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Effects of afforestation with different tree species on soil nutrients and
aggregate stability in the eastern margin of the Qinghai-Xizang Plateau
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Abstract To comprehensively elucidate the mechanisms and interconnections governing soil nutrient cycling
and stability within three plantations in western Sichuan, we investigated the distinctive features associated
with soil nutrient cycling and stability in the aforementioned plantations. Here, soil physicochemical properties,
aggregate composition, and stability characteristics of three plantations (Picea asperata, Pinus tabulformis,
and Cercidiphyllum japonicum) were investigated. The results showed that variations in afforested species
significantly affected soil total nitrogen (TN), soil organic carbon (SOC), available phosphorus (AP) content,
water content, and pH. However, there was no significant impact on soil microbial biomass. Specifically, soils in
Picea asperata and Cercidiphyllum japonicum plantations exhibited significantly higher TN, SOC, AP, and water
content than shrub plantations. In contrast, soils in Pinus tabulformis plantations showed significantly lower TN,
SOC, and AP contents than shrub plantations. Tree species diversity significantly influenced the distribution
and stability of soil aggregate grain size. In comparison to shrubs, the three artificial plantation types were
more conducive to enhancing the stability of surface soil aggregates. Meanwhile, Cercidiphyllum japonicum
plantation had the most favorable impact. The nutrient contents of the different stand types decreased with
increasing soil depth. Additionally, as the soil depth increased, the number of large aggregates gradually
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decreased as the structural stability of the topsoil surpassed that of the subsoil. Soil parameters, such as SOC,
TN, AP, microbial biomass carbon (MBC), and microbial biomass nitrogen (MBN) contents, were significantly
and positively correlated with the stability of soil aggregates. In conclusion, the Cercidiphyllum japonicum and
Picea asperata plantations demonstrated a more effective capacity to improve soil nutrients and enhance the
stability of soil aggregates than that of Pinus tabulformis. Consequently, introducing broadleaf and mixed forests
with accelerated nutrient cycling and faster litter decomposition in the region may address the issue of soil

degradation caused by monoculture forests in the future.

Keywords tree species; plantation; soil physical and chemical property; soil aggregate; aggregate stability
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Table 1 Basic situation and understory vegetation of the sample plots

; Hh PR B R ;
Nk TR
F?:stﬁie Geographical Altitude Undersﬁi?%jﬁetation
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Ophiopogon bodinieri, P. glanduligera, Corylus heterophylla et al.

PA: Z=42: PT: ilifa: CJ: IEFM; GC: M.

PA: Picea asperata: PT: Pinus tabulformis; CJ: Cercidiphyllum japonicum; GC: Shrub.
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Fig. 1 Soil water content (A), pH (B), total nitrogen (TN, C), organic carbon (SOC, D), and available phosphorus (AP,
E) in different stand types. F: Forest type; S: Soil layer; F x S: Interaction between forest type and soil layer. PA: Picea
asperata; PT: Pinus tabulformis; CJ: Cercidiphyllum japonicum; GC: Shrub. The absence of the same lowercase letters
indicates significant differences in topsoil among different forest types and the absence of the same uppercase letters
indicates significant differences in subsoil among different forest types (P < 0.05). The vertical lines represent the standard
error; the uppercase letters with an asterisk (*) on the lower soil layer indicate significant differences among different soil
layers within the same forest type. *** P < 0.001; ** P < 0.01; * P< 0.05.
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Fig. 2 Soil microbial biomass nitrogen (MBN, A), microbial biomass carbon (MBC, B), and microbial biomass
phosphorus (MBP, C) in different stand types. F: Forest type; S: Soil layer; F x S: Interaction between forest type
and soil layer. PA: Picea asperata; PT. Pinus tabulformis; CJ: Cercidiphyllum japonicum; GC: Shrub. The absence of the
same lowercase letters indicates significant differences in topsoil among different forest types and the absence of the
same uppercase letters indicates significant differences in subsoil among different forest types (P < 0.05). The vertical
line represents the standard error; the uppercase letters with an asterisk (*) on the lower soil layer indicate significant
differences among different soil layers within the same forest type. *** P < 0.001; ** P < 0.01; * P < 0.05.
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Table 2 Distribution of soil aggregate particle size in different stand types

