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Changes in soil properties in regenerating Schima superba secondary forests

ZENG Siqi“, GAN Jingjing, XIAO Huashun, LIU Falin, XIAO Bosong, PENG Qilong, WU Jiang
Centural South Univeristy of Forestry and Technology, Changsha 410004, China

Abstract: Soil physical and chemical properties may be altered in regenerating forests, which may affect site productivity
and ecosystem services. In this study, soil physic-chemical characteristics were investigated in a series of regenerating
Schima superba secondary forests in Qing Shigang Forest Farm, Hunan province. The correlations between the soil properties
and the regeneration index were also examined in the studied sites. The result showed that the eight sampling stands were in
different regenerating conditions with an order from poor to high condition as S-CP (0.46) <S-DC(0.52) <S-CD(0.64) <S-
CL(0.68)<S-CM (0.69) <S-CQ (0.69) <S-PC(0.74) <S-CP (0.88). The best regenerating condition was found in the
Schima superba and conifer mixed forests stands in the study area. Natural Schima superba regeneration was enhanced under
acidic environments and in fertilized sites. The high regeneration indexes were found in those forest stands with high organic
C, total N and total P contents in soils and low soil pH value and soil bulk density. No considerable relationship was found
between the regeneration index and soil K content. The regeneration index was negatively related to soil bulk density (r=
-0.86"" ) and positively relative to soil water content (r=0.93""), soil organic carbon(r=0.90"" ), total nitrogen (r=
0.88"" ), hydrolyzable nitrogen(r=0.83" ) and total phosphorus(7=0.78" ). The results obtained from the use of principal
component analysis indicated that water content, organic carbon and total nitrogen in soils were critical factors in
determining natural regeneration of Schima superba forests in the study region. Our results provide scientific basis and

reference for restoration and sustainable management of Schima superba secondary forests.
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Table 1  General situation of different sample plots
T T B R B A 25 BE b =i »
’ S BT R
4= ! Humus Herb Shrub HiE K
Altitude . Crown Tree species
Number / thickness Coverage coverage densit Topography .
m /Qm /% /% ensity composition
S-sp 1196 0.42 10 2 0.82 ih4 AR AEA Bk
s-DC 1132 2.63 3 3 0.43 13 IS NG N T Y
S-CD 1164 3.14 10 16 0.59 1Lk At GEAE SR B A X 2R
S-CL 1160 1.72 2 17 0.78 1L NN N WAL L e ]
S-CM 1147 1.63 5 2 0.48 L PNCI AR i
AT FEAR BRI X R SR
S-C 1013 2.51 40 10 0.73 i e .
Q W s w A
S-PC 1054 2.04 35 5 0.71 1L NG NTi NAE RAR T RITEoS
. JAe TLE PN AR TR\

S.CP 1052 Lol . ) 0.68 bk ARFF AR DM A B R AR HE

IR A NS [

1.2.2  BFEE A SHEEANITHE

G561 A RUR I A A MR A3 1) S B 0, 45 &
TG0 H FB A 5T AR SR A Mk M43 A i A
FRAGHURAERS S5 K 3 A7 TR HE T A far B8 57 (9 PFAf
BRI ST AR R 4l T 4
R IR N W A IO (=1 793 = AU LR T (=244
(%2).

F2 AEEHERIENIERER

Table 2 The evaluation index system of Schima superba
regeneration situation
HAr)Z HEN = Ei=E A=
The target layer Rule layer Index layer
AR HEAR B AN 2V R AT 26 73
The evaluation index of Wi
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regeneration situation YAz
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5) SREUR j TR AR
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FE R ASGE A B R, 34 PR BT B
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JeEEEm
1.2.4 BEAbr

ASLEG B A9 B, B SR T AT E Microsoft
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2 ERENH

2.1 AN[RIFE L B R AL

HUHTE BUR — 255 75 S8 TR 2 41 1 5 A 1
B0 ARG DU RAT RS 540 45 DR A B 6 b, W] £
TR IR THACR | T BT 8 A008 K 3R WA H 1 B
BCRER AT, R 2 MR 25 D48 R G (B VL 1153
(AL =5 @ 7 A S =T S B R e I N N E R e
85 AMEARZ AR (£ 3) W E N A K
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Table 3 Relevant parameters of Schima superba regeneration index system

AR ARk S itent|
N Distribution Growth Age structure
eSSl ”
C sk N T A NNERigid
ategory PR il P ¥ M A Percontase
Plant number Frequency Average high Average diameter - &e
of seedlings
{5 B4 Information entropy 0.97 0.98 0.98 0.99 0.98
AR5 ZHU Coefficient of variation 0.04 0.02 0.02 0.01 0.02
AU Weight 0.31 0.17 0.19 0.13 0.20

