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Stoichiometric characteristics of carbon, nitrogen, and phosphorus in
leaf litter soil of Pinus yunnanensis forest during different restoration
stages in the karst plateau of eastern Yunnan

CHEN Peiyun"?, FAN Tao"?*", HE Ting"? & HU Honghong" ?
" Faculty of Geography, Yunnan Normal University, Kunming 650500, China
*Yunnan Key Laboratory of Plateau Geographical Process and Environmental Change, Kunming 650500, China

Abstract We evaluated Pinus yunnanensis forests (pure forests, artificial mixed forests, and natural secondary
forests) at different stages of restoration on karst slopes in eastern Yunnan, China; Castanopsis orthacantha
primary forest and Myrsine africana shrub were used as reference plots. The C, N, and P contents and their
stoichiometric ratios in the leaf litter soil of the five types of forest were investigated. The results showed that:
(1) all the three P. yunnanensis forests had a pattern of high C (432.27 g/kg) with low N (10.28 g/kg) and P (0.96
g/kg). The contents of C, N, and P in the leaf litter soil of the five forest types from high to low were as follows:
leaf > litter > soil, while the values of C/N, C/P, and N/P from high to low were as follows: litter > leaf > soil. The
nutrient content and stoichiometric ratios of leaves and litter were significantly different from those of the soil. (2)
The nutrient absorption and assimilation capacity of the three P. yunnanensis forests showed little difference,
but the natural secondary forests had the best litter quality, and the artificial mixed forests had the highest
soil N and P availability. P. yunnanensis forests were more stressed by N than primary forests and shrubs. (3)
Plant leaf-litter-soil C, N, and P were significantly correlated with their stoichiometric ratios, and the mutual
feedback mechanism was obvious. The stoichiometric characteristics of soil C, N, and P in the study area were
significantly affected by soil pH, aggregate particles, water content, volume, weight, and nitrate nitrogen. The
vegetation restoration of P. yunnanensis in the karst plateau of eastern Yunnan was mainly affected by N stress,
which is the key factor for vegetation restoration and management of P. yunnanensis to improve the nutrient
backflow of litter.

Keywords leaf-litter-soil; stoichiometric characteristics; influence factor; Pinus yunnanensis; eastern Yunnan
plateau
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Table 1 The basic conditions of the sampling plots
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T 2R Forest OF NSF AMF PF BF
PR F JCILHE SR s P LS NERAT
Dominant species Castanopsis orthacantha Pinus yunnanensis P. yunnanensis P. yunnanensis Myrsine africanna
A
Importance value 0.65 0.82 0.74 1 0.69
SEIR
Average height (h/m) 15.4 £0.28 13.4 £0.42 12.5+0.31 10.3 £0.65 7.86 £ 0.58
P48l
Average diameter (D/m) 18.6 + 1.13 14.7 £1.49 13.3+1.40 11.7 £ 1.55 8.43+1.21
TFHIM S Average forest
stand age (t/a) >100 > 50 30 15 10
ERL e gt +Hk RN ] st/ ] B Ny Fiity
Habitat type Soil slope Soil surface, stony golly  Soil slope, stony golly  Soil slope, Stony golly Stony golly

OF: JCILFJR Ak NSF: R ha AR A AMF: SR RA N TIRZCH: PF: SFRAAIM: BF: NRAFHEL.
OF: Primary forest of C. orthacantha; NSF: Natural secondary P. yunnanensis forest; AMF: Artificial mixed P. yunnanensis forest; PF: Pure P.

yunnanensis forest; BF: Shrub of M. africanna.
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Fig. 1 The C, N, P contents and C, N, P stoichiometric ratios of the leaf-litter-soil in five forests. OF: Primary forest of Castanopsis
orthacantha; NSF: Natural secondary Pinus yunnanensis forest; AMF: Artificial mixed P. yunnanensis forest; PF: Pure P. yunnanensis forest; BF:
Shrub of Myrsine africanna. Different lowercase letters indicated significant differences among different forest types of the same component (P <
0.05), and different capital letters indicated significant differences among different components of the same forest (P < 0.05).
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Fig. 2 The mass fraction of surface soil aggregates of five
forests. OF: Primary forest of Castanopsis orthacantha; NSF:
Natural secondary Pinus yunnanensis forest; AMF: Artificial mixed
P. yunnanensis forest; PF: Pure P. yunnanensis forest; BF: Shrub
of Myrsine africanna.Different lowercase letters indicate significant
differences among different forest types of the same aggregate size
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Table 2 The correlation of C, N, and P between leaf, litter, and soil in five forests

i br i Leaf & YLitter +HESoil
Index C N P C N P C N P
© 1
i N - 1
Leaf
B - 0.709** 1
(¢} 0.657** -0.592* -0.571*
Kk N h - - - .
Litter
P - - - 0.515* 0.661** 1
b C = S = = 0.676** = 1
Soﬁ% N -0.636* - - -0.620* 0.593* - 0.854** 1
P = = = = = 0.682** -0.550* = 1
*H*o 5 7R 7E0.05F10.017KF b L35 AH 6.
*and ** indicate significant correlation at the levels of 0.05 and 0.01, respectively.
<3 SHEM AT - - C/IN, C/P. N/IPHEX %
Table 3 The correlation of C/N, C/P and N/P between leaf, litter, and soil in five forests
fitbs i hr Leaf Hiti ¥ Y Litter +HESoil
Index C/N C/P N/P C/N C/P N/P C/N C/P N/P
C/N 1
I”_Jre); ciP 0.752** 1
N/P -0.649** - 1
C/N - - - 1
R
f‘ftf_}' f” cIP = = = 0.697* 1
N/P - - - - - 1
e C/N = = -606* = = 0.574* 1
Soﬁe C/P - - - -0.569* - 0.767** 0.587* 1
N/P = = = -0.605* = 0.691** = 0.923** 1

*H*o 5 7R 7E0.05F10.017KF b 3B AH G,
* and ** indicate significant correlation at the levels of 0.05 and 0.01,

respectively.
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Fig. 3 The redundancy analysis between C, N, P, and their
stoichiometric ratios with environmental factors of surface soil.
SR: Soil fine root; NO;: Nitrate nitrogen; NH,: Ammonium nitrogen; SM:
Micro-aggregate; BD: Volume-weight; SA: Macro-aggregates; MC:
Moisture content.
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Fig. 4 Contents of C, N, and P of soil aggregates in five forests.
OF: Primary forest of Castanopsis orthacantha; NSF: Natural secondary
Pinus yunnanensis forest; AMF: Artificial mixed P. yunnanensis forest;
PF: Pure P. yunnanensis forest; BF: Shrub of Myrsine africanna.
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