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Abstract; Aiming to understand soil phosphorus status of plantations in typical black soil region of

Northeast China, the topsoil (0—-10 cm) phosphorus fractionations and its availability were exa-

mined in four soil and water conservation plantations dominantly composed of Larix gmelini, Fraxi-

nus mandshurica, Pinus sylvestris var. mongolica and Populus nigra var. italica X P. cathayan, re-

spectively. The results showed that total P, Olsen-P and the concentration of different P fractiona-

tions in F. mandshurica and P. nigra var.

italica x P. cathayan plantations were significantly

higher than that of the other two coniferous plantations. Organic P was the major fractionation in the

four plantations’ topsoil
p P ,

and sodium hydroxide extractable organic P ( NaOH-P,) representing

moderately labile organic phosphorus was predominant, which accounted for 58.9% of total P. The

contents of H,0-P, and NaHCO;-P which were more labile to plant were lower, only accounting for

1.2% and 6.6% of total P, respectively. Except for NaHCO,-P _,

plantations correlated with each other,

all the other P fractions of four

and they also had significant correlations with soil organic

matter, total P, Olsen-P. Compared with the coniferous plantations, the broadleaf plantations pres-

ented higher availability of phosphorus.

Key words: black soil;
phorus availability.
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Table 1 General characteristics of plots

1.2 WEH S

IR AR D Sui 25 B IE S IBE R 4
97k, Blis A SRR I 5 ik, B RIMA L B+
7K.0.5 mol + L' NaHCO,-P.0. 1 mol - L' NaOH 1
mol - L™" HCI Fl H,S0,-HCIO, , #£ B + 3 h fa
PEH 55 2 5R 1Y & ) T R IE S, | H,0-P,,
NaHCO,-P, ,NaHCO,-P, ,NaOH-P, ,NaOH-P, Fl %% &4 -
P. CHLBE S P, =H,0-P,+NaHCO,-P,+NaOH-P, ,
MLBE B P, = NaHCO,-P, +NaOH-P, + HCI-P, + 5% £ -
P. G RE(PAC, % ) = T HEH A0S & i x 100/
(4=#x1000) " . /P, = HHEA HLER/P, .

AR R A TR, A AL
Multi EA400 BISTER 4B 300 & , - 58 pH (A FI K=
FEOKEEN 2.5 + 1) BRI E , 2R & 2R
H BN G RSO A, 7K A e 20 ok B i i
2, AW R R R - = E R TH i R B P Lh 83k,
- U R Rk - TR IR R A B P L
PE P EAE 3 K.
1.3 Hdniba

K H Excel 2003 F1 SPSS 13. 0 #4446 504 47
Geit oA, A B 2R T 2% 53 B (one-way ANOVA)
[ LSD X% i i 1725 57 AR IS (0 =0.05) .

2 HRE5SM

2.1 T IEEBERE AT AL

MR 2 ATLIE 1 A4 X 4 FhK R0 ~
10 em 2 HIELTEH 7 0.74 ~0.86 g - kg, F
¥70.80 g - kg™, Horp K T AGIMR FI 2 T A AR 1 4
Wl 1 3 o TV A PRI A K. 4 Bk b 1
HEER W S AE 1.94 ~4.31 mg - kg™, F14 3. 47
mg « kg™, HH K AR SE T A K 1 R R
10 25 TR A MR A K.

+ 31 KL 250 ( phosphorus activation coeffi-
cient, PAC) f& - sl 5500 % & (5 B & & 10 H 4
Lt , T 5 e - SRR 22 e Ak Ay S AR 1) VS AE RE ) 5K

[ it e H il AR R KRR

Plot type Stand age Stand density Bulk density :2.5 H,0) Organic matter Total N Hydrolyzable N
(a) (trees - hm™) (g-em™) (g-kg™) (g-kg™) (g-kg™")

A 46 850 1.27 5.87 57.63 3.10 0.56

B 44 875 1.09 6.60 71.74 4.23 0.54

C 48 775 1.19 5.91 50.83 3.16 0.47

D 45 825 0.98 6.01 78.03 4.34 0.84

A VEMAANTHK L. gmelini plantation; B: ZKHHHIN T AHK F. mandshurica plantation; C . f T8 N T P. sylvestris var. mongolica plantation; D
H#NTAH P. nigra var. italica x P. cathayan plantation. T [f] The same below.
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Table 2 Soil total phosphorus and Olsen phosphorus con-
tents in different plots

T2 A S TR WERTEIL R
Plot Total P Olsen-P PAC

type (g-kg™") (mg - kg™") (%)

A 0.74+0.03b 1.94+0. 12¢ 0.26+0.02b
B 0.85+0.04a 4.09:0.11a 0.4720.03a
C 0.7420. 04 3.54+0. 06h 0.48=0.03a
D 0.86+0.01a 4.31+0.21a 0.50+0.03a

AR R R BEHA] 22 5 1 3 ( P<0. 05) Different letters meant sig-
nificant difference among different plots at 0. 05 level. T [A] The same be-

low.

