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Effects and their mechanisms of temperature and moisture on phosphorous
transformation in black soil manured with different fertilizers
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Abstract: Microcosm experiments were conducted to study the effects of temperature such as 25°C & 10°C and soil mois-
ture such as 50% , and 25% of the largest water holding capacity of soil (WHC) on transformation of phosphorus, and
the activities of acid phosphatase in the black soil receiving nitrogen & potassium fertilizers (NK), and nitrogen, phos-
phate, and potassium fertilizers (NPK) . The statistic significant effects of temperature and moisture on phosphate trans-
formation, and acid phosphatase activities were found in the present paper. High temperature such as 25C and moisture
such as (50% WHC) can significantly increase contents of available phosphorus, Ca,-P, and Cag-P, however, signifi-
cantly decrease the content of organic phosphorus in soils especially in the soils manured with NPK. High temperature
such as 25°C and appropriate moisture such as 25% WHC can enhance acid phosphatase activities . The significantly pos-
itive correlation between the activity of acid phosphatase and the content of available phosphorus was also found in the
present paper. It indicates that we can increase acid phosphatase activity to activate and enhance the availability of phos-
phorus in soil and to promote phosphorus to be released from black soil through adjusting soil temperature and moisture.
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BMEEYERKAEMOTHNERTRZ . B
BE5YUBHYENGESEELAY, RADEEK
RPGFBRIATRIMRBILREZ -, LEER
WASRGEPBRKOEAE, LR LBuSER
0.02%—~0.2% , 5 WA A H 8 (B 28 R 5R
M—F 5. BAE . RELNE 1/13~12 B LEH
B R R IE A VE WA TR LR S R
R i R B i — R0, BEAE I SR R —
HE10%—-25%"2 X FERE b FHETLEIB
HE,GHELEEE, B, FHXLEPRBERTLY
B kR mEE—-ERE A LB E R
BB A RE, RIEBLANESERS.
THNREMRT FOEREE . BRAEIE B
RAExRAY HEAREREBE TRE4HGT, LHE
RS BRIC EYAS HIBRBEER, X EH Y
THRAR R R R R, S, KR UR
AEKREFROBLANME, TR T AFERE K55
AEH &4 FREBRBAHRALHKAERNEL
HO, F B A BT 7 T RERIMLE, B 7E N
B /K o3 X - B R AL A R 45 R AL PR 4R AR
—E LK.

1B T

1.1 RE&it
ERRFRRABRERNTIEYE R SRINELEL
WETM. HHAE R B A KRR
WG, F R E G 2 om 76,6 F T 4CKEE
#H. At WEABMAERSY: EHLR 24.20
g/kg, &R 1.54 g/kg, 2B 767.21 mg/kg, E R A
130.08 mg/kg, % % B 60.51 mg/kg, £ 45 (Ca0)
149.80 g/kg, Ca>* 1.29 g/kg, R 150.94 mg/kg,
pH5.8, KB AA. H. #HES I HKE (N
46.62% ) B BR # (K,0 54.02%) . 5T 8% BR 55 (P,0;
36.58% ) , Jit Aok 7] ) 48 B2 35 Ry A i 2k o
HBEFE=TRE, 258 DEE: 25C(TD).
10C(T2); 2)K4r: LEAF KB IEBREKRKIFKE
H 50% ,B0 50% WHC(W1) .t HES/KEANTHEREK
FKEBN25%, B0 25% WHC(W2); 3)AEHR . At
faf AE R (CK) it 08 F B HE (INK) it A8 9% AR Fn 4
HE(NPK) , & FER B9 FH &L 43 58 N 0.15.P 0.1.K 0.1
ke, AL AR 12 M0, FMEBEER 3K,
BEEH T BAKBEREEET 25CHFH
PR TESR -, RERERA S T 200.0 g AT
+ 8T HF 500 mL 897 D HEE B 3% BR B BT

