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Characteristics of soil phosphorus fractions and phosphatases activity in different

plantations
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Abstract: In order to clarify the differences in soil phosphorus forms and phosphatase activities in different forest types, we
investigated the characteristics of soil properties, phosphorus (P) fractions, and phosphatase activities in a secondary forest
and four artificial plantations ( Camellia oleifera, Amygdalus persica, Myrica rubra and Cunninghamia lanceolata) in Lutou
National Station for Scientific Observation and Research of Forest Ecosystems, Hunan Province. Correlations among soil
properties, phosphorus fractions and phosphatase activities were analyzed, and the influencing factors driving the differences
in soil phosphorus forms and phosphatase activities were identified. The results showed that; (1) the contents of soil organic
carbon (SOC) , total nitrogen (TN ), ammonium nitrogen ( NH;-N) and the activities of phosphatase in the secondary
forest were higher than in the four plantations. (2) the content of residual-P was the highest in the five forest types, and

residual-P was the dominant phosphorus form in forest soils. After forest conversion, resin extractable inorganic P ( Resin-
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Pi) increased significantly in Amygdalus persica and Cunninghamia lanceolata plantations. The contents of NaHCO,
extractable P (NaHCO,-Pi, NaHCO,-Po) increased significantly in Amygdalus persica and Camellia oleifera plantations,
whereas the content of NaOH extracted organic P ( NaOH-Po) decreased significantly in all plantations. The contents and
proportions of easily-available P, moderately-available P and non-available P in soils differed significantly among the five
forest types. The proportion of easily-available P in total P was higher in Amygdalus persica and Camellia oleifera plantations
than in other forests, while a higher proportion of moderately-available P in total P was found in Myrica rubra plantations
and Cunninghamia lanceolata plantations. The proportion of non-available P in total P was higher in Camellia oleifera and
the secondary forest compared with other forests. (3) correlation analysis demonstrated that easily-available P was positively
correlated with total potassium (TK) , moderately-available P was positively correlated with nitrate nitrogen (NH;-N) , non-
available P was positively correlated with SOC, TN, NH;-N, and phosphatase activity was positively correlated with SOC,
TN, NH;-N. In conclusion, the conversion of secondary forest to plantations not only changed the soil total P contents, but

also affected the transformation of phosphorus forms, resulted in the differences of the occurrence of P in soil.

Key Words: Tiessen phosphorus fractionation; soil physical and chemical properties; phosphorus forms; soil phosphatase

activity

W (phosphorus , P) 7E 3 Hh LI ZFIE SAFEAE , B A K T b0 R JC R 2 — , Wi A Y A4 K iy
BRI Y TR E A X LTI R SR P B B Bk AR AR T Y O R S
FE A RO S AR, BER O SCIZ L IX MR R K BRI R 22— R S
FHAE P AFAEIEAS AR S B85 2 T DU 364k, LA 2 8] i 5 b S R e & i AL
MR SRR EY, H I, A BRI AT M AN [ AR A 25 R G0+ S R TE S ARAE, LA
G- b T e S BRGHS Hl DX AN TR A R0 - Sl 2500 A T AL Rl A 25k sl

T HERE RG-S R R R ), e R AR — 2K R e R R ALVE TR
AT LK 3 B A HLBEET A JCHLEE , DT Bt 8 BB A bE ™ L IR R, - MR R S 1k 7
AU AR S HLBE R & BRI T 520 BRI A, AR IR A 2 (i Tt e 00 A 3 8 P 4
HRFE AR 2R 0 - e MRG0 L SRS AL T R A | R A DA A it L A7 A
255 ] RE ST T A8 5 W R T T35 A 7 A S | 2 T 5 e - S A A L (H B AT TR R IR S S
BRI PR S AT 5 D e e — IR AT ST

