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Table 1  Pot experiment on ultrafine activated rock phosphate

Jiik:is

Ak 3 B o 2 o
Application rate
Treatment Type of phosphate fertilizer .
(gpot™ )
CK — —
RP B A 3.33
Sp i W R A 3.33
DAP Wil 0.74
UFRP B 2B B K (RP,BF B 30 min) 3.33

UARP1 8805 L85 45 (RP + 1% SL, #F 2% 30 min) 3.33
UARP2 8 % LB 5 45 (RP + 3% SL, BFEE 30 min) 3.33
UARP3 3% LB 5 85 (RP + 5% SL, )& 30 min) 3.33
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Table 2 Particle size distribution and phosphorus composition of ultrafine activated rock phosphate(P, 0, )
FHEEES A Y 0 L 151 T 5 ] R AR &R
Type ofP Appending proportion Grinding time Particle size (pum) Available P Labile P
fertilizer of activator (% ) (min) D50 D90 (P,05,g kg - ) (P,05,g kg ! )
WA #H Rock
phosphate 0 0 — — 44.68 £0. 03¢ 3.90 0. 00f
AT Ry 0 30 0. 81 2.15 67.18 £0.20de 12.47 +0.0la
Ultrafine rock 0 60 0.72 1. 66 67.39 £0.27de 12.46 £0. 15a
phosphate 0 90 0. 69 1. 60 69. 14 £0. 12be 11.71 £0.25b
B fL B A A 1 30 0. 84 2.67 64.84 +£0.20f 10. 52 £0. 33de
Ultrafine activated 1 60 0.83 2.18 66.50 +1.23e 11. 66 +0.40b
rock phosphate 1 90 0. 80 1.99 68.38 £1.07cd 11.21 £0. 13¢
3 30 1.83 5.63 66.76 £0. 06e 10. 67 £0.05d
3 60 0. 86 2.28 67.62 £0.25de 11.76 £0. 13b
3 90 0.82 2.16 67.37 £0.03de 11.85 +0.02b
5 30 1. 80 7.02 69.38 £0. 09bc 10. 14 £0. 06e
5 60 1.41 3.16 70.89 £1.07a 10.90 £0.07cd
5 90 0. 88 2.34 69.89 £0. 16ab 11.14 £0. 15¢

TE :+ D50:50% H FURLAL A% E Bl 5 D90 190 % By UK A% Y Fil o P39 B + A i i 22 CHIBRE AL 300 & Wik ) | [6] — 500 v JE A ] 5 & 2 7 Ak L 1) 22

F i3 (p<0.05), F[A] Note; D50, grain diameter scope of 50% particles. D90, grain diameter scope of 90% particles. Means =+ standard deviation

( phosphorus in activator subtracted). The different letter in the same column indicates significant difference at p <0.05. The same below
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Table 3 Comparison of phosphorus releasing dynamics between RP, ultrafine RP and ultrafine activated RP(P, 0, )

G RIS AL 0 L 451 BE 5 B 1) USEAEIRE B
Type ofP Appending proportion  Grinding time Water-soluble phosphorus (mg kg ™") Total
fertilizer of activator (% ) (min) K First 5 — % Second 5 =K Third (mgkg™")
Wy H X .

Rock phosphate 0 0 31. 10 +0. 94f 70.13 +0.61h 110.7 +1. 8f 211.9 2. 2gh
B AN B A 0 30 6.60 +3. 40f 14.00 £0. 54h 22.70 +0. 45f 43.30 +3.30h
Ultrafine rock 0 60 9.93 £0.01f 22.67 +8.36h 49.32 +4.38f 81.92 +4. 08gh
phosphate 0 90 9.79 +0. 461 43.00 £0.07h 77.54 +6.55f 130.3 £6.9gh
RIS LB K 1 30 31.93 0. 72f 168.8 £5.9g 101.0 +3.7f 301.7 1. 4¢g
Ultrafine 1 60 30.39 +1.53f 106.8 +5. 0gh 95.19 +2. 13f 232.4 +4.4gh
activated rock 1 90 28.48 +1.32f 48.44 £5.55h 55.43 +3.85f 132.4 £10. 7gh
phosphate 3 30 2842 +110d 1 852 £51f 1 418 +98e 6 112 +158f

3 60 2714 = le 2534 +45¢ 2 181 £32b 7 429 = 14d

3 90 2 805 +55de 2024 +112e 1930 +29¢ 6 759 =28e

5 30 4 347 +137b 3135 £13b 1482 +31e 8 964 +118b

5 60 3669 +20c¢ 2364 £65d 1703 £92d 7736 £177c

5 90 4935 +22a 3367 £51a 2922 +162a 11 225 +234a
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BEGH AW B /NG G UARP & b J A A% Ak =25 0
S UFRP #2357 26.5%~40.0% , 2 5 B %, 5
SP I DAP 4b B AH b b Bl B 2 &, /vl T
18.4%~31.3% 1 6.4% ~ 17. 8% ; UARP 4 &b # [ty
AR AR 2R W5 & i UFRP DL J SP A BEmEAT B AL, &
B A W RS LR B VE A G



4 1

BERAE RO AL S X BB B 2R A5 S L R R 147

3696

3437 -—

3619
3537

G
>
Z
[}

3538 +—
3453 -—

3696
3620

(=)
>
g

3696

3619
3537
3429

UFRP

3696 J
3620
3538 -—f
3468 -—

RP

3696
3619

35394—;