S 4 FhK AR BT IL R AR 0.26% ~
0.50% ,<2.0% , 3¢ IH B 4 [X 4 398 4 Wl % fL g J1 4
%, Hordr DIEHE R L B TE 1L R B UR =, 5 AL
MRERAR , 5 oA 3 Fhbksb 22 553 2%
2.2 HHERRS AL B

T2, 14 H,0-P, Xt 4 i A 54 1) JE L
B N 3 ITLAE 4 FiOK R RebR 4 H,0-P,
VI E RN 5.00 mg - kg, 5 RIEBEE MR
1.2% o KM 26 F Ak 1 H,0-P, & 1=
I 2 T AR TR AR

0.5 mol » L™ NaHCO, $& B T HL#% ( NaHCO, -
P,) FIE HL#E (NaHCO,-P, ) J2 i W [ T £ S il Ak &
Wy A5 Ay sl IR £R R T B ALK, o 3T
B NaHCO,-P, AT AR B A% WOSORI T, XHAE 9
AR AR . 4 FhK R FFAR 43 NaHCO, -
PN 6.74 mg - kg, Hoh  IEH ML
1 NaHCO,-P, & s e , K HIWIARIR 2, 7% iR AR
- 8 AR B A, I LKl MAR R 36 9 A7 Ak 1 0
NaHCO,-P, 7 #7351 55 7% I FA MRORITRE F- P bk 22 57 i
. NaHCO,-P 2 W A WLBE , ZERCE D ER T
AT SH A il A P T R ASCORT B AS. 5 NaHCO, -
P AL, NaHCO,-P, & B8, (R S 19 6.0% ,
R BB T WA MR, (0 4 bk +
¢ NaHCO,-P, T 22 A 3.

0.1 mol - L™ NaOH $2HUHBE 5 IC e L 25 bR
BRIEIR R LA S B8 N & LR 5 & i ¢, 2 rh

x3 FRAEMERSLEHRSE

WP T B 0 IS Ak, X A — o 1A AR
PEPY 4 FROK A R RE AR b s M B Y =
162.86 ~332.90 mg - kg™, (B BEA 49.5% ~
54.3% 7 Fe il B, Horp, NaOH-P, (5 p
TEPERE AN 81.4% ~84.0% , W B + X kb +
e e IR A U SR B 2 R R 3
PREAEE. 4 Fobct b K 04K 1 3% NaOH-P, &5 &t
BT = R W VA NS VA O 1 e
NaOH-P, & e 5, o H AR B9 62.9% , & 7%
HEAAAREY 2. 0 . FBAZK HAIIAK + 18 NaOH-P 1E Ky
HINFE A R A B R A

1 mol - L' HCI %WE@%%E%%%%@@“” ,
X HE AT SR AR, 2R XOR ] 7K A 4 Ak - 1
HCL-P, & AIG, T DA 20 AN 1. 4 Bl 4 8505 25
BB RBK, HCL-P AL R SR 4. 9% . Kl
WIARRIZE MK 438 HCL-P, & 1 8 25 T 95 R bR
FIRREFRAMR.

R EA-P R S A 7 56 P B A O AL, B
FEHALH Y R ) Ca-P AURSREIREUN PIRA Y.
R P -P e ME AR ROBOR T 4 Fhobc +
HEGRER-P S EIE 85.81 ~ 131,75 mg - kg', i 3%
B B 29. 9% ~35.9% , ALK T + 5 NaOH-
P,. 4 FoK T OERRRT | AR OK IR R 98 T A R
TR AP B, R A MR AR, O 5 A 3
T b 25 5 B 25
2.3 HHETCHLBERA HLEE SR AR T

TR AEAE TR A S A ML R T LIS, e
BAH P SCR 85 0 TC AL, 3% 4 ATLLE H 4
Pk £ O FE AR £ 3 T AL & o8 9. 93 ~ 15.95
mg - kg™, HIEBER AR 2.9% ~3.5%. 5T
PLBEAH LG, A ML S B, SR LR
96.5% ~97.1% , 3% B AR 4 W WS04 Bl A A 24— 38 53
K H HIEA VB, AT K SRR 1 L
BEFTA FLEE & Y LSS T MR & K iMIRk
P FAPRAIRR TR AR AG. LEoh 4 Rk B R R AR £
HEP/PH3.0~3.17.

