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Promoting Effect of Natural Humic Material on the Release of Water-soluble
Phosphorus from Low-grade Phosphate Rock Powder

YANG Qiang" %, ZHANG Congzhi'’, ZHANG Jiabao', PAN Hui*, CHEN Zhuo'*, LI Jianpeng®’, ZHANG Can®*, TAN
Jun*

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of Resources and Environment, Shanxi Agricultural
University, Jinzhong, Shanxi 030801, China; 4. View Sino Orise Technology Limited Company, Jiangyin, Jiangsu 214400, China)

Abstract:  Objective The objective of this study was to disclose the structural characteristics and the relationship with
phosphorus validity in the promoted phosphate rocks (PPR), which were made by mixing low-grade phosphate rock powder and
natural humic material materials. Method Continuous water extraction, X-ray diffraction (XRD), fourier transform infrared
spectrometry (FTIR), and pot experiment were carried out to explore the phosphorus validity mechanism of PPR from dynamic
release, structural characteristics and fertilizer effects.  Result The results showed that the release of water-soluble phosphorus
showed an increasing trend with the increase of activator addition. After five leachings, the total water-soluble phosphorus
released was 1.54 and 1.72 times higher than that of the control treatment when the mass ratio of natural humic material or
HNO;-treated natural humic material mixed with low-grade phosphate rock powder was 20: 80. X-ray diffraction analysis showed
that the characteristic diffraction peaks corresponding to P,Os and Ca(POs), showed a significant decrease after five leaching of
natural humic material or HNO;-treated natural humic material mixed with low-grade phosphate rock powder. The results of FTIR
spectral analysis showed that the disappearance of the PO, symmetric stretching vibration v; at 966 em™' was evident after five
leaching cycles of natural humic material or HNO;-treated natural humic material mixed with low-grade phosphate rock powder,
while the intensity of the PO asymmetric stretching vibration v;, H,PO, associated absorption peaks, and HPO,> associated
absorption peaks at 1 127, 673 and 612 cm™" were significantly decreased. The pot experiment further showed that natural humic
material or HNOj;-treated natural humic material as a high-quality organic material applied at 6 g-kg™ or 9 g-kg™ while mixed
with low-grade phosphate powder at a 20: 80 mass ratio could significantly increase the available phosphorus content of the soil,
while rapidly increasing the soil organic matter content. When natural humic material was applied at 9 g-kg™' and mixed with
low-grade phosphate powder at a mass ratio of 20: 80, soil available phosphorus was increased by 29.86%, 29.47%, and 36.48%
while soil organic matter was increased by 34.16%, 8.05%, and 47.40%, respectively, compared to control treatment on days 14,
30, and 60 after sowing. Also, when HNO;-treated natural humic material was applied under similar conditions, soil available
phosphorus was increased by 36.97%, 94.44%, and 34.51% while soil organic matter was increased by 27.29%, 14.57%, and
45.41%, respectively, compared with control treatment on days 14, 30, and 60 after sowing. Conclusion Natural humic material
or HNO;-treated natural humic material with acidic pH, high specific surface area, high humus content and a high number of
active functional groups were responsible for enhancing the water-soluble phosphorus content of low-grade phosphate rock
powder and soil available phosphorus.

Key words: Natural humic material; Low-grade phosphate rock; Water-soluble phosphorus; Available phosphorus; Scanning

electron microscope; Infrared spectrometry; X-ray diffraction
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A BEAE KNS e YR A R R K2 T
BRIR o (EZd BN A R B AT HERR, i3 A
FORRYBEIRIR 2T o K A0 A S B4 B4 0 T A
R R B R AR A 7 AN R AR P MR, 3 R BE
Fe, IER IR E B M AR AT AR A
PEWE B R R A R AR EEA . A AL R
A KEPEREIL B HLAL s MBI~ TG AT s &1
SRR A AE PR LB FC B LA 1 S
AHM B PE R BRI BA R . RESFR A, I
AERBEBARE T . KIRIE B TR R —Fhag | (g
Fe. W O SEE SE R R A ML R, B AL
BRAEIEIR & B . B2 AL, R, AE
VAN 1B Rt v S R I (b B S RS ]
I PEFIZ RIS SEATR AT DL RE, XS B A
AT I EREE

