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Abstract

This study investigated Pinus sylvestris var. mongolica plantations of different
stand ages (15, 25, 35, and 45 years) in the Horqin Sandy Land, examining the
contents of soil organic carbon, total nitrogen, and total phosphorus in the 0-
100 cm soil layer and their ecological stoichiometric characteristics, and explor-
ing the vertical distribution patterns of soil carbon, nitrogen, and phosphorus
stoichiometric characteristics and their variations with stand age. The results
showed that: The contents of soil organic carbon, total nitrogen, and total phos-
phorus in the 0-20 cm soil layer of the four plantations were 7.34 g - kg !, 0.39
g-kg™! and 0.19 g-kg™!, respectively, all of which were lower than the national
average. With increasing stand age, organic carbon content, C/N, and C/P all
showed increasing trends; total nitrogen and total phosphorus contents exhib-
ited an initial increase followed by a decrease (with a significant reduction in the
45-year-old stand); while N/P showed no significant change. With increasing
soil depth, the variation trends of organic carbon and total nitrogen contents
were basically consistent, both showing a gradual decreasing trend; however,
the organic carbon and total nitrogen contents in the 0-20 cm soil layer of each
stand accounted for less than 1/3 of the total contents; C/N and C/P showed
opposite trends (C/N increased while C/P decreased); whereas the vertical dis-
tribution of total phosphorus content and N/P was relatively uniform with little
variation. In summary, the contents of organic carbon, total nitrogen, and total
phosphorus in the soils of Pinus sylvestris var. mongolica plantations in the
study area were extremely low; however, afforestation with Pinus sylvestris var.
mongolica increased the soil carbon, nitrogen, and phosphorus nutrient contents;
soils of Pinus sylvestris var. mongolica plantations at all stand ages were simul-
taneously limited by nitrogen and phosphorus nutrients, but the limitation by
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nitrogen became more significant with increasing soil depth.
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Abstract

Soil organic carbon (C), total nitrogen (N), and total phosphorus (P) were
measured from 10 cm to 100 cm soil depth in Pinus sylvestris var. mongolica
planted forests of four different ages (15-, 25-, 35-, and 45-year-old) in Horqin
sandy land. To provide a theoretical basis for sustainable management of P.
sylvestris planted forests, the dynamic regulation of these elements was inves-
tigated with respect to forest age and soil depth. The results showed that the
contents of soil organic C, total N, and total P were 2.51-8.27 g- kg™ !, 0.12-0.45
g-kg™ ! and 0.14-0.21 g- kg~ !, respectively, all below the national average level
in China. As forest age increased, soil organic C, C/N, and C/P ratios increased;
total N and total P contents first increased and then significantly decreased at
45 years, while N/P showed no significant change. With increasing soil depth,
both organic C and total N decreased, with contents in deeper layers being less
than one-third of that in the 0-20 c¢m layer. While C/N ratio increased, C/P
ratio decreased, showing opposite trends. The vertical distribution of total P
and N/P did not change significantly. Our findings indicated that although soil
organic C, total N, and total P contents were extremely poor in Horqin sandy
land, these planted forests increased soil C, N, and P nutrient storage. How-
ever, soil fertility declined in the 45-year-old forest. Nitrogen and phosphorus
were the limiting nutrients in different aged P. mongolica planted forests, and
nitrogen limitation became more significant with increasing soil depth.

Keywords: Pinus sylvestris var. mongolica planted forest age; soil; ecological
stoichiometry; Horqin Sandy Land

3.3 Vertical Distribution Characteristics

The vertical distribution of soil nutrients showed distinct patterns across differ-
ent soil layers. In the 0-20 cm depth layer, soil organic carbon, nitrogen, and
phosphorus contents accounted for approximately one-third of the total mea-
sured profile (0-100 cm). Previous studies have demonstrated that surface soil
layers (0-20 cm) contain the highest concentration of nutrients and microbial
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activity in forest ecosystems. In the 0-40 cm layer, nutrient contents represented
about one-half of the total profile, indicating that the majority of soil nutrients
were concentrated in the upper layers. The C/N and C/P ratios exhibited con-
trasting vertical trends, with C/N increasing with depth while C/P decreased,
suggesting differential nutrient cycling processes along the soil profile.

