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Abstract: Soil phosphorus availability significantly affects forest productivity and carbon sequestration capacity.
Understanding the distribution characteristics of total phosphorus (TP ) density under different environmental conditions
such as soil, climate, and vegetation is important to provide theoretical guidance for forest quality improvement and carbon
sequestration. However, these distributions of soil TP density in China’s forests are still poorly understood. In this study,

soil TP content and bulk density at soil depths of 0—20 c¢m (2571 plots), 20—40 em (1305 plots ), 40—60 cm
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(701 plots) , 60—80 cm (40 plots) , and 80—100 cm (31 plots) were collected from national survey data and literature
data to estimate soil TP density. Differences in soil TP density in different soil layers, soil types, soil weathering levels,
climate zones, forest origins, forest structures, age groups, forest types, and species groups were tested by one-way
ANOVA and Tukey HSD (or Mann-Whitney U) method. The latitudinal and longitudinal trends of soil TP density were
analyzed by linear regression analysis. The soil TP density of 40—60 cm (9.02 t/hm’®) was significantly lower than that of
surface soil such as 0—20 cm (13.81 t/hm*) and 20—40 ¢cm (10.84 t/hm’®) , as well as deep soil such as 60—80 cm
(11.28 t/hm*) and 80—100 c¢m (12.76 t/hm’) (P<0.001). It was characterized by a trend of intermediate weathering
(11.89—18.86 t/hm”) > slight weathering (10.19—11.13 t/hm®) > strong weathering ( 5.44—8.89 t/hm®) at each layer
of 0—60 cm. There were significant differences in soil TP density among soil types (P<0.001), with the lowest value of
Ferralisols (5.44—8.89 t/hm”). The soil TP density increased linearly with the increase of latitude, but decreased linearly
with the increase of longitude (except for 0—20 cm), and showed an increased tendency from the tropical zone to the
north-temperate zone. The soil TP density at each layer of 0—60 cm was significantly higher in planted forests (11.54—
15.49 t/hm’) than in natural forests (7.14—11.93 t/hm’) and in pure forests (12.16—15.40 t/hm’) than in mixed
forests (6.06—12.15 t/hm”). The soil TP density also showed significant differences among age groups and forest types
(P<0.001) , with the highest value in over-mature forests (23.10 t/hm” and 12.54 t/hm’) and deciduous coniferous forests
(19.49 t/hm* and 15.30 t/hm”) at depths of 0—20 c¢m and 20—40cm. But it decreased with the increase of forest age at
the depth of 40—60 cm. In conclusion, there was an obviously spatial distribution of TP density at the depth of 0—100 ¢m
in China’s forests and there were significant differences in soil TP density among soil, climate, and vegetation types. These
biotic and abiotic factors were important to affect the size and distribution characteristics of soil TP in China’s forests.
Extending the rotation period and planting the mixed forests are important pathways to maintain and improve the sustainable

utilization of soil TP in China’s forests.

Key Words: forest; total phosphorus density; soil layer; spatial change; climatic zone; vegetation difference
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Fig.3 Differences in soil total phosphorus (P) density in different forest origins, forest structures, age groups, and forest types
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Table 1 Distribution of soil total phosphorus density among stand structures in main afforestation species forests

24 & Total phosphorus density/ (t/hm?)

0—20 em

20—40 cm
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o 45t
Species Structure
N 4k
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AL ik
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SEEIH
SRR afipk
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T
L) bk
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7.041.48 (7.29)
7.041.48 (7.29)
6.70£0.64 (6.78)
9.66+1.21 (10.10)
7.50£0.62 (6.95)
28.94:11.82 (28.94)
42.61
33.50+8.21 (40.76)
16.89+1.93 (12.19)
14.82+1.91 (13.48)
16.18+1.42 (12.67)
6.51+0.97 (5.20)
8.28+1.39 (6.16)
7.79+1.04 (6.16)
8.85+1.85 (6.96)
14.48+4.04 (15.66)
11.66+2.27 (8.12)
<0.001
<0.001
<0.001

10.21+1.39 (7.59)
5.52+0.76 (5.68)
9.29+1.15 (7.54)
12.60+0.59 (12.58)
6.19+1.15 (5.76)
11.42+0.60 (12.03)
16.80+6.24 (7.63)
5.70+1.11 (4.82)
11.25+3.41 (7.31)
13.98+0.67 (13.64)
10.63+2.76 (11.96)
12.95+1.00 (12.67)
5.45

5.45
6.82+0.95 (6.21)
5.90+0.49 (5.55)
6.62+0.75 (5.88)
17.82

17.82
11.98+1.37 (12.24)
14.41+1.67 (14.81)
12.89+1.07 (12.56)

6.26+0.56 (6.26)
10.33+5.20 (10.33)
8.30+2.44 (6.26)
0.0632
<0.001
0.0095

F PRI E LR EDR 555 B T 08 A5 — R o

SR

MR T Bl A S R G e W R R 25 R e L Al T AR ) A3 A 1
PR FRIEZRARAS )= S Al T2 5 3 88 1% 18 0 T A 35 1, LB 3 22 88 ) e o 2 3% B A1 (R 0—20
em L J241) (P 2) ik 55 30 B R AR - ARl & ik (943 8] 20 A RAAE AR — 20 L AR, 3 AR bk -39 4
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J3E AR R A A A X B AR R S X F I D B S T AR A R A (1 2) o i e s i)l A A 0 A A X T O
TR AR AT 2L A7 0 2 XU R o i 2 ) I 2 5 55T T 3 R 7 e MR 26 3 A
X 381 v 25 6 VR A M X SR R /L . TR ZR AR 0—20 em )5 - 48 4 1 85 B I 25 446 5 11 1 T 88 o ( &
2) X 0] B S I E AR A X A 56, FRE ARG AR (>40°F, > 120°F ) J& T FE ZRA 5370 19 55 A4 i A1
et 1 X S A SRR I RN, FE AR R T AP 3 1o PR AR A K o SR R/ - M ol A 3o P 5 1
ol A O e el S AR

