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Soil physical and chemical properties in forest succession process in Xinglong

Mountain of Gansu

WEI Qiang'*, LING Lei', CHAI Chunshan', ZHANG Guangzhong' , YAN Peibin*, TAO Jixing’, XUE Rui'
1 Gansu Provincial Academy of Forestry Sciences , Lanzhou730020, China

2 Administration Bureau of Xinglong Mountain National Nature Reserve of Gansu,Lanzhou730117, China

Abstract: The interactions between forest and soil are complex in the process of forest community succession and recovery
due to the difference in forest types and site environment conditions. In this study, we selected the Xinglong Mountain
located in Gansu province as study area to quantify the response of soil properties to the forest succession and recovery
processes. Soil physical and chemical properties in depth of 0—60 c¢m layers under 6 main forest covers including Picea
wilosonit pure forest, Larix principis-rupprechiii pure forest, Pinus tabulaeformis pure forest, Picea wilosonii and Betula
platyphlla mixed forest, Populus davidiana and Betula platyphlla mixed forest, Cotonester multiglorus and Rosa xanthina
mixed shrubs were analyzed, based on field sampling and laboratory test. The results showed that; (1) The value of bulk
density in forest soil of Xinglong Mountain increased with the increasing of soil depth in the 0—60cm soil layers, while the
soil physical properties including the soil porosity, capillary porosity, soil water content, field maximum water capacity,
capillary water capacity and field capacity were all decreasing with the increasing of soil depth in these layers. However, no

significant difference of pH value was detected in the 0—60 cm soil profile. The value of soil chemical properties containing
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the soil organic matter, total nitrogen (TN), hydrolysable nitrogen ( HN), available phosphorus ( AP) and available
potassium (AK) decreased with the increasing of soil depth. Profile distribution characteristics of soil chemical properties
showed obvious accumulation effect in the top soil layers. However, no significant difference of total phosphorus (TP ) had
been found in the top and deeper soil layers. The profile distribution of total phosphorus appeared a “cylinder” distribution
pattern. (2) The bulk density, soil porosity, soil water holding capacity and soil penetrability in natural forest were
obviously better than that in artificial forest during the processes of forest succession and restoration. The bulk density in
natural forest was gradually degrading, but the soil porosity and soil perviousness were enhancing with the positive
succession of natural forest community. Nonetheless, compared with the dynamics of soil properties in natural forest, the
soil physical properties in artificial forest presented an obviously degeneration in the entire soil profile. No obvious
acidification phenomenon was detected during the succession of natural forest by pH value test. Furthermore, no obvious
change in soil chemical properties including soil organic matter, total nitrogen, hydrolysable nitrogen, available phosphorus
and available potassium had been found during this process. Generally, the trend of soil chemical properties in natural
forest was that the value increased in early stage but decreased in latter period. (3) The observation in this study showed a
significant positive correlation between soil organic matter and total nitrogen, hydrolysable nitrogen, field maximum water
capacity, capillary water capacity and field capacity. The correlation analysis showed the total nitrogen also had a significant
positive correlation with hydrolysable nitrogen, the soil organic matter on the other hand showed a significant negative
correlation with soil bulk density. These findings indicated that the soil organic matter played an important role in improving
soil physical and chemical properties as well as promoting the soil nutrient cycling. For practice, the soil organic matter can
be employed as an indicator of soil properties change during the process of vegetation restoration. The results of this study

can provide scientific guidance for the restoration of degenerated forest ecosystem in this area.
Key Words: soil physical and chemical properties ;natural forest ;artificial forest;forest succession ; Xinglong Mountain
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1 HREXIEHER

HR 4R L E ) A SRR D XA T 22N T AR BS 20 45 km A0 (103°50'—104°10" E,35°38'—35°58’ N) ,J&
FABE A ARAEARNK, AR PG 37 km FEILTE 17 km, BHIFR 33301 hm® A48 24 B 1L 40 F0 LWL AL T, 54K
1800—3670 m , & ¥ - iy b P i ) — s (0 3 B o A XU Tty 2 i+ AU AL, 2 e S itk
1 BB ST IX NS 25 AR FE VR <1800 m [Xde | AE [ /K i 350 mm ; V3R AE 1800—2600 m [X 3,
AFREIK AR 400—600 mm ; HEKAE 2600—3000 m X, 4F-F#7K i 600—800 mm , M LA 5 Ll A L [ 45
b1/ R 1 w4 £ = A= Y A U1 D 2 < S A <1520 4 9 I 2 R R £ K B
B2 HoAE FLAR 0 AT AU A B 0., BRI Y 32 A FER R B AR 5 I R P 6 P ] PR AP i e o o
TENBR, o AR AR AT 4 AR IR K 100—200a, 2 EERER BB RG haz",
2 MREBEFRZE
2.1 WFFEME

