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Abstract: In order to study the effects of different plantation densities on the soil physicochemical properties of Betula
platyphylla natural forests, this study analysed the patterns of changes in soil physicochemical properties under varying stand
densities, and provided reasonable density references for the protection of Betula platyphylla natural forests. The Betula
platyphylla natural secondary forests in Baoku Forest Area, Datong County, Xining City, Qinghai Province were used as the
research object, soil surface and deep layer samples were collected to investigate and determine the soil bulk density, soil
water content, field capacity, total porosity, capillary porosity, non—-capillary porosity, saturated hydraulic conductivity
(K,), soil pH value, soil organic carbon (SOC), total nitrogen (TN), total phosphorus (TP ), alkali —hydrolyzed
nitrogen ( AN) , available phosphorus (AP ), available potassium ( AK) content, and a total of 17 soil property indicators
including C:N, C:P, N:P. Soil attributes were investigated for six different stand densities of 100—400,400—700,700—
1000 ,1000—1500 ,1500—2100 ,2100—2500 plant - hm™. The data were tested for significance and correlation analyzed
using SPSS22.0. The Least Significant Difference (LSD) method and Duncan’s Analysis ( Duncan) in One-way ANOVA
were applied to test the differences in soil physical and chemical properties across different densities and soil layers. The
the contents of soil SOC, TN,
TP, AN, AK and the ratios of C:P and N:P showed a decreasing trend with the increase of soil depth. Conversely, soil

results showed that: (1) In terms of vertical distribution characteristics, soil porosity, K_,
bulk density and soil pH value increased with the increase of soil depth. (2) In terms of density distribution characteristics,
the contents of soil SOC, TN and AN, as well as the ratios of C:P and N:P, showed a slow decreasing trend as density
increased, and TP content shows no significant change with increasing density, all of the these indicators reached its
maximum values when the density was 100—400 plant/hm’. The soil water content, field capacity, K_, and porosity first
increased and then decreased with increasing density, and these indicators reached their maximum at a density of 400—700
plant/hm®, while the soil bulk density reached its minimum at this density. (3) In terms of soil stoichiometric
characteristics, the average values of soil C:P and N:P in the study area are 97.32 and 7.36, which are higher than the
average values of Chinese soils, indicating that soil P effectiveness was low. In summary, when the density of birch forests
in the study area is low ( 100—700 plant/hm’) , the improvement effect of soil physical and chemical properties is relatively

good, which will be more conducive to the stability of soil physical structure and nutrient accumulation.

Key Words: Betula platyphylla natural forests; stand density; soil physico-chemical properties; soil ecological

stoichiometry
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TR,
T AVL B A YR VLAY & TR A7 VLR Sk A0 i AR B8 Z Bk, R 58 XL T3 7K ) 3 e )1
T iR, 2 AR P 7 T A K R R R A R R A DX S 1 U e A K TR SRR B SR DR A DR
AEATIRETE X, T DLE FEARIX (A M T B EE . FAME ( Betula platyphylla ) 1E R 75 W R 2 RIR KA
LR R O L SN TR o P e = o N (S I e (D07 BN B S VA T M E i 2 A )
TR S R |t BRI UK T35 18 42 ( Picea crassifolia) , BA W FR /KR AR FRK 1 JE LT ik K R
AT TIEEA SRS TIRE . A% BE 1 FUME R ARARITE A2 B IIR | F AR T3 Fh %4k 33Kk oA
Feor JCIRGTIR L KA A S5 G A5 R AYREIE ,  EVMEARATE DR i b X R RT3 B9 ST B Rt ol | L R i e R 3
TR AR SR S R | 7R T8 S SR TR I AR B I TR (9 HERS , I MEARAR ATEE B, S 35 1 = 42
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TP XA 7 V48 74 7 7 A [k 13 5L (36°43'—37°23'N, 100°51'—101°56'E ) , {3 T € iy 1
T HAT A0 P AR T L A RS 3% LU P 7, D B =B Ly, A A 34 L b R B o 0 e T TR
J¥ 7 2280—4622m , AP R AR AR, BRI IR 2%, Ja i IORREE U, AUV TR, R B
e, B FHSR 2.8C  BRRZE R, — M 7 A MR e, KERE, &R B K, WL DIER RN
5—9 H 0y AEBBOKEAE 508mm 7247, RAERE K RELLY 168d, 4E 128 MR BE 56% , 4F 78 & it 1762.
8mm , AENICHIHITE 70—120d 727, AF 43 H BRI AR, B S i 21, o KRG N 18m/s, Jie KR - TR I
1dem, PRI e KRBV IR 18em,, 22+ HE AN (L Mo kAl + | 405 + FSRAS + |+ e 1%
X FEI R ABFA i A2 AR H5 5 (Populus cathayana) EILIEM A ( Larix principis—rupprechtii ) F1A15 %
FA( Juniperus przewalskii) A5 s TR R P A VD ( Hippophae rhamnoides) .4 # ¥ ( Dasiphora fruticosa) | ¥
(Rosa xanthina) \LAEMI( Salix oritrepha Schneid) \Z54%%4 ( Spiraea salicifolia) WA 45% ( Rosa omeiensis) \Z& 1%
INEBE( Berberis circumserrata) \VGALH] T ( Cotoneaster zabelii Schneid ) F1 B i 4 2.4 ( Lonicera tangutica) % ; £ 5
TARTY) A R Z (Polygonum viviparum ) | ¥ ¥ %5 ( Fragaria vesca ) | & I 5 ( Pyrola calliantha ) F1 22 22 &
( Lolium perenne) 5%
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A, MR (m) B9 (em) JEBR (em) AEFR(x,y) SFR ., B TARHL - B RFPETE 60em DLUF 25 5% A
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PRI E . SRR S A Bkt ARG BR I 7 B i A A KT, P2 ad BE A Ak O e DA 1398 pH (H
(BREEHEE KL b 2.5:1) 7 HHEAHLIR (FEEBRA-IMNHGE) T 2R (LR ERE) 2 (FRR-5 AR
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Table 1 Basic information table of sample land

. 535 . I N
P Stand st Y s It TR it E'S'n’ﬂf
numbers density/ Altitude/m Aspect Slope/ (°) DBH em height/m Stand age/a density

(¥k/hm?)

