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INTRODUCTION

Soil fertility and plant nutrition is a 3 unit-Cae. Each unit has specific
objectives which are included at the beginninghaf tinit. As a way of
background information about the course, we allvkiilbat Crops need
nutrients, just like human beings. A fertile swill contain all the major
nutrients for basic plant nutrition (e.g., nitrogephosphorus, and
potassium); as well as other nutrients needed mlsmguantities (e.g.,
calcium, magnesium, sulfur, iron, zinc, copper, domprmolybdenum,
nickel). Usually, a fertile soil will also have rse organic matter that
improves soil structure, soil moisture retentiomdaalso nutrient
retention, and @H between 6 and 7. Unfortunately, many soils do not
have adequate levels of all the necessary planientg, or conditions in
the soil are unfavorable for plant uptake of certaitrients.

Soil scientists that focus on soil fertility aretarested in managing
nutrients to improve crop production. They focususing commercial
fertilizers, manures, waste products, and compistsld nutrients and
organic matter to the soil. Sometime they also@dsmicals that change
the pH to a more optimum level for nutrient availigpto plants. Soll
fertility experts must also be careful to ensurat tipractices are
environmentally sustainable. Inappropriate manag¢menutrients can
lead to contamination of lakes, rivers, streamg] groundwater. In
addition, adding amendments to the soil is expenamd cuts into the
profitability of farming operations, not to mentidhat toxic levels of
nutrients can be as bad as or worse than tooritileents for the plants.
This course material therefore seek to providesthdents all they need
to know about soil fertility and plant nutrition.

Prerequisites
The background knowledge from biology, chemistigchemistry and
geology is required.

WHAT YOUWILL LEARN IN THIS COURSE

The Course consists of Modules (made up of unig)acourse guide.
This course guide tells you briefly what the coussabout, what course
materials you will be using and how you can workivthese materials.
In addition, it advocates some general guidelimegife amount of time
you are likely to spend on each unit of the coumserder to complete it
successfully. It gives you guidance in respect ofiryTutor-Marked

Assignment in the assignment file. There will begular online

facilitation classes of the course. It is advisdbleyou to attend these
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facilitation sessions. The course will prepare yauthe challenges you
will meet in the field of soil fertility and plamtutrition.

COURSE AIMS

The aim of the course is not complex. The coursgsdb provide you
with an understanding of soil fertility and planttntion; it also aims to
provide you with solutions to problems with soilrtiity and plant
nutrition.

COURSE OBJECTIVES

To achieve the aims set out, the course has d séjexrtives. Each unit
has specific objectives which are included at tbgitning of the unit.

You should read these objectives before you sthdyunit. You may

wish to refer to them during your study to checkyomr progress. You
should always look at the unit objectives after ptation of each unit.
By doing so, you would have followed the instrungoin the unit.

Below are the comprehensive objectives of the @as a whole. By
meeting these objectives, you should have achi¢hedaims of the

course as a whole. In addition to the aims abadwes, ¢ourse sets to
achieve some objectives.

Thus, after going through the course, you shouldlie to:

o explain fertility in tropical soils.

o describe soil organic matter; its properties anthteaance

o explain what liming is and its soil-plant relations

o explain nitrogen, potassium, phosphorus and sulpbatents of
soils

. discuss the soil as plant-nutrient medium.

o understand fertilizers and fertilizer managementheirt

manufacture, sources, applications-methods, ratdstiening as
well as handling and storage.

o explain crop growth and response to soil nutrientsjor,
secondary and trace elements in crop nutrition.
. describe nutrient absorption, maintenance andifossil fertility

in extensive and intensive agriculture.
. discuss role of legumes in soil.
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WORKING THROUGH THE COURSE

To complete this course, you are required to reath study units, read
the textbook and other materials which may be plediby the National
Open University of Nigeria. Each unit contains sefessment
exercises and at certain points in the course youldvbe required to
submit assignment for assessment purpose. At tdeoérthe course
there is a final examination. The course shoulc tpéu a total of 17
weeks to complete. Below you will find listed dlletcomponents of the
course, what you have to do and how you should@iéoyour time to
each unit in order to complete the course on timeesaiccessfully. | will

advise that you avail yourself the opportunity @eading the tutorial

sessions where you have the opportunity of comgarour knowledge

with that of other people.

COURSE MATERIAL

The main components of the course are:

The Course Guide

Study Units
References/Further Reading
Assignments

Presentation Schedule

gk wNPRE

STUDY UNITS

The study units in this course are as follows:

MODULE 1 TROPICAL SOILSFERTILITY AND
ORGANIC MATTER

Unit 1 Soil fertility in the tropics

Unit 2 Tropical land use and soil fertility relation
Unit 3 Soil organic matter

Unit 4 Properties ofoil organic matter

Unit 5 Natural factors influencing the amountofanic

Unit 6 Practices that decrease the amouwntrgénic matter

vi
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Unit 7 Practices that increase the amourdgrganic matter

MODULE 2 LIMING AND ITSSOIL PLANT
RELATIONSHIP

Unit 1 Liming

Unit 2 Liming and soil productivity

MODULE 3 SOIL PLANT NUTRIENTSELEMENTS

Unit 1 Nitrogen content of soils

Unit 2 Potassium content of soils

Unit 2 Phosphorus content of soils

Unit 4 Sulphur content of soils

MODULE 4 FERTILIZER AND FERTILIZER
MANAGEMENT

Unit 1 Sources of fertilizers

Unit 2 Fertilizer applications

Unit 3 Fertilizer handling and storage

MODULE5 CROP GROWTH AND RESPONSE TO SOIL
NUTRIENTS

Unit 1 Major, secondary and trace elements in cnapition

Unit 2 Nutrient absorption by crops

Unit 3 Maintenance of soil nutrient

Unit 4 Loss of soil nutrient in intensive agriauk

Unit 5 Role of legumes in soil

Vii
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MODULE 1 TROPICAL SOIL FERTILITY AND SOIL
ORGANIC MATTER

UNIT 1 SOIL FERTILITY INTHE TROPICS

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Definition of Solil Fertility
3.2  Factors affecting Tropical Soil fertility
3.3 Key Limitations of Tropical Soils
3.3.1 Tropical Soil Limitations
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Characteristically, tropical soils have been knawrbe fragile due to
the very high extreme weather conditions it facsich extremes
include rainfall, sunshine and other weather camat This situation
has led to high rate of leaching, acidity, eroseéord most importantly
nutrient depletion. These have made our soils totme vulnerable and
so delicate (poor) that if we do not improve itdifgy status, it cannot
continue to support food and fibre production faur dncreasing

population. Therefore, soil is an important naturadrient medium that
supports crop growth and development and good degtlopment to
enable the plant complete its crop cycle. It presidlso a habitat for
soil organisms important in agriculture especidhpse associated in
carbon, nitrogen and phosphorus cycling and oodéteduction

processes in soil. Hence the fertility status eftttopical soil is essential
to enhancing good crop quality and production.
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20 OBJECTIVES
By the end of this unit, you will be able to:

o discuss the tropical soils
o explain tropical soil fertility.

3.0 MAINCONTENT
3.1 Definition of Soil Fertility

A fertile soil may be defined as that which has plgver to supply the
right amount of nutrients to the plants and in tigdt proportion. The
fertility of an agricultural soil can also be dedohsimply as ‘its capacity
to produce the crops desired’, emphasising the tldaasolil fertility ‘is
an outcome of the effects of many kinds of livinggamisms, and
chemical and physical processes acting on the ip@rént materials
from which soil is made’. Soil fertility is the lelor status of a given
soil with respect to its ability to supply the neddnutrients for plant
growth. In effect, it is the nutrient supplying pemof the soil. It is also
defined as the quality of nutrients which enablebelps a given soil to
make provision of the right nutrients in the rigjiantity and in the right
proportion for growth of a specific plant or croghen all necessary
environmental factors such as temperature, wgkérlight are adequate
/| favourable.Soil fertility is the result of the interactionstheen the
biological, chemical and physical properties of slie to soil type and
land use, and the effects of climate. It is relatedhe potential for the
sustainable production of crops and animals andbeaassessed and/or
described in various ways.

Soil fertility can be viewed as an ecosystem congefegrating the
diverse soil functions, including nutrient supplyhich promote plant
production. Many soil properties interact to impastcrop growth, with
both trade-offs and compensating effects. Impataetonomics plays
a critical role as farmers will only strive to m&m soil fertility through
appropriate practices if it pays the farmer, pahy in the short term.
Concerns about soil degradation have highlightedntied to include a
much wider range of potential functions of soil rajeide plant

2
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production within any definition of soil quality drsoil fertility is now
considered as one aspect of the broader concepilafuality.

3.2 Factors Affecting Tropical Soil Fertility

It is important to know and fully understand thetical, biological and
physical properties of a soil as well as their trefeship in the soil —
plant — atmosphere continuum that control nutreardilability. One of

the biggest constraints in soil fertility is to @dep and implement soill,
crop and nutrient management approaches that irapttoy quality of

the soil, water and air. Therefore, the factord thBuence tropical soil

fertility include those that affect plant growthdadevelopment. Such
factors include:

o pH of soil (soil reaction)

o Climate factor especially temperature and predipma
(moisture)

o Activities of soil micro organisms

o Soil organic matter content

. Nutrient imbalance

o Light energy (Radiant energy)

o Soil type and Soil Structures.

3.3 KeyLimitationsof Tropical Soils

With increasing knowledge about the extent andidigion of soils in
tropical regions, limitations for agricultural pnection and other
purposes could be quantified. It was found thapit@ soils are as
diverse and varied as those of temperate regibisntakes it difficult

to generalize about their distribution and limat for agriculture and
other uses. Some workers (Moormann, 1972; Eswataal. 1997,
Sanchezet al.,, 1982) have made estimates based on the Fertility
Capability Soil Classification System about tropails limitations.
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3.3.1 Tropical Soil Limitations

i Mineral stress, defined as nutritional deficienc@stoxicities
related to chemical composition or mode of origiffects about
one-fifth of the soils in Africa

il. That two-thirds of the soils of the humid tropias/k low nutrient
reserves,

iii. Nearly 60% suffer from Al toxicity and

\2 38% of the land has soils with high P fixation.
V. based on the FAO-UNESCO maps, that one-quartdreo$oils
in Africa have medium to low potential

Vi. and that more than 50% of the land is fragile apidpnoductive.

SELF-ASSESSMENT EXERCISE

What are the key factors affecting the fertilitytadpical soil.

40 CONCLUSION

Tropical soils are highly diverse, with some sollaving a high

production potential. However, there are many amghsre the soil

resources suffer from serious limitations hinderiragricultural

production and development. Some soils have a l@mny chemical

fertility, are extremely acid or contain toxic stdozxces, but the exact
extent of low-fertility soils and the extent of spaland is, despite
advanced mapping techniques, still open for debate.

50 SUMMARY

From this unit, you have learnt about the fertibtytropical soils. Some
of the key things leant include the following;

The definitions of soil fertility
Some factors affecting fertility of tropical soils
Key limitations of tropical soils
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6.0 TUTOR-MARKED ASSIGNMENT

1. Define soil fertility.
What are the factors affecting the fertility ofrcal soils?
3. Discuss key limitations of tropical soils.

N

7.0 REFERENCESFURTHER READING
Alfred E. H. (2003).oil fertility decline in the tropics with case studies
onplantations. UK, Trowbridge: Cromwell Press.

Sanchez, P.A. (1976)Properties and Management of Soils in the
Tropics. New York: John Wiley & Sons.
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UNIT 2 TROPICAL LAND USE AND SOIL FERTILITY
RELATION

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Activities that lead to changes in land use
3.2 Types of land use
3.2.1 Nomadic herding
3.2.2 Livestock ranching
3.2.3 Shifting cultivation
3.2.4 Subsistencéarming
3.2.5 And plantation agriculture
3.3 How Land use affects soil fertility
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Land use is a major factor in tropical soil fetyiliand plant nutrition.
This is because every activity carried out on thi€ lsas either positive
or negative impact on the soil’s fertility statusand is being used in
tropical regions to grow trees, crops and animaisféod, as building
sites for houses and roads, or for recreationgygues. Sanchez (1976)
distinguished the following land management systémshe tropics:
nomadic herding, livestock ranching, shifting owdtion, subsistence
tillage, and plantation agriculture. Mdand in the tropics is being used
by smallholders who farm for subsistermg also may grow some cash
crops.

Many soils have been improved since people stauéd/ation and soll
improvements continue in many agricultural areaputs are applied
when needed by the crops, losses are minimisedeangdonmental
awareness and legislation have created agriculfnadtices that are
ecologically and economically more sustainable.
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2.0 OBJECTIVES
By the end of this unit, you will be able to:

o discuss different land uses practiced in the ti®pic
o explain how different land uses affect tropical $eitility.

3.0 MAIN CONTENT

3.1 Activitiesthat Lead to Changesin Land Use

Obviously, soil fertility is a complex issue corsig of several
attributes that interact over time. Measurementguire long-term
research commitment as well as detailed knowledgmitaspatial and
temporal variability. Most studies about the intdi@n between land use
and soil fertility are on the profile and field gsmwhich makes a direct
link with spatial data on land cover change congtéd. However,
several activities carried out on the land havedlior indirect, positive
or negative effect on the soil structural compositof such land which
ultimately affects the soil fertility status.