JEUGH T AT 2l Ak, RIFR T FFAR (S, ), Te K JZ B FF (Picea wilsonii ) 2 1%, ; #E K )2 B 42 VG §F AT ( Fargesii
nitida)) \£1%E Fii ( Eleutherococcus giralolii) \\LVEMI( Salix oritrepha) FF 2 A, KAR T FT- FAMEET @ TR AS AR . 7] R
FATF-FAHMERR(S,) , FoARJZ I AR FAME ( Betula platyphlla) 28, , WAL L) R 7 T 4T +3 FIHE AR )2 1k
PUEIIT LB R A0 R T (Ostryopsis davidiana) SEH AEMK (Sorbus koeheana) (1 7i /INBE ( Berberis kansuensis ) 55
WL, RIRAE IIAG- FIRERE MR SSAK T R LA - I HEAR (S,) , TR ARJZ i FIME 1145 (Populus davidiana ) F1iL
ARHE(Quercus liaotungensis ) 2H )8, WIFRZH L LL A1 5 104G +4 TEARBR+1 FIHE; HEAR 2l AR U A5 AT B4 1% 22
(Smilax stans) 7% F-52 ( Epimedium brevicornum) 5 J| ¥ ( Rosa xanthina) | Bk ( Cerasus setulosa) (5% 1k &
& (Viburnum mongolicum ) 55 241 1, K SR WA A BR 18] FRE A MK (S,) , #E K 2 B K H) 7 ( Cotoneaster
multiflorus ) R 52T IER  H IR /INBE 5 1055 2k 54 ( Spiraea alpina) )% 2.4 ( Lonicera ferdinandii ) %5 20
S, BRI B AT 4 KA F+2 BRI +1 520 S8k +1 TR/ N+ 1 S I BB A . IS A Ak . AR AA AR
(S,) FEARIZ A Pinus tabulagformis) SR HEAJE SR HADNE AKRIT B S4R, F500
AN T 4lipk . FRIE AR (S ) , TRARZE AEILTE 48 ( Larix principis-rupprechtii ) 21 1Y ; HE A2 KM+ | JER
T HIR A& ( Crataegus kansuensis) BEHIEMEFALN , 6 AR MM ILAG- FARERR T #F- FOREAR RN 35 4T
PRI AR o) 3 2ok 2 v I Ak ) AN [ B 5, 0 7 471 R AR 3 5 5 7% A R AA AR 23 S0l 2 B3 BHSBGHE AR B
O (R AP AR %R L 6 R ARSI EANTE L UL AR 1,

R1 WHBERER

Table 1 Basic condition of different forest types

R

tr . Mo HE
26 g . \ A SV i A% 4y L
P %53 W B f Wi il E¥E e Stand s
N Canopy N . Age Mean breast Mean . .
Forest type . Elevation/m  Aspect Slope/ (°) . . density Soil type
densityor /a diameter/cm  high/m N
/ (¥k/hm?)
Coverage/ %
S 0.85 2475 N 30 65 11.10 12.65 1475 W A +
S, 0.65 2477 NW25° 44 41 17.40 6.70 850 W e +
S, 0.80 2238 NW10° 35 46 8.40 12.92 2350 A+
S, 95.00 2333 NE70° 41 1.80 YRR
Ss 0.65 2293 S 23 25 8.50 7.80 4825 AR A
Se 0.65 2389 NW15° 30 23 15.50 13.30 2050 HE+

S, T AR Picea wilsonii forest; S, T FF-FAMERK Picea wilsonii and Betula platyphlla forest; S, : WA - FAMEMK Populus davidiana and Betula platyphlla
forest; S, : EMMK Cotonester multiglorus and Rosa xanthina shrubs forest; S : WMAA MK Pinus tabulaeformis forest; S : V& M ¥AM Larix principis-rupprechtii
forest. T[A] The same below
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2.2 WIS
2.2.1 THERERCRE

FEXT P41 L ARARTE AN B 2L (19 L Ath b 1685 6 Fh RBEARMOIF SN B, TP o 4538 5 MARiEREHE (20 m X
20 m IEHTE) AR SHAHEF(F 1) M EME 1.5 m M7 2.0 em, RIGTESIHS S DARfEREHE
ik 1SR ACERYERE M 7R O 3 TR O XA 3 AN RAE AL, R HIEEAE 5 m 2N, HIER T 41 )2
(0—10 ¢m ,10—20 cm ,20—40 cm 40—60 cm) BUFE, AF)2 3 WE R, MO P B B 0RE & 5 BE 1SR FE S50 2
IUEE 0.5 kg, K4 RbE S EBHZE 3 D AR ANR G, G B 1. 0 kg IRAFEM A L 348 HON A 2p 2k B ee
F 5% X Sk AR AR AR R E B FE 0—60 em 321 [RIELL 0—60 em +3E)2/E AAFFR T4,
2.2.2 IV IR E

A E R FHER T8 AL p, =93. 947 — 32,995 x b K5, b WA, p, W EFLBREE B LR
e R R T AE BB E ] p, = p, — p, K, p, NAEBESLBE, p, NBE LB ; ABRHPED & R
FXCGR BB, AL AR e ik
2.2.3 ik bE R e

pH (R 2. 5:1 A7K L, A D0 5 A HLJBT SR FH A I % R 4 480 A b ol 25 i U 5 4 N R
PR P A ok ) A A T 7, 8 R Bl e e 5 7K A N R B4 PR D A 5 4 PR TR IR O o SR T
BP0 R A3 P R PR IR S IR H2 0 SRR BT L (0 a2 5 4 KR B S0TRURR y vmi SR TH 72 K U
FEREETHEM E ; AL K R o 2 BR B S O KA G EE TR DI 2 . LA B 40 5 0k L - ek Ak 2% 0 b7
HET
2.3 HdEabm