S35 TR T 4 b i A — 2 B B H B AE R K
Wo HEBFKATLESKESINIRAFKE
) 50% M1 25% , FEATIR A 5. ARG MBI
PRSI, 3 R4 S FE SR B4l 5 /ML LR T
B, ZERHEEF O ORS 5 EF 25C.10C
fER AL R RIS, HRBE, B TRFL
HEEEAE, AREZRE, BRALEE TR TR
HERMBKRMAKS, FEFRSBER 1 W 0T HRF
FI5E 0.7.14.28 d BURE , i 17 H U B% . VLBE . Cap-P.
Cag-P X HIEMMEBI R B I YRR I E , PR 0 d R
HREEEBETSREHAF2HET 25C.10C
HRAAREFHPREEEE 6 h G,
1.2 MEMBSH*

+TEMENHm S BRRARRAMHEN ™, £
HE Ca,-P.Cag-P SRR AG MW EMNE Y, L
BA VB BRSPS (BRI K 1.0 mol/L
() H,S0, W) U101, 4 8 9% R VS 4k R OBl AR K
—Ht R,

IR FUHE R A Sigma Stat 3.02 3K 4 #£ 4T Three
Way ANOVA 47, 25 8 E R A LSD B# 1T H
%,

2 RO

2.1 BESKkSMBIEYUHBEENRD
BEMKI B LEERHTENLRAE L,
M7 1A ES, AR E B FA TR, -
EHERBRSREERE TR W dBBEKRE,Z
EBHER, ZHESKITRA AR IR A,
B K43 R AR X 2R 4 A SR i R e R R TRl
BFEOLBEEMKLIN LBEERBETREZWA B
ELEARBEEFTEZHBEEW; BRET I,
BE.KOMEESELERBCTELHEE
(Pgm =0.007, Py <0.001, Py < 0.001), BEFH
R - K 43 B B 3 0 A RT3 R A OBk e
HE, W HIBE K4 F0 IR K B AR X R A
SRMEWHBEEEKF (Pag,.xs = 0.001,
P s = 0.049, Py < 0.001, P« ks it
=0.026), BEFREE 14 4B ERKS X B LA S
BRE W REEE KT, BHRKSMMEENZEE
FAE B E KPPy cmm =0.004) , FHH K4 %F B L
BB B S5 A £ 3 A S IR AR R 2
fk. HEFE 28 d, /K 4 e AE 4b XY BB A ARk
FEBMEHEE(Pysy =0.009, Pgp <0.001), 3¢ H
BE KSMGEE=ZHNEZEHNZTEEAYKEE
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Table 1 Effects of temperature and moisture on the content of available P in black soil
AL Trcatments 3£ FE I ] Incubation days (d)
B’E(C) K53 (% WHC) Jité A
. o 0 7 14 28
Temperature Moisture Fertilization

2 30 CK 39.99 66.27 68.59 69.27

NK 59.74 65.23 67.47 67.21

NPK 80.70 102.53 89.72 88.35

= cK 60.08 62.23 67.81 65.66

NK 62.57 61.63 68.93 66.52

NPK .07 81.73 84.23 78.38

10 50 CK 61.11 62.83 68.16 63.86

NK 63.26 63.43 69.02 65.75

NPK 81.82 89.21 91.10 83.62

25 CK 60.85 62.40 72.71 65.32

NK 62.57 62.49 70.82 67.13

NPK 74.60 82.94 82.42 85.51
A5 F R YR Variation resources df LSDg o5 df LSDy. o5 df LSDy.ps df LSDy s
i & Temperature (T) 1 0.71 1 5.62 1 2.57 1 1.45
7K 4} Moisture (M) 1 2.36 1 12.42 1 2.45 1 3.28
Jiti B Fertilization (F) 2 30.04 2 43.46 2 29.80 2 29.72
BE x /Ky TxM 1 4.60 1 10.12 1 1.21 1 9.24
HE x L MxF 2 3.71 2 6.08 2 2.66 2 4.24
KA x R Mx F 2 5.98 2 13.44 2 10.55 2 4.62
BE x KD x AL TxMxF 2 3.85 2 9.62 2 6.24 2 7.32

KFE ( Pageks < 0.001, Pgp.me = 0.021,
Pisywie = 0.012, Py o ks e = 0.005) o
2.2 BREMASMELENRSENRN

