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Abstract; This research aims to study the variations and differences in the water conservation capacity of typical forest
stands in the eastern Qilian Mountains, and provide scientific support for the enhancement and management of regional
forest water conservation capacity. The study focuses on six types of forests in the Beishan National Forest Park, including
pure spruce forests, pure birch forests, mixed spruce-birch forests, mixed spruce-poplar forests, mixed birch-poplar forests,
and mixed birch-larch forests. Field measurements and weighing, indoor soaking, ring cutting method, and correlation
analysis methods are adopted to determine and analyze the hydrological effects of the forest canopy, litter layer, and soil
layer. Eight indicators including canopy interception rate (%), undecomposed layer thickness (c¢m), saturated hydraulic
conductivity (mm/min) , and soil water storage capacity (% ) were selected through sensitivity analysis and correlation
analysis, and entropy weights method and comprehensive index method were used to evaluate the water conservation capacity
of forest land. Results indicate that the water conservation capacities of the forest canopy, litter layer, and soil layer in the

six typical forest stands in the eastern Qilian Mountains were affected by the type of forest stand. (1) The interception
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capacity of canopy vegetation in different forest stand types is as follows; coniferous forest>broad-leaved forest, mixed forest
>pure broad-leaved forest. (2) The thickness and storage of litter showed a consistent trend, with pure spruce forests
( needleleaf pure forests) having an undecomposed layer>semi-decomposed layer, while other forest types ( needle-broadleaf
mixed forests, broadleaf mixed forests, and broadleaf pure forests) had an undecomposed layer<semi-decomposed layer.
(3) The overall soil porosity and saturated hydraulic conductivity showed that the mixed forests are greater than pure
forests, with needle-broadleaf mixed forests are better. (4) The comprehensive evaluation of the water conservation capacity
of the six typical forest stands reveals that mixed spruce-birch forests (0.746) >mixed birch-larch forests (0.547) >mixed
spruce-poplar forests (0.504) >mixed birch-poplar forests (0.480) >pure birch forests (0.467) >pure spruce forests
(0.244). As a whole, needle-broadleaf mixed forests could be considered as the target forest stand for regional forest
structure adjustment and new forest establishment, especially mixed spruce-birch forests and mixed birch-larch forests were

preferred. Directly establishing pure spruce forests should be avoided during creating new forests.

Key Words: plantation forest; stand structure; vegetation layers; water conservation capacity
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Table 1 Basic information table of sample plots( Mean+SD)

FEE PERE e ppn PTEE e i e
Plot quantity Stand type Mean dlame'ter A Mean tree height Density/ Canopy density Altitude/m Slope/(°)
breast height (#k/hm?)
6 PcK 12.20£1.15 9.76+1.35 3217527 0.8+0.04 2774+20 27.5+6.7
6 BpS 11.56+2.32 5.88+2.51 2158+706 0.6+0.14 2754+42 36.7+5.8
3 PcKxBpS 9.50+1.68 6.71x1.04 2960+1075 0.8+0.20 2690+75 35.7+4.9
3 PcKxPcR 13.93+£1.23 9.96+0.67 2490+644 0.8+0.10 2709+47 32.7+4.9
6 BpSxPcR 15.39+3.50 9.63+2.84 1476+463 0.8+0.05 2714+68 37.5+6.9
3 BpSxLpM 13.85+2.43 7.96+1.00 1422+162 0.7£0.12 2650+32 36.0+4.4

PeK: ZAZ4IHK Picea crassifolia; BpS: HHE4MK Betula platyphylla; PeKXBpS: SRR Picea crassifoliaX Betula platyphylla; PcKXPcR “EHE IR
Picea crassifoliaxPopulus cathayana; BpSxPcR: FHHET 1R 5 Wk Betula platyphylla X Populus cathayana; BpSx LpM; H #E7E A IR 2 WK Betula platyphylla X Larix
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Table 2 Water holding capacity of litter of different stand types
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. Maximum water holding capacity Maximum water holding capacity
Stand type L. Sum

of undecomposed layer of half decomposition layer
PcKxBpS 24.57+1.50a 31.33+0.81a 55.89+2.32a
BpSxLpM 22.19+6.14a 27.71+0.26a 49.90+6.23ab
BpSxPcR 22.69+1.16a 26.34+4.76a 49.04+4.83ab
BpS 21.37x1.12a 27.41£2.71a 48.78+3.58b
PcKxPcR 16.38+2.51b 20.72+2.48b 37.09+3.37¢
PcK 13.21+1.32b 10.74+1.9¢ 23.95+3.1d
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Table 3 Soil physical properties of different stand types