+JZ Soil layer  #52A Forest type >2mm 0.25-2 mm 0.053-0.25 mm <0.053 mm
PA 7519+ 4.92ab  20.85 + 4.44b 2.30 + 0.78¢c 1.66 + 0.06b
£, PT 63.34 +3.02b 27.25 +1.23b 4.75 +0.39b 4.66 + 0.85a
Topsoil CJ 78.61 + 1.03a 18.44 + 0.64b 1.72 £ 0.14d 1.23 + 0.336b
GC 43.43 +5.50c 41.38+8.11a 7.82 +1.26a 7.37 +1.51a
PA 5.92 + 0.35C 61.88 + 2.54A 11.38 £+ 3.37AB  20.98 + 2.30A
KR+ PT 12.36 + 3.00C 49.41 + 1.76B 17.25 + 1.04A 20.82 + 1.17A
Subsoil cJ 36.59 + 0.92A 45.81 + 1.00B 717 + 1.16B 10.43 + 1.41B
GC 22.77 + 3.56B 50.38 + 5.05B 17.53 + 0.66A 9.33+1.58B

PA: =4%; PT: ilifa; CJ: AR GC: WA, RIUBUHF/NG FRERIIA M R IR E 372 R R 2, RULIAHFE RS FREE
WIAFEIMR SRR E 3 2 R 22 (P <0.05).

PA: Picea asperata; PT: Pinus tabulformis ; CJ:Cercidiphyllum japonicum; GC: Shrub. The absence of the same lowercase
letters indicates significant differences in topsoil among different forest types and the absence of the same uppercase
letters indicates significant differences in subsoil among different forest types (P < 0.05).

3 MO AN T B IR E X IR F BB ORRI LR 2H AR R 220
Table 3 Effects of stand type and soil depth on soil aggregate particle composition

v o +J2 HARA L
L . Forest type Soil layer Forest type x soil layer
Particle size classification
F P F P F P
>2mm 2.438 ns 34.599 rhk 4770 *
0.25-2 mm 1.238 ns 22.725 b 3.902 *
0.053-0.25 mm 12.23 ok 50.065 rh 4.704 *
<0.053 mm 2.416 ns 8.865 ol 1.033 ns
BEM: ¥ P<0.001; *P < 0.05; ns: TREFHZR (P>0.05).
Significance: *** P < 0.001; * P < 0.05; ns: No significant difference (P > 0.05).
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Fig. 3 Characteristics of mean mass diameter (MWD, A) and geometric mean diameter (GMD, B) of soil aggregates
of different stand types. F: Forest type; S: Soil layer; F x S: Interaction between forest type and soil layer. PA: Picea
asperata; PT: Pinus tabulformis; CJ:Cercidiphyllum japonicum; GC: Shrub. The absence of the same lowercase letters
indicates significant differences in topsoil among different forest types and the absence of the same uppercase letters
indicates significant differences in subsoil among different forest types (P < 0.05). The vertical line represents the standard
error. The uppercase letters with an asterisk (*) on the lower soil layer indicate significant differences among different soil
layers within the same forest type. *** P < 0.001; ** P < 0.01; * P< 0.05.
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Table 4 Correlation between soil physical and
chemical properties and aggregate stability

87 Index MWD  GWD
7K & Water content 0.266  -0.294
pH -0.640** -0.621**
4% Total nitrogen (TN) -0.843** -0.883**
HHLE# Soil organic carbon (SOC) -0.860** -0.900**
4 %% Available phosphorus (AP) ~ -0.738** -0.833**
WA EER o o
Microbial biomass nitrogen (MBN) ~0.651*" -0.600
A A=) Bk
Microbial biomass carbon (MBC)
A A B
Microbial biomass phosphorus (MBP)

**N0.01/K b 5 3 AH 5%

** Significantly correlated at the 0.01 level.
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