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Abstract: We measured total N and P concentrations of leaf fine root and soil (0—15 15—30 30—45 c¢m) in 5-
10— 15- 20- and 25-year-old Cunninghamia lanceolata plantations in Huitong Hunan Province. The objective of this
study was to determine the variation in the N and P stoichiometry of leaf—root-soil during the whole life process of
Cunninghamia lanceolata plantations and provide basic data to guide the management of Cunninghamia lanceolata
plantations. The following results were obtained. (1) Stand age had a significant influence on soil N and P concentrations
and the N :P ratio ( P < 0.01) . Soil layer only had significant influence on soil N concentrations ( P < 0.01) . Soil N

concentrations decreased with increasing soil depth whereas soil P concentrations and the N :P ratio showed no significant
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difference with increasing soil depth. In each soil layer N and P concentrations initially decreased and then increased
significantly with increasing stand age ( P < 0.05) . Soil N and P concentrations were the highest in 25-year and S-year
Cunninghamia lanceolata plantations respectively and were the lowest in 10-year and 15-year Cunninghamia lanceolata
plantations. The soil N :P ratio increased with increasing stand age although not significantly. (2) Stand age and organ
type had a significant influence on plant N and P concentrations and the N :P ratio ( P < 0.01) . Leaf and fine root N and P
concentrations showed a significant “V-shaped ” pattern with increasing stand age ( P < 0.05) whereas fine root P
decreased slightly in 20-year Cunninghamia lanceolata plantations. Leaf and fine root N and P concentrations were the
lowest in 15-year Cunninghamia lanceolata plantations and were the highest in S5-year and 25-year Cunninghamia
lanceolata plantations respectively. The leaf N :P ratio did not change significantly with increasing stand age. The range of
leaf N : P ratios was 11.79 to 14.86. For all stand ages leaf N : P ratios were lower than 14 except for 20-year
Cunninghamia lanceolata plantations indicating that N was the main factor limiting the growth of Cunninghamia lanceolata.
The fine root N :P ratio increased significantly with increasing stand age ( P < 0.05) and the range of fine root N :P ratios
was 9.00 to 22.89. ( 3) During the whole life process of Cunninghamia lanceolata plantations N and P concentrations were
significantly different between leaf fine root and soil in the order leaf > fine root > soil ( P < 0.05) . There were significant
correlations between leaf and fine root N and P stoichiometry ( P < 0.05) except for the leaf and fine root N of 25-year
Cunninghamia lanceolata plantations. However no significant correlations between 0—15 c¢m soil and leaf and fine root N
concentrations were found. There were significant correlations between 15—30 and 30—45 c¢m soil and leaf and fine root N
and P concentrations in 5-year and 10-year Cunninghamia lanceolata plantations ( P < 0.05) whereas there were no
significant correlations between soil and leaf and fine root N and P concentrations in 15— 20- and 25-year-old
Cunninghamia lanceolata plantations. During the whole life process of Cunninghamia lanceolata plantations there were
significant correlations between leaf and fine root and soil P concentrations and the N :P ratio. It was concluded that with
forest development there have been changes in the nutrients of leaf fine root and soil which reflect the strong links

between leaf fine root and soil N and P stoichiometry.

Key Words: leafwootsoil; different stand age; ecological stoichiometry; nitrogen; phosphorus; Cunninghamia

lanceolata plantation
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o (5a). (10 a) . (15 a) . (20 a) (25a)5
N N.P
N.P N N N.P
N:P - N.P
1
— 26°50°N

109°45°E 250—500 m. 16.8°C

80% 270—300 d 1677.1 h; 1422 mm.

pH  4.86.
o ( Quercus fabri) . ( Vernicia fordii)

( Aleurites montana) ( Ilex chinensis Sims) . ( Maesa japonica) ( Smilax
china) ( Dicranopteris dichotoma) . ( Woodwardia japonica) ( Cyclosorus
parasiticus) o o

1 2,
1
Table 1 General information of sample plots
Average Aver: Density/
Age/a he:gel:/gfn Df;/gjlfren Altitude /m Longitude/( °) Latitude/( °) Aspect Slope/( °) ( er;:nylz)

5 5.8 9.0 268 109°35°6.72" 26°47°34.08" SE/SW 21 1815

10 11.3 12.8 260 109°35°38.76" 26°47°30.84" SE/NW 17 1782

15 11.8 16.2 316 109°3529.76" 26°47°4.56" SW/SE 26 1688

20 12.4 17.5 293 109°35°30.12" 26°477.80" SE/NE 26 1606
25 13.1 21.3 318 109°35728.32" 26°4777.44" NW/NE 30 1520
SE: southeast; SW: southwest; NW: northwest; NE: northeast
2
Table 2 The physical and chemical properties of sample plots soil in the different aged Cunninghamia lanceolata plantations
pH . 5 .
Age/a Bulk density/( g/cm”) Moisture content/% Temperature/ °C
5 4.54+0.06 1.27+0.03 19.90+0.59 20.2+0.6
10 4.77+£0.05 1.18+0.02 16.58+0.30 20.4+0.9
15 4.31+£0.04 1.32+0.03 22.75+£0.29 19.7+0.6
20 4.44+0.07 1.31+0.02 22.64+0.33 19.3+0.7
25 4.11+£0.05 1.26+0.01 23.61+0.34 20.1+0.7
+ n=48
2
2.1
. (1 2 km? 5.10.15.20.25
o 4
20 mx20 m 4 ( 4 10 m) 20 o 2015 4.
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Excel 2010 7 SPSS19.0 One-Way ANOVA . .
N.P N:P ; i Pearson
N N N.P N:P ; SigmaPlot 12.5 o
3
31 N.P
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Table 3 The effect of stand age soil depth and both interactions on soil N P and N :P ratios in Cunninghamia lanceolata

