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Changes in soil fertility after interplanting pure Pinus massioniana plantations with
broadleaved forest under the canopy during 20 years

Zhan Xueqi

(Sanming University, Fujian Provincial Key Laboratory of Resources and Environment Monitoring & Sustainable

Management and Utilization, Sanming 365004, Fujian, China)

Abstract: [ Objective | Long maintenance of soil fertility is an important research content of sustainable
forest management in plantation. | Method ] This article aims to explore the soil fertility changes on the
treatment stands after Pinus massoniana pure forest transferred into uneven-aged conifer-hardwood mixed
forest by thinning and then interplanting with Altingia gralilipes, Schima superba, Phoebe bournei,
respectively. The soil physical and chemical properties of four treatments were determined after forest
interplanting with broadleaved tree species at the 1st, 5th, 10th and 20th years. [ Result] The soil
aggregate composition, soil pore, soil organic matter and soil nutrient content of the four treatments of
forest soil all showed increasing trend with time, and this trend increased as time went on. The order of

the increased amount of soil characteristics showed as Pinus massoniana x Altingia gralilipes (MPA) >
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Pinus massoniana x Phoebe bournei (MPP) > Pinus massoniana X Schima superba ( MPS) > pure
Pinus massoniana (PP). The differences in soil characteristics among the first three mixed stands were
small, but the differences between the first three mixed forest and pure Pinus massoniana stands were
significant. Compared the soil characteristics of the transformation forest between the first year and the
20th year, it was found that, in 0—2 cm soil of MPA, MPP, MPS and PP forest, the water stability
aggregates of dry soil diameter >0.25 mm increased by 5.21% , 4.67% , 3.78% , 1.24% , the total
soil porosity increased by 3.82% , 3.78% , 3.01% , and 0.49% , soil organic matter increased by
9.67, 8.39,7.26, 2.84 g/kg, soil total nitrogen (N) content increased by 0.22, 0. 13, 0. 14, 0. 05 g/
kg, and soil total phosphorus ( P) increased by 0.10, 0.06, 0.05, 0.04 g/kg, respectively.
[ Conclusion | The transformation forest of Pinus massoniana intercropping with broadleaved tree species
has good function in fertilizing soil, and is conducive to the maintenance and sustainable management of
the public welfare forest.

Key words: Pinus massoniana; Schima superba; Altingia gracilipes; Phoebe bournei; interplanting; soil
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TIENE T e AR MR e B R FE AR — B A
FESom BRI A= 4 AT e B AR i i, ARZ
LRI T AT 2RI 28 2 2 80 ) iR
S AN (Pinus massoniana) 23R E R T
T H ) TE AR TR 3 A PR TR e Ty )RR X 37
PR X7 HBEE SR AN, e TE 3B NE T e 2 i vk
FAKRY, BRI SRR S R — AR
Bl CEMZAENE T R e ROR 22 AR R
5K ESTRESF LA R ) 87 PR o o] %t
L AN AR AT AR B0 | 32 i AR o3 o i R A 25 )
AE , A 1 LD P AR 28 8 2ok AR rh SR ke Y
HRUE, V2T RIS 1 D AN AR AT A
AMLBE A B8 i AR K i T B A A TR IE T Y 42
e R AR R O T (A e T R A Al
ARIEAT MO i J X6 SN0 A I A 52 H i
A WA , A SCHE AR 48 JUIR EA Mg k1T 5 )
PAMKTEE T I A AR 3 ) O 35 B Bl
15 20 AR FEAT R B 3R T3 e, DA Ky
LA N TR 2B IR AR S H

1 B X B

SR B XA T A 44 v R By 3 2 L bk Ab ) A A
A IR R A O 117°487 ~ 118°36/
E | 25°48' ~26°24'N, J& '} V. R i 14 2 AL
AR e AR SR 18.9 € L1 P
YRR A 8 C e SN 39 C ARSI R -4.5
C AT R KR 1580 mm, 4F 78 & fF 4 1 380
mm , A XTI R 83% , ToRE I 299 ~ 322 d, 4FFH
1A 5783 ~7 161 °C, i e K H 7K &0 131.7
mm,3—6 FH NZHZAY 4 A KK S & FERKE
1 56% .

