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Basic Soil Plant Relationship
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Buffers

- Buffers &= Buffer system& A 22| ALOILE FIJF IOt A2 [
E2LH pHE H3tE = A3t AlHZEC. Buffer= 8tOHCI 2 pHE!
HSE MetstCh= 20| C.
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. TSP(tripIe superphosphate) 2t MAP(monoammonium phosphate ) =
SE QIAR)| MM =T
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NH," 2| &8st 2= Solt(H &8 pH= =0t =L4.
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A3t | Z(Liming material)

A3+ Ca?%*
Clay |Ca®* +3Ca <«  Clay | Ca?
A3+ Ca?z*
K+ Ca?%*
K+




Ctefet Aot 22| BHald s St
(Calcium carbonate equivalent, CCE)

Material Molecular weight Equivalent weight CCE
(g/mole) (mg/meq) (%)
CaO 56 28 179
Ca(OH), 72 36 136
CaMg(CO,), 184 46 109
CaCO, 100 50 100
CaSiO, 116 58 86
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- Elemental Sulfur (&) [S9]
IS &2 822 H+IF Mak Z LICH
250 + 2H,0 + 30, = 4H* +2S0,*
» Sulfuric Acid [H,SO,]

* Ammonium Polysulfide [NH,S,]
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&I X2 Z(EC) >4 dS/m pH <8.5
I/2E8 LFES H/E (ESP) <15%
[Old unit for EC mmhos/cm]
- LIEEN EY
&) &= Z(EC) <4 dS/m pH >8.5
J/2S LFES H/S(ESP) >15%

. GEUEESEY

X 7/ & = Z(EC) >4 dS/m pH <8.5
T L LIES HIS(ESP) > 15%
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Total dissolved salts (TDS)

TDS (ppm) = 640 x EC
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SAR(LIES &2HH|)

LIES &3Hl Sodium Adsorption Ratio (SAR) =

Na®*
2

[/ meq/L]




x| &AM LIE S|

- Exchangeable Sodium Ratio (ESR) =
Na*
Ca2+ + Mg2+

[ £/ meq/100g]



ANetd LIES HEE

- Exchangeable Sodium Percentage (ESP)
= Na+ x 100
Cation Exchange Capacity (CEC)

[ /- meq/100g]



Response of plants to pH, SAR and EC

Tolerant

X
——
A

Moderately
Sensitive

v

Sensitive:l:

Classes of plants showing reduction in growth

=
D
|

I
I

Electrical conductivity (dS/m)

Brady and Weil 1996

Saline
Soil
pH < 8.5

Limit of survival
of most plants

Figure 2.11 Classification of soils based on salt and sodium content.
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Lightning N, Fixation

2N
; m
NH4 Plant and animal Legumes

N residues | m-symbiotic
! l Symbiotic

(2

I

1

NH4
Volatilization

Plant |Uptake

Immobilization

-
Mineralization

Nitrification

Leaching
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- NH,* 849 3= RIBHE Ol QUCH DESH NH,* O E4= A 29
ME ROHE =0, K*Ql B42 M AIZICH
. BHHZ M2S BTENO, = S48 4 UL
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MOoZ S4EC 0lst 00l = aH2 SHEH A I DNAZ S & & CF.

- NS GEA0N HANQ BROZ &M A0 20| QJALCH. L&t
M=ol MU Aot sME FAAII=0H == =0

- AAo B2 B3t= 2(CHO) S &= 0| &Lt

- HAJNEE ER CHO= M=22 MEN HEOHH &H AZES
SE8H =0 240 =2 2 CHO= M20 MIZEN HEE X
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£ &4 NH,* NO,, NO;, N,O, NO, N,
=JI &4 Amino acids, amino sugar like hexosamines, purine,
pyrimidine derivatives
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Proteins ———— R—C—COOH + R—NH; + C=0 + CO, + energy
Fungi
H NH,

Amino acids Amines Urea
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R—NH, + H,O — NHg + R—OH + energy
> NH," + OH™
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&SI & & (nitrification)

2 NH,* + 30, ====== 2NO, + 2H,0 + 4H*
Nitrite( 5/ &4

5 > 2NOy

Nitrate( £ 4/

L| & =2 BIH (Nitrobacter)
Autotrophic bacteria, heterotrophs
NO; to NO, > NH,*to NO,
NO, = =///} &H= E&0 S&EZ/ A F=LL
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2= JE(AMMONIUM FIXATION)

« Vermiculitedt 20| 2:1, lllite2 NH,* & &£ W D& Al2ILC}.