References

[1] Elser JJ, Dobberfuhl DR, MacKay NA, et al. Organism size, life history, and
N:P stoichiometry[J]. BioScience, 1996, 46(9): 674-684.

[2] Wang WQ, Tong C, Jia RX, et al. Ecological stoichiometry characteristics
of wetland soil carbon, nitrogen and phosphorus in different water-flooded fre-
quency[J]. Journal of Soil & Water Conservation, 2010, 24(3): 238-242.

[3] Wu Xiangyun, Liu Guang, Han Hui. Soil quality in different types of sand-
fixation plantations of Pinus sylvestris var. mongolicalJ]. Protection Forest
Science and Technology, 2001, 49(4): 15-17.

[4] Luo Yayong, Wang Xun, Liu Xingyu, et al. Stoichiometry study of C, N
and P in plant and soil at different successional stages of monsoon evergreen
broad-leaved forest in Pu’ er, Yunnan Province[J]. Acta Ecologica Sinica, 2010,
30(23): 6581-6590.

[5] Bao Shidan. Soil and agricultural chemistry analysis[M]. 3rd ed. Beijing:
China Agricultural Press, 2000.

[6] Lu Yayong, Wang Xun, Liu Xingyu, et al. Effects of competition on tree
height growth of sand-fixation plantations of Pinus sylvestris var. mongolica in
northwest Liaoning province[J]. Arid Zone Research, 2018, 35(1): 144-149.

[7] Liu Wande, Su Jianrong, Li Shuaifeng, et al. Stoichiometry study of C, N
and P in plant and soil at different successional stages of monsoon evergreen

broad-leaved forest in Pu’ er, Yunnan Province[J]. Acta Ecologica Sinica, 2010,
30(23): 6581-6590.

[8] Gu Yang. The facts that led to the degradation of artificial sand-fixation
Pinus sylvestris var. mongolica and its prevention measures[D]. Fuxin: Liaoning
Technical University, 2009.

[9] Han Meina, Wei Yawei, Qin Shengjin, et al. Carbon storage dynamics and
its distribution pattern in Pinus sylvestris var. mongolica plantation in sandy

land[J]. Chinese Journal of Ecology, 2015, 34(7): 1798-1803.

[10] Han Meina, Wei Yawei, Qin Shengjin, et al. Carbon storage dynamics and
its distribution pattern in Pinus sylvestris var. mongolica plantation in sandy
land[J]. Chinese Journal of Ecology, 2015, 34(7): 1798-1803.

[11] Zhao Qiong, Zeng Dehui, Chen Fusheng, et al. Soil phosphorus pools and
availability in Pinus sylvestris var. mongolica plantation[J]. Chinese Journal of
Ecology, 2004, 23(5): 224-227.

chinarxiv.org/items/chinaxiv-201807.00009 Machine Translation


https://chinarxiv.org/items/chinaxiv-201807.00009

ChinaRxiv [$X]

[12] Liang Qipeng, Yu Xinxiao, Pang Zhuo, et al. Study on soil organic carbon
density of different forest types[J]. Ecology and Environmental Sciences, 2010,
19(4): 889-893.

[13] Liu Wande, Su Jianrong, Li Shuaifeng, et al. Stoichiometry study of C, N
and P in plant and soil at different successional stages of monsoon evergreen
broad-leaved forest in Pu’ er, Yunnan Province[J]. Acta Ecologica Sinica, 2010,
30(23): 6581-6590.

[14] Bao Shidan. Soil and agricultural chemistry analysis|M]. 3rd ed. Beijing:
China Agricultural Press, 2000.

[15] Guo Dongyan. Research on ecological stoichiometry of degraded grassland:
A case study of meadow in western Jilin province[D]. Jilin: Jilin University,
2013.

[16] Zeng Fanpeng, Chi Guangyu, Chen Xin, et al. The stoichiometric character-
istics of C, N and P in soil and root of larch (Lariz spp.) plantation at different
stand ages in mountainous region of eastern Liaoning Province, Chinal[J]. Chi-
nese Journal of Ecology, 2016, 35(7): 1819-1825.