K Excel BT B, FIH SAS 9.0 4 HT 5 A4 E A7 Ge 1o AR S 20 #r
3 ER54H
3.1 N[FIARARE AR 1 e 3
3.1.1 HERH

e R 4 SR R BB MR b, RAE RIS R B A R R ) A EE SR
AR/ AR A B R RAR R AR A 5, MBIl 6 R M L HERI R LR EE R B,
40—60 cm 43l 20—40 ¢cm . 10—20 em 0—10 em B 1. 16 175 1. 37 f5F1 1. 67 1%, 2R A0 HLAERE T B ) 28 T
AW AR BRI ) 25 8 25 5 W38 MM 0. 562—1. 181 g/cem’ , IHAABRSHE B> 147 - 11 HEbR > 7%
B A > T FF AR S T AT - I HERR 5 SR MR L ) 38 B A T, 25 1 5078 /N JR 8 R, A 1 J80RE I 11 19 75 4 - 1 MRk
w/NFR2) .
3.1.2 EHEALRRE

AL BUIR O B R A 2 - ST 38 B K T SR FR PR M 5 B B X ok IR R AL A
PR HEEAFBIERY . K2 B, %L 6 AR 1 3e i L B FLER g 22 5 3%, #(H 58. 386% —
72.656% ,EAV AU R EE (3G In ek 2D, AN [R) AR Y RS AL B B 25 S 0 3, 41 54.990% —T75. 402%
AT - MRS T AT AR SV HFARS 147 - 13 HEAR S HE AR S T AR ; R SR PR Bl ZR AR IE 1) 358 5 (0 kA7, B AL B e
BN S vk

MLREIL 6 FARMTE L85 L BAELREZ R B2 ¥ME 50. 677% —58. 511% , 28 AL 4 A V% B 19 AR TR
AN/ A ) AR R ) H2 5 g 28 35 - A MERR B K (60. 606% ) | THIAM MR ER /N (47. 743)
ANEIFEAAE S FAEREILREER B (K 2) , b3 RE 1+ G A e 0 5 8 ,0—10

em FEILE LIZH) 2.0 £ 36 FAMATIR L2553 65 T F-E1 MR 7 FF A L- 11 R > BB > 1 b >
R, BT TR AR THRARA 2.2 15 A TP ST T IR, KA ARBIAR AR IE OB 03617, S0 2
SR
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Table 2 Physical properties of different soil horizons in different forest types

AR ol R RE BEALBRREE FEBELBE
Bulk density /(g/cm®) Capillary porosity/ % Non- capillary porosity/%

SALBE

Forest type or soil layer/cm Total porosity/ %

S1 0—10 0.359+0.058Cd 69.546+5.182Aa 15.823+5.956Aab 82.095+1.903Aa
10—20 0.449+0.053Cc 62.042+1.259Ab 17.836+0.443Aa 79.135+1.762Ab
20—40 0.676+0.022Bb 60.521+0.707Ab 11.226+0.268 Aab 71.630+0.718Bc
40—60 1.194+0.035Aa 44.347+1.360Bc 10.210+0.616Ab 54.557+1.158Cd
S2 0—10 0.363+0.081Bc 47.602+3.359Bb 35.866+2.386Aa 81.976+2.673Aa
10—20 0.493+0.022Bb 65.372+0.340Aa 12.713+0. 660Bb 77.691+0.719Ab
20—40 0.675+0.043Aa 64.646+2.403Aa 7.017+1.217Cc 71.663+1.438Bc
40—60 0.717+0.020Aa 62.056+0. 734 Aa 8.222+0.693Cc 70.278+0. 659Bc
S3 0—10 0.628+0. 008Bc 60.851+4.667Aa 14.771+3.005Aa 73.224+0.266Aa
10—20 0.771+0.041Bb 61.113+1.339Aa 6.861+0.002Ab 68.509+1.327Ab
20—40 1.075+0. 058 Aa 50.240+0.797Bb 8.235+2.305Aab 58.475+1.907Bc
40—60 1.158+0. 124Aa 44.652+2. 154Bb 13.555+4.755Aab 55.725+4.102Bc
S4 0—10 0.825+0.031Cd 55.822+0.584Aa 10.905+1.591Aa 66.727+1.041Aa
10—20 0.920+0. 032Bc¢ 55.908+2. 189Aa 6.045+0. 847Bb 63.581+1.056Bb
20—40 1.004+0.018Ab 54.068+0. 557 Aab 6.760+0.958Bb 60. 828+0. 594Cc
40—60 1.078+0.027Aa 53.458+0.505Ab 5.493+0.170Bb 58.377+0.886Cd
S5 0—10 0.985+0.071Bc 48.980+1.748Aa 14.795+0.811Aa 61.444+2.337Aa
10—20 1.290+0. 038 Aa 47.758+1.341Aa 3.630+1.698Bc 51.388+1.260Bc

20—40 1.153+0. 028 ABb 48.374+0.699Aa 7.530+1.620Bb 55.904+0.940ABb
40—60 1.295+0.091Aa 45.858+2.680Aa 5.368+1.313Bbc 51.226+2.990Bc
S6 0—10 0.712+0.056Bb 64.631+1.830Aa 7.396+0. 646Aa 70.467+1.822Aa
10—20 0.782+0.038Bb 62.869+0.596Aa 5.274+0.892Aa 68.143+1.279Aa
20—40 0.989+0. 084 Aa 52.651+0.701Bb 7.047+0.777Aab 61.300+2.778Bb
40—60 1.024+0. 046 Aa 53.690+1.548Bb 6.464+0.284Ab 60.154+1.535Bb

