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Abstract: Soil nitrogen (N) and phosphorus (P) are critical for tree growth. Investigating the variation characteristics of
N and P fractions across soil profiles and their primary influencing factors following the transformation from pure planta-
tions to multi-layered, uneven-aged plantations provides insights into the mechanisms by which structural regulation of

pure forest stands impacts soil quality. This study focused on pure Cunninghamia lanceolata plantations and multi-lay-
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ered uneven-aged mixed C. lanceolata and Phoebe bournei plantations (hereafter referred to as mixed C. lanceolata and
P. bournei plantations). We examined the variations in N and P fractions, other soil properties, and root traits across dif-
ferent soil layers (010 ¢cm, >10-30 ¢cm, >30-50 c¢m) in these two stands, as well as their interrelationships. The re-
sults revealed that after the transition from pure C. lanceolata plantations to mixed C. lanceolata and P. bournei planta-
tions, the contents of most N and P fractions in the 0—10 c¢m soil layer significantly increased. Specifically, labile, mod-
erately labile, and stable P fractions, along with total P contents, increased by 38. 2%, 31. 6%, 15.4%, and 25. 1%,
respectively, compared to the pure C. lanceolata plantations, and inorganic, organic, and total N contents increased by
42. 1%, 35.8%, and 35. 9%, respectively. In the >10-30 cm soil layer, the contents of moderately labile organic P, in-
organic N, acid-hydrolysable organic N, total N, and total P were significantly higher in the mixed C. lanceolata and P.
bournet plantations than pure C. lanceolata plantations. However, no significant differences in N and P fractions con-
tents were observed between the two stands in the >30-50 c¢m soil layer. The contents of N and P fractions of the two
stands decreased with increasing soil depth. Furthermore, the transformation of stand structure affects root distribution
and traits. The mixed C. lanceolata and P. bournei plantations exhibited higher root biomass, root length density, and
specific root length compared to pure C. lanceolata plantations. The root biomass and root length density at 0-10 ¢m in-
creased by 124. 66% and 269. 23%, respectively, compared to the pure C. lanceolata plantations. In pure C. lanceo-
lata plantations, root biomass and root length density initially increased and then decreased with soil depth. In contrast,
due to the surface aggregation of P. bournei roots in the mixed C. lanceolata and P. bournei plantation, the root biomass
and root length density of C. lanceolata gradually increased with soil depth. The variations in soil nitrogen and phospho-
rus components across different stand types and soil depths were primarily associated with root distribution, soil organic
carbon, and soil microbial characteristics. The findings highlight that structural optimization of C. lanceolata plantations
in subtropical regions significantly influences soil fertility.
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Tab. 1 Stand characteristics of pure C. lanceolata plantations and mixed C. lanceolataand P. bourneiplantations

. ‘ sl TR /m FHIHFE /cm WOmE/  ERENE/
2 Ys) A /a . % >
Stands Stand age Canopy Mean tree Mean diameter at (#k-hm™) (kg-hm™)

8 coverage height breast height Stand density Litter fall
RS . 28 0.86 £ 0.06 17.25 £ 0.81 20.12 £ 0.51 1233 +£103 559.68 + 35.45
Pure C. Lanceolata plantations
AZ IR 3 28 17.28 £0.93 21.18 £ 0.34 1126 + 114
Mixed C. lanceolata and P. bournei plantations (8) 0.87=0.05 (5.31£0.58) (4.09£0.27) (2236 £136) 684.88 = 47.34
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Note: The data in parentheses in the table represent the growth data of P. bournei in the mixed C. lanceolata and P. bournei plantations.
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Mixed C. lanceolata and P. bournei plantations

ent uppercase letters indicate significant differences in the indicator among different stand types at the same soil depth (P<0.05), while different lower-

case letters indicate significant differences in the indicator among different soil depths within the same stand type (P<0. 05). The same as blow.
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Fig. 1 Changes of nitrogen fractions of different soil depth in pure C. lanceolata plantations

and mixed C. lanceolataand P. bournei plantations
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Pure C. lanceolata plantations

Mixed C. lanceolata and P. bournei plantations
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Fig. 2 Changes of phosphorus fractions of different soil depth in pure C. lanceolata plantations and

mixed C. lanceolataand P. bourneiplantations
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Fig. 3 Redundancy analysis of soil nitrogen and phosphorus activity fractions with soil properties and root traits
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Fig. 4 Variance partitioning of soil nitrogen and phosphorus activity fractions with soil properties and root traits
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RARMEREXE

Tab. 4 Correlation of soil nitrogen and phosphorus activity

=4

fractions with microbial biomass, soil organic

carbon content and fine root traits

=

Ttem Ammonium Nitrate AHON  Lpi Lpo MLpi MLpo
MBC 0.96%* 0.78** 0.90** 0.84** 0.61** 0.92** 0.95**
MBN 0.96%* 0.78** 0.90** 0.84** 0.61** 0.92** 0.95**
MBP 0.90** 0.82** 0.89** 0.87** 0.44* 0.82** 0.92**
POC 0.65** 0.73** 0.75** 0.78** 0.03 0.60** 0.73**
MOC 0.91** 0.76** 0.88** 0.80** 0.60** 0.94** 0.91**
SoC 0.96%* 0.78** 0.90** 0.84** 0.61** 0.92** 0.95**
DOC 0.96%* 0.78** 0.90** 0.84** 0.61** 0.92** 0.95**
RWD 0.59** 0.60**  0.55** 0.60** 0.25 0.41*  0.59**
RLD 0.69** 0.56** 0.50** 0.48** 0.73** 0.54* 0.60**
RAD -0.37* -0.40* -0.34 -0.40* -0.08 -015 -0.37*
SRL 0.69** 0.52**  0.51** 0.48** 0.73** 0.54** 0.60**

¥ *¥3IR P<0. 05, ¥+ %R P<0. 01,
Note: * denotes P<0. 05, ** denotes P<0. 0O1.
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