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Abstract: Despite the abundant content of soil total phosphorus, it is a key limiting factor of primary productivity in most
terrestrial ecosystems, owing to low weathering rate of parent materials, leaching and its strong affinity to soil minerals.
Currently, it remains largely unknown about how soil phosphorus fraction changes with increasing stand age of Cryptomeria

Japonica var. sinensis and its relationship with soil microbial communities. This study aims to explore the variation patterns of
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soil phosphorus fractions in C. japonica plantations with different stand ages and soil depths, and to address the relationships
between soil microbial communities and different soil phosphorus fractions. This study was conducted in rainy area of
western China, soil samples from different stand ages of C. japonica plantations ( 7-year-old young forest, 13-year-old
middle-aged forest, 24-year-old near-mature forest, 33-year-old mature forest and 53-year-old over-mature forest) were
collected. Using Hedley's sequential P fractionation and phospholipid fatty acids ( PLFA) methods, the above goals were
achieved. The results showed that each fraction of soil P was significantly different among stand ages and soil depths. With
the growth of C. japonica, the content of soluble organic phosphorus ( Soluble P,) and apatite phosphate ( Dil. HCI-P,)
gradually decreased, and the content of residual phosphorus ( Residual P) gradually increased, and the content of other
phosphorus fractions showed increasing firstly and then decreasing trends. Except for the Soluble P,, Conc.HCI-P, and
Residual P, all soil phosphorus fractions were significantly different regarding different soil depths. Under different stand
ages, the contents of phosphorus fractions in 0—15 cm soil were significantly higher than those in 15—30 c¢m soil. Partial
Mantel tests showed a significant association between soil microbial communities ( represented by phospholipid fatty acids)
and soil phosphorus fractions. Further regression analysis showed that soil organic C to total organic P ratio was positively
correlated with acid phosphatase activity, which played an important role in obtaining available phosphorus in phosphorus-
deficient soil. Redundancy analysis showed that pH, soil organic matter, soil water content, total nitrogen, and soil bulk
density were the dominant factors affecting the changes of soil phosphorus fractions. In conclusion, the soil phosphorus
fractions in the early stage of afforestation accumulated rapidly, reaching the maximum value in the middle-aged forest stage.
With the increase of the stand age of willow fir plantations, a growing intensity of soil phosphorus deficiency was observed.
The soil phosphorus fraction content gradually decreased after mature forest. This study provided theoretic bases for the

cultivation and sustainable management of C. japonica.

Key Words: soil phosphorus fraction; stand age; soil depth; Cryptomeria japonica var. sinensis plantation
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5 pH(HIK O 1:2.5) 5 53— o0 A 0.149 mm G, SR AT G ZUE I E IR (TN) 5 BERR —fh LL (k
D5 TSR VERERRBERG 1 (APA ) s EEAR PR PP A IL-FMIMIAE (k) e HIEA DLk (SOC) & .

A EBELH 43I 5 T 7% FH Moir HI Tiessen' > 25 KL 5 19 Hedley HEEA IR REDT RIS R X R Y
WA R KR 9 ANy AR 3 N AERE BEZ 73 (Labile P) : ATV YERE (Soluble P,) | BiRIR F 442 S
% ( NaHCO,-P, Fll NaHCO,-P,) ;3 A FE 2 W20 53 ( Moderately Labile P) . 2058 ALAN LB ( NaOH-P, Al

http ; //www.ecologica.cn



2 4 B— 45 AR PR GR XA [RIARE AL AR - i 2 20 A5 il 689

NaOH-P,) , #i £k B $E UGS BE ( DILHCI-P,) ;3 N EHEAFREBE L1 ( Non-labile P) . ¥ £k iR #2 BB ( Cone. HCI-P,
il Conc.HCI-P, ) ,BRANZSHE (Residual P) . BAKT 20 FRH0.5 g KT A4E ARIINA 0.01 mol/L CaCl, 7 |
0.5 mol/L NaHCO, A% .0.1 mol/L NaOH ¥ , 1 mol/L HCl IE W Ak HCl 3242 , 55 i ¥k H,S0,+H,0, %} 1
FEATIH A . BRI AR 5 AT 0912 32 5 O 2 U8, e A 0 L8 VRO e iz s dl o i) 5 i, Horp
CaCl, iAW AN HCL 42 H0ry B3 R IE 1TIZA 5 ICHLEE . T NaHCO, %, NaOH ¥ ¥ vk HCL 42 By
IEWR AT T 5 R TCHLE , 55 Ab—ER 2ok Wk H, SO, A R S A fo 008 i 4 o i, H:
AL A IO 0 2508, IR 10 B A B2 53 S 1 DURE VR R FH W €5 0 R R — U IR Il 2
PmE
1.5 SitS5ar
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2.0 IR R B MR 0 - SR B 1A B