R4 AETRERDEETRAERREITELR

Table 4 Standardization of initial data of the Schima superba regeneration evaluation indexes

AR AR AR
. Distribution Growth Age structure
£51 -
Cat " I R, KA
ategory PRI il Rl ¥ A Percontage
Plant number Frequency Average high Average diameter . €
of seedlings
S-Sp 0.42 0.40 0.48 0.50 0.53
S-DC 0.60 0.65 0.43 0.43 0.41
S-CD 0.57 0.56 0.67 0.58 0.82
S-CL 0.98 0.94 0.4 0.46 0.43
S-CM 1.00 1.00 0.41 0.40 0.40
S-CQ 0.40 0.43 0.84 1.00 1.00
S-pC 0.72 0.81 0.73 0.69 0.76
S-CP 0.91 0.84 0.89 0.75 0.92

£S5 AEEIFIENIEREXFEMENREHE

Table 5 The related coefficient of Schima superba regeneration evaluation indexs and regeneration evaluation

e BBV AH I R EU Regeneration evaluation index DT
Number TR KRB AR LRI Regeneration
Distribution Growth Age structure evaluation
S-SP 0.20 0.16 0.10 0.46
S-DC 0.30 0.14 0.08 0.52
S-CD 0.27 0.20 0.17 0.64
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P TP AH X R U Regeneration evaluation index TR R
Number SR R AL AR DL R B SRR I R AL Regeneration
Distribution Growth Age structure evaluation
S-CL 0.46 0.14 0.09 0.68
S-CM 0.48 0.13 0.08 0.69
S-CQ 0.20 0.29 0.20 0.69
S-PC 0.36 0.23 0.16 0.74
S-Cp 0.42 0.27 0.19 0.88

H 3 5 T EDUHLA 75 A XA A faf 18 B8 314
O, Hor S-CP A b B BT 48 B0 K, BB RO S 47
S-CPHFEHI T B 48 £l /N, RO i 25, &R0
FEOHTRIC R 22 20 47 9 HE S 4 - S-CP (0.46) <S-DC. (0.
52)<S-CD(0.64) <S-CL(0.68) <S-CM (0. 69) <S-CQ
(0.69) <S-PC(0.74) <S-CP (0.88) , Hirfr 54t i #4f Fh
TR AE AR A3 BB ASCR AT, BRSO e 4 1 S-CP A b
AU FPFP A F 5, H A DL S B FIAZ A 5 o - 1
B b A TR S B o ) R TR SR
2.2 A[EIBRS; TR

XA b - SFERRAME J5T 43 0N 1A T B R 3R O 253
B, HF(EMIR K 6.29(P=0.01) .4.03(P=0.01) ,
3.42(P=0.05) .4.05(P=0.01) 3.47(P=0.05) 4.16
(P=0.01) .4.69(P=0.05) f1 1.59, 5% T 4 K & & LA
AP ICABIE Ak BT AEAS [R]AR o 1) B AR 3 2
S, Hoh RIEEOK R R E OKEER 4 N g PR
BRI b 2 25 55 Ul BHAS (Db 43 4 S B Ak i L
ARKRZES ., e, Hrp S-CP My H 35K i
151, 1M S-SP AR /K B e AR, IR 2 6.43% I, fie KA
Fde/ MEAH2E 24.36% ; 1387 H BB 5 5K

ARG TR, R A 8 75 BN i AR - 18
KB R
R 6 REFEH TR R
Table 6 Soil physical properties in each Sample plot

i FoK A
Number Water content/% Bulk density/ ( g/cm?)
S-SP 6.43£6.53 1.530.13
S-DC 14.71£6.79 1.34%0.15
S-CD 22.82+2.54 1.25+0.03
S-CL 26.52+5.31 1.120.09
S-CM 29.30+0.62 1.05+0.04
S-CQ 27.92+2.72 1.05£0.07
S-PC 26.11+3.83 1.19£0.08
s-cp 32.79+1.25 1.030.12
B +h7 125 (MeanzSD )

XTI FE XA [ AR 43 - A 2= PR ot o0 B A 30, 3%
XA 5 R, 3 P OK PR A A LB 4 N
DL e Ax P AE S-CP Mg rh & it ey, 43 035 3] 260.32
mg/kg . 30.99¢/kg . 1.80 g/kg F10.22 g/kg, M1E S-SP
Mo S B 151.24 mg/kg .6.92 ¢/kg 0.37 g/kg Fll
0.10 g/kg, HA PR 4 N LUK 4 P Y& 128kt
FEE IR (HA K & oA W 28 e

