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Abstract: [ Objective] To study effects of stand density on understory species diversity and soil nutrients in Chinese fir
plantations, a field survey was carried out in a Chinese fir plantation, 38 years old, varying in stand density in Dagang Mountain,
Jiangxi Province. [ Method ] Five plots of woodlands different in stand density were delineated for investigation of understory
species therein, and soil samples were collected from each plot for analysis of soil physical and chemical properties and soil
enzyme activities. And One-way ANOVA analysis and correlation analysis and principal component analysis of the obtained data
were performed for determination of relationships of understory species diversity and soil properties with stand density. Besides.
principal component analysis and factor analysis were conducted to calculate scores of various index factors of the plantation, in
an attempt to screen out a suitable density for growth of Chinese fir trees in plantations. [ Result] Results show that there were
121 species of understory plants found under the Chinese fir trees in the plantation. The shrub layer was dominated by Maesa
Jjaponica, while the herb layer was by ferns, such as Diplazium and Dryopteris fuscipes. The two layers both were the highest in
diversity in the plot, 5 000 trees hm ™ in initial density. The variation of soil nutrients did not differ much with soil layer, but did
with stand density. All the soil nutrients, except pH, organic carbon and celllase, were the highest in the plots either the highest or
the lowest in stand density and obviously varied with stand density. Soil nutrients in the 0 ~ 20 cm soil layer were more closely
related to herbaceous diversity, while soil nutrients in the 20 ~ 40 cm soil layer were more to shrub diversity. The factors of pH,
total nitrogen, alkalytic nitrogen, available phosphorus were the most closely related to the species diversity index of the
understory. The principal component analysis shows that the plot 6 667 trees hm™ in initial stand density was the highest in
comprehensive score (1.17), and followed by the plots 3 333 trees hm ™~ (0.93), 5 000 trees hm > (0.28), 1 667 trees hm 2 (0.12) and
10 000 trees hm 2 (=2.49). obviously the first two were significantly higher than the other three in score. [ Conclusion ] The
research on plant diversity index and soil physicochemical properties reveals that the initial density of 5 000 trees hm 2 is good to
stability of understory species diversity, but not so to accumulation of soil nutrients. The principal component analysis shows that
stand density, either too high or too low, is detrimental to the development of soil physical and chemical properties and plant
diversity, especially when the density is too high, its damage to forest land is enormous, exhibiting a “hump model”, which
indicates the initial densities of 6 667 trees hm* and 3 333 trees hm? are more suitable to the development of soil
physical-chemical properties and plant diversity. The “Hump model” shows that taking into comprehensive account, the
co-existence of different stand densities in a plantation may better maintain soil properties, increase plant diversity in the
ecosystem and improve the ecological environment, thus contributing to multi-purpose cultivation and sustainable development of
of Chinese fir plantations.

Key words: Stand density; Chinese fir plantation; Understory species; Soil nutrients; Principal component analysis
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Table 1 Basic conditions of the sample plots

b A 25 BRATEE Plant  f77G% {27 Wi S35 i Mtz i)
7 Initial density/ spacing / Survival Elevation/ Aspect & Tree height/  Diameter at breast Canopy
Number hm™ (mxm) rate /% m Slope m height /cm density /%
A 1 667 3x2 81 210 S 15° 13.00 20.93 79
B 3333 2x1.5 75 202 S 15° 11.30 15.76 81
C 5000 2x1 78 203 S 16° 11.71 16.63 82
D 6 667 1.5x1 77 205 S 16° 10.95 14.79 85
E 10 000 1x1 58 195 S 18° 10.46 14.05 93
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Table 2 Species diversities of the understory shrub and herbage layers relative to stand density of the Chinese fir plantation
LS R D H Jw
Number #EAK Shrub HA Herb #EA Shrub B Herb A Shrub  HiAX Herb K Shrub B Herb
A 22.33+3.21a 8.00+1.73a  0.87+0.08a 0.80+0.06a 2.66+0.32a 1.71£0.08a  0.86+0.08a 0.83+0.05a
B 23.67+2.08a 10.00+1.73a  0.86+0.07a 0.83+0.03a 2.62+0.33a 2.00+0.07a  0.83+0.08a 0.88+0.06a
C 23.67+5.03a 12.00+£3.61a  0.90+0.05a 0.84+0.07a 2.79+0.39a 2.13+0.38a  0.88+0.06a 0.87+0.04a
D 25.67+2.08a 9.00+1.00a  0.84 +0.08a 0.81+0.06a 2.61+0.31a 1.93+£0.22a  0.80+0.08a 0.88+0.07a
E 27.00+1.00a 8.50+0.50a  0.81+0.01a 0.71£0.02a 2.68+0.08a 1.62+0.08a  0.81£0.02a 0.76+0.02a

