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Abstract

Water conservation and soil conservation are the most important function of forest ecosystem
services. We took Luoshan National Nature Reserve as a study area. According to the forestry in-
dustry standard of the People's Republic of China “ Forest Ecosystem Services Evaluate Specifica-
tion” (LY/T 1721-2008), we measured some indicators such as precipitation, soil bypass flow, soil
unit weight, amount of soil nutrition, and soil erosion, etc., which could calculate the values of the
water conservation and soil conservation service. The results show: 1) Different vegetations have
the significant differences in annual amount of water regulating, amount of water regulating per
unit area and the value of regulating/purifying water (P < 0.01). The rate of contribution of dif-
ferent vegetation to amount of water regulating in study area is Chinese pine > other bushes >
spruce > aspen > Caragana korshinskii > white birch. The amount of water regulating per unit area
is Chinese pine > aspen > white birch > spruce > other bushes > Caragana korshinskii. 2) There are
significant differences in soil conservation value and soil conservation value in per unit of differ-
ent vegetations (P < 0.01), the soil conservation value is Chinese pine > spruce > other bushes >
Caragana korshinskii > aspen > white birch. The soil conservation value in per unit is spruce >
Chinese pine > aspen > white birch > other bushes. 3) There is the significant difference among
fertilizer preservation values of different vegetations (P < 0.01), and it has significantly positively
correlated with the content of nitrogen, potassium and organic matter in soil. The fertilizer pre-
servation value is spruce > other bushes > Chinese pine > aspen > white birch > Caragana
korshinskii. There are no differences among the fertilizer preservation values in per unit of dif-
ferent vegetations (P > 0.05).
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A SCRRHE PN RIEA EARALAT Wb e (RIS R GRS DhRETFMAATE) (LY/T 1721-2008), UTE
Z I BRRF XA FEFN AR, BEWEFAX AAFEG B EN R CRERE. TIRAE.
B DRBUMBE SR, WU X WA REROKIFRRTR. R E LR R EMNME BT,
BRUTER: 1) ARAEFATKE. BAUERETKE. #@W/S# UK EFREZEZR(P < 0.01),
BHARSHEREZEEMR, MHXARLH0.88. AREBHIX AT KRTIME MWL > H
fER > =2 > WH > 7% > B, ROEBRRET /SR ERMR > Ul > B > T >
HAEAR > frék. 2) ARERELME. BATRENMEFREZESR, BEMMEHmR > o >
HAEA > #r% > 0 > i, BAERELMENEE > s > L > A% > HER >
k. 3) AAEBREMEGREEER, SHLBPE. 4. FIRSEEEZEEMX, RIENERNS
o> HABEAR > wiid > 0B > B > ik, AREREAMEREBEMELEEER.
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1. 518

AMAESRGHAEME . FMZHE, RUETEmR. A mERr[l], REREM RS RS,
FEYEREE AT TR KSR R A AEVIHAE IR R GE[2]. KU TR . RE LHORRMES KRG HEEFIA
Bifk 55 hae. ARARIIKIEIAIR D REE I MR MO AR Rl ) 4 ABORT S 8 Z0OxT Bk 8 14 7 0 O R A
BUA[3], @RI T AUKIR TR IIRE, FEIRU R IR RISR A, R KA 7 B 21 B 1%
[4]. BL4h, %§$$EE%§§ééﬁl_IiJﬁd>j:%atz o, G HIRIE SRR, SO IR, TR B R
FIZIEELS] [6]- % L EZRG HARRIP X S 221, NELFE 4 9 T B = KRR X, 2 7 B B /K
FEMANX I A A IR I B BB FR[ 7] A SO 2 1l B 5K 0 B AR ORGP IX A AN RIS R /K IR TR A IR
EDIREHEAT R AT SAME PP, PR AR BERAGE IR KU R B R 3ERE IR/, H B3 HE X £/
PIXABRMAES RGUKIGHTR . HIREREMERRAR, AR XN R IRIN S B s 5 Rt
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FIR IR,
2. RREXER

