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Comprehensive evaluation of soil fertility in different developing
stages of Chinese Fir Plantations
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Abstract; [Objective] The recearch was conducted to analyze the soil properties variations and give
comprehensive evaluation of soil fertility status in different developing stages. [Method) Based on the de-
termination of main soil physical,chemical and biological properties in the juvenile forest, medium forest,
near-mature forest,mature forest and over-mature forest of Chinese fir plantations in Dagang mountain of
Jiangxi Province, the variation characteristics of soil properties in different developing stages were explored
by analysis of variance and correlation,soil fertility in different developing stages of Chinese fir plantations
was further evaluated with principal component analysis. [Result] (1) The soil fertility was obviously dete-
riorated in the medium forest, but recovered in the near-mature forest with the environmental improvement
of forest soil; (2) Close correlations were found between the activity of soil cellulose,-glucosidase, sucrase
and polyphenol oxidase and soil physical and chemical properties, but not for the activity of amylase; (3)
Soil organic matter content, total and alkali-hydrolyzable nitrogen content,the number of actinomycetes and
fungi,along with the activity of cellulase,-glucosidase and sucrase, played important roles in the evaluation

of soil fertility. [Conclusion] The soil fertility levels in different developing stages of Chinese fir planta-
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tions are in the order of overmature forest™>mature forest™> near-mature forestyoung forest >medium

forest.

Key words: Chinese fir;development stage;soil fertility
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Table 1  General situation between different forest stands
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Table 2 Characteristics variations of soil microbial biomass among different developmental

phases of Chinese fir plantations X10° /g
oy il TR i HL T B
Stand type Bacteria Actinomycetes Fungi Microbe quantity
L AR Juvenile 8.72+0.11 ¢ 0.53+0.005 d 0.16440.000 6 d 9.39+0.11 ¢
HF1 % AR Medium 7.10+0.07 e 0.32+0.006 e 0.16340.000 4 d 7.59+0.08 e
IR Near mature 7.3740.09 d 1.19+0.024 ¢ 0.24440.000 7 ¢ 8.814+0.08 d
J AR Mature 8.80+0.10b 2.52+0.037 b 0.5164+0.011 b 11.84+0.09 b
o # AR Over mature 9.2040.07 a 4.4440.008 a 0.62340.011 a 14.274+0.07 a

TE < [ 8 B 5 AR AN 6] /NG 5 1) 3 3R 28 57 i 3% (P<<0..05) . R 3 [,

Note:Data marked with different lower-case letters express significant differences (P<C0. 05). The same as table 3.
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Table 3 Characteristics variations of soil enzymes activity between different developmental
phases of Chinese fir plantations mg/g
My A 21 4t R il 37 1 TEE A Tl TE K il Z Wy S AL B
Stand type Cellulase B-glucosidase Sucrase Amylase Polyphenol oxidase
L&Ak Juvenile 0.10%0.01 d 0.41%£0.07 d 0.23£0.02 ¢ 2.85+0.84 ¢ 0.0940.02 b
1% AR Medium 0.12+0.01d 0.38+0.05d 0.25+0.02 b 5.44+0.52 a 0.13£0.02 a
P H M Near mature 0.20+0.02 ¢ 0.53+0.07 ¢ 0.274+0.02 a 4,19+0.94 b 0.12+0.03 a
KK Mature 0.30+0.03 b 0.83+0.07 a 0.2240.02 ¢ 4,99+0.49 a 0.05+0.02 ¢
i Bk Over mature 0.35+0.02 a 0.63+0.04 b 0.15+0.02 d 5.0440.71 a 0.06+0.02 ¢

TE < B PSP 27 4 3R M VE M BB A A g b D S A B B s BT N A g LD BOK B B Z AR e b

BWETHEIR.

Note: Enzymes activity unit: activity unit of Cellulase,Sucrase and Amylase is the quality of glucose per 1 g soils;activity unit of 3-glucosi-

dase is the quality of Salicyl alcohol per 1 g soils;activity unit of Polyphenol oxidase is the quality of galloyl modified-cellulose per 1

g soils.
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Table 4 Characteristics variations of soil physical and chemical properties between different

developmental phases of Chinese fir plantations

+HEfE bR L p LRNCYN I bk 2N SUR N

Soil index Juvenile Medium Near mature Mature Over mature
AT /(g+ cm ?)SBD 0.9740.05 d 1.2440.02 a 1.1540.03 ¢ 1.0940.05 ¢ 0.82+0.06 e
LB/ % SP 63.02+1.77 b 55.68+1.03 d 57.95+1.09 ¢ 62.24+1.04 b 68.38+1.85 a
Ak / % SWH 64.8742.45 a 48.82+1.59d 58.524+1.31 ¢ 62.234+1.71 b 65.50+1.33 a
a5k B/ % FWH 58.95+1.22 a 33.61+1.02 e 36.17+0.80 d 49.27+1.31 ¢ 56.50+1.53 b
HHLE/ (g« kg™ 1HSOM 32.6143.93 ¢ 21.02+5.81d 38.1745.43 be 41.82+5.93 b 50.1945.93 a
LE /(g kg ) TN 1.564+0.12 ¢ 1.28+0.17 d 1.85+0.36 b 1.99+0.16 b 2.4940.19 a
AR A/ (mg - kg~ AHN 152.654+3.90 d 127.924+2.48 e 155.9043.36 ¢ 223.62+3.41 b 243.27+3.36 a
H3ws/(mg - kg~ 1) AP 0.0340.01 ¢ 0.0440.01 b 0.0640.01 a 0.0540.01 ab 0.0540.01 ab
A/ (mg « kg —1) PAK 31.09+1.89 d 24.19+1.95 e 38.89+1.81 ¢ 44.14£2.71b 54.73+1.26 a

T« AT 8O 5 b A R/ 5 3 7R 22 5 35 (P<<0. 05) .

