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Hydrological effects of litter layers in different forest types in
the Bashang region

YU Along'?, WEN Hui’, CONG Richun'?, HOU Meijuan*, LI Hanzhi'?

(1. Institute of Ecological Protection and Restoration, Chinese Academy of Forestry, Beijing 100091, China; 2. National
Ecosystem Research Station of Chongli Forest, Chinese Academy of Forestry, Zhangjiakou 076350, Hebei, China;
3. Heping Forest Farm of Zhangjiakou, Zhangjiakou 076350, Hebei, China; 4. Zibo Water Conservancy Bureau, Zibo
255020, Shandong, China)

Abstract: [Objective] This study, with an investigation of the water conservation capacity of litter layers in
different forest types in the Bashang region, an important water conservation functional area in the Beijing-
Tianjin-Hebei region, is aimed to provide a basis for the restoration, management and improvement of water
and soil conservation in this region. [Method] With four types of forests, including Larix gmelinii var.

principis-rupprechtii (PL), Betula platyphylla (NP), Populus davidiana and B. platyphylla mixed forest (NBP),
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L. gmelinii var. principis-rupprechtii and B. platyphylla mixed forest (PBL), selected as research objects in the
Heping Forest Farm in Zhangjiakou City, field investigations and indoor immersion methods were employed to
measure the ecological hydrological indicators of litter layers. [Result] (1) The thickness of litter layers in
different forests ranged from 32.0 to 62.0 mm, with the PBL mixed forest having the thickest litter layer,
followed by PL forest, NBP mixed forest, and NP forest. (2) The maximum water holding rate, maximum
retention rate, and effective retention rate of litter layers were higher in NP forest and NBP mixed forest than
PBL mixed forest and PL forest, with NP forest having the highest values of 231.15%, 207.60%, and 172.94%,
respectively, and PL forest having the lowest values of 208.92%, 170.29%, and 138.95%, respectively. (3) The
biomass, maximum water holding capacity, maximum retention capacity, and effective retention capacity of
litter layers in the four types of forests ranged from 8.27 to 23.33 t-hm?, 18.96 to 49.71 t-hm™>, 16.73 to 39.05
t-hm ™, and 13.90 to 31.56 t-hm*, respectively, and the general trend was PL>PBL mixed forest™>NBP mixed
forest™> NP forest. (4) The water holding capacity of litter layers in the four types of forests showed a
logarithmic function relationship with the immersion time (R*>>0.94) while the water absorption rate showed a
power function relationship with the immersion time (R*>>0.92). [Conclusion] The water absorption
performance of litter layers per unit mass in PL forest was weaker than that in NP forest, but when considering
the biomass, the total water holding and retention capacity of PL forest was significantly higher than NP forest,
indicating a strong comprehensive water conservation capacity. [Ch, 5 fig. 3 tab. 38 ref.]

Key words: Bashang regin; forest types; litter; water conservation
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1 FrRMX 5 7%

1.1 HREER

BF 58 IX 78 07 b 22 4L 78 Ak A2 A 2 48 0000 AF 98 ol , 3% IX A T A & sk R O T AR 3
(40°47'~41°17'N, 114°17'~115°34'E), 3k N 814.0~2 174.0 m, J& I KEEPEZ RS % . I RN
L, b5 90 YLl AR pE Rt a3, AESURY 3.7 €, AEREK RN 300.0 mm, FOKAETTER
&, BIAKREMBENKE, IEUTES | A WA O T AR BRI VE R AR
AR A, Y IX R Z IR R A, TEBR IR AT VR i iR AL BRI E R R AR A
MAE®E, DAEHER LA R K, N TEFEARA ALV iE RS . = A2 Picea asperata. By BH) Pinus
massoniana FIMHA Pinus tabuliformis 5 .
1.2 HigsE

FEA ) 5K 5% E1 T FPE R AR 5 U5 RS S AN BF AR A (9 3tk |, 2022 4F 6—9 H, FEak K 1Tl FF-Ak
YN BE OIS S 35 a, HEATIRRMEN 4 PR BRI RN S, ISR IE AR AR (PL). FIHERK
(NP)., #HEIR SR (NBP) P& HEIRAZ AR (PBL), AEFPEBUZRARILE 3 Bk 20 mx30 m pYAEH, 2Lit 12 Bk,
TR AR, e . PR Y (E B FEHLIEAMEN L35 1.