TEY W EZRG AR XA T 7 B EGE A A X R AT RO B SF S R XN, HhEif B
37°11'~37°25", ZR4 106°04'~106°24", HH R Jb7E [F] 9K /N2 I AN L4444 1 [ 8] ¥4k 1560.00~2624.50 m,
ST 33,710.00 hm?, #RHARTE 25 % 18.13%, TE L ACE BRI 220,434.82 m® [9]. {37 X R T 5 Kbk
PSR, 4B BKAE10], 4718 H R 2881.50 h, 47153 7.2°C~10.6'C, 4E-T- ¥ [%/K & 268.9 mm,
Rk B AT BAERRARL R, P78 K BN 2460 mm. {147 X R R B e T etk ik
2100 m DL (BRI AN L BE BRI A e B R R, R B A S LS LU0 8 B SEAE T RANEAR AN B
Mk 2100~2500 m, EBESAA ML (LR IM . RS Wk 2500 KEL b, FENAZ . L%
KANFL FZ LR WA KL AR . RES L A L R L B
b 45, I AT B R R AR

3. MR5A*®
3.1. SRSt

2017 £ 1 J1 % 2018 4¢ 12 3, FESZHWSRATF AR A8 A EE A I A2 MRS LR, EREAR L T FR 2B AR
oA EA IR . 2% HEACMR I 258 B PR AERE (20 m x 20 m) 3 Bt. 7E S BRAERE LA, TSR HL 3
IAAESC B Ty TR EBCE T mox I m RS T O AR PR AR AT B A ARHERE BRI 1.
Table 1. General situation of the standard sample-plots
1 AERMIER

e
ES

CEALT

HMhm?  ZpEEr S TR pH A Bt AR

FAHA 30 cm 8K T 30 cm B LLEUA BT TR,

2% 608.30 106.26 37.26 X+ 8.86 0.51 N . .
fr& R T ) EUR s Bk e

i . TR R TR R TR,
gk 104380 10631 3731 HBE 818 050 i bkt AIybHEL .

&I E _ER AT 2> A HLUEUZ (0~20 em) 5 AR (20~40)
Lz . AR E 2R AR, BSRUZ /RN 30 com £H
AESRUZ, B 40cm i, BRERES BK A BBEYCIRVER,
WRSEEAR B S WRRES L THECHL, — RO L.

T BTN 22 A HUBUZ (0~20 em). 5 AR (20~40)
MR . AHLFUZ 2K G SRR/ 30 cm £ 4
AIEHUZ, JBERE40cm A, BRERES BIK A G PORER,
WR SRR B S WRRES L BT ECHL, — RO L.

3 B 2 9 A HLURJZ (0~20 cm). £5FRJE (20~40)
EEFZ . AHURE 2R AR, FIRZAEE /D 30 cm £ 4
AESRUZ, JBREE40cm fih, BRERES 2K A BBEYCIRVER,
WS ERAR B S WRAKRES L BTHECHL, — RO L.

T4 TR A 4 N S8 B 5 2 (0~30 em). i E 2
(30~60 cm). JEFHZE(40~100 cm). JEAE T 2 B A YIR R
FE, BB, POy FIE L BRI L, RRIREH,
YRR SEEEREE, By
BIEEONE, pOREHUIRGE M, RIEsE, fLBR. RARRZ.
WERE L By b e E R, DO R
WL, ROREBUIRGE ), B, LR 2D,
IRIEIHE, AR Ek.

WS 79050  106.29  37.27 KA+ 783 055

[SLi 19.90 106.29 37.28 yEKESL  8.03 0.45

% 20840 10629 37.29 k&S Et 803 040

=1, 56820 106.29 3729 HEK#EE 8.02 043
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3.2. MXIBHMES E

3.2.1. FEmENE
HIF 78 DX P o R 0 RV A1 BEAE A AR AR 3 A PO S, RO B Jm SRR PR B R B A, i

3.22. TIERE

M 2017 4E 1 HA2 % 2018 4F 12 H, #FH 15 HRELHAEN, WHiB R BFK, 7KL RN KA.
RIEZ RS AR, FRX HRERE, —M8Z 100 cm iR, M EIERZE 50 cm LA ACAVIRZ,
AT KEMA, TIECRERME, KBRS 40 om. 76 &FECRAE A, 45T 0~10 cm, 10~40 cm
+EEEE, & tE3ANEE, HEREEE, MEENSRE, TG EREEERIR R, %65 92k
BN, AFAERE ] AR AR R RS, i 100 AE, SEEASHER, HT RS KE. LiE

IR R E .