3432

| ' | L | L | L | L | L | | L |
4 000 3600 3200 2 800 2 400 2 000 1 600 1200 800 400
W% Wave number (cm™)

: RP: @B K ; UFRP: @AABET K (RP, BFEE30 min) ; UARPI: BHIEILEETH (RP+1%SL, 30min) ;
UARP2: @BHISEAL#ET K (RP+3%SL, 30min) ; UARP3: M#UEALEEH K (RP+5%SL, 30min) Note: RP, rock
phosphate. UFPR, RP ultrafine grind for 30 min. UARP1, RP ultrafine grind for 30 min with an additive of 1% activator.
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Fig. 1 Infrared spectrum (IR) analysis of RP, ultrafine RP and ultrafine activated RP
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Table 4 The effects of different P fertilizers on the biomass of corn (g pot™")

Kb ¥ Treatment 2L} Stem-leaves R & Roots W) Total biomass
CK 2.28 0. 13e 0.41 £0.08e 2.69 +0.07¢g
RP 4.23 £0. 16d 0.64 +0.08e 4.87 £0. 11f
SP 18.72 1. 69¢ 2.63 £0.29d 21.35 +1.43d
DAP 18.09 +0.22¢ 3.31 £0.49¢ 21.40 0. 34d
UFRP 17.14 £2.05¢ 2.66 £0.69d 19.80 £ 1. 57e
UARP1 28.97 +0. 64a 4.80 £0.25a 33.77 £0.40a
UARP2 21.98 £0.51b 3.60 +0.38bc 25.58 +0.32¢
UARP3 23.35 +1.24b 4.09 £0.22b 27.44 £1.08b
RS EXREHROBEFRABR
Table 5 Phosphorus use efficiency of the corn crops different in fertilization treatment
e [EEN I W
it P content ofstem-leave P content ofroot P uptake of corn WRAR R
Treatment . . . P use efficiency (% )
(P05 gke™) (P05 gke™) (P, 05 mg pot™")
CK 1.31 £0. 03f 0.79 0. 04f 3.31 0. 12f —
RP 2.87 £0.08a 1.45 £0.01a 13.02 £0.37e 8.83 +0.00e
Sp 2.04 0. 15de 1.08 £0.01b 40.96 =3. 15¢ 10.24 £0.01de
DAP 2.27 +0. 04cd 0.86 +0. 00e 43.84 +0.29¢ 10. 96 0. 00d
UFRP 1.91 £0. 12¢ 0.95 +0.0lcd 35.20 +3.42d 15.88 £0.02¢
UARPI 2.47 0. 08bc 0.98 +0.00c 76.36 £1.35a 35.76 £0.0la
UARP2 2.67 +0.32ab 0.94 £0.00d 62.04 £1.09b 28.97 +0.01b
UARP3 2.41 0. 23bc 0.88 £0.0le 59.89 £2.85b 27.63 £0.01b

PR B e R, S 0 A 45 A B 1) A AR
S O e L A Al A Ak B Y B 3 4R v, Hodh UARPI
A PR E K ML PR OB W BE A A, 8 UFRP T
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Lo 5 0 95 Ak 70 4 B S AL T RS
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40
35
30
25
20
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(P205, mgkg™)

a

—

X R I, ¥
2.4.3 ERWRE LEAXBESE
7, AN TE) A AR A 3 T K e 3K e - A o

R e B 2R R AR

B R ROR = FaA

e
N ‘ \
[ )
CK RP

Sp DAP

UFRP UARPI

AbFE Treatment

| B EIKF (p<0.05, Duncan’s Test)

UARP2 UARP3

Note: The different letter affixed to treatment indicates significant difference at p<0.05

& 2

A [e] 8 S Ak Lo - B AT A e B R T

Fig.2  Effect of application of phosphate fertilizer on soil Olsen-P
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PHOSPHORUS AVAILABILITY AND FERTILIZER EFFICIENCY OF
ROCK PHOSPHATE AS AFFECTED BY ULTRAFINE ACTIVATION
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Abstract The ultrafine activated rock phosphate (UARP) was prepared and its phosphorus availability and fertilizer
efficiency as affected by amendment of activator and grinding was studied using chemical analysis, infrared spectrum (IR)
analysis and pot experiment. Results show that the fractions of available phosphorus and labile phosphorus in UARPs in-
creased by 45.12% ~58.68% and 169.4% ~203.6% , respectively. The fraction of water-soluble phosphorus in UARPs
increased markedly with the amount of activator added. When the activator was added to make 5% of the UARP, the ac-
cumulative water-soluble phosphorus release rate of the fertilizer increased by more than 84 times. Proper extension of
grinding time contributed to release of phosphorus from the product, but the effect was not significant. Infrared spectrum
(IR) analysis shows that the PO,’” and HPO,” " -related characteristic absorption peaks of UARPs were much higher in in-
tensity than those of common RP, thus forming new characterastic absorption peaks, which indicates that phosphorus in
rock phosphate powder is turned to be available. Results of the pot experiment indicate that treatment UARP was much
higher than treatments RP and UFRP in corn biomass and fertilizer use efficiency, and even higher than treatments SP
( superphosphate) and DAP ( diammonium phosphate) , and that UARP significantly increased available phosphorus by re-
ducing fixation of phosphorus in the soil. The relatively high content of labile phosphorus and the sustained moderate phos-
phorus supply level of water-soluble phosphate in UARP were the main causes of its high bioavailability.
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