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Abstract: Analysis and assessment of the influence of different forest types on soil nutrients are of great significant to reveal
the relationships between forests and soil nutrients, and to comprehensively evaluate soil fertility in forests. In this study,
characteristics of soil nutrient states were investigated in six forest types ( Cunninghamia lanceolata pure forest, Schima
superb pure forest, S.superba+Phoebe ahenre mixed forest, S.superba+C.lanceolata mixed forest, Cyclobalanopsis glauca
natural secondary forest, and Phyllostachys edulis forest) in central subtropical areas of China, by using the structural

equation model. The results showed that: (1) the soil organic matter (SOM ), total nitrogen (TN), available nitrogen
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(AN) and available phosphorus (AP) in soil (0—60 c¢m) ranged 8.24—28.17 g/kg, 0.67—1.31 g/kg, 44.88—89.31
mg/kg, and 1.24—6.50 mg/kg, respectively, in the examined forests. The highest values of these nutrients were found in
the C.glauca natural secondary forests. The lowest contents of SOM and AN occurred in the P.edulis forests. The lowest
contents of soil TN and AP were found in both C.lanceolatapure forests and S.superba pure forests. The contents of total
phosphorus (TP) and available potassium ( AK) in soil (0—60 cm) ranged 0.15—0.21 g/kgand 35.54—54.32 mg/kg,
respectively, in the six forest types, with the highest contents in S.superba+P.ahenre mixed forests, and the lowest contents
in S.superb pure forests and P.edulis forests. (2) The SOM, TN, TP and AP contents gradually decreased with increasing of
soil depth in the six forest types, but no vertical changing patterns of AN and AK were found in the examined forests. (3)
The comprehensive score of soil nutrients was 3.47 in C. glauca natural secondary forests, which belonged to the upper
middle level of soil fertility. The comprehensive scores of soil nutrients were 2.45, 2.76, 2.83 and 2.68 in C.lanceolata pure
forests, S.superba pure forests, S.superba+P.ahenre mixed forests, and S.superba+C.lanceolata mixed forests, respectively,
which all belonged to the lower middle level of soil fertility. The P.edulis forests had the lowest score of soil nutrients
(1.95), indicating that the forest type was in a soil nutrient deficient status in the study region.The results demonstrated
that the natural forests are beneficial to maintain soil nutrients and to reduce soil erosion compared to artificial forest
plantations.The structural equation model further indicated that the soil organic matter was the most important factor in

affecting soil fertility in the six forest types in the studied area.

Key Words: central-subtropical zone; soil nutrient index; weight; structural equation model
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Table 1 Basic conditions of forest types

e Wi R T o - B

PRI . MR W .

Forest ¢ Mean Mean tree Mean density/ Altitude/ Slope/ (°) Amout of

orest ype DBH/cm height/m (#k/hm?) rudesm ope plots

PCL 12.8—17.9 13.9—15.8 1656—1823 684—705 16—19 4
PSS 15.2—16.7 14.3—17.2 1486—1527 643—674 18—19 3
SPM 9.8—11.2 12.1—15.9 1507—1732 735—813 19—21 3
SCM 12.3—15.6 12.8—15.3 1815—2107 627—694 18—20 4
NCG 16.3—18.3 12.2—17.9 1283—1456 809—847 19—20 3
PEF 9.8—12.6 12.7—14.3 2896—3156 724—735 19—21 3

PCL.#2AK4li#k Pure C.lanceolata forest ;PSS ARAF2iAK Pure S.superb forest ;SPM . AKAof + R AR TR A AR S.superb-P. ahenre mixed forest; SCM . A Aaf +
AR S. superb+C.lanceolata mixed forest; NCG ; T I AR R AR K A= AK Natural secondary C.glauca forest sPEF: BATHK P.edulis forest; DBH: Mgt

Diameter at breast height
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Fig.1 The conceptual model of soil nutrients evaluation
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FORE R 4f, Xl o SE i RMSEA {H/N T 0.05, BERIACRLE LR R 4f, HAB/INVT 0.08, Ui WA R 5 FC B2 5
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F F
RMSEA = [— = Jmax(m - 1,0} (4)
df af  N-1