TR 15 7E A A0 R L ELIR BRT ) R [ AR
Yo TIX K F 1L, 458 200 ~ 500 m, 58K
ZIHE, +)2 /40 ~80 em, HIEAE S8, 1995 4EHK
SYRTERT S B AN R 22 A AR I R AR -S4 B A R
16.5 em, F-HIM 4 13. 6 m, AREA K 0. 8, BN
900 ¥k/hm*, 1995 4 10 H 7£ th A MR k17 50 i
B 4% , [ AR5 AR BB A BEHE 0. 4 ~ 0.5 Z[8], Th AR
1R BR B 1 h 450 ~ 600 Bk/hm? | [F4E 11 H #4745 05
T, 7RG R 40 em x 30 em x 30 em, 7 E R 1500
7¢/hm* 1996 4F 1 J] i bR, i S 3 4R RR4F R FH
R FEIEE 2 W FAEH IR 1,

2 R¥uit 5 AT

2.1 At

gk 58 2 FHLIX H it 4 AR 3
S 4IRS g A (RS T B R A A BT AR
Altingla gracilipes 1 500 ££/hm*) B (#5E T E A
faf Schima superba 1 500 ¥k/hm*) | C ( MR T £ Fli [
8 Phoebe bournei 1 500 ¥&/hm*) . D ( ASE Ry X}
M), 3 WRER IS 12 bR, A hr o AT
FH20 m x20 m,
2.2 RAEFE

A3 T o A (1996 4F) ik R AR S AF
(2001 4F) | BGHE fE 55 10 48 (2006 4 ) FIGE 55 20
AF (2016 4F ) M ARIERL PEA T 2T A, W AR AR A I
i b+
2.2.1 AKEAE

TEARERD N P A ARAR & W fe AR, THA 5
AL AR E
2.2.2 1RRAE

TERRERL N R S B siAi s (5 ) #E AT T 1
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PAAE R S FE PR AR 2Z (8], B8 A5 18 2 4 1L A9 IR
B, 510 ~20 em F1 20 ~40 em + 2 R4 R
mn, BEANREH 5 A S B AERTR AT BURE £, 43 3
e B AL A M T, K I SR R T %

T HORRNE AR LB 7312 (10 F i ) | A
PUS SRR ANE , R YL, v S AL
BRI FHBB T L E 3% , K U RO G, B ]
ERRR A A AR T e

®1 DEMR@EHIETUUER 20 EMIRI (2016 £F)

Tab. 1

Stand status of Pinus massoniana ecological public welfare forest 20 years after cultivation and transformation (in 2016)

H: K Growth H: W/ Biomass

Frift N MaEE, MaEBY 4
Standard P Species LY Wate  HERER (Be- hm=2)  (m®- hm~2) (t- hm2)
plot Height/ DBH/ - ndividual = 1 density/ Stand volumer " Stand/

m cm volume/m® tree/kg

(tree- ha ')  (m®- ha™") (t- ha™!)

LB Pinus massoniana 20.2 27.0 0.500 3 550 275.17 432.4 237.82

Al HARBT T W Altingla gracilipes 13.6 152 0.1233 1375 169. 54 156.5 215.19
LM Pinus massoniana 18.8 26.3  0.444 8 525 233.52 352.4 185.01

o K75 Schima superba 12.4 14.0  0.096 2 1425 137. 09 122.5 174. 56
LA Pinus massoniana 19.5 26.3  0.4607 575 264. 90 378.6 217.70

“ 44 Phoebe bournei 8.5 7.6 0.0208 1425 29. 64 23.1 32.92
Dl DR Pinus massoniana 20.5 26.4  0.4867 575 279. 85 1.6 242.42
LR Pinus massoniana 21.8 27.5 0.556 8 450 250. 56 458.3 206. 24

A2 ARBT T B Altingla gracilipes 14.2 16.4  0.1485 1 400 207. 90 170.3 238.42
LN Pinus massoniana 20.8 26.9 0.5110 425 217. 18 436.5 185.51

i KT Schima superba 13.0 14.7  0.1106 1425 157. 61 132.6 188. 96
TN Pinus massoniana 22.3 28.5  0.608 0 435 264. 48 532.8 231.77

« W14 Phoebe bournei 7.4 6.8  0.0147 1 425 20.95 18.9 26.93
D2 LM Pinus massoniana 22.4 27.1 0.556 1 425 236. 34 485.2 206. 21
IYEHA Pinus massoniana 24.1 27.9 0.629 5 300 188. 85 634.9 190. 47

M YA T Altingla gracilipes 14.6 16.5 0.154 5 1 400 216. 30 158.6 222. 04
LN Pinus massoniana 25.3 29.6 0.7359 275 202.37 748.2 205.76

3 AT Schima superba 13.7 16.0  0.1368 1375 188. 10 154.3 212.16
D FEHS Pinus massoniana 24.5 28.8  0.678 3 325 220. 45 675.8 219. 64

@ Wi Phoebe bournei 7.6 7.2 0.016 8 1425 23.94 21.6 30.78
D3 LM Pinus massoniana 24.8 28.9 0.690 6 275 189.92 687.3 189. 01