T EA KRB, 25,5 2 E RS 62% " R, AT 2R AR S R SRS D REn 445 =
KT, B FRIE N AP 1 A ATTX 28 B R il A0 A 5 SRk B B, SR U A R A8 S TR
WAMEL A g N TR RBUEY SRR HHEFR i R A S R GR35 PR 1) i )
UEAEIR A5 MR AT AL R TR0 A0 3L T VA S (S e A A 2 5O (EOGF IR A R A
N ARG T SEBEIE 25 DL S B IR TS P AR AR A T A R PRI A SCRAVR AR AR R K oy U A AREG A28 7 K 1) i
AR AR B AEARFIAZ AR MO BETE RS G, 0 EAS R AR O L e B A BT BAEIE S R B MR s 12 22 5, 20 b =
Z B AH DG R R A bR 8 g N ARG, TSR 25 R 0% A 14 22 A Re i DA 3K 5l -+ Ml P 287
AR SCHHPR | LU Ry S B AR AR A 25 2R G0 T HR SR A BRER (R 224K

1 #MREFHE

1.1 AL

T DA T AT B AT 9 Sk MR 3 , R 124—1969m, Ji 30 $Ai o RUAUMe . it IX AR T 3 SR
9.6—15.8°C ,AF K it 1969m , AFJCFRIIHN 186—245d 17 12050 X JFUAT VR AE AR 22 B S R Ak, 32 B2
A A% ( Castanopsis eyrei) . WA ( Cyclelobalanopsis glauca) 751 ( Castanopsis sclerophylla) FIA T ( Schima
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superba ) 5%, 2013 4F IZHLIX KRR IR ARG N T B oGE b As Bk g fAZ R AP N bk, AT
MBI LU M ZAAREEAE 5 7 3T 163ke/hm* FRER I SZ S AL (N <P :K = 1:1:2) ; EERbAR S M AR 4R 10 1
Jiti ] 4356kg/hm* A HUIE , H P s BkARTE BR4F 7 H It s AR &2 I AL 524 545kg/hm® s iZABRTC A T8 #1
it , LEARTE AN T
1.2 FEHLBCE SHEACRE

2018 47, 7E 7 M AR AR — B A bR BEBEAR AR A AR AR RPN 2530 3 4 10mx 10m FEHL,
TERE IR R, 22 BRI R IV W05 BEDLIEHE 5 DEERUREE 0—20em RJZ LI RS 5))5 LBR A BRFIR 2 55
2 R RS2 SRR SRR 3 R ER O3, — o CE T B TR A X T R R A 1 I S
TEERPME 5 75— R FE S DRATE T 4°C KA, FH D00 5 2 A 1t Tt A ol R IS 12
1.3 I3RS T T

3 pH SR FHBES A pH 711 %E ( FE20 Mettler-Toledo, 32 ) , /Kt A 2.5:1; T IEA HLEK (soil organic
carbon , SOC ) >R FH 5 8% R A N #4322 90 22 | £33 4> & (total nitrogen, TN ) 2K FH L0 Ak 204700 %2 ; 1 358 4
(total phosphorus, TP ) R FHEHEHPT EL (4 700 % 5 1384247 (total potassium , TK) 2R FH HELEBGHA& 55 B5 11 % 1
FiEAY (ICP, Optima 3000 PerkinElmer, 38 [& ) #E470ll %E ; + S & (NOJ-N) (BB A (NH,-N) & &R H
2mol/L KC1 32 # J5 , i 11 i 351 73 H7 1% ( Skalar san++, Skalar, faf >2) JEAT I E" LR S & 2R
Tiessen $2H AV R Hedley @??ﬁ}ﬁﬁﬁim] G 0 A LR S B B S TP ( Resin-Pi) R TR SN R BOS HE
(NaHCO,-Pi NaHCO,-Po) A AL EL IS B (NaOH-Pi \NaOH-Po) \HCI $2HUS LA (HCI-Pi) DL K 5% 4
(Residual-P) , 25U R FHFHBAHT L G HEATINNE o BB PRI A RSB A 853 =28 (1) ATRI]
% ( Easily-available P,EAP) , B[l Resin-Pi 5 NaHCO, 2 U5, Ho ' Resin-Pi 5 NaCO,-Pi & 7] L ELHZHAEY)
JIMMCR T 8% 85 T2 25, NaHCO,-Po J2& 25 b Bl Ak S AL AT B e W W R 1T ) i 285 (2) b & T ) ]
( Moderately-available P, MAP) , Bl NaOH-Pi 5 NaOH-Po , #% 3P40 2k 2 [l i L0 8 irme b, 2 5 7K
MBS 1L ;s (3) Fa B A8 ( Non-available P,NAP) , Bl HC1-Pi 5 Residual-P , A% A, 5 + 38 P a0 454 ¢, ME LA
VA TR R S ZE PR BERR 4Nk (PNP) 1€ pH=6.5 F I E AN RS> + IR M B BRBES : ( ACP) | 16
pH= 11 T U + Eml v B R MG % 1 (ALP)
1.4 Bllasb 25 o b

