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Evaluation on Soil Fertility of Chinese Fir Plantations in
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Abstract; [ Objective ] To investigate the dynamics of soil fertility at different development stages (young forest, middle
aged forest and mature forest) of Chinese fir ( Cunninghamia lanceolata) plantations. [ Method ] The soil fertility level at
different development stages in Chinese fir plantation located at central and south China was investigated using fuzzy
mathematical evaluation and principal component analysis. [ Result]The results showed that the age of plantation had a
significant impact on forest soil and its physical and chemical properties. Moreover, at each age there were significant
differences (p <0.001) in soil properties between topsoil and subsoil. The correlation analysis revealed significant rela-
tion between water quality and soil physical properties. The organic matter, pH value also showed a significant relation-
ship with soil chemical properties. The results of principal component analysis and fuzzy evaluation method indicated that
the fertility level of Chinese fir plantations at northern Fujian hilly area followed the order of mature forest > young forest
> middle aged forest. [ Conclusion ] With the growth of trees, it is needed to restore fertility by fertilizing, thinning and
other manual intervention in order to satisfying the demand of Chinese fir for fast-growing.
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Table 1 Situation of the sites of Chinese fir in different development

MO E

BAIE MG TR i KR KRR
Stand DBH/cm  Height/m (n-hm-?) Altitude/m Shrub layer dominant species Herbaceous layer dominant species
VAT 227N 7.17 5.57 2 267 230 15T (Litsea cubeba (Lour. ) Pers. ) HEAL -84k ( Callicarpa kochiana Makino. )
Juvenile A (Aralia chinensis L. ) 5,8 1% ( Lechnum orientale L. )
4 B AR ( Mallotus lianus Croiz. ) FATTE( Miscanthus floridulus (Labill. ) Warb. )
AR 15.52 12.52 1375 229 #:ZE1l(Maesa japonica (Thunb. ) Moritzi. ) 19,8 % ( Lechnum orientale L. )
Medium 71 (Indocalamus tessellatus (Munro) Keng f. )  4x T ( Cibotium barometz (L. ) J. Sm.)
45 ( Ficus hirta Vahl. ) TR % R R (Angiopteris fokiensis Hieron. )
AR 20.99 20.62 1225 226 A7 (Indocalamus tessellatus (Munro) Keng f.)  4xT% ( Cibotium barometz (1.) J. Sm.)
Mature 45 ( Ficus hirta Vahl. ) 121112% (Alpinia chinensis (Retz. ) Rosc. )

IR ( Pericampylus glaucus (Lam. ) Merr. )

T AETE RE 3k (Angiopteris fokiensis Hieron. )

T R LM 5 45, IR AR A 15 48 JREABRARES Dy 24 45 S HRAE N ] T3

Note: In the table, the Juvenile age is 5, the Medium age is 15, the Mature age is 24, and the calculation according to the sampling time.
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Table 2 Soil physical properties of Chinese fir plantation at different stages

HHEWE  LJE Layer  BORFPKE MWH  HI[EROKE FWH  BSLBUE SP BEILEUE CSP LR BD e %Ki QWH
Stage cm (g-kg™") % (gyem™) %
LR Juvenile  0~20  579.84 +80.08Aa 449.76 +16.67Aa 55.23 +2.40Aa 41.22+2.97Aa  0.98 +0.12Bb  31.57 £4.01Aa

20 ~40  468.12 +34.93Ab 345.47 +16.87Ab 51.45 +1.26Ab 40.84 +2.60Aa 1.11 +0.08Aa  29.03 =2.70Aa

40 ~60  427.35+41.84Ab 332.38 +26.31Ab 49.85 £2.50Ab 41.46 +2.71Ba 1.17 £0.08Ba  28.04 +3.66Ba
Ak Medium 0 ~20  479.93 +66.66Ba  351.73 £23.05Aa 53.93+2.98Aa 43.10=1.91Aa 1.26£0.09Aa  29.58 +2.33Aa