3 RS540

3.1 BENREMENHRERRE R TSR R EK
- B A R AR R - A BL AR E AR AP A A
ATERAR IR AR R /INASTR] it A7 A DL 1 2H B RN fig
AR T REA A T ARG 5 6] £ 2 ol i B 15
Bla  MOraEH e TARK B SUE | i R 1 H AL
LM N S 2 2 W TR S AR, AT B2 T AR
HZEAAIAL 7, PNFR 2 W0, E WA PR 43 il o B 1]
HIHERS BRI 0 ~20 em J% 20 ~40 em JZ2 K FabE A 5
DA F 34 R ) A B AELAS TR PR 43 2 B3 o iy it
ARKRZES SRR M AR/, ks 5 1Y
) SU/N I R R ) | TR 2y N G e (R KA B

(1996 4F)4 FARS 0 ~ 20 em J2 T T K Ba bk 1A B 4k
E82% ~83% , S AR E, HEFHE S F
(2001 4F) 5 AR R T IR SSAK B BB A a7 TR
MR R A TR S AR | H EE A sl bRoMcHb 35 O ~
20 em 2 T R OK R MR A R AR5 51l 84.21% =+
0.39% . 84.43% =+ 0.34% . 84.57% =+ 0.27% .
82.88% +0.27% , S RANARFT T HUIR S AR 5 B
PAAST TR SS AR R AU 1 A VR 5 MR K RS AT 2R Ak
FE T LRI (P <0.05) ,3 Rl ko 2z a1y
ToRFEES, YOG GRS 10 45 (2006 4 ) D A4
BT T AR AR | B FEAA Ao TR AR 2 RS 8] Al TR
TR ARG 3 0 ~ 20 em 2T L AKFRME
B AR 5> 5N 85.63% + 0.37% . 85.79% =+
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0.21% .85.21% +0.44% 83.18% +0.41% , )&
FAARAR BT T IR SR T AN A fr 1R ASHR 5 R 1]
RIS B 2 3 T S BAREAR (P <0.05) . BtiE
J BYEE 20 4F (2016 4F) B AN AR BT T HRIR S8 4K
T RASAT IR SR T B AR ] AR S AR | T R AR Sl
AL A3 0 ~ 20 em 2T £ K ER A R AR5 518
87.56% + 0.49% .87.45% =+ 0.32% .87.12% =

0.51% .83.89% =+0.27% , T FE ¥ 4iAR BT T MR 22
MBS A AR TR SRR | FE A ) g VR S MR 42) i 2
TOREMEEM (P <0.05) . HEINAEFRA N DR
AR BT T HIR SR > B AN AR AR > 5 i i)
FHIRASHR > B AN AAR, 18+ 5T - 2B AR R Y
AR AT 1 F B T R AN N TR () £ 25 ol o 1 A%
WH G, TR B GE , HIRIRE TR

®2 DEMMWEBER AR EAKRERRE >0.25 mm HR

Tab.2 Composition of water stable aggregates of soil in different periods after transformation of Pinus massoniana Y%
My Stand  EHEHH Soil type 1996 2001 2006 2016
1 Wet 73.68 +0.76a 75.850 0. 32a 76.50 £0. 58a 79.32 £0.78a
A T Dry 82.35 £0.99a 84.21 £0.39a 85.63 £0.37a 87.56 £0.49a
W Wet 74.12 0. 57a 76.06 =0. 19a 76.85 £0. 69a 78.77 £0. 56b
b T Dry 82.78 £0.38a 84.43 £0.34a 85.79 £0.21a 87.45 £0. 32a
1 Wet 74.48 £0.43a 75. 64 £0. 26b 76.37 £0. 68a 77.55 0. 08¢
¢ I Dry 83.34 0. 26a 84.57 £0.27a 85.21 0. 44b 87.12 £0.51b
1 Wet 73.85 +0.55a 74.22 £0. 34c¢ 74.46 £0. 34b 74.98 +0. 60d
b T Dry 82.65 0. 34a 82.88 £0.27b 83.18 £0.41¢ 83.89 +£0.27¢

A FOR T AT T HURSEM, B 2R DR ARFHRIEAM, C Fm DR B IR, D R D REMmAitk, TR, FIIARFE/NG FERERR
Wﬁ“z@%ﬁ‘ﬁ%(l’ <0.05), Notes: A represents Pinus massoniana and Altingla gracilipes forest, B represents Pinus massoniana and Schima

superba forest, C represents Pinus massoniana and Phoebe bournei forest, D represents Pinus massoniana pure forest. The same below. Different lowercase

letters in the same column indicate the significant differences among different forests (P <0.05).