ARPRAY S1 0.670+0.341Cc 58.681x10.850ABab 13.377+3.993Aa 71.854+11.235Ab
Forest type S2 0.562+0. 155Cd 60.606+7. 172Aa 14.287+11.620Aa 75.402+5.102Aa
S3 0.908+0.234Bb 53.587+7.750BCc 10.564+4. 172ABab 63.983+7.733Bc
S4 0.957+0.101Bb 54.814x1.514ABc 7.607+2.500Bb 62.378+3.344Bc
S5 1.181+0. 142Aa 47.743+1.942Cd 7.197+4.232Bb 54.990+4.697Cd
S6 0.877+0. 148Bb 58.988+5.638ABab 6.410+1.023Bb 65.016+4.870Bc
T 0—10 0.645+0.240Dd 58.511+8.472Aa 16.155+9.475Aa 72.656+7.923Aa
Soil layer/cm 10—20 0.784+0.290Cc 58.444+6.404Aa 8.116+5.086Bb 68.075+9. 580Bb
20—40 0.929+0. 196Bb 54.896+6. 157ABa 7.823+1.858Bb 63.300+6.475Cc
40—60 1.077+0. 196 Aa 50.677+6.736Bb 8.055+3.018Bb 58.386+6.481Dd
R FFK I % BERKE/ % FIAK ik %

ARSI+ R IR

Forest type or soil layer/cm

Maximum water

Capillary water

HH ) 37K e/ %

Field capacity

Nature moisture

capacity capacityt content
S1 0—10 237.291+40.771Aa 177.529+3.219Aa 167.997+8.340Aa 42.136+4.654Aa
10—20 160.406+7. 852Bb 143.299+4.445Bb 127.878+4. 166Bb 32.646+2.056Bb
20—40 108.001+4. 199BCc 77.970+4.567Cc 66.099+2.581Cc 29.920+1.256Bb
40—60 46.185+2.096Cd 28.979+3.371Dd 23.068+3.415Dd 15.057+1.481Cc
S2 0—10 225.119+47.722Aa 168.947+9.974 Aa 114.125+0.173Aa 35.929+2.400Aa
10—20 159.989+9.417ABb 138.453+2.989Bb 125.713+1.909Bb 31.673+1.494ABb
20—40 105.085+10.537Bc 87.727+5.366Cc 77.306+5. 174Cc 30.713+1.205Bb
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B RIS Bkt LR T L AT i
Forest type or soil layer/cm Maximum water Capillary water Field capacity Nature moisture
capacity capacityt content
40—60 98.271+3.608Bc 80.495+6.505Cc 68.321+3.054Cd 29.611+1.951Bb
S3 0—10 116.777+1.629Aa 93.005+4.430Aa 75.591+2.954Aa 22.130+1.850Aa
10—20 85.975+5.933Bb 65.806+6.521Bb 52.466+6.358Bb 18.343+0.925Bb
20—40 51.012+4.935Cb 43.963+3.621Cc 35.917+4.260Cc 12.138+0.981Cc
40—60 45.200+5.519Cb 35.478+2.559Cc 27.429+2.290Cd 11.383+0. 886Cc
S4 0—10 80.916+4.853Aa 64.086+2.082Aa 54.502+3.881Aa 13.905+0. 115Aa
10—20 69.472+4.035Bb 53.620+3.210Bb 42.970+3.375Bb 12.635+0.489Bb
20—40 59.787+0.872Cc 49.867+2.742Bbe 40.946+4.045Bb 11.326+0. 086Cc
40—60 53.424+2.070Cd 46.740+1.019Bc 38.071+1.731Bb 10.881+0.219Cc
S5 0—10 60.048+5.376Aa 51.022+2.803Aa 41.405+1.954Aa 6.404+0.065Bb
10—20 40.266+2.207BCc 36.389=+1. 129BCb 29.361=+1.249Bb 9.826+0.209Aa
20—40 48.397+1.785Bb 40.224+2.338Bb 30.641+1.696Bb 10.320+0. 194Aa
40—60 36.113x1.047Cc 30.725+0.053Cc 27.888+5.887Bb 9.847+1.033Aa
56 0—10 104.464+5.464Aa 91.629+0. 549Aa 71.499+5.486Aa 24.334+0.281Bb
10—20 83.315+5.195Bb 77.279+4.775Bb 66.472+3.555Aa 27.271+0.636Aa
20—40 52.339+0. 640Cc 49.381+0.769Cc 43.294+0.021Bb 23.478+1.090Bb
40—60 51.626+0.102Cc 49.249+3.410Cc 42.473+2.588Bb 24.109+0.211Bb
AR S1 135.931+78.711Aa 96.250+59.920Ab 93.386+60. 283 Aa 29.940+10.410Aa
Forest type S2 147.116+57.357Aa 114.356+36.782Aa 94.752+25.913Aa 31.981+2.942Aa
S3 74.741+30.410Bb 59.563+23.560BCc 47.851%19.531BCbe 15.998+4.767Cc
4 65.900=+11.215Bbe 52.623+6.591BCed 43.178+6.529BCbe 12.187+1.259CDd
S5 47.123+9.821Bc¢ 40.396+7.767Cd 32.324+6.230Cc 9.099+1.701Dd
56 74.089+22.749Bb 66.160+18. 735Bc¢ 57.084x14. 169Bb 24.798+1.626Bb
32 0—10 139.376+75.804 Aa 102. 605+49.354 Aa 87.920+45.343Aa 24.140+12.650Aa
Soil layer/cm 10—20 96.345+45.551Bb 82.426+40. 908 Bb 70.983+38.937Ab 22.066+9.292ABab
20—40 71.854+27.041BCc 58.706+19. 165Cc 49.371+18.036Bc 19.649+8.998BCh
40—60 56.545+21.524Cc 46.134+18.399Cc 37.875+15.849Bc¢ 16.815+7.730Cc