Such activities include;

- cultivation (mechanised, by hand),
- tillage,

- weeding,

- terracing,

- subsaoiling,

- deep ploughing,

- manure,

- compost and fertiliser applications,
- liming,

- draining,

- irrigation and empoldering

- also biocides applications on cultivated crops nadfct soil
properties.
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3.1 Typesof Land Use

The majority of land use changes are related tecalgural use of the
land, including pastures. Agricultural activitidsange the soil chemical,
physical or biological properties. Major types andl use that relates to
agriculture include the following;

- Nomadic herding,

- Livestock ranching

- Shifting cultivation

- Subsistencéarming

- And plantation agriculture.

3.2.1 Nomadic Herding

Nomadic herding is the practice of keeping and igcgazanimals on

natural pastures. It is common in the arid and s&miregions such as
certain parts of Saudi Arabia, northern Africa amatthern parts of
Eurasia. The practice resembles pastoral farmirgmadls move with

their animals from one place to another in searfcivader and pasture
for their animals. The types of animals herded vfamyn one region to

another. They include sheep, cattle, camel, gatskeys and horses.
The activity is a form of subsistence farming metarfeed the family.

3.2.2 Livestock Ranching

Livestock ranching focuses on rearing animals. kéniomadic herding,
farmers do not move from one place to another ancdeof pasture and
water, but live in settlements. Pasture lands aweldped for grazing
the animals. Many areas across the globe with |prgees of land with
enough grazing areas for animals practice this tyfpagriculture for

commercial reasons. South America, North Americd Anstralia are

some regions across the world that intensively tpp@ccommercial

pastoral farming on large-scale due to low raireireed in the areas.
The animals in ranches are mainly kept for wool anéat. Dairy

farming is also a critical aspect of pastoral fargni
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However, the activity is not sustainable becaussegsive grazing can
lead to destruction of natural pastures. Therefiarepers end up buying
feeds for their animals, making the practice costly

3.2.3 Shifting Cultivation

Shifting cultivation is commonly practiced in theopics. It involves

forest clearance through burning and slashing. @leared lands is
cultivated until its fertility declines, or for tee to five years or until
native flora and weeds overtake it. When that happarmers abandon
the land for a fallow period and clear another $oea for cultivation.

It is a type of subsistence farming usually donewnadly. People in the
tropical regions such as south-east Asia tend ftmptadhis type of

agricultural activity with a focus on growing grairHowever, due to the
pressure environmentalists and activists exertuggpsrt environment
protection from such unsustainable practices, thigity is declining.

3.2.4 Subsistence Farming

Subsistence farming involves growing crops and kepanimals for the
sole purpose of feeding the farmer and his fanhilinvolves the use of
simple farm tools on small pieces of land. Mostsssilence farmers are
believed to be poor and thus cannot afford to lmgroved seeds and
fertilizers. Therefore, they farm on land with I@wil fertility or rough
terrains.

3.2.5 Plantation Agriculture

Also known as tree crop farming, industrialisedi@agture or plantation
farming, commercial plantations cover large lancaar Even if
practiced on a smaller piece of land, the actitagyg a high commercial
value. It involves the cultivation of tropical c®uch as tea, rubber,
coffee, coconut, cocoa, grapes, apples, spicespgesa avocado,
mangoes and palm oil. It is commonly practiced @gions with
European colonial influence such as Africa, Asia &mtin America.
Colonial governments established most of the pteomta in their
colonies to supply the European markets with traipecops. It requires
high capital to establish with the majority of th@ps grown being tree
crops. Some plantation farms have processing fastovarious farming

9
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techniques are adopted to increase farm yield Isecthe goal of such
farms is to make profits.

3.2 How Land Use Affects Soil Fertility
o Land use change always affects soil quality andycbvity.
o On-site effects are mostly related to changes ith a@anic

matter content.

o The most dramatic changes occur directly after pprmand use
conversion, such as deforestation.

o Mineralisation increases while the change in cowsually
induces erosion and other landscape processes.

o Conversion has a large short term (1-5 years) @nisipact on
soil properties such as soil organic C and bulksdgnwhereas
land use intensification has longer term (10 toy8@rs) effects
on soil properties.

SELF-ASSESSMENT EXERCISE

How does tropical land use affect soil fertilitydaproductivity?

4.0 CONCLUSION

Soil fertility is a complex issue consisting of seal attributes that
interact over time. Measurements require long-temasearch
commitment as well as detailed knowledge aboutiapahd temporal
variability. Most studies about the interactionvbe¢n land use and soil
fertility are on the profile and field scales whietakes a direct link with
spatial data on land cover change complicated. keweseveral
activities carried out on the land have direct wdiriect, positive or
negative effect on the soil structural compositafnsuch land which
ultimately affects the soil fertility statusMajority of the land uses
practiced on our tropical soils are agriculturaiyated and include the
following; Nomadic herding, livestock ranching, fsimg cultivation,
subsistencdllage, and plantation agriculture. These acteataffect soil
fertility by changing their quality and productiyit

10
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50 SUMMARY

In this unit, you have leant the relationship betweropical land use
and soil fertility. You leant the following;

- Some activities that lead to land use changes

- Different land use activities that relates to agjticre
- How land use can affects soil fertility.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss some activities that lead to land use atsng
2. Outline the major agricultural land uses.
3. Explain how land use affect soil fertility.

7.0 REFERENCESFURTHER READING
Alfred, E. Hartemink. (2010). Land use change ia tlopics and its
effect on soil fertility World Congress of Soil i8nce, Soil Solutions

for a Changing World 1 — 6 August 2010, BrisbaAastralia.

Sanchez, P.A. (1976)Properties and Management of Soils in the
Tropics. John Wiley & Sons, New York.

11
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UNIT 3 SOIL ORGANIC MATTER

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Soil Organic Matter
3.2 Sources of Organic Matter
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Soil organic matter (SOM) is the organic compon&ns$oil, consisting
of three primary parts including small (fresh) glaesidues and small
living soil organisms, decomposing (active) orgamatter, and stable
organic matter (humus). Soil organic matter seragsa reservoir of
nutrients for crops, provides soil aggregation, reases nutrient
exchange, retains moisture, reduces compactionucesd surface
crusting, and increases water infiltration intol.sGiomponents vary in
proportion and have many intermediate stages. dsidues on the soll
surface such as leaves, manure, or crop residusocai@nsidered SOM
and are usually removed from soil samples by sgetimough a 2 mm
wire mesh before analysis.

Soil organic matter content can be estimated infigtlé and tested in a
lab to provide estimates for Nitrogen, Phosphorusd aSulfur
mineralised available for crop production and adjUsrtilizer
recommendations. Soil organic matter impacts thee @ surface
applied herbicides along with soil pH necessareffectively control
weeds. Soil organic matter impacts the potentiahfrbicide carryover
for future crops, and amount of lime necessaryatserpH.

12
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20 OBJECTIVES
By the end of this unit, you will be able to:

o explain what organic matter is
o outline the major sources of organic matter.

3.0 MAIN CONTENT

3.1 What is Soil Organic Matter?

The term “soil organic matter” (SOM) has been usedifferent ways
to describe the organic constituents of soil. Belkdand Skjemstad
(1999) defined SOM as “all organic materials foumdoils irrespective
of origin or state of decomposition”. SOM consistC, H, O, N, P and
S. Included are living organic matter (plants, mizal biomass and
faunal biomass), dissolved organic matter, pawigulorganic matter,
humus and inert or highly carbonized organic maRart of soil organic
matter consists of carbohydrates, lipids and pnstdat are abundant in
fresh plant residues. These are rapidly metabgligadhobilized or
decomposed. Organic matter is categorised into eground and
belowground organic. Aboveground organic mattefuishes plants and
animal residues while the belowground matter cosegriof living soil
fauna and micro flora, partially decomposed plarat animal.

Living
organisms
<5% ¢

Stabilized

organic pecomposing
matter grganic matter
33% -50% fraction)
33% -50%

Figure 3.1: Major Soil Organic Matter Components (Source: The Soil
Food Web, USDA-NRCY)

13
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3.2 Benefitsof Organic Matter to the Soil

- Soil organic matter serves as a reservoir of misiéor crops,
- provides soil aggregation,
- increases nutrient exchange,
- retains moisture,
- reduces compaction,
- reduces surface crusting,
- and increases water infiltration into soil.

3.3 Sour ces of Organic Matter

Soil organic matter consists of diverse, heterogesrmmmponents. It was
reported that living C rarely exceeds 4% of total srganic C and is
present as roots, microorganisms and soil fauna-INog C represents
the major portion of organic C, consisting of suadditter, root litter,
microbial metabolites and humic substances. Thadiand non-living
C component constantly interacts, as do the sagtgpbrganisms that
acquire metabolites from non-living C in the saiblahen die.

The term “soil organic matter” (SOM) has been usedifferent ways
to describe the organic constituents of soil. Bekdand Skjemstad
(1999) defined SOM as “all organic materials foumdoils irrespective
of origin or state of decomposition”. SOM consist<, H, O, N, P and
S. Included are living organic matter (plants, mimal biomass and
faunal biomass), dissolved organic matter, padieulorganic matter,
humus and inert or highly carbonized organic maRart of soil organic
matter consists of carbohydrates, lipids and pnstéhat are abundant in
fresh plant residues. These are rapidly metabglisadhobilised or
decomposed. Organic matter is categorised intoveiyound and
belowground organic. Aboveground organic mattetuithes plants and
animal residues while the belowground matter cosegriof living soil
fauna and micro flora, partially decomposed plart animal.

1. CROP RESIDUES
Crop residue is divided into two types- field andgess residue.

I Field residue is materials which are left in an agriculturaldier
orchard after the crop has been harvested. Thisdacstalks,

14
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stems or leaves and seed pod. The residue can ooghgld
directly into the ground or burned first.

. Process residue: They are materials which are left after the crop
Is processed into useable resource. It include&shiseed and
root which can be used as soil amendment, fentilezed in
manufacturing. They have high CN ratio with low bhtent but
fairly high Potassium and silica content which h&lpimprove
the resistance of crops to disease and lodgingo&sbmaterials
provide an energy source for soil microorganismgtvimprove
soil physical properties.

2. GREEN MANURE AND COVER CROPS

Green manure can be defined as a practice of pioggir turning into

the soil undecomposed green plant tissues for ivpgo physical

structure and soil fertility. The green manure sraqupplies organic
matter as well as nitrogen, particularly if it ilegume crop.

3. ANIMAL WASTE

Amending soil with animal waste has been old pcactAnimal waste
can supply nutrients, OM and enriched soil with dfemal organisms.
Dung’s comes mostly as undigested material andutitee from the
digested material. More than 50% of the organicd@ndhat is present in
dung is the form of complex product consists ohiligand protein
which are resistant to further decomposition aretdfore the nutrients
present in dung are released very slowly

4. COMPOST

Compost is any organic material that undergoes rdposition under
controlled conditions. Any organic material can benverted to
compost, but there are rules regarding what mateaia and cannot be
used. Compared to some uncomposted animals wastayihave low
nutrient levels. Nutrients from compost are oftessl available to the
crop; thus, compost may be more useful for buildB@M. Compost
causes less water pollution.
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Nyamangaraet al., (2003) reported that management of soil organic
matter by using composted organic waste is the feeysustainable
agriculture.

SELF-ASSESSMENT EXERCISE

Explain Soil Organic matter, state the benefits aadrces in tropical
agriculture

40 CONCLUSION

Soil organic matter may be defined as “all orgamiaterials found in
soils irrespective of origin or state of decomposit SOM consists of
C, H, O, N, P and S. Soil organic matter (SOM) le torganic
component of soil, consisting of three primary garicluding small
(fresh) plant residues and small living soil orgamé, decomposing
(active) organic matter, and stable organic m#ttemus).

50 SUMMARY

You have leant about soil organic matter as wethag sources. In this
unit, you leant the following;

- That soil organic matter (SOM) is the organic comgrat of soil,
consisting of three primary parts including smdtegh) plant
residues and small living soil organisms, decomppgactive)
organic matter, and stable organic matter (humus).

- Benefits of organic matter to the soil includesgasric matter
serves as a reservoir of nutrients for crops, plewi soil
aggregation, increases nutrient exchange, retairgstune,
reduces compaction, reduces surface crusting, aocteases
water infiltration into soil.

- Sources of Organic matter includes; crop residuegrg manure,
animal waste and compost.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain what you understand as “soil organittera
2. What are the benefits of organic matter tostbies?
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3. Describe the sources of organic matter to ajual soils

7.0 REFERENCESFURTHER READING

Baldock, J. A. & Skjemstad, J. O. (1999). ‘Soil angc carbon/soll

organic matter.” In,Soil Analysis. An Interpretation Manual.
(Eds.). K. I. Peverill, L. A. Sparrow, & D. J. Reuf) pp. 159-170.
(CSIRO Publishing: Collingwood.)

Adiaha M. S. (2017) ‘The Role of Organic Matter Tmopical Soil
Productivity."World Scientific News, 86(1), pp.1-66.
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1.0 INTRODUCTION

The total amount and partitioning of organic matierthe soil is

influenced by soil properties and by the quantityaonual inputs of
plant and animal residues to the ecosystem. Fangbea in a given soill
ecosystem, the rate of decomposition and accuroalati soil organic
matter is determined by such soil properties agitexpH, temperature,
moisture, aeration, clay mineralogy and soil biatay activities. A

complication is that soil organic matter in turrfluences or modifies
many of these same soil properties. Organic mattesting on the soil
surface as raw plant residues helps protect tHefreon the effect of

rainfall, wind and sun. Removal, incorporation arrring of residues
exposes the soil to negative climatic impacts, serdoval or burning
deprives the soil organisms of their primary enesgyrce.
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20 OBJECTIVES
By the end of this unit, you will be able to:

o explain the properties of soil organic matter
o describe how organic matter relates to soil propert

3.0 MAIN CONTENT

3.1 Propertiesof Soil Organic Matter

Organic matter within the soil exhibits several gedies. From a
practical agricultural standpoint, it is importdot two main reasons:

(1) as a “revolving nutrient fund”; and
(i)  as an agent to improve soil structure, maintath ahd minimize
erosion.