RT FEIEEMTELFER
Table 7 Soil chemical properties in each Sample plot
.. IKARPESR AR 2N £y 4K
Number pH Hydrolyzable N/ Organic C/ Total N/ Total P/ Total K/
(mg/kg) (g/kg) (g/'kg) (g/kg) (g/kg)
S-Sp 4.74+0.06 151.24+29.41 6.92+4.70 0.37+0.23 0.10+0.03 7.14+0.52
S-DC 4.45+0.09 141.81+£70.37 6.92+11.44 0.45+0.66 0.06+0.07 3.43+1.10
S-CD 4.21+0.04 166.74+25.27 13.37+ 9.56 0.67+0.53 0.11+0.04 4.97+1.73
S-CL 4.39+0.02 217.97+58.96 15.39+7.55 1.17+0.35 0.18+0.04 8.85+2.60
S-CM 4.20+0.03 250.02+55.09 24.85+4.00 1.57+0.27 0.22+0.01 6.98+5.59
S-CQ 4.26+0.06 277.16+8.35 29.34+3.57 1.76+0.19 0.25+0.01 4.25+1.09
S-pC 4.36+0.16 260.39+15.03 23.15+4.91 1.43+0.16 0.22+0.01 2.73+0.95
S-CP 4.25+0.29 260.32+41.86 30.9+£3.69 1.80+0.24 0.22+0.01 1.22+2.92
YIE +FRUEZE (Mean=SD)
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RVARE K, T M PR A R T AR BT, Y
pH {E7E 4.02—5.15 YW Bl P, B P B i %) bR 43 B 3 48
BOBK (R 7) , RVEERTIG Ol by 3ok i A
A B AN DLRCA P T A5 S5 g A R v
003k 2] 260.32 mg/kg.30.99g/kg . 1.80 g/kg Fil
0.22 g/kg, 175 BT AR i 22 I FE HLAY 151.24 mg/
kg .6.92 g/kg . 0.37g/kg 1 0.10 g/kg, BRI 3543 &5
S R AR BRSO BT, B LR 4 N DL R4 P
) B e 1) b T 48 B0 0 K T L R R
Mo T K YR S EURTRA W R R
2.3 HURHRECS HIERREAE G AT

XS [ A3 BB 48 5 398 B A o Ao e vk
O30T, 20 T il A SRR S AR TR A S

ST (K 1), RS R R %
Yl M- B bR -5 MR o3 BB 0 A OC R B 4
XHEIRT 0.7, 2 B 5 50048 B0 Gt | &K
SRR B AR R r=0.93(P= 0.01),
T FE G TR LR E r=-0.86(P=
0.01) ; B F 5 %05 13 pH(P=0.05) fl4: K B~k
PR AR R HA LA R TR IEA G R,

12
1.0 | 0.93%*
0.8 -
0.6 -
0.4
0.2 |

0.90%*
0.83* 0.88** 0.78*
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B 1 EFEHSTEFSHAXESN
Fig.1  The correlation coefficient between regeneration index
and soil nutrient
* FORAE 0.05 K- (W) EFAK, * = FIRAE 0.01 KF
(3 bR FERR

HAPE e B S AP 4 N Kt E R4 P S
HHEH R EUHK K 0.90 (P =0.01) ,0.86 (P =
0.01) .0.83(P=0.05) .0.78(P=0.05) , ¥ KT 0.7,
AL UL A A BB 4 N KA 5 TR A A DG S
B, I EATTRE 5 M A faf YR AR AR OR SR R

£8 TRMSEHEYS LEFRSHBEXMES T

Table 8 The correlation coefficient between regeneration index and physical and soil nutrient

g K W KARPER ATHL 2N 21 2K
Number Water Bulk density pH Hydrolyzable N Organic C Total N Total P Total K

content/%  /(g/em’) /(mg/kg) /(¢/kg) /(g/kg) /(g/kg) /(e/kg)

S-SP 0.96 -0.78 -0.88 0.79 0.80 0.71 0.70 -0.32
S-DC 0.96" -0.85 -0.85 0.49 0.78 0.88 0.75 -0.24
S-CD 0.98" -0.99 -0.77 0.73*" 0.87 0.85 0.93" -0.50
S-CL 0.97" -0.79 -0.70 1.00 0.96 0.97 0.79 -0.28
S-CM 0.96 -0.81 -0.68 0.89 0.95 0.94 0.82 -0.44
S-CQ 0.99" -0.94 -0.62 0.85 0.88 0.92 0.70 -0.29
S-PC 0.91 -0.84 -0.64 0.92 0.97 0.99 0.88 -0.70
S-CP 0.90 -0.79 -0.62 0.96 0.91 0.88 0.87 -0.50