K BRI ZR J7 22 9317 (oneway-ANOVA ) HEBEA [RI AR 53 1 S8 PR AL 00 | W98 R oA 05 P | A 2 Al A 0k /)
25 W EM, HFIH GraphPad Prism 8.0 #K {6, >Rk H SPSS 27.0 X 338 # Ak 1 | Wl 2 il 0% 1 BB S A
WA A EEAT A AL AT , AP 50 2B KR P<0.05,

2 HREHSH

2.1 A[EBRA; 3 PR A AR

P 1  EURBRS KA A pH AR, BB pH S5 A BRI A TR pH T (12 5
BB, YA SOC 7tk G5 85 T HAB ORI MR SY (P<0.05) . -5 TN 47 bt R B U/ WA 5 ( 2.60g/
kg) AP R BRIY 30.77% ., TK 2 Gk 26 M6 M 5 (3.61m/kg) , 55 5 T HAL DI MRS} ( P<0.05) ,
WA PRI AR (3.05mg/kg) . NHI-N iy A ARdR B o 19.03me/ ke, 85 T Hofb PR AR 4> ( P<0.05) , B MtEbk
A% (7.09mg/kg) , SNSRI 37.25%, 1 Erf NOS-N 35 453 B0 19 4 0K > UCHE b > BEBE AR A2 A bR > il
2.2 AN[EARS - HERE IR B T AR

ANTRIMR G338 W Tt VR R AE AN ] 2 7R IR AR AR 38 ACP 6 3555 (90.36pumol PNP ¢™' h™") 4331l 1
TEARMR JMZSAR RN 3 BE AR 25 90.05% ,92.43% ,95.01% Fi1 97.40% , H IR A AR T K 38 ACP 35 M: 2%
S (P<0.05) . PURR A T 1 ALP W 0T FUCE MR (P<0.05) , 2 bR AZ ACH s M bR BB AR
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+3E ALP 1550 3 FE IR A AR 43.71% ,61.12% ,64.23% F1 68.34% , S HEAR MR FIAZ AR AR 14 ALP 3544 25
BAREE(P>0.05) .,
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Fig.1 Soil properties in five forest types
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Fig.2 Soil acid phosphatase and alkaline phosphatase activity in five forest types
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MR, HAZ AR 2 5 T HA PO A AR 53 (P<0.05) 5 kARt 28 rf NaHCO,-Pi % i fie i, o4 25.36mg/ kg, 2 5
THALPIF IS (P<0.05)  HRAEM i MORTEZ K BK NaHCO,-Pi 75 1 22 508 1 3 5 S A5 MK + 38 NaHCO, -
Po & iR M 20.78mg/ kg, H-5 HAARSY 22 5 .35 (P<0.05) o A HFFk 133 NaOH-Pi 75 i i35 25 T Hofd bk
4%, Fri ok 43.89meg/ kg, RAEMK I NaOH-Po & 2 3 5 T HALM S (P<0.05) ,{H NaOH-Po s 7RI A
MRS AR T 35 22 5, 4 HCL-Pi & B 7E RO Z (B A B35 25 5 A AR Bk porp £ 48
Residual-P 7 5 1 3 5 TIHA AR G HARFIAZ ARPR(P<0.05)
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Fig.3 Soil phosphorus forms in five forest types
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5L (P<0.05) , 22 BB AR S il 2SS SRS MRS U A AR R AR 35 L5 MAP & e M ol g
TZRARERAR , HUAEAR A2 AR BRR AR P 13 MAP S 25 A% . B3 NAP & /e A phdwe i, 35 &
TR AR AR (P< 0.05) A EBMZEF AR E
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Fig.4 Contents of easily-available phosphorus, moderately-available phosphorus, and non-available phosphorus in five forest types
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FFpARST Y, R HE TP 5 i A SRS IR AE MRS MRS A2 AR RS T AR, o i kAR S5 B AR TP &
Eim T A2 ARFNME =FbR5r (P<0.05) o AEA SRS TP B IR/ 28 A8L 0 7, 148 EAP [ 1B 3R
PHAEEREAK (23.18% ) STHZEAR(22.58% ) SFEAIK(19.33% ) SR (12.67% ) >IKAHK(9.67%) ; +3E MAP
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Fig.5 Proportion of easily-available phosphorus, moderately-available phosphorus and non-available phosphorus in total phosphorus in