£ Duncan ZH WK, AF/NGFHERTE P< 0.05 KFF 25 B35 ARKRE FRERME P< 0.01 KFFEREBE  RZ, ZRARY

3.1.3 LIRS KE LEKCRG

(1) REASRE K

WFFE KRB, 24BN [ RIS 2 0] A SR K i 22 57 0 3 A RIS 5 (3R 2) , RARARIH TR B2 119 A8 TR
/N, N TARBE TR B A AR RS G 28/ s R[] ZRpR A ) 22 55 B 3 94 9. 099% —31. 981% , 15 FF- FI HEAK
T K THAA RIS /DN 3 TSR AR IE 1) 3885 (0 64 T, HAE e85 08N

(2) HEEEEACIR AL

M2 F i, 6 FBRAMTE L i KRR 22 55 0 3 B E N BB MK 139.376% ,96. 345% |
71.854% F156.545% , 7B AV KUAR P TR BE 3G s )N AN (6] BRI AL ] e KAk i 25 5 0 3, 3 AF- I ME AR R
K TR IR N, 75 FF- FIHEMOZ AR 3. 12 45 s RARMRBE R IE ) R R4 7, LR 5B 1 05 98/

X F B R R T AR, SR ARSI T 45 1 2 (0] 25 55 3 (32 2) |, AR (L FUAE XY BE TR B A9 384 o i
AW 56 BRI 22 55 18 25 | 75 - FOMERRS 75 AT AR SV AR AR>S LLAZ - FHERR S TE PR S TR AR K ER
RBERRAR L [ R A T, LA SRS 80
3.1.4 +HEBENE

TR E MR KR RE O B A IES B — | R M R AR T A AL U bR AR T Y g
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I3, % K LR BOK ISR D RESE IR R X T LB dOR RIS MR 2RIl 6 R AR MO R 122
IS AL U A AR (P 1), - LAz AR R AROR i I A AR ST BE TR S8 1940 48 T I i I, 77 TP R it T8 8 ) 3
INSEEE MG I8N, 75 FF- AR RIHE DABR I BT B2 ) 15 I e/ NS 3, 38 AT AR 35 FT- L MEAR AL - T HE K
THEB BV, A5 TR 22 5 FCRC s FEAVPR T RAMK GHARAR T IR E R 22 | BB R TR 8
mm/min PUT AR [F] L JRBIZE0A S, i DRl UL 4R L 6 FhBRAR 1 S8 i3 1k 22 B BOR, 35 FF AR L AT-H
REMRAILZ - MMy, L e A MR 22

20.0

18.0

16.0

14.0 +
12.0 +

T+ 0—10cm

——S1 —8—S2 —A—S3 —%—S4 —%—S5 ——S6

1 3 6 10 1520 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100 105110115120

+% 10—20cm

I 3 6 10 1520 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100105110115120

Infiltration rate/(mm/min)

180 | 1K 20—40cm

1 3 6 10 1520 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100 105110115120

18.0 T 40—60cm

78155 |] Infiltration time/min

1 FREFHEBNTESELRE

Fig.1 Process of soil infiltration of forest types

3.2 RIAIZRARER Y - etk oA vk
3.2.1 HHEAMLT K pH {E

(1) AP

T B HLTUR T B A Ay, e S R W T R S PROR B SR AR VR, T i R R
M — R HN B s R e RS (L 2) |, 24BE L 6 Fh RS L2 A WL 22 08 K, 28 Ak
S BE SRR EE B MM/ )N 6 FhARARIE] 22 7 035 (3R 3) , J41H 38. 713—134. 043 g/kg, T FF-FAMEMRS 5 #F
RS T RS TE PR S TR AR > LU AT - FUREAR s B A b 4R LU AR AR A5 T2 R) 25 5 0 35 (3R 3) , 241 36. 447 —
106.748 ¢/kg, RIZWE R THZE, AP RR RN,
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R3 TRRMEIH LREUFER

Table 3 Chemistry properties of different soil horizons in different forest types

AT BHL &R/ (g/kg) 4 N/ (g/kg) 4 P/ (g/kg)
Facters pH Organic matter content Total nitrogen contents Total phosphorus contents
FRARIEAL S1 7.195+0.205Cc 95.490+69.992ABb 4.983+3.727Bb 2.106+0. 171 Aa
Forest type S2 7.386+0.095Bb 134.043+29.854Aa 7.373+1.339Aa 2.370+0.287Aa
S3 7.460+0. 014 ABab 38.713+18.403Cc 2.163+1.077Cc 2.058+0.274Aa
sS4 7.430+0.037ABb 71.795+25.085BCh 3.510+1.681BChe 2.060+0. 188Aa
S5 7.475+0. 031 ABab 39.668+20.253Cc 2.210+1.047Cc 2.015+0. 174Aa
S6 7.590+0. 026 Aa 73.618+35.015BCh 4.735+2.153Bb 2.365+0.250Aa
1)z 0—10 7.355+0.219Ab 106. 748 +44. 968 Aa 5.870+2. 141 Aa 2.273+0.234Aa
Soil layer/cm 10—20 7.410+0. 171 Aab 96.447+48.732ABa 5.378+2.706Aa 2.232%0.178Aa
20—40 7.443+0. 099 Aab 62.575+33.054BCh 3.363+2.065Bb 2.073+0. 152Aa
40—60 7.483+0.058Aa 36.447+31.673Cc 2.037x1.799Bb 2.072x0.379Aa
+ % K/ ( g/k.g) IK St N/'( mg/kg) ﬁé& P/(mg/kg) E&fk K/ ( mg/kg)
Facters Total potassium Hydrolysis nitrogen Available phosphorus Available potassium
contents contents contents contents
PRI S1 18.113+2.599 Aa 13.133+7.434Aab 5.665+4.291Aab 80.718+53.539Aab
Forest type S2 17.400=+0. 834 Aa 16.238+2.736Aa 7.055+3.869Aa 112.853+97.006Aa
S3 17.308+1.175 Aa 5.640+3.297Cc 4.105+2.987Ab 88.658+85.369Aab
s4 17.283+1.238 Aa 7.423+3.232BCc 4.680+2.256Ab 99.328+65.922Aab
S5 18.295+0.292 Aa 5.155+2.309Cc 4.440+1.670Ab 92.740x44.297 Aab
S6 17.71320.573 Aa 11.605+3.382ABb 5.540+3.456 Aab 57.660+27.011Ab
Sae: ) 0—10 17.295+1.172 Aa 13.265+4.284Aa 8.513+2.089Aa 178.290+51.379Aa
Soil layer/cm 10—20 17.218+0.791 Aa 11.408+5.064Aab 6.887+2.092Aa 77.003+30. 827Bb
20—40 17.602+1.241 Aa 9.372+5.988ABb 3.520+1.052Bb 51.748+13.613Bb
40—60 18.625+1.472 Aa 5.417+4.488Bc 2.070+0.614Bb 47.595+10.763Bb