3.2 SDEREMEINMEARERETEFLBREARR
- HEFL IR - 45 Wy R RE A R A He 1) 4
I, 2 T HEAR 2 S RN A T S B b T SR AE )
MR IRBOK /> F g ki 3 Bt NE
3 AR, Hy AN ARG IR 4E RS | AL B S
i (AR R SIG I A R R E R, 5
FERRGIMRIE I FE AR /DN T 2 S A S R A ] AR
IRASARIG A AR, L O ~20 em J2 HIE R, 2
T 244 (1996 4F) | B AN AR B T AR 2 Ak 5
RN SR | By RN M A TR S AR H AR Atk £
HERFLBE Y N 53.74% +0.20% .53.97% =
0.12% 54.04% +0.53% .53.87% +0.19% , /~ [
M Z BT REEF(P>0.05), BEENE 5 4E
(2001 47 ), 4 Ffobk o3 4 38 S FL BB 43 0 38 m T
0.80% .0.72% .0.94% 0.21% . RN AARET
IR ASHR S A AR AC AR | 5 R A I A VR SS Pk £
BOSLREY BE S T SR (P <0.05) . 2
W E M5 10 4F (2006 4F) 4 Rk sr 43 3 n 1
2.48% 2.23% 1.31% .0.22% , =5 EHS AR BT T 4K
TR AR Hy EEAR AT IR AR | 1 FE AL o) A ¥ A PRI ik
FZETODREMAIM(P <0.05), )54 20 48
(2016 ) 4 FpAR 543 BI3E N T 3.82% .3.78% .
3.04% \0.55% , Hh AN AIARB T IR AR S R

AR ASHR  Th 2 i o] A V8 8 AR I 35 8 T 50 B
4itRk(P <0.05) . BEMA iRy 5 EAAHARRT T
WIRSEHR > T A AT IR S AR > I 8 s [68] A TR 58
> Dh RN EEAR

i 5 A3 I R] (8 4 S, S TR] 08 bR o0 4 A 4 4 £
BRI AR, A 3 ATAL, £330 ~20 em )2,
Ly AN AAR BT T GRS AR S A AR FT IR AS AR
P A TR S K = 498 B LB 1 Bt FsF [ () MRS i
HAN(P <0.05) ,3 Flibkgr 4 AN4ERE R4 8 25 5 i
(P <0.05) , i b FE A0 2l AR Bl 5 Ao 1) 0 4 A% 38 i i)
HE/INP>0.05),
3.3 DEMREMEMHMEAERELERS R

+HEFR A0 - HEAR i EE Y LA, R A
WEFRITR M EZORIE, TR RGBT 4
TP Ah AR KRR BE - 5 08 75 40 1) 12 B 40 i o
A K, MR A i i 5% oA 24—
O3S LATR TSI T 8 4358, i T R )R A 4
SRR R] (A5 8 95 0 1) JoT R i B o3 fife 3R Y
ARKRHIZES, NI A SRR m )
AN BRIt 0 i) i i 3 S, L0 9 0 1 L
AN AR BRI, o i R et (el
TR R L NITEE & T ARH SR &
3.3.1 XEAIK

IFE 4 AT DRI E R B G b
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Tab.3  Pore composition of soil in different periods after transformation of Pinus massoniana
gl A0y A B c D
Pore index Year  0~20em 20 ~40 em 0~20 cm 20 ~40 em 0~20 em 20 ~40 em 0~20 cm 20 ~40 em

