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(=) E#E pH M
BRI 12 B, B EMRAE, MRERN=ZAREEAERBEER D, 5
F—MB 5 B GRIL BT 4R A S RP227), L 3:1 BE, 2% FrigE B Bats o
ARBNTT B (P ERERE TIEHTTRT, 1966; LU TER HIRBAE SN, IR , WE HRE
B PO %o HERERH,MEBEBEKRBORAME, BERRK, BRI DY LB ERBET
Birh PO, B 14% . GiitRHA, REMEFSEERMN pH ERELAMEXLE 1, §

®1 RAMEERER

Table 1 Ba.ic properties of powdered coal

Powdered coal
sampling locality

pH(H,O ## )
(Extracted by
water)

&5y (%)
Ash

CaO + MgO
(%)

P,0, (%)

Mo R(%)
Total humie
acid

HHL B R AL B
Hubei Zhicheng
(weathered coal)
MR A LR
Hunan Lian yuan
. (weathered coal)

)l R S
Guangxi Yongning|
(weathered coal)
I"RE®RER
Guangdong Suixi
(peat)
I T
Zhejiang Shangyu
(peat)

T3 ST R
Jiangsu Wujiang
(peat)
ZHERER N
Yunnan Zhaotong
(brown coal)

wWivm WS
Hunan Liuyang
(brown coal)

I B 5 B ®

Jtangsu Huangtan

(peat)
BREEEE Rt

Shaanxi Yijun
(weathered coal)

Ll 5 75 L 3R
Shanxi Xishan
(brown coal)

TR E MR

Henan Yiyang

(weathered coal)

3.96

4,08

4.19

4,38

6.34

6.48

7.41

7.70

0.83

3.47

0.19

0.93

2.91

8.80

6.51

174

0.02

0.02

0.07

0.07

0.0¢

0.07

0.12

32.5

45.5

22.5

SRR BMBRBIR NG PO%), HRXRH r = —0.851%*%, 12 = 0.724, XPiBH
BEERENAEIRZELY pH WEMBEE70%L Lo HIEFREL pH B 5HE
BRABHBERXNEREFEES, 1979 TLUEKRIIE 1 fEXREY TRER G
HHREES5 2% IrBRIEHENEX. ¥R 1 PR NMNEENNEEERERE 22 FER
#—FIEA 2% frijEe
EHORENR,H 80% WAEESFEN SR SRBIRNEW. b TRE R

BB EERTHRI, MEX RS r = —0.895%**, »2=0.800,
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RS S BB pHE RIS 2, TR — G 00 F , IR B0 80 pH (&, B AR sk AT DU

I AR B,

(2) BRBEROTW

BB (RP227) BRETEMIELH AR KR
W, 2% FEERHEN AE DR PO, B
FoR, R 2, ME 2 B, B RELE
Wy R O B R AR A B AL M B X B B R AT
¥k, r=0993*"* CHENR/LEOF r = 0.986*
CEMREE) . X5 ERRRESS hiERs
Bk LR ER%—, MEXNTRAR
BRMBR L, EERZNTH—FEENNEE,
TSETFREAN,IESESRNER,

(=) BREHGORW

BANY, AERREERET 2% /i
ESIREE DB IR B, X FhE RETRE R
B—ERIEN. FXNPT R BHIRERAR
FRIVEEN TRQ%HEERIKREY 0.1M,

5 ------- -l——: ——————————————
4.
3.
2 .
1} y=8540-0984x
r =—(,851 ***
0 L] T L]
3 4 5 6 1 3
Fas  pH
T R oH %t 2% FrigEt 38 o
ByBEm(25°C)

Fig. 1 Effect of pH of powdered coal
on amount of phosphorus extracted by
2% citric acid (25°C)

6
|
4»
3 ey
EN x Logy HE =05]9 LogX+ 0,257
# ol : r =0.993 **
® Logy HE=0.395Logx+0.363
r =0.986*
1 2 E 4 5 6

MAEER ] L)

«HE x———=x ‘H
2 REMHBNREE (RP227) KIEMW(24°C)

Fig. 2 Effect of applied quantity of powdered coal on the phosphorus retention (24°C)

