel #1 SPSS xf £ffa #t 47 e vt 1R, R 52
R & 77 2 3 A1 (ANOVA) i#t 17 2 77 B 3 56 (P<
0. 05) , & F Duncan 6561172 B

2 ZBR59Hh
2.1 FEUMEAR BB Z YK IR
2. 1.1 FEVEUFHE

FH P 145 AT, AR E R A & ) SRR 3. 08~
7.78 em, R FREMEDEERTEARE R
EREY) S B RE/ N MGLYLS KH\LYS, 243 fi#
EAEE YR B AR /NN KH.LYS\MGL. YLS, H
MGLZMFriEassenn, HoR BB Y EE R E S
TFHA 3 ML (P<0. 05) o ANRIMAGEETREN
7.65~11. 08 vhm®, A& E R BRI S EDEE
MR EE . RARZE KBS RENEY S IEE
I RE/NAMGLKH\LYS YLS, H:ft MGL 2 KH A7l
&Y &R T E ST YLS M LYS #7% (P<0. 05) ,
B KH %M, MGL.YLSLYS 3 fik BRI iR EAGE 7% &
FUEART LR Z X Al e /2 KH MBUED 2 FE R
1 B A P& W B gtk AR R T A 3 R bR

L

16 1 Semi-decomposed layer

m R
14 F Undecomposed layer a
12 F
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Hiv& ) BUR/(Vhm?)
Litter accumulation

Anaml

KH YLS LYS MGL
Ff Hb 2
Plot type
(b) AT

(b) Litter accumulation

10 . o
T

4.

2

0

NRANEFERERIARMEEGEEDEEEREEZEMEEREEZREE (P0.05),
Different lowercase letters indicate significant differences (P<0. 05) in the total thickness and accumulation of litter between different forest types.
E1 FRAREEZWIST
Fig. 1 Litter properties of different forest types
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2.1.2 K& YIREKEET]

& PIRKRE IS R TR 2, 4 FIARBLR 73R |2
B K FE K E N 194, 439%~306. 89% , Fx K%K & H
5.89~15. 46 t/hm*; > 53 il |2 Bt KK 224. 36%~
385. 38%, fx RFF/KEH 7. 7~17. 58 t/hm?, FHEE TR 4
fRIZ iR 2 R R KB AR KR E &, 1
ANFIAREL ], FhVEPIAR 73 iR 2 B R R K & R E/IN N
MGL.KH.YLS.LYS, 73 fif 2 B KFEK B H K E/NH
MGL.KH.\LYS.YLS; fi¥& ¥R 53 |2 B R KR H K
F/NIKHLYS\MGLYLS, 53 Z B KR KR R
F/NRHYLS\MGL.LYS.KH, Z58580H, R T HAh 3

FRAREL, REZ B MCLASE B BB R KR KSR,
KH R EM &Y E AR ARFIKE,

HHFR 2 A0, 4 PR B AG SE IR S iR A &
5 2. 58~15. 41 t/hm® ( K E]/N A MGLLKH. LYS,
YLS) , B B R E =9 0. 95~9. 88 vhm® (FH K
F/NAMGL.KH.YLS.\LYS) , HER G#, ANEKE
MiEMERFEERERLE, ROMRIZE N 56. 02%~
216. 67% (1 RF/NHMGL.KH.LYS . YLS) , 3R 2
N 62.78%~281.29% ( H X #] /N~y KH, MGL. YLS.
LYS) ., 45530, MGL & KH A5 % %1 EMHE YLS #1
LYS BAE % P02 X B K B4 85 B8 T B 58

x2 FTRENEHEWEKED
Tab. 2 Litter water holding capacity of different forest types

RAHFAKE/(t-hm™)

s WENDE

BRAFFAE /%

BREEE/(t-hm™) BREER/%

Plot Litter layer Maximum water holding capacity =~ Maximum water holding rate Effective holding capacity Effective holding rate
KORE 10.86 + 1.63b 270.87 + 26.81a 7.17 £ 0.86b 177.44 £21.74a
“ FORE 13.75  2.67a 287.46 + 27.04a 6.31 % 2.15a 188.68 + 15.76a
KOHRZE 8.15+0.95¢ 239.77 + 25.53b 3.82+0.87¢c 72.63 +12.18c
. EDRE 10.23 £1.55b 318.88 £ 30.25a 4.35+0.83b 76.37 + 7.69¢
RO RE 811 +1.39¢ 256.16 + 25.09ab 510+ 191c 137.97 + 14.53b
o FORE 12.22 + 1.36ab 293.07 + 32.54a 1.69 + 0.42¢ 68.87 + 2.83c
ROREZE 13.56 +1.48a 253.97 +20.82ab 11.00 £ 1.91a 177.58 +20.89a
Her EDRE 13.52 + 2.44a 304.38 £ 56.82a 7.38 +0.92a 167.70 + 66.73b

TR PEIRE A EANEE  n=9; NR/NE FEFRARMEEZR 23 (P<0.05).