Kof, Fy R RS SR, df R A, F,, RAMCSR Y SR, N RREA A
TO(E 3 BC BESE iR CFT, 3 {H>0.90 , 1 FAR 7056 0 3 B4 310 =K
R maxf)(iﬂ - df,.,,0) (5)
max (Xnull - dfnull ’O)
K, df  df 53 RS BETCH SR AT B B B A, XL o0 MR R O A 5 (R A A () R 5 (L.
R )3 T G B 45 SR R X2/ df BOME M 1,695, RMSEA 7 0.041, CFI 3 0.953 , 156 WA #4) 2 4 235 ¥ 7 P At
Y55 A TC B BRI AR AR W DA R PR, A 2 AT, AT AR A AL A A
#5375 AT 2304 0.96 ,0.80 014, B i 2 | A AU 78 1% 43 L 3k A 4351 R 0.49 ,0.21 F10.46,,
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Table 2 The table of soil nutrients index weight

i AL S8 4 B it A
Index Organic matter Total N Total P Available N Available P Available K
FEFR#ERAT Index load 0.96 0.80 0.14 0.49 0.21 0.46
EARAE Index weight 0.31 0.26 0.05 0.16 0.07 0.15

2.4 HHEGROIESRIPE bR
i g L SENE TR AR A AR 2 SRS ) 55 AT 0 S B, H B R 2 S LS AE T S5 R, B T B AR A5
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Fig.2 The corredtion Structural Equation Model Path Map
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Table 3 Grade of soil nutrients evaluation index

T HEF MG SER MY Grade score

Soil nutrients index 6 5 4 3 2 1

A HUR Organic matter/ ( g/kg) =40 [30,40) [20,30) [10,20) [6,10) <6
2% Total N /(g/kg) =2 [1.5,2) [1,1.5) [0.75,1) [0.5,075) <05
47 Total P/ (@/kg) =2 [1.6,2) [1.2,1.6) [0.8,1.2) [0.4,0.8) <0.4
R Available N/ (mg/kg) =150 [120,150) [90,120) [60,90) [30,60) <30
MR Available P/ (mg/ kg) =40 [20,40) [10,20) [5,10) [3,5) <3
A Available K /(mg/kg) =165 [125,165) [85,125) [40,85) [25,40) <25

2.5 HEEFESGERGAEENTTE

HRAE F R TR Y SR A0 B TR E 1 ISR R PR A, FT DAARIE 22X (6) AT DAHEE S 1571
TR ATFME,

A =0.31B, + 0.26B, + 0.05B, + 0.16B, + 0.17B, + 0.15B; (6)

K, A B EIEFRS S REEEIIME; B, (B, By B, \Bs By 53 M AN AR AW O 2 R A
BRFEO S A ME . SR SRR A0 0 A MO R 3 SR A S SRR ), 40l 6 NSRS, A3 R R R
B PR e AR R R LR 4,
2.6 HHER TR b B

FH Excel 2007 [EZALBREAEF SPSS 24.0 St/ Ak AT 187 4348 bt A B0 A7
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x4 TEFHERNSIRE

Table 4 Grading criterion of forest health evaluation

TIEEFE RN WeF a7 FH L T (73 e e

Soil nutrient content classification Extremely rich Rich upper—middle  Lower—middle  Insufficiency Very scarce