14 100 ZEFIHED, BT EERHA T ABROMESE T, A REFBRIURMIMERE
HERNZE —EERNRBMES, BMIBAENR. FTLUBRITAATET 2% 7
BB EHTEREERN [XORERBTBPARBELRFNTEZ— (PR
BB+ TSI, 1966)), FRTRIRY pH BIR, 5 2 BHREERNIN SR % b

(FH HRZREHHBD.
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¥2 FRRES527%2 FRRERERWEHHT
Table 2 Comparison of the methods of extraction of phosphorus in humate-phosphate by
ammonium citrate and 2% citric acid

. 1:100, 65°C, 1 /NK})
29 Fr@EeIE(1:100 Pl 100, 80,
P H Yzﬁf‘;ﬁd?”’ ZSL.S‘) Ammonium citrate (1:100,65°C,Keep warm 1 hr.)
. b citric aci
Treatment (1:100 shake 0.5 hr. 25°C) pH 7.0 pH 8.1
BN E B X &
RP227 P,0,% Relative P,0s% Relative P,0,% Relative
value value value
RP227+H (BER®) 5.03 100 1.16 100 0.89 100
(Huangtang peat) 3.20 63.6 0.47 40.5 0.37 41.5

#2 B8 (1) REFBERRIKEM ML+, 1R DRI AEE R, R -—K
BRI BRI I ZE pH RN 4R tHAY PO, BEMR, BRETERORRIETEER
REMRIER; () REN BB KRR HRERR R AER R, Tk M3 &
REBNBRERDERR, XBREFAENRAKRTREAR T REEREIERNE
Wil o

LEKIRI (100 BFDRMIRF , M EHY (EERLHD AREE G R) AMAKXR
B PO, indEik , BN A RA R HimABEE & (40 BRIK PO, SRR , WK%
B (LA 3 f14) S5HBRREBRTE PO, WELEAR E—8. ME 3 haLIER, MAK
MR SRR RBOBRREREX, r = 0.999%, £/ 4 &1, FER AR SR
BB ELER, » = 0,999, XELRERE, 2% TREEREBAEN HAN M
EIRR, THER S5KEBHE— BRSO R R AR DA —MRAER Mo

15t y =2.432x —0.140 1
= ok
12, \ .87 r = 0,999
y=0125X+ . 12t
— * —
—~ 10} r=0 999 R
- ®
. ;
o"‘ ] n'N
S ® oF
* B
B 6r
3
3% 40 80 L
A Py O (%3%) 0 1.5 30 4.5 60
Fanmk (%)
3 FEARE(ERE PO, B)REEYR A4 ZEKIRK(S 40 B3E P,0,) ARE A
(EHE, 3 5=z’ P,0, E(24°C) BERER(EEIRFEN PO, &(247C)
Fig. 3 1% ount ol P,0, retention by Fig. 4 P,O, retention by different quantity
powdered coal (Yijun, 3g) treated by of powdered coal (Yijun) in aqueous solution
aqueous solution with different contents containing 40mg of P,0,(24°C)

of P,0s (mg, 24°C)
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(I FSREAEFHEmn

AT HERIESSESHE TN AEOEN, HITHRBERKA 0.1 N HCL &K 24 /)
b, XA ARI SHEHETF. RELREREEC, TH. LEFGBN
pH 53507 6.46 71 4.020 % LR HAT IR B0 B B4R R POso MUBARMIRTE(E 3)E
AR, BRBELLS, R iR B B BATIR B — A, XMIER, RREL KI5
FHETLG, CAERREBEH BERE, RN R HEREA 232 FEA8 R 5is
FB TR Mo

%3 BREREBNTERENEXNEAHES

Table 3 Effect of powdered coal washed with acid on the amount of extractable phosphorus

R B B B
it ] . Ammonium citrate
Treatment ‘
pH 7.0 pH 8.1
RP227 100 100
RP227 + H (R HER) 40.5 41.5
(Huangtang peat)
RP227 + H (B R R, B¥k)
(Huangtang peat, washed with acid) 80.1 78.6

Srell EERAILIOS U, 2% rEREREBENAENR, EREERNER
L ETERER T SSEEEE T 5N RER SR M.