Table 3 Contents of phosphorus with different forms in different plots (mg - kg™ )

R

H,0-P,

NaHCO, -P,

NaHCO,-P,

NaOH.-P,

NaOH-P,

HCL-P,

5RE-P

Plot type Residual-P
A 4.80+0.02b 4.08+0. 13¢ 25.02+3.90a 1.06+0.06b 161.80+33.01b 16.18+6.96b 85.81+2.49b
B 5.18+0. 14a 7.98+0.61a 25.35+0.73a 2.26+0.65a 330.64+7.19a 26.43+6.03a 131.75+19.24a
C 4.82+0.12b 6.38+0.29b 24.23+11.27a 1.45+0.17b 193.14+27.81b 11.96+3.62b 117.04+5. 15a
D 5.22+0.10a 8.53+0.45a 28.72+0.41a 2.20+0.20a 328.19+8.98a 30.27+2.33a 131.43+1.28a
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Table 4 Amounts of organic phosphorus and inorganic
phosphorus in different plots

REHI P, P, P,/ P,/ c/p,
Plot (mg - (mg - (Pi+P,)  (P;+P,)

type kg™') kg™') (%) (%)

A 9.93 288. 80 3.3 96.7 117

B 15.42 514.18 2.9 97.1 82
C 12.64 346.37 3.5 96.5 86
D 15.95 518.61 3.0 97.0 88

x5 MREASSIEURZEHNEXRY

2.4 HEKBERILSS MR

¥ EIEA NS 2 SRR B A5 2 o AT A
AW, L IX 4 Bk AR R IR LT S5 28k
B B IEA SR (K 5) . Bk NaHCO,-P 4, 25 F
RS S AL 0 E A G TRk
W5 HAlh 5 PR o335 12 10 A0 G, IF 5 NaHCO, -
P, IR AH G otk , AH OC R EGR 3 0. 963, 1 1A [R]
5 Z A A AH 56 56 R I8 3 18 3 7K F, 3 LA NaHCO, -
P, 5 5% B AW R AH C R B K.

Table 5 Correlation coefficients between phosphorus fractionations and soil properties

£zt £ AW H,0-P;  NaHCO,-P, NaHCO,-P; NaOH-P,  NaOH-P, HCI-P, BRF P
Index Total P Olsen-P Residual-P
AL Organic matter 0.833**  0.596*  0.871"* -0.032 0.700*  0.833**  0.675°  0.754**  0.585"
427 Total P 0.691"  0.735%* 0.108 0.747"* 0.898"*  0.636"  0.857°*  0.716" "
AW Olsen-P 0.748** 0.182 0.963** 0.829**  0.793** 0.558 0.922**
H,0-P, 0.083 0.866* 0.858**  0.813** 0.669°* 0.710* *
NaHCO,-P, 0.202 0.173 0.216 0.503 0.056
NaHCO;-P; 0.873**  0.797** 0.646" 0.918" *
NaOH-P, 0.815** 0.760"*  0.803" "
NaOH-P; 0.611* 0.574
HCL-P, 0.479

* P<0.05; * * P<0.01.

33

TIELB OSSR, B ISR A
R bR . B4 IX 4 FoK R AR 3 Ak o
TE0.74 ~0.86 g - kg™, lLEEFE 2, (H R B 5 4K
i, <5 mg - kg™, H - IEBETE L RECH 0. 26% ~
0.50% ;PAC<2.0% """, Fe I H B AR Y £ 18 e e 0
fRBE T, Al b A AR /IN— 3850 Bl e Ak S A R it
YERIRMSCR . BRI, 4l 1) AR 0 w] R P 7 1) e b
XFTFAEY) 2 OC T 2E  I AE 5% Akt B v e LBk
FEAE. (% 5 PSS R | e 4y
(AH AT 3, 3 HILE 5 A0 2 0 3 1 A
%, %5 H,0-P, NaHCO,-P, NaOH-P, NaOH-P,  HCI-
P FIGR B AW 4 A O, B AS 4l r 5 3 HLR
HA BFEAEED P2 R ek R kAT
AU, AL A S5 R R
Ak, B EFE R R C/P, PR SR 0 1L fE
71,C/P, <200, 2= i B A ST Pyt (0 38 I AA HL
WAL ARBFIE 4 FoK AR REAK 18 C/P,
h 82 ~ 117 , R W 4 XMl + A WL &) K A0
AT, B RORS 1 S0 A0 A8 A ) 25 11 ol R s i
e, TGN T - 336A ROTCHLBE Y % &