I, 174 2818 3% 33 31.03+6.28 20.97+2.19 58+3 0.56

I, 278 2956 F [ 28 28.80+7.46 18.19+2.69 56+4 0.45

I, 348 2779 [ 33k 21 26.72+6.36 15.37+2.25 55+4 0.57

I, 382 2881 585 23 29.50+12.68 14.88+2.90 56+9 0.62
I, 400 2894 13 24 32.33+9.86 16.91+0.72 58+5 0.55
I, 452 2788 [ 3% 25 21.94+14.48 15.12+4.26 49+11 0.58
I, 573 2831 557 21 22.93+4.86 15.12+4.12 53+4 0.56
I, 678 2794 557 21 17.48+12.56 14.33+4.56 4610 0.55
I, 764 2773 4% 22 21.11£2.07 13.48+1.94 52+1 0.53
I, 869 2796 2 BH 3% 19 20.10+3.76 16.37+0.90 513 0.55
I, 9221 2803 57 27 16.82£9.15 14.01+4.43 47+8 0.59
I, 955 2837 913 28 20.69+9.81 15.54+4.37 50+8 0.41
v, 1025 2822 [£57)7 26 19.86+4.81 17.44+1.45 51+4 0.68
v, 1025 2880 2 B3 24 20.13+4.48 17.62+1.50 51+4 0.55
IV, 1094 2849 5853 25 20.26+2.94 16.74+2.06 5242 0.67
v, 1181 2904 2 B 23 18.22+5.54 16.52+1.98 4945 0.57
vV, 1598 3003 5583 41 16.86+7.94 14.68+4.60 4727 0.61
v, 1800 2936 5853 18 14.46+11.41 6.54+1.13 44210 0.69
' 1922 3044 R 33 35 16.92+6.91 15.92+3.36 48+7 0.64
vV, 2016 2868 55857 24 10.54+7.24 11.16+3.72 407 0.59
VI, 2160 2940 F [ 17 9.34+6.87 6.35+1.39 39+7 0.69
Vi, 2200 2965 55853 35 9.83£3.65 13.18+3.57 4025 0.72
VI, 2379 2793 [ 33k 24 9.53+3.36 8.41+2.67 40=5 0.74
VI, 2469 2946 2P P 14 8.32+2.87 6.0420.82 38+4 0.64

I RSB T (100—400 #/hm?) 5 11 K425 11 (400—700 kk/hm?) 5 T - #4325 5 1T (700—1000 #k/hm?) 5 IV . BRA> 25 B IV ( 1000—1500
Fk/hm?) 3 V. ARS8 BE V (1500—2100 Fk/hm? ) 5 VI AR50 B VI (2100—2500 #%/hm?) ; DBH: K742 Diameter at breast height , & -5 A4 {E +
FrufEiR

2.3 BRI S HT

FH Excel XAV AR F128 YIRS A5 A0 B A7 44 B SR SPSS 22.0 X BUE EAT 481104, 18 I BA IR R
38T (One-way ANOVA ) H1 8 fie /N it 2P 22 5592 (LSD ) FIAR #4656 ( Duncan) X A [A % B A A 1+ )2 + e84k
PERIEAT 8 35 25 5 40 M AN =R JE A6 5 32 ] Pearson A 56 5¢ 28 20 BT 1 B B0 1 S5 8] 0 4L DG 5 fb 23 F i LU
FiiE b Ron . MR EIH Origin 2021 BAF5ERL,
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3 ZBRES

3.1 HIEY PR RRE

IR ] DA e P SRR A O AT X MR SR AR 2 T 2 R B I i i (2 2) , R g
FKIZBOAGRS, B 280, AR IE R A 0.40—1.47g/cm®  SEEIE N 0.93g/cm’® , 261 (A HEMOT 1 558
BT R A R RASCR . 7E RIESR)Z 0—200m H 75 HE E 2 B 19 in 52 56 08U 19 i A8 A, HL % T Ry
FEEFMTEEN,V VI(P<0.05) ; 1 T 2251 % B N0 B % 22 7486 (P>0.05) , BF5TIX HHEf
K B e YRR T 6 H 0y, s /K e Bl 2 R B 4 T S SR S U A AR B A 2R B B
(R 2) , Bl BE RN S Sk i A AR A, 45 2 T K R e R I Ik 0 O HL7E 2 20—
40cm FITJZ 40—60cm H%# B 1A 9 5T et 19 /K et B 3 v T 3 VL, 398 P ) R /K o - 3Rk BB 0 11
— AN BRI SCEAR I E B RIE T 6 A 4y, TR 2 R i L P T S K A R AR A R A A
20—40cm )2, 5 B A 11 I AR R B 38 3 T8 B V R VL (36 2) it 488 o ) 1k 52 e 180 )5 Rk 28 Ak
s, A TR AR, R T /KR (K, ) 38 B e AR AR T, 76 5 K A B | o
V7 B ) PR ot B TR AR A K SR S i IR A AR Y FUK A A RRIE I R AR Y L BRI IX MR K,
(AR ALTE FEL A 0.04—3.35mm/min, “F-HME N 0.745mm/min, %2 K B &S THh TR (£ 2) 75 H& H 2T,
W A K B0 28 TRV, AR R K A8 RRE, RULZE ST 1SR AR 847