=, SUERRHHBRR AL

REAERARBRENREREARE, UTHEIHRRERRRTAHERROMH
B RME,

(=) HBREHRBHUR

— R, AL RS oH BR T, FERGHEHETHES, MABSEES TH,
Hit, R AR PR MATLEH S TEENRAA N XETREER. K4 RE 22T
BRELTA B AP S 0 = R R R B BRI R o

T4 REBBOMEUR

Table 4 The effect of sulfates on the desorption of phosphorus of humate fertilizer

£ R A 2% HEBR 2% Fr R EE-5%K . SO, | 2% 1R B -5% Na,SO, 2% B -5%
Extractant 2% citric acid 29 citric acid- 2% citric acid- (NH,).SO, 2% citric
5% K,SO, 59% Na,SO, acid-59% (NH,),S0,
' iEPoRi: X RN LiEPogid
ki P,0,% |Relative| P,0,% Relative P.0,% Relative P,0:% Relative
Treatment
value value value value
RP227 5.03 100 5.40 100 3.65 100 7.65 100
RP227 +H( B R R)
3.20 64 4.70 87 2.35 64 6.45 LE!
(Huangtang peat)
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M4+ BN, BMARREEHOERL 5% KSO, Nk, ERROBBRANER
2% T R SRR OV BOR i IR S EAAEN B 36 2 W/ DF 13% , IRR MR IE 64 %
(23/36)0 NaSO. BB BE3E , (NH,) SO, B 5 KSO, #if, (HiZ BRI H. WikMR
5 TRE [5% (NHDS0, £ 0.4 M, 5% NaSO, #] 0.35 M, 5% KSO, £ 0.3 M] it &, 2
ERHAE PO BthB AN —ERHBX AR, BERN, RN 5% KSO, fEEH R
HARBRIEN .2 X-THEE, EHAaREREAE, 2 THRNA KCa(s0,), -
H,0, XA[EER KSO LT MR RNERZ—,.

(=) BILHEIRT R

IRIBEREATIRL (Seidell, 1953), HHIBBEHNBER TEE, BRI HH
BRENAR. K5 RE 2% FERBRPBM=MELYHBRTEBZR.

x5 RBLHOIMBHR (P.0.%)

Table 5 The effect of fluorides on the desorption of phosphorus ot humate fertilizer

o = 2% T EE-3% NaF | 29657 R 8- 3% KF 2957 i 8-3%NH,F| 2% FiRM:
H 29% citric acid- 29 citric acid- 29% citric acid- 29 citric acid
Treatment P 3%NaF 3% KF 39 NH.F o ¢ a
N (26°C) (267C) (26%C) (27°¢)
RP221 - 4.70 5.05 5.90 4.05
RP221 + H
(R R 4.08 5.05 1.80 0.75 -
Lianyuan weathered
coal
?gizll”gﬁ'; 1.82 4.25 1.10 0.70 -
Wujiang peat
(‘gghjtg) 6.48 4.30 1.16 2.75 -
Yijun Weathered
coal
‘é‘gi‘gﬁ‘; 7.41 5.15 4.95 6.65 -

Xishan brown coal

M5 FEIIEW, &N NaF FERENRE, EANERHBTOER# &
(4.70%) b B8R, T A RE RN oH BET/L, HEHBELERE, BERFEKIN
FERIL BERN AR, XS b, Ll NaF B RER/N, EISCHIREAR,
NH.F f1 KF RS RERSEH, (EREUWERT . BRRERA,.

CaF, ZE/K P RO REIE DY 18 BT /FF, BIKT CaCOso MgF; WU 130 B/ F
Hoh, XS RMEE FHARBRNESEM FUAEERE, stk AP REHE
FHEEERIRE IR, B ALY T M T HiER o

(=) AfARRHNE

PRAH 2% FriRER-5% KSO, RERUUG RIS 5% K.SO, IR ik (Bedk .
30 2Tt 5% KSO, Ik /NN, B B EE 4 ), 70 BIMIE SR BESIRIOBER, 45 R (32 6)
W BT B SEREATMETREH#RNOAME (33 %R PO 54 RERRERD
ARG E R~ Xt EHIER: (DAEARKNIER—MRERN, BAME6
AAEE], 5% KS0, X S5 B 3 A BB RS T LU ER B P 4 R BAIBE,
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M R (RP227) RERPOMER, RAT B RER R 22 R RI B, E 2K BA R
ABE T REREX, BRRZERREUOBEALHERUEFENRERR (DORE
REEERHTHESHETORBEARIIE. XREIRT LRXTHESR SR
B RABERXM, L RE IS RERNRNEH B &ERRECRE REGERLIS,
F H— MR, AET NaCl B K % KSO R A PRIk E 4 R, S W R S AERN 14%,
Xt R, K80, FrilsE@xt AEIRE S AREAEIL, BRE SME T, A2 855
TROBRAE A %o
%6 5% K5O, ARRANER