20 ~40  409.04 £40.89Bb  323.07 +30.23Ab 50.48 +2.25Aab 42.86 +3.11Aa  1.24 +0.20Aab 29.51 £2.53Aa

40 ~60  376.09 +58.68Bc 319.04 +49.31Ab 48.98 £2.56Ab 44.19 £3.85ABa 1.21 +0.10ABb 30.26 +5.04ABa
AR Mature  0~20  493.19 +63.60Ba  359.00 £33.16Aa 54.72 £2.93Aa 43.41 £2.03Aa 1.14 £0.10Ab  33.55%3.27Aa

20 ~40  440.31 +38.60ABb 338.62 +15.26Ab 52.59 +1.93Ab 43.71 +1.99Aa 1.20 +0.09Aa  32.10 £2.46Aa

40 ~60  418.88 £25.37Ab 347.16 +14.93Ab 51.64 £1.63Ab 45.43 £+1.72Aa  1.24 +0.20Aa  32.77 =1.70Aa
F1H 3.42* 0.83 6.09 ** 18.96 ** 7.43 ™ 12.11*

TE: KPR FIE + FRERE, = = FOR1E0.01 KFZF B, « FKRTE0.05 KPR EBH. NS FHFRFE—-RKTHBEARLZ
9252 50 KT K5 5 Il 2RI P B A BRI 56K (P <0, 05) | (RS2 BRI I8 200 0% bt 9
Fn=9,

Note: Data in the table as mean + standard deviation, # #* Shows significantly differences at P =0.01, * Shows significantly differences at P =
0. 05, Small letters represent the same stage of development differences among the significant level of soil, Big letters indicate differences in the same layer
of soil at different developmental stages of each index significant (P <0.05). F values reflect the significant level forest age factor of soil each index, n =

9.
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Table 3 Soil chemical properties of Chinese fir plantation at different stages

= AR WEA , -
gEWE Lo HIUESOM  eEIN (BN (N SRR ABAP AT ol
aee cm (g-ke™) (mg - L) (g kg”)  (mg-L)  (g-kg') H,0
SESHK Juvenile 0 ~20 29.54 +4.40Aa  1.59 +0.16Ba 3.75 +0.86Aa 0.28 +0.08Ba 0.53 +0.10Ba 3.35+1.06Aa 19.03 +3.04Bc 4.43 +0.17Aa
20~40 16.18 +5.0ABb 1.14 £0.22Bb 3.36 +0.69Aa 0.24 +0.05Chb 0.45 +0.07Ba 2.68 +0.83Aa 19.54 +3.67Ch 4.41 +0. 14Aa
40~60 10.55+2.30Ab 1.01 +£0.24Bb 2.75 +£0.75Aa 0.23 +0.05Bb 0.41 +0.09Ba 2.15 +0.86Aa 20.68 +4.56Ca 4.45 +0.07Aa
HIBFK Medium 0~20 24.91 +3.52Aa  1.83 £0.2ABa 3.15 +0.32Aa 0.68 £0.12Aa 0.32+0.12Ca 8.10+1.53Aa 26.83 +2.51Ab 4.05 +0.42Ba
20~40 13.35+3.00Bb 1.42 +0.22Aa 2.87 +0.18Aa 0.50 +0.09Aa 0.28 +0.10Ca 7.29 +8.09Aa 29.37 +2.33Ab 4.26 +0.17Ba
40~60 10.65+2.01Ab 1.36 £0.13Aa 2.44 +0.15Ab 0.42 +0.06Ab 0.26 +0.10Ca 3.32 +3.42Ab 32.74 +2.06Aa 4.20 +0.23Ba
JEHABK Mature  0~20 31.36 £8.20Aa  1.97 +0.36Aa 3.44 +1.38Aa 0.62 +0.18Aa 0.69 +0.18Aa 2.55 +0.63Aa 24.57 +2.55Aa 4.20 +0.1ABa
20~40 19.53 +5.08Ab 1.60 +0.14Ab 2.63 +1.31Aa 0.39 +£0.03Bb 0.60 +0.10Aa 1.93 £0.59Aa 26.08 +1.56Ba 4.22 +0.06Ba
40~60 15.62+7.60Ab 1.51 +£0.31Ab 2.36 £1.15Aa 0.36 +0.02Ab 0.54 +0.09Aa 1.27 +0.78Ab 26.44 +4.59Ba 4.23 +0.05Ba
FAH 3.42* 0.83 6.09 " 18.96 ** 7.43* 12.11* 0.41 2.13
L L