TE e [RZUA R 5B R A [a) 4% 2 (8] 22 5+ 3% (P <0.05), R=

FEEE, D= FERREE, H= TRENEE, J=H5E

F8%(, T[H Note: Different letters in the same column indicate significant difference between plots different in density ( P < 0.05) . R =

richness index, D = Simpson index, H = Shannon index,
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Table 3  Soil chemistry properties in the Chinese fir plantations relative to stand density

FE 5
SL/cm pH SOM/ (g-kg) TN/ (gkg!) TP/ (mgkg™)
Number
A 0~20 4.41+0.14a 29.56+5.49a 1.86+0.23ab 363.0+65.6ab
20~40 4.37+0.13a 8.88+3.46b 0.80+0.17b 331.2+63.4a
B 0~20 4.25+0.13a 30.48+6.77a 1.90+0.19a 281.7+20.9b
20~40 4.37+0.05a 9.35+1.55ab 0.87+0.14a 254.6+40.2a
C 0~20 4.26+0.02a 22.89+5.89b 1.50+0.32bc 176.4+9.9¢
20~40 4.38+0.03a 7.63+1.70c 0.81+0.08b 148.6+5.4b
D 0~20 4.30+0.03a 29.92+2.56a 1.87+0.02ab 337.5+10.9ab
20~40 4.36+0.07a 11.37+1.18a 0.89+0.13a 272.9+42 .8a
E 0~20 4.44+0.10a 22.27+1.68b 1.45+0.09¢ 384.9+70.5a
20~40 4.51+0.08a 11.16+1.03a 0.91+0.02a 301.2+88.3a
R =
SL/cm TK/ (gkg) AN/ (mg'kg™") AP/ (mg-kg!) AK/ (mg'kg™!)
Number
A 0~20 24.81+1.74a 78.10+15.24abc 2.80+0.59b 62.67+9.50a
20~40 19.03+0.50b 38.89+4.87a 1.00+0.17¢ 33.47+8.13ab
B 0~20 22.86+0.72a 100.5+46.5ab 3.19+0.98ab 58.75+20.72a
20~40 21.42+0.70ab 48.71+£9.93a 1.03+0.10c 33.94+15.96ab
C 0~20 21.61+1.02a 61.94+9.33bc 4.47+0.71a 49.91+11.85a
20~40 19.04+1.91b 38.07+11.22a 2.93+0.68b 30.70+8.09b
D 0~20 24.95+1.54a 105.6+2.3a 4.17+1.12ab 40.07+0.30a
20~40 22.29+2.19a 45.46+13.80a 3.85+0.71a 24.41+2.61b
E 0~20 24.54+4.16a 57.00+1.05¢ 2.74+0.15b 63.97+9.93a
20~40 18.69+1.22b 42.19+2.73a 2.42+0.23b 49.72+4.58a

E: A2, FARRE R R R E %R 25 8% (P<0.05), SL= +J2, SOM= HHLE, TN= &%, TP= 42,
TK = &8, AN = %, AP = W, AK = #2#. T[F Note: Different letters in the same column mean significant difference
between plots different in stand density and the same in soil layer ( P < 0.05), SL = Soil layer, SOM = Soil organic matter, TN = Total

nitrogen, TP = Total phosphorus, TK = Total potassium, AN = Alkaline nitrogen, AP = Available phosphorus, AK =Available potassium.

The same below

ANV E R SR RESEN TR ETY
BE; £ 0~20cm -2, WA AL 4 R RTE
BENEETEFHRE; 7£20~40 cm T2, @b
W R AL AN R %5 B T 25 5% I 2 J7F 0~20 cm F1 20~
40 ecm HJE, HE. SRR LR R M R i
BRI KBTI, 5 LI, &a R

Fokas, HIYEHEE N S 000 hm > Af A RIH K &
IKHE R % B G KSR E s O, T
WA 10 000 hm > if ik B f K5 JIR Bt 25 4% 8 A1)
T CHE R AR, ZEEREN 1 667 hm P HHE K £F
A 2 P % RIS R AN ., TR 3
333 hm 2 Ak (% 4).
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Table 4 Physical properties and enzyme activities of the soil under Chinese firs relative to stand density

