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Effects of forest gap size on soil physicochemical properties and soil
quality in Pinus massoniana plantations

Li Jianfeng' Huang Zhengyou® Ouyang Xunzhi' Pan Ping' Peng Zeyu'
(1. College of Forestry, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China;
2. Forestry Bureau of Xingguo County, Jiangxi Province, Xingguo 342400, Jiangxi, China)

Abstract: [Objective] Investigating the effects of forest gap size on soil quality provides a scientific basis
for optimizing soil nutrient management and promoting forest regeneration. [Method] This study examined
forest gaps formed by pine wood nematode disturbance in Pinus massoniana plantations in Xingguo County,
Jiangxi Province, China. Gaps were classified into five classes ( I —V, small to large) based on diameter-to-

height ratio, with adjacent closed-canopy stands as controls. According to the crown width of edge trees,
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each gap was further divided into a central zone, a transitional zone, and an edge zone. We analyzed
physicochemical properties and stoichiometric ratios in surface (0—10 cm) and subsurface (10—20 cm) soils
for differences among gap classes and interrelationships, and calculated the soil quality index for
comprehensive evaluation. [Result] (1) Soil water content in both the surface and sub-surface layers of
Class V gaps was significantly higher than that in Class II, III, and IV gaps (P < 0.05). Non-capillary
porosity in Class II gaps was significantly higher than in Class 1 gaps in the surface layer and significantly
higher than in Class V gaps in the sub-surface layer (P < 0.05). (2) Total phosphorus content in both layers
of Class IV gaps was significantly higher than in Class V gaps, and total potassium content in the sub-
surface layer of Class IV gaps was significantly higher than in Class V gaps (P < 0.05). Total potassium
content in the surface layer of Class II ~ V gaps was significantly lower than in the control (P < 0.05).
(3) In the surface layer, C:P and N:P ratios in the edge and transition zones were significantly higher than in
the central zone (P < 0.05). In ClassIV gaps, the sub-surface C:N ratio and surface N:P ratio were
significantly higher than in the control (P < 0.05). (4) As gap size class increased, the overall number of
significantly correlated index combinations between soil C, N, and P stoichiometric ratios and soil physical
and chemical properties showed a decreasing trend. (5) Soil quality index values in the surface and sub-
surface layers of the gaps ranged from 0.37 ~ 0.45 and 0.27 ~ 0.36, respectively. There were no significant
differences in soil quality index among different gap size classes (P > 0.05). [Conelusion] Class IV gaps
performed relatively better in improving soil phosphorus and potassium content, and represent a more
suitable gap scale for optimizing soil nutrients in P. massoniana plantations in the study area.

Key words: forest gap size; soil physicochemical properties; stoichiometric ratios; soil quality; Pinus
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Fig. 3 Paired tests of soil physical properties among different forest gap sizes and the control
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Tab.2 Two-way ANOVA(F value) of soil chemical properties
+2 AR IR pH HHUTR A X0 e T A % R JHE
RBRK /N 1.21 0.94 1.06 4.82" 2.36" 1.69 241 9.71"
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IRBERZIN < ARBR AL B 0.11 0.08 0.07 0.26 0.02 0.25 0.17 0.61
RBR KN 2.15 0.99 1.34 5.01" 2.69" 2.19 3.56" 586"
TEE MRBR PR ALE 0.86 0.07 0.14 0.07 0.01 1.34 0.35 0.18
KRB AAN x ARBR P A7 0.30 0.12 0.16 0.08 0.01 0.68 0.15 0.75
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Fig. 5 Paired tests of soil chemical properties among different forest gap sizes and the control
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Tab.3 Two-way ANOVA(F value) of stoichiometric ratios of soil carbon, nitrogen, and phosphorus

2 R 5 RV C:N C:P N:P
NSO NAN 0.91 1.06 2.17
= ARBR A AL E 1.89 3.34° 3.41°
MBS < PREE N R AL B 0.24 0.14 0.11
ARERA N 0.46 0.49 1.21
WEE ARBR A AL E 0.08 0.23 0.30
MBI/ x ARBE A RO E 0.10 0.09 0.11
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Fig. 6 Multiple comparison results of stoichiometric ratios of soil carbon, nitrogen, and phosphorus
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Fig. 8 Correlation between soil carbon nitrogen phosphorus stoichiometry and soil physicochemical properties
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Tab. 4 Results of principal component analysis of soil quality indicators and their Norm values

Eisp ) Norm/& paxitl ARTITE &
PCI PC2 PC3 PC4
TN E -0.76 0.05 0.37 -0.11 1.88 1 - -
TS K E 0.51 0.02 0.61 -0.17 1.50 1 - -
RORFFKE 0.94 -0.13 -0.27 —0.06 228 1 - -
BERKE 0.93 -0.21 0.16 -0.17 225 1 - -
FH [ 7K 0.84 -0.14 -0.08 -0.08 2.01 1 - -
BEETLRE 0.97 -0.16 -0.01 —0.08 231 1 0.73 0.31
B E LR EE -0.21 0.21 -0.83 0.23 1.36 3 0.71 0.30
SALBREE 0.86 -0.05 -0.48 0.05 2.15 1 - -
pH -0.14 —0.66 0.19 0.42 1.36 2 - -
AP 0.20 0.82 0.13 0.44 1.65 2 - -
£ 0.25 0.81 0.09 0.44 1.66 2 0.91 0.39
X 0.15 -0.52 0.07 0.72 1.37 2 - -
e -0.35 0.22 -0.56 0.13 1.22 3 - -
BRI AL 0.40 0.52 0.41 0.27 1.49 2 - -
A Bk 0.04 -0.57 0.13 0.67 1.36 2 - -
A 0.38 0.57 0.07 0.06 1.36 2 - -
FRHEE 5.59 3.15 2.00 1.77
J5 2 DURRE % 34.96 19.67 12.50 11.08
Rt oTEkE/% 34.96 54.63 67.13 78.21
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Fig. 9 Correlation analysis of soil physicochemical properties
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