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Table 1 Types of phosphate rocks and their accompanied principal minerals
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Table 2 Chemical composition of apatites

No. PO, Cco, F CaO MgO Na,O K,O - F=0 Total
2 38.7 3.62 4.37 54.3 0.134 0.621 0.134 1.84 100.04
23 40.6 3.02 3.92 54.2 0.056 0.180 0.045 1.65 100.37
1 40.4 1.94 4.63 54.1 0.118 0.704 0.111 1.95 100.05
65 42.0 1.83 4.05 52.9 0.109 0.716 0.129 1.71 100.02
77 41.4 1.79 4.09 53.2 0.179 0.949 0.074 1.72. 99.95
43 40.1 1.69 3.97 55.0 0.212 0.637 0.124 1.67 100.06
60 42.5 1.31 3.51 53.5 0.080 0.542 0.067 1.48 100.03
19 41.5 1.32 4.05 54.3 0.081 0.424 0.052 1.71 100.02
78 | 41.5 1.25 3,98 54,4 0.071 0.479 0.079 - 1.68 100.08
9 41.9 1.13 4010 53.8 0.282 0.470 0.086 1.73 100.04
27 1.5 6.791 3.52 55.2 0.082 0.270 0.135 1.48 100,02
21 1.4 0.610 3.96 55.0 0.135 0.464 0.070 1.67 99.97
44 42.4 0.566 3.65 54.7 0.111 1.20 0.028 1.54 101.12
1t 41.1 0.526 4.81 53.6 0.485 1.05 0.428 2.03 99.97
26 41.9 0.414 3.74 55.1 0.055 0.253 0.095 1.57 99.97
28 40.7 0.290 3.45 54.0 0.267 1.01 0.686 1.45 98.95
32 42.0 0.262 4,07 54.8 0.037 0.496 0.061 1.71 100.02
30 42.2 0.172 4.08 55.1 0.039 0.092 0.098 1.72 100.06
35 41.7 0.156 3.18 55.8 0.213 0.205 0.067 1.34 99.98
7 42.0 0.082 3.84 55.3 0.032 0.337 0.038 1.62 100.61
13 42.2 0.064 3.77 55.0 0.035 0.515 0.083 1.59 100.08

RACK, BT EE M RN A iF o MRS RE R P 8 2 M i AT B 1, Da, M
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Table 3. Crystal properties of apatites
=1 By
& 5 . Ung?—celli%ﬁ) B E%ryﬁl sijzce(g.ljs* Co, faf
Ne.
a0 Co Da, (300) De, (002) Index -
2 9.35643 6.89242 - - 0.467
23 9.35668 6.89289 — - 0.417
1 9.35056 6.89746 575 635 0.285
65 9.36426 6.89641 637 613 0.187
79 9.35763 6.89610 575 769 0.281
43 9.35586 6.88892 824 720 0.206
60 9.36952 6.89207 723 971 0.151
19 9.35950 6.89336 676 849 0.225
78 9.36736 6.89318 743 1126 0.065
9 9.37087 6.89172 663 769 0.172
27 9.36462 6.88334 -— —_ 0.093
21 9.36647 6.88531 1281 1103 4.111
44 9.76640 6.88263 1061 1849 0.074
11 — — —_ — 0.031
26 9.36340 6.88217 1061 938 0.069
28 - — — — 0.122
37 9.36978 6.88379 1353 1082 0.047
30 9.35485 6.88307 1353 1422 0.062
35 9.37443 6.88113 1570 1273 0.009
7 9.36790 6.88301 2242 1849 0.145
13 9.37125 6.88158 2056 - 0.008
* ETRESNE B LE.
F4 PREDERERSHHYHIEMYERLRE"
Table 4 Correlaiion matrix between crystal properties of apatites
and their correlation to the response of buckvyheat
CO,% |[COs/PO, ag €y Da, D¢, CO,-1n Y1 AP ACS
CO,% 1.000
CO,/PO, 0.999 1.000
e —0.576 | —0.582 | 1.000
cn 0.766 | 0.745 | —0.506 | 1.000
Da, - —0.863 | —0.857 0.424 | —0.812 1.000
D¢, —0.767 | —0.766 0.272 | —0.727 0.771 1.000
CO,~In 0.926 0.929 | —0.665 0.702 | —0.636 | —0.588 1.000
Y1 0.674 0.664 | —D.636 0.615 | —0.776 | —0.738 0.605 1.000
AP 0.670 0.662 | —0.721 0.664 | —0.793 | —0.769 0,626 |  0.978 1.000
ACS 0.795 0.782 | —0.454 0.734 | —0.841 | ~0.748 0.705 9.767 0.763 1.000

Yl = Rate of yield increase. ‘
AP = Relative ratio of absorbed phosphorus.
ACS = Absolute citrate solubility.