Table 6 Desorption of phosphorus in residue treated with 5% K,SO,

4 H Treatment 2958 M - . 5% K80, (iR X
505K,SO, Residue washed with 5% K,S0, g
PO, 2%citric acid-| #H — & - S, 4 =K MR Sum
PrASample mg 5%K,50, 1st 2nd 3ed 4th

RP227 22.0 0.96 0.12 0.05 0.05 23.2

RP227 + H (B ERIR)
(Huangtang peat)

18.7 2.16 1.23 0.90 0.62 23.6

= BAEBAGIIS R

MAEIRATER AV ER AR R, I BZE 2% 7 BV P VR IR AR H AL (L 1A,
ARAELRR ERFTZ AR ENE, T HER R EHRA—EKIEN. 2L, ERNER
ImERER F AR T LR EANRSE , BHN S BBIZE R BRI &I N 5 T
EILALUSEHERNER T E 2% R, 2% AN 7% WmEH =R &2 E
flo

FRIR SR BUNE T A =07 M T 7 915 B

L XFJER 12 MUEBOL SBT-KR SR BAER AET T Ell. 48R R, WK
P,0, B 5RO pH BUAREH:, BIERAMAR AR r = —0.851™** 204 r = —0.079, {3
B THSEHET I IENREREAERER. BMNREERE, BSIZEU{EK
BB PO, B4 4.33% (LA 5 dELR), 12 NMEBIEHE 353 4 4.29%, P = 0.05
KRB EIRA +0.40, BRMBHHINRMNOUB ERIEOHERE , HPRIET
£PARTIRE, WENEBH PO, BSFEENTNKS MEHEE SRS, WATE
r= —0675* (B 5), Ja& r = 0.693%; UHANEENKEZSXHITRRTERA—E
¥R, EER L, ROMNERRIKGEMAEENERE. BARS AR, EERATRE
BESBSBRIEAN THETIDR, XA TR & RPHEERIHER T HAIRHE
BE VR, X R A R AR RS B BUK, MBI B/l T, AR
X, B 5 BILERBLBEA T X Ko

2. {RIE AX(BEFERE, 1979) HRRZRE, /NIRRT ER#EE, 55
B AR BUHIE A LA P,O; BETHIT, S AIRBREBEMBEMEX, HXARHM
EHEHEILAE 6.7, 8.9
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& ¥ =5.320—0.0205 x
r =—0,675*
3 1¢- A A A
0 30 40 50 60 70
®a (%)
BAs BEERANUEMHEZ# (P.0)ES5FEBHRDKSSBAERX
Fig. 5 Correlation between the available phosphorus (P,0,) determined with the mixed
extractant and the quantity of ash in the powdered coal
1801 y =291% — 245
. r =0.836 ** x 40 =570x + 3.5
150 - . - 5. x ot 7 x
ey 351 r=0891*
=
m ‘20" &; 30.
o ~
S B g
R 90'-
oW il
5 o
g o 5
E L
30}
! 10
1 - 1 1 ks
0 r 2 3 4 5 6 . .
R (%) 12 3 4+ 5 6
P,0s(%) P,0,(%)
He BABRMUMEHAXHE 7 BORBAMENERHE
. BINKRB B RAER Sk REER

Fig. 6 Correlation between the available

phosphorus determined with the inixed

extractant and the quantity of uptake of
phosphorus by millet

Fig. 7 Correlation between the available
phosphorus determined with the imixed

extractant and the yield ot millet

3. REBBANEE—EE KA 45 MBI RN PO, BREREE, 52% &
BERIERRIEREAR B, B SEYEN R RBETRMERRE r = 0.600%** KBiR

BEER.