ABETE AR SR I B A R | 2o PR B Ak B K
IR FE BT RLRIAR B R B R SN A A B ), 51K
it (S AT 3 L T S I A 0 T I XA ot (o2 B
BB REROCR , 36 5 SO BEA AR AR n A2 X e B A
KU PERSE S W AT R, AR B BT . X-
R . ZDANEE 7 Br R K B B AR, 5
TR SR 58 T RS AT B AL, S PR AL
AR A5 15 PEB A R — 20 e JR R (AL D S s A 5 Bl

1 bRk

1.1 ket

AIFFEIEICR IR I AL (MT ), KOH Ab3
FARIEFE AR (KMT ), HNO; 4B KSR 6 i i bt
B (HMT). KRR (HSN) E AR R,
KMT, HMT /& MT £ 5 KOH ¢ HNO; =l — &
IF PR A5 o R AR B FE S5 A A AF DCAE ity el v 1] AL E R,
AR w4 Rl B ERBEJEVE L, JEGH IR 7 5 K
F50% ), AFTEBEFR AN E T BHL TR ( i)
FBRAT] . SRR G IEAR SR8 PR ILER 1, 7KW
PEE LT 0 BE0#™ Bl i WBRmR s A
PRI fR A5 2R S B 10.15% (LA P,0s i), Zad
PP IR I B A5 0 5 10 1.03%( LA P,Os 31 !,

FE AR g B OK B AR, SR R AL A
188, T HER AVLIMLHI T s B R #f i, pH
748, AP . A . 2. &850k 13.90, 0.77.
0.70. 23.40 g-kg', WRAFAE . AR, HEH )
} 7050, 7.63. 61.00 mgkg ', I A K
TR e L. FTEIERN : JRE, FA 46%:;
Sy T AR R

x1 REMBEERFSER

Table 1 Basic nutrient status of activators

) EERTIR LA B0 ]
FE pH
Organic carbon Total N Total P Total K
Sample (1:5H,0)
/ (gkeg) / (g'kg™t) / (gkg™t) / (gkg!)
MT 424.59 6.99 6.36 0.23 4.30
KMT 318.44 5.47 7.56 75.38 9.52
HMT 398.49 23.20 6.08 0.62 2.80
HSN 378.19 6.22 5.49 51.79 8.45

H: MT. KMT. HMT. HSN 435 %0 KAR G T8 BTAA B . KOH b PR SR I T BUAT KL . HNO; A3 KSR IS5 BT s ) . AR BT R R
#. T, Note: MT, KMT, HMT, and HSN correspond to natural humic material, KOH-treated natural humic material, HNO;-treated

natural humic material, and sodium lignosulfonate, respectively. The same as below.

1.2 RSy HHH & 5KEEBENNE

PR BB S0 I 5 0 95, 10 0 90 FI
20 © 80 MY LLIRAT, (MRS 5 min R0
S 0E R RN T4 i, S5t T, BERRad 60 H I
#H.

PR HUAS [) 3 2 O PR Wi 0y, PRIE AR B A i
HEA 0.684 g WA, A 100 mL B.04, A
50 mL 7&K, EIRGHL 25 CFHRY 15 min (3
200 rmin '), FHBEOHLE.C 10 min (FE 0k 4
000 r-min"'), SRJ5HJCHEE RIEARLIE, SRER
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FH BT MAERREBAESLE D, HERINA
50 mL ZEIRUK, $25), i bR ERG . Bao . o
UE, FLERE S Yk, FHALAR B T D R K
g U 5 UGELR R RRTE 5 /NI N SE K
1.3 EXRAZAE