HE2 M, EBDIEFRBINE, R 25C +50%
WHC + CK 4b 3240, R A 4hE + A NS & B E &
T 5 AR R R %, 1B BE AN K 23 % AR e it S A 3L +
BAVBSROE WS ERAEAX, BHEAX,
BB KA X A TR it A A 2R B + A PLBE & BRI
AEE; BRETGEEMKI RS R
B EWMH M (Pgg <0.01, Pyy <0.01),50%
WHC -+ BEK4r& & H IR B MK 43 38 B4 A ik
WBEKYE(Pag ks =0.01)0 REEX LFEHILBE
EENEWS HEAKSERER, WL HEAKTE
B4 50% WHC B, 1R BE Xt + 38 P8 & B A
B3 WY gk E R 25% WHC B IRE X 1
A NBEM R B, REA A TRS L EE LB
M. B 14 d, TR B A G B A8 BLAE AT 4 3
ENHSRNEWEE (Pug me <0.05), FER

BT REX HEAIBESEEHERE, 10048
HAEANEEES T 25CA B 58, LEEH
AFEHEFE GG BESLEANBSSE
TBEEE, FIEE 28 d, K4 Flii AR &2 B 4E A R
TRANHESENENEEE (Prsoem <0.05), &
i B L PR R B R R AR 1 R, K 4 X HLBR Y
PWARE; AR HENEAMET, KON LEE
VB S BREWEE,50%WHC A H + A VB S &
BEET 25%WHC &b 3,
2.3 BEMKIIEL Ca-P.Cag-P SRHUFIE
15 BE 7K 43 Xof A [6) e AR A 22 43 Cay-P BB
PHEE SE RN EAER (R, BHRHR, K
FIMEAE () E M X L3 Cay- P R EBEWEREN
(Pysy =0.001, Py < 0.001) , B TAERHA B,
BRAS LT S ,50% WHC K5 -3 Ca)-P I EE
BEBT 25%WHC 4B, B8 7 4, BRIREXN L
H Ca,-P S RME WA BES, HAL AL B F
IKOF, BB B LK 4 FRE R = & 2 18] i 38 AR X -
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*2 BEMASHELENBSBRAOKME(mg ke
Table 2 Effects of temperature and moisture on the content of organic phosphorus in black soil

AP Treatments

3% 3% % 18] Incubation days(d)

BEE(C) K4 (% WHC) Tt HE
Temperature Moisture Fertilization ! 1 28

25 50 CK 339.14 334.18 282.84 309.86

NK 308.96 351.75 204.55 305.36

NPK 314.82 344.09 289.15 306.71

25 CK 308.96 336.44 293.20 308.96

NK 308.51 336.44 285.09 300.86

NPK 316.17 331.03 307.61 312.57

10 50 CK 312.57 340.04 297.25 303.56

NK 308.06 311.21 297.70 317.52

NPK 323.83 383.28 290.05 301.31

25 cK 317.97 385.08 343.19 309.86

NK 309.86 426.06 293.65 285.99

NPK 311.21 422.01 283.74 301.76
AF ¥ Variation resources daf LSDy o5 df LSDy 05 df 1805 05 df LSDy o5
{8 )& Temperature (') L 3.41 1 80.41 1 13.63 1 8.37
K 4> Moisture( M) 1 13.01 1 59.34 1 14.25 1 8.37
WiJE Fertilization (F) 2 16.24 2 31.35 2 13.57 2 8.24
B x K TxM 1 13.15 1 109.33 1 1.31 1 12.27
B x B MxF 2 11.20 2 46.78 2 38.14 2 7.38
Koy x HiBE Mx F 2 13.76 2 39.19 2 29.09 2 24.96
TRJE x K5 x M Tx Mx F 2 38.08 2 70.14 2 34.65 2 25.26