As a revolving nutrient fund, organic matter seriveés main functions:

. As soil organic matter is derived mainly from plaesidues, it
contains all of the essential plant nutrients. €fae,
accumulated organic matter is a storehouse of platnients.

. The stable organic fraction (humus) adsorbs andsholtrients
in a plant-available form.

Organic matter releases nutrients in a plant-abkElaform upon
decomposition. In order to maintain this nutrieytlong system, the rate
of organic matter addition from crop residues, manand any other
sources must equal the rate of decomposition, a@kel into account the
rate of uptake by plants and losses by leachingeamsion.

3.2 How Organic Matter Affects Soil Properties
3.2.1 Physical Properties

3.2.1.1 Sail Structure and Aggregate Stability

soil structure stability refers to the resistande soil to structural
rearrangement of pores and particles when expasddférent stresses
(e.g. cultivation, trampling/ compaction, and iaigpn). Angers and
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Carter (1996) noted that the amount of water —staggregate (WSA)
was often associated with SOC content, and thdelahrbon was often
positively related to macro-aggregate stabilitywhis reported that a
minimum of 2% SOC was necessary to maintain stratstability. It
has also been reported that a threshold of 3-3.6% Bad to be attained
to achieve increase in aggregate stability.

3.2.1.2 Water Holding Capacity

An important indicator of soil physical fertilitys ithe capacity of soil to
store and supply water and air for plant growtlinal$ been found that an
increase in water content goes with increasing SOftent that an
increase of 1% SOM can add 1.5% additional moishyreszolume of
FC. Emerson and McGary (2003) showed that per grauadditional
carbon at -10 kPa suction, a 50% increase in watetent was
achieved. They suggest that the organic carbon &nlates (gel) from
ectotrophic mycrorhiza would bond soil particlesiethwould result in
a change in the size of the pores and a changaterwetention at -10
kPa.

3.2.1.3 Soil Colour

Generally, good soil conditions are associated wérk brown colours
near the soil surface; which is associated withtietly high organic
matter levels, good soil aggregation and high aatrievels.

3.2.2 Chemical Properties

3.2.2.1 Cation Exchange Capacity (CEC)

A high CEC is regarded as favourable as it conteibto the capacity of
soils to retain plant nutrient cations. Functiogabups of SOM have
been associated with an increase in CEC and amaserin CEC goes
with increase in soil organic matter.
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3.2.2.2 Buffer Capacity and pH

Soil buffering is considered to be an importantegspf soil health, as it
assures reasonable stability in spil. Buffering at intermediate pH
value (5-7.5) is mainly governed by functional grewof SOM which
act as sink for H+ and OHThe importance of SOM to maintain fairly
stablepH values, despite acidifying factors, has been decued.

3.2.2.3 Adsor ption and Complexation

Adsorption of SOM on clay particles is an importargchanism for the
protection of SOM from decomposition. Complexatioh inorganic
materials by SOM have important ramifications foil gertility as it
may increase the availability of P by blocking paital adsorption site
of Fe and Al as well as Ca. It was reported thatdase concentrations
of SOM depress the concentration of heavy metals ag Cupric ions.

3.2.3 Biological Function of SOM

The biological function of SOM are primarily to pide a reservoir of

metabolic energy that drives biological procesgypbu macro- and

micro- nutrients and to ensure that both energyrardents are stored
and released in a sustainable manner. Importanitiogical processes
in turn influence both soil chemical and soil stuwal properties as they
greatly affect soil structure and soil redox reacsi Baldock and Nelson
(1999) stated that one of the most fundamentaltiomef SOM is the

provision of metabolic energy which drives soillbmical processes

3.2.4 Soil Resilience

The resilience of a soil is really a measure of filmectionality of the
whole ecosystem. It is governed by the adequatdonpeance of
physical, biological and chemical functions, whiohturn is to a large
extent determined by the SOM content and its chainsizmposition.
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3.3 Soil Organic Matter and Crop Production

Although there is a considerable variation in thé&ient composition of
organic manures depending mainly upon the souremdlimg and

management, the main nutrients supplied are N, R)d& Ca and a host
of micro nutrients. The following were reported ab@rganic matter
and crop production;

I. It was reported that nutrient composition of orgamanures are
N, P, and S as well as micro nutrient elements,aSWB Mo, Zn,
Mn, Fe and CI.

il. Also that an average dressing of 10tonnes ha-1laahyard
manure would supply about 50 kg N ha-1 and 50 KwakKL.

iii. On crop yields, organic fertilizers have been regbto influence
crops performance significantly.

V. Baldock and Nelson (1999) reported that poultry wanan
application significantly increased soybean vyielgero NPK
fertilizer.

V. With or without the availability of fertilizer, ihas been reported
that, organic matter management remains a corrare stor
successful farming in many areas of the tropics.

SELF-ASSESSMENT EXERCISE

Discuss the physical, chemical and biological ctizrgstics affected by
soil organic matter.

4.0 CONCLUSION

Organic matter within the soil exhibits several gedies. From a
practical agricultural standpoint, as a “revolvingtrient fund”; and as
an agent to improve soil structure, maintain tdtkd minimise erosion.
As soil organic matter is derived mainly from plaesidues, it contains
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all of the essential plant nutrients. Thereforecuaculated organic
matter is a storehouse of plant nutrients. Theletabganic fraction
(humus) adsorbs and holds nutrients in a planti@vai form.

50 SUMMARY

In this unit, you have leant about the charactessof soil organic
matter as well as the effects of organic mattesamhphysical, chemical
and biological characteristics.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the properties of soil organic matter.

2. Describe some of the physical, chemical and biclalgi
characteristics affected by soil organic matter.

3. What are the roles of organic matter in crop pobida.
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1.0 INTRODUCTION

The transformation and movement of materials wite@il organic
matter pools is a dynamic process influenced bynate, soil type,
vegetation and soil organisms. All these factorerag within a
hierarchical spatial scale. Soil organisms areaesible for the decay
and cycling of both macronutrients and micronutseand their activity
affects the structure, tilth and productivity oetloil. In natural forest
ecosystems without human disturbance, the livingl aon-living
components are in dynamic equilibrium with eacheatiThe litter on
the soil surface beneath different canopy layerd aigh biomass
production generally result in high biological aay in the soil and on
the soil surface.

The following five mechanisms of natural factorsfluencing the
amount of organic have been distinguished:
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. a continuous soil cover of living plants, which étiger with the
soil architecture facilitates the capture and frdtion of
rainwater and protects the soill;

. a litter layer of decomposing leaves or residuesviding a
continuous energy source for macro- and micro-asyast

. the roots of different plants distributed throughobe soil at
different depths permit an effective uptake of ruits and an
active interaction with microorganisms;

. the major period of nutrient release by micro-oigars coincides
with the major period of nutrient demand by plants;
. nutrients recycled by deep-rooting plants and swméicrofauna

and microfauna.
20 OBJECTIVES

By the end of this unit, you will be able to:

. explain the mechanisms through which natural factofluence
the amount of organic matter.
. describe the environmental and edaphic factorsralling the

activities of solil biotas.

3.0 MAIN CONTENT

3.1 Natural Factors Influencing the Amount of Organic
Matter

The environmental and edaphic factors that coritrel activity of soil
biota, and thus the balance between accumulatidrdanomposition of
organic matter in the soil, are described below.

3.1.1 Temperature

Several field studies have shown that temperatare ikey factor
controlling the rate of decomposition of plant dess. Decomposition
normally occurs more rapidly in the tropics thant@mperate areas.
Reaction rates doubled for each increase of 8-h°the mean annual
air temperature. The relatively faster rate of aegosition induced by
the continuous warmth in the tropics implies thighrequilibrium levels
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of organic matter are difficult to achieve in trogi agro-ecosystems.
Hence, large annual rates of organic inputs areleteéo maintain an
adequate labile soil organic matter pool in cutidh soils. Soils in
cooler climates commonly have more organic matémabse of slower
mineralization (decomposition) rates.

3.1.2 Soil Moisture and Water Saturation

Soil organic matter levels commonly increase as mmeanual

precipitation increases. Conditions of elevatecklewof soil moisture

result in greater biomass production, which prosidere residues, and
thus more potential food for soil biota. On theestihand, periods of
water saturation lead to poor aeration. Most sghaisms need oxygen,
and thus a reduction of oxygen in the soil leads teeduction of the
mineralisation rate as these organisms becomeiveactr even die.

Some of the transformation processes become aneewdiich can lead

to damage to plant roots caused by waste productfavmurable

conditions for disease-causing organisms.

3.1.3 Soil Texture

Soil organic matter tends to increase as the abeyent increases. This
increase depends on two mechanisms. First, bortdseée the surface
of clay particles and organic matter retard theodgmosition process.
Second, soils with higher clay content increase pugential for
aggregate formation. Macro-aggregates physicallpteet organic
matter molecules from further mineralisation causgdnicrobial attack.
For example, when earthworm casts and the largepsdiicles they
contain are split by the joint action of severattfas (climate, plant
growth and other organisms), nutrients are releaseidmade available
to other components of soil micro-organisms. Unsianilar climate
conditions, the organic matter content in fine teat (clayey) soils is
two to four times that of coarse textured (sanadylss

3.1.4 Topography

Organic matter accumulation is often favoured at ottom of hills.
There are two reasons for this accumulation: catare wetter than
at mid- or upper-slope positions, and organic mastéransported to the
lowest point in the landscape through runoff arasien. Similarly, soil
organic matter levels are higher on northfacingpato(in the Northern
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Hemisphere) compared with south-facing slopes (doed other way
around in the Southern Hemisphere) because tenipesadre lower.

3.1.5 Salinity and Acidity

Salinity, toxicity and extremes in soil pH (acidalkaline) result in poor
biomass production and, thus in reduced additidnsrganic matter to
the soil. For example, pH affects humus formationtivo ways:
decomposition, and biomass production. In strongtyd or highly
alkaline soils, the growing conditions for micraganisms are poor,
resulting in low levels of biological oxidation @irganic matter. Soil
acidity also influences the availability of planutnents and thus
regulates indirectly biomass production and thelabke food for soil
biota. Fungi are less sensitive than bacteriaith sal conditions.

3.1.6. Vegetation and Biomass Production

The rate of soil organic matter accumulation depeladgely on the

qguantity and quality of organic matter input. Undpical conditions,

applications of readily degradable materials watlv IC:N ratios, such as
green manure and leguminous cover crops, favouwndposition and a
short-term increase in the labile nitrogen poolimwyrthe growing

season. On the other hand, applications of plartenass with both

large C:N ratios and lignin contents such as ces@aw and grasses
generally favour nutrient immobilisation, organiatter accumulation
and humus formation, with increased potential forpioved soll

structure development. Root turnover also consstuan important
addition of humus into the soil, and consequernitlysiimportant for

carbon sequestration. In forests, most organic enag added as
superficial litter. However, in grassland ecosystenp to two-thirds of
organic matter is added through the decay of roots.

SELF-ASSESSMENT EXERCISE

Describe how climate, soil moisture and water sdion, soil texture,
topography, salinity and acidity, vegetation andniass production
influence soil organic matter.
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5.0 CONCLUSION

The availability, transformation and amount of smiganic matter is a
dynamic process influenced by certain factors whitdy be climate,
soil type, vegetation and soil organisms.

50 SUMMARY
You have leant the factors influencing the amounbrganic matter in
the soils. Such factors may include; climate, sodisture and water

saturation, soil texture, topography, salinity awidity, vegetation and
biomass production.

6.0 TUTOR-MARKED ASSIGNMENT

1. Outline the mechanisms of natural factors influegaghe amount
of soil organic matter.
2. Explain how the following factors; climate, soil mture and

water saturation, soil texture, topography, safirand acidity,
vegetation and biomass production influence s@éoic matter.

7.0 REFERENCESFURTHER READING

Adiaha M. S. (2017). ‘The Role of Organic Matter Tmopical Soll
Productivity.” World Scientific News 86(1) (2017) 1-66.
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1.0 INTRODUCTION

Various types of human activity decrease or in@esmsl organic matter
contents and biological activity. However, incregsthe organic matter
content of soils or even maintaining good levelgurees a sustained
effort that includes returning organic materialsstils and rotations
with high-residue crops and deep- or dense-roatings. It is especially
difficult to raise the organic matter content ofisthat are well aerated,
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such as coarse sands, and soils in warm-hot atideayions because the
added materials decompose rapidly. Soil organidendtvels can be
maintained with less organic residue in fine teatursoils in cold
temperate and moist-wet regions with restrictedtaa.

20 OBJECTIVES

By the end of this unit, you will be able to:

o outline some practices that influence the amountofanic
matter in the soill
o explain how to avoid practices that will depletgamic matter

content of our soils.

3.0 MAIN CONTENT

3.1 Practicesthat Decrease Soil Organic Matter

Management practices that alter the living andientrconditions of soil
organisms, such as continuous tillage or burningegfetation, result in
a degradation of their microenvironments. In tutims results in a
reduction of soil biota, both in biomass and diitgraWhere there are
no longer organisms to decompose soil organic maitel bind soil
particles, the soil structure is damaged easilydny, wind and sun. This
can lead to rainwater runoff and soil erosion, reimg the potential
food for organisms, i.e. the organic matter oftthesoil.