* R A6 MRENRETE B AREL ZREDEITZER.
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0.516, p = 0.01) % E:I%, MLlaBG U | KBRHE (Cit-1) 5 = RiEx
B (r = 0784, p=0.000) %Bi&E. RBA,WEREE TR i ENRRET %
TR TEZE TRy hARBRE 20 TR, FEREREABEE
Bo BN, MEREHE 2 RBIRMEER (Ocit-2) SHPRIEREAR (r = 0.740, p=
0.000) B EER, NERNBBREWTRFEETIEH. Bl 3E 2 X ETas
(Ocit-1, 2) SHPRPERERE (r = 0.669, p=0.001), BRLERHSF 1 KEHE
R (r =0516) HEMRAEGS EHTHZHE | kTHROZN, AT EMRE 2 5k
(Ocit-2) MR (r = 0.740) Ho XL L ERENESHENRHENRR Lo B
B AT, PSR R e A U TRER IR T Iy » B VA IR B R M B SRR R 0
Fg, MWAHAME, TSR 1 %k (Cit-1), SRS 2 & (Ocit-2) Big
R SR (YD) RIS BEACE, BUMZE#. B Ci-1 M Ocit-2
SR ARSI Da F Do 4 14 MBS HAAEXE(R 6) TR, 4B 21

£5 2% HEBEERBRIEERE S BT SN RN
Table 5 Correlation matrix between 2% citric acid soluble P,0; and

the response of buckwheat to powdered phosphate rocks

Ocit-10cit-2l0cit-3 OIC:Z“ ?f;:; Cit-1] Cit-2 | Cie-3 (i‘,tz" Ciz‘;;’ Yl | AP AcCS

Ocit~1 1.000

Ocit-2 0.808] 1.000

Ocit-3 0.768] 0.965] 1.000

Ocit-1,2 0.938| 0.940| 0.894] 1.000

Ocit=1,2,3 0.919] 0.969] 0,953} 0.979] 1.000
' cit-1 0.669] 0.827| 0.827] 0.765] 0.812] 1.000

Cit-2 0.694.0.873| 0.902] 0.799] 0.861/ 0.951 1.000}

Cit-3 0.647] 0.844] 0.907| 0.761) 0.834] 0.882| 0.959] 1.000

Git-1,2 0.692| 0.863{ 0.876] 0.794| 0.849] 0.988! 0.988] 0.932| 1.000

Cit-1,2,3 0.686] 0.870] 0.901| 0.795| 0.857( 0.967 0.993| 0.970| 0.992] 1.000

YI 0.516] 0.740] 0.697| 0.¢69 0.680| 0.784] 0.762| 0.646 0.784 0.749| 1.00

AP 0.606{ 0.768] 0.723| 0.733| 0.734] 0.780| 0.768] 0.649| 0.785| 0.752| 0.978] 1.000 ‘
ACS 0.580] 0.706| 0.713| 0.671 0.705| 0.871] 0.856] 0.712| 0.874 0.833 0.770| 0.765| 1.008"

Ocit-1 = soluble P,0, in lst extractant from phosphate rocks.

Ocit-2 = soluble P,O, 1in 2nd extractant from phosphate rocks.

Ocit-3 = soluble P,0, in third extractant from phosphate rocks.

Ocit-1,2 == Sum of P,0, in lst and 2nd extractant from phosphate rocks.
Ocit-1,253 = Sum of P,0; in 1st, 2nd and third extractant from phosphate rocks.
Cit-1 = Soluble P,O, in Ist extractant from apatites.

Cit-2 = Soluble P,O, in 2nd extractant from apatites.

Cit-3 = Soluble P,0, in third extractant from apatites.

Cit-1,2 = Sum of PO, in Ist and 2nd extractant from apatites,

Cit-1,2,3 = Sum of P,0; in Ist, 2nd and third extractant from apatites.
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Table 6 Correlation matrix betweea 2% citric acid seluble P,O; and crystal properties
of apatites and their carrelation to the plant response of powdered phosphate rocks

Cit-1 Ocit-2 Da, De¢, CO,% C0,/PO, YI
Cie~1 1.600
Ocit-2 0.520 1.000
Da, —0.537 —0.329 | 1.000
‘De, —0.491 —0.218 | 0.776 1.000
COo,% 0.659 0.232 —~0.850 —0.772 1.000
CO,;/PO, 0.657 0.231 \—0.8-}3 —0.771 0.999 1.000 )
vI 0.531 0.352 ~0.693 —0.739 0.682 |  0.688 1.000