B Ca,P SEMNE WY E E (Pag.xy = 0.004,
P e = 0.042, Pyo gume < 0.001, Piggr ks x i
=0.045), FEMFABEMELT KX LEF Cap-
PEE™H BERW,50% WHC 43 + 3 H Ca,-P
MWEBBEST 25%WHC R 138, HHE 14
d,BEMBEEY L Co, P EENEWER, AR
B 45 A Atk 38 2 ] £ 38 LA R SB35 (Pogge < 0.001,
Pym <0.001, Pgg . e =0.034) . fRIEL A F]F
DERBTLESP Cop-PHEE, 10C +50% WHC +
NPK #4038 Ca-P FEHHEAHER BT 5 10C
+25% WHC + NPK b BRI H Z R4, M B ER TH
TR, & 25C + 50% WHC + CK 24 E ¥ 1.65
fg, BEFRAE 28 d, K 4 MG AE Ab BEXT + 2 Cay-P &
BB FE(Pyy =0.004, Py <0.001), HIREF
K 43 L BE A AE DA K IR EE K 43 R AR = Z 1Al B
TEERAN L CaP SEMWEWEEF
( Pagxksy = 0.028, Pgg.me = 0.017,
P x ks omme = 0.025) o AHEAEFREE 8% R 1HE 0L
T.EEN+IE Cyp-P SBEWARE, MERSR.
WAEKER T, 25C A HE 0CAHEBREERS
T Ca,-PHIEE,

B3 I Cag-P S RMEHILE 4,8
£ AT, Cap-P & B7E 28 d W35 FRET I P 2 Bl 56
B S R B R B, 7E W) — B SR E] P AL B 22
5 Ca-P AL BERA -, KiItHTERE
B, R[G5 SR B e, IR AN K % R Cag-P B E
W REARR ., B3N K, Ko /e AE R H AL HAE
FARt 438 Cag-P FRMIZWT B F (Pyy =0.007, Py
<0.001, Pyosy wppe = 0.006) , + 3 v Bt Y &1 . 9 L
25%WHC LKA & B8 EH I LT Cay-P I
B, KHE 74, BKS M T8 Cag-P SR WAR
EHN, R R B FE KT (Pgy =0.019, Py <
0.001, Py sy <0.001, P e < 0.001, Piesy e
=0.032, Pag ks m = 0.018), & X +
Cou-PEBNERSENNBABRE X, MERK
FAE B R B BE R |, 25 CAb B 10°C A BEAE
BRERBDTIER Cop-P WS E; MAMIERK H
SRR R, B X 13 Cay-P B MR WAEH
MEADEW, HHE 44, REFLABREE.
KAMBR=FEXEHEANS LD Cay-P S EHZ
WA, AR TEHYBREKF
(Pys <0.001, Py < 0.001, Py, x4 = 0.007,
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Table 3 Effects of temperature and moisture on Ca,-P in black soil
AL Treatments 1% % 1 [6] Incubation days(d)
RE(C) 7K 4} (% WHC) e A
Temperature Moisture Fertilization 0 7 14 2
25 50 CK 38.0 38.4 35.9 45.8
NK 39.6 37.1 40.8 43.7
NPK 49.5 67.2 47.4 58.5
25 CK 38.0 36.3 40.0 44.5
NK 34.3 40.4 36.3 52.4
NPK 46.6 56.1 47.0 54.0
10 50 CK 40.8 40.8 46.2 39.6
NK 40.0 45.8 45.8 40.0
NPK 51.5 68.0 59.4 54.8
25 CK 40.0 39.2 43.3 43.7
NK 36.7 37.6 40.8 45.8
NPK 47.0 50.3 57.3 63.9
ZF F KW Variation resources df LSDy o5 df LSDy o5 df LSDy o5 df LSDy.os
BE Temperature (T) 1 3.54 1 2.12 1 15.58 1 3.82
7K 5 Moisture (M) 1 5.81 1 12.89 1 3.68 1 7.50
HEHE Fertilization (F) 2 17.40 2 35.36 2 19.61 2 22.74
BE x K> TxM 1 0.20 1 8.61 1 4.41 1 7.81
BEE < I Mx F 2 1.37 2 6.26 2 6.72 2 8.99
KA x FallE Mx F 2 4.34 2 14.61 2 5.61 2 6.43
TREE x K53 x HEJE Tx Mx F 2 2.84 2 8.75 2 5.11 2 12.02
x4 BEMKSWTEL Ca-P SBEH TN (mg/ke)
Table 4 Effects of temperature and moisture on the content of Cag-P in black soil
b3 Treatments 35 3% KB Incubation days(d)
BECC) 7K 43 (% WHC) T A
Temperature Moisture Fertilization 0 7 14 2
25 50 CK 17.0 15.7 30.1 20.3
NK 13.3 16.6 25.6 22.7
NPK 19.9 29.7 38.8 24.8
25 CK 17.0 15.3 29.7 19.9
NK 18.2 17.0 29.7 20.7
NPK 19.0 23.6 32.2 25.6
10 50 CK 17.4 14.5 29.3 17.0
NK 14.5 15.7 28.9 21.1
NPK 19.4 20.3 38.4 26.8
25 CK 17.4 19.0 23.1 20.3
NK 17.4 17.0 28.5 17.8
NPK 21.1 23.1 29.7 22.3
A5 53K IF Variation resources df  LSDggs df LSDy s df LSDy g5 df LSDy o5
{5 & Temperature (T) 1 0.99 1 2.83 1 2.83 1 2.97
7K 43 Moisture (M) 1 2.97 1 0.85 1 6.23 1 2.12
FEE Fertilization (F) 2 5.96 2 13.19 2 11.19 2 8.52
HE x K TxM 1 0.20 1 7.21 1 6.01 1 1.40
TREE x Ml Mx F 2 0.65 2 6.60 2 4.89 2 1.70
K5 x HEHE M x F 2 4.44 2 3.89 2 9.78 2 4.50
TR x KIy x HEHE Tx Mx F 2 3.31 2 6.01 2 2.75 2 6.62
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MY EBEREEHER