The factors leading to reduction in soil organictterain an open cycle
system can be grouped as factors that result in:

1. a decrease in biomass production;
2. a decrease in organic matter supply;
3. increased decomposition rates.

3.1.1 Decreasein Biomass Production
3.1.1.1Replacement of Perennial Vegetation

A consequence of clearing forest for agriculturéhis disappearance of
the litter layer, with a consequent reduction ia ttumbers and variety
of soil organisms. While many temperate forest seappear to adapt
well to grassland, the effects of deforestatiothia tropics appear to be
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more marked. Studies have shown that as soil béosity declines,
adapted species may take over from the indigenpesies and the
composition may change drastically.

3.1.1.2 Replacement of Mixed Vegetation with Monoculture of
Cropsand Pastures

The simplification of vegetation and the disappreeaof the litter layer
under grassland and mono-crop production systeaasttea decrease in
faunal diversity. Although root systems (especiafygrasses) can be
extensive and explore vast areas of soil, the esaidates from one
single crop will attract only a few different midiial species. This in
turn will affect the predator diversity. The morgportunistic pathogen
species will be able to acquire space near the arap cause harm.
Continuous cultivation and grazing also leads tongaction of soil
layers, which in turn affects the circulation of.é\naerobic conditions
in the soil stimulate the growth of different miemoganisms, resulting
in more pathogenic organisms.

3113 High Harvest Index

One of the consequences of the green revolutiontheaseplacement of
indigenous varieties of species with high-yieldiagrieties (HYVS).
These HYVs often produce more grain and less stcmmpared with
locally developed varieties; the harvest indexha trop (ratio of grain
to total plant mass aboveground) is increased. Fagmoduction point
of view, this is a logical approach. However, tisitess desirable from a
conservation point of view. Reduced amounts of aegdues remain
after harvest for soil cover and organic matter, for grazing of
livestock (which results in manure). Moreover, whanimals graze the
residues, even less remains for conservation pegpos

3.1.1.4 Use of Bare Fallow

Traditionally, a fallow period is used after a jperiof crop production to
give the land some *“rest” and to regenerate itgimali state of
productivity. Usually, this is necessary in prodoictsystems that have
drawn down the nutrient supply and altered the Isimita significantly,
such as in slash-and-burn systems or conventighage systems.
Instead of recovering the soil food web, the satjamic matter is
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degraded further and the lack of cover can resufieivere erosion and
runoff when the rains start after the dry season.

3.1.2 Decreasein Organic Matter Supply
3.1.2.1Burning of Natural Vegetation and Crop Residues

Burning destroys the litter layer and so diministtae amount of
organic matter returned to the soil. The organighest inhabit the
surface soil and litter layer are also eliminatéak future decomposition
to take place, energy has to be invested firsebuitding the microbial
community before plant nutrients can be releasenil&ly, fallow
lands and bush are burned before cultivation. Fh®vides a rapid
supply of P to stimulate seed germination. Howetlez,associated loss
of nutrients, organic matter and soil biologicaliaty has severe long-
term consequences.

3122 Overgrazing

There is a tendency throughout the world to ovekstgrazing land
above its carrying capacity. Cows, draught aninald small ruminants
graze on communal grazing areas and on roadsittesyrs banks and
other public land. Overgrazing destroys the mosatphle and useful
species in the plant mixture and reduces the den$ithe plant cover,
thereby increasing the erosion hazard and redutiaghutritive value
and the carrying capacity of the land.

3.1.22.1 Indicatorsof Overgrazing

One indicator of overgrazing is that the animals short of pasture. In
some regions of the United States under contingoasing, overgrazed
pastures promote by short-grass species such egraks and will be
less than 2-3 inches tall in the grazed areastHar@arts of the world,
overgrazed pasture is typically taller than susialy grazed pasture,
with grass heights typically over 1 meter and dated by unpalatable
species such aistida or Imperata. In all cases, palatable tall grasses
such as orchard grass are sparse or non-existensud¢h cases of
overgrazing, soil may be visible between plantshie stand, allowing
erosion to occur, though in many circumstances greged pastures
have a greater sward cover than sustainably greastdres.
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3.1.2.2.2 Rotational grazing

Under rotational grazing, overgrazed plants dohaste enough time to
recover to the proper height between grazing evenhke animals
resume grazing before the plants have restoredblpdoate reserves
and grown back roots lost after the last defolratidhe result is the
same as under continuous grazing: in some parteeofJnited States
tall-growing species die and short-growing spethies$ are more subject
to drought injury predominate the pasture, whilaniast other parts of
the world tall, drought tolerant, unpalatable spseci such
aslmperata or Aristida come to dominate. As the sod thins, weeds
encroach into the pasture in some parts of theedrfiitates, whereas in
most other parts of the world overgrazing can prientbick swards of
native unpalatable grasses that hamper the spfeeekeals.

Another indicator of overgrazing in some parts oftN America is that
livestock run out of pasture, and hay needs tceldeetirly in the fall. In
contrast, most areas of the world do not experigheesame climatic
regime as the continental United States and hagirfgeis rarely
conducted.

Overgrazing is also indicated in livestock perfonte and condition.
Cows having inadequate pasture immediately follgwin
their calf's weaning may have poor body conditiom fiollowing season.
This may reduce the health and vigor of cows ardesaat calving.
Also, cows in poor body condition do not cycle asrs after calving,
which can result in delayed breeding and a longitglseason. With
good cow genetics, nutrition, ideal seasons antraled breeding 55%
to 75% of the calves should come in the first 2¥sdaf the calving
season. Poor weaning weights of calves can be dawsensufficient
pasture, when cows give less milk and the calvesd neasture to
maintain weight gain.

3.1.23 Removal of Crop Residues

Many farmers remove residues from the field for asenimal feed and
bedding or to make compost. Later, these resicetesrto contribute to
soil fertility as manures or composts. Howeverjdess are sometimes
removed from the field and not returned. This reat@f plant material

impoverishes the soil as it is no longer possibledcycle the plant
nutrients present in the residues.
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3.1.3 I ncreased Decomposition Rates
3131 Tillage Practices

Tillage is one of the major practices that redubesorganic matter level
in the soil. Each time the soil is tilled, it is raed. As the
decomposition of organic matter and the liberanérCO, are aerobic
processes, the oxygen stimulates or speeds up c¢hen aof soll
microbes, which feed on organic matter.

This means that:

. When ploughed, the residues are incorporated isdiegogether
with air and come into contact with many micro-orgms,
which accelerates the carbon cycle. The decompasi$i faster,
resulting in the formation of less stable humus andncreased
liberation of CQto the atmosphere, and thus a reduction in
organic matter.

. The residues on the soil surface slow the carbatecdyecause
they are exposed to fewer micro-organisms and Warge more
slowly, resulting in the production of humus (which more
stable), and liberating less G@ the atmosphere.

Organic matter production and conservation is &fcdramatically by
conventional tillage, which not only decreases soganic matter but
also increases the potential for erosion by wind aater. The impact
occurs in many ways:

. Ploughing leaves no residues on the soil surfackessen the
impact of rain.

. Ploughing reduces the quantity of food sourcesefthworms
and disturbs their burrows and living space, hgyaaulations of
certain species decrease drastically.

. Tillage by repeated hoeing or discing smoothesstiméace and
destroys natural soil aggregates and channelsctiratect the
surface with the subsoil, leaving the soil susdd#ptio erosion.

. The development of a plough pan or hoe pan, a lafer
compacted soil resulting from smearing action at lottom of
the plough or hoe, may retard both root penetraind water
infiltration.
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. Ploughing or discing under dry conditions exacebathe
pulverization of the soil, causing the soil surfdoecrust more
easily, leading to greater water runoff and erosion

. Increased runoff during rainstorms may also inaredhle
possibility of drought stress later in the seas@tause water that
runs off the field does not infiltrate into the Iséd remain
available to plants.

In some circumstances, imbalances of certain sgdrasms can disrupt
soil structure and processes, e.g. certain earthvepecies in rice fields
or pastures.

3.1.3.2 Drainage

Decomposition of organic matter occurs more sloinlypoorly aerated
soils, where oxygen is limiting or absent, companath well-aerated
soils. For this reason, organic matter accumulateswet soil

environments. Soil drainage is determined strobglyopography - soils
in depressions at the bottom of hills tend to remaet for extended
periods of time because they receive water (andmsds) from

upslope. Soils may also have a layer in the sultisailinhibits drainage,
again exacerbating waterlogging and reduction igaoic matter
decomposition.

3.1.3.3 Fertilizer and Pesticide Use

Initially, the use of fertilizer and pesticides anlgses crop development
and thus production of biomass (especially impartandepleted soils).
However, the use of some fertilizers, especiallyfeMtilizers, and
pesticides can boost micro-organism activity ang tdecomposition of
organic matter. The chemicals provide the microoigyas with easy-to-
use N components. This is especially important ehke C: N ratio of
the soil organic matter is high and thus decompusiis slowed by a
lack of N.

SELF-ASSESSMENT EXERCISE

How does conventional tillage affect organic matpeoduction and
conservation in the tropics?
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4.0 CONCLUSION

Various types of human activity decrease or in@easl organic matter
contents and biological activity. Certain managenpeactices that alter
the living and nutrient conditions of soil organsnsuch as continuous
tilage or burning of vegetation, result in a detg@on of their
microenvironments.

50 SUMMARY

You have leant that practices that leads to depledf organic matter
anchors on these three major factors;

- a decrease in biomass production
- a decrease in organic matter supply
- increased decomposition rates.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss fully how organic matter depletion may aodue to the
following factors;

. decrease in biomass production;
. decrease in organic matter supply;
. increased decomposition rates.
2. Explain how organic matter production and conséovamay be

affected by conventional tillage.
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1.0 INTRODUCTION

Different approaches are required for differentl sand climate
conditions. However, the activities will be basedtbe same principle:
increasing biomass production in order to buildvacbrganic matter.
Active organic matter provides habitat and food ftmneficial soil
organisms that help build soil structure and paypgrovide nutrients to
plants, and improve the water holding capacityhefoil.
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20 OBJECTIVE

By the end of this unit, you will be able to:

explain the practices that increase organic matietent of soils.
3.0 MAINCONTENT

3.1 Practicesthat Increase the Amount of Organic Matter

Several cases have demonstrated that it is posibtestore organic
matter levels in the soil. Activities that promdte accumulation and
supply of organic matter, such as the use of covgps and refraining
from burning, and those that reduce decompositiatesy such as
reduced and zero tillage, lead to an increase @ diganic matter
content in the soil.

The following Practices may increase the organidtenacontent of
soils;

3.1.1 Increased Water Availability for Plants

In dry conditions, water may be provided througtigation or water

harvesting. The increased water availability enkancbiomass

production, soil biological activity and plant réges and roots that
provide organic matter. Numerous water harvestysiesns have been
developed over the centuries, especially in arehsr The principle of
collecting runoff for crop production is also inkat to many other soil
and water conservation technologies that applytmeept of runoff and
runon areas at a micro-watershed level, such aarineg trapezoidal or
“eyebrow” bunds and tied ridges.

3.1.2 Balanced Fertilization

Where the supply of nutrients in the soil is ampl®ps are more likely
to grow well and produce large amounts of bioma&s=tilizers are
needed in those cases where nutrients in the ®laaking and cannot
produce healthy crops and sufficient biomass. Mods in sub-Saharan
Africa (SSA) are deficient in P. P is required ooty for plant growth
but also for N fixation. Unbalanced fertilizatiofgr example mainly
with N, may result in more weed competition, higpest incidence and
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loss of quality of the product. Unbalanced feréition eventually leads
to unhealthy plants. Therefore, fertilizers shooédapplied in sufficient
quantities and in balanced proportions. The efficyeof fertilizer use

will be high where the organic matter content af #oil is also high.

When soil organic matter levels are restored,lizeti can help maintain
the revolving fund of nutrients in the solil by iresing crop yields and,
consequently, the amount of residues returnedecoii.

3.1.3 Cover Crops

Growing cover crops is one of the best practicesmgproving organic
matter levels and, hence, soil quality. The besedit growing cover
crops include:

. They prevent erosion by anchoring soil and lesggethie impact
of raindrops.

. They add plant material to the soil for organic tenat
replenishment.

. Some, e.g. rye, bind excess nutrients in the swmil prevent
leaching.

. Some, especially leguminous species, e.g. hairghydix N in
the soil for future use.

. Most provide habitat for beneficial insects andeotbrganisms.

. They moderate soil temperatures and, hence, prosedt
organisms.

A range of crops can be used as vegetative cowgrgeains, legumes
and oil crops. All have the potential to providearbenefit to the soil.
However, some crops emphasize certain benefitspfuluiconsideration
when planning a rotation scheme. It is importanstert the first years
with (cover) crops that cover the surface withrgésamount of residues
that decompose slowly (because of the high C:Noyatsrasses and
cereals are most appropriate for this stage, alscause of their
intensive rooting system, which improves the swmiucure rapidly.

The term green manure is often used to indicateséimee plant species
that are used as cover crops. However, green maetaes specifically

to a crop in the rotation grown for incorporatidntlee non-decomposed
vegetative matter in the soil. While this practiseused specifically to

add organic matter, this is not the most effectise of organic matter
(especially in hot climates) for two reasons:
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. Mechanical disturbance of the soil should be awbide much as
possible.
. When biomass is incorporated in the soil all at ome, there is a

short period of high microbial activity in decompus the
material. This results in the sudden release afrgel quantity of
nutrients that cannot be captured by the seedliafsthe
following crop and is thus lost from the system.