®2 AERSTETLEREMFHKSFE

Table 2 Characteristics of soil bulk density and water holding capacity under different stand densities

o .. AT AR I I
Stand density/ j:E R Soil bulk density/ Soil water . H:Hﬂ%ﬂqu Saturated h'yt.lraullc
s ) Soil depth/cm 5 Field capacity/ % conductivity/
(Fk/hm?) (g/cm”) content/ % (am/min)
100—400 0—20 0.78+0.09ABa 0.25+0.08Aa 0.24+0.08Aa 1.69+0.53ABa
20—40 0.92+0.12Aa 0.32+0.08ABa 0.31+0.08ABa 1.00+0.75Aab
40—60 1.04+0.29Aa 0.30+0.06ABa 0.29+0.07Aa 0.54+0.31ABb
400—700 0—20 0.59+0.16Bb 0.28+0.08Aa 0.27+0.08Aa 1.97+0.97Aa
20—40 0.78+0.11Aab 0.44+0.14Aa 0.43+0.13Aa 1.00+0.60Aa
40—60 0.98+0.25Aa 0.34+0.08Aa 0.33+0.08Aa 0.77+0.53Aa
700—1000 0—20 0.84+0.30Aa 0.24+0.08Aa 0.23+0.07Aa 0.73+0.45BCa
20—40 0.91+0.29Aa 0.34+0.10ABa 0.34+0.10ABa 0.33+0.20ABa
40—60 1.15+0.26Aa 0.31+0.09ABa 0.30+0.08Aa 0.25+0.20Ba
1000—1500 0—20 0.76+0.08ABb 0.21+0.05Ac 0.20+0.05Ac¢ 1.58+0.63ABa
20—40 0.96+0.09Ab 0.33+0.03ABa 0.32+0.03ABa 0.75+0.14ABb
40—60 1.19+0.21Aa 0.27+0.02ABb 0.26+0.02Ab 0.56+0.24ABb
1500—2100 0—20 0.90+0.09Aa 0.22+0.04Aa 0.22+0.03Aa 0.43+0.25Ca
20—40 0.92+0.09Aa 0.28+0.05Ba 0.27+0.04Ba 0.25+0.12Ba
40—60 1.06+0.14Aa 0.25+0.03ABa 0.25+0.03Aa 0.18+0.09Ba
2100—2500 0—20 0.90+0.10Ab 0.23+0.02Ab 0.22+0.02Ab 0.78+0.58BCa
20—40 0.98+0.11Aab 0.28+0.03Ba 0.28+0.03Ba 0.35+0.29ABa
40—60 1.08+0.11Aa 0.25+0.01Bb 0.24+0.01Aab 0.27+0.27Ba

[RISIA IR TR R A R bk B AR R LR Z 12257 B3 (P<0.05) ; RIS [R)/ING Tk - i R o 2 B2 A [ )= 2 [ 22 5 B3 (<
0.05)

~E AL BRRE VT L i e - M AR R KB KRR LI AL B B AT LR B AT AL A, B
FLBUR AL A 32 2R R o0, ol T AN [R]85 BEAR S AR RS S A ] B DLALBUIR Bt A 7 22 53 PSS IX A
HEPR - A FLBRSE ML FL B Bt 2 P I R B e ) A2 A i 4, 7 7 B i L, fLIRUE B + R TR
BTN (R 3) o R E D EOF R AL E MBS E N HT B E T S>>V > 1 >VI>V  JFE
W P25 B ALBR B A B KN 60.84% , BiWITEIZ B T L HEA BAf 1B FLBR L I BE ), £ 0—60cm
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+ 2 S ALBREE H 53.61% , ZEALTE E K 44.08%—68.94% , TERFFE 1 440 6 A AL B BE 3k B e Ky
57.6% ., #£ 0—60cm + )2 BEFLBE R 51.06% , AL E A 42.049%—65.36% , F45 5% FE i - 373
FEBEILBERHTE N BE TN S>> 1 >V>V>IV,0—60cm 12X HAEEBE LB N 2.55% , 25466 H K
1.66%—3.29% ., 2= 5Aasn 2 R R AN A %5 B (8] i L 58 I fL R 22 R A 3% (P>0.05)  (HITE %
I B =35 R B K

£3 TRFEETEELEILBERR

Table 3 Soil porosity conditions in different layers under different stand densities

WG B TR EAFLBRE EBEFLBE LB
Stand density/ ( #£/hm?) Soil depth/cm Capillary porosity/ % Non-capillary porosity/ % Total porosity/ %
100—400 0—20 54.63+13.19Aa 3.16+1.49Aa 57.79+11.72Aa
20—40 49.36+12.78Aa 2.61x1.04Aa 51.97+11.78Aa
40—60 45.84+12.43Aa 1.66+0.48Ba 47.5012.59Aa
S 49.94+12.18Aa 2.47+1.17Aa 52.42+11.74Aa
400—700 0—20 65.36=14.90Aa 3.59+0.92Aa 68.94215.27Aa
20—40 57.3%9.55Aa 3.29+0.78Aa 60.59+10.18Aa
40—60 50.14+9.64Aa 2.84+0.70Aa 52.98+10.20Aa
FHE 57.6+12.36Aa 3.24+0.79Aa 60.84+12.90Aa
700—1000 0—20 59.31+9.77Aa 3.00+1.31Aa 62.3£10.49Aa
20—40 55.03+7.27Aa 2.45+0.91Aa 57.48+7.84Aa
40—60 46.39+9.95Aa 2.25+0.88ABa 48.64+10.69Aa
I 53.58+9.95Aa 2.57+1.00Aa 56.14210.63Aa
1000—1500 0—20 55.81x4.15Aa 2.59+1.62Aa 58.4+5.76Aa
20—40 50.11+2.17Aab 2.25+1.42Aa 52.36+3.22Aab
40—60 45.58+5.33Ab 1.92+1.40ABa 47.5+4.18Ab
FHIE 50.50+5.73Aab 2.25+1.37Aa 52.75+6.18 Aab
1500—2100 0—20 51.54+7.49Aa 2.96+0.63Aa 54.50+8.02Aa
20—40 46.58+6.48Aa 2.38+0.48Aa 48.96+6.93Aa
40—60 42.04+5.94Aa 2.0420.53ABa 44.08+6.36Aa
EEIE 46.72+7.27Aa 2.46+0.64Aa 49.18+7.84Aa
2100—2500 0—20 52.00+4.14Aa 2.88+0.25Aa 54.88+4.11Aa
20—40 48.00+2.27Aab 2.38+0.48Aa 50.38+2.53 Aab
40—60 44.00+1.96Ab 1.70+£0.41ABb 45.7+£1.71Ab
A 48.00+4.33Aab 2.32+0.61Aab 50.32+4.74Aab