.

ik

/P ‘n

2% Fr IRER R B R M A ARy S8 R & IR BHIEN , SR8 All,
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1801
. y =35.7x—62.4 _ 30} ™
3 150 r=0772"*
J'03\ : ~ 25 Yy =4.73%40.478
e 120+ \ﬁ r=0,827*
C, w 2+
S —
w90 Ll
0 k15
oy "l
= &
o 60} ¥ 10
¥
30 5
04 . — 0
2 3 4 5 6 : 1 2 3 4 5 6
P,05(%) P,05(%)
Bs RBAERANESHEYHE Ao BEBRBRNMENTIHE
CL &35 EOEERS ST GRLEEES
Fig. 8 Correlation between the available Fig. 9 Correlation between the available
phosphorus determined with the mixed phosphorus determined with the mixad
extractant and the uptake of phosphorus extractant and the yield of rice grain

by rice

AR, SR pH B ERX, LR b, TERZFEEL PSS S EOREM, X8
iEBA, FA K.SO. B NaF BHHRRIK R PESESHEE FREENT K, AEARITUBER
#o RN BIER, XM EAEIROVERRKENR R,

BRIED LR, FER S8 2% FBEE-2% NaF-7 % K,SO, B&#RERA, RAXEL L]
DIMR faE IR, R SEH#EARRROEY ™ BERNRHER D EOHER, LLRRB FHR
B T IR B AR A SRR R IR T, SRR 2% W BB IR BRI BT AR eI B A T — €
R o

Bi: RASRBURIRES B 6 B RIE T ik

B & R

1PN SALTIAEE. 120 BRLAEaiTRER T2 500 A RBAET 1000 A WHEEHRG),
BRRE, BMA 20 BHELW, KB HMBEL 50—60C, HEZEBM, K H,

2. BRI AN 1N 70 BALFARME T LY 400 B REA R, EKBHMAE 50—60C, HER
émﬁs?%mo '

KRBREEERRIMAN RE SR, BA)G, £ 1000 EAXERKRBHNPEE. HABA
SRR o, AR IR A SR B I A 7 o

WEBRET

HEFEMT | EB SR BAEARA, BT 200 & 250 HFHBEUEH, MARS REN 100 ZH,
IR EER, BEHE/ANN, SR AFRETEANEERS, BEPmABEO.5 REHL, BRER
B 1—s &7, BEZELE P EMER T WA R, 1966),
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chE R 25 - IR FERT, 1966: Big R ERBHIMITRRE, PR L1451 H, 919314, :
ik, 1966 RIMEREMNBRERM. YRR, 21, 957 &, !
BE#S, 1979 REnERR4OMT, LHFER, 38, 282—-289 [,
Carolan, R., 1959: Solubilisation of phosphate rock by composting with peat. J. Sci. Food Agric., 10, 207 -

209.

Seidell, A., 1953: Solubilities of inorganic and metal organic compounds. 3rd Ed., Vol. 1.

THE DETERMINATION METHOD OF AVAILABLE PHOSPHORUS
IN HUMATE-PHOSPHATE FERTILIZER

Jiang-Bo-fan, Gu Yi-chu, Wang Zhen-rong and Duan Ping-mei
(Nanjing Institute of Soil Science, Academia Sinica)

Summary

The available phosphorus was extracted with 2% of citric acid from 12 humate
phosphate fertilizer composed of different powdered coal* and rock phosphate. The
result obtained showed that most of the extractable phosphorus of the samples was of
negative value, while the lowest value was only equal to 14% of the PsO; of powdered
rock phosphate.

The change of the negative value of the extractable phosphorus significantly cor-
related with the content of calcium and magnesium in powedered coal.

The result also showed that the mechanism of the negative value is mainly due to
the secondary retention induced by the calcium and magnesium ions of the powdered
coal.

Based on the results mentioned above, the phenomenon of negative value can be
eliminated by using potassium sulfate or sodium fluoride to eontrol the activities of Ca
and Mg ions in the extraction system.

In this paper a mixed extractant composed of 2% of citric acid—2% of sodium
fluoride—7% of potassium sulfate which ean control the activities of calcium, magne-
sium, iron and aluminium is proposed for the extraction of available phosphate from
humate-phosphates.

Pot experiment with rice and millet showed that the mixed extractant can ba-
sically eliminate the negative value of extractable phosphorus from samples, and the
quantity extracted by the mixed extractant is well correlated with absorbed phosphorus
by plants from the humate-phosphates as compared with the extraction of 2% ecitric
acid. It is proved that the mixed extractant may be more practical for extraction of
available phosphorus from humate-phosphates.

* Include weathered coal, brown cQal and peat, *