RIS 7 AL, AR 3 REE, Bk
W2, Mt 19kg, SAFEMN, FPAE—2,
ANtE AL . AE R T e+ 262.5 mg LA, B
JE (K,0) FEf4ET 51 183.8 mg jifi Ao BEf

5 RARIEFE AR (MT) % HNO; 4b B K AR J85 5 it
A (CHMT) #2051 S), 5T 2 FRIRAE 2 4.
FNEAESEAE — R Mt A, BRAERS 70%1E JEAE it ,
30%FERE A —AS A BRHEB AL . KT 2022 4F 7
H 26 HIEFP, KZFG e N EEE 3 ¥R, TEREMIEE
1430 Fl1 60 K53 K A& — BRAF MR I 1L 0 ~ 20 cm
B SRR . AR R K T VR T 5 BRI A ik A
Wi, A HLTRUA 08 34 5 1k 4 R e i
N B R AR A — 2 vk R R Sk E

F2 (ERSMTMBHAANKELE

Table 2 Pot experiment on promoted phosphate rock powder

Application of MT/ ( g-pot™")

MT fi& HMT H&

Application of HMT/ ( g-pot™")

Ab 7 PR i
Treatment Application of PR/ ( g-pot™)
CK —
PR 684
0.3MTPR 228
0.6MTPR 456
0.9MTPR 684
0.3HMTPR 228
0.6HMTPR 456
0.9HMTPR 684

57 —

114 —

171 —

— 57

— 114

— 171

T CKONARHE AT Pk i %t BEALBE, PR WA ANBAE T #3194 3L, 0.3MTPR, 0.6MTPR, 0.9MTPR Z35I{03 MT #1843 gkg™' .
6 g'kg ', 9 g-kg ! AYHLI R HESE MT 7642 Bemis a8y o i 5 HL o 20%. HMTPR AbBH[E B, R[], Note: CK is the control, and PR
is the treatment of applied phosphate rock powder. 0.3MTPR, 0.6MTPR, and 0.9MTPR represent the application of MT at 3 g-kg ™', 6 g'kg ™',

and 9 g-’kg ', respectively, while ensuring a 20% mass share of MT in the promoted phosphate rock powder. HMTPR treatments are the same.

The same as below.

14 mBoaWwmSNE

Il T B (SEM) Mg, Bub e st
FEG, KA T SRR RS & 1, PR
B TIRSHY (Leica EM ACE200, f#[E ) 7ERE I
WA TS, B THEHHEE (TESCAN MAIA 3
GMU, #750) BYEZSFESE PR TSR

X-SFEATE (XRD ) 4307 : 58 KA B @
PIBES AL (PR) A BEEEW BAESL ( MT20PR
F1 HMT20PR ) & 200 Hifif54 Mg A, HH
IS AL B 1) S0 1] EE , SR ] H A 3% Ultima IV
FERAGTHGHETT X 5. MEEARSE: X
ﬁlﬁ%: CIlﬁE; M}T‘ 40 kV; %(ﬂth 40 mA; Jﬁ/ﬂi
RIS RIGME 2°, KILMAE 60 °; FE
K 0.02° FAFEE. 1 *min', BT REBMES

WO R BORLAH /N, 2R A R B 0 J5 AR B AR AR
—ig, MELL B BRSOk, SR S A —
ETHE . AMGIE P EE R, KRS
TRLUTE - R R S R B R R
JHCTE L, PR I 36 486 58 LK V5 P ) 5 S PO it R A T
X523 M AN LT AR 63 234 o

ZLAMERE (FTIR) 4387 : S8 oK i PEBE I 2 1Y
WO R BB R AR St 200 HififS, SR KBr
JE R o L AR 2T 4142 ( Thermo Nicolet
8700, M) Mz, HHiFE=N 4000 ~400cm ',
1.5 HiEaIE

AHGEH, AR R T 22558 ( ANOVA )
KHH SPSS 25.0 #fitbAT, IR/ E 2R
2 LSD )47 8 3 MK 55 . XRD %4fE R A MDI Jade
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2 % R