- - EBEE KA THEEKEE ME KR
. AR B FLIE BB - o o mo
Mo . . LB Non-capillary water Capillary storage Total water storage
Noncapillary Capillary . . . .
Stand type X . Total porosity/ % storage capacity/ capacity/ capacity/
porosity/ % porosity/ % (v/hm?) (/hm?) (v/hm?)
PcKxBpS 5.24+0.24a 56.07+0.56a 61.31+0.78a 314+14a 3364+33a 3679+47a
BpSxPcR 4.74+0.62a 49.52+3.14b 54.27+3.00b 285+37a 2971+18b 3256+18b
PcKxPcR 4.71+0.11a 53.45+0.82ab 58.16+0.92ab 282+6a 3207+49ab 3490+55ab
BpS 3.76+0.66b 48.64+4.79b 52.4+5.16b 226+40b 2918+28b 3144+£31b
BpSxLpM 3.27+0.07bc 52.72+0.48ab 55.99+0.43ab 196+40ab 3163+29ab 3359+26ab
PcK 2.89+0.33¢ 49.58+4.46b 52.47+4.34b 173+20c 2975+26b 3148+26b

IR KR B b B S MR K L i, B S AT LLE | N R AR S 2R RS KR 1) 22 5
FHXTR N, IR A2 HEEE AR (1.16mm/min ) Ml =2 EH IR (1.19mm/min) I EUE B & & T HAb AR
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Table 4 Description of primary indexes of water conservation capacity evaluation

5 AE#HSERTEBINSKE

Fig.5 Soil saturated water conductivity of different stand types

~ . PRiEZE AR BB Y

st R it s ik A
Standard Coefficient of

Index Value range Mean L. .
deviation variation

MIEHL B R Canopy interception rate/% 19.39—28.86 24.99 3.54 14.15

ARATRJZIESE Thickness of undecomposed layer/cm 0.84—2.46 1.55 0.59 38.39

253 J2 5 Half decomposition layer thickness/cm 1.15—2.66 1.82 0.55 30.38

Fo)2 B B Undecomposed reservoir volume/ (t/hm?) 4.86—11.77 8.14 2.47 30.39

2 2 E TR Volume of semi-decomposition layer/ (t/hm?) 8.25—12.44 9.77 1.68 17.24

Syt )2 i Rk

ARIHRRIR I B , , 10.74—31.33 22.40 7.65 34.16

Maximum water holding capacity of undecomposed layer/ (t/hm~)

NYY4 == £k

:':J},%gﬁﬁﬂijd% kEE . . o, 13.21—27.71 21.71 4.87 22.41

Maximum water holding capacity of half decomposition layer/ ( t/hm”)

T FNS: 7K R Saturated water conductivity/ % 0.63—1.42 0.90 0.21 23.36

AE B4 E /KBE S Non-capillary water storage capacity/ (t/hm?) 151.8—324.6 240 57.1 23.77

BEEKEEN Capillary storage capacity/ (1/hm?) 2587.2—3390.3 3051.4 243.5 7.98

2,42 PPNGE

M 5 oI, S ARAR AR S0 AR FE 0.099—0.143 Z [a], Horp G2 AN 11.9% K752 F 32
FIAEE Z N 88.1% , S5 A& Y2 1 B2 S M B KK e i EEAEHZ

2% 6 AT, 45 MRk o 2R R0 K 508 5% BE 1 36K L R BN = K2 FAHETR S8 MK (0.746) > I HETE i TR 28 Ak
(0.547) >mIZH IR (0.504) > FAHET TR IS (0.480) > FAMELIAR (0.467) > mAZLIK (0.244) , ] DLAT i
TR ASAR Y 7K U500 7 BE T 5t , B TR AS AR S R 2Rk =2, B I Sl MOK DR 52 B8 ) d5c 22 , o B R SS PRI 7K
VR TRRE J145 53 20 R BT I SRR 7345 2.07—3.06 %, LT RRTR MR, RRIIE 2 42 FIMETR S MR 1 HEDS A
TR AR AT A Ay X3P 3 235 HA) TR 42 T MCES 3 1) AR T 8, 5 L3R S B B s s A Ak,
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B 6 #harKiRiETREE N VA EIRE X SR
Fig.6 Correlation test of primary index of water conservation ability of stand
AR & Canopy interception rate/% ;B1 KAt JZEE Thickness of undecomposed layer/cm; B2 202 R E Half decomposition layer
thickness/cm; B3 : K43# /2 E FUR Undecomposed reservoir volume/ (t/hm? ) ; B4 243 JZ & LR Volume of semi—decomposition layer/ ( t/
hm?) ;B5 . KAHit)Z 5K FFK B Maximum water holding capacity of undecomposed layer/ ( t/hm?) ; B6: 43t /2 5t K5 /K B Maximum water
holding capacity of half decomposition layer/(l/hmz) ;C1 U FNF: 7K # Saturated water conductivity/% ; C2; FEBEEKEN Non-capillary water
storage capacity/(t/hm*) ;C3: B & /KBES] Capillary storage capacity/ (t/hm*)