199 1.23+0.02Ac  1.31£0.01Ac  1.22£0.01Ac  1.30+0.03Ac  1.23+0.02Ac  1.31£0.02Ac  1.23+0.02Ab  1.30 +0.02Aa
LHEE 2001 1.21+0.01Ac  1.29£0.03Ac  1.20+0.02Ab  1.29+0.03Ab  1.21 £0.02Ac ~ 1.30+0.02Ac  1.22+0.03Ab  1.30 £0.03Aa
Soil density/ (grem™3) 2006 116 +0.02Ab  1.23+0.03Ab  1.17+0.02Ab  1.24+0.02Ab  1.18£0.02Bb  1.26£0.01Bb  1.20+0.02Cb  1.29 +0.02Ca
2016 1.08+0.03Aa 1.16£0.02Aa 1.12+0.03Ba  1.18+0.02Ba  1.14+0.01Ca  1.19+0.03Ba  1.17+0.03Da  1.27 +0.02Ca
1996 44.45+0.33Ad  38.56 £0.31Ad  44.59 £0.34Ad 38.72+0.30Ad 44.68 +0.50Ac 38.83 £0.20Ab 44.53 +0.41Aa 38.64 +0.21Aa
EHELIR 2001 44.58 +0.35Bc  39.34 £0.32Ac  44.75+0.25Bc  39.33 +0.32Ac  44.97 £0.31Ab  39.14 +0.22Ab 44.18 +0.11Ca  38.80 +0. 15Ba
Capillary pore/% 2006 44.83 +0.22Ab  40.23 £0.21Ab  44.90 +0.25Ab  39.86 +0.32Ab  44.14 £0.21Bb  39.58 £0.21Ba  43.84 +0.21Ca  38.87 +0.31Ca
2016 44.88 +0.21Aa  41.15£0.13Aa  45.08 +0.22Aa  40.67 +0.21Ba  44.25+0.23Ba  39.76 £+0.23Ba  43.95+0.31Ca  38.92 +0.32Ca
199  9.29+0.13Ad  7.34 £0.14Ac  9.38 +0.22Ad  7.41+0.24Ab  9.39+0.24Ad  7.50+0.23Ab  9.34+0.22Ac ~ 7.53 0.13Aa
JEBEALE 2001 9.96+0.32Bc  7.75+0.21Bb  9.94+0.25Bc  7.80+0.21Ab 10.01 £0.22Ac  7.62+0.23Cb  9.90+0.18Ch  7.62 0. 16Ca
Non-capillary pore/% 2006 11.39 +0.22Ab ~ 8.04 +0.14Ab  11.30 £0.15Ab  8.25+0.14Aa 11.21 +0.17Bb ~ 7.87 £0.21Bb 10.25+0.11Ca  7.71 0. 14Ca
2016 12.68 +0.31Aa 856 £0.23Aa  12.67 £0.21Aa  8.43 +0.23Aa 12.83£0.22Aa  8.12+0.20Ba  10.47+0.22Ba  7.85 +0. 14Ca
1996 53.74 +0.20Ad  45.90 £0.17Ad  53.97 £0. 12Ad 46,13 +0.54Ad  54.04 £0.53Ac  46.33 £0.00Ab 53.87 +0.19Aa  46.17 +0.34Aa
SALER 2001 54.54+0.03Bc  47.09 £0.11Ac  54.69 +0.03Bc  47.13 +0.54Ac  54.98 £0.53Ab  46.76 £0.01Bb  54.08 +0.36Ca  46.42 +0.31Ca
Total pore/% 2006 56.22+0.44Ab  48.27 £0.35Ab  56.20 +0.40Ab  48.11 +0.46Ab 55.35£0.38Bb 47.45£0.42Ba  54.09 +0.32Ca  46.58 +0.45Ca
2016 57.56 +0.52Aa  49.71 £0.36Aa  57.75 +0.43Aa  49.10+0.44Aa 57.08 £0.45Ba  47.88 £0.43Ba  54.42+0.53Ca  46.77 +0.46Ca

I AT AR RS PR R RS Z 225 B3 (P <0.05) , [RIFIA /NG FRER R 6] — Mo A ] 2 8] 2 5 23 (P < 0.05) o FIAl, Notes:

difference capital

letters in the same line mean the significant differences among different forests (P <0.05) , difference lowercase letters in the same column indicate the significant difference

among different periods. The same below.

RIS, A AL R i r e, LLo ~
20 em J2= R F, BOE 1 2S4F (1996 4F) |, HEEATHL
T AR 4 PR3] JC i 2 25 7 (P >0.05) , Bk
JaBIHE 5 4F (2001 4F ), B AN A AR BT T ARIE S8 4K
Ly BN IR SR | B RN M A TR S K | H AR AR
4 FbR oy TR LB BB T 1,53 1.92.,2.07 ,
0. 63 g/kg, By FEFA A far TR 3 AR, Hy R A0S [ A T 52 K
T AL T AN (P <0.05) . B
W E B 10 4F (2006 4F) 4 Fiobk oy A DL 5
BRI T 5,32 .4.62.3.89 1. 58 g/kg, T AN AR
B TR AR | B AN AT TR A AR | L5 R A ) A VR A8
MR35 = T H RARGEAR (P <0.05) o B0 T 195
20 4F (2016 4F) , 4 Pk sy 1 AT HLET 53 513G m T
9.70.8.39.7.23 2. 84 g/kg, By EFAANHET T MR AL
MR E RS AR TR SR | Hy FEA ) Al TR A8 M) Jd 3 1
TLEMLEM (P <0.05)

Wil 2 A S B] (R4S, AS [R] B8 AR A3 4 4984 HILJTR
YA EE B3, K 4 Al +3 0 ~ 20 em
2, B RANARAR B T ARR S bR | B A A FT TR S
L AR AR TR SR 5 AN Sl 4 Fiobhsy 1A L
JoT ¥ 6 2 [ A HERS 1T 0 3 18 i (P < 0. 05) ,4 Flipk
GYAE 4 MEFERIA B ER (P <0.05) .