Note: The data in the table are mean + standard deviation, n=9; different lowercase letters indicate significant difference between different forest

types (P<0. 05).
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(] PR AL A, Ve W 5 /K R BB R VB S TRV A iy 388 00, £EiR T
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LYS —®— MGL

H/(thm™?)
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IR K
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KIR ]/
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(a) AIMiF)Z
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)2 h SRR, B G EE B/ ASEYIR K [E]
B, MivE YR 42 iR 2 7 K & B KB /N A MGLKH.,
LYS. YLS, 7 i |2 £ /K & B K 2| /N A KH MGL.
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wn
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semi-decomposed layer
S

2L 2K/ (thm?)

5 L
0 1 1 1 1 J
0 5 10 15 20 25
KR E]/h
Immersion time
(b) 2 Jrfife)z

(b) Semi-decomposed layer

2 FRANEBENRRBIKESRKEEBHXER

Fig. 2 The relationship between the accumulated water holding capacity of litter in different

forest types and the immersion time
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AR ZE R T kN, 8 hi& FAH Al T AR RIAREL 255 i )2
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Fig. 3 The relationship between the water absorption rate of litter in different forest types and the immersion time

A DTEE IR IR 3, IRER LA RIS 7 Y5
K& W(1/hm*) SIRZK I A] (W) FEERT RO R LA 771

N W=aln(1)+b; & PR KIEZR V(1/(hm?-h) ) 5iR K
Al (h) 2RERECR R UETTRRN V=a's

x3 TENEHEZEDIKE RKEXRSRKEEAOINESEE

Tab. 3 The fitting equation between the water holding capacity , water absorption rate and immersion time of

litter in different forest types

FkE5RKMANUETTE

W 7IE 2 538 K I (R B9 & 75 18

. 523 AN =]
Feit H,}'%%ﬁj = The fitting equation between water holding capacity The fitting equation between water absorption rate
Plot Litter layer . . . . . .
and immersion time and immersion time

RORE W=1.331 4In()+8.884 8, R?=0.979 2 V=8.851 615", R?=0.993 0
KH

B0 Y= W=1.710 5In()+12.64, R?=0.949 8 V=12.569¢ %% R?=0.998 5

RAMEE W=0.980 2In(1)+5.465 9, R?=0.991 0 V=5.429 91 % R?=0.999 1
YLS

By = W=1.183 3In()+8.163 5, R?=0.993 3 V=8.370 4t %%, R?=0.997 0

RO EE W=1.292 9In(1)+7.151 4, R?=0.952 9 V=7.085¢%84 R?=0.997 2
LYS

FoRE W=15 572In(1)+11.13, R?*=0.965 8 V=11.084t%%% | R?=0.999 0

RAEIZE W=1.487 2In(9)+10.735, R?=0.975 4 V=10.706t %, R?=0.999 4
MGL

ENRE W=1.683 9In(p)+11.361, R?=0.931 2 V=11.241*%%  R?=0.997 0

2.2 FREDLME AR EMNE 1B KRR
2.2.1 HEFEMALRE

FH 3% 4 AT, AS A AR - R 25 EE I 2 R G
MG Ko KHFEE LEAEN L 18 glem’, { T LYS
(1.29 g/em®) F1YLS (1. 39 glem®) o [ MGL 4, HAth
3 FhbAE IR E LR E N B E LR ERE 2
I N HIBRFLBREEEA [ LB H R E HRE/N