- K E M2otl Ca?t, Mg2t, Nat, H* 22 uxl& == UL



NH, 2| &gt

: NH4+—> NH, + H*

. = E&F pHOIA NH;* 2f S22 20| efaf= L.
- ME ol Ed EZ0 NH, &S &2 = [ NH; = 2 Al
&=Lt

- NH/= NO; Al pHE LH2I2HC



or

NH, O] $

CO(NH,), + H* + 2H,0 = 2NH,* + HCO4

Urea

- H* O] &8It &AM pH= =0H& LY.

« _1dE=Z NH,* > NH; + H" = NH; 2| &= S 9| stL}.

- Held EA0AM=2 NHf 2= NH; & &=4€ Jisd8 0] =0HA L.
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Plant and animal
Fertilizer residues

Adsorption

Desorption

-

Precipitation

Dissolution

Dissolution

Leaching

syngenta




.-
O
<
Q
D

. EXd S HEstPS HEAMQIP

* Forms

: Al20| E48 4 A= M2 H,PO, 2 HPO,?2
. <2 pHS E2H0ll H,PO, 2| &=t BL}.

. == pH2 E2H0| HPO,Z 2| &= H L.



N s

@
il
o

“on
S\
n

SooEu @4
- K O K0 ~ Il
X0 I of - M 0
m oz =<1
o ogm K2
T = K0 ol
= Jk I

o = - <0 qp B0
n =1 Ko
~ o =% &3
L~ = ol K _

< < & - ol 0l ol
ol t « < WM<
ol 7 J ® g < 3 o
IH + iy OlJic Ol Ol ol
IFo O <Y
) ADn ol o)l o) ) o




—d

<0
KI0
i
AN

iz UM

F

o)
Kir
I+

—

<J

oJ

(1]
wed
o
“on
c
>
(T)]




@
il
o

“on
S\
n

)
o3
0
ol 05
R
m =
=~ U
5 RO
I K
N < =
o 2 oo o M
s W s 35
S ol ® B T
2 OOk gy
o o oz ™
S &, K K 3 R
S § 3 5 a1 &
B T 5 % B N
<" oa Q Ok 3
m;_4H2HO|_o_._
E._m||_4|._@
v & S = 0 g
ill of T © < %
v .. ., < o o T ¢
Coggiiiya
0] ol
S R N

ol




Control (MHH) Phosphate (LHL) Nitrate (LHL)

Ammonium (LHL)

10 cm
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H=S0| &JotH E2 2] B C/N/P/SHI=2 140:10:1.3:1.3

- HE=2 ﬁJI & oMt gtetEe EE QIEHHLPO,) 2 HIAHIZ
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¢ 21 A0l = Al = Inositol phosphates
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st &S
Organic P =— Inorganic P (H,PO,/ HPO,%)
Phosphatase enzyme



C/P HIZ flst 1R S3t

<200 2|3t
200 — 300 214 OIAY B3t 8l 3
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EXTENT OF RETENTION

Very high
pH 6.5 for optimum
High N availability
’ - > \
g | \
7/
+Insoluble \
)t Fe/Al * SR
Medium i phosphates. \ 7 N
L7 Adsorption ' .7 Insoluble Ca'~
7 to oxides and clay phosphates. "~
e AN Adsorption \
Low| -~ I . 10 CaCo; h
s ul H | - | L~ | |
3 4 5 6 7 8 9
pH

Soil pH effect on P adsorption and precipitation.
Adapted from Stevenson, Cycles of Soll, p. 250, John Wiley & Sons, 1986.
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Ol Al

- % PO,
% P05 Ol A PRHS H &HEtCH
OxP 2RI = 2x31 = 62 = 0.43

X2 P,0, =(2x31)+(5x16) 142

0% P =% PZOSX 0.43



- %P Ol Al % P,0, &S

(2x31)+(5x16) = 142 = 2.29
2x31 62

% P,0¢ = % P x 2.29



golMZs0H(MCP) BREN /Je P,Oq

MCP = Ca(H,PO,),

= A =40 + 2[(2x1) + 31 + (4 x 16)] = 234 g/mole

P =P =AtE = 31x2x100 = 26% P
Ca(H, PO,), = 1} 2 234

H &AL % P,O.
% P,0c = % P x 2.29 = 59%



Cl&H O|Z&(DCP)0l 25 A= PO,

DCP = CaHPO,
= At =40+1+31+ (16 x4) =136 g/mole
%P =P=Atst=31x100 = 23%P
CaHPO, = 2 136