2.1 B M ERBRET M SEBSE

AL BB RIBE D K 76 45 L LN ME 2K iR 2
IRIGLE R (£ 3) %M, BEE KIREGE TR EH(MT ).
KOH Ab PR SR B 58 T A L (KMT ) Fll HNO; 43R
SRIGHE TR B (HMT ) 7EAR BERE A #5 ob o i 7 EL il
S%IETNZE 20%, 5 YR LK P mi B B 4 K
P, AR E  Hh 20%0), REREE L
Wik ER R, RIEREBRE (HSN) 7EMEBmo
HER A7 EE R S%BE TN 20%, 5 YIS HRK R i A
LSRR RGN R, TR R T L
H10%0ET, REERE B ER B K. BTk (PR) K
VA T Tl 2 Bk 55— UK IR 8 v T I SR A AR
B — KRR T KR Y 88.96%. KR
FATMAEE (MT) ZEAR BB Ky b Bt (5 ol 20%

( MT20PR ) i 5 & 5 ™ Ky A s el B i, 0%
H4 PR B4 53.78%, B —IKIZHE b FLIR R
53.58%. 38.47%l 4.71%., KOH AbFH R IR IG5 Tk
B CKMT ) 7EfR BEBED B b &t & o 20%
( KMT20PR ) 45 5 35 M 38 il oy /K Vs Pl e i
BN IR PR BT 24.87% ., HNO; 40T K 4R 8 78 bk
(HMT ) TESERE b B o A 20% ( HMT20PR )
FI A 08 S B Ry K VA PR i, N IR PR B
71.74%, B =W 00 5 TR S 1 44.47% .
30.36%F1 15.44%, ARFTZRMIRE (HSN) 7EfE B
Wk E Sl 10% (HSNI1OPR ) B #EH #3K %
PEBE B S XTI PR M TC B 3 25 57, JF L FRR R
Ry R — YR I A B e T S Vs e AT P R A A
R, KORIGHE AL B HNO; b B R AR J65 5 ot
OB AR S TR AL B R K I M A R B
It HEA SR G S, (RS ALBE #5101 3= 11
N EAT BRSO M, AR TR R K
PERE B AN . BER BT E B .

R3 BMUHSRBHTMENSEE (P,0) KR

Table 3 Comparison of phosphorus-releasing dynamics between phosphate rock powder and promoted phosphate rock powder (P,0Os)

. R R R HPKR R IR R eSSyl
o First release Second release Third release Fourth release Fifth release Total release
Treatment
/ (mgkg™) / (mgkg™) / (mgkg™) / (mgkg™) / (mg'kg™) / (mgkg™)
PR 47.49+0.08a 4.34+0.53¢ 0.87+0.10e 0.3440.06¢ 0.35+0.02¢ 53.39+0.47¢
MT5PR 46.77+0.39a 10.41+5.37¢ 1.2240.31¢ 0.58+0.08c 0.53+0.14¢ 59.52+5.78c
MT10PR 46.90+0.34a 20.72+3.76b 2.284+0.30b 1.05+0.12bc 0.66+0.09bc 71.60+3.89b
MT20PR 43.99+2.99b 31.58+5.49a 3.87+0.53a 1.57+£0.17b 1.09+0.46b 82.10+4.13a
KMT5PR 46.87+0.33a 5.68+0.35d 1.04+0.07d 0.50+0.07¢ 0.36+0.04¢ 54.45+0.50d
KMT10PR 46.94+0.23a 7.65+2.08d 1.56+0.33d 0.77+0.20bc 0.50+0.12bc 57.42+2.29d
KMT20PR 45.50+2.01a 15.43+6.76bc 3.18+0.62bc 1.5440.26b 1.01+0.15b 66.67+5.71bc
HMTS5PR 46.87+0.48a 5.09+0.30d 1.26+0.12d 0.47+0.06¢ 0.48+0.03¢ 54.18+0.90d
HMT10PR 47.10+£0.10a 23.57+0.93ab 2.58+0.15ab 0.95+0.04bc 0.83+0.04bc 75.03+0.82ab
HMT20PR 40.78+0.16b 27.84+1.23a 14.16+1.06a 5.20+0.79a 3.724+0.33a 91.69+0.99a
HSN5PR 46.09+0.53a 3.42+1.19¢ 1.15+0.06e 0.43+0.08¢ 0.58+0.06¢ 51.67+0.89¢
HSN10PR 46.79+0.20a 3.15+0.32¢ 1.26+0.17¢ 0.66+0.04c 0.55+0.04c 52.40+0.34¢
HSN20PR 45.50+1.16a 2.93+0.30e 1.4140.49¢ 0.66+0.04¢ 0.51+0.04¢ 51.00+0.92¢