FI N KH.YLS.LYS, MGLHAR R 0~10 em N 12,
10~20 em 2 T HEWD 5T 5 43 £ =7 20~50 em U 52
BNWIRE o FIARTFFH MGLAK T HAF0~10 cm A
10~20 cm 20 L Z I TEUFE M. A5 53R HH, MGL AR
T EEEEEELEE GBS LR f LB R 1 2
YT NS
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Tab. 4 Soil bulk density and porosity of different forest types
+E/cm AE/(g-em?) EEEILRE/% EEILEE/% BALBEE/%
Soil layer Soil bulk density Noncapillary porosity Capillary porosity Total porosity
0~10 1.01+0.07cA 519 +2.183A 51.18 £ 3.07aA 56.37 = 3.35aA
10~20 1.10 £ 0.07bB 523 £ 1.51aB 46.91 + 1.61bA 52.14 £ 2.05bA
KH
20~30 1.19 £ 0.11bC 1.44 £ 1.17bAB 45.02 + 3.15bcA 46.46 + 3.10cA
30~50 1.42 + 0.13aC 1.43 + 1.30bBC 43.37 + 3.67cA 44.80 £ 3.78cA
0~10 0.91+0.08dB 6.02 £ 1.36aA 46.49 * 2.18aB 52.51 £ 2.09aB
10~20 1.35 £ 0.05cA 3.39+1.18bC 41.44 + 3.41bB 44.83 +2.90bB
YLS
20~30 1.62 £ 0.08bA 2.13 £0.73cA 35.66 * 3.83cB 37.79 + 4.08cB
30~50 1.69 + 0.06aA 1.92 £ 0.86cA 32.86 + 3.56cB 34.78 + 3.35cB
0~10 0.91 + 0.08cB 6.03 £ 0.66aA 51.56 + 3.61aA 57.6 + 3.64aA
10~20 1.35 £ 0.09bA 1.18 £ 0.28bD 45.82 = 4.20bA 47.00 + 3.99bB
LYS
20~30 1.35 + 0.10bB 1.06 + 0.38bcB 36.08 + 2.94cB 37.14 £ 3.16cB
30~50 1.54 £ 0.12aB 0.73 £ 0.28¢cC 33.41 + 2.69cB 34.15 + 2.82cB
0~10 0.92 £ 0.09B 5.80 £+ 1.95A 44.56 £ 2.60B 50.37+3.97B
10~20 1.08 + 0.06B 12.95 £ 2.35A 38.62 + 2.31B 51.57 + 3.39A
MGL
20~30 — — — —
30~50 — — — —

T RPEIR AP EATEE =0, AR/NEFERRA-MBEEARLEAEZR

T (P<0.05).

B3 (P<0.05); AAARSFHERAAKEEDES

Note: The data in the table are mean + standard deviation,n=9; different lowercase letters indicate significant difference between different soil lay-

ers of the same forest type (P<0. 05) ; different capital letters indicate significant difference between different forest types (P<0. 05).

2.2.2 hIEFEEKEE

A 4 A5, 4 FAREY 0~20 em T2 BEFKES
WA+ KB 43 518 831. 82~980. 87 t/hm?* F] 973. 41~
1 085. 08 t/hm*, /N [a] MR AY - S o fOfe K & 1 R & /N A
KH.MGL.LYS.YLS;20~50 cm + 2 E& /K E 51
FrK &4 518 1 013. 71~1 317.55 t/hm>F1 1 073. 52~
1 360. 67 t/hm*, A~ [ MRES I I AT K & R E NN
KH.YLS.LYS,
2.3 FREDLLME AR R EL KR & F I BE

BT MGL 1158 20 em DR J9RDAR , DRI AR [ AR
A1 0~20 em T3 KAGTEVIAR 73 R ZFE 3 R 2 58K
BTG DR A RIAR B AR AR KR TR 77 BE T T HY)
fabn AR K S FiR. 4 FbREL 328 2 AR AR MOK IR IA
FRUIRE AR O E A, LI RKE 5 R K&K
97. 41%~98. 15%. A [RIMR LR 7K 5 R 77 BE /1 & 4%
HIHZER, B RE/NKH.LYS.MGL.YLS, H:f1 KH

TR AR YRR
3 Wig
3.1 H&EMIKIERFRINGE

B, E R YMERTHG &9 2 B 7= K TR D R 1 T
TSRS, A R K B A& 2IE N E R E
FErR!T, AT K BB AR IR A iR
FEFTERAFOK B E R R, A& &A%
VISERRAIFEE RE ST, BREEMGTE DAL T RFEE B R
SIS, AR Z BRSSO &SR ER G
Mo AHFFFEHT, 4 PR I3 SR 73 i JE A 73 il )2 A
YRR ARFEKZE R 194. 439%~385. 38% , Fx RF/KE
N5.89~17. 58 t/hm?, 53 R 2 B B R F K & Je e K
KEETRAMRZ . HIL, G FEFRIHEE 4 FARELAL
B EARFOK B A B E 22 A TN
MivgE &R E, H - H W E#E IEMHER(P<0.01) , i X—
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EE OB R EEE BE
i oKt
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EE WA R EE R

7l<u51: Pk Fpkdt Rkt fiKi fkat
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RS
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AR/NEFRFRARME 0~20 em + 2 HEFKEZREZ (P<0.05); ARAIAEFRRRARME20~50 cm T ETIEFKEEZRE

#(P<0.05),

Different lowercase letters indicate significant differences in soil water holding capacity of 020 c¢m soil layer between different forest types (P<
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Fig. 4 Water holding capacity of different forest types
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Fig. 5 Total water holding capacity of different forest types
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