00—10cm M10—20cm M820—40cm B 40—60cm

= 200.0 - 8.0
E 78 |
&5 1500 7.6
= 7.4
g =
B < 100.0 a 72
ﬁ = 7.0
£ s00 6.8
§n 6.6
3 0
FRARZ R Forest type FRARZ R Forest type

B2 AEHFKEER 0—60cm T pH REWNFEE

Fig.2 Soil pH and organic matter content change in 0—60cm layer under different forest types

(2) 4% pH {H

6 FIARMAE L2 T pH EH2ERIA K (E 2) , 5 FFARFN T FF- I HEMRRE 1 U 1 AR TR G, e ARk
ToHH B AL, WFSTIX 6 FhARARTE] pH (E 225 AR5 (R 3) , BMH 7. 195—7. 590, IR 5, D4R L RS +
JZIE] pH (H2ZEF AR RE (R 3) ,HME 7.36—7. 48, RHETR FE 1R B %, W 5T X L5 E i 3
3.2.2 LR ZE

SRR HE N EFR SR TER, A — B R LU R N A HERIRE K N AR b S e T
I HHE N AGEERCIRBURT N OB R, 4B 6 FhFRMOR ] 2 1) 4 N 22 Bk (& 3) , 28 fh A bl 1
JE S R T 00/ 5 S [ R AR IR] 22 5 2 (22 3) , AMH 2. 163—7. 373 g/kg, T FF-FAMERR > T A bk > 75 I #A bk >
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PABRS THAS RS LA - FAHERR s AR AMRAE 8RRy 1) AR A S HUBA— 20, X T o8 X 2Rk, 76 - 8850w L
N ERRE(F3) ,HME2.037—5.870 g/kg, #)ZW B R TIRZ, TS N KRB L,

J0—10cm M 10—20cm 20—40cm B 40—60cm

E
£ 10, a%) 20.0
E‘) g 8. \ f : 16.0
S &) O
\%n 5 6. ::_ £ 12.0 =
SE 4 NS ZE 80 =
= = @ =
< a2 \S 2 40 z
kS o= g =
S1 S2 S3 S4 S5 S6 E‘ S1 S2 S3 S4 S5 S6
FRARI A Forest type PRk F K Forest type

3 AEFHFMHEE 0—60cm L3S N FKEN

Fig 3 Total nitrogen content and hydrolysis nitrogen content change in 0—60cm layer under different forest types

WFFE 2,6 FIARMANI] 1 J2 B K A N 220005, 28 1k 2 B TR 32 1 A R T sl /S 5 S ) bk [ 22 5 B 2%
(F3), FHHF-FAHEPR(16.238 mg/kg) A, PR (5. 155 mg/kg) B/, AR b X4R 1L BRARTE 38 5 oK
fift N 2R B35 (X3, REWARKFRZE, THOKME N RRS S,

3.2.3 LHEEBR

AR O A IR AR SR — A EER , HEK/NZ SRR AR RS AR, S A 4
WREPLURA LR IWE 4 FH L6 FARMOR IR 12 4 P 22 51K K, Jo W] 8 AR (b B AE  AS W] ZRbk ] 22 52
RN (FE3) M 2.015—2.370 g/kg, %Ml T 1.0—1.5 g/kg"™  PLHIAHLIX 43 P o] LA R ARA Y 1F
WAKKRE , ST, fE R0 -4 P 2R A RE(£3), 2 P SEEI N R /A,

00—10cm B10—20cm ®20—40cm B40—60cm

30 1207
" %g i £ 110f
524t £ 100¢
2221 S B35 90f
~ 3 201 N = § 8.0
EERR NE | R g5 70¢
2214t NE | RE =% 60f
=gt NE QE BE 307
e 0 ¥ K 5 40
=06 hE s s 307
S04l e | RE R
03 v R 2 iy

s1 2 $3 s4 S5 s6 s1 s6

FRARZ R Forest type FRARZ R Forest type

B4 AEHHKZER0—60cm LES PIERP

Fig.4 Total phosphorus content and available phosphorus content change in 0—60cm layer under different forest types

