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clay and other mineral surfaces
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Ca, Fe, Al-P
minerals and
very strongly
adsorbed P

Very low




ols™ 4o 2.8 JICl

__ Orthophosphateions 0.1-0.5% K s N 3 28 jlow ol

ode LB J.g‘i"'
pH o) 6(HPO42_ 9 HQPO4_) ij}')“

(sl S 55 5 20) S S ST DS 5 Ol a5

F}ﬁ)}b&@j_}“\{&@



olS™ 30 jaud gl

S P JESI g o 07

ATP s ADP :ol5 (856! Jg3

: ADP 4 ATP st Ho,PO, uistus
(12000 Cal/mol) st olbews 551 s3twsl3T4

it 525 e slin 5 w58 51 ool (65 50 537
sl 8 e gy L) sl id LS 5SS 40 3

b Olinie L3 ADP 3 ATP Co ae 0 54




A\, ATP , ADP :x

OL“? )b . ’E & 00

:(Phosphorilasion) (g sué
655 a3l oS 5 4 ATP 51 HPO 4 sl

55 Mg g ADPLATP L

Membrane transpor Generation of membrane electrical potential
Cytoplasmicstreaming ~~ Respiration
Photosynthesis Biosynthesis of celllose, pectins, hemicellulose,

and lignin
Protein biosynthesis Lipid biosyntnesis

Phospholpid biosynthesis  Isoprenoid biosynthesis = steroids and gioberellng
Nucleic acid synthesis ~~ RNAand DNA
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0.003-3 ppm 4 107-104 M : J glomo ol
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(0.3%) ols” 3L =8 &1y «(0.05 ppM) Jokno samd o cdalé 30 511 Jlgw
f0gh wuxd Wb I Jakxo sl

Solution P = 0.3 ppm = ? Kg P/ha
0.3mgP

L Solution _
30 cm o b (L) & OF aox paoss

0.3 ppmP =

10,000 m* - 3 X 10° m? soil
— 0 X053 m=————
ha ha — 30 cm

3 < 10°m° > 1L 3 < 10°L soil

T T 1n3 3 1. an o [ see note below |
ha 30 cm 1 X 1077 m ha 30 cm

Assume volumertric soil water content = 18%b

3 X 10°Lsoil 5.4 < 10° L solution
2 T x018 =2 O
ha — 30 cm ha — 30 cm

5.4 X 10° L solution 0.3 mgP 1.62 <X 10° mg P g

ha — 30 cm " L solution ha — 30 cm 103 mg
0.16 kg P

ure Sciences and 5 o ha — 30 cm
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(0.3%) ols” 3L =8 &1y «(0.05 ppM) Jokno samd o cdalé 30 511 Jlgw
f0gh wuxd Wb I Jakxo sl

Since we are basing these estimates on the surface 30 cm or 1 ft soil depth, we assumme
%o of total rooting depth (120 cm or 4 ft.).

0.16 kg P
X 0.25 =

ha — 30 cm " ha — 30 cm

Thus, 0.3 ppm P in solution represents 0.04 kg P/ha; however, plants generally
require 0.3-0.5 kg P/ha/day (Fig. 5-10). Therefore, soil solution P must be resup-
plied about 10 times each day. Under P deficiency where solution P is tenfold less at
0.03 ppm P (Fig. 5-9), then only 0.004 kg P/ha is available and solution P must be
resupplied about 100 times each day.

Notze:
Converting ppm to mg/L:

03g P 10° mg " 1gH,O 10°mL _ 0.3 mgP

0.3 P=— "~ X—— o
ppm 100 g H_]O g ['I]L L ]_. SOIU rion

Converting m’ to L:

1 mL L

cm’ 10° mL

where,

( 102 cm \? . 10° ey’

m 1‘[]3
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Diffusion Coefficient

Range Average Diffusion Rate

m?/sec ——— mm/day

1070t 107" 5 x 107" 3.0
101 t0 10712 5 x 10712 0.9
10 2t0 107 1% 1071 0.13
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Acid soils
Variscite
Strengite

Dicalcium phosphate dihydrate (DCPD)
Dicalcium phosphate (DCP)
Octacalcium phosphate (OCP)
B-tricalcium phosphate (3-TCP)
Hydroxyapatite (HA)

Fluorapatite (FA)

AIPO, - 2H,0
FePO, - 2H,0

CaHPO, - 2H,0
CaHPO,
CaH(PO,);25H,0
Ca3(POy);
Cas(PO,);0H
Cag(POy)sF
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Mineralization
Organic P Inorganic P (H,PO,/HPO 4'2)

Immobilization

P Ol Sowo 5930l t36aud o 3T ©
0 0

H Phosphatase H
R-0-P-0" + H0 ——— H-0-P-0" + ROH

| |
0 0
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C:P Ratio Mineralization/Immobilization

Net mineralization of organic P

200-300 No gain or loss of inorganic P
>300 Net immobilization of inorganic P
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Commonly ] Analysis (%) % Total
Used Available
Fertilizer Abbreviations N PROs KO S P P Compound

Calcium phosphates

Rock phosphate RP 25-36 3-20 Caqg(POy)s - Fy - (CaCOj3), - (Ca(OH),),
Single SSP 16-22 11-12 8085  Ca(H,PO,),

superphosphate
Triple TSP 44-52 1-2 ?0-95  Ca(H,POy4),

superphosphate

Ammonium phosphates

Monoammonium 48-62 0-2 100 NH4H,PO4
phosphate

Diammonium 46-53 0-2 100 (NH,),HPO,
phosphate

Ammonium 35-62 100 (NH;)3HP,O7 - NH;H,PO,
polyphosphate!