15 4%

Pammm =0.034, Py iume <0.001) . 25CHI 50%
WHC 4 % 10°CH 25% WHC &b B fE 4% B & 1 m +
Hh Cap-PHIEE, R 28 4, B WA XK
MG AE 32 A A R KA R IE = 2 38 14 i Xt
T Cag-P TR E WA B EKF(Pgg =0.010,
P < 0.001, Py mpe = 0.008, Py ks x e =
0.006) . s A& . HE BHE &L T, 25°C HT 50% WHC
AFBEE 10°C F1 25% WHC 4b 3 4% B 35 38 m + S
Cag-P IS & HWHAE B HIEEIFL T ,50%WHC
AbERER 25% WHC Zb B REHE B F I £ Cag-P
ofe 4
24 EEMKSNELHBEFTUEANRZE
K o8 B 4 R B R RS MR AN R
S5HR. MR S AT, IR ERK 406 A [ i AR 4k 38
B SRR TR R B I TR A 2 W T B AR E AR 4L
T2t 3EFRE K, K4 A A 0 2R 4+ 0% R g
TEHERE A B3 (H R EE K 4R i AR = 8] B 38
GEAXNBERRBEENEHE S EN(Pyy <
0.001, Pgg.ks < 0.001, Pgw.me < 0.001,

*S

Poon s <0.001, P« ks xmm < 0.001) o BEFEEE
7d L IREE KA A RS X - R T R R R TR
W 383k 5 K, BB R K 4> 2 8 i 32 BAE XS
THEBEBRESE N EE Py < 0.001,
Py < 0.001, Pym < 0.001, Py, x4 < 0.001),
25%WHC LB T, FiRAE Y B 82 - M5 R
A5 I, (02 50% WHC A3 T, R 54 B L iRy 8
BEEHNERUNARE, HRE 144,88 Ko
FERURRE S K BESHRIE Ky ABEZ
BTN R L BRERREBEEE W E
(Pgg < 0.001, Pyy < 0.001, Py < 0.001,
Pame ks < 0.001, Pagwm = 0.037, Py cipm =
0.010) IR Ky MIFEAE = 2 B3 B4R X 22 +
BRUEBBREEEENARE, HHFFE 284,884
ERMHEENBRTREBBREEERERE W, B
7K 43 PA BB BE L 7K 43 0 i AE 22 (] Y 38 EL AR AT X R
TR AG IS M R 2 B W (Pyy <0.001,
P x s < 0.001, P e < 0.001, Py i =
0.008, P« ks i =0.021) ¥EHFE 4d5. A

