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Characterization of the soil and leaf C, N, and P stoichiometry of poplar

plantations of three different stand ages in the Dongting Lake wetland, China
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Abstract: Ecological stoichiometry is a useful concept for studying the balance of multiple chemical elements in ecosystem
interactions. In this study, we measured leaf and soil carbon (C), nitrogen (N), and phosphorus (P) levels in poplar
plantation of three different stand ages (6-, 9-, and 13 year old) , which were planted using the methods of digging furrows
and lifting ridges, to explore the ecological stoichiometry characteristics and the distribution patterns of nutrient elements,
and also to assess the ecological impacts of poplar plantations on the Dongting Lake wetland ecosystem. The results showed

that stand age had a significant effect on leaf N, P, C: P and N : P ratios, but not significantly correlated with leaf C and C
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: N ratio. For all three stand ages, the leaf N : P ratio was higher than 16, indicating that P is the main factor limiting the
growth and development of poplar plantations in the Dongting Lake wetland. The content of P in 9-year-old leaves was
significantly lower than that in 6-year-old and 13-year-old leaves, whereas the ratios of C: P and N : P in 9 year-old leaves
were significantly higher than those in 6-year-old and 13-year-old leaves, which showed that the limit of P had a particularly
marked effect on 9 year-old poplar plantations. In both the ridge and furrow plots of the wetland poplar plantations, soil
organic carbon (SOC) , total N (TN) and C: N ratio were negatively correlated with stand age and depth of the soil layer.
In contrast, total P (TP) was not significantly correlated with these two factors. The C : P ratio in the ridge plots was
negatively correlated with stand age and soil depth, in the furrow plots, this ratio was positively correlated with the soil
layers rather than stand age. For the N : P ratio, we detected a negative correlation with soil depth in the 9-year-old and 13-
year-old ridge plots and in the 6-year-old furrow plots. These results illustrate that the ridge and furrow method used for
planting poplars is detrimental to the accumulation of SOC and TN and to the maintenance of soil fertility in the Dongting

Lake wetland.

Key Words: ecological stoichiometry; Dongting Lake wetland ; poplar plantation; leaf; soil
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Table 1 General information of sample plots

Wz

L Density . %E Ridge . %\Jﬁﬁ Diameter breast *}FE ﬁ[ﬂ?ﬂg
Ages /K bm?) Ridge height/m width/m Ditch width/m height/cm Height/m Canopy size/%
6 588+6 1.8 3.5 8.2 11.8+0.4 11.6+0.2 0.61+0.03
9 633+7 2.0 3.0 7.5 17.4+0.6 18.5+0.2 0.68+0.02
13 576+10 2.0 3.0 7.9 24.2+0.9 21.5+0.3 0.79++0.04

1.3 FRamALIS I E

W R A I RN A SR S [T S AR 2, AR T 85°C LT Z e &, + el B T B i KAk [ 28T, K
PR B TE i 0.25 mm § , BCE T TR ML ORAZRRI , A C N P FILIERA L C 4 N 42 P & i)
SR FH EE AR TR A AL A Ak 5 2 Bt L IR R0 R - B L e s 1™
1.4 Wdasrtr

K H SPSS 22.0 # R 47 MR K J7 2K 58 ( One-way ANOVA) | i 35 P K -1 4 0.05; R A Sigmaplot
12,554 1A

2 ERG5H

2.1 BRCTHRIE C NP ik B A A A AT
&1 1 TR EE IR 3 BRI A A T ARSI C 7 389.46—409.27 o/kg Z [, M N - 7F 19.80—
21.10 g/kg Z [, 1 P HEAE 0.92—1.09 g/kg Z [, AFISKESHEHLEIFIT C AN 5y 9 RIS R T 6 bRt A 13
e, 0E PRI 9 MR/ T 6 BRIRAN 13 MR, €N BIZEA 6 ARl /N T 9 ARl /N T 13 Ml C <P
NP S AL IR 9 RIS KT 6 ARIE , KT 13 ARi,
32 RUTARIRETE NP B C 1P RN P B LA C R C 1N DR 5

F2 WM C NP REENEEZFESN

Table 2 F and P value for the effects of stand ages on leaf C, N, P and mass ratios

K2 Factors C N P C:N C:P N:P
M Stand ages F=0.7874 F=34.14 F=6.868 F=0.3356 F=20.74 F=10.55
P=0.4970 P=0.005 P=0.0281 P=0.7275 P=0.0020 P=0.0109

2.2 R A TR EEANL C &N 4P &
2 R IR RE IR 3 DRI A TAR H3EA ML C S8 YE HITE 4.61—13.02 g/kg Z[H], AH[FHK
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Fig.1 Contents of leaves C, N, P and C :N,C :P, N :P mass ratios in the three stand aged poplar plantations
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Fig.2 Content of SOC, TN and TP of the various soil layers in the three stand aged poplar plantations
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Table 3 F and P values for the effects of stand age, soil depth and location ( ridge or furrow) on soil C, N, P and mass ratios

[K % Factors C N P C:N C:P N:P
Ml Stand ages F=332.224 F=467.814 F=42.799 F=68.557 F=31.481 F=21.919
P=0.000 P=0.000 P=0.000 P=0.000 P=0.000 P=0.000
+J2 Soil depth F=110.537 F=408.322 F=15.269 F=17.970 F=5.922 F=7.932
P=0.000 P=0.000 P=0.000 P=0.000 P=0.000 P=0.000
W EZE Ridge or Furrow F=53.972 F=258.908 F=2.554 F=0.152 F=10.321 F=18.948
P=0.000 P=0.000 P=0.119 P=0.698 P=0.003 P=0.000
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Fig.3 Change of soil C :N,C :P and N :P of the three stand aged poplar plantations
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Fig.4 Relationship between leaves and soil C_N.P and mass ratios of the three stand aged poplar plantations
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