2601 - e AL FE R R R MR A R R B (1, P<0.05), THEA LI & i, 2R S A
- SRR A i R TG PR 0 B AE 6.78—97.53 g/kg,0.44—3.99 g/kg F13.64—57.91 wmol h™' g™' Z[E], ENI¥IBEE
PRI B34 0 B S T 6 S5 IR 3, H IR & BETE 0.16—0.43 g/kg 21, HLTE Ta 20, 13a f2fh, 7E
AR HHERBE T ,0—15 em 1 E3EAHUBE 25, 2B FIBRPERERRRE T HE A B35 715 F 15—30 em(P<0.05),
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*1 E£EWRERUWEZAIRRERSEARELERET TR SRR BB E
Table 1 Soil physical and chemical properties and phosphatase activity of C. japonica plantations at different stand ages and different soil depths

in rainy area of western China

155 + R Hi? Stand age/a

Parameters Soil depth/cm 7 13 24 33 33

A3 MLk 0—15 6.78+0.30c  55.72+0.96b  85.74£9.22ab  97.53%10.21a  82.28+2.66ab

Soil organic carbon/ (g&/kg) 15—30 7.1420.17¢  29.47£0.56b  74.02+5.33a  66.55%5.8%a 33.82+1.54b

428 Total nitrogen/ ( g/kg) 0—15 0.78+0.06b 1.59+0.11b  3.84%0.62a 3.99+0.31a 2.06+0.48b
15—30 0.44+0.02¢ 1.52+0.18b  1.33x0.11b 2.72+0.22a 1.30+0.19¢

4= Total phosphorus/ ( g/kg) 0—15 0.16+0.01¢ 0.43+0.01a  0.3120.02b 0.32+0.01b 0.30+0.01b
15—30 0.16+0.02¢ 0.36+0.01a  0.22+0.01b 0.24+0.01b 0.18+0.01¢

T 1A WO T 0 0—15 13.96+£0.62bc ~ 9.60+1.26c  54.78+4.90a  57.91+2.99a 20.89+2.24b

Acid phosphatase activity/ ( wmol h™' g™') 15—30 11.08+0.61c  12.30+1.15¢  43.85+3.48a  19.14x1.92b 3.6420.66¢

pH 0—15 4.65+0.01a 4.30£0.04b  4.05+0.05d 4.06+0.04cd 4.19£0.07he
15—30 4.85+0.03a 4.62+0.02b  4.39+0.04c 4.53+0.03b 4.4420.01c

ARV Pk R A TR SR A R AR 18] 22 53 B3 (P<0.05) 3 6 PR N P (H e AR E IR 22 ( Mean+SE)

2.2 AR PR AR OO B A A TR A2 AR X
AT LA LR S R (C:P) BUAHLEE(C:P,) 1 HU(E R Ak R AU AR XS BRBIRAL . IAIET 1 AT M B4R
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E1 AETERETHRESHEIGRSE . SHSE GRILE, RILFNBHNXR
Fig.1 Relationship between stand age and organic carbon content, total phosphorus content, ratio of carbon to phosphorus, ratio of

carbon to organic phosphorus at different soil depths
2.3 T IERELH T BRI N L SRR B ) AR A I
AN TR AR 1 S TR R X - SR 735 B N, ELAS () - SRR O3 B BRI I A 22 A A 25 57
(K 2) . AEEBHRHI MY A BB PRI B (EIX S 5371 B 5 2851 7.29% , Soluble P, %

x2 AEHBEMTERENTESASESE
Table 2 The content of soil phosphorus fractions at different stand ages and soil depths