% P,0O5 =% P x 2.29
=23 X 2.29 =53%



TABLE Common Commercially Available P Fertilizers
Frequently Analysis (%) Percentage
Used Total P Formula of Main
Material Abbreviations N P,0s  K,0 M Form of P Available P Compound
Rock phosphate RP — 2540 — —  Orthophosphate 14-65  [Cag(POy)sl5 - CaF, - (CaCOs)y -
(Ca(OH)3)«
Single superphosphate SSP — 1622 — 11-12 Orthophosphate 97-100  Ca(HyPOy),
Wet process phosphoric acid — — 4853 — —  Orthophosphate 100 H;PO,
Triple superphosphate TSP or CSP — 44-53 — 1-1.5 Orthophosphate 97-100  Ca(HyPOy),
Ammonium phosphates
Monoammonium phosphate MAP 11-13 48-62 — 0-2  Orthophosphate 100 NH4H,PO,
Diammonium phosphate DAP 18-21 46-53 — 0-2  Orthophosphate 100 (NH,4),HPO,
Ammonium polyphosphate APP 10-15 35-62 — — Mixture of ortho- and 100 (NH4)sHP,O, + NH,H,PO, + others
polyphosphates
Urea-ammonium phosphate UAP or UAPP 21-34 1642 — —  Mixture of ortho- and 100 NH,H,PO, - (NH,);HP,O,
polyphosphates
Ammoniated normal — 2-5  14-21 —  9-11 Orthophosphate 97-100 NH4H,PO, - CaHPO,
superphosphate
Ammoniated triple — 4-6  44-b3 — 0-1  Orthophosphate 96-100 CaHPO,  NHH,PO,
superphosphate
Potassium phosphates
Monopotassium phosphate — —_ 51 35 —  Orthophosphate 100 KH,PO,
Dipotassium phosphate — — 41 54 —  Orthophosphate 100 KoHPO,
Potassium polyphosphate - —_ 51 40 —  Polyphosphate and 100 KsHP,05 - KHoPO, - others
orthophosphate

SOURCE: Follett et al., Fertilizers and Soil Amendments, p.

131, Prentice-Hall, (1981).
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B &t

% K = %K,Ox?
The conversion factor for conversion can be calculated,
2 Atomic wt K= 2 x 39 = 78 =0.82

Mol wt K,O  (2x39) + 16 94

% K = % K,0 x 0.82




H St

% K,O = % K X ?
K,O = (2 x 39) + 16 = 94
Mol wt K,O = 94 =12
2 at wt K 78

% K,0 =% K x 1.2



- OIMZE(potassium phosphates )0l % K2t % K,O H &S],
(K,P,0-, KH,PO,, K,HPO,)

% K in K,P,0,
4 At wt of K 4 x 39
Mol wt of K,P,0-, [(4x39)+2(31)+7(16)]

= 156 156
[156+62+112] 330

0.47




Hence, % K=0.47 x100= 47%

WKO=%Kx12=47x1.2= 56%
% K in KH,PO,
At wt of K 39
Mol wt of KH,PO, [39 + 2(1) + 31 + 4(16)]

= 39 = 39 = 0.28
[39 + 2+ 31+ 64] 136




% K = 28%
% K,O =28 X 1.2% = 34%

% K in K,HPO,

2 At wt of K = 2x39
Mol wt [(2x39) +1 +31 +4(16)]
= 78 = 0.44
174
% K= 44%

% K,O0 =44 x 1.2 = 53%
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Calcium(&3),
Magnesium(0tUlE) and
Sulfur(&)
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Calcium (Ca) and magnesium (Mg) cycling.
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residues S0,

Anthropogenic
and natural SO,

PSPV S .