BEMAS N TR RE [mg/(g-h),37C]

Table 5 Effects of temperature and moisture on the activities of acid phosphatase in black soil

43 Treatments

R 320} 8] Incubation days (d)

HEE(C) 7K 53 (% WFC) it FiES

) o 7 14 28
Temperature Moisture Fertilization

CK 49.04 57.36 60.73 53.68

25 50 NK 44.57 61.91 63.35 56.70

NPK 42.73 61.12 63.57 54.03

cK 44.61 67.12 73.91 76.01

25 NK 40.32 76.18 76.53 69.83

NPK 45.62 70.45 73.82 70.58

CK 43.96 55.25 59.98 59.19

10 50 NK 49.96 60.16 66.59 64.14

NPK 47.07 61.60 6440 61.38

cK 46.85 57.01 64.67 62.87

25 NK 49.74 59.19 69.75 66.94

NPK 48.38 60.07 64.23 66.07
ZF KPR Variation resources df 15Dy, o5 df LSDy g5 df LSDy o5 df LSDy o5
BIE Temperature (T) H 6.55 1 11.99 1 7.67 1 0.08
JK 4§ Moisture (M) 1 0.62 1 9.16 1 15.23 1 21.73
MEAE Fertilization (F) 2 0.31 2 6.61 2 6.23 2 2.41
BE KT TxM 1 4.75 1 13.67 1 14.08 1 19.87
BExHEE MxF 2 9.13 2 1.56 2 3.53 2 6.80
KA < HEAR Mx F 2 4.55 2 2.37 2 4.26 2 5.20
BEE x Ko x BEAE Tx Mx F 2 6.56 2 2.08 2 1.49 2 6.46
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BB 5 &, 25C 1 25% WHC ¥ 43 B4 10C #

50% WHC B2 5 H G,
3 i

BERANEHYENLZHEELRAYHNAS,
R A2 5P IE N LA B R, R4 K
THREEFRTLEZ . T ERHEYFTEHRENT
R BRI MESHBAAEAREEE
FRE KRR 7 L AL b R DL Pl A
FRERRME W, KA+ 585 52t
PR AR EERN T, Rodriguez £ 151
RN, TGS EBEE W BB PR
BEREREBERZNIBER, HEKkS L, HEBEY
HRER; RAEMBIERA, RHEEKR X XSHEIR
B KRS ER DESEYEE SR BRBEIER,
(B 78 RAZE BB O B R 26 100, BB/ ERE R
KPURIB I A5 B R T DL R T e
Bil. AMRGRUER, BEMKDY KERLTAE
B LGB SEAMEREAE S EL W, B
AEMEFEKRIEEMNBE M T SN B+ A%
BELL R Cay-P I 5 IRJE TR GBS B 2 K 1%
FHLBE UK Cag-P B8, X 5EFHE 2 X TH
BEHEFYIREHBBEREHOMRSERE B, £
AR IR T AR IR U PR - b - SR ML R A R B
2 5REMEMEE 42U R EESEDIN
HRMM . BEMAS N BLBMEB SR
AR EH TIREMKSERT LIERAY T
#E16) e ABFFE B, 25°C I 25% WHC 4b H8 3 43 51
B 10°CHI 50% WHC A FRREWS B4R + IR Hh B
MREGWEM . MRS ENR, T EBRERREETES
AR Cay-P.Cag- PRI EWERERMBEFE
MR (r 5120 02977 .0.193% ,0.487" %, n =
144) i XAIRe R T LB s s R S e b
THBEEVE R ARG, WA, SR
MR LI IR 8 A - = k% 24
AR SHRBEMLENHRERE
L EEVBR TR SHRE AAVSNERES
HEWMBEHMEXF, XRVELES LERE
FIORFE T8 438 MR B 48 0 I R AR T 0 1R TS 1L
TEBE, TR S L E BB R T REM .
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