# FERAE.05 K (BUI)  RFFIC, # o FORAE.01 AP R 1 A

Xof AN R AR B 18 K0 A SRR A P AT S Ak
3T (R 8) , “AEAIMIRIE S 1 HEA R — 2,
HOMR o SR 1 S R K R KRR A BILR
4 N M4 P HRIEMKKR, 5 HEATE pH M2
K RS R, FEA R R B R R R 3R
BUA 225 OB 1R B0 S K R R A BL
B 4 N 4 PARSCIE SRS R By H R Pk 55, 5

LA RN I T SC R BT S ]
Pk BRR AR, 5 pH A U SEOC RAE TR U Y
R B i 4 BT A S, A SR 38 BOR Ak
TARSCIERSS , 52 K YA SRR 55 B A W1 2 /Y
AR, BVATE R M BB R R KR
KRR A LR 4 N FI4 P A AR BRI 1E AR GG
F, H5 2SR
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Table 9 The correlation coefficient between regeneration index and physical and soil nutrient in each layer
Iz ki o KR AL &N . 4K
Soil layer content density pH Hydrolyzable N Organic C Total N Total P Total K
fem P arem) Smgke) ko) k) (k) /(#/ke)
0—15 0.84"" -0.78* -0.63 0.81" 0.89"". 0.83* 0.792* -0.23
15—30 0.90 " -0.81" -0.68 0.75* 0.927" 0.940" 0.85"" -0.34
30—45 0.94 " -0.89"" -0.74" 0.86"" 0.92** 0.86"" 0.85"" -0.48
45—60 0.94"* -0.89"" -0.68 0.72* 0.78" 0.77" 0.72" -0.48

* FINTE.05 K CRUN ) 1 58 3 AH G,

FERSRE B, TR R4 AR R 7 L agerp
JITAb g B, B, AN TR) )2 A 4 B L v o o A
KRB B2 58 55 A8 [\], AR R I 2 e A [R] 1 2
R SU A YRS € S 6 S M N [ STl 0]
ANTA] 4 J2 - PR AP T 55 3 BT BB DG 1 4y
B, e Hras R (R 9) £, HIEM SRk S AFEXTH
B 52 e AT BE 1 2 i I oG, b ey
K5 R 48 B A OC R B 0—15em 1Y 0.838
(P=0.01) 34 /1% 45—60cm ¥ 0.942(P=0.01) , +
25 5 TR R BORE G 2R %) B (i B )2

MAE R, 7 0—30cm 1 )2 E7F 0.05 7K L B 10
A, 7E 30—60cm + )2 [ 7F 0.01 K I i 35 i AH
%, {E 15—30cm F1 30—45em WA+ )2 3K 6
A2 0T 5 e B A OC R B R T LA AE
0—15cm Fl 45—60cm 125 T H 5 50 1A R 5L
W R T4 2 RIS PR BT (8 5 R He A A
2.4 SR OCHE

2ot VA AT R, R 2R R 3 S
MO FA BB R, ] WLV 5 2 IR A M
B, WA T (S B L S, SPSS #FxT
ARSar YR A= R 1) A S5 R A7 RS B AR R e 1 53 AT
B 32 153 AT, doe 2448 5 b oy B ) S ZE R

H 3R 10 AT VA AR IR A MOR R B 5 48 50T
FRUATHET 3 WA RFAEAR (Initial Eigenvalues) KF 1,
JFH B A AT 98.477% , E &L S T 4
RS L X I 4 2= HAth 5 75 32 s oM AR 2k 1.523%
M5, PRI HRF e 3 A AT,

T 11 0T LR XAS [R5 B 48 Bk 28 — &
BTSRRI B K A E KPR A AL
4N R4 P LS — F U AT LUR LR X SE 48 A 1Y
GAATRF TR —F R4 N BRHE ) SR K, 1

*FRIRAE01 K (U b B

F10 KREXERREHRSFTEERSRINE
Table 10  Total variance explained of Schima superba secondary

forest stand

T e TR itk
L FHIEE . -
Principal Total Rate of Contribution
component o variance/ % rate/ %

1 6.248 68.101 78.101
2 3.952 17.898 85.999
3 1.678 12.478 98.477
4 0.072 0.905 99.382
5 0.032 0.395 99.777
6 0.017 0.211 99.988
7 0.001 0.012 100.000
8 0.000 0.000 100.000