T Ewkd o + % Stand age/a
Soil phosphorus fractions Soil depth/cm 7 13 24 33 53
R Soluble P, 0—15 2.08+0.10a 1.53+0.27b 1.24+0.10b 0.610.11¢ 0.49+0.11¢
Labile P 15—30 3.34+0.38a 1.52+0.40b 1.63+0.20b 0.39+0.00c 0.38+0.00c
NaHCO;-P; 0—15 2.000.05¢ 6.63+1.09a 4.62+0.58ab  4.18+0.28bc  5.30+0.88ab
15—30 1.89+0.19ab  2.42+0.18a 1.91£0.25ab  1.91£0.27ab  1.62+0.31b
NaHCO;-P, 0—15 5.74£0.81b  27.48+2.6la  22.04x2.81a  23.05£1.08a  25.23+4.02a
15—30 4.98+0.97d  17.2241.20a  10.33+1.33bc  13.0320.81b 7.27+0.66cd
T AT E T NaOH-P; 0—15 7.30+0.47¢c  39.16+0.84a  22.36+2.14b  24.89+0.96h  21.45+0.35b
Moderately Labile P 15—30 7.64+131c  26.11#2.49a  12.02+0.68¢  16.72+1.31b  10.13+0.97¢
NaOH-P, 0—15 21.06+1.79c  190.13£9.92a  106.8+15.75b  110.46+1.96b  112.55+7.68b
15—30 22.29+5.04d  119.85+5.16a  50.45+7.20bc  73.93x4.41L  49.63x13.12¢
Dil.HCI-P, 0—15 5.96+0.21b  10.22+0.24a 2.83+0.17¢ 3.26+0.55¢ 3.58+0.51c¢
15—30 5.42+0.32ab  6.83+0.34a 4.07£1.35b 1.65+0.10¢ 1.2420.29¢
AT e B Conc.HCI-P; 0—15 42.77+3.59b  52.86+3.42a  50.8+2.30a 38.95+0.64b  29.9x0.46¢
Non-labile P 15—30 40.08+6.11b  51.53x1.47a  54.44+2.65a  32.79+1.00bc  23.83%1.60c
Conc.HCI-P, 0—15 4.90+0.31c  32.43+2.15a  30.47+4.25a  31.37+191a  14.32+1.28b
15—30 10.7+1.42¢ 35.3+2.86a 15.99£0.51b  16.49+1.14b 5.28+0.28d
Residual P 0—15 68.01+6.33¢c  73.83£0.97bc  69.00+2.77¢  85.08+0.74a  83.33+0.79ab
15—30 61.81+3.02c  74.13£0.33ab  70.34£0.67bc  82.8123.99a  81.18+3.84a

Soluble P;: A[VAMERE , NaHCO, -P, : BRAR ZUHHHR HUZS TCHLBE , NaHCO, -P,, - i FR 041 $E UGS A DL, NaOH-P; « S S AL S $2 UGS LB , NaOH-
P, AR S A HLBE, DILHCI-P, . AL BR 4 S JEHLBE , Cone. HCL-P; - YRR AR $2 UGS JE WL, Cone. HCL-P  : Ve 3R BR E2 US4 HLBE , Residual
PR
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T SRR S 2 TR G (P<0.001 ), 76 P T HEER TR B BE 25 AR A9 i B A% . NaHCO,-P, Al NaHCO, -
P A SRS AAE G PR ERLLSN P, NaOH-P, #l NaOH-P, & 5B TEAH M, DIl HCI-P, & & 54k
I 5B A O (P<0.05) |, BEARES (3 AT AAR . B& 15—30 em 19 Cone. HCI-P, Ah , JE AR B4 43 5 bR 35 A
K (P<0.05) , 1 Conc.HCI-P, 5 Conc. HCI-P 7 & Fifi 5 AR 3 I 4 7 151 5 B A, Residual P75 & U Bl & AR %
AR o i 2 e (1 2)

F% Soluble P;, Conc.HCI-P, #l Residual P #b, HAx H @A 4 5 2 AEP A HIERIE T AW B AR, BR 7a
Ak ,0—15 em ) NaHCO,-P 5 NaOH-P & AT 15—30 em P58, 1M Conc. HCI-P, & 7E 24a J5 ,0—15 cm
BT 15—30 em S5 (K 2) .

TIEFEE/em - 0—15 15—30
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Fig.2 The relationships between stand age and soil phosphorus fractions content at different soil depths
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