Note: Row data marked with different lower-case letters express
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PR 5T 22 2 B B I 04 S R T A A= W 46 B
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significant difference (P<Z0.05).
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Table 5 Correlation between soil microbial biomass,enzymes activity and soil physical and chemical properties
PR — 7 — ——
I L SR UL UL S B L S ot L Sl ik
Soil index Cellulase Sucrase Amylase h Bacteria Fungi .
dase oxidase cetes quantity
2 # SBD —0.510** —0.208" 0.809* * 0. 261 —0.670** —0.851** —0.704** —0.599** —0.799*~
fLER & SP 0.650" * 0.440** —0.807** —0.125 —0.772%* 0.909* * 0.788* 0.729* 0.884**
A&k i SWH 0,475~ 0.439** —0.519** —0.461** —0.721*~ 0.863"* 0.567"* 0.533"** 0.711~
FH i) 35K i FWH 0.305" 0.256  —0.644** —0.464** —0.732*"* 0.920"* 0.466" 0.434** 0.658"*
A WL SOM 0.856" * 0.709"* —0.647" 0.020 —0.735" " 0.743"* 0.883" * 0.852** 0.896 " *
4% TN 0.904 " * 0.671** —0.719*~ 0.186 —0.707" " 0.690" * 0.948" * 0.903* " 0.837"*
B fit /0 AHN 0.936" 0.828** —0.771"* 0.275 —0.884"* 0.817** 0.950" * 0.982** 0.974"*
A AP 0.659" * 0.579** —0.130 0.577** —0.157 —0.070 0.549 " * 0.572** 0.234
A PAK 0.9227~ 0.725** —0.693* " 0.194 —0.745** 0.701" 0.951" " 0.923** 0.930" *

e " FIRAE 0. 05 /K L RFAG, * * RIRAE 0. 1 KF L BFMK,

Note: * Shows significantly differences at P=0. 05, *

* Shows significantly differences at P=0. 1.
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Table 6 Eigenvalues and variance contribution of soil principal components
FiH Ttem 55 1 £y PC 1 o5 2 EW4r PC 2 % 3 i PC 3
FFEAR Eigenvalues 12. 068 3. 066 1. 068
J5 Z 5Tk %/ % Proportion of variance 67.046 17. 035 5.934
St 2 5Tk %/ % Proportion of cumulative variance 67.046 84,081 90. 015
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Table 7 Factor loading matrix of main composition of soils

mEmE # fif Loading matrix W5 5 H {7 Loading matrix
Analysis item PCl1 PC2 PC3 Analysis item PCl1 PC2 PC3
£ 4 Z i Cellulase 0. 898 0.418 0.044 || A4 PAK 0. 949 0.182 0.098
B B it B-glucosidase 0.739 0.382 0.333 || & SBD —0.656 0.474 0. 409
WEWERE Sucrase —0.775 0.145 0.584 fLBRJE SP 0.874  —0.330 0.017
VEHEE Amylase 0. 150 0.853  —0.335 || fuAnfFkH SWH 0.770  —0.482 0.397
Z I AL B Polyphenol oxidase  —0. 845 0.083  —0.057 M 5] $5 7k # FWH 0.683  —0.684 0.075
A HLFE SOM 0.943 0. 030 0.230 || 407 Bacteria 0.871 —0.433 0.012
2% TN 0.863 0.162 0.074 T2 # Actinomycetes 0. 950 0.215 —0.184
WA 0 AHN 0.979 0.146  —0.006 || 274 Fungi 0. 944 0.295  —0.090
AR AP 0.317 0. 745 0.204 T A W8 E: Microbe quantity 0.990 0. 009 —0.121
¥ 7 iy PC1.PC2,PC3 48 faf 40 54 Fy 1 ) 0.324 16X, —0. 055 16X, + 0. 222 557X, +
AR B R+ HERE F K 3 AN s T R 0.071 605X, —0. 005 81X +0. 197 399X, +

F,=0.258 499X, +0. 212 729X, —0. 223 09X, +
0.043 179X, —0. 243 24X, +0. 271 453X, +
0.248 424X,+0. 281 816X, +0. 091 252X, +
0.273 18X,, —0. 188 84X, +0. 251 59X,, +
0.221 653X,,+0.196 609X,,+0.250 727X,; +
0.273 468X,,+0.271 74X,,+0. 284 982X 5 ;
F,=0.238 721X, +0. 218 161X, +0. 082 81X, +
0.487 15X, +0. 047 401X, +0. 017 133X, +
0.092 519X, +0. 083 381X, +0. 425 471X, +
0.103 941X,,+0.270 702X,, —0. 188 46X, —
0.275 27X,; —0. 390 63X, —0. 247 29X,5 +
0.122 787X, +0. 168 475X, +0. 005 14X 5 ;
3, =0.042 576X, +0. 322 225X, +0. 565 102X, —

F

0.094 829X,,+0.395 765X,,+0. 016 45X, +

0.384 154X, +0. 072 573X, +0. 011 612 X

X5 —0.178 05X, —0. 087 09X, —0. 117 08X5 .
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Table 8 Integrative scores of soil fertility levels in different developing stages of Chinese fir plantations
Ay Al F F, F, . %%%ﬁ i %%ﬁFZ A
Stand type Comprehensive scores Comprehensive ranking
2 K Juvenile —1.23 —3.30 0. 34 —1.36 4
H 5 Ak Medium —1.59 1.16 —1.07 —2.95 5
JE AR Near mature —1.79 0.71 0.99 —1.02 3
AR Mature 2.40 0.98 0. 70 1.82 2
T #H A Over mature 5.21 0.11 —0.96 3.46 1

3 it it
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