{E: MT5PR. MTI10PR. MT20PR 735l %J i K 4K Ji 5 BOpA AL AR W48 v ket o5 LUl 5% . 10% . 20%, oAb B B 2
FRFRGEUE N 3 RELOEEIME + brEiR 2, WV EA AR PR RR TR FE2R (LSD %, P < 0.05). F[E. Note:
MT5PR, MTI0PR, and MT20PR correspond to 5%, 10%, and 20% of the mass of natural humic material in the promoted phosphate rock

powder, respectively, and the same for the other treatments. Data in the table are of means+standard deviation ( n=3 ) . Different letters in the

same column indicate significant differences between treatments ( LSD method, P <0.05 ) . The same as below.
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2.2 AT M ERBEEE MR INLIL T

1 TR BB R PROFYE BT # MT20PR
HMT20PR Zid 5 YOKRIEE ML IMERER .
K (PR) WIZLANAEGEH, 1127 em™' i PO, AEXT AR
IR v, WARIE , 966 e S PO, X Bk A 45 4 2y
v Ui, 673 cm ' D HoPO, AHSEMR WU, 1 625 FiI
612 cm™' 2 HPO,> AHEWZ IS4 | 3 410 em ™' Ry W Bff 7k
(14 ok 245 41 2 I iU 21

U

MT20PR

3500 3000 2500 2000 1500 1000
¥ Wavenumber/cm™

Bl 1 BEE k(PR )-SERE)S #6743 ( HMT20PR . MT20PR )
LLANATE (FTIR )
Fig. 1 Fourier transform infrared spectrometry ( FTIR ) of phosphate
rock powder( PR )and promoted phosphate rock powder( HMT20PR,
MT20PR )

SEEmAH L, gad 5 RRIEEE AR (MT)
50 HNO; AR SR I G T B (HMT ) 1RG4 5
W LA, AR B BT 966 cm ' 4b PO, X kA 46
P8l v WOIETE O, Rm iz A i AR B IR o [l o7
F 1127, 673 1612 cm ' 4b PO, =E X B 1 45 % 50
vy MR | H PO, AR SE I i Al HPO,™ HH S W i
oo 48] 0 S U, R AR G IV A 4 R AR
W2 BB KR k.
2.3 B M EREBRERY M X-STRITHSE

B 2 Fis i Emek (PR) FUEREBE O #
MT20PR., HMT20PR £ 5 K/KIZHEG A X-GFk
TR . B prR, B89 #F (PR) MY FRZRs A
Ca,P,0,2H,0. Ca (SO4) (POOH) 2H,0. P,0s.
Ca (PO;) ;. CaO. Ca; (POy) , Fl CaSO4. SWEW"
FitHEE, MT20PR 280t 5 RS, P,OsHl Ca (PO;)
XoF I Y AR R AT S 0 1 B B Y R R, 3R PLOs I
Ca (PO;) , MY FHIRZE FERE(R . HMT20PR £ 5
Wiz$t)E, P,0s, Ca (PO3) , fil Ca; (PO, ) , ¥R