3.2.3. TIMtEKENIE

KBTI E 35 B B K [11]. W% L ERE R LI IR G35, I — TR SR E,
R 59 JEERE. HEA LEEMNEEE T 105°C £5C T EEREFEIE, BN THRS
W, %H 20 min FRE, HESZE TSR ESKE, HEAXWT:

SMC =[ (B, +W, )—(B, +W, ) /[ (B, +W,)—B, |x100%

By MTHIGER: Wy MTH LA By MTRHAER: W HFRIIRAER: By
HFHRANER,
IR SR £ 00
SMS = SMC x px H

. H: SMC (Soil Moisture Content) A% 2 T3 & /K&, %; SMS (Soil Moisture Storage) h&; = 13 fig /K &,
mm; p ATIEAE, glem® H NEZEHEHEE, mm.

3.2.4. FZEBEME
KK E AT AR E, AR
E=P-ASMS -R
AR P NKABEKE@MM); E NZEEE(MM), ASMS A3 /KALE(mm); R NyHIEZ R E(mm).

3.25. TIRERENE

KPR B0 5 AR . A AITETRAR . MEARMMbR S HEREH P T, B AR B IR FRR
B, YWE >5, SHREAEAN 04 m?, HAR 4 BRERUN 1 m x 0.4 m 1) PVC AR KL, AT
30 cm 4155 10 cm, 7 1k B R 8 o0 A RE AR AN B 23 E N, AR AR B8 DY R AR AR = 45 5
cm. 10 cm. 20 cm F1 30 cm Ab33 1 B FRE MRS R, 2 i F T IS s 3R A2 (0~5 em) R H i (5~30

cm).

3.2.6. TMIENE

FRRAG 5 SRR IR FE 2, IR JJFEAE E A= IR JI (R # % 0.01 g) 1, 3R] AR b FLEAK,
BRI OE FEEEANLS, EERTIETRER LN, SN EE 3RS HELE IV
JIFE BRI ERE, BUH S 7 R0 T], FIHIEJT40.0 83 T B 2 2 1+, SRR 14 1+,
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SRR DL K A 2K, iR SRER = . KGR LREER IR 5T, AR TN, 7R 105°C £2C R
T 4h, BAETESDAHNE, HREFEHZE 0.019).

3.2.7. XWMFELHME
TR, AR 2MIESIR (CEERATTY AT [11].

3.2.8. TMFEMEBNZE

K FHANEF R E IR R . K E A% 0.5~1.0 cm. & 50~100 cm S8BT TR FANER, Y E TR 7 I,
BB oy B AT AR ER L, FTIE S35, RIRAER, Yu's B n M, 7] ) b A
FERFUR PR JG, WL AT e B T o 5

3.3. Xt E R %

M R AR N ISR E MM AT AR AE (FRMRAEZS KRGS DIREVHALALTE) (LY/T 1721-2008), FRAEFE
KIR FE BTN RE R IR I el R K B8R A AR AR R =AN 5, AW E R T K E K
SRR A AT S VRN, SR B CRRE AT OB VAL - IR E T3 D g 2 B IAE [ AR AR P 7 TH
FRMR L = 3y B8 32 B AT PR B DXAE X T8 AR Rt DX k2> 1) H 3842 P E3EAT A 5, CRAC D B2 18 A Akt
X AH L TRt b [X /b 320, B e KR ) 3 DL R IR R E =, Blana. B, S
MURSE, Bk I3RS N BfRfabs Kt B ARE 2.