five forest types
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2.4 BEIESMBERR NGRS S e B AL T A AE M BT

AR (1) , Resin-Pi 5 HEFRA M BT A DG A TA 21 0 25 1K ; NaHCO, -Pi 5 2B 25 2
I 2 A G (P<0.05) ;NaHCO;-Po 54 5 I 2 U AH OC (P<0.05) ; NaOH-Pi Fl MAP 34 5 i 25 (0 &2 W 35 1B AH
X (P<0.05) ;NaOH-Po  Residual-P F NAP ] 58 HLEk 4 & W8S R ﬁ%E*H?@(Pm 05) ; HCI-Pi
5 2 B E A (P<0.05) s EAP 528 5 B 3E IEAHE (P<0.01) , SHAR S B3 A ; ACP AL ALP 5
ALK 2R SR B EIEME(P<0.01),

x1 TEBAMR BREES TIEMESHEXS R
Table 1 Pearson correlation analysis among soil properties, phosphatase activities and soil phosphorus forms

T PRI T Soil properties

TIEBIE S SRR A

I HLIR Eoes o Exii AR AR
Soil phosphorus forms and . . ) ]
. pH Soil organic Total Total Total Nitrate Ammonium
phosphatase activities . . . K
carbon nitrogen phosphorus potassium nitrogen nitrogen
5] BiH. ?.’§ vy
)HHE%EX %ﬂL@% . -0.14 -0.272 -0.199 -0.058 0.062 -0.491 -0.261
Resin extractable inorganic phosphorus
NaliCO, B THLB: 0.395 0.144 0.084 0.516* 0.819*" 0.38 0.205
NaHCOj; extractable inorganic phosphorus ’ ' ’ ’ 819 ’ ’
NaHCO, SMEA Do 0.047 0.506 40" 0.368 0.44 0.398 0.433
NaHCOj; extractable organic phosphorus ’ ' 0540 ’ ’ ’ ’
NaOH #2335 j
aOH JEIk jﬁ*ﬂﬁ% . 0.337 -0.417 -0.265 -0.153 -0.266 0.649 " -0.445
NaOH extracted inorganic phosphorus
NaOH $H ; . .
20H {25 ﬁ*ﬂjﬁ -0.214 0.975"* 0.946 " 0.648 " -0.236 0.146 0.918"*
NaOH extracted organic phosphorus
HCI $2 1R j
PR %m@é . -0.004 0.256 0.37 -0.274 -0.527" 0.42 0.285
HCI extracted inorganic phosphorus
ﬁkﬁ@% -0.115 0.732*" 0.692"* 0.921 " 0.225 0.078 0.659 **
Residual phosphorus
A] ] FH#
T*Jﬁﬁﬁﬁ 0.265 -0.385 -0.32 0.258 0.803 " -0.622" -0.404
Easily-available phosphorus
T I
i Jﬁjﬂj% 0.226 0.184 0.332 0.258 -0.443 0.802"" 0.117
Moderately-available phosphorus
S S ‘ .
R ,‘F -0.116 0.749 ** 0.713"* 0.916"" 0.205 0.097 0.676 "
Non-available phosphorus
m ri@im&ﬁﬁ .. -0.318 0.981 " 0.895"* 0.444 -0.426 0.221 0.963 **
Acid phosphatase activity
LRl -0.362 0.861"* 0.790 ** 0.298 -0.317 0.097 0.874"*