3.1.4 Improved Vegetative Stands

In many places, low plant densities limit crop giel Wide plant spacing
is often practised as “a way to return power togb#’ or “to give the
soil some rest”, but in reality it is an indicatthat the soil is
impoverished. Plant spacing is usually determinethbmers in relation
to soil fertility and available water or expectexnfall (unless standard
recommendations are enforced by extension). Themséhat plants are
often spaced widely on depleted soils in arid aemisarid regions with
a view to ensuring an adequate provision of plamtients and water for
all plants.

3.1.5 Agroforestry and Alley Cropping

Agroforestry is a collective name for land-use eyt where woody
perennials (trees, shrubs, palms, etc.) are inedjren the farming
system. Alley cropping is an agroforestry systemwinich crops are
grown between rows of planted woody shrubs or trékese are pruned
during the cropping season to provide green maauockto minimise
shading of crops.

Alley cropping is an agroforestry practice that gala trees within
agricultural cropland systems. This system is sonest called
intercropping, especially in tropical areas. lteispecially attractive to
producers interested in growing multiple crops ba same acreage to
improve whole-farm vyield. Growing a variety of cmsopn close
proximity to each other can create significant lés¢o producers and
help them manage risk. Alley cropping systems chaowger time. As
trees and shrubs grow, they influence the lighttewaand nutrient
regimes in the field. These interactions are wkailey cropping apart
from more common mono-cropping systems. Some perdydan alley
cropping systems to provide additional functionsttisupport and
enhance other aspects of their operation. For ebeang livestock
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producer might grow crops that supply fodder, begdor mast crops
for their livestock. Other producers may want toduce biomass for
on-farm use. Organic producers may choose treeiespdbat fix
nitrogen. Like all agroforestry systems, alley @i systems should
be considered as part of the whole farm operation.

3.1.5.1 Design Considerations Alley Cropping

i. The tree and crop species should be suited todite slimate,
and the site.

ii. Species and spacing should ensure accessibility tifoely
management activities such as spraying, pruningaoresting.

lii.  The size of available equipment used for the ati®pping will
in part dictate the width of the alleys.

Ilv. ~Take into account growth in both height and widtttrees and
shrubs on either side of the alleys.

v. Optimal tree row orientation depends on the specifiey crop
and alley width. Tree rows planted on contours lgnad in a
keyline system can help reduce soil erosion.

vi. Managing the light for crops is important. As tresssd shrubs
grow they will create more shade on the compani@ps To
address this change, trees can be thinned or ceopbe planted
that are more shade-tolerant or have a complemegtamwing
season with the trees.

vi. Some plants, most notably black walnut, smooth lesoend
some fescue grasses, produce chemicals that itiébgrowth of
other plants. Find out which plants are most susdepto any
allelopathic species under consideration.

viii.  Competition for space, water, and nutrients ingbg is also an
issue. Try to choose plants that have root strasttinat are less
likely to compete for valuable resources.

iX. Understand the producer’s goals for the system.tMaosducers
have other goals beyond optimising or maximisingome.
Wildlife and water quality are also common intesesbf
producers.

3.1.6 Reforestation and affor estation

Afforestation means the establishment of a forestamd that has not
grown trees recently. It can serve two principall sand water
conservation purposes: protection of erosion-proaeas, and
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revegetation and rehabilitation of degraded landfor&station is

specifically used to provide protective cover innarable, steep and
mountainous areas. Afforestation helps to repletisher resources and
provide fuel-wood and fodder. The establishmerd &drest cover under
good management is an effective means of increasiggnic matter
production.

3.1.6.Why Reforestation and Afforestation

Reforestation and afforestation are two of the ilg@dhature-based
solutions for tackling the effects of climate chand-or commercial
foresters and landowners, these two practices sen&al to ensuring
they can grow wood for wood products and continlyougeet demand
in a sustainable way. Reforestation is crucialambating or preventing
deforestation or forest degradation, where forehktink in size or are
completely removed. As well as reducing a forestslity to absorb
carbon dioxide (Cg), deforestation can destroy wildlife habitats and
contribute to the likelihood of flooding in certaareas. Afforestation
can also help avoid desertification, where fefaled turns into a desert
as a result of drought or intensive agriculture.

How Reforestation and Afforestation Limit the
Effects of Climate Change

Forests are a natural way of keeping the earth’sl&@Is in check. The
more trees there are, the more A© captured and converted into
oxygen through photosynthesis. By absorbing,G@ests help to lower
the amount of greenhouse gasses in the atmosphereeduce the
effects of climate change. Reforestation and astateon help maximize
these abilities of forests by increasing the ovesatount of forested
land on the planet.

The Roles Does Refor estation Play in Commercial
Forestry

The global wood products industry depends on qustée forests to
supply the wood needed to make furniture, creabstcaction
materials and provide fuel for energy. The suppigic will often start
with what'’s called a ‘working forest’ — a commelbtrarun forest which
is often privately owned. The landowner will growvarking forest to a
certain stage of maturity and then harvest sonal af the trees to sell
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the wood. Once the wood has been sold for use mbdy wood

products or fuel, the landowner will reforest theas to regrow the
trees.Foresters will typically do this in stagesoas their land to ensure
there are multiple stands of forest at differesiges of growth across
their land, which ensures there is consistent,agusble growth at all

times.

3.1.7 Regeneration of Natural Vegetation

Regeneration of natural grasslands and forest aneasases biomass
production and improves the plant species diversdgulting in more
diverse soil biota and other associated benefiorghnisms. Natural
regeneration may be more reliable where land issapt productive. In
some cases, natural regeneration of a given area leml to the
infestation of plots by weeds. Increasingly, ndtwegetation is being
recognised for its multipurpose benefits, for exEmnfuelwood, fibre,
biocontrol (e.g. neem) and medicinal species, dt agerestoration of
soil fertility (Acacia albida and other leguminous species) and habitats
for various beneficial species (pollinators anduratenemies) as well
as wildlife.

3.1.8 Protection from Fire

Burning affects organic matter recycling signifilgn Fire destroys
almost all organic materials on the land surfaceepk for tree trunks
and large branches. In addition, the surface saterilised, loses part of
its organic matter, the population of soil micrafauand macrofauna is
reduced, and no ready-to-use organic matter isladolai for rapid
restoration of the populations. However, this pcacis widely used
(e.g. in Africa) in order to enhance pasture redghofer livestock (using
residual P), to control pests and diseases, and &vecatch small
animals for food.

3.19 Crop Residue Management

The most appropriate method for managing crop vesiddepends on
the purpose of the crop residues and the experianceequipment
available to the farmer. Where the aim is to mammaulch over the soll
for as long as possible, the biomass is best managjag a knife roller,
chain or sledge in order to break it down but nitit ik Where the
decomposition process should commence immediatelyorder to
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release nutrients, the residues should be slashetban and some N
applied because dry residues have a high C:N tdtaever, in order to
avoid nitrate emission, urea should not be broadmaghe surface but
injected where possible.

In systems where crop residues are managed wejf, th

. add soil organic matter, which improves the qualdy the
seedbed and increases the water infiltration at@htien capacity
of the soil, buffers the pH and facilitates the ilmlity of

nutrients;

. sequester (store) C in the soil;

. provide nutrients for soil biological activity aptant uptake;

. capture the rainfall on the surface and thus irsgaafiltration
and the soil moisture content;

. provide a cover to protect the soil from being eahd

. reduce evaporation and avoid desiccation from dilesarface.

Depending on the nature of the following crop, deeis are made as to
whether the residues should be distributed evewngr the field or left
intact, e.g. where climbing cover crops (e.g. maguase the maize
stalks as a trellis.

An even distribution of residues will help achigfe following:

(1) provides homogenous temperature and humidity cmditat
sowing time;

(i)  facilitates even sowing, germination and emergence;

(i)  minimises the development of pests and diseasds; an

(iv)  reduces the emergence of weeds through allelopatiects.

3.1.10 Integrated Pest Management

As with balanced fertilization, proper pest andedse management
results in healthy crops. Healthy crops producénggdtbiomass, which
iIs necessary for organic matter production in tlod. Diversified
cropping and mixed crop-livestock systems enhancldical control
of pests and diseases through species interacfidmeugh integrated
production and pest management farmers learn howndamtain a
healthy environment for their crops. They learrei@mine their crops
regularly in order to observe ratios of pests tdursd enemies
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(beneficial predators) and cases of damage, anthatnbasis to make
decisions as to whether it is necessary to usealareatments (using
local products such as neem or tobacco) or cherrealments and the
required applications.

3.1.11 Compost

Composting is a technology for recycling organictenals in order to

achieve enhanced agricultural production. Biologiead chemical

processes accelerate the rate of decompositiontrandform organic

materials into a more stable humus form for appbeato the soil.

Composting proceeds under controlled conditionsoimpost heaps and
pits.

3.1.12 Mulch or Per manent Soil Cover

One way to improve the condition of the soil is rnich the area
requiring amelioration. Mulches are materials pthoa the soil surface
to protect it against raindrop impact and erosiang to enhance its
fertility. Crop residue mulching is a system of ntaining a protective
cover of vegetative residues such as straw, méafless palm fronds and
stubble on the soil surface. Mulching adds organatter to the soil,
reduces weed growth, and virtually eliminates enogluring the period
when the ground is covered with mulch.

There are two principal mulching systems:

. in situ mulching systems - plant residues remain where taky
on the ground;
. cut-and-carry mulching systems - plant residuesesaght from

elsewhere and used as mulch.
3.1.13 Reduced or Zero Tillage

Repetitive tillage degrades the soil structure @adpotential to hold
moisture, reduces the amount of organic matteheé doil, breaks up
aggregates, and reduces the population of soibefaunh as earthworms
that contribute to nutrient cycling and soil stwret Avoiding
mechanical soil disturbance implies growing cropgheut mechanical
seedbed preparation or soil disturbance since dheehkt of the previous
crop. The term zero tillage is used for this p@gtsynonymously, with
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terms such as no-till farming, no tillage, direatllchg, and direct
seeding.

SELF-ASSESSMENT EXERCISE

What are some of the practices that affect thelaiéity of organic
matter in the tropics?

40 CONCLUSION

Activities that promote the accumulation and suppiyorganic matter,
such as the use of cover crops and refraining fooimming, and those
that reduce decomposition rates, such as reduackdean tillage, lead to
an increase in the organic matter content in tile so

50 SUMMARY

In this unit, you have leant some practices thdtaece the organic
matter content of soils. These practices may irechhé following;

- Increased water availability, balanced fertilizaticover crops,

afforestation and reforestation, improved vegegatigstand,
integrated pest management, compost, mulchingzearadtillage.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the practices that may increase soil oyanatter you
studied.

2. Outline the advantages of systems where crop residve well
managed.

3. Enumerate what even distribution of residues in swits will
help achieve.
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MODULE 2 LIMING AND ITSSOIL PLANT
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5.0 Summary
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1.0 INTRODUCTION

Limingis the application (tgoil) of calcium andmagnesiunrich
materials in various forms, includimgarl, chalk limestone burnt lime

or hydrated lime Inacid soils these materials react asbaseand
neutralizesoil acidity. This often improves plant growth and increases
the activity of soilbacteria but oversupply may result in harm to plant
life.

20 OBJECTIVES
By the end of this unit, you will be able to:

o discuss what liming is all about
. explain causes of soil acidity.

3.0 MAIN CONTENT
3.1 Liming of Soils
What isliming?

Liming is a traditional procedure in preparing doit planting. It is the
application of calcium- and magnesium-rich material soil in various
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forms, including marl, chalk, limestone, or hydchtene. Lime used on
farm land is also calledgricultural lime. The primary reason to apply
agricultural lime is taorrect the high levels of acidity in the soil.
Acid soils reduce plant growth by inhibiting theake of major plant
nutrients -nitrogen, phosphorus and potassium. Sqolaats, for
example legumes, will not grow in highly acidiclsoi

3.2 Causesof Sail Acidity

. Leaching of land caused by high rainfall levels

. Application of modern chemical fertilizers, whicheathe major
contributors of acidified soil

. acidic precipitation in its true sense, that is"ibhs in
precipitation;

. the deposition from the atmosphere of acidifyingsega or
particles such as sulphur dioxide @Oammonia (NH) and
nitric and hydrochloric acids (HNOHCI);

. nutrient uptake by crops and root exudates;
. the mineralisation of organic matter.
1 L eaching of basic cations

Over time, soils also become acidic because cal@aaoh magnesium
leach out, because hydrogen is added to soils bgndgosition of plant
residues and organic matter, or because nitriboatdf ammonium

occurs when fertilizer (UAN solutions, urea, ammuoni nitrate,

ammonium sulfate, anhydrous ammonia), manure, amtpkesidues are
added to the soil. Lime will neutralise this agidiby dissolving,

whereupon it releases a base into the soil solutiah reacts with the
acidic components, hydrogen and aluminum.

2. Acidic precipitation

‘Pure’ rain is usually slightly acid, with a pH dfetween 5 and 5.6
because of the dissolution of carbon dioxide £C&hd the dissociation
of the resulting carbonic acid §60s). A soil exposed to such rain, but
no other acidifying inputs and receiving no limeuid attain the same
equilibrium pH as that of the rain. There are, hesve very strong
localized effects because human activity has ise@ahe acidity of
precipitation through emissions of acidifying compds such as
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SO, and nitrogen oxides (NOx) from industry and motehicles, and
NH; volatilised from manures and fertilizers

3. Acidifying fertilizersand legumes

The most important causes of soil acidificationagmicultural land are
the application of ammoniwiased fertilizers and urea, elemental S
fertilizer and the growth of legumes (Bolan & Hedl2003.
Ammonium salts strongly acidify soils through theogess of
nitrification.