RS SBD SM PPO UE CL ACP
SL/cm
Number / (grem™) / (gkg™) /(mgd'g') /(pgd'gh) /(mg-d'g') /(pmol-d'-g")
A 0~20 1.37+0.02bc 282.4+1.0b 8.30+3.50b 346.4+38.2a 37.57+2.84b 15.51+2.21a
20~40 1.434£0.02b 24.81+0.54b 5.37+1.03¢ 217.66+47.88a 25.67+10.43b 12.40+1.62a
B 0~20 1.30+0.12¢ 29.70+1.55a 5.24+0.59¢ 322.54+66.38b 40.96+7.32a 15.10+2.63a
20~40 1.39+0.09¢ 28.34+0.26a 4.00+0.26d 217.07+86.97a 28.73+1.71a 10.51+4.61b
C 0~20 1.46+0.03a 27.83+3.34b 11.40+4.21a 303.33+20.01¢ 31.72+4.81c¢ 15.59+3.19a
20~40 1.48+0.11a 25.17+4.14b 7.12+£3.47a 201.41+18.46b 26.60+0.95b 9.72+1.89b
D 0~20 1.41+0.02b 20.16+4.42¢ 11.00+1.00a 295.00+18.03¢ 38.67+4.51ab 13.33+2.52b
20~40 1.44+0.04b 16.11+0.33¢ 6.00+2.00b 180.00+£20.01¢ 25.00+5.02b 8.00+2.65¢
E 0~20 1.34+0.05¢ 30.13+5.91a 8.27+0.22b 333.33+46.19a 27.33+4.93d 11.33+3.21c¢
20~40 1.40+0.06¢ 27.21+7.58a 4.07+0.08d 200.00+20.00b 23.01+.099¢ 6.67+2.08d

{E: SBD= AH, SM= {%/K#, PPO= ZEHAIE, UE= IkHE, CL= 4R, ACP= MRIEFMEE. T A Note: SBD = Soil
bulk density, SM = Soil moisture, PPO = Polyphenol oxidase, UE = Urease, CL = Cellulase, ACP = Acid phosphatase. The same below
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(1.17).3333hm(0.93). 5000 hm>( 0.28 ), 1 667
hm™ (0.12), 10 000 hm™ (—2.49), it 44 % i
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Table 5 Correlation coefficients between diversity indices and soil nutrients
Rtz 2: ) H#EA Shrub A Herb
Soil SL/cm
_ R D H Jew R D H Jow
properties
pH 0~20 0.155 -0.119 -0.09 -0.192 -0.35 -0.327 -0.568" —0.546"
20~40 0.285 -0.094 -0.077 -0.259 -0.035 -0.516" -0.358 —0.644"
TN 0~20 —0.154 -0.063 —0.026 0.051 —0.366 0.093 —0.071 0.308
20~40 -0.298 -0.539" -0.604" -0.602" —0.555" -0.203 -0.414 -0.033
AN 0~20 -0.171 -0.276 -0.194 -0.165 -0.053 0.385 0.277 0.535"
20~40 -0.463 -0.819™ -0.834" -0.805" -0.286 0.034 -0.102 0.162
AP 0~20 0.205 0.134 0.285 0.247 0.531" 0.699" 0.707" 0.580"
20~40 0.258 —0.179 —0.128 -0.285 0.046 —0.009 0.178 0.207
SBD 0~20 —0.169 —0.148 -0.154 -0.104 0.044 0.247 0.198 0.331
20~40 —0.536" -0.358 -0.478 -0.319 —0.156 -0.012 -0.095 0.045
PPO 0~20 —0.044 —0.274 —0.182 -0.243 0.239 0.676" 0.199 0.092
20~40 0.383 0.374 0.421 0.371 0.612 0.261 0.445 —0.169
UE 0~20 0.049 ~0.499 -0.318 —0.484 -0.222 0.366 ~0.054 0.327
20~40 —0.664 -0.588 -0.6817 -0.585 —0.607 0.035 —0.294 0.57
ACP 0~20 0.503 -0.058 0.174 —0.041 0.102 0.178 0.032 —0.237
20~40 0.255 0.662 0.589 0.697" 0.249 0.035 0.197 0.052
CL 0~20 0.302 -0.126 0.06 -0.087 -0.263 0.017 -0.226 -0.059
20~40 -0.331 -0.623 —0.532 —0.577 -0.161 0.698" 0.004 0.426

TE: * WEMK (P<0.05), **

i A (P <0.01). T[F Note: * significant correlation ( P < 0.05 ), ** extremely significant

correlation ( P<0.01) . The same below

x6 TEEEHZAKAINEEITS
Table 6 Comprehensive score of plots of Chinese fir different in stand density
Feit 5 Gy G
F1 F2 F3
Number Comprehensive score Comprehensive ranking
A -1.62 1.18 1.87 0.12 4
B -0.11 2.28 0.98 0.93 2
C 2.27 -3.19 1.38 0.28 3
D 2.92 1.33 -2.29 1.17 1
E -3.46 -1.6 -1.94 -2.49 5

W Fl= F—F 4, F2= % " FW5, F3= % —~FMsr. Note: FI = The first principal component, F2 = The second principal

component, F3 = The third principal component.
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