Urea ammonium 16-42 100 (NH4)3HP,O7 - NH4H,PO,

phosphate’
Potassium phosphates

Monopotassium 51 35 KH,PO,
phosphate

Dipotassium 41 41 K,HPO,
phosphate
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Phosphoric Acid

O Solid Fertilizer H,SO, [
Rock Phosphate H,PO,

(0 Liquid Fertilizer Ca. {PO.)F
() Precursor Material 10(POy4)6F 2

Single Superphosphate
Ca(H,PO4), 0-20-0

)
e,
=

Triple Superphosphate
Ca(H,PO,), 0-46-0

[ Phosphoric acid Phosphoric acid

H,POs  0-56-0 H,PO,  0-54-0

Super Phosphoric Acid
HoPO, (ortho) + H,P40; (poly) NH;  NHs

v NH5 NH3 ¢ v

Y
10-34-0 [ 11-37-0 MAP 11-52-0|| DAP 18-46-0
ortho + poly  ortho + poly NH H,PO, || (NH4),HPO,

0062+H20

7-21-7
ortho + poly
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Fertilizer

Commonly

Used
Abbreviations

Analysis (%) % Total

Available

PO:  K,O S P

P Compound

Rock phosphate

Single
superphosphate

Triple
superphosphate

Monoammonium
phosphate
Diammonium
phosphate
Ammonium
polyphosphate’
Urea ammonium
phosphate’

Monopotassium
phosphate

Dipotassium
phosphate

RP
SSP

TSP

Calcium phosphates

25-36 3-20
16-22 11-12 80-85
44-52 1-2 90-95

Ammonium phosphates

48-62 0-2
46-53 0-2
35-62
16-42

Potassium phosphates

51 35

41 41

Ca1g(POy)s - Fo - (CaCO;z), - (Ca(OH),),

Ca( H2P04}2

Ca( H2P04}2

NH;H,PO,4
(NH4)2HPO,
(NH4)3H on;r * NH4H2P04

(NH4)3H on;r * NH4H2PO4

KH,PO,

K,HPO,
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Total P-HaPO, Soluble P-H,PO,
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CaglPO)F, + I0HS0, + 20H,0 GO, + 10Ca80, 2,0 + HF
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(SSP) calu Oawd 9 g
7-9.5% P (P205: 16-22%) jluac  °
CugfPOB,  THSO, + B0 —3GHPO,) + TC80, 0 + S xio

Cayg(PO, ) F, + 14H;P0,— 10Ca(H,PO,), + 2HEF

17-23% (44-52% P205) *

TSP
Other N-P
Other P

E
z
Q
'_
o
=
>
@
Z
Q
O
o
]
N
=
'_
o
]
o
o




(AP) pauigol (Slgilius

5 b ol b S LigaT 5 S
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(11-13% N) 921-24% P (P205: 48-55%) ,luae
11-22-0 (1-52-0) :sybxi 4>y °
DAP Ol pauigel (80
(18-21% N) §20-23% P (P205: 46-53%) luas
NHs HoPOs NHHoPOs 18-20-0 (18-46-0) : s skxi 4>y  ©

Ammonia T Orthophosphoric  —  Monoammonium
4 ol S

acid phosphate

H3PO4 (NH4)2HPO4
+  Orthophosphoric  ——  Diammonium

Ammonia . ~
acid phosphate < | e J 9-’5%0 ¢

2 NHs

cje g oa it i pipobie w¥ldeoss
SR 9 I g0 ST i yo colaal b




DAP s MAP &sslis

3.5 3905 15> 50 MAP 845 U1 b1 PH
8.5 3905 15> ;o DAP g5 1 b1 pH
14l 9 4ly ) 4 Wl Cuw DAP e5ligol wdgs
SLigel udgh a1 ST &l g 3957 SOl (SYLPH
. lgid! 4o
INH + OH >NH, +HO 395 Oy Hldie paly
I 3l Aol
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Source Total P Inorganic P

% of Dry Matter
Animal waste

Swine 1.5-2.5
Beef cattle 0.7-1.2
Dairy cattle 0.5-1.2
Poultry 0.9-2.2
Horses 0.4-14

Compost

Poultry manure 1.1-2.4
Lawn clippings, leaves 0.1-0.4

Biosolids 1.5-7.0
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Animal Total P (% dry matter) % of Total P

Total inorganic P 1520 85
Total organic P 0.2-0.3

Inorganic P in solution 0.01-0.20
Organic P in solution 0.01-0.03
Microbial P 0.02-0.04
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Application T
Source Rate P Applied

CbDME % oy — ba— b

Poultry litter 8,000 2 . 160 29 111
Biosolid 10,000 1.6 . 160 29 205




