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Soll fertility studies

Soll fertility 1s the study of solls as a
source of plant nutrients. The
objectives of studying soll fertility Is
to learn about ‘behaviour’ of plant
nutrients in solils, and how solls
supply nutrients to plants. To
achieve the above objectives, two
mayjor concepts are employed.



Concepts employed for soll
fertility study:

e Soll is a colloidal system.

* The availability concept:
Available forms of nutrients and
nutrient availabllity.
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The availability concept

The words used most commonly to
describe the supply the plant
nutrients in soll are available and
availability.

Avalilable means susceptible to
absorption by plants.

Avallability means effective
guantity (Black, 1993)




Avalilable forms of nutrients

Nutrients exist in solls in different forms,
such as water soluble, adsorbed, and fixed
forms. These nutrients become available to
plants to different degrees but with time it
can be said that all will become available.
However, the most readily available form is
those in soil solution (water soluble form).



Availability factors

* The abllity of solls to supply nutrients to
plants Is affected by the following factors:

- Intensity

- Quantity

- Buffering capacity
- Mobillity



Further reading on the availability
concept

e Black, C.A. 1993. Soll fertility evaluation
and control. Lewis Publishers. 746 p.



Nitrogen In solls



1abic 1. Uisuipbuuort Ul iIN 1T altiospglicic, ycusplicic allu
biosphere.

Pools of N Total mass % total N mass
(x 1019)
Atmosphere 390 1.9
(N gas)
Hydrosphere 2.3 0.01
(soluble N)
Lithosphere 19,085 >98
Igneous rock 19,000
Biosphere 0.2
0.001
Terrestrial ecosys 0.0682
(N in soil, plants)
Marine ecosystem 0.1314

Adapted from Haynes (1986a), Stevenson (1986)
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Table 2. Distribution of N in a nutrient-poor
Amazonian rain forest, an oak-hickory forest,

a short grags prging,and a wed mgadoyy. o

tundra ecQRRHEM.- ifeesy @rals otwn
Nitrogen kg % k&K % kIR % kgdva %o

Tptall N7 56 MM2 8. hes 1. 002 1.
pbgetatio 9 2 357 4 15 9 po2q ©
gEyted 336 15 135 Ei‘ 51 a' 0.68 %
Litte 843 Z'LO 274 , 76 ., 010 |
Soil 132 o 508 3 337 5 91 7
(sampling 85 g O 4 4 2 (20 O.
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Table 3. Global fluxes of nitrogen into and

out of the terrestrial biosphere. Process

_,Qig N yr-
Input

S Wet and dry deposition (NH; )/I\EDQ*ZOO
et and dry deposition (NO ) 30-80
et and dry deposition (NO 10-
Atmospheric fixation (Ilghtnlng %&?3
Biological fixation
Industrial fixation (fertilizers) 6

Outputs O
Ammonia volatilization 36-250
Denitrification (N, + 40-350
Riegenic NO, production 1-15
FGssil fuel burnlng (NO,) 10-20
Fires (NO,) 10-20
Leaching and runoff (inorganic) 5-20
Leaching and runoff 5-20

(organtc)



Nitrogen cycling in different
ecosystems

* Natural ecosystems, e.g. forest

e Agricultural ecosystems
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Forms of N In solls

* Organic nitrogen: More than 90% of total
N in solls Is organic N.

 |Inorganic nitrogen:
Major forms:
NH,* (soluble, exchangeable,
non-exchangeable)
NO,; - (soluble, and exchangeable)



Soil R
- PP b
Nutrien > o
. /
. ././'/ /i': //
soil Nutrient
. vy i P
/ 7 bSOWTr
" _____root”

utrient ion beina —

Nutrien |
nsported o{rc

tions ",: ]
in soil “““/ e, ®
solutio | |
- »
Soil /
colloid

Figurel. Profile of soil colloidal

system as related to soil nutrients and

dla At ~ Ll N Nt ~w Ly s s~ o~ -~



Table 4. Pools of soil organic N as chemically
~ separated by acid hydrolysis.

Soil N Quantity
powlsnsoluble or (%0 saibN)
aoitthydrolysable 35
hydrolysa 20-
bMARRINO -
BAChino 85
suihairolysable 115

soHDKNQWN-N or HUN 20

(19082)
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Soll processes which transform
organic N to inorganic N

N mineralization : organic N Is transformed
to inorganic N.

N immobilization: inorganic N Is
transformed to organic N.
Both are microbially mediated.

Mineralization
Immobilization




Nitrogen mineralization and
Immobilization occurs
simultaneously In solls but In
opposite directions. Higher N
mineralization relative to N
Immobilization results in net N
mineralization and vice versa. This
Is affected by the relationships
between energy and nutrient
nitrogen in decomposing organic
materials.



Carbon to nitrogen ratio

The C/N ratio Is used as an
indicator of the likelihood of net N
mineralization or net N
Immobilization taking place upon
decomposition of organic materials
or soll organic matter in question.

The C/N ratio estimates the
energy/N ratio of organic materials.



/Si—O layer

} -

@ riccd NHior KY
Exchangeable NH " or K*
O soil solution NH# or K*

_ ) Exchangeable Ca?* Mg2* Na" H*

O Soil solution Caz"' Mgz"' Na* Ht

Figure 4. Schematic diagram of the different forms of
cations associated with a 2:1 clay mineral.



Loss of nitrogen from solls

This can occur through different
processes:

« Ammonia volatilization (Sherlock, 1986)
* Denitrification

e Leaching (especially of nitrate) (Cameron
and Haynes, 1986)
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Fig 2. Hierachical class of soil pore space accoding to
Elliott and Coleman(1988).

1= macropores, 2= pore between

rnmarcrvrnannvronatoce



Nitrogen requirement of plants
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Evaluation of nitrogen availability

2 types of soil analysis for this purpose:

« Evaluation of residual nitrogen in solls,

« Evaluation of nitrogen mineralization
potential

(Goh and Haynes, 1986)
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Further reading on soil nitrogen

 Haynes, R.J. (ed.). 1986. Mineral nitrogen in
nlant-soll system. Academic Press. New York,
_ondon.

e Stevenson, F.J. (ed.). 1982. Nitrogen in
agricultural soils. American Society of
Agronomy, Madison, Wisconsin, USA.

e Stevenson, F.J. 1986. Cycles of soil: Carbon,
nitrogen, phosphorus, sulfur, micronutrients.
Wiley, New York, 380 p.




Soll Organic Matter (SOM)
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