Factors df Nitrogen concentration Phosphorus concentration N :P ratio
SS MS P SS MS P SS MS P
Age 4 3.932 0.983 0.000 1.066 0.267 0.000 139.511 34.878 0.002
Soil depth 2 5.679 2.839 0.000 0.075 0.037 0.324 41.423 20.711 0.074
Agcxéuil depth 8 0.650 0.081 0.706 0.068 0.008 0.979 22.553 2.819 0.941
SS: sum of squares of deviations; MS: mean squares
0—15.15—30 cm  30—45 cm N 1.50—1.76.1.22 —1.59.0.94—1.39 g/kg-
N :0—15 em N ( P>0.05) 15—30
cm  30—45 cm N ( P<0.05) N 25 a
( 1), P (P<0.05) 25
a ( P>0.05) p S5a (0.42+0.06) .(0.46+0.05) .
(0.38+0.04) g/kg( 1) o 15—30 cm N:P Sa ( P<0.05) N:P
( P>0.05) N:P 4.96—6.71.3.46—6.64.4.00—5.91 ( 1),
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Fig.1 Stoichiometric characteristics of soil N P as affected by soil depth and stand age in the Cunninghamia lanceolata plantations ( mean+

SE n=16)
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Table 4 The effect of stand age organs and both interactions on plant N P and N :P ratios in Cunninghamia lanceolata

Factors df Nitrogen concentration Phosphorus concentration N :P ratio
SS MS P SS MS P SS MS P
Age 4 580.277 145.069 0.000 2.547 0.637 0.000 1085.862  271.466 0.005
Organs 1 1420.792  1420.792 0.000 10.159 10.159 0.000 338.422  338.422 0.029
X AgexOrgans 4 98.649 24.662 0.001 0.319 0.080 0.556 906.456  226.614 0.013
5 N.P ( P<0.05 2) . N.P
'N 15 a N 5—15a
( P<0.05) N ( P>0.05) N 5 a( (14.45+0.61) g/ke)
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Fig.2 Stoichiometric characteristics of leaf and fine root N P as affected by stand age in the Cunninghamia lanceolata plantations ( mean+

SE n=16)
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1.06.0.65 g/kg 16 0.86.0.11 g/kg 17 N.P
18 P P
P P25 N. P (12.42+0.36) .( 1.07£0.04) ¢/
kg Han 2 753 (20.2.1.46 g/kg) 17
(10.88.0.75 g/kg) o N. P (6.46+0.31) .(0.57+0.04) ¢/
kg 9.2.1.0 g/kg B,
5 . . .
Table 5 Leaf fine root and soil total N total P content and N :P correlation analysis in the five aged Cunninghamia lanceolata plantations
N Total N content P Total P content
Soil depth Soil depth
Agela Components or Cept Leaf o cept Leaf
0—15 cm 15—30 cm 30—45 cm 0—15 cm 15—30 c¢m 30—45 cm
5 -0.295 -0.617" -0.535" 1 0.869 ** 0.622° 0.574" 1
0.048 -0.108 0.021 0.535"  0.881** 0.860** 0.783 ** 0.823**
10 -0.31 -0.047 0.577" 1 0.474 0.640** 0.45 1
-0.052 0 0.623 ** 0.753**  0.447 0.524" 0.43 0.822**
15 0.122 -0.23 -0.075 1 0.724** 0.670™* 0.643** 1
0.175 -0.231 0.098 0.727**  0.801** 0.585" 0.531° 0.770**
20 0.276 0.387 0.33 1 0.594" 0.674** 0.794** 1
-0.054 0.271 0.024 0.619°  0.750** 0.827** 0.677** 0.630**
25 0.145 -0.189 0.364 1 0.550" 0.571" 0.565" 1
0.153 0.175 0.467 0.421 0.653** 0.666** 0.738** 0.772**
N :P ratio
Soil depth
Age/a Components orl dept Leaf
0—15 cm 15—30 cm 30—45 cm
5 0.575" 0.217 0.362 1
0.747** 0.46 0.627** 0.857**
10 0.502" 0.725** 0.618" 1
0.286 0.578" 0.717** 0.652**
15 0.577" 0.516" 0.535" 1
0.525" 0.482 0.622" 0.780**
20 0.614" 0.660** 0.881** 1
0.652** 0.682** 0.582" 0.766**
25 0.565" 0.573" 0.528" 1
0.607" 0.728** 0.750** 0.635**
* ( P<0.05) * * ( P<0.01)
N.P N
o, N N
P N
N » N : p
P % P
P P
P . N 7 0—15 ¢m N
N ( 5) 28 29
0—15 cm N N
o 15—30cm 30—45 cm N. P
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