3.3.2 XREARAEE
MR 4 WA, BRI SRR E )

4 FpbRor £HES N S EA TN, LI+ 0 ~20 em
2R, MO TS RS 5 4E (2001 48 ) | By AL A AR BT
TARTRAS AR, Ty SR A A far TR 5 | 5 R A 1) A VR 28
MR R A SRR B4 S N T 0. 02,0.02,0. 02,
0.01 g/kg,4 Pk 257 8/N(P >0.05), M)A
55 10 4 (2006 4F) 4 Rk 1484 N & &5 5
HhnT 0.08.0.05.0.07.0.03 g/kg, B 3 FhH4 iy
w T Bk, HER AR E(P>0.05),
MO JE YRR 20 4 (2016 4F) 4 Rk 34 N
AT 0.22.0.13.,0. 14 0. 05 g/kg, B
AARBAT T AR SE AR T EEAR A S R A AR | T FE A [ A
1RSI IR 3 1 2 5 T E AR SlAR (P <0.05)

Wi 4 A3 T [R] (8 HE RS | AN TR] 0 bR o 4 260 B o 34
A EARR, AE 4 7T, 230 ~20 em 2, G
PALIAR B T RIS AR | S A AT IR SR S AR
ARVRAS IR A B 12 25 B A Ao ) %) % T e = 3
(P <0.05) , 1 H FEE 5 4l bRt 25 Bsf 1] ) #E 8% 2 i 19
BHH/NNP>0.05),

3.3.3 1EAHLFE

IR I R 5 PR DX S0 3k e DAL Ot SR Y
R B EEAR Y NFR 4 AT, T R
M AEFFEM W TG, 4 Fibko HES P S
ARG AR RS 4 AN 4 RO TR
BB ELSR, LI 0 ~20 cm JZ 44, & BN
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BT T BTSSR | B RAA AR IR SR | E A ) Al TR
R R ALl AR 3 2016 4F 1L 1996 4E4r P A i
Ay HIEEAN T 0.10.,0.06.0. 05 0. 04 g/kg, A 3 Fhi
Jney & 4 ) 2 B R A 2E AR By 250. 0% | 150. 0% |
125. 5% , W 0 MR 43 LU A B0 MR 4 34 o ) o
K, AFTHEEP R,

Bifi 4 A ) ) AR S, A R PR 50 4 P 3
AR, R4 AJHL 40 ~20 em 2, SR
PR AT BT T BROBR 43 Bifi 25 BeF () 7 4 A% 1 k2 38
(P <0.05) 15 EBASASHR A B R AR TR
Mk I AN SRR A3 B 25 5T 1) 4 HE 2 1 i ) e 44 A
/NP >0.05),

3.3.4 LR EAFE RASTASE

M 4 WAL SRR AA RN BT T RR AR S AL
ARBHRASHR 5 RAN B F TR AC AR 5 AN AR 4 Fbk
Iy K i RS B 1996 4F Fil 2001 4F 22 S H /N
(P>0.05), 2006 45 2016 4 £ F & K (P <
0.05) ,2016 4F 5 AN AIARET T IR K S RBIAA
TRV ACHR 5 R [ A VR SS MR IS d 25 0 T 5 R A

(P <0.05) ,2016 4F 4 FhAkA 4555 BB 25
FEI Ry B AR IR T IR AR > D AR A TR AE
> DRI RRIR A > AR, RIR4ERE L
B, S AN ANAR BT T HUIR MR D A AR IR SEAK
T SRR A R) At AR 3 247 i o o 0 190 4 % T A S 25 1) 184
(P <0.05) , fii b R HA Sl OB 43 B 2 B ] £ 4 3% 3
e /NP >0.05) ,

TRAE & 2, 1996 AF- 3 BN I 2 Fis 1) A TR 58
> DR IR T IR SR > T AR GliAR > T
PAARFFIR AR, 2001 47680 Ky I 2 A0 1] AR VR S 4K >
I AN AIAR B T AR ACHR > T BARAFTIRASH > T
FERRElRR, 2006 4F 2% B0 T B A 40 AR BT T ARTR 22
> RN R AC AR > T AR ARTIRASH > TR
FALEAR,2016 453K I 2 A A AR BT T HIR ZEAKR >
S RISAMIR ISR > B R AR IR AR > T A2l
MOEZERARE(P>0.05), 4 FbkorBaEE o] )
RSB I BRI/ N (P >0.05) .

BSCAR & HE 1996 4EF1 2001 4F 4 Rk A
ABIE, 227 A B (P >0.05) ;2006 4F 5 B #5 [) A 1

x4 DEMMERERTRNPLENTSSE

Tab.4  Soil nutrient content in different periods after transformation of Pinus massoniana