- b 5 A By SN 5 e IR A ) B Y

i AR H TS 0 SR I AT R 2 R
PRIK HEAIIARN S 75 d bk - 48 P OR [RS8 4143
e TV AR AR bR, HLAR 43 B 2H 43 22 TR) Y 22
Sk R EACE I DL SR AR A i A R B,
PAC 353 0.50% , 1 3 & T V% AR, T4
Gy A R, A, oK AR R 55 7 A bk 1
C/P /NTEIAS N AR, R B i 20 1k e
7. AT UL AE ST R A 5 e - R R A SR B
P, I DA Aot 8 - 3l 3 A A AU ol
IS Y S R T e — T AR
X2 TR VA A AR R AR i R3O
RIZLHEAVR SR TR0, SR A0 &
St AR 55— T T R PR A A i A
RR T T AR B T R R A S RE A
—E M . X SRR RRAE X B M A A
AT a1 —2

R A S e A SRR B O B FR AR, A
e AR BT R A S R IR A3 A AR DL RN
AT7 ). — Ny, 3RO R RE 20 43 B ) A OGPk
TR 3 A S Wl R G R SR g . R Db
+HEHAHE 5 H, 0-P, NaHCO,-P, NaOH-P, NaOH-
P FIER BA-P 15 0 2 T AR OG , 2 BH 76 AR 1K 1) 2
- XObRHl A v RS R 28 T DL i 145 O X
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AL A R E R i Y BEE AS. AH B AT Z (8] B A DG
BER[A] , Horh 5 NaHCO,-P, YA 6 R BUR K, £+
5 NaHCO,-P A A S BEIR . 5% B4 -P #A
RS X R ZEE Y TCR W, (4 FhobRcHh 38 R
W5 R B B AR DG | 2% I A7 - R B
ReAVR, PRy - A8 T LA X s o 1) T A AR i B Y A
e, BISR R -P 7 B K N I R AR 9 S AR
Ik NaHCO,-P A, 13825 W5 20 25 2 8] (4 A OGPk il
%, RIS RDE 05 Z W A7 7 — 2 A B2 e 5
iy,

5w A VLB R TCHLEE. AL LA YE
A AHRR R FBERG 45, SRt A K I i i)
FEORIE  JUHOEAE IO & 5% | Fwk6e ey -
e b AU R Gt 54k B JCHLBE R 5 A RE
FEYIFTRIA . B4 X 4 FloK SRR AT DL
FrhEh 288.80 ~518. 61 mg - kg, H#EE MY
96.5% ~97. 1% , o T HoAth +- A2 bkt +
W4 4y L NaOH-P A &2, Hi v NaOH-P, & it fix
8B4 FOK AR R BER R B2 2 B K
/NI 39 3 B A NaOH-P, > 5% B3 -P > NaHCO,-P, >
HCI-P,> NaHCO,-P,>H,0-P,> NaOH-P, , £ H] + X
ARHL LR TR A AL B R £ 4 Fh
H A3 NaHCO,-P, 1) 22 52K [ 3, JEACR 32 Al B
5 ISR, X SRk B A Y I BT 5B A S L.

4 &

A X 4 FoK £ PR REARGE 5 R R P
A TP R A bt I s e ol v A A, HLBR NaHCO, -
P A, YR80 K B MIARR 95 5 A7 bR - 4 Al A AL
WEFNBE 45 41 4 & 5 3 0 3 8 T 95 nE A AR R AR
FARK.

AN FIRR AT 2 L AN R 2 0 & T A — o 22
S XA YA SO A 3 1R H, O-P, Fl NaHCO,-P,
ARG, NaOH-P, FI5R B -P & i 5. Hopr | &5
TG PEA LI (NaOH-P, ) J& - el 2 10 R Aoy,
B R BN 54.2% ~62. 4% &+ I L Ay 25
R,

TEEA PR S AR A S L) S A
W E EASC. AU & E AR, AR S
FEAE S FHEANFIE ABE Z (8] B AH EOC R A 2
FOK, S TR R 2 B 22 18] M B 5 AR i A
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