Note: The same as table 2
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Table 4 The correlation coefficient of soil fertility factor
g RIE RIS By BEE pn ag TER O BER e
Ttems KEE KRB WU T KR g (N (N0 Ty AP TK
MWH  FWH SP CSP QWH N N

HH )35k 5 FWH 0,76 **
BFLBREE SP 0.82™ 0.73*
EEFLBUE CSP -0.17  0.21 0.10
TR BD -0.77" -0.69™ -0.63" 0.09
FiES/KE QWH  0.39*  0.56™  0.47*  0.48* -0.32*
F LT SOM 0.62™ 0.52*  0.67™ -0.03 -0.45" 0.20
4 TN 0.33* 0.35"  0.49* 0.14 -0.20  0.27* 0.80*
HASA(NH, F)N —0.36*  0.33*  0.29  0.02 -0.25 0.21  0.38*  0.09
AZ(NO, “)N —0.19  -0.05 0.10  0.16  0.24 -0.09 0.32*  0.58* 0.09
2 TP 0.28% 0.30*  0.28* 0.05 -0.29* 0.20 0.44*  0.35" 0.22 -0.04
HR AP -0.08 -0.08 -0.08 =-0.02 0.06 -0.15 -0.01 -0.01 -0.01 0.24  -0.20
441 TK -0.46* —0.28* -0.29* 0.31* 0.48™ 0.11 -0.30™ 0.21 -0.18 0.39* -0.22  0.07
pH 0.21  0.05 0.07 -0.13 -0.16  0.04 -0.08 -0.34™ 0.10 -0.43*  0.05 -0.34* -0.33*

T % FRTE 0.05 K- L BEME, « « FIRTE0.01 /K L EBEMIE, n=8

Note : * Shows significantly differences at P =0.05, s s Shows significantly differences at P =0.01,n =8.
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Table 5 Characteristic roots of the variables and the