3.2 LA R
3.2.1 - IEPROREE FFE SRR X AR 35 E A me J

XA [ - JEAS ) 3 B ) A RERR 38 pH RIS R AEREA T 20U AR R A R 4598 (1 1) o BF9E X 4 pH 9°F

PIE R 6.7, AR 5 22 TEAN [R5 B2 1 W] — 2 pH (B4 T0 8 84k 22 5 il W A5 00 T IRl —WF9E XY pH {8
RAAXFER , 7E 0—60cm HJZ A B SOC & 59.062/ ke, £ % SOC -3 & e R 255
e, 9 :93.10g/kg . 72.20g/ kg .69.65g/kg .69.10g/kg . 65.44g/kg .62.11g/kg, {EHE NIV I}, KZM T2
SOC A E B E 25 (P<0.05) s TEE N VI, £)2 SOC Hra B EFE R TP TR, £)2 S0C HFR2ELTE
HEFHAEE(P>0.05) 7E HIEP TR, BEN THAY SOC SR BESTHEEV, HiEEEFR) 2
SR A, A A A B R A B SR AR BRI Y 0—60em 1 JZ HEE TN f & 4.49¢/ ke,
LG Ry 2.80—6.89g/ kg, AN[A % FE TN PR & Hi 7 Ry %R [>T >IVST> VsV, RN IV, %
FEHEIN SRR ERT T ESEE AV VN, L2 N SREER THANLZE, FHEP TR, BEN
[ BFAFE TN S B & T E V., 0—60em 120 TP & &8 0.61g/ke, ZALIE FI R 0.54—0.71g/
kg, AR TP F & EHF N 1> VSVISNVSI> 1,6 A e AR 2 TP &0 ik E A8k 2
e AT ZE 8 TP SRR | IR EOR,
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£ 0—60cm )2, H ) AN &5 0.54g/ kg, AL B4 0.34—0.81g/kg, 7E TR Z A Z AN
rRTEAS BN 22 RN B 1 AR K e )2 BN T B AN Fi8  3  To
.V .V, 7EZENN IV, 32 AN 2855 T F2 AN SR EHIEEE N T RRZ LT,
J90.81g/kg, 7E 0—60cm 1+ JZH AP V2810 15.63me/ kg, 28K TG K 5.04—27.66me/ kg, i 25 B 14 i1 AP
FrR KBRS R e = 12T AP e IV B ik Bl ik, 4300 25.83mg/kg \27.66mg/
kg 22.05mg/ kg, WHWIIZ A FI T AP FUER, 1S L2, HE NIV AP FR¥AFIR K, 7 0—
60cm 1JZ 1+ AK F 28 190.78mg/ kg, LGRS 112.02—293.77Tmg/ kg, SR | Bl %5 B A5 fk AK
SRBEAHNAAL 78 L4 2T BN VIR AK ST HE®E, UHEN |, %2 AK &
WEST TR YHEENNV VIE, RZE AK FEEERTH N2, AK S am KE B INAESEVINRZ L E
Hr, o 293.77mg/ kg,
322 EHbATHE A ORE

A1 2 T, FIRER SR ARTE 0—60cm 12 348 C:N SFHI(E Jy 13.02, 246 IE K 11.27—14.16 , HEFE K
R L SIVSM>VI> Vs I, CoN FlAR 25 B R 4 2 TR BE RS N34 Jg 18 2 22 b #E (P>0.05) . 0—60cm 12
145 C:P FEIE R 97.32, ALIE RN 54.28—138.55 , HEF N B T >IV> TS > VISV YHEN VA, £ 2
T3 C:P BEET T2, £ 0—60cm )2 +3 N:P LA K 7.36, LT Fl Ny 4.54—10.29 , HEF 4 . B
[>TU>NV>M>VISV, 4% ERV VIR, RZELENP B THELZR, #ELERZIHE, M50
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Fig.2 Soil stoichiometric characteristics of plantations
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3.3 HEFRALE A S E T

X FRE R SRR - e B PE B A 7 A0 SC P o0 A 5 1 . RIS 5L K, ,SOC TN AN &5 ,N:P Z
[ A S 2 AR G (P<0.01) 55 H 4K i, i 7K i, AK & d, C:P 2 W 3 A G (P<0.05) . HH[EHFK
RS KE, B BFLRREE ] AR EAE G, LI 5 R S KR KRR A R o i A
FRiE]) A IE A e #5 , K, 45 SOC TN AN & &, C:P N:P SW B F 1IEME, +1E pH (HER T 55 EM AP &
W IR AN, S AR ZHERRAR EBUR R RR B B U DG R . 148 SOC TN AN 5 TP AK 52 Al
et L Z R IE AR DGR R . AP 5280 S B2 MG AR FRE M A CR, AK 5 K, TP
ik, CiP NP Z AN IEAHDC RS R . 5 HIEM 2R n 20 L2 R A IE AR DG HERGR (R 4)