MBI 6 FhARAAE L2 AR P 220K (18] 4) A5 A FLAEE BE TR BE 30T 28 /)N 5 A [R] BRpR ] 26 55
FH(£3),HMH 4. 105—7.055 mg/kg, FEAREWE EEH IR FE R 0 IE R A KRR . B L IR IX RS 1
ZHARP 25 0E(£3),(H 2.070—8.513 mg/kg, F)ZMW B K TIHRZ, AR P REBHN G,
3.2.4 MR

TR RO AR ER A S AL T b T MG R R e AR ) A — A AR AR
RCE R A RE R AER , b7 T K R AR BE LSS e B R A RN B, 4B LD 6 FRARARAS
Fl 4 2M 4 K Z5IAK(ES) , JCH B AR R R AR AR R 22 58 83 (2 3) , 3418 17. 283—18. 295 g/kg,
LS LLARAR 7 - 40T E 4 K 2R AR (3R 3) ,¥ME 17.218—18. 625 g/kg, HHFRIX 6 FigRMOAIR] 1+ )2
R K 223K (S, 78 Ak R Bl O 8 %) 388 o i A% /N s S [R) AR 1) 25 53 1 35 (36 3) , 3891 57. 660—
112. 853 mg/kg, T FF- FIMERRS T AR STIAS RS L% - A HEAR > T FF AR >V A AR R IR ARTE W 751 ICH
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00—10cm m10—20cm ™ 20—40cm & 40—60cm

2 225 ¢ £ 2500
g 20.0 _E 250t
ERY) 3 200.0
ER S E 1750 ¢
Nl= g7 1500 f
22 <& 1250 f
Mo ¥ 2 1000 |
hy o 750
= ®WI 500}
3 = 250
= Dy — - > 0
S1 S2 S3 S4 S5 S6 <

FRARZ R Forest type ZRARZAY Forest type

5 AREFEMER 0—60cm +IES K FER K

Fig 5 Total potassium content and available potassium content change in 0—60 cm layer under different forest types

AR, IEK L 4B ARAS R AL K 227 B35 (£ 3) , H{EH N 47. 595—178. 290 mg/kg, %2
B R FIR)E , 3l K R0 BA &
3.3 4EEINFRAK L SRR AR S

PLREILFRAR 0—60 cm +HEZIACFFIEAHSCHE TR (R 4) , pH (A SAH ML 4 N KN HEP 25
FOME AR S AR 2 K 2B E TG, M54 N 4 P KM N A8 P s K SFLEE BEIL
BRRE AR BB SRk E B RKE R K AT 4 N 54 K 583 fUk et 4
N4 P KffE N ARLP [R5 IEADCE A0 P 5l K 2 B3 IEHH: A E 5 BILBE SR RikE .
TR AR KR 2B FHCE . MASCtE T E ), R A UGS H e B AR IE X HA A G,
A ML A A3 - S Bk M TR AN 0 52 A IR B0 TR 25 G A
4 HieE5HR

FHURAERME A MY REFAE F LR A AR T B, I B R R 1 A T R AE R T b & A A
fb, FE—m R b AR I A R R A th 2 SR AN B R W M RE R BTl fad A2 TR
Bl ST K LI b <7 RS SR A AN [) R A A A Y e A P b A S N A B R R L
St
4.1 MBEINFRAS S BT R A R

PRI, T80 R 75 W hid i S A B AR R AR & B RIS Y 0 il R S A e — e 2 5,
N 1 AN ) AR A3 S B R AR TR ) AR HF 98 e TR, 240 1L R SR AR 325 B LB A 6 T AN TR
PR R SR M 203 2247 & 1 I I 1) s PR B AR, Rl SR £ VRV W o i b, DR 7R R AR T
RALBRRE S BT AN TR ISR B AR I 1) 38 A A T, 25 B SO 2> , LB B 1) J8 A K 3 s
AE R, SRR, FEE A VLR S R RS B ARARIE 1 SR A HEA T, PR 2 U TR AN TR
FRUFR WG R | e P W v A2 20 BRI A SO AR PR, B A AL R R R, DR
e T FLB AN A I AR

FHK I R AR — A BB, E WS S R R Y B A RS R, IR TE REE KL A
B G AR R AR WFIT R, M4 L AR A AR K R i R R A R TR T X
TR T A AL ARHRSY e S K I A 8 A AT, A IR S Y, A E S 2
RABEN , S AU B FLBRFTICAZ A K 53, 100 B A LB Bt 38 VR B8 A 388 It s /) 5 FLUR, Mth b 2
DA RIR, L HEZE kb T AR E A K 2 It & TIRIZ . ASFEARARE AL ] - 85K g 1A
], RARMRTES T TR, REIRMRAE T 2 b A AN st o | H B DR 4 9 3 FL B B A B A AL B AN [ T