AR AT ERE 5 M R R AR IR RIS ZH | AR ARSI FN 2RSS F At I o B AR G,
TRSRT , T 1 FRAR 4 18 4l 2 3 8 BRI IR R] R BE o A T MRS RARAR (1 3) , x5 AR I3 s bk 2 + 49 4>
B S A B LIS ASHRAT . — Rl 5 i MO R 4L AT 56, BIFST T, R R s A B HL
JE A RN Al 5 R A IR S 5 R T ) — AR b I SRRl A AR T e A s B 398 4 B R A0 A 45 5%
MR SR T R — B Al AR AR AR S R B M LT R AR AR, N TR (LG 2l AR TR 5 4K ) 3
ST - SR B O R B AR D, AT R A0 B R A K B - SRR AR 7 OSSR, TR AR LUEL A R R
F00 AT B T AR A R N TR TR RN, B — AR ER RS +
AR O, N TAKHHEA HURRAR, A g ) im0 - e mle s Bt 2 s . R B i i, R
A5 R AT BE L HEBRAE AL | KPS AR, IH N TR 398 4l 25 Bt S2 s M 0 A 2K ¢ 252 1) 52 i) A ] 22
P CaniRAE s SO TP AR AR AR IR RS ) o il FRE N T ARG AR (13.76 t/hm* ) 0—20 em + )2 + 58 4 2% 1 0
T T RIRMRYIIE AR (8.53 t/hm?) |, Fbki AT 2R L K HoAth 2t & SR 5 SR (R A R, B AR 45 1)
AR 7t BN TMRAE A SRR 3] 3 2 il 2 1 v T R SR bR A R S A e 3 ok S 0 S BT T b
e Al RE RN N TR T AR F L R, T AR albk 1 e el 1 3 0 TR S AR (1B 3) , 5
meta T TRACHR 1Bl & i T AR I E58 Y RoE & —80, SRR R 78777 22 57 10 SR R R AR L v
A SEBR L ASTRVR R 18 A B T ARARZE R4 1] ) A AR AR A AE 25 57 (32 1) LA ARG [0 4= e 5 F 1Y) 2%
S AR S LRI A A 5, F ] s AR ] LA R [R]— B RO [R) AR AR A R (3R 1) FIARAR
RUE] (& 3) HIEABER R 225, SRR Y00 A iR 22 Sl 06, IER IR B ML AR TR
O AR R B SR AT RO - R A AR A E B PR P IR Y SRR A S B R A A VR SRR R A
VE B0 A R R A B CR R TP 22 58 5 3 i 35 40 & et Rl 6 0, TR R AR
FibK T 3B A R BRSSO Talibk (1), BEWI RIS ARA F) T LR R 0 R 2, i
AN AT TR E ARRERJZE (0—40 em) I3 i B2 7 TP s AR AR (8, i bR b B (181 3) o XOASRI ok
TR 4 R R BERF e 45 2R ) B 5 AR AR 25 R 58 (AN 5 R A FAZ AR N TbK ) - 498 4 i 45 12k I 25 R 1 348 i
Je N RS LI —C ) U A RS U R T B IR A R VR R R R R, 2 T AR
] R AR 2 A Wl 2 3 25 P 180 001 52 20 I B8 I A R A%, — b vl i 0 A B, el ) Bl A K T A
T ME R R IR 0 T A R BE 5E TR AMELY) W STE RE RO Wi, 1 R O TR 2 M
M SDTAE B A I 22 | I AR I TR AR B T R 7R ), Ho o i s R RO W e R A E R AR 2R, 4
B o BN, FRE AR 40—60 em 2 - HE B R R RIS 35 iR R (8 3) R R 2 e A 2k
K S R IZ 33 i SRR FE e Y | Tl s gl A K o A vt 2K R 2 4 v e 25 e AR R R A
AR EERZED B 0—20 cm + 2 HIEH 2B E H T 40—60 cm +)2

TEAFE R AR AW FT A2 Fh 458 AR 23S ) 1R B 85 i o3 B AS 387, ST P e - 98 4l 28 8 110) 40 B
AIE LA Ko 7% £ (8] (1) 38 AW AFAE— € s, R, A b Bk — 20 T e - 48 AU R S 0l 1] 4 498 e il 4% i 22
SRS A ST,

4 Zig
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HRER B b X+ IEE = 0—20 em 12 12 % BEAE R A AU X 22 I ; A3RJZ 0—20 em TR )2
80—100 cm, 43 4> B %% J& S MR AR S 59 0, 40—60 em + 2 B AR, 0—20 em + )2 I 40—60 cm 1 )2
5 53%.

(2) FREFAR 0—20 cm F120—40 cm 2 1458 4 8 25 F 25 RIS () 1 0 S RIS B, i ok b AR e
R 5 38 29 K ARARAE AR B AT 32320 0 IR Rl FFEe A

(3) NI ZRARE A 1 35 02 B O HRRAF ,0—20 em + 24 HHAR/N T [ AR, 20—40 em F1 40—60 cm + )2
EFIEARR TR AR, 0—60 em 128 N TARS RIRMRASlMR > IR 3SR, TR [ 32 B 05 MOR Rl 138 4 i 2%
JE AR T R BURASS AAR , FhRTIR M F T RIS R R,

(4) T HEARIL R 0 TR 1 2R K 1 398 i B A0 T BN 2R XL AR AR - AR Al
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