Table 2. Evaluation indexes and counting formulas for forest water conservation and soil conservation function benefit
= 2. MMEFKIERFRE DB REMFITNIERRAXTEAR
Bl EisL AR VA TR

G, :10A(P7Efc) H
TR KR Kef: G MK P MK, B0 mma’s E MK ZEECE, A7
mmal; CAMERRE, B mmat; AN, B hm?.

jgg Uy =10CKA(P—E—C): Ui =1OKA(P—E—C):
_ A ATt K U w A ERTIKEME: U IR TR E: C v 7K PR B AL
IKIER=S B ALK R ICat FER PR (IR AME . TREEAN . 4EP0455E), Jot Y P oABRKE, ¥l1: mma™;
E WM ZECE, B4 mma'; C AMRERE, B4 mmas A NHSEE,

Hfr: hm?s KK ER A, . Jott

Gy =A(X,—X,)s G, =AP(X,-X,): Gy =AN(X,—X,): Gg=AK(X,-X,);
K Gu AMER T8, BA7: taly GoONBARERARE, Bl: ta’; Gy

R - et DB SR, BAAL: ta s G NI AR R R, BT ta s X NMRHL AR
PR, B4 thm2a X ATEMRHL IR, AL thm2at A DNARSMTH
i, BAT. hm?, N RIS EE, BA: %; P RATIESEEE, M. % Kt
EHE, B %.

. Uy, =0.024AC, (X, - X,)/p s U, =A(X,—-X,)(NC,/R +PC,/R, +KC,/R, +MC,) :

+-43 e U A EE LNME: U AR FERIENE: C ATSHUATIE it A A £
TR p NUBHITIIRE, Bhi: tm® XOWMH IS i, ff
thm2ats X MMM IR, B0 thm2a s RIS, TEREHAKX

e, L TR K 385 P R BT S I 30 U(hm4F).
fRIEta N A EHER AU, B0 % POHIHARER, BB % KAEMEG R, B %,

MM HIRANUTE R, B %, RoOVBER BN SRR, AL %: Ry Bk
B2 “HACNDEBER, AL % ROVEMAMUIC S AR, S0 %: CoONBER 4k
NEAHE, Bl Tet Co NS LILI S, SpL: Joth CoONABURMHE, HhL:
Jeth ANBRAMTR, AL hme.

e AT R A HORIE T RS RGUIRS THREASTE) (LY/T 1721-2008).
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4. ZBERE S
4.1, FEEHATFKIRThEELLE

4.11. AREHBEFRKEDRELE

AN R W 7K YRR T 0 R A W 4 2 2 5 (P < 0.01), AN IR 7R /K IR A o B K, Oy 9011.28 + 237.28 t-a Y,
HAEARS K LR EES: SHRITKEYRRERZ, BUICONLIHIREE, ERERIEKIEY) R 5D,
10k 787.45 £ 1511 t-a ts AR AL T A T K B R 2 2 7 (P < 0.01), Wiks AL BRI KRN
T A R R R B, N 46.22 + 10.17 ta, IS AMILMERE ER: SASEA BT KR 5
HREESR, HE5AK. . LEALESR, N 36521359 ta"; FracrmBIET KRR, L
9 14.81+0.39 ta* (14 1).
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Figure 1. Water regulating amount of different vegetations

E 1. TREHETKE

4.1.2. FEEHETFAGRINELLER

W% 3 i, ARG R KR A 2% 225 (P < 0.01) AR5\ A A AN (B B v, LA
HSHERZEZR: HRESE, SHAMEEAEREZER, BUCul, RERWFEREER: ®RENA
He, 5 HAMRE A 55 225 ANFEEBON BT T AR T KR TTik A ke > HAER > 22 > g >
Fraf > B AR BT A R, W TT XA R R AR 97K B 5 LT AR 2 2 2 A R R A (P = 0.021)
N TR A BT A S A AR A W 3 2 5 (P < 0.01) o B THI AR AR T 15 A b K AN (B R fi v, AR L
MERTEREER: sk, TMMERSHEREZER: PO 250 ALK EE AR,

Table 3. Water regulating amount and water purifying amount of different vegetations
= 3. FEE#HIBATKSEKNERILE

Fed i)ﬁ%ﬁmﬁ m@qma %ﬁﬁﬁiﬁ)ﬁ*ﬁ@dﬁﬁ %ﬁﬁjﬂ&%@dﬂﬁ/ iﬁﬁ/i%%k
I(Jizca™) I(Jirca™ /t-a +hm™ (t-athm? TTERER