HHEB B R WA K IR SR B LD R A AR AR AT FOMEROR L A7 - 1 M
R 3P K PR 5 V5 A AR R A AR 1 BB A MR 22 | R A5 5 P AR AR, BRAOK AR R RIK IR 75 T e 55
2, 7EA IR R SR R R AT FL IR R IR, DR B A L BB i e - R K AT RE 1 KN —
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TR
F4 0—60cm TIEFEHFIER Pearson 18X R
Table 4 Pearson correlation coefficient among soil properties in six forest tpes(0—60cm soil layer,n=24)
X X, X, Xy Xs Xs X;
X, -0.57497 ** 1.00000
X; -0.45921 0.97924 " 1.00000
Xy 0.02877 0.52098 ** 0.58224 " 1.00000
Xs 0.24870 -0.47106 * -0.50413 " -0.27069 1.00000
Xq -0.44775" 0.88679 ** 0.90326 ** 0.54351 " -0.37331 1.00000
X; -0.43490 " 0.83760 ** 0.83828 ** 0.45837 " -0.35871 0.73098 ** 1.00000
Xy -0.35572 0.49069 * 0.45234 " 0.10748 -0.16567 0.38820 0.73288 **
X, 0.59011 ** -0.88859 ** -0.87204 " —0.54688 ** 0.43323 " -0.90277 ** -0.76462 "
X0 -0.59012 ** 0.88868 ** 0.87211 " 0.54688 ** -0.43300 * 0.90275 ** 0.76490 **
Xy -0.29302 0.65410 " 0.67769 ** 0.62254 " -0.52559 " 0.72968 ** 0.49403 *
Xip -0.57429 ** 0.55212 " 0.49498 * 0.06251 -0.01274 0.47620 " 0.58703 **
X3 —0.74949 ** 0.87548 ** 0.82504 ** 0.38035 -0.32643 0.81442 " 0.78676 **
X4 -0.70632 " 0.91097 ** 0.87517 " 0.42376 " -0.37291 0.84612 " 0.81720 "~
Xis -0.73222*" 0.89379 ** 0.85995 ** 0.40505 * -0.42154 " 0.82638 ** 0.76579 **
X, X, X, X, X, X X4
X,
X3
Xy
Xs
Xs
X5
X 1.00000
Xy -0.51074 * 1.00000
Xio 0.51101* -1..00000 ** 1.00000
Xy 0.09277 -0.75491 ** 0.75483 " 1.00000
X 0.70627 ** -0.61045 " 0.61056 ** -0.04707 1.00000
X3 0.59211 " -0.92672"" 0.92682 " 0.57791 " 0.73057 ** 1.00000
X 0.56278 ** -0.94022 " 0.94034 ** 0.62491 " 0.69222 " 0.98829 ** 1. 00000
Xis 0.48251 " -0.91835 " 0.91842 " 0.70327 ** 0.57219 "~ 0.95878 ** 0.97867 **

# % FIRTE P < 0.01 KF LA BEM,; + . FIRTE P < 0.05 KF L BEMIK; X, :pH;X, : A WL Organic matter content; X5 : 4= N Total
nitrogen contents; X, ; 4= P Total phosphorus contents; X5 : 4 K Total potassium contents; X, ; 7K fift N Hydrolysis nitrogen contents; X, : %L P Available
phosphorus contents ; Xg LHZL K Available potassium contents ; Xy .2 H Bulk density; X, : S LB BE Total porosity ; X, BELBRE Capillary porosity;
X, : AETAEFLBRSE Non- capillary porosity; X, 5 : F3EH KHF/K i Maximum moisture content; X, : B HF/K i Capillary moisture content; X5 ; H [A]:5E7K

o - .
1 Minimum moisture content

TEAMFFE R, IMARARTE 3 AT AR 305 FE DAREEA AR, I HLS7 s 2% 1 (B S 1m) R4k ) AR, {HLE
MG 25 20 ZAFMAAMRRY LR R A H 8 H B e BEPE ] AR 2 | P HRAR B . R, 222
THAS MR AR B R ELIS AR AT 854K (4825 Bk/hm® ) B Fp B — Wy 22 2 T S il 2 00 % 0 4 it 3 1 Pr
B, AR PGSR 78 ALK 1 R AL UG AN T & B 0, 32 R 7 I RA G RS A T — IR, ORPRAR 1 Ak
SYEEIE (2050 #k/hm*) o pIAT UL R4 R I DGRAC AR B B s A o, 2T 5 1R L 5 SR AL, IR
I LA Z2 B ke 52 05 0B T IR SSMOIF AT F 48 , e RIDVRE B2 i AR A 7 g, SURT 3 5 AR AR S R L AR 2
P B K 5 R K TR RE
4.2 MBEIIBARSE LA AP R

LA BT E RV TR I T, 107 UR 7 A RO A AL R R A R R P RS
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T, 2R L AR - A BIL I TR (3% 0 R TS 78 /D, - A BIL I3 3R SR A8, ] 3 S5 R B A 22 ) o e
ARV RE LS SRR, TR A T R AR R A3 T LI A LR B S HE A R AR U 2 A HLK
RS THRZE, AFZRRERIE AU & 25 5 B35, IR TN TR R IRARBE AR MK IE o] 3885 f)
A7, A USRI e, X SRR A AR R AR A AR A RS R AL, B AR bR
14 I )RR | BRI 3 T S U v i i 22, DTl o 9 v i A SRR LB 22 | Bfl I L
B WA (AABETE W BURCR B, A0 A HE - LI A DL R AR, 5 e A1 Tl T
BT B AE AR, IXAR AT RE-5 AR A0 AR A A B 40 AR AR R A 3 I (B R /N A I 7 W i
EER R,

- SETR B R S SR A B R o, R A A B AR A R AR T B3 Bl LA B SR A o AE T AR
B, TR, S AR IE ) SR A HE T, 158 pH (EAEEWTREAR, T R BN RRMEFRAE 22 HA
WFFE R, 4 L R IR MRAE TR D5 1) | pH (H 2257 A 38, BRpk S R R B AL B4, 2946 7. 195—7. 590,
FAR T 7 A B IR SR AR AT RE AT X RRARAL T R R X, R i MR BUR AR Rk D
SRR R, SR Y R 2 B — e R B BRG], R s o0 S, S A AR 5, BT L R
A IRE

DLBE L ARAR LIS N KA N P RER L (A TR, AN I 3 S 04T A5 BRIl 22 1k
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