®5 KEHFTEE DTN SIHERNE

Table 5 Weight of each index of water conservation capacity evaluation

$8H7 Index U Weight F8H5 Index AE Weight
R *ﬁﬁ?%ﬁ'ﬁkﬁﬂii .
0.119 Maximum water holding capacity of half 0.143

Canopy interception rate .
decomposition layer

AR IR 0132 RIS/ &S 0.142

Thickness of undecomposed layer ’ Saturated water conductivity ’

o fift)2 B 0.132 EBEEKES 0133

Volume of semi-decomposition layer ’ Non-capillary water storage capacity ’
SRR KK A .

RIPRRIRRATOR TR

Maximum water holding capacity of 0.099 0.100

Capillary storage capacity

undecomposed layer

F6 BIMKIEEFENITMER

Table 6 Evaluation results of water conservation capacity of each forest land

MAPFEB Stand type PcK BpS PcKXxBpS PcKxPcR BpSxPcR BpSxLpM
443 Composite value 0.244+0.039¢ 0.467£0.078b  0.746£0.033a  0.504+0.079h 0.48+0.059h 0.547+0.074b
3 g

3.1 ARG KRR BE ) oA
RIS AE AR SCHE PR rh 3 100 45 JE A A €0, 1 D92 28 R /R 3 K R A 1 2 J2 0k, HE TR BT B X
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T A e R B UEA T SR BRE A TR, SR 3 ol I W B RA K R SEBRAG O2Y  RREA FER BE R TE
AN MRHD 22 7] 25 53 4 3 (P<0.05) , RIL R EF MRS R AR TR ASHAR TRt 2libk, X 590 X105 88 5 o
GER—F P TR, — i, MR S Y e R TR B A K K, X K A I R R i I A
AR, HIRASHRAY 25 [ A FH 3 AR T AR 45 53— 5 T, ARGeE 48 B o 52 300 078 2 PR o285 B2 S ), Bt
A BB I, LK R SR A bl AR AR AR ST e R b A BRI 24 7 20—40a 22 1], AR 4RSS i T
RIFP L 223 A S BRI AR B B, T o AZ ST AL T S AR B, DXLk, MRGeEE AR B e T AR — e 25 5
Wt A A 184 IS AT JRE R4 P T R o, EAMACREAR B it S AR A B 0 0 T X s AL A 1
JEIE R T HAAR ST A OHAORE 8 BA 1 R T A AR 432880 bROes A8 P SR A R E 19.39%—28.86% Z[H],
5l 22 R R R R (14.7%—31.8% ) — (',
3.2 ARG 5 IRTE YK SORN K R

HVE )2 0 BE ) T2 22 B TR W it AR K BE T A5 78 ZRAR K SCRIURE AN AR 2557y 473 35 AN 1T
BB (AT VR 2 RS T S A R I AR B AE TR TR TS L, T LA RO 2 AR 1 5
Bk, RIS A I aS g , vl Lok - 380 M R oA B AT 2 b | 5 6 5y 0y 1) a2 £ FNAZ 8 AT S — 5 1T v] LA
THAS T 0 (0 53 A%, 55— T T DA 3% K B 4, B8 m - S FL BRI 4R TF H A B PERE D ARHF
FEL4E T R P45 0 V52 P e R M FAMRAEAR , /N A = A2 4K, fie KRB R B /IMELA) 1.67 1%, X nl REZ N,
— 7 THI 5% S PR A i E) A BRI, AR A ZR B R AN B a3 T ML MR A R AR AR A SR A R S —
05 132 BIAS R AR 53 28 70 AR 2525 FIAE )2 RS R AN (R 3 2 TR I 0 1) B B L R i i R S A AP A — S Y 2
5, SEHMTEY R R 8 ZE 2 R R K PR REAS R S