PR B E R, W P,0s. Ca (PO;3) Ml Cas
(PO ) By FRARSE G YIREAR, TE 2 BB KR 42 1
o ATLLE W, BE Ry it 5 AR IS T A R (MT)
5 HNO; AR AR JEFE LA B (HMT ) IR G $E 5
WIa, WD S8 G A s 25 S RRAL, AT
Hsm ARSI L BEBE ) . 245 RS FTIR
FIZER (1) —3.

b d

e HMT20PR
B PR S VW S o
Ry e ° MT20PR
g
b PR
a c e f fr

10 15 20 25 30 35 40 45
20 (%)
B2 B S (R REm AEE ) 1) XS AT A PR
( a.C32P207'2H20\ b.Ca ( SO4 ) ( PO3OH ) 2H20 N C.P205 N
d.Ca ( PO3 ) 2~ e.CaO, f.CaSO4\ g.Ca3 ( PO4 ) 2 )

Fig. 2 X-ray diffraction patterns of phosphate rock powder and
promoted phosphate rock powder ( a. Ca,P,07,2H,0, b. Ca (SO,)

(PO;0H ) -2H,0, c. P,0s, d.Ca (PO;) ,, e.CaO, f CaSO,
g.Ca3 (PO4) 2)

24 FARBEMBIALIIN LI FIA B R EREFIE

K 3 R ERAPRE FTIR K3, K44
KHFEER TR W 4. W 3 ATEH, Zad AN
Sb B R SR B 5 BT MR R R BT R B R A 7E. FTIR &
ik EEAARIAIER, (B2TE 3400, 2920, 1712,
16291384 Fl 1 035 cm" 25 &b HRAF W W5 06 F IR WAL 3
JEREZES . Hoh, 253 HNO; 4B 1) KR I8 5 5
B (HMT) 7E4E O-H {219 3 400 cm ™', 5%
CH, B/ 2 920 ecm™', BIEP A C=0 HEM
1712em™", 758 C=C {HJEAY 1 629 cm ™', -NO, fif
JEF 1 384 cm ' FMAEEF C-O HIEAY 1 035 em ' 4b
PRI B 347 v T DR SR B B A B ( MT ) FZ 4k KOH
b B R R B AR (KMT ), [FIEFFE 913 F1
795 em™ Ab LT HABAE BEAORHIE A B C-H i )E
Fl C=C fii ],

2920 cm ' 5 1 629 em ! Y I T AN AR BI 55 A1k
B, TR R A HUAERL Y i 105 1 R0 S PR 55, b
BB K, 5 i M B2 5 52 920 cm ' 1 2 850 cm !
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—913

;

—795

M

KMT
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HSN

3500 3000 2500 2000 1500 1000
4% Wavenumbers/cm™

K3 BAEREFRHZLAN
Fig. 3 Infrared spectra of each activator

R4 O RIEHIFEEAR

Table 4 Chemical ascriptions of the characteristics peaks (cm ') in
FTIR spectral'*'®

e 2R
Peaks/cm ' Chemical ascription
3 400 O-H f#i}& O-H bond
2920 JE % CH, i Aliphtic CH, bond
2 850 W% C-H fi# Aliphtic C-H bond
1712 FIA C=0 M8 Carboxyl C=0 bond
1629 F5 7 C=C i} Aromatic C=C bond
1384 -NO, ffi}# -NO, bond
1035 AL C-O ffJE Carbinol C-O bond
913 C-H i} C-H bond
795 C=C fijii& C=C boond

Hh I P LA o R S0 ER ], ERAERROK, A Fas
A2 2l HMT Y55 B Ah B TSR Y 364k B 43 1 35
MT FFET 33.1%F1 65.65%, 158 HMT 48 MT 431
SERTE R, BRI AR, X ERU] HMT A& kBRI
EEEREABEE RS T MT, [ERH 25 o0 i