&1 FEMERER

Table 1 Basic information of the sample plots

FRARSER Wk /m Wi la] WRE/(°) P /m Mg4%/cm 2 BE/(Ffk - hm ) AR A RE
ki Snl 2 VAN 1 846.7 3% 18.0£1.5 16.0+£0.9 30.2+0.3 1033.0+£90.3 0.75+0.21
[SELZN 1 648.7 {523 20.743.3 10.80.2 11.0£0.5 3339.0£152.5 0.80+0.11
LR AZ AR 1685.5 3¢ 25.0+3.9 10.0+0.5 10.6+0.9 3525.0+118.1 0.83+0.10
TRHETR SR 1 696.0 I3 19.0+2.7 12.0+0.8 16.2+0.8 2 890.0+106.9 0.70+0.15

LT B P bR R

1.3 FAEWERE

TERFEHE N BEALIE E 5 > 0.5 m=0.5 m B PRVEY)/IMETT, KA N RV 0% IR FE B2, Rl o3y
iR (FVEYIE RN S8 BRI RS, IRR AT L3t RARTER) Rk g2 (V& IE S it
FEAREFIFR , AN T IR, (AR (1 mm K5 ) 2> B0 E RISV 2B, 2 IER Ty
WIEY, SRR FRa, 7685 C T RFkaE, THE R mBIE A .
1.4 AEWEFKEEHNE

KR, R NBGE ST A VR WIRE S, AR e MASSE R A K, 43 5l e 8K
0.5. 1.0, 2.0, 40, 6.0, 8.0, 10.0, 12.0, 24.0 h J5AEW w4, THRBEDRERFEKE, A
REACRE, IRKEER, AEER. R KHKE ., AREEEMRAEEE. HHRAKXWT.

G -G+

Rymax = X 100%:; (1
¥

ROZ%XIOO%; (2

Rm = Rhmax — Ro: (3)

Rs = 0.85Rnmax — Ro; (4>

Whmax = Rhmax X G (5

W, = (0.85Wimax — Ro) X G (6)

Wi = (Rhmax —Ro) X G (7

KM~ H: Rymaxs Row Ry F Rg 23R ITE MR I ERRFF KA (%), ARG IKF (%), RFER
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(%) FIARIEE R (%); Wimaxs We T W, 3R KFKE (t-hm™) . AREEE & (t-hm ) FERKEE
i (tthm™®); Ge. G G Gy S0 IRE Y AW i (t-hm ), ARRE TR (o). M A RE
(g). Fifl 24 h JFH i (2); 0.85 MARILE RZH.
1.5 HEE

iz ] Excel 2010 £ SPSS 19.0 #1744 b A Ge it 734, HEL R J7 227347 (one-way ANOVA) Fll iz
/N E 257 (LSD) AT AR R E P2 MR B . B FIRKAE 1 22 5%, SR A Origin 2021 1E K],

2 HREHAAHM

21 ARFWHEEBEVMENEMENEE

4 Fh AR ARSI P 75 1) 2 JE B g 32.3~62.7 mm (55 2), MR EIMKIR & HETR SR . AEAL TRk
FIHERR . BHEIR AR, o, AEdbIE MMV MER SR R TR ACH (P<<0.05). EWIZE S
Yyt hy 8.27~23.33 t-hm >, M KEN/IMRUCHAEICE AR . FEHEIR S . MHER M . FIEMR, o,
e TR AR B 2 T A 3 Fh RS (P<<0.05).

xk2 AEHEMENBEVENEENMEYNE
Table 2 Litter thickness and biomass of different forest types

AR JEBE /mm SAEIE/(t-hm ?)
A/t hm ) /% A/ (t- hm ) L f1/9%
EESal g AR VNN 15.75+2.41 a 67.51 7.5742.09 a 32.49 53.0£8.70 ab 2333+4.47 a
FIHERR 5.4740.65 b 66.14 2.80+0.78 be 33.86 36.0+£6.90 be 8.27+1.11b
TaHEIR e 5.79+0.09 b 50.09 5.78+0.50 ab 49.91 32.0+£1.86 ¢ 11.56£0.42 b
TEMEIR AR 13.4142.18 a 90.61 1.40+0.16 ¢ 9.39 62.0£3.70 a 14.80+2.03 b

VLWL Bli PR . R TR IR — SRR AN R AR RS T ] 22 53 1. 35 (P<<0.05)

MITE IR 2 R 2R ok R, RO R 2 A Wi A e s MR K, VR HETR S Mo
AN, AEAETE AR HETR AS AR B 2 K TS HER ACHR (P<<0.05); F Il )2 4= Wi AR At T A AR K
FIHEMR R/, ARAE T A MR I8 HETR S MK i 2 K TR ASMRA FTRERR (P<<0.05). MIRVE P~ 43 fifk J2
MR IZ YRI5 LR, 4 PRI )2 AW B o LUl K TR o )2, E s LL 13
IAETEREIR SR, FLR A2 i LK, o 90.61%.