Alkaline phosphatase activity

x FRHRREP< 0.05; = = FRHLERE P < 0.01

3 itig

31 MRS AR R R R
NTARHE pH 5 YA AR LEA BT 7, 302 B T AEAR 7 5 A8 i A rp A R e i B2 N T AR FE S5
i 0 R S B S RN L SOC S S i -3 ) S BOIR B B AR AR Y R AR AR AR S A TR
J5, £ SOC SR T EE T 75%—90% , FHLHE SOC T RERY P AT W Iy T8 : —J7 T2 I8 75 YT R 52 e, A L T
TR YA ARERJZ SR v i K i MR U v s A E A DLW 22 AR AR A O N T RR A i 7
T 2SR TR AR BRI R, DI S0 A b 3 o U 7 e A B 3 SOC 1Y s 5 — T T E:
Tﬁﬁzﬁiiﬁ%qﬂﬂﬁﬁi%ﬁﬁﬁ JEl A e, SR A W AR X I B U0 2 ST Y SOC 5 BEAH XA
U R EORIE TR S AR R B U R . N TR AR R R RV 2
%#%ﬁ%ﬁ@éﬁﬂmmim%,mﬁiﬂ?ﬂ‘]m%m PRl AR G 2 708 F R B ) TN 5 LTS o, i KRR i ik
70% . N THAREHE NH-N 5 NO;-N & BT 0 A bk, i3k 5 1 FRAE 27 98— 30, 32 W] H 58 30 2 () AR i
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LA S ARVRIARIE B UIAHOG . A6 DURR N TR ef BERRARER Tt FHA HLAE AL i S8R AN S A 08, A LI FJE
HLAE A6 A ol FE Al A5 ERkAR 38 SOC TN TK B35 3 T ASAR bR R AR HE ik A I A8 S
TGRS AR Z AR D | 2ol i IR A TR BRI Ry T 0 N AR 435 o0 DR R EAR BF , @ AE
N TbRHl A5 BN FERCARE

3.2 MRATEEAENT A ERE R B T AR R

P P 5 R 2 8 R Tl 12 T O 0 R Ll X /K A, o8 LA Ak A BB A0 N i 2 0 4 W AR P
FIA ) W TR BRI 2 W, 43 0l s 2 AL 0 R A A 0 A AR B 0 34 in A B (L 45 A SR
2, 72 e R AR R v e A AT R B S A AR R 4 BB X — B o0l , Dol W IR il 110 4 0 , 365 O 1R
BTGP R MRS S DURP LT AR 43 ACP 5 ALP 3 PRI 5835 F e, 33 Al A2 PR g AT bRt A 454
TREHE N T 9 TR R A, SR TN TR A RN S A P A Bt ) A N TR e R A3 0 s, 0
BRI M TR
3.3 MRATERAENT B IR A RRAE AR