Vofiatifization

Mineralization

Leaching

.-.-—q.--—-—-——-—-——-—q—--—-——

-

[

immobilization

Figure 6.2 Sulfur (S) cycling.
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Sulfur (S) containing fertilizers

Plant Nutrient Content ( % )

Material Formula N P,O; K,O S Other
Ammonium polysulfide NH,S, 20 - - 45
Ammonium sulfate (NH,),SO, 21 - - 24
Ammonium thiosulfate (NH,)»S,0;5 12 - - 26
Calcium polysulfide CaS, - - - 22 6 (Ca)
Calcium thiosulfate CaS,0, - - - 10 6 (Ca)
Ferrous sulfate FeSO, - H,O - - 19 33 (Fe)
Gypsum CaS0Q, - 2H,0 - - - 19 24 (Ca)
Magnesium sulfate MgSO, - 7H;0 - - - 13 10 (Mg)
Potassium-magnesium K,SO, MgSO, - - 22 22 11 (Mg)

sulfate
Potassium polysulfide KS, - - 22 23
Potassium sulfate K,S0, - - 50 18
Potassium thiosulfate K,S,0, - - 25 17
Sulfur S? - - - 100
Sulfur (granular s° 0-7 - - 68-95

w/additives)
Sulfuric acid (100 %) H,SO, - - - 33
Superphosphate, single Ca(H,PO,), - CaSO, 2H,0 - 20 - 14
Superphosphate, triple Ca(H,PO,), CaSO, - 2H,0 - 46 - 1.5
Urea-sulfur CO(NH,),+ S 38 - - 10-20
Urea-sulfuric acid CO(NH,)*+H,SO, 10-28 - - 9-18
Zinc sulfate ZnSO, ‘H,O - - - 18 36 (Zn)

SOURCE: Bixby and Beaton, 1970, Tech. Bull. 17, Washington, D.C.: The Sulphur Institute.
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Figure 7.2 Fe cycling in soils
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/n SOURCES
O] 3% (ZnSO4) containing about 35% Zn

A for foliar application
g(ZnO) 78% Zn
52% Zn
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E2F L} Cu

- EZOpHIL 700t & [ H2l= EL W K AIGHLH.

© Cu(OH),at pH>7
- 2o =2BH2 pH2A 2H Ot ALY
Cu2* + H,0 = CuOH* + H*
CuOH* + H,0 = Cu(OH),® + H*



Cu SOURCES

- &4 H22|/CuS0,.5H,0 25% Cu

- <2l OtAIHI0l ECu(C,H;0,),.H,O0 32% Cu

- Copper chelates Na,Cu-EDTA 13% Cu

- el s 214akE Cu(NH,)PO,.H,O  32% Cu
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Mn IN PLANTS :

- A2 W MnE Mn2t 22 SEIC

A/Z L Mn: 20-500 ppm
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Mn SOURCES

- A 22F [MnSO,.4H,0] 26-28%Mn

- AFSE 2E2E [MNO] 41-68% Mn
- @3} 22t [MnCl,] 17% Mn

- 2y 0lE L2HMNEDTA] 5-12% Mn
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B SOURCES

+ Borax Na,B,0,.10 H,0 11% B

- Boricacid H3;BO, 17% B

- Sodium pentaborate Na,B,,0,,.10 H,0O 18% B

- Sodium tetraborate Na,B,0,.5H,O 14-15% B
- Colemite Ca,B;0,;.5H,0 1 0-16% B
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Cl SOURCES

- o3l 9D Es 66% CI (NH,CI)
. G U 65% CI (CaCl,)
Y- B E (= 74% CI (MgCl,)
. a3 Jlel 47% Cl (KCI)

. o3l LIER 60% Cl (NaCl)
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E2F L Mo

- E2 L Mo= MoO,%* , HMoO,, and H,M00,° =£ &3=0ot 1 UL,
« E 2O pHIt =0HAIH MoO,% and HMoO, & =XI&



Mo SOURCES

. 228 ADE (NH,)¢M0-0,,.2H,0  54% Mo
. 2B UES Na,M00,.2H,0 39% Mo
RN N TR =FaI L= MoO, 66% Mo
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Cobalt




* Coc= Rhizobia €2 0| d=2 &0 &= 2Rt K45 orLI0| L.
Rhizobia free-living N,-fixing bacteria

Co= 4/20/ 0.02-0.5 ppm &0/ EZ&'5/0f 2L}

AIZ20| E46l= Co HEH
- CoSO,
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G AZ0lE 0.2-2.0% 9 7L ZEE 0 2L



S| Sources

+ Calcium silicate slag (CaAl,Si,Oq) 18-21% Si
- et ES (CaSiO,) 31% Si
« Sodium metasilicate (NaSIiO,) 23% Si