Foii 4Dy A B c
Nutrient content Year 0~20 cm 20 ~40 cm 0~20 cm 20 ~40 cm 0~20 cm 20 ~40 cm 0~20 cm 20 ~40 cm
1996 20.58 +0.49Ac  15.32 +0.31Ad 21 12+0.32Ad  15.21 £0.19Ad  20.73 £0.37Ad  15.83 +0.31Ac 21.10+0.33Ad 15.77 £0.22Ab
AL Organic 2001 22.11+0.43Bc  16.21 +0.19Ac  23.04 +0.24Ac  15.98 £0.32Ac  22.80 £0.35Ac  16.02 +0.32Ab  21.73 £0.22Cc  15.68 0. 21Bb
matter/ (g-kg ™) 2006 25.90 +0.33Ab  17.55+0.31Ab  25.74 +0.22Ab  16.85 £0.41Bb 24.62 +0.31Bb  16.45+0.32Cb 22.68 £0.31Cb  16.64 +0.23Ca
2016  30.28 +0.38Aa 18.76 +0.22Aa  29.51 £0.31Aa 17.66 +0.31Ba  27.96 +0.33Ba  17.48 +0.31Ba  23.94 +0.41Ca  16.89 +0.32Ca
199  1.63+0.02Ac  1.17+0.02Ab  1.65+0.03Ab  1.15+0.01Ab  1.61 £0.02Ac  1.18 +0.03Aa  1.64+0.03Aa  1.17 £0.02Aa
2N 2000 1.65+0.03Ac  1.19+0.02Bb  1.67 £0.03Ab  1.18+0.03Bb  1.63 +0.02Ac ~ 1.21 +0.03Aa  1.65+0.03Aa  1.17 +0.03Ba
Total N/(g+kg ~") 20060 1.71+0.03Ab 1.23+0.03Aa  L70+0.02Ab  1.24 £0.03Aa  1.68+0.03Ab  1.23+0.02Aa  1.67+0.03Aa  1.18 +0.02Ba
2016  1.85+0.03Aa  1.26+0.03Aa  1.78+0.03Ba  1.28 +0.04Aa 1.75+0.02Ba  1.25+0.03Aa  1.69+0.02Ca  1.20 +0.02Ba
1996 0.38+£0.02Ab  0.28 +0.02Ab  0.40 £0.02Aa  0.29 +0.03Aa  0.38+0.01Ab  0.27 +0.02Ab  0.39 +0.02Aa  0.28 +0.02Aa
&P 2001 0.40+0.02Ab  0.30£0.02Ab  0.41 +0.03Aa  0.32+0.03Aa  0.39+0.01Ab  0.29+0.03Ab  0.38 £0.01Aa  0.29 +0.02Aa
Total P/ (g-kg ") 2006 0.42+0.03Ab  0.34+0.03Aa  0.43+0.04Aa  0.34+£0.02Aa  0.41 £0.02Aa  0.32+0.03Aa  0.39+£0.02Aa  0.29 +0.03Aa
2016 0.48 +0.04Aa  0.37+0.03Aa  0.46+0.03Aa  0.36 £0.03Aa  0.43+0.03Aa  0.35+0.02Aa  0.41 £0.02Aa  0.31 £0.03Aa
199 74.32+1.12Ac 50.34 +1.11Ad 73.78 +1. 13Ac  50.21 £0.81Ad 74.01 £0.97Ac 50.73 +1.13Ac 73.35+1.07Aa 50.29 +1.04Aa
IKFEYE N Hydrolytic 2001 76.58 +1.31Ac 53.46+1.13Ac 75.81 1. 14Ac 5289 +1.02Ac 75.56 +1.12Ac 51.98 +1.13Ac 73.76 £0.92Aa 50.65 1. 11Aa
N/(mg-kg™") 2006 79.76+1.12Ab 57.29 +1.15Ab 78.03+1.32Bb 55.76 £1.22Bb 76.87 +1.12Cb 53.24+1.23Cb 74.23+1.13Da 51.17 1. 11Da
2016 85.46 +1.32Aa 63.56 +1.32Aa  82.39+1.22Ba  59.70+1.17Ba 79.44 +1.14Ca 55.62+1.31Ca 75.48 +1.24Da 52.35 +1.06Da
1996  2.18+0.08Aa 1.78+0.11Aa  2.10£0.12Aa  1.70+0.12Aa  2.23+0.22Aa  1.82+0.06Aa 2.13+0.11Aa 175 +0.11Aa
TR P 2001 2.27+0.14Aa  1.85+0.14Aa  2.19+0.14Aa 1.77+0.1Aa  2.28+0.27Aa  1.85+0.13Aa  2.17+0.12Aa 179 +0.12Aa
Available P/ (mg-kg™') 2006  2.35+0.21Aa  1.89+0.14Aa  2.25+0.19Aa  1.85£0.12Aa  2.30+0.24Aa  1.89£0.12Aa  2.21£0.14Aa  1.8020.13Aa
2016 2.56+0.23Aa  2.13+0.12Aa  2.48£0.26Aa  2.09+0.22Aa  2.38 +0.22Aa  2.03+0.18Aa 2.26+0.15Aa 1.8 +0.12Aa
1996 77.85+1.21Ac 62.34+1.21Ad 76.59 +1.24Ac 61.90 £1.32Ac 78.53 +1.31Ac 62.56 £1.23Ad 77.72£1.13Ab  62.87 +1.22Ab
ALK 2001 79.67 +1.21Ac  65.42 +1.35Ac  78.75£1.21Ac 63.47+1.31Ab 80.21 +1.18Ac 64.88 +1.24Ac 78.86 1. 11Ab 63.90 +1.25Ab
Available K/ (mg-kg ™) 2006 82.56+1.32Ab 68.55+1.31Ab 81.90+£1.22Ab 66.01 £1.44Bb 8277 £1.22Ab 67.32£1.24Ab 79.02+1.11Bb 64.21 +1.18Ca
2016 95.81 +1.51Aa 78.63 +1.32Aa 90.35+1.51Ba  74.87+1.42Ba 87.75+1.24Ca 71.78 +1.21Ca 8241 £1.34Da  66.36 +1.22Da
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ZEHR T AR ANAR B T AR SE AR, 5 B A A far TR A AR
¥ E ST LR (P <0.05) ;2016 45 MR
AARBAT T AR SS AR T EEAR A M R A AR | T FE A [ A
TR 3 T E BAR SR (P <0.05) . AR
JE LA, T AN ANAR BT T AR SS AR S AR At TR 38
MR FEA MR ARTTR S8 AR 43 241 I A6 I ] () 4 % T 4 =5
A (P <0.05) , T A Sl bR 43 B 25 15F 1] 1Y)
HERS B W E RN (P <0.05) .
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e SE 7 o A SR Y A g A RS R AR 19
W, 2 S ME TR MBS T T 6 0 45 P R A A
FIRE 1, I B AR W) AR K B B BT 5 A W) o
FEOPFBLI S . AW IE G it 20 4F IR0 K
B, By AN AR AR SR Y PR i A A AR A,
IR S B R I 1R] A HERS 18 A0 1R i Y, D
Tt R R PR Y, X5 G B Al AR 2 5 |
TR USRS Y, B RRAABR S TR
JEACIREY BB, AR R EOEEZE AR A E RS, T
HE BB M85 00k, A RERE S B, N A 2
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ABIFFE K B, A By FE A Al A 2 Fof ] ik A AT
{5 AN SRR Sy S 522 A B R SR R
AU M T B8 AR o S5 A 4 s AR o A5 il B A
AT At - SRR A R ks A AT LA Y
P AT EREARII T AT | A 3 A
R EAT S RRAMOE N &R LR 3 R R 2S
MRS RN BIbK 4 Fhobk 3 58 64 7K B 1 P 3R A 4
Ji AL | SRR LT S SR o3 B BE R IR
FRFHERS L 1 Ay 3, 5 L3 ol o A0 i 1] ) 2
AN, 38 iy 2 3 B O 5 s 40 A ol T AL H 52
> Sy RANARSTIRASH > B AR AR > B
FALEAR, BT 3 Fbk I AH 2280 (ERT 3 Rk o R
PAEEARIE A 22 5 B2 XS PRI SFAEAZ R alipk
EFPLAIARBT T B A (AR — 2 FR 1
AL, SR AR b 4 15 1 0 A UPRIE T & i
MR A T E AR R T SRR AR AR T
i E SR RARH X LEHRFR WX B R AN Gl AR AT
L R A 5 T A SRR R AR A R ST
REMIA RO %,