F 11 KRERERAEEFEER S HERE
Table 11 Principal component eigenvector in each Schima superba

secondary forest Sample plot

AR 53 Principal component

Principal component P1 P2 P3

7k Water content 0.956 0.013 -0.744
75T Bulk density -0.955  -0.094 0.229
pH -0.792 0.132 0.574
K fEPEA Hydrolyzable N 0.951 0.117 0.272
A HLEK Organic C 0973  -0.262 0.172
4= N Total N 0.981 0.065 0.165
4= P Total P 0.927 0.224 0.285
4= K Total P -0.347 0.124 -0.159

W4 N FEM BT R B TR E Z PRI, 1256
2 FIr T, pH OKAEVER A HLER 4 N A4 Pty
Ak ) A EA LB B R i i, Ui A ALk
JEPUE MR BT U R R B RS bR, AR5 3
S KR RRAE 1) RO T AR SRR e
K EORE R, L L RTIR B AR B B R
P78 Kk i AL N,
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3 Zigfnitie

(1) RAE AT LG VRN, ik F s i)
BB T 258 &M, R HUE—A4
CEAMERTEMFR bR, AT DL S R o BT RO, 28
W FNit5a, 8 Ak o BBTIR Dl A7 22 5, BE B IR0 £
Z R HERE M. S-CP (0.46) <S-DC (0.52) <S-CD
(0.64) <S-CL(0.68) <S-CM (0.69) <S-CQ (0.69) <S-
PC(0.74) <S-CP (0.88) , Horpr 55 £ - Af i JR 52 14 bk
Ay HECHTRUR A S-CP 1 S-PC RE Hi v T B AA FTAZ A
ST IR TR A R AR B B 4 T
B T AIRUR: X — 25 SRl 5ok P 45 I T &Y
R G, BRI TR SR L Ak A A S 4 f

(2) TEANTRI MR BT R 4505 IR g A G
P 555 S5 v () 5 7 Sk 585 ) AORE 7R, R ETIR 6 )R T
HR A KT 0 A -5 bR b - R 1 A 5 1 B 5, LRl
HEZHMEE B RS E oK e ALK 4 N LK
FEPE R A4S P AH 6 56 R HOR A 1, AR 1T M
DX A J2 R - 5 K AR AL ot K R R
IR SR T T I — A A R R AR ) 4 )2
PR ST R B AR M R A R S ) 5 555
FEIUANTR] , S 48 0 A M o 0 A o6 R BT
5% 3 12 (30—45em) e K, R 2 12 (15—30cm)
W2 FEE 1 £)2 (0—15em) MM B 55, 7E IR ¥ B
KIEE 4 12 (45—60cm ) IR Z, BEHIAROR R4 K
XPHE R TR 2 T RIZ R IE LR 0T
SR PRI T 2 b DM R4yt S A7 3L, 34t i i A
J7 2O BRI AR

(3) 2 DX R P PR B T AT R AR A B BT, AR
Hb SR g LR T AR R A, 5 2 B BILR
4N DLKA P& dt i I RE D T B e 200 B K T
Sy EARRRE L, T K P S ORI A B A I
F., AR N AR HARAES R g 20 BRI
PEFE) RE XL B VR 00 AR BB A W R A
S RIVRRE P4 TR 7 A T T 7 A S A R i 0 AR
WFFE e I 4 N R R0 AR L5 AR b T B 48
B /IN I AR Ak Y EL A AR i 0 AH S 1 5 3 K =L A L
fe 4> P W RIH AR A A 4FAE , T pH (B, TR E Y
DR 2V G e v i)

(4) R ES - HERE A T AH 5P oh o 21 55
WUl 1385 K AP 4 N Kt A4 P,

AL 5 KR X MO R 2 2 SC H B AR T, 1M
L AR IIORE R BB AT AN RS R DA D S A K 52
JEAGE AR Y AR R 25t 38 B 2R KL 50
FHAIXI K 53 R FR 53 1 WCRTR 222 4 55 A5 5
WA S A Y A RE e E AR AR M B AR A A
K FERRIMR S 1 3 A FRisr b, 3 A K EE
AHLER AN 2 N R 1) e fe ok, DR H 385K AL
BRI 4 N R 23 DA U AR AR BT 4R 114 5 [N
o DRI, 08 BRI B0 22 B AR SR BB 24 A9 7K AE
P, K A A8CHR R R R 2l XA i A AR R
R IR AR o
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