[17] Cleveland CC, Liptzin D. C:N:P stoichiometry in soil: Is there a “Redfield
ratio” for the microbial biomass?[J]. Biogeochemistry, 2007, 85(3): 235-252.

[18] Achat DL, Bakker MR, Augusto L, et al. Phosphorus status of soils from
contrasting forested ecosystems in southwestern Siberia: effects of microbiolog-
ical and physicochemical properties[J]. Biogeosciences, 2013, 10(2): 733-752.

[19] Niu Shasha, Zhou Yongbin, Liu Liying, et al. Soil properties in Pinus
sylvestris var. mongolica plantation of different ages[J]. Journal of Northeast
Forestry University, 2015, 43(2): 47-50.

[20] Wang Weiqi, Zeng Congsheng, Zhong Chungi, et al. Effect of human dis-
turbance on ecological stoichiometry characteristics of soil carbon, nitrogen and
phosphorus in Minjiang river estuarine wetland[J]. Environmental Science, 2012,
31(10): 2411-2416.

[21] Liu Nan, Wang Yujie, Wang Yili, et al. Soil organic carbon density of 4
forest types in Jinyun mountain of Chongqing[J]. Ecology and Environmental
Sciences, 2009, 18(4): 1492-1496.

[22] Bai Rong. The central of Yunnan plateau ecological stoichiometry char-
acteristics of the typical vegetation succession process[D]. Kunming: Kunming
University, 2012.

[23] Lei Zeyong, Zhou Yanping, Zhao Guojun, et al. Effects of competition on
tree height growth of sand-fixation plantations of Pinus sylvestris var. mongolica
in northwest Liaoning province[J]. Arid Zone Research, 2018, 35(1): 144-149.

[24] Wang Weiqi, Zeng Congsheng, Zhong Chungi, et al. Effect of human dis-
turbance on ecological stoichiometry characteristics of soil carbon, nitrogen and

chinarxiv.org/items/chinaxiv-201807.00009 Machine Translation


https://chinarxiv.org/items/chinaxiv-201807.00009

ChinaRxiv [$X]

phosphorus in Minjiang river estuarine wetland[J]. Environmental Science, 2012,
31(10): 2411-2416.

[25] Zeng Fanpeng, Chi Guangyu, Chen Xin, et al. The stoichiometric character-
istics of C, N and P in soil and root of larch (Lariz spp.) plantation at different
stand ages in mountainous region of eastern Liaoning Province, Chinal[J]. Chi-
nese Journal of Ecology, 2016, 35(7): 1819-1825.

[26] Guo Dongyan. Research on ecological stoichiometry of degraded grassland:
A case study of meadow in western Jilin province[D]. Jilin: Jilin University,
2013.

[27] Liang Qipeng, Yu Xinxiao, Pang Zhuo, et al. Study on soil organic carbon
density of different forest types[J]. Ecology and Environmental Sciences, 2006,
21(6): 54-57.

[28] Liu Na, Wang Yujie, Wang Yili, et al. Soil organic carbon density of 4
forest types in Jinyun mountain of Chongqing[J]. Ecology and Environmental
Sciences, 2009, 18(4): 1492-1496.

[29] Bai Rong. The central of Yunnan plateau ecological stoichiometry char-
acteristics of the typical vegetation succession process[D]. Kunming: Kunming
University, 2012.

[30] Cleveland CC, Liptzin D. C:N:P stoichiometry in soil: Is there a “Redfield
ratio” for the microbial biomass?[J]. Biogeochemistry, 2007, 85(3): 235-252.

[31] Achat DL, Bakker MR, Augusto L, et al. Phosphorus status of soils from
contrasting forested ecosystems in southwestern Siberia: effects of microbiolog-
ical and physicochemical properties|[J]. Biogeosciences, 2013, 10(2): 733-752.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201807.00009 Machine Translation


https://chinarxiv.org/items/chinaxiv-201807.00009

	Postprint: Soil Ecological Stoichiometry Characteristics of Pinus sylvestris var. mongolica Plantations at Different Stand Ages in the Horqin Sandy Land
	Abstract
	Full Text
	Soil Ecological Stoichiometry of Pinus sylvestris var. Mongolica Planted Forests with Different Ages in Horqin Sandy Land
	Abstract
	3.3 Vertical Distribution Characteristics
	References