corresponding contribution rate

Table 6 The feature vector of five main components

J§ A%y Ingredient

A+ Factors . 5 3 1 p
R GEEEIEN FEBOV-Jr FEA —
Initial eigenvalues Extract the sum of square FRFKAE MWH () 0.95 -0.17  -0.11 0.1 0.01
B4y FEM 2R FEM 2R MRk FWH(x,) 0.20 -0.65  0.07 -0.53  0.45
Ingredient &1 F4M L HAL A B4 HEAL BFLBRIE SP(x3) 0.90 =-0.01 -0.04 0.13 -0.11
Total Variance Accumulation Total Variance Accumulation BB CSP(x,)  0.01  -0.41 0.76 -0.20 -0.26
/% /% /% /% + B2 BD(x5) -0.90 0.13  0.33 -0.14  0.07
1 5.44 38.86 38.86 5.44 38.86  38.86 B ke QWH(xs) 0.59 -0.17 -0.57 0.17 -0.03
2 2.93  20.93 59.78 2.93 20.93 59.78 AL SOM(x,) 0.48 0.81 0.18 0.13 0.11
3 1.43 10.24 70.02 1.43 10.24 70.02 4% TN(xq) -0.27 0.86 0.12 -0.10 0.06
4 1.17 8.36 78.38 1.17 8.36 78.38 SR NH4 * N(xq) 0.23 0.10 0.41 0.52 0.63
5 1.01 7.21 85.59 1.01 7.21 85.59 AR NO3 " N(x,9) -0.75 0.28 0.20 0.24 -0.29
6 0.76 5.44 91.03 AW TP (%) 0.34 0.74 0.07 0.38 -0.09
7 0.55  3.91 94.94 AW AP(x,,) -0.46 -0.45 -0.12 0.52 -0.21
8 0.42 3.02 97.96 280 TK(x,3) -0.83 -0.17 0.24 -0.06 0.08
9 0.15 1.04 98.99 pH(xy) 0.75 -0.07 0.28 -0.07 -0.41
10 0.09 0.67 99.67
Mo 003019 99,86 ®7 FALZBENBRLEENEERS
12 0.02 0.12 99.98 . . .
Table 7 Comprehensive scores of soil fertility
13 0.00 0.01 99.99
14 0.00  0.00 100. 00 quality in different age
A
N NS — KEBTE Stage N ) f Ji fs
%:26j‘75 /I\Iﬁiﬁ‘ﬂ’ﬂ frﬁfﬁ]%fﬁ,ﬁﬁ'ﬁﬂmlﬂ Score
o NS . A nile . . .4 . . 1.
S PR A TR R A St nenile 380 0.09 0,95 0,63 933 40
= Ny e A o - 3 FKk Medium -3.10 -0.02 1.33 0.33 -0.54 -1.26
Eﬁﬁfﬁiﬁﬁ*ﬁfﬂ? = ﬁF'ﬁT*ﬁ:&,’fﬁ?UXlﬁ]k H bk Mature 0.50 1.97 1.36 0.74 -0.25 0.92
MBS AR LI I LR 61357, R T B, A
R BB AR IR I A8 9k 3.4.2 ##EA 5k B4R A A

1.90,0.92 - 1.26, Horf DIZ AR A i AR 1 SR IE T 45
1o, B PR AR R SBAE T R, B AR B - AT

T XA R

BV HE AR S A A R AR o SR L e B iR T
ANFINE S HEARAS IR TR A ], W A [ A
Sy UL R, R AR 5 R BRI . B
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Table 8 Membership, the average correlation coefficient,

the weight and the final score of soil fertility

AHIRREL
HF YiEpk AR EWR BE B
Factors Juvenile Medium Mature Correlation Weights

coefficient

BRFKE MWH(x,)  1.00  0.01  0.56 0.16 0.13
Mk FWH(x,)  1.00  0.02  0.62 0.21 0.17

LB SP(x3) 0.57 0.54 1.00 0.23 0.19
BEFLEE CSP(x,)  0.24  0.73  1.00 0.05 0.04
T BD(xs) 0.55 1.00 1.00 -0.22 -0.18
i &kE QWH(x,)  0.31  0.23  1.00 0.18 0.15
B HLBT SOM(x; ) 0.63 0.54 0.74 0.24  0.19
4% TN(xg) 0.50 0.62 0.68 0.24  0.19

F 755 NH4 * N(xq) 0.22  0.19 0.19 0.13 0.10
EAZ NO3 ~ N(xy9) 0.13  0.26 0.23 0.10 0.08

2 TP(x,) 0.93 0.57 1.00 0.11 0.09
AR AP(x,) 0.27 0.62 0.19 -0.05 -0.04
4 TK(x3) 0.56 0.85 0.74 -0.04 -0.03
pH(xy4) 0.10 0.10 0.10 -0.10 -0.08
SFI 0.73 0.24 0.66

H3 8 1, AR & & B B AR A TR 4 4
RE S P AR B (SFL) 435142 0.73 0. 66 F10. 24,
DAGH ARG , MGV, FP i MR ARG
4 i

R 5 B W B RS A AT bk - Sy B A A2 4
FRAT I . R I B, 398 B Sig 1
IR U T 498 AL R S I D e
FRAIE K FERIARE TR AR B , bR AP
AT AR R R K 5 S T, £
983 FE A - A AL B RE M A ) R o (LA PP i
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