NH*#+20°=NO 3+2H"+H,0

4. Nutrient uptake by cropsand root exudates

Plant growth and nutrient uptake result in somaliaed acidification
around plant roots through the exudation of acidsmfthe roots
(Hinsingeret al., 2003. Excluding the particular case of legumes, the
contribution of this to bulk soil acidification ismall (<10%) when
compared with N and S fertilizer inputs but it lEsimportant influence
on the bioavailability of plant nutrients in the izbsphere
(Marschner2012.

5. Mineralization

When microorganisms decompose soil organic matiey tproduce
CO,, which dissolves in soil water to formpEIO; in the same way as in
rain. Thus, soil and root respiration can resub large concentration of
CGO, in soil air, but because acidic soil solutionschetry little CQ, the
process is unlikely to cause soil pH to decline obel 5
(Bolanet al., 2003.

Soil with pH below 5.5 and below 70% of saturati@guires liming.
The best time is when plowing stubble, when theesr® crops in the
field. Effect of liming takes on average 6-7 years.

Agricultural lime has good effects on soil:

. Increases the pH of acidic soil
. Provides a source of calcium and magnesium fortplan
. Permits improved water penetration for acidic soils
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Improves the uptake of major plant nutrients (g&o, phosphorus,
and potassium) of plants growing on acid soils

Most of farming crops require neutral soil, with pkbund 6-7, but there
are also cultures that need expressly acidic @liak soil.

6. Soil pH and Soil Acidity

Soil pH is an indicator of “soil acidity”. A pH o7.0 is defined as
neutral. Values below 7.0 are acidic, and values/aly.0 are basic or
alkaline. Small changes in numbers indicate larganges in soil

acidity. A soil with a pH of 5 is 10 times more d@ici than a soil with a
pH of 6 and 100 times more acidic than a soil vatpH of 7. Most

plants can grow in slightly acidic soils, so theagof liming is not to

raise the pH to neutral (7.0), but to avoid crophbems related to
excessive acidity.

Soil pH
4:” - acidic High pH -E}
4 5 6 7 8
1 1 1 ] I ] 1 | 1
AcCIDIC NEUTRAL BASIC

| I | I I I I I I
Fig. 1.1 Relationship between soil pH and acidity

Benefits of Proper Lime Use
Proper liming provides a number of benefits:

. Plants develop healthier roots because they aresexpto less
potentially toxic aluminum. Better root growth magnhance
drought tolerance.

. Lime is a source of calcium (as well as magnesitimiolomitic
limestone is applied).

. Nutrient solubility is improved by a higher pH, ptants have a
better nutrient supply. (The optimum pH for mosips is 5.8 to
6.2 when grown on mineral soils in North Carolina.)
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. Increased soil CEC occurs, as well as reduced ilegaf basic
cations, particularly potassium.

. Nodulation of legumes is enhanced, which improvésogen
fixation.

. Triazine herbicides, such as atrazine and simawingk better.

. Optimal pH allows the breakdown of some herbicigesyenting

damage to rotational crops.

. Some nematicides work better.

SELF-ASSESSMENT EXERCISE

What are the major implications of liming on agtiatal soils?

4.0 CONCLUSION

Limingis the application (tgoil) of calcium andmagnesiunrich
materials in various forms, includimgarl, chalk limestone burnt lime
or hydrated lime “Soil acidity” is the term used to express theuofity
of hydrogen (H) and aluminum (Al) cations (positiveharged ions) in
soils. When levels of hydrogen or aluminum becoamhigh—and the
soil becomes too acid—the soil's negatively chargation exchange
capacity (CEC) becomes “clogged” with the posiyetharged
hydrogen and aluminum, and the nutrients needegléot growth are
pushed out. Application of lime neutralizes theddgidue to hydrogen
and aluminum.

50 SUMMARY

In this unit, you have leant that:

- Liming is the application of calcium and magnesiumh
materials which may be in various forms to the s$oilreduce
acidity.

- You have also leant that some of the causes ofitpamay
include leaching of basic cations, acid rains, i@gpibn of acidic
fertilizers, mineralisation of organic matter andtrrent uptake
by crops as well as exudates of acidic substanmoes foots of
certain plants.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Define liming and mention some substances usedrestb the
soil
2. Explain the causes of acidity in the soil

3. What are the advantages of lime application tcsthE
4. Explain the relationship between soil pH and soidldy
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1.0 INTRODUCTION

The most commonly used liming materials are grodingestone,
dolomitic ground limestone, chalk, ground chalk,ritulime and
hydrated lime; almost 70% of the material currentbed in the UK is
ground limestone. For example, ‘ground limestoneans ‘sedimentary
rock consisting largely of calcium carbonate andtaming not more
than 15% of magnesium expressed as MgO and of whi€8o will
pass through a sieve of 5 mm, not less than 95%pagds through a
sieve of 3.35 mm and not less than 40% will passuih a 15micron
(150u4m) sieve’. The seller must also declare the nedamingl value
(NV) and the amount of material as a percentageveight that will
pass through a 15@icron sieve.

20 OBJECTIVES

By the end of this unit, you will be able to:

o explain different liming materials
o discuss the quality standards to differentiaterignmaterials.
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3.0 MAIN CONTENT
3.1 LimingMaterials

A liming material can bring the pH of a soil to mptim levels for crop
production if used properly. Liming materials afgovide calcium (Ca)
and/or magnesium (Mg) to the soil for plant uptakiaterials that can
cause an increase in pH include carbonates, oxddsydroxides of
calcium and magnesium. When looking at liming matsrit is often
hard to distinguish one material from another. @uatandards used to
differentiate liming materials include Total Neuisang Value (TNV),
Calcium Carbonate Equivalence (CCE), Fineness, &iffkctive
Neutralising Value (ENV).

3.2 Quality standards used to differentiate liming materials

I Total Neutralising Value (TNV)

This is the percentage of the material that carirakse acid expressed
as the calcium carbonate equivalence (CCE) of thdytt.

ii. Calcium Carbonate Equivalence (CCE)

This standard compares the liming material to pakeium carbonate
(CaCO3). Some materials such as hydrated lime anded lime will

have a CCE higher than 100%. Pure magnesium cadb¢hgCO3)

will neutralise about 1.2 times more acidity thaaGD3 so dolomitic
limestone will have a higher CCE than calcitic Istane.

iii.  Fineness

The rate of reaction of a liming material is detered by the particle
sizes of the material; 100% of lime particles pagst 100-mesh screen
will react within the 1st year while only 60% ofethiming materials
passing a 20-mesh sieve (but held on 100 mesh)sielNeeact within a

year of application. Material that does not pags2fh mesh sieve is not
expected to react within a 1 year following appiima.

\2 Effective Neutralising Value (ENV)

The ENV is the fraction of the material's CCE thall react with soll
acidity in the first year of application. The EN\ icalculated by
multiplying a liming material’s CCE and its fineseAs an example: a
liming material with CCE of 90% and a fineness @@®has an ENV of
90*0.86= 77.4.
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3.3 Commonly Used Lime Materials

The Neutralisation Values (NV) of the material deB the amount of
acidity that it will neutralise and is based oneaation with HCI in a
laboratory. Typical NVs of the three most commounged materials are
as follows:

1. Limestone (CaCg), NV = 50-55% depending on the geological
strata;

2. Dolomitic limestone (CaMg(Cé¢},, usually 42% CaC@and 53%
MgCOs), NV = 56%;

3. Chalk (CaCQ), more readily broken down and absorbed into the
soil solution than limestone, NV = 48-54%.

However, the effectiveness of a liming materialoatiepends on its
reactivity, effectively its rate of dissolution, wh depends on particle
size and hardness. For example, the difference dagtviground’ and
‘screened’ limestone is the amount that will pdssugh a 15dnicron
sieve: that is screened limestone is a coarserrigatnd so it reacts
more slowly.

Throughout Europe, each country has its own smatifins for liming
materials but the European Union has proposed hasing regulations.
EC Regulation 463/2013 adds liming materials to theropean
Fertiliser Regulations so that they can be soltE&sFertiliser Liming
Materials’, in which case sales documentation rstate the parent rock
type (e.g. Chalk), the grade of product, the NV ahe C&" and/or
Mg?* content.

3.4 Other Acid-Neutralising Materials

A number of ‘waste products’ are available thattredise acidity: sugar
factory lime, basic slag, wood ash, coal combugti@ducts such as fly
ash and bottom ash, calcium humates and fulvabt@s @xidised brown
coal and byproducts of the paper and pulp industry (e.qg.
Bolanet al., 2003 Gagnoret al., 20149. The NVs of some of these,
compared with liméased products, are shown in Table 1. Sugar
Factory (or Spent) Lime is a fproduct of sugar beet purification. It
also contains some nutrients, approximately 3-5Mg 7-10 kg
‘available’ B,Os, 5-7 kg MgO and 4-6 kg S@er tonne of lime and has

a fine particle size, so is faatting.
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Table 2. 1: The Neutralising value of various lignimaterials expressed
as a weight percentage of pure lime (CgC&dapted from Bolast al.

(2003
Liming Material Chemical formula Neutralizing
value
Burnt lime CaO 179.0
Slaked lime Ca(OH) 136.0
Dolomitic lime CaMg(CQ), 109.0
Lime CaCO; 100.0
Basic slag CaSig 86.0
Phosphogypsum CaSQ.2H,0 0.3
Mined gypsum CaSQ.2H,0 12.4
Flue gas desuphuriseCaSQ.2H,0 0.1
gypsum
Coal fly ash variable

*[talicised text shows lime as the reference agawiich other acid
neutralising materials are compared

3.5
>

58

Positive Effects of Liming on Soil Properties

Liming increases Caconcentrations and ionic strength in the
soil solution, causing clay flocculation and thumsiaprovement
in soil structure and hydraulic conductivity (Hagne&
Naidu,1998.

Liming also increases earthworm activity and themef
macroporosity (Bolaset al., 2003.

Because of the beneficial influence of lime on stilicture, there
has been much research on the use of lime and aitidr

neutralizing materials for improving degraded soélspecially in
arid and semarid countries, for example Kirkhaenhal. (2007).

Bennettet al. (2014 found that lime applied at 5 t/ha was still
improving aggregate stability, hydraulic condudgiyivegetation
cover, total C and N and soil respiration 12 yeafter
application.

Dolomitic limestone is recommended for soils defindi in
Mg** but using it too frequently can result in Mdndices >3 and
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so poor K availability. In such a situation, farmers shoattsure
that there is sufficient Kavailable and so no risk of
K" deficiency in the crops grown.

SELF-ASSESSMENT EXERCISE

1. How would you explain a liming material- and howedat relate
to soil productivity?

2. Describe the quality standards used in differeingatliming
materials.

4.0 CONCLUSION

Liming has strong effect on soil productivity ashilps to reduce the
acidity of the soils. The acidity is mostly duethe deposits of hydrogen
and aluminum in agricultural soils. Application lohe neutralises the
acidity due to hydrogen and aluminum. When levdlshydrogen or
aluminum become too high—and the soil becomes tod-athe soil’'s
negatively charged cation exchange capacity (CECpimes “clogged”
with the positively charged hydrogen and aluminamg the nutrients
needed for plant growth are pushed out.

50 SUMMARY

Liming material can bring the pH of a soil to optim levels for crop
production when it is properly used. Liming matkyialso provide
calcium (Ca) and/or magnesium (Mg) to the soil fdant uptake.
Materials that can cause an increase in pH inchadleonates, oxides or
hydroxides of calcium and magnesium. When lookirg liening
materials it is often hard to distinguish one matefrom another.
Quality standards used to differentiate liming mate include Total
Neutralizing Value (TNV), Calcium Carbonate Equamate (CCE),
Fineness, and Effective Neutralizing Value (ENV).
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6.0 TUTOR-MARKED ASSIGNMENT

1. What is a liming material and how does it relate doil
productivity.

2. Discuss the quality standards used in differemgatiiming
materials.

3. What are the positive effects of liming on soil pecties?

4. In a tabular form, state the liming materials yaow indicating
their chemical formula and neutralising values.
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1.0 INTRODUCTION

Nitrogen (N) is the most abundant element in thmeoaphere and is
usually the most limiting crop nutrient. Nitrogeyctes through soil in
various processes and forms. Some processes a&gsaegrto convert N
into forms which plants can use. Some processedeeahto N losses
such as leaching or volatilisation. Nitrogen is edido soil naturally
from N fixation by soil bacteria and legumes antbtiyh atmospheric
deposition in rainfall. Additional N is typicallyupplied to the crop by
fertilizers, manure, or other organic materials.il Sotrate-N is an

excellent indicator of N-cycling in soils, whethearryover nitrogen was
used by the previous crop and whether additioriedgen is needed.
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2.0 OBJECTIVES
By the end of this unit, you will be able to:

o discuss Nitrogen content of soils and
o explain factors affecting its availability to plant

3.0 MAINCONTENT

3.1 Nitrogen Content of Soils

Improved agricultural methods and better crop teseare demanding
more and more of this element. Soils alone seld@n meet the
increased demand because they were never wellisdppith nitrogen
or because they have lost much of their originabsuduring 50 to 100
years of cultivation. Nitrogen is of special im@orte because plants
need it in rather large amounts, it is fairly exgiga to supply, and it is
easily lost from the soil. A major factor in sucsfes farming is the
farmer's ability to manage nitrogen efficiently.