22 ARAFMEEFEYENZKEFKEMREKIFAE

wmE 1R JAIEYE R SRR K R B/ MRU AL i Ra bk . FEHERACH . BHEIRZE . F
HEMR, 5 AR — 2, ALy AR S KT FIHEAR (P<<0.05). P00 )2 i KFF K &k
10.55~33.37 t-hm?, HEJCIENAAMRANTEMER 3SR E 2 K F FAHEM I HER AS MR (P<0.05); ARAMIZ K
Rk A 2.98~16.35 t-hm?, AEJ0I5 AR A HETR SS MK 38 R TS HETR AS MR (P<<0.05). ILAh, BRimtE
TRACHAN, HEJbTEEAAAR . FIRERRRNTE HETR S PRI 1 23 il 2 B KR K B S K R A0 2

P2 B KRR KR MR IR, M 231.15%, MHEIRASHMAITEMER SR Z , AL & Pt
/N, 208.92%, AN[RIFRMEHE) e REFK BT E 2R 02 R KERKEN 182.17%~220.90%,
KB IMKI D FIRERR . Aedbyk mEpapk . TEHERZSH . HERACH, ARIZRMETIN TR EES . K5
fiff 2 e KAF7K R 208.77%~274.51%, MR EV/IMRUCHHHERACH . FIMEMR . IR schk. fedtig s
M, BRSO T AT AR VR IR SS AR (P<<0.05). BRAEILTEIHAAPRAL, HoAl 3 FhARARE AL
KRB KT KT L0 M)Z .
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231 AHEDEMZRELZSARRESE WK 2R 4 FhRAERIEEY R R E B L%
BRI K, 4 39.05 t-hm 2, FIHEMKER/N, 9 16.73 t-hm 2, SRRk —2, Rdbiknt
FAMR IR 25 K T oA 3 FhARARISHY (P<<0.05). P50l Z Fe K& i MR B IMRUCH AL bR . TR HETR
AR, EIHERR . B HEIR SRR, AR bV A AR VR ME IR SE AR S T HEAR | B ME TR S R A B 2
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Figure 1 Litter maximum water holding capacity and maximum water holding rate of different forest types
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Figure 2 Litter maximum interception capacity and maximum interception rate of different forest types
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Figure 3  Litter effective interception capacity and effective interception rate for different forest types
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Figure 4 Variation of water holding capacity of litter with soaking time for different forest types
242 AHHEEOKERMIZOKE KT WA S PR 4 FhERARISELIE 35 12 K 3R AL 12 K 55w
2.0 h WRE T FE, FEEIK 2.0~8.0 h, MKEAREHALZGE, (EIK 24.0 h N, WOKHERIEARN 0. - 70fif



5 41 55 5 ) BB A - 30 i AN TR] ZR RIS T A 7 ) 2 K SR 965

®3 AEHFMEERBZDFEAKEMRKERSZKEKEOLEHE

Table 3 Simulated equations between water holding capacity, water absorption rate, and soaking time of litter in different forest types

L i FoKEw) S5 () WK GHR () I (0)
TR WEDZ
EUEY:E= R EYEY:E: R
Koy i)z w=0.14 Inr+1.63 0.97 y=1.63 £*% 0.99
AELTE IR AR )
PO w=0.11 Inr+1.79 0.94 y=1.78 % 0.99
- Kotk w=0.23 Inr+1.75 0.98 y=1.73¢"% 0.99
i
o= w=0.15 Inr+1.80 0.97 y=1.80 £ 0.99
N RIMIZE w=0.16 Ins+2.12 0.98 y=2.11¢°% 0.99
TR A )
)= w=0.11 Int+1.63 0.94 y=1.63 % 0.99
A Ko iZ w=0.22 Int+1.52 0.98 y=1.521°% 0.99
it
PoriRIZE w=0.17 Inr+1.62 0.97 y=1.60 £ 0.92
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Figure 5 Variation of water absorption rate of litter with soaking time for different forest types
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