4 e

4.1 AN[w) % EE XS A R R SURRAE () 5 e

RIY 3 i e AR A b IR T BObR I A 855 2 A AR A7) TR) Bkt 2 fofi b ot - S B AR 1 R % A AR RS e
P SR S e S R Y T AR AR A [ 2 ) B R A 2 R S T 4% DR T A A T L A A AR
JENO ) SRR B, B L JE RN, AR AR K LR K D, BEE R R, e A
Jeel e 1 B A AR R K FLIREE AN K D) S e S s A AR AR A 4% R A - R R K
EH LI E R RIE AR, TTRESE o 32 4 5 B2 PG RR S ASR R o HLZE K, M AL K,
KT 0.694mm/min B, YW K BB MR, nTA SO R AR TR, 350 LRk Y 5T X Sk R A5 1k
JEE A 0.04—3.35mm/min , FHIE A 0.745mm/min , K_ i 1 H = (8, SERHBF 9T X 38 S K B8 s, M
W PEON A B IR R B IMESN Y AW R Ak Bl ik, RO R E N, ks by, AL
Wt B R A, A T 0 B T A K R B KRR T, o T RE IR Ry i R R Rl 9 M B R 2 HE A
SRR A LI R, 1 I A e, s I, B FE (AR K i R S A TG R Al AL
Bt B AR /N MR R ARKEAE 3P 23 USR] T R 3K 5 S XA 0 3% . 2E ARGy 25 B i IR ARORAR 3R
I3RS FLBR o A D, B R KRR 1 A2 R L R B MROR (RIS 4 T ) B R AR R R
A=A, e L3 B Rl /NS R T i R 48 4, — ke Ut 1 v [ B 7 R/ INFLBR 3 A R Y
SFLBREE R 50% 4547, AR B FLIR 5 A FLIR Y 209%—40% i | 858 i P BE AR A L ASHFY - LR
FETE 50%—60% ZiAq AL B FLBRE /N (1.66%—3.29% ) , 7] RE 2 X Ry L BRI A AN 52 AR 4335 5 520,
B MO S T RTEDZ s M E s s 2 E LT AR ST IX R AR 25 A 1T st
AE T Gy b ey - e K PR K RE 1 DA Bl R e 254
4.2 N[5 R T A P R Bl RN SR S A ()R T

[F) TR FRAR L DR A3 BE AN TR (A - % o0 B B A A AS TR TR O 85 BE A AT DA e i AR OR A TR 3 A 5%
GBI 7K, 23 5 56 J et S BRI 7K 43 A9 5 i ke 42 MR PR 8 XU bR, A TS i 35 0 B e A A 0 RS X
THERZE pH (MR TH e L2, v REE N N R E RS Y 2 [ A3 BV W R it 4 £, IR AR T pHL (B,
SOCHT TN TP AN AK') 5t 24y it - )2 TR P38 I i FAAT , 5 22 850 X 22 BOMR R RO AT 5 285 SR AR 0L 13
FHEFR O EA A REBIG R R B A K EARTEY) , Ao AR X 75 0 B B AR AR K, Xt 2
TIERIZF A E RN EEREA, H AP &R 2 AR B RIS, AT BRSO AR B RS R )3
2%, FHEC N SEFZEHAVR M N A S e g% K TN AN RS
SOC & s AH R AR AR 34 TP 5 it % FE AR A 25 52 AN Wk 3, T RE S PR O - 9l 20K IR T 20 UL Ik, Jg@ it
BUWEICR | 2 H R e K e IR A ¥ 5] HAR 5 32 R B555 00, 13 SOC TN TP AN & it 1e 2%
JE T R AT RS PR R 78 I 28 B At AR R PR T L FE 4 W SO B o8 (4 W RR) S5 , HLAR R 81 1
TP AN L R P S AT A Bt =2 3 K, AR o R SR A 11 e B R Kl B e
S B S AR A YA ) A R AR 1 I R B SR VA A D PROR X SR A TS AR AR AN B B AR T
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AT A K A RS2 BR T AR 43 6 B 2% B BN B A2, A 2 3 e R AR RRRS s R
A AT ST S B - HE SR 405 Bt 2 R B I AL, S5 AR AT 2 8 o AR A — B0, IR A AR
O3 B A T A SRR A A FE
4.3  LEEfbAETH R HURRE

C A= i R R A5 C R Y N P R A KBRS R0 R R H WA R R
3 C N P Ab2F i b T HE R A X % 4 (R R BR AR B0, th AT L e R AR - 390 R A AR T S Y BF
FEIX I C:N C:P N:P FIH 914 13.02.97.32.7.36, = F Ba% R N4 00 B E A8 LB, C:N C:P 7]
FER HHEN FI P AA RS fRAE S, C:P R R P BAREYE NP A[$5/8 N P & B A PHRR A, &
RH C:P BRI F A MERIER A6 R P ASCER B8 1 C:P AR FRUE XA HLSR A 4> 4R
P AR, BFFEIX C:N C:P PR T2 E - HEFH(E (10—12 .61) ' FRIIHF5E XA HLFEHILAE I %
18, A I A N R 2 2] PR HAA R TAPURAL R IR 50 UE T AR 78 X+ 36A HLTR & i
R MEEIE B CoN CoP 2 JFAR A B9 A KRS A, SR 4 T LAS i o D USRI IR BE (I HAEIBE 0, NP
TR NGV Y2 P BRGNP SR PG vhe s M2 N BRE ' BF5E X N:P SFHEE T
Hh ] BT B KOF L I U RE AR 9 N IR B T RESZ PR SR IX TP SR A iR 0.61g/
ke, K2 EFIH(0.78¢y/ke) , AW Z P BRI, AT REE PR R WF 58 X AL F = FE A S5 v AR 3 A P 7
PEFE A TINRIAE R DRI FE X P ARE R SRR i 2275 v ml o 24 b FE i e )
4.4 L3RRI T (] A AR G