¥4k 7.20+0.19¢™ 1.89 +0.05¢™ 118.36 + 3.12¢™ 30.96 + 0.82¢™ 0.08
HAbREA 27.13+2.11a" 7.10 £0.55a" 259.87 + 20.24b™ 67.98 +5.29h™ 0.31

s 29.19+6.43a" 7.64+1.68a" 369.27 + 81.27a" 96.59 + 21.26a" 0.33

4 Mg 0.63+0.01d™ 0.17 +£0.00d™ 316.17 £ 6.07a™ 82.70 + 1.59a" 0.01

¥ 7.40 +0.06¢™ 1.94 +0.02¢™ 355.05 +2.84a™ 92.87 +0.74a" 0.08

Py 7 16.58 + 1.63b™ 4.34+0.43b" 291.79 + 28.70b™ 76.32 +7.51b™ 0.19

d: 7. P<005, 7 P<0.001 FFIARRNE FRERERLE.,
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REVEER 45

4.2. FEIEHEFRBTIEIIBEELE

421 FREHFELRVREBLEER

W] 2, AR RE A ] A A R 22 (P < 0.01), AR > Wikd > 75 > =& > il > A,
HPZEFE T E® 5 ATREZES . AEEYE A AR B 2 2 7 (P < 0.05), = AZHALIHFAFH
+EHA, N2969+0.16ta hm2, Sk, WAATCREZES: WA A A E RS, H
AR, AMEEE XS ARSI E R, U 27.73 £1.17 ta “hm 2,

e i —o— AR 5

35000 -
30000 - 30
25000 | g 29 §
ki
~20000 - 28 &
- =
& 7
15000 - 2=
H =
10000 - 262
B
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T
o4
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T
[\
N

e AEVNG T REOR 22553

Figure 2. Soil fixation amounts of different vegetations
2. TEEHELE

wmE 3, REMEEEREAWREEZEREP<0.01). 2B ERE, N 9856.18 +1052.96 ta ', 5
AR BEES: Witk . At FFREERERTHMER, =32 LREER. A
i) A B A T R ] A A e 35 22 7 (P < 0.01) . PR IHIR A2 [ R B, N 17.35+1.85ta “hm 2,
M A BEER: W, . AR, A=F 2 MEEEER; AR REAR R R B

THrsk.
e B —o— AL E AR
12000 - - 25
a
10000 - o0
=
8000 a =
= 155
© N7
:/6000 1 @
® 10 E
E 4000 - =
=
i}_[
2000 - 2 rsoE
>
0 d =0

& &
S
§
T AR/NG FBEOR 225 5

Figure 3. Nitrogen fixation amounts of different vegetations
E 3. TRE#HERE
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w4, ANEREYEBEEGREEERP < 001). aSEERS, HSHMEATLREZER: M
Rz B, kBB TR, BWNEELREERES: AMEBERE, (O 9448 + 7.86 ta .
AN F R A T AR ] T B S 22 (P > 0.05), =42 > ks > g > At > HAREEAR > 5%

o [ —o— SRR [ B

6000 - -9
L8
5000 -
L7
£
4000 - L6 2
- ®
g Fs5 S
<3000 - =
g L4 &
] D=
2000 3E
_2'\’—
1000 - e
i
0 - Lo
3 A I (N U]
{3%\&«”@‘ ‘-g\ N

%
e RN PRS2 S0

Figure 4. Phosphorus fixation amounts of different vegetations
4. TEIEWE#HE

W] 5, AN [ M [T A A S 25 25 S (P < 0.01) o Ho A JE A 149 B A v, 9 191,199.59 + 12,176.43 t-a
HE5HAM A REES, AMEBER/D, U 2259.37 + 263.16 t-a . AN w4 1 27 i AR [ 40 B G S
EZERP>005), =2 > HAWEAR > Wis > 1 > AR > 5%,

o [ £9 —D—%ﬁ?ﬁi?ﬂlﬂ@]‘%o

250000 -

200000 - 250
200 E
% 150000 - %
< 150
%100000 ] %
100 &
=
50000 - 0 3
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E O N
ta
e RRNGERAR S