A Score [5,6) [4,5) [3,4) [2,3) [1,2) [0,1)
3 HBRENH

31 BEFS GRS
311 A[FEIFRRER RS

M5 AT LUIE ST 6 FP AR AL 0—60 em 384 HLT ) & o0 8.24—28.17 ¢/kg, HEF N NCG>
SPM>SCM>PSS>PCL>PEF, PSS 5 SCM 1) A ML & o 3522 5% (P>0.05) , AR ARMAR B A WL &
EPZ [PEEE] T E 25 (P<0.05) . HIERSEMNEFER 0.67—1.31 g/ke, HEF I NCG>SPM>SCM>PSS
>PEF>PCL, H:tf' PCL 5 PEF, PSS 5 PEF, PSS 5 SPM, PSS 5 SCM 4+ R &L EE S (P>0.05) , 1
HEFMERR) TR ST BN Z R RS T B 2ER (P<0.05) . HIELBEER50.15—0.21 g/kg, HEF
4 SPM>SCM>NCG>PEF>PCL>PSS, {H 6 Ff Zx Ak AU () + 18 40l 5 5 W0 2 R AR JC 2 25 5% (P>0.05) , +
ST A Y &l 44.88—89.31mg/kg, HEF N NCG>SCM>PSS>SPM>PCL>PEF, H:H NCG 5 PCL . SPM,
SCM % PCL 5 PSS SCM 1 + FEfulfif A 1) & A AE W 35 25 57 (P<0.05) , HAR RS R P P 22 () 4 A 3 3]
FEEF(P>0.05), TP AN 1.24—6.50mg/ kg, HEFF N NCG>SCM>SPM>PEF>PCL>PSS, Hirf
NCG 5 HA 5 FhERARIS R ) - HEA 808 & i WA 7E I 3% 22 5 (P<0.05) ,PCL 5 SCM, PSS 5 SCM () -4
s S LA AR B 22 5 (P<0.05) |, HEAR ARSI WG 5 22 6] 4 KA 3 B & 22 5 (P>0.05) , 3k R i 5
14 35.54—54.32mg/kg, HEF i SPM>NCG>PSS>SCM>PCL>PSS, BT PCL 5 PSS,NCG 5 SCM, SPM 5
SCM Z [RIIKE 35 24 5 (P<0.05) , HARFRAME R P 2 [ 5 K35 3 B 3% 22 5+ (P>0.05)

K5 0—60 cm TEXFHEE

Table 5 Contents of soil nutrients in soil within 0—60 cm

e ﬁﬂuﬁ R e ﬁ&%ﬁ ﬁ Mk Jifiﬁl%ﬁﬂ
Stand types Organic matter/ Total N/ Total P/ Available N/ Available P/ Available K/
(g/ke) (¢/ke) (g/kg) (mg/kg) (mg/kg) (mg/kg)
PCL 11.651.49d 0.67+0.13d 0.16:0.06a 46.3417.91¢ 2.24x1.05¢ 37.22+11.39b
PSS 15.33+1.91c 0.82+0.13bc 0.15+0.04a 66.61+15.60ab 1.24+0.98¢ 42.23+24.32ab
SPM 19.74+2.18h 0.95+0.12b 0.21+0.14a 61.0114.87hc 3.34=1.09bc 54.32+12.22a
SCM 17.7123.01c 0.94:0.21b 0.20+0.09a 76.19+13.55ab 4.43+1.04b 39.94+10.20b
NCG 28.17+2.54a 1.31+0.19a 0.19+0.05a 89.31+21.39%a 6.50+2.08a 46.98+12.06a
PEF 8.24x2.21e 0.7120.18cd 0.18+0.08a 44.88+14.18¢ 2.58+0.95bc 35.54+21.39b

R[]/ NG FRER R 265 .35 (P<0.05)