AHWFFEARIAE ST R, T35 5 T e] 5K B K S PR [R) A B8 1 6k 6, TR R B 25 2 B A8 K 3
L HALBR IR (A5 - 1 NS 3% 3 1 AR 22, K 43 U Bl 32 B RS, K U e /b, DT R ARG T ) g K S A
K", Z&H pH H5FLEEE SOC TN S MR A E, vl BE 5 A A T A K o RZRED 5
fEAHAS C N JCRR RS, ARG AN, MR T -5 i 48 T @B e | HLA i i 18 28
pH {EAFN T e <A AR R B K, R4 BRI E 9 T6 s AN oIl R e £ HEFR 438 bs b, SOC
5 TN AN BUHASE R B0, RO TN 222t R AR AR T A A ML AR I, BT DL =38 SR A O

5 #ig

(1) FETE AR AE 7 18 762 FE AR R A S50, B2 A LI TR pH (34N T F 2 148, - 5efLp
JE MR K2R, SOC TN TP AN AK 75 f5 if 4 2 R BE 38 i i ek, o rp 35 45 & e b S B0 ) Bk p) SR SR B

(2) TE%5 BE 3 A R AE 7 T « BB PR3 %% BE RS TN, 138 pH (B2 fLAH XIS E ; SOC TN AN &5 fl C:P N:P
SRR IHAARTE RS B R T (100—400 FR/hm?®) A F T+ 550 AR B, 3R &k |l E K
IR K R A - L B R 340 o 2% 348 o 2 e Vs AR Ak B R FE B RE 1T (400—700 #k/hm® ) B3k ]
oK, A EAE L FE IR B/, U FMERCEE 2 BE 11 A B Tl R 3t b, 45 v - B KK /g

(3) B AT LR FR R VE T C:P N:P P34 ME & T b [ - 58P 240K U B HE AR b 1= 58 vp P A
BCHEAREAIR N A e, nlE b e e

(4) 25 ERRR 24 A HER IRARAEAR 25 (100—700 #k/hm? ) B, AU FI T L5 0o B, A AT+
SRR R (A TR B 58 K R4 1 BRI, AR SCR BEHEAT BEIR 20 10 43 T, R SR A T 2047 B Jn 4 1
) I 5 S K2 X SRS 1) 85 38 AR T SRR I S8 AL P B R AE SR A TR 1T, AR SE WP ot d it 2

S 2% 30k ( References) ;

[ 1] Worrell R, Hampson A. The influence of some forest operations on the sustainable management of forest soils—a review. Forestry: an International

Journal of Forest Research, 1997, 70(1) . 61-85.

http ; //www.ecologica.cn



754 AERE N 45 &

(2]

[3]

[4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

LA, MBUR, X0, B, KR8 P DRI AR BE AR T A ) 2R 1 S T3 A P A2 ). AR S22, 2023, 42(9) -
2072-2080.

Lagomarsino A, De Meo I, Agnelli A E, Paletto A, Mazza G, Bianchetto E, Pastorelli R. Decomposition of black pine ( Pinus nigra J. F. Arnold)
deadwood and its impact on forest soil components. The Science of the Total Environment, 2021, 754 142039.

L, XA, FLAEA, T, KSR R IRIBR A B AR bR b S AL 1 B R R W i R AR AR S A S ERE AA R, 2019, 28
(1): 65-72.

Guendehou G H S, Liski J, Tuomi M, Moudachirou M, Sinsin B, Mikipid R. Test of validity of a dynamic soil carbon model using data from leaf
litter decomposition in a West African tropical forest. Geoscientific Model Development Discussions, 2013, 6(2) : 3003-3032.

A, BIHE, ANESE, PSS, EHE, FhEE. B e DO R) 2 R AR R AR N TR L B PR RS (2 i i AR AL K R AR RRAT Y,
2023, 30(6) : 160-167.

Giiner § T, Erkan N, Karatag R. Effects of afforestation with different species on carbon pools and soil and forest floor properties. CATENA, 2021,
196 104871.

A RUKM, JITEE, RTCHE, WUGE, E8 MEE. STULRFR AT T 2R BRI BT C R, RS2,
2021, 41(3) . 1168-1177.

Russell E S, Liu H P, Thistle H, Strom B, Greer M, Lamb B. Effects of thinning a forest stand on sub-canopy turbulence. Agricultural and Forest
Meteorology, 2018, 248. 295-305.

Ahmad B, Wang Y H, Hao J, Liu Y H, Bohnett E, Zhang K B. Optimizing stand structure for trade-offs between overstory timber production and
understory plant diversity: a case-study of a larch plantation in Northwest China. Land Degradation & Development, 2018, 29(9) : 2998-3008.
ZE R, K, KIE, SRR, ARIRIRR SR8 BEXT AL T RS N AR SR A FNAN T AV AR PR MO RO 2, 2022, 42
(10) ; 83-92.

Wik, B, £, 8k, movd, BT, DA, B = N AN 15 B AR A L R S SRR ARSI, 2022,
42(24) . 10180-10190.

JUHE, B, SRy, AR, . AR TR SRR ST, MR, 2015, 51(10) ; 1-9.