T IEIRAL R BRI AT ) i B R AR [
NAMITSER T, A [ AR PR B - 38 PR AL PR 22 52
BRI DRI S [ bk 43 1y - S AE ) AT RS
MO A P SR PR s M . AT B, Bk
FEA R 0 T R e B R AMAOR BEA T B R
AR XACRBAE A K L [FHB R B A

B LA AT RE b, Eh ARSI R i A Ak
HHECE J5 20 4F (2016 4F) & T4 (1996 4F) A
L, S AR E T R SR A A R Ak
I AN R IR S bk T AN ZEARAR Y £ 0 ~ 20 em
JE A, T KRS P R AR S S T 5. 219%
4.67% 3.78% \1.24% , -3 S AL B EE 43 S48 1
3.82% 3.78% \3.01% 0. 49% , +-3EA LI 43 31 1
T 9.67.8.39.7.26 2. 84 g/kg, 144 N &4
BT 0.22.0.13.0. 14.0. 05 g/kg, T3S P &
AR I T 0. 10.,0.06.,0. 05.0. 04 g/kg, iX LEH
RUIEFPA R R TR AR A 22 57, T HL AL
TIEMACR WA BRI ZE SR . AIARBT T AR i B
it TE B RAMMOE T AR K R, AR K B R AR 45
P, At 1) 15 AE D E e 4 5 Ay 2 P AR Aol
TESBIMGE T AR &2 8 —E R, R KA
4R (HA IR Bl g RAFY PR AT
NBEQLEL LS ; IR AH 222 SO Bl B T %) Ao, L ey
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