IMIERE W St AR I ST 45 S R AR 021 o0 it 2 I VS B R B Y K TR 2 5 1 KR4S BT A
RAMRIZRTLA0Z 0 B RIRASHMR 2N TR0 mES . RFRZ R S5 RIR SN R —,
bR = AZBRA , LAAR 3 2RI R )2 /N T2 50 A 23X 1T R BRARIS AR FPRE I K A (Rt SO 455
K, WTEYZKIRIATERE 1 IR E RV SR> [ R S AR (BRI AR SEF 2k, 3 5 P B RENIE 55 1
WFFT A R— ) X T R 2 20 UA 5 W 4L AR, R JE ORI A B AR T 1 A R ) 6 45 43 A S 300 sk %
AR
3.3 AR5 HHEZ KSR

K SO T FRARIER R IR A BE T, LB R AR g A K R MR AR R K A A,
H AR AR 2 2 JR T MDA A i | o it o B b AR X 4K 43 IR MSCAS [, DT 5 380 - 4 P A P I
FHE—E R LB AL BA B KL, RES P S B MO AR R T8, NS+
KA AB I, FLBR B 2 MR B TERESR " ARBFFE T, 6 R4 28 B A4 3 B 48 FL IR s FL B R 7
ARG IS B 2 ] AR AR A — B, AR R I IR SR AL T2, S/ N S AZ4lbR, 33X 0T RS2 PR TR 28 A
AR L ISR TR A, A R B KM, S B S M RS R A O AR BT AR,
FIRESE I ARHLAS B [ AR IR B AR Z e D 1), LT AR Bl — PR EAR BAS 2 Bt A/ | -3 A Fy
B R B LB SR T KA B

TR R K AR T RIMIR AR T 2lbR , £ R SR T R RS, X5 5B ESCRIRBLAE 5T 45
FA—B ) X AT AR R A S B BT 22 TR A7 — a2 B O, AR 10 1) 16 B G B R85 v AR A7, LA AR AR
M FR RIS KA K AR N MG T4 & 3 22, I FLIN SRS 75 40 16 43 e, 38 0 = 96 ML, e 28 330
I G CR IR
3.4 AR[RBRGEBOKIERSERE I 2B

Hit& 2 32 SN R bR S EE 19 88.1% , 5 R G838 38 T A Jy il 9% 1 22 0 - 38 )23 2 /K R ek 3% 1)
AR, b7 ARIK IR SR 5 85% 2o A7 B LS R FEAR— S0y 'O R, 7R AR K R A B R T B A VR 4
JER 3R DT TR T RERT DL AR A 45, 35 % T4 97 AR bR AR 25 R B8 1 K S Fnml R & e B
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MK PR TR BE S PG S5 R 2 A2 TR SRR A A TR S AR 7K IR IR RE S AR 05, il 5 42
SRR AR OK IR SR BE TR, RITRSSAR /K IR I = AE 1 W S R T4k, BLAEIRSSR B RR SRR 7K
T FRRE ) TR, X —25ie G2 # 2 A R B, SRS AR I 7K R T R e
A RAR TR A, BB T Mk, sk RRORN , —J7 |, = 2 B9 E Y AR AR 4 4R B BEE B, 5
SR — G PR, 1 AR RN B R I A s 55— 07 1T, W ST IX B 2 A2 SRR 1 R b B AR A
20—40 AFAz  H M Al 2 2220 AT SRR B, T 5 AZ S ARATI AL T W e AR B B, PRLIRG , 738 T B
RIS, B30 G LS 1 A2 Al

4 it

AR AR TR DX 6 T B RUBR P MRTEE 2 Al T 402 R0 - 358 2 ) K 5L 5 B 1 52 B AR - B 52, (1)
AN SRR A B RE 1 B RS R B TR AP S B I Al R s (2) il v 40 1) D2 i A2 A 3 —
B, ALK (T 2bK) BRI IZESF 002 AR JEB (B TR ASAR | R R SSMO R i 4l b ) 32
RIARIDZ /N TR RZ . (3) THEFLBREE R AN G R AR ERBUNIR SRR T 2libk, H A iR A2 pk
B, (4) AFEWERZU A Al 2 A 582 B K IR IR RE ) & MRt S K IR IR RE T 1Y 88.1% ., (5) W,
AT 6 A IR K PRI R RE T O 255 WA 4 SR AT LU S A2 MR ZS AR (0.746 ) > A 7 I FA TR S bk
(0.547) > EAZ T IR SR (0.504) > HHET IR M (0.480) > FHHELIIR (0.467) > A2 24K (0.244) o L5 E 5T
WE TR S ARRT AR SAy DX SR R 8] 4 AR S B AR AR, e Sl D0 156 2 A2 13 MR SRR 9 AR i AL R 5
MR TEE TR | bk GBS 1 A2k,
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