Wang G L, Liu G B, Xu M X. Above-and belowground dynamics of plant community succession following abandonment of farmland on the Loess
Plateau, China. Plant and Soil, 2009, 316(1) ; 227-239.

Comita L S, Queenborough S A, Murphy S J, Eck J L, Xu K'Y, Krishnadas M, Beckman N, Zhu Y, Gémez-Aparicio L. Testing predictions of the
Janzen-Connell hypothesis: a meta-analysis of experimental evidence for distance-and density-dependent seed and seedling survival. The Journal of
Ecology, 2014, 102(4) . 845-856.

Carson W, Anderson J, Leigh E, Schnitzer S. Challenges associated with testing and falsifying the janzen-connell hypothesis: a review and critique.
Trop Forest Community Ecology, 2008 210-241.

Bubde, sKER, WBRAR, B4, Tk, T, BE-F. AR R AR R IR - SR RHIE . A2 ASFRE 24, 2017, 26
(1):43-48.

TLENE, RSO, B, BASC, DERSE, EPUIR. AR % R A TR WA ARG VE W b SRR AR ST, P T R 22 A, 2021, 46
(3): 179-187.

VPRASE, ARMK, WHHETT, WHE, EANER. AR EER MRS LA T AERT A R AR, 2008, 29(2) : 79-81.

van der Putten W H, Bardgett R D, Bever ] D, Bezemer T M, Casper B B, Fukami T, Kardol P, Klironomos J N, Kulmatiski A, Schweitzer J A,
Suding K N, Van de Voorde T F J, Wardle D A. Plant-soil feedbacks: the past, the present and future challenges. Journal of Ecology, 2013, 101
(2): 265-276.

BIGY, W, IR AR AR AR SRR B HOR O IR S RE. b K Rk, 2009, 7(5) : 63-69.

PEFFy, NG, BT %, BIFSE, BUIA, RIC. DA [FIBREE IR U A HEMR IR 7 Mo i B am o 284, AEIESE, 2012, 32(4) .
492-496.

HEE, WU, INE, MW, BT RREARE EHERRUCE bR SR AR DL RS . A 2SR, 2015, 35(5) : 1460-1469.

FH, MIF, FE, BREE, PURET, WEH. FIEIGEA R R RS SR IR R EDK R ORSRNE, 2019, 17(5)
25-35.

BREE, ZRIfn, 2230 0L, AR5, BAE, BURET . AROMRRAE RN L R 2 X AR SRR Z AR 0. PR, 2022, 42(8)
1396- 1407.

HRIREL, Masfl, AN, skaER, Tt ARFh, BKiE. EoYe b KGRBREMK 22 4R 5 Mt L BRI B AR 1L, AR AR, 2017,
37(2): 416-424.

Bt B AR, 3 . bt A EA R, 2000 25-114.

http ; //www.ecologica.cn



2 4

/N A IS LA M XA [R5 JBE P A DR SRR - S PR A SRR 755

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]

[49]
[50]

[51]

[52]

[53]
[54]

EFERE, BPURET, KR, ESerE, SRR T 2E XK IR SR AR UL ORI AR P R AR K SRR K BE O B SR . A T
R FEE2E4R, 2020, 29(2) : 69-77.

HFE, BRGhk, e, 8L, Plam, MRR, Gk FEE A E BRI R SR Mok 13 A8 502 R AR AE. PUJLbk 2B =3k, 2021,
36(6); 1-8.

Acosta-Martinez V, Reicher Z, Bischoff M, Turco R F. The role of tree leaf mulch and nitrogen fertilizer on turferass soil quality. Biology and
Fertility of Soils, 1999, 29(1): 55-61.

ik, E5°, 23, KEFE LHOKS S HO R RO, P EA AR R, 2014, 30(3) : 38-43.

ks, PRBUMRE, BTEIMR, RBTHE, T, & E AR, JbaT il IR B R et A K SR R K 2R K R, 2022, 36(6) -
171-178.

Fodor N, Sandor R, Orfanus T, Lichner L, Rajkai K. Evaluation method dependency of measured saturated hydraulic conductivity. Geoderma,
2011, 165(1) : 60-68.

Wang T J, Istanbulluoglu E, Wedin D, Hanson P. Impacts of devegetation on the temporal evolution of soil saturated hydraulic conductivity in a
vegetated sand dune area. Environmental Earth Sciences, 2015, 73(11) : 7651-7660.

BEDEOR, ReAEe ) BN, JATIHE, FLIRH, AN, SIETNE. 3 L IRIIA AR IX 3 PRI E Y A0 UK IR TR IRE. K LR, 2018,
32(2): 357-363, 371.

KSR, 2R, JRRT, R E, BEtE, VR R ARG E AR N TN YR SRR 35 S SR . AR, 2020, 57(1) -
239-250.

Razafindrabe B H, He B, Inoue S, Ezaki T, Shaw R. The role of forest stand density in controlling soil erosion: implications to sediment-related
disasters in Japan. Environmental Monitoring and Assessment, 2010, 160(1/2/3/4) . 337-354.

INTHE, REE, EUHZE, TRMIME, D=2, SRHEREK, AObeE. Fhorus ] T AR PR Pl 2 R0 P A 1 S Ak BT S . o ] A 22
%, 2018, 29(3) . 732-738.

Gairola S U, Soni P. Role of soil physical properties in ecological succession of restored mine land-A case study. International Journal of
Environmental Sciences, 2010, 1(4): 475-480.

Guo X, Fu B, Ma K, Chen L. Spatial variability of soil nutrients based on geostatistics combined with GIS—a case study in Zunghua City of Hebei
Province. Journal of Applied Ecology, 2000, 11(4); 557-563.