Kl 4 a5 e BB S e g 2R, AT LA,
RAREF A B (MT) 8RR B RSN (HSN) H
A T ARURE Y 2R T, REASHR LT 22 (R W B 037 15 . KOH
ST TSR T AR (KMT ) 2 T D) 52 30 14K 10 235
¥, 00 T JEAT B s o 1 HNO; A A K AR
JEFEBA R (HMT ) WPE R T FLARBROR S5 1, 48
AT 2 A W B A5
25 BRITFEEUEE. BUVRMENETL

H &l 5a AT LLVE Y, BEE BRI EY3S Hn, MTPR #l
HMTPR 745 if FH & F % A RO i 42 T35 R B 56
14 REH 30 KB, 25 30 RES 60 Kb, 7¢
55 30 REHEIERIR K. £ =R, MTPR
Bl N 0.3%I8 A 0.9%, 47 %50t 52 B4
JnfgkaE, o 0.9MTPR AYA S AERE RS 55 14,
30,60 K554 CKIE TN T 29.86%.29.47% .36.48%
[ REAE = AN REERHY, HMTPR Bt Jiti FH & M 0.3%
BEME 0.9%, AABE S, Hp
0.9HMTPR HYA UBETERE RN G 26 14, 30, 60 K434
B CK ¥INT 36.97%. 94.44%. 34.51%. HMTPR
TE 0.3%. 0.6% . 0.9%1iti FH 15 T X A7 Rl ol 1) 42 -3¢
[ 7K - MTPR B4 i3

Bl 4 R RAPRHOFARB TG (a. MT, b.KMT, c¢.HMT, d.HSN)
Fig. 4 Scanning electron microscope images of each activator (a. MT; b. KMT; ¢.HMT; d. HSN)
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HMTPR Ab 306G LT 52 ma 4 R B R 5 14 K25
30 Kug/b, 5 30 KA 60 KIGHN. 78 =4 RAER
., MTPR Fl HMTPR Bt A 0.3%38 0%

0.9%, ALt 2 B k. Horh 0.9MTPR 1
AHLURAERE MRS 14, 30, 60 K454 CK 30 T
34.16%. 8.05%. 47.40%, 0.9HMTPR A HLIFETE
FEFGEE 14, 30, 60 R4 CK AN T 27.29%.
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14.57%. 45.41%., 1 0.3HMTPR p4AYES CK TR EMHZER, M
M Sc iTLAEH, 7EREF 30 d J5, #4bPiE 0.6MTPR. 0.6HMTPR Hl 0.9MTPR. 0.9HMTPR 1
AR ZERANDE ., 2/ 60 d J5 0.3MTPR  HHRAEYEL B ES T CK,

O CKIE0.3MTPR 3 0.3HMTPR [ CK3@0.3MTPR 3 0.3HMTPR
- CICKE03MTPR (3 0.3HMTPR  ~ PR [J0.6MTPR 3 0.6HMTPR PR CJ0.6MTPR 3 0.6HMTPR
Moo 55 a) PR 3 0.6MTPR E 0.6HMTPR ‘&o 25rb) 0 0.9MTPR 3 0.9HMTPR c) 3 0.9MTPR 3 0.9HMTPR
) r 3 0.9MTPR 3 0.9HMTPR o ) on 100+ )
on . -~ ~
g a = 20F ab 7
# 2 s i S 15} ad B
= E b W, E E g 601
tind . T < L o
E3 10} b agiips  BE 10 i 40}
HZ b Hg |
z O s Of & 20t
z = | Bl st
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B S EPN B SEEP N B SEEP N
Days after seeding of corn in the Days after seeding of corn in the Days after seeding of corn in the
pot experimet/d pot experimet/d pot experimet/d

K5 AMesm b admE s e (a), BEAPUREE (b) AERAEDE (¢)

Fig. 5 Soil available phosphorus content (a ), soil organic matter (b ) and plant biomass ( ¢ ) of pot experiment
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Bl 1E, BRIRA RS TT iR, 2 LSS B R (R
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R R AR (3R 3) —8, DL 25 SR A AT AR
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