Figure 5. Potassium fixation amounts of different vegetations
5. FEMEHKEHE

422 FREHFAELRNESLE

Wz 4 Fion, AFERYE A EA WS 2 5P < 0.01), R A0 E S BT 78 X FRARE 440 {8 5Tk
TR > 22 > AR > #rk > g > Ak, AEREBCRALIAE L IME AR R EZEFP <
0.01), ZAZBALEANE LA EH K, N 14.48 £0.08 jt-a ~hm 2, Fr4H/N, LN 6.66 +0.04 Jt-a “hm 2,
A TR R AR B A A S 35 72 57 (P < 0.01), HLARNEANME S XTI 78 X RARARAEMME STk N A2 > HAhE
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K> W > kg > Frék > AME. ASFEAE B A T AR AR B TC 2 3 2 5 (P > 0.05), B [ AL A
ARARACH M B e, N 7.63 +0.53 Fiuc-a “hm 2, BA7 i FR T AR IE A AR, 1N 0.43 +0.03 J37t-a “hm 2.

Table 4. Soil fixation values of different vegetations
4. TEIEHELNE

- %1@@: ﬁﬂﬁjﬁ‘{ﬁl %ﬁfﬂﬁiiﬁiﬁ@ %ﬁﬁ@%ﬁ@ﬂﬂﬁ IiWE @EWQ
I(t-a™t I(Ji-a™) /(Gt-a thm?) /(3 7t-ahm™3) DY e P
Frs 4051.11 + 23.20d™ 0.03 +20.95d™ 6.66 + 0.04f" 0.43+0.03 0.13 0.01
HABFEA  7693.70 £236.58¢”  7965.05 + 554.13b™ 7.37+0.23¢" 7.63+0.53 0.24 0.26
bHEVS 9919.55 + 146.91a™ 2326.84 +181.01c™ 12.55 +0.19b™ 2.94+0.23 0.31 0.08
SPi 162.04 + 6.85f " 53.51 +4.91e™ 8.14 +0.34d™ 2.69 +0.25 0.01 0.00
7 1768.83 + 1.44e™ 591.75 + 55.31d" 8.49 +0.01c™ 2.84+0.27 0.06 0.02
P 8228.14 +43.99b™  19,547.64 + 277.46a" 14.48 +0.08a™ 3.44 +0.49 0.26 0.64

F: T P<005, 7 P<0001 FFIARRNE FREEREREE,

4.3. FEMEHEILRENESEWER. LRFISBEXIH

K Pearson A< HT, TR OTEAN . ISR 5 HE S AREE S 2 A AR S . AR T AR E
WA KE. T RKMME. FKE . B EOMEA S EMEZERP < 0.05). M HHE. 8. HHRSE
SHARIEME . AL AR A B EA R R A A AR E L EA S R & R 53 EA
K(# 5).

Table 5. Correlation coefficients of soil fixation and fertility values with area and soil nutrient of different vegetations

# 5. TRIEHEL. RENESEER, DIRFSEXRK

WA AR ok FAAmER FAL TR LR ATEIE A e e Y] V. XA T AR S AT A
K e e WAOKE  ETKOME skirE e E BEAME RIEhE

TR 0.88" 0.88" 0.88" -0.25 -0.25 -0.25 0.85" 0.34 0.12 0.13
W 0.23 0.23 0.23 0.69 0.69 0.69 031 071 0.82" 0.77
AO# 0.14 0.14 0.14 0.33 0.33 0.33 037 087 0.87" 0.95"
iy 0.40 0.40 0.40 0.28 0.28 0.28 0.48 0.94™ 0.63 0.89
AHRESE 019 0.19 0.19 0.08 0.08 0.08 043 097" 0.74 1.00™
E: T 72005 RHAREZERCUR): T 1L 001 BHA BEERE).
5. g

BT UARIR, 8 RAENIRAKE. BTk JRII9E[12] [13155 073, N RS AK 4 P R
L OREORBEITE[14] BRI HTIE[LS]. E R T2 [16]. TOPSIS VE[171LA K € &4 M FlLR & vPANY
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