KETERME (Cit-1) SR ANE XGRS TAREEME F00K8, 38T
FEBESH LRERENE S KB EY AN ERETGEEMMT RS
Bito FIBLZEB BRI TR, 2% T 36005 B 0 T SR 08 B, W DL SR B SR 1R VR v i 0
Ho 51 REVBIEATDL A LG HT B OB BREL D M0 T2, 3R , B AR M 3R iy
TH# 2 REBROBE SRR B B AR . MIBR 5 MAMOBETE, &
PR 2 IRINERBER SR (YD) BIMERAN. s (R =0.55) WESE
1REO AT (R* = 0.27) REWUESH - HFEA. '

£ 4 T3 5 PBRIIH T A2 EEX B HIERE, SIHERE (A. C.S.)
EAEA R Lehr™ SRR, XWEMKGN— 288, THE LR

ACS, — TRUERAREREREYE PO(%)
. WA PO, EIEEA (%)

Lehr “%iA2%0, TR AMISIE B3 - BABREY PO, 8, S GHN PO, Sfr>
Bk PR 24 2 b ) P R B AR, KR AR M. RAER— BBy A, BRANE S
BEbE A B R B, HE PO, MIRAERAMED, bl e B2 S A3 (LT 3
B, BRSNS R AW MR AR SO BRI S R X e g,
B THR AT PO, SALIE AT, MBI A 5 i TR AR 28 L 7R e A
REIR o ME 4 BIEXKE, A.CS. 5 CO%E, CO,/PO, WHXLAB S 3K r=
0.795 (p == 0.000) F10.782 (p = 0.000); A.C.S. 5E&ERESHNHEERA S, &l Day 24
BE (r= —0.841, p=0.000), D¢, Yk (r = —0.748, p =10.001); A.C. S. 5
HORR A 2 B BUIE 0.763—0.767 8] (p = 0.000), XELRMUME, A.C.S. TSR
KA I 250 I8 U2 2 BOR R AR IR MBI 25 S50, TR M BRI 18E
FMBEARE (p <0.001), FHMFE S WHERER, A.CS. 55 Ci-1 WHEXRK (=
0.871, p=0.000) BEETS5 Ocit-2 MIEXRAM (- = 0706, p = 0.000), KF I
B RN R B S SO R AR S B R R B e — T HIR R,
A.C.S. ZERMBIRANE SR By W EEERARETE, BE—REANS .
(B8 A.C.S. HINIRTFHRMY L, WA AEMEDHRmME Co, RFE 2%
B RS B, 2 B A TR, B R X 5 N I SE B IR R B4 S B MOk
S5, BHRE SEARAEAE ST, Da fl Do FRLT A.C.S., LA Hil
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A STUDY ON THE CORRELATION BETWEEN CRYSTAL
PROPERTIES OF APATITE AND THE AVAILABILITY
OF POWDERED ROCK PHOSPHATE TO
PLANT GROWTH

Jiang Baifan, Duan Pingmei and Wang Thenrong
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Summary

Present paper deals with the correlation between crystal properties ofiapatite which in-
clude the substitution of PO~ by COs*", ae, co,D20, Dep and the CO; index, and the availabi-
lity of powdered rock phosphate. Phosphate ores taken from 99 main mines in China were
studied. Besides, two phosphate ores takén from Morocco and Kora in Soviet Union were
used for reference. And 21 phosphate ores were: used in pot colture experiments to verify the
relationship between their crystal structure and the availability to plant growth, and the am-
ount of soluble phosphorus extracted successively for three times by 2% citric acid from raw
and purified rock phosphate were determined, another series of purified powdered rock
phosphate were prepared for the determination of the absolute citrate soluble phosphate. The
results obtained showed that in the lattice of 101 apatites, CO: ranged from 3.62 to 0.04%; ae
from 9.331 to 9.380 A; the range of co was very small; Cao was 391—2242A; Do, 424—2000A;
the range of the CO, index was 0.000—0.493. The correlation matrix between the availability
of powdered rock phosphate and the crytal parameters of apatite showed that the correlation
between the amount of CO: and the crystal parameters was most signicant (r=0.999). It gives
the illustration of the formation of carbonate-fluorapatite on the basis of the PO.’” in fluor-
apatite being substituted by COs .. And there was significant negative relationship between COs
and ao, Da, and Dco. The progressively regression analysis indicates that among all the above-men-
tioned parameters, Das, Dco play the most important rele in the availabitily of powdered rock
phosphate to plant growth, i.e. the size of its specific surface area is an appropriate index to
evaluate the availability of powdered rock phosphate. When raw rock phosphate was extract-
ed directly by 2% citric acid, the obtained resultes were interfered by accompanied carbonate
ingredients, and the impact of calcite was obviously greater than that of dolomite. While the
purified rock phosphate were used, the impact of carbonates had been eliminated, and the reli-
ability of correlative coefficient between this parameter and the availability of powdered rock

phosphate was raised about to 2 times.