3.2 Lossesof Nitrogen from Soil-Plant System

Apart from nitrate (N@— N) and ammonium (NH4-N) which are plant
utilizable forms of nitrogen in the soil, other flos of inorganic N such
as nitrogen dioxide (NO2), nitric oxide (NO) ammerfNH3), nitrous
oxide N 20 and nitrogen gas (N2) do exist havingrb&ansformed
from organic fractions. However, these other foussally escape to the
atmosphere in gaseous forms completely away froen dbil-plant
system. They are regarded as nitrogen losses amdusually the
products ofdenitrification andvolatilisation.

Other losses are througinop removal or by harvesterosional losses
andliquid leaching losses. Certain portions of nitrogen (NH4 — N and
simple amino compounds) are held on negatively gedhrsites in the
soil in the interlayer spaces of 2:1 clay minesald are also unavailable
to crops but cannot be regarded as losses singe#mestill be released
for plant use under certain soil conditions.
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3.3 Inherent Factors Affecting Soil Nitrogen

> Inherent factors such as soil drainage, soil textand slope
steepness impact N-transport and N transformatioogsses that
limit availability to crops or lead to losses.

> Inherent factors such as rainfall and temperataes site
conditions such as moisture, soil aeration (oxytguels), and
salt content (electrical conductivity/EC) affectteaof N
mineralisation from organic matter decompositionfrogen
cycling, and nitrogen losses through leaching, fiin@r
denitrification.

> Organic matter decomposes releasing N more quickiywarm
humid climates and slower in cool dry climates.sSINirelease is
also quicker in well aerated soils and much slowar wet
saturated soils.

3.3.1 How leaching affects soil Nitrogen

Nitrogen can readily leach out of the root zoneiinate-N form. The

potential for leaching is dependent on soil text{percentage of sand,
silt, and clay) and soil water content. Water mawvese quickly through

large pore spaces in a sandy soil than it doesugfr@mall pores in a
clayey soil and water holding capacity is much lowe sandy soils,

making them especially vulnerable. Soils that hpwer drainage and
are ponded or saturated with water causes decdtidin to occur

resulting in loss of N as a gas which can resulenmssion of potent
greenhouse gases, yield reduction and increasedtiNzEr expense.

3.4 Nitrogen Management

Management factors, such as N-rate, N source, Replant method,
timing of application, irrigation management, re@dmanagement, crop
type, etc. all can affect how efficiently N is udggdcrops and amount of
N losses. Nitrogen management on sandy soils isrntapt because of
high potential for leaching losses. Selecting appate N rate is the
primary management consideration. However, nitraggmce, timing N
application close to plant uptake, and method qdliegtion such as
injecting N to avoid losses are also important. Btggment measures
that increase organic matter and avoid compactieraso important to

63



S.M 302 SOIL FERTILITY AND PLANT NUTRITION (3 UNITS)

stabilize crop N supply, increase aeration, antimd N losses due to
denitrification occurring in saturated soils.

3.4.1 Nitrogen Supply to Soils

Nitrogen rates should be based on amount needaxptimize yield
based on agronomic economic and environmental derstions. When
planning N-fertilizer or manure application ratggpeopriate N-credits
should be accounted for including; soil test realdoitrate-N, soil
organic matter mineralisation, legume credits, marar other organic
amendments, irrigation water nitrate-N, residue odgmosition and
natural N sources. Time N fertilisation to providéequate amounts of
N when plants are actively growing and using N dbpi Losses of
applied N from fertilizer can be reduced by delayapplication until
the crop has emerged (side dressing). Split N egpdns, where some
N is applied prior to crop emergence and the balafter emergence
can increase crop N-use efficiency. Fertilizer seurs important to
increase N recovery by crops, avoid N-loss fromatisation and be
matched to the type of placement method to redegsek and maximise
recovery by crops. Anhydrous ammonia is usuallyléfast expensive N
source, but this material must be handled safelyd anust be
injected/knifed in with ideal soil moisture conditis. Urea and urea
containing materials should be injected to redwss lfrom ammonia
volatilization. Surface applied urea N fertilizeshould not be applied
during warm humid conditions, or on wet residuesdose of high
potential for N losses from volatisation. Manureooganic amendments
can be an effective N-fertilizer. However, care tnos taken to apply
manure uniformly at a known rate, and account faremalisation rate.
Placement of N-fertilizer can be accomplished byesa#l methods.

3.4.2 Methodsof N Application
Typical methods include:

> Side dress applications after crop emergence,

> Knifed application placing a band of fertilizer bel the soll
surface,

> broadcast applications that uniformly distributeard
> Through sprinkler irrigation systems.
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Each placement method has its advantages, andomusatched to type
of fertilizer or manure that will be applied. Iragion scheduling is
important. The goal is to supply enough water tanoige yield while
avoiding excess irrigation which can increase casts leach N below
the root zone.

3.4.3 Keysto Managing N in Most Efficient Manner
include these Strategies:

1) Apply recommended rate based on realistic yield
2) Time N application just before peak crop demand

3) Select an ammonium containing fertilizer whprovides greater
N recovery by crops

4) Inject N if possible to avoid ammonia or vadation losses
5) Use N-inhibitors when N is applied outside od\ging season
6) Credit all sources of N

7) Irrigate wisely

8) Monitor crop nitrogen needs by scouting

9) Regular soil testing for nitrate (including gesamples), and soil
salt content (EC)

3.3.4 Symptom of N Deficiency in Crops

Yellow coloration in a “V” shaped pattern is symyptatic of nitrogen
deficiency. This pattern progresses from leaf enaf collar and from
lower to upper leaves. Lower leaves often die whignogen deficiency
IS severe.

3.4 Biological Nitrogen Fixation

Biological nitrogen fixation is the conversion ahidrogen (N2) in soil
air into combined forms useable by the plants affi@ced by
microorganisms. Some groups of microbes live freelthe soil where
they are able to convert N2 into body tissue n#grodgorm and when
they die and decompose, the combined nitrogeri@ased for plant use.
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These groups of free living N-fixers are known Iden-symbiotic
nitrogen fixing microorganisms. In the tropics Azotobacter and
Bjeirinckia species are known to be free-living microbes tlvatN2
under aerobic well aerated soils of pH 6Xostridium spp. Are free-
living bacteria that fix N2 under anaerobic corwhs in soil. Other-
living soil micro-organisms that fix nitrogen aréué -green algae and
Azospiriullum in the rhizosphere of certain plants. The rangéxefd N
by these group of non-symbiotic microbes is betw2& kg/halyear.

In symbiotic fixation, bacterial andactinomycetes effect the formation
of root nodules (abnormal root growth) in both legume and non-legum
plants and then inhabit those nodules where thepifrogen. The host
plant supplies the bacteria with carbohydrate ascgoof energy, and
the bacteria supplies the plant with fixed nitrog@mpounds.in effect,
both the plant and the microorganism have a muwtub#neficial
association known aymbiosis. There are various species of Rhizobium
bacteria that inhabit different plant species sasHR. trifolic which
inhabit clovers,R. japonicum for Glycine max (soyabeans) andR.
Phaseoli which associates withPhaseolus wulgaris (dry beans).
Appropriate Rhizobia cultures are used to inocultdte soil for a
particular crop to nodulate for the fixation ofrogen.

3.5 Nitrogen Cycle

Besides nitrogen (N2) gas within soil pore spacepgen is found in
both organic and inorganic forms in soil. Orgarmenis occur in soll
organic matter which consists of three primary gancluding small
(fresh) plant residues and small living soil orgams, decomposing
(active) organic matter, and stable organic matteredominate
inorganic forms of N in soils are ammonium (NH4damtrate (NO3),
which are both useable by plants. The nitrogenecyf€lg. 3) illustrates
reactions that various inorganic and organic N coumgls undergo in
soil. The nitrogen cycle typically begins with oiggen in its simplest
stable form, dinitrogen (N2) in air, and followstlirough the processes
of fixation, mineralisation, nitrification, leachgn plant assimilation,
ammonia volatilisation, denitrification, and immb&ation.
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The Nitrogen Cycle

Fig 1. 1: Nitrogen Cycle

SELF-ASSESSMENT EXERCISE

1. Explain the nitrogen content of soils.

What are the inherent characteristics affectingrstiogen?

3. What are the keys to managing N in most efficieatyvin the
tropical soils?

N

40 CONCLUSION

You have learnt that Nitrogen (N) is the most alamdlement in the
atmosphere and is usually the most limiting croprieat. Nitrogen
cycles through soil in various processes and foosne processes can
lead to N losses such as leaching or volatilisatiditrogen is added to
soil naturally from N fixation by soil bacteria atejumes and through
atmospheric deposition in rainfall.

50 SUMMARY

An abundant supply of the essential nitrogen comgeus required in
each plant cell for a good rate of reproductiomwgh, and respiration.
Even the green leaf pigment chlorophyll, which deslplants to use the
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energy of sunlight to form sugars, starches, atgdffam carbon dioxide
and water, is a nitrogenous compound.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the nitrogen content of soils.

2. Outline the inherent factors affecting soil nitrage
3. Explain how nitrogen can be supplied to the soil.
4. Outline methods of nitrogen application to the .soll

5. What are the keys to managing N in most efficieayw
6. Use diagram to explain nitrogen cycle.

7.0 REFERENCESFURTHER READING

https://www.nrcs.usda.gov/Internet/FSE DOCUMENTE&¢dd2p2 05
3274.pdf
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1.0 INTRODUCTION

Soil potassium (K) directly affects crop yield 2nK is responsible for
the maintenance of osmotic pressure and cell si@ch in turn
influences photosynthesis and the energy produetiomg with stomatal
opening and carbon dioxide supply. Except nitrogenis a mineral
nutrient plants require in largest amounts. Pat&sss assimilated in
relatively large quantities by the growing cropths yield and quality
are closely related to soil K (Tisdakt,al 1993). Plants require soil K
for ATP production, translocation of sugars, stgsobduction in grains,
nitrogen fixation in legumes and protein synthesis.

20 OBJECTIVES
By the end of this unit, you will be able to:

o explain the potassium content of soils
. discuss the importance of K in crop’s nutritionadjuirements.
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3.0 MAINCONTENT
3.1 Potassium Content of Soils

The concentration and availability of K in the geiprimarily controlled
by inorganic processes. Though K does not pose pbtential
environmental concerns that nitrogen and phosphodss an
understanding of K cycling and availability is inmpant for the
management of profitable long-term cropping systef@eil K has,
however, not been given much attention by reseesceit deserves in
the tropics. Possibly this neglect in K researchidde due to the
general assumption that most tropical soils corddiequate amounts of
K to sustain crop growth. Whilst this assumptionldde true, losses of
K are basically incurred through leaching in drgmawaters, crop
removal, continuous cropping and utilisation byrigy organisms.

3.2 Formsof Sail K

Based on availability to plants, K can be categatisito three major
forms:

o Relatively unavailable K; this is contained withitre crystalline
structure of micas, feldspars and clay mineralan®lcannot use
the K in these insoluble forms and therefore miheseathering
must take place. Because feldspars and micas aigtam to
weathering they release only small quantities afuking a single
cropping season.

o Slowly available (fixed) K; this form of K is trapp between the
layers or plates of certain kinds of clay minerals illite,
vermiculite and chlorite. Potassium held in thisnmer cannot be
used much by plants during a single growing seabl@wever,
the supply of fixed K largely determines the soidibility to
supply K over extended periods of time.

o Readily available K; is that which is dissolvedsail water or
held on the surface of clay particles. Plants dbsissolved K
readily, and as soon as the concentration in thie setution
drops, more is released into the solution from gkehangeable
forms. Potassium in the soil solution, which reprgs a very
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small fraction of total soil K, is an important igdtor of K
availability.

ally, 90 to 98 percent of the total K in saedsin the relatively

unavailable form, 1 to 10 percent in the slowlyikalde form and about

0.1to

3.3

2 percent in the readily available form.

Sourcesof K in Soils

Clay minerals are the most important sources dfksa@xcluding that

from fertilizers. They hold the bulk of mobile K dmelease it when the
concentration of the soil solution falls due toakat by plants or to an
increase in soil moisture. It has also been obsktivat over 95 percent

of the

K in tropical soils is contained in primagd secondary minerals.

Potash feldspars, muscovite and biotite are gdgecainsidered the
original sources of K in soils. At equal clay carttehe K concentration

of sail

34

solution depends on the nature of the of@yerals.

Kaolinitic clay minerals have no inter-lattice bing sites for K
and a low cation exchange capacity. They do nod hwn-
exchangeable K and therefore behave similarly tw snd soil
organic matter, as far as K dynamics are concerned.

lllitic clay minerals, vermiculite and chlorite amb K
selectively. According to Olaitan and Lombin (198#i)es form
the most important clay mineral that contains K.

The selectivity of montmorillonitic clay mineralsniectite) for K
is lower than that of illitic but greater than tredtkaolinitic clay
minerals.

Allophanes contain very small amounts of K.

Relationships between K Forms and other Soil Properties

It has been reported that there is greater excladhgeK
availability to plants in soils of coarse textudeam on fine
texture. Thus, replacement of a given amount ohargeable
bases will cause release of more K ions from sasuilg than
from clayey soils with equal exchangeable K content
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- It has also been found that K fixation by samplesiany soils of
Finland increased with clay content indicating tlsails with
higher clay content are likely to contain more mxchangeable
K. Sands are often made up of almost entirely cdriguand
therefore contain very small amounts of K minerals.

- Organic matter has no strong affinity for absorbiigHowever,
it has been argued that the CEC of organic matteases with
pH and that at higher pH levels organic matter rbayable to
serve better as a source of plant available K.

- The effect of soil pH on the availability of soil K still a
debatable issue. York et al (1953) noted that ikatibn of
fertilizer K takes place more readily in neutraarhin acid soils
and liming an acid soil increases its ability to K.

