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Abstract: [Objective] This paper aims to reveal the regulation mechanisms of soil phosphorus fraction
conversion in Pinus massoniana plantations under multi-layered, uneven-aged mixed transformation,
providing theoretical support for alleviating soil phosphorus limitation and ecological function decline
caused by continuous planting of coniferous pure forests. [Method] Using Pinus massoniana pure forest
and its mixed plantation of different aged with Castanopsis hystri and Erythrophleum fordii as research
object, the effects of root-mycelium-microbe interactions on phosphorus cycling were resolved by means of
inter-root limiting devices with mesh sizes of 1.45 mm (root + mycelium) and 53 pm (mycelium).
[Result] (1) Introducing Castanopsis hystri and Erythrophleum fordii mixed transformation into the pure
forest, soil total labile phosphorus content was clevated by 41.34% and 44.42%, total moderately labile
phosphorus content was elevated by 36.84% and 40.26%. (2) In the mixed forest, total microbial biomass
phosphorus content was significantly increased by 91.21% and 79.52%, and the total acid phosphatase
activity was significantly increased by 86.25% and 103.46%. Soil total nitrogen, total microbial biomass
phosphorus, and L-leucine aminopeptidase were main environmental factors regulating the transformation of
soil phosphorus fractions. (3) Only after increasing the involvement of mycelium, phosphorus activation
coefficients in the soil of three stands were significantly increased by 24.37%, 20.24%, 20.69%,
respectively. (4) Compared with only increasing mycelium involvement, root inputs resulted in total active
phosphorus and total moderately active phosphorus in pure forests to decrease by 35.55% and 30.25%,
respectively, and the active inorganic phosphorus in Castanopsis hystri and Erythrophleum fordii mixed
forests to drop by 28.14% and 34.59%, respectively. [Conclusion] The cycling and transformation of soil
phosphorus fractions in a mixed mosaic forest are influenced by soil microorganisms, enzyme activities, and
soil nitrogen. Roots play a major role in transformation of phosphorus in soil, and the interaction between
root system and mycelium can complicate the interactions of microbial communities in their soils, affecting
the transformation and effectiveness of soil phosphorus.

Key words: Pinus massoniana plantation; soil phosphorus fraction; soil enzyme activity; rhizosphere;
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Tab. 1 Basic situation of stands in experimental area

i gl R 5 BE /(R -hm ) S5 /m P42 /em
I FERAZEAK(PPMD kA Pinus massoniana 975+93 18.98 +2.66 23.53+1.37
Iy BAN Pinus massoniana 17.48 £3.50 28.66 +1.20

LA~ HER AR (PM-CHD o . . 850 + 88
214 Castanopsis hystrix 12.04 £2.74 15.32+£0.22
. I, KA Pinus massoniana 18.20 + 1.67 29.23+1.24

5 A& AR A (PM-EF) o 925+94
¥ Erythrophleum fordii 10.97 + 1.96 12.25 +2.98
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Tab. 2 Basic information of soil C, N and P hydrolytic enzymes

[FEIHELEN B Thiig JERA B e P
o -1 % b FefR 45 4-MUB-B-D-glucosaminide (200 pmol/L)

LR K A (5 R aR 4-MUB-b-D-cellobioside (200 pmol/L)
L N- 2541 % b il FEfd LT R 4-MUB-N-acetyl-B-D-glucosaminide (200 pmol/L)
B LR AL KRG KB EE s L-leucine-7-amino-4-methylcoumarin (200 pmol/L)
T K S i TR VE IR I3 AT Lk 4-Methylumbelliferyl phosphate (200 pmol/L)
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Fig. 1 Flow chart of soil phosphorus component grading
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Tab.3 Basic physicochemical properties of soil
AN + _
2% JERYT  Swe  SOC/(gkg!) TN/(zkg) TP(gke!) AP/(mgkg’) NHa N NOZ-NT oy cp NP
(mgkg™)  (mgkg™)
1.45mm 0.15+0.01Aa 32.78 + 6.75Aa 1.00 +0.10Ac 0.16 + 0.01Ab 2.03 + 0.04Aa 5.99 + 1.80Ab 2.54 + 0.86Ab 32.62 + 6.59Aa 205.81 +35.03Ba 6.31 +0.49Ab
=4 A
E;EE;F‘ 53um  0.16 £0.03Aa 32.71 £5.32Aa 0.91 £ 0.15Ac 0.13 £ 0.01Ab 1.58 + 0.04Bb 2.50 + 0.42Ba 1.97 + 1.22Ab 36.09 + 6.30Aa 245.73 + 44.45Ba 6.81 + 0.90Ab
lTpum  0.15+0.02Aa 32.13 £ 6.25Aa 1.07 £ 0.07Ab 0.08 +0.01Bb 0.80 +0.08Bb 1.71 £ 0.56Ba 2.36 + 1.05Ab 30.10 + 4.74Aa 392.61 + 14.96Aa 13.04 + 1.87Aa
1.45mm 0.22+0.01Aa 33.91 +3.09Aa 1.39+0.10Ab 0.20 £ 0.01Aa 1.85+0.05Bb 6.61 £ 1.26Ab 1.68 + 0.64Ab 24.38 + 1.59Ab 173.24 £ 11.29Ca 7.11 £ 0.42Ab
Ejffgé T 53um 0.21£0.01Aa 35.18 £4.70Aa 1.29+0.04Ab 0.17 £ 0.01Aa 2.53 +0.04Aa 2.93 £ 1.34Ba 2.30 £ 0.78Ab 27.19 £ 3.52Ab 211.18 £ 24.46Ba 7.77+ 0.39Ab
lpum  0.18£0.01Ba 34.24 £3.52Aa 1.21 £ 0.09Ab 0.13+0.01Ba 2.23 +0.07Aa 1.89 £ 0.47Ba 2.00 + 0.72Ab 28.32 + 4.24Aa 258.91 £ 19.21Aa 9.14+ 1.09Ab
1.45mm 0.19 +0.06Aa 22.53 +4.37Ab 1.76 + 0.24Aa 0.18 £ 0.01Aa 1.83 £ 0.02Ab 9.84 + 0.68Aa 3.70 £ 2.06Aa 12.79 £ 2.26Ac 123.10 + 18.60Bb 9.63 + 1.19Aa
BN —
EJE;% 53um  0.20 £0.02Aa 21.68 +2.64Ab 1.76 + 0.12Aa 0.18 £ 0.01Aa 2.39+ 0.02Aa 2.16 + 0.23Ba 4.73 £ 1.20Aa 12.29 + 1.50Ac 123.89 + 11.68Bb 10.08 + 0.81Aa

lum 0.21+0.06Aa 23.6 £ 1.95Ab 1.56 £0.19Aa 0.13 £0.03Ba 1.44+0.03Bb 1.78 £0.59Ba 4.52 + 0.44Aa 15.08 = 1.38Ab 183.91 +44.47Ab 12.19 +3.34Aa

TE: SWC. HIREKE; SOC. HIRANB: TN, LA, TP, T2 AP, HIRHAEE NH; -N. B3RS NO3 -N. HIRRAEA: ON. TIRBALL; C/P. HIRmRBELL;
N/P. L . T RAUAR RS R R B — M AL 2 R A B (P < 0.09), NS FREFRIE — LR AR 2 57 82 (P <0.05).
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Fig. 2 Soil phosphorus activation coefficients in three types of Pinus

massoniana plantations under different mesh size treatments
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