ErdE, AR, AR RA, TH B, BRI, B, MROR A BEXT AL R N TARAR T AR A S B . AR S SA I, 2021, 41(11)
4521-4530.

TR, R, WS, XUEREL, FFE, B, MR, HOR RS [ 5 BE A2 N LA AR AR 25 R R AE B SEERAR PR BT, ARl Ao,
2018, 54(10) : 20-30.

i, B RPHH, TT, mEME, TR, R B0 L XORE S R A TR E LT AR, K AR R IR, 2022,
36(2): 189-196.

Egp, EISEAR, R, R, RHET, M. B e DR LR AR AR e R B A AL AT R R AR, A3, 2017, 37
(10) : 3385-3393.

Fin, Filgd, 20, BB, XN, T RESE T RAE IR 2R MRS L2 DRBACRIE. B R, 2014, 31(8):
1424-1429.

Sun W X, Shi X Z, Yu D S, Wang K, Wang H J. Estimation of soil organic carbon density and storage of northeast China. Acta Pedologica Sinica,
2004, 41(2); 298-301.

MERBE, BICR, B, DA, H B AREAR AL T AR LI TR M RHIE. ARAR SRR AR, 2021, 41(2) ; 140-147.
208, BRI, BRI, UM, BRIE, TRAE, BRGNS ASIR) 8 EE T AN N AR, T A L AR B 5. K R, 2022,
36(2): 368-377.

ZHR, TOLE, AEGR. SF bR A TR LI C:NP AT HE I 28 RRAE. PRI MO B RS20, 2016, 36(2) : 96-100.
KL, BEER, e, WU, Rk, RIS, AR R FAR RS % L 357 20 & 5 02 m. bRl R4k, 2016, 39
(1): 69-74.

Fang Z, Li D D, Jiao F, Yao J, Du H T. The latitudinal patterns of leaf and soil C:N:P stoichiometry in the Loess Plateau of China. Frontiers in
Plant Science, 2019, 10 85.

EAH, ORI, T P B DI AR FRI AR N AR 3SR A3 R AL 2 T X bR 8 BE A . JE s Aol R AE AR, 2020, 42
(8): 81-93.

XN, AEEE, B, S, . BRI AT AR LN T A . PYAEARE B A, 2008, 23(6) : 18-23.

MITE, ATBIZ, PR 3E. RIS EAZ A A Y i 5580 5 L3R 1 22 ST 5. Mol R, 1996, 32(5) : 385-391.

http ; //www.ecologica.cn



756 JAE = 45 4

[55]

[56]
[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]
[66]

[67]

Chen Y M, Cao Y. Response of tree regeneration and understory plant species diversity to stand density in mature Pinus tabulaeformis plantations in
the hilly area of the Loess Plateau, China. Ecological Engineering, 2014, 73; 238-245.

Li Z. Application of N:P stoichiometry to ecology studies. Acta Botanica Sinica, 2003, 45; 1009-1018.

XS PhEER, fafgd, M, EOohk, Dl EA N BOR M 13 5 H SR B AR A S A R AL, JE ARl R R,
2023, 45(6) : 43-51.

Agren G 1. Stoichiometry and nutrition of plant growth in natural communities. Annual Review of Ecology, Evolution, and Systematics, 2008, 39
153-170.

Bing HJ, Wu Y H, Zhou J, Sun H Y, Luo J, Wang J P, Yu D. Stoichiometric variation of carbon, nitrogen, and phosphorus in soils and its
implication for nutrient limitation in alpine ecosystem of Eastern Tibetan Plateau. Journal of Soils and Sediments, 2016, 16(2) . 405-416.

Tian H Q, Chen G S, Zhang C, Melillo ] M, Hall C A S. Pattern and variation of C:N:P ratios in China’s soils: a synthesis of observational data.
Biogeochemistry, 2010, 98(1): 139-151.

Wright I J, Reich P B, Westoby M, Ackerly D D, Baruch Z, Bongers F, Cavender-Bares J, Chapin T, Cornelissen J H C, Diemer M, Flexas J,
Garnier E, Groom P K, Gulias J, Hikosaka K, Lamont B B, Lee T L, Lee W, Lusk C, Midgley J J, Navas M L, Niinemets U, Oleksyn J, Osada
N, Poorter H, Poot P, Prior L., Pyankov V I, Roumet C, Thomas S C, Tjoelker M G, Veneklaas E J, Villar R. The worldwide leaf economics
spectrum. Nature, 2004, 428 821-827.

RS, EARW, Bbess, EM, £, AR, i, SPE% WRIRCHEA YL N Y — LY R S AR AR B Rt ——
VIR KR+ 2 5 B ORf. K 4452440, 2023, 37(5) : 352-362.

fRmesy, SChbEE, i, X8, 2R XK, 2 R A AR B AT R 3% C N P AR T RS R . PR R
2F2ER, 2023, 51(2) ; 53-63.

AR, XV, 8, s e, FESRAL, MO, TR, A8, RN, ZESCnE. ARE I S AZ AR R Al T - 0 Bk R B A A AL
SETHEARAE. 3R, 2016, 53(2) ; 477-489.

EBt, kUL, BATE, AR, #M e, DY, & I L SRR T R R KRBT SE. K L OREEER, 2012, 32(2): 29-34.

KRS, AT, EE, KE, K, BRL KU BJE ST e EORIR R A AR R S . K R ERAE R, 2020, 34
(5): 251-258.

Zhang W, Qiao W J, Gao D X, Dai Y Y, Deng J, Yang G H, Han X H, Ren G X. Relationship between soil nutrient properties and biological

activities along a restoration chronosequence of Pinus tabulaeformis plantation forests in the Ziwuling Mountains, China. Catena, 2018, 161 85-95.

http ; //www.ecologica.cn



