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Soil physicochemical properties and their coupling relationships in
Pinus tabuliformis plantations of different stand ages on Loess Plateau

Yang Jun, Sun Xuejiao, Liu Yun

(Institute of Soil and Water Conservation Science, Shanxi Agricultural University, Taiyuan 030013, China)

Abstract: [Objective] This study aims to investigate the variation characteristics and coupling relationships of
soil physicochemical properties in Pinus tabuliformis plantations with different stand ages, thereby providing a
scientific basis for soil quality evaluation, management, and optimization of vegetation restoration in these
plantations in the loess rocky mountainous region of the Loess Plateau. [ Methods] P. ‘abuliformis plantations
located in the loess rocky mountainous region of the Loess Plateau with different stand ages (8, 10, 12, and 16
years) were selected as the study objects. Soil physical properties, chemical properties, and their correlations were
analyzed. [Results] The maximum water-holding capacity (132.38~265.87 g/kg) , capillary water-holding
capacity (106.01~217.91 g/kg) , capillary porosity (18.55%~31.73%), and total porosity (22.95%~38.40%)
of soils in P. tabuliformis plantations with different stand ages generally exhibited an increasing-decreasing-

increasing trend, whereas soil bulk density (1.43~1.81 g/cm®) showed an opposite pattern. Soil moisture content
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reached relatively high levels at the stand age of 10 years, ranging from 12.10% to 12.26%. In addition, the water-
holding capacity and pore conditions of soils on shaded slopes were generally better than those on sunny slopes.
Under different stand ages and slope aspects, the soils of P. tabuliformis plantations were weakly alkaline, with
pH values ranging from 7.72 to 8.83. On shaded slopes, soil organic matter (14.06~20.24 g/kg) , total nitrogen
(0.70~0.97 g/kg) , total phosphorus (0.32~0.48 g/kg) , available phosphorus (4.42~6.09 mg/kg) , and alkali-
hydrolyzable nitrogen (58.95~71.26 mg/kg) all showed a unimodal distribution, reaching their maximum values
at the stand age of 10 years. In contrast, soil organic matter, total nitrogen, and alkali-hydrolyzable nitrogen on
sunny slopes exhibited bimodal distributions, with peaks occurring at the stand ages of 10 and 16 years. Overall,
shaded slopes were more favorable for soil nutrient accumulation. Correlation analysis showed that soil bulk
density was significantly or highly significantly negatively correlated with maximum water-holding capacity,
minimum water-holding capacity, capillary water-holding capacity, and various porosity indices, whereas water-
holding capacity was significantly or highly significantly positively correlated with porosity. Soil organic matter was
significantly positively correlated with total nitrogen, total phosphorus, and alkali-hydrolyzable nitrogen.
Available phosphorus and available potassium were negatively correlated with soil bulk density but positively
correlated with maximum water-holding capacity, non-capillary porosity, and total porosity. Soil moisture content
was significantly negatively correlated with total phosphorus and total potassium, but significantly positively
correlated with available phosphorus and available potassium. [ Conelusion] Overall, the stand age of 10 to 12 years
is a critical stage during which soil quality improvement is relatively pronounced in P. tabuliformis plantations with
different stand ages in the loess rocky mountainous area of the Loess Plateau. Shaded slopes are generally more
favorable for soil quality improvement, and a loose soil structure with better aeration and water permeability is more
conducive to water retention and nutrient accumulation.
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Fig. 1 Soil physical properties of Pinus tabuliformis plantations with different stand ages
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Fig. 2 Soil chemical properties of P. tabuliformis plantations with different stand ages
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Table 2 Correlations among soil physicochemical properties in P. tabuliformis plantations with different stand ages
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