MRAF AR sE A + A RGN S HRAAEAS . ARBFSE f ISR MR S5 A2 AR AR L HE TP & ¥y 3%
TR AR, 3 AT BE A T N AR it A e R0 3 5 4 18 /0 5 350 UE 3 1) 38 e g R o) A 8
BNTAREIE TP RGN, SRR T 72 A0, 30 T B3 4 AP H i E Ak TP
TRSRAEMIF TR EES , REIMEER T 2500, (Bt T B ALY, B 2 E PR RS W
HRIEE R RES LA 2 B , (2 1k X i 28 g il ) St A v i A HILAE X6 - 458 TP B0 Fe 7 FH 55 T 2 pkbk
Resin-Pi J& 8 - 58 (A W B (8 TE ML 4 4, J2 1T DA L e i R A BB 25 . A HE vk AR AR, N TRkt e v
Resin-Pi 75 5 8 5 X 5 X R ZE 46 Y OB 45 50— 250, nT BB O N TORK Bk A MORE Bl Jo | A 0 i A1, M
Xf + e Resin-Pi AW ISCHE X480 | R A TR 35 Resin-Pi &5 TR AR, NaHCO,-Pi 352 W i 7E +
SR T 19 5 S S TCHLUBELE 43 | BORk AR S5 I 254K NaHCO,-Pi & 1 18 35 0 T Hof = Fb bk, AT RE & th T3 7
FbR At T2 AL (N P :K=1:1:2) , 1l S UL A 4R A9 NaHCO,-Pi ' NaHCO,-Po 7EfA: W1
AT LABE A A A TOHLASBE % A o N TR TR AR AR, — D T AT RE S N TRR ACP R ALP
AR TR AR, A AU 2 A 55 TR AR AR, 55— T AT BB S5 N AR (OO0 2 I 2 Ak Sk Az g bt )
Tt T CHLAE A ML A 5%, EA 5T 2 W, i AL 2 42 7+ -3¢ NaHCO,-Po F A HEH K 1 NaOH-
Po F- A R 48 1 2 A5 LB AL AL AL, [RIF S FE Rt 2 SOC A4 BB 4, N T H iy T Mo R YR 5 # i K
AT I SOC F ARG, 2T DUAP L TR NaOH-Po 75 59 5 R MK,

AHEC R AR, N T AR 48 EAP & K HAE TP Hi) 5 He T R, ARSI SOC 2 52 M ml 1 FH gl i) 2 22
HF,S0C i i R HE LG B R A BAP S ) ZEARIFSE o R U MR SOC & 1 2 v T HiAth
PURIAR S H EAP & i 201K, X T AE 232 3 T HEAC A5, N TMFE 2878 1 2w i AR AR Jin 1 4 3
EAP & it, MAP Lt EAP R , (0] AYEJE B I] PO 5 Ak TG e s A ) AR R . BT MAP B9 & i
SRR IA S AR ST FLA AR A A MAP & R — | A I AR TR A AR AR AR O N TR
NAP (15 i S ICAE TP i) 5 e384 B R R, NAP AR 3 P e B i ) RUBE I RB G (A RS BE B 4 47
MEIPRE NAP &M AR T AN TR AR ) 25 LR, MO AU AR T 18 SOC F1 TN &
T, TRVREART - SR A5 A R P A T R R I T e A B ML A B 2Ok D % i S 1 - 4
RAERE R IR

4 g

(1) WAk SOC TN \NH;-N & 1 S5 BERR B M 1 2 5 T (P<0.05 ) HoAh PUFP AR 53
(2) TR Residual-P #4525, %W Residual-P J2bHy +-3rh BB ZAEEILA . MM HEAE)R,
PUFh A TARE) NaOH-Po % 1 i 2 B, T B AkAR 542 AR AR Resin-Pi . E 380, BHRAR S5 00254k NaHCO,-Pi 5
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NaHCO,-Po & B &N, TR Z 8] EAP MAP 5 NAP & KX H N TP (e fil2z 5 B8, Hoh &btk S
AR EAP (5 TP ¥ LU B3 & s AR RIS AR PR MAP (7 TP 19 L1 = 5 TS AR 5 ik A AR NAP JIF i TP 11
RRIZE=

(3)MXKATHrR M+ rf EAP 5 TK 2 3% IEAHC, MAP 5 NH;-N 2 i 3 EAH X, NAP 5 SOC TN,
NH,-N 42 1 5 E A G, SRR 75 5 SOC [ TN \NH;-N I 3 1EAH G,

AR SCRFSE 2 U AR PRI A8 S N TR, AR R 2 e, AR Al 2 St AT Sk L MR A 5 ) At
JIE (B e R S A L it S A P R e 3 b T R Wl (R ARG R R bR e A il e 1) 38
JIE T3 R AIG B 2 P2 | L B AS 5 88 94 it RS ) RV B e, T ol RS S R (O BRI, b i 2 9 3
BEVE Al P /D 5 M 38 1 HE K B P A R 3 O A b X - el ) B B
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