312 A[REIZEMIEI 0—60 em +IFEFEo8 1 H R Ar A

M3 TR L HF5E X 6 R RE R B A DL A A Sk 1) & EAETE 0—60 cm )23
FEL PR — BRI B 2 IR el N B . A AL & =Y N B IR 2 PEF>PCL>PSS>SCM>SPM >
NCG, Hr PCL SCM \NCG F1 PEF () 3845 HLIT & RN (0—20 em) 123 3 & T (20—40 ,40—60
em) 12 (P<0.05) , 1M PSS #l SPM B+ 443 ML & RN (0—20 em) + )2 H B E & F (40—60 cm) 12
(P<0.05) , 3R SR TFEIEE PEF>SCM>PCL>NCG>SPM>PSS, Hif PCL . SCM 1 PEF B2 A & %
PR (0—20 em) T2 B EE T (20—40 40—60 em) (P<0.05) , 1 PSS SPM 1 NCG 1+ 14 A & 5 W) %
P (0—20 em) +J2H B ERT (40—60 cm) +)2(P<0.05) . HIHELHE S8 F IS SPM>SCM>PCL>PEF
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>PSS>NCG, H:H1 PCL SCM \NCG 1 PEF i+ 32 & BRI M (0—20 em) L2 025 T (20—40 40—
60 cm) 1+JZ(P<0.05) ,1fi PSS Fl NCG i)+ 32 & 5t R (0—20 em) +2 R E KT (40—60 cm) +
JZ(P<0.05) , HA7 SPM(0—20 cm) + )2/ 8@ & ¥R W3 & T (20—40 40—60 cm) )2 (P>0.05) ,
+ A 3 & B R IR PEF>PCL>SPM>SCM>PSS>NCG, Hi PCL PSS SCM I NCG 11+ 384 %k & &
LA (0—20 em) /24 B35 T (20—40 40—60 cm) + )2 (P<0.05) ,1iii PEF F1 SPM 14 3984 55w & 3¢
P (0—20 em) 12 H BE KT (40—60 cm) )2 (P<0.05) , #FFEIX 6 FhFRARZEH F PCL SPM il PEF fY
A A o i B 2 A, R R IR B PCL>PEF>SPM, Hiht PCL(0—20 em) 2 MM A & i E K T (40—60
em) )2 (P<0.05) , 1 SPM 1 PEF(0—20 cm) + )2 3B 0 & 3K B3 & T (20—40 40—60 cm) +
JZ(P>0.05), PSS .SCM Fl NCG [P fiff 2 & Bl 1= 2 iR AR & 2 B0 BH B ) BLAEE . IFEIX 6 Fh AR MRS A v
PSS Ft) 38 R B0 5 B 2 AR RSB A, Ho PSS (0—20 em) 2 8 0 & 8 1 E KT (40—60
em) 1JZ(P<0.05) ,PEF Fll SCM 9 3B HUg0 i & it pl G 1 )2 28 B8k hn, Horb SCM Al PEF (0—20 em) +
JZ L S B B R T (40—60 cm) 12JZ (P<0.05) , 1 PCL PSS F1 NCG kY - 38 & 8 75 it 1
JE IR TCH LA
3.2 HHERSLGATIN G

M 6 AT LIE 5T IX NCG 1) L3R S i AV E N 3.47, W S5 %8 T b K, PCL PSS,
SPM .SCM (1) 13353 S R 5 A VEAME 4 K 2.45 2,76 2.83 2.68 , PEMT 2034 )@ T-rh T /K F-, T PEF f4 135
FTERGEVEENCH 1.95, TFM S RE T HHER A6 = . ISR BRI AR, 55 X 6 Al LR £R bk
A LI AR AR AR A EAR 1, Y8 TR = K R A WL R 2 E A8 bn b, 1550 (8 5 s AR 2 NCG,
1353 E R 4, R FEE K, 1 PEF B3 MERAR, A58k 2, 8 F R KF PCL PSS SPM Fl SCM 47553 {E ¥
H 3, M FK, SR A IS bR, PCL AN PEF AOAS 50 (H 344 2, A T /K, 10 PSS ,SPM . SCM Al NCG
HIARAME YR 3, v ok, A S8 A5, PCL 1 PSS S4B R 1, R Z /K F , NCG HI75 4 E
3, R FKSE 1 SPM L SCM #il PEF M58 2, A FKE, RIS f8 45, PCL SCM il PEF
BIARSME S 2, R R K T PSS SPM Fil NCG 15438 R 3, A FAKE .

R6 ITEFNZEGABNMERTNES

Table 6 Comprehensive score and evaluation grade of soil nutrient contents

P HHLE 25 2 A B L AT TSR
;ﬁresﬁypes Organic matter/ Total N/ Total P/ Available N/ Available P/ Available K/ Comprehensive Evaluation
(g/ke) (g /kg) (g/kg) (mg/kg) (mg /kg) (mg /kg) score level
PCL 3 3 1 2 1 2 2.45 HF
PSS 3 3 1 3 1 3 2.76 Ly
SPM 3 3 1 3 2 3 2.83 Ly
SCM 3 3 1 3 2 2 2.68 Ly
NCG 4 4 1 3 3 3 3.47 Lills
PEF 2 2 1 2 2 2 1.95 Bz
4 iFig

AR FRAEA A R Fh S5 e 2250 AR IR 25 H RV AL BORAR TR ) sk i 25 1Y
ZESHIE LT AR PR & P 3 | -3 ST RN 3R 43 2, IR 13855 43 1 5 e A7 A W) 22 5 AR RS
RN HEFEIX NCG HHEAHLITT 50 B i S0 A0 R0l &5 4 fie i, SPML - S i R A 5 e 7, PEF
LIS B A BT A A A, PCL 8 4 05 B (K, PSS b S i AIAT 28t 5 b B ik NCG -
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