- It has also been reported that even though limiegehses K
susceptibility to leaching, it might also reducduson K to
levels where plants suffer deficiencies.

3.5 Factors Affecting Availability and Fixation of Potassium
Soils

Nature of Soil Colloids

The dominant clay species in a soil determines dakient to which
added fertilizer K could be fixed. Soils in whictlitype clays, such as
Kaolinite, are dominant fix very little K. On theher hand, soils in
which 2:1-type clays, such as vermiculite, montnhanite and fine
grained mica (illite), are dominant readily fix & large amounts. The
2:1 clays have larger negative charge from isommuplsubstitution of
A13+ for Si4+ in their silical tetrahedral layeretieby strongly binding
the K+ ions.

Alternate Wetting and Drying

Alternate wetting and drying and freezing and thegvihas been
reported to contribute to fixation of K into nonetvangeable form as
well as its ultimate release to the soil solutiburing wetting, the 2:1
expanding clay minerals increase their interlaygaices and K+ ions
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could easily move into the spaces. On drying, thkpaeded layers
collapse to entrap the K+ ions between the interlagpaces, thereby
preventing the release of the potassium. The samehamism is
believed to occur during freezing and thawing.

Influence of Lime

Application of lime usually results in an increaseK-fixation and thus
conserved against leaching losses. Neverthelessjl;wwhere the
negative charge is pH-dependent, liming can greatijce the level of
K in the soil solution. High calcium levels in trs®il solution also
reduce potassium uptake by the plant.

Frequency of Application

Frequent light applications of K are found to bpesior to heavier ones.
Frequent light applications are recommended to davaixury
consumption, leaching losses and fixation of expesassium.

Crop Removal

Crop removal of K is higher than all other nutriexlements except
nitrogen. Annual losses by crop removal could bhigk as 200kg ha-1
of K especially in leguminious crops such as soyanband cowpea.
The percent recovery of K from fertilizer — K byops on most soils is
about 70% but if the clay content is up to 27%,eesly illite clay,
recovery is only about 30%.

Presence of other Nutrient Elements

Potassium is supplied as catiort &nd it is readily available to crops.
However, there is competition between MHand K uptake and
between C& and K as in calcareous soils where uptake of K may be
suppressed.

3.6 Potassium Deficiency and Toxicity Symptoms

On an annual basis, agricultural crops remove bEtvi®0-300kg K ha

! The amount taken up annually by a good ceregl gielding 5 to 10t
ha' grain is between 200-300kg K “havhile a good crop of potato
could also be up to 300kg K haPotassium uptake by grass could be
very much higher than the figures quoted for comnagoable crops.
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Although the total amount of potassium in soil magy several times
larger than uptake, the potassium may not be presehe soil in the

available form to meet crop requirement. This icduse amount
available for crop uptake depends on the conceémraat the root

surface and its replenishment. Potassium in it faken up by plant,
that is K+, is a mobile element easily translocatedhe younger parts
of the plants whenever there is a short fall inaheunt taken up by the
crop.

Therefore, deficiency symptoms first manifest oa tider plant parts.
There is yellowing along the margin from leaf tips apex of older
leaves. Necrotic area along leaf margins is charetic of K-deficiency
symptom in dicotyledon plants. There is also brawnof tips of leaves
down to the base. Acute shortfall in K-supply ledalstunted growth,
poor root development and reduction in the productf fruits and
grains. Fertilizer K is normally added to correct deficiencies.
Deficiencies occur in soils that are low in micasijls that are low in
clay (few exchange sites) and acid soils of pH-4@0 due to leaching
by high rainfall.

Excess potassium has been found to induce theeteficof magnesium
(Mg) and cobalt (Co). Excess application of K-fieréir generally leads
to deficiency of other cations such as Mg- deficienn oil palm
referred to asrange frond. This condition is calledon antagonism in
plants. At the end of the growing season, some passed back to the
soil through the roots. Potassium moves up thet @arsalt by passive
means in water solution through the xylem vessets rmoves down as
organic K through the phloem.

SELF-ASSESSMENT EXERCISE

1. Highlight the availability of K in the soll.

2. Discuss how K relates with other solil properties.
3. Explain the factors affecting availability and fikan of K in the
soil.
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4.0 CONCLUSION

The concentration and availability of K in the geibrimarily controlled
by inorganic processes. Except nitrogen, K is aenaihnutrient plants
require in largest amounts. Potassium is assindilaterelatively large
guantities by the growing crop as the yield andliguare closely
related to soil K. Clay minerals are the most inigolr sources of soil K
excluding that from fertilizers.

50 SUMMARY
You have leant that:

- K is the next largest nutrient element after nigogheeded by
crops for their growth and development.

- Soil potassium (K) directly affects crop yield sn&K is
responsible for the maintenance of osmotic pressma cell
size, which in turn influences photosynthesis ahe é&nergy
production along with stomatal opening and carbdoxide
supply.

- The forms in which K is available in the soil amelatively
unavailable K, slowly available and readily avaiéab

6.0 TUTOR-MARKED ASSIGNMENT

Discuss the K content of soils.

What are the sources of K in the soil?

Highlight the availability of K in the soil.

Explain the relationship between K and other smpprties.
Discuss the factors affecting availability and fira of K in the
soil

ahwbdE
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1.0 INTRODUCTION

Phosphorus constitutes about 0.2 percent of a’glairy weight,

where it is primarily a component of tissue molesulsuch as
nucleic acids, phospholipids, and adenosine triphase (ATP).
After nitrogen (N), phosphorus (P) is the secondstmbmiting

nutrient. It can reduce plant growth and developmemd

potentially limit crop yield. However, excess phbspus in soil
can be detrimental tothe environment because i eater
freshwater bodies through surface runoff and carsealgal bloom
reducing water quality.

Improved phosphorus management can create proditaiybp
production systems while reducing negative impacts the
environment. The objective of this document is toderstand
phosphorus forms, transformation, and cycling ine tlsoil.
Phosphorus cycle is unique and different from thieogen cycle
because phosphorus does not exist in a gaseous. fohrs
document provides basic information on the varidosms of
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phosphorus present in the soil and the processas dffect
phosphorus availability for crop production.

20 OBJECTIVES
By the end of this unit, you will be able to:

. highlight forms of phosphorus in the soil
o explain phosphorus cycle and transformation insthie
J state factors influencing availability of P in theil.

3.0 MAIN CONTENT

3.1 Phosphorus Forms Present in the Soil

Soil phosphorus is found in two forms, namely olngamand
inorganic. These two forms together make up thealtaoil
phosphorus. Although total soil phosphorus is gaherigh, with
concentrations ranging from 200 to 6,000 pounds aere, 80
percent of this phosphorus is immobile and not lade for uptake
by the plant.

Approximately 30 to 65 percent of total soil phosepls is in
organic forms, which are not plant available, whilee remaining
35 to 70 percent is in inorganic forms. Organic nfier of

phosphorus include dead plant/animal residues amd maicro-

organisms. Soil micro-organisms play a key rolgincessing and
transforming these organic forms of phosphorus intant

available forms. The inorganic phosphorus forms barclassified
to exist in three different pools:

. Plant-available (soil solution) phosphorus: This pool is
comprised of inorganic phosphorus dissolved in watsl
solution that is readily available for plant uptake

. Sorbed phosphorus: This phosphorus pool is comprised of
inorganic phosphorus attached to clay surfaces ifee),
aluminum (Al), and calcium (Ca) oxides in soil. The
phosphorus in this pool is released slowly for plaptake.

. Mineral phosphorus: This phosphorus pool is comprised of
primary and secondary phosphate minerals presersoih

77



S.M 302 SOIL FERTILITY AND PLANT NUTRITION (3 UNITS

Examples of primary phosphorus minerals includetisga
strengite, and variscite. The secondary phospharuerals
include calcium (Ca), iron (Fe), and aluminum (Al)
phosphates. The release of phosphorus from thid mo
extremely slow and occurs when the mineral weatlzard
dissolves in soil water.

FHant k

Arimal M

' P Pinput
‘ =+ P Output
P Cycling (Makes P Avadable)
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3 Runoft & Erosion
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Bt~ il

Leaching

Fig. 3.1: Soil phosphorus cycle. This figure illustrates the sources
of phosphorous inputs in the soil, pathways through which
phosphorus becomes available/ unavailable for plant uptake, and
phosphorus outputs/ loss pathways.

3.2 Phosphorus Cycling and Transformation in the Soil

Once phosphorus enters the soil through chemicatiligers
(inorganic source), manure, biosolids, or dead tplan animal
debris (organic sources), it cycles between sevsodl pools via
processes such as mineralisation, immobilisatiodsogption,
precipitation, desorption, weathering, and dissolut Following
are explanations of these processes:

3.2.1 Mineralisation and | mmobilisation

Mineralisation is a process through which organiogphorus in
soil is converted into inorganic phosphorus witle thelp of soil
microbes. Immobilisation, on the other hand, is ttleverse of
mineralisation. During immobilisation, inorganic ggphorus forms
are converted back to organic forms and are absoibto the
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living cells of soil microbes. Immobilisation ty@ty occurs when
crop residues are incorporated in the soil. As cr@sidues
decompose, more phosphorus becomes available in sié
solution through mineralisation. Since mineralisati and
immobilisation processes are biological processlesy are highly
influenced by soil moisture, temperature, pH, oigaoarbon to
organic phosphorus ratio of crop residues, micrblpi@pulation,
etc.

3.2.2 Adsorption and Desor ption

Adsorption is a process in which phosphorus pres@ntsoil

solution is attached/bound to the surface of sailtigles. The
phosphorus binding takes place on clay surfacetheriron (Fe)
and aluminum (Al) oxides and hydroxides present soil.

Adsorption is a fast process and reversible in regtmeaning that
adsorbed phosphorus can be released into soil isnlutia a
process known as desorption and will be availabtepfant uptake.

Soils containing greater concentrations of iron aaldminum
oxides have greater potential to adsorb phosphtiras soils with
relatively low iron and aluminum oxides. Anotherlgmroperty that
favors phosphorus adsorption is the clay conteatlsSwvith greater
clay content have higher adsorption capacity thaarse textured
sandy soils.

3.2.3 Weathering, Precipitation, and Dissolution

Soil contains minerals that are rich in phosphoflisese minerals
are classified into primary and secondary minerklgerals break
down over time (a process referred to as weathgramgl release
phosphorus in the soil solution for plant uptakeinfary minerals
such as apatite are very stable and resistant ttheeing. Hence,
phosphorus is released very slowly compared to resay

phosphorus minerals such as calcium, iron, or ahumm

phosphates.

Precipitation on the other hand is a process bytwhnetal ions
such as Al" and Fé&" (these ions are dominant in acidic soils) and
C&* (dominant in calcareous soils) react with phosphains
present in the soil solution to form minerals swsh Al-, Fe-, or
Ca-phosphates. Precipitation is a slow process ewvolves a
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permanent change into metal phosphates. These mbtaphates
can release phosphorus in soil solution upon digsml, but the
release rate is very slow. Dissolution is a forma@&athering when
the phosphate minerals dissolve and release phtsgiack into
the soil solution.

3.2.4 Phosphorus L oss

Phosphorus is removed from soil by (a) crop/plaptaue, (b)
runoff and erosion, and (c) leaching (figure 4).rf8ae runoff is
the major pathway for phosphorus loss from soilsn®f water
carries away both soluble (dissolved) phosphorud particulate
(eroded soil particles) phosphorus from soil suefaceaching is
the loss of soluble phosphorus from sub-surfacd aei water
percolates vertically down the soil profile. In geal, phosphorus
loss by leaching is minimal compared to surfaceoftin

3.3 Factors Influencing Phosphorus Availability in the
Soil

While the processes such as weathering, dissolution

mineralisation, and desorption increase phosphamsslability in

the soil for plant uptake, processes such as imhsabion,

adsorption, precipitation, runoff, and erosion a=ze the
phosphorus availability.

In addition, phosphorus availability in soil soloi is influenced
by the following factors:

. Organic Matter. Organic matter is an important factor in
controlling phosphorus availability. With the addn of
organic matter, availability of phosphorus increas€his is
due to the following reasons:

. Mineralisation of organic matter releases plant-
available forms of phosphorus into soils.
. Organic molecules will compete with phosphate

adsorbed to soil surfaces and will reduce
phosphorus retention. This process will increase
availability of phosphorus.
. Clay Content. Soils with higher clay content have high
phosphorus retention capacity because clay pastitiave
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34

very large surface area per unit volume, which easorb
phosphorus easily.

Soil Mineralogy. The mineral composition of the soil
influences the phosphorus adsorption capacity. &ample,
soils with a high content of Al3+ and Fe3+also tenchave
the greatest phosphorus adsorption capacity.

Soil pH. Optimum soil pH between 6 and 7 will result in
maximum phosphorus availability. At low pH (acidoils),
soils have greater amounts of aluminum and ironjciwh
form very strong bonds with phosphate. At high pHen
calcium is the dominant cation, phosphate tends to
precipitate with calcium.

Other factors. Temperature, moisture, and soil aeration can
affect the rate of P mineralisation from organic trea
decomposition. For example, in warm, humid climates
organic matter decomposes faster compared to copl d
climates.

Phosphorus Deficiency and Toxicity

Since P is a mobile element, deficiency symptomss §how up in older
leaves of plants. The deficiency symptoms may apaga

Stunted overall growth of whole plant comparedaonmal plants.
Dark green colour, dark red to purple discolourated stems,
and, at times, dull green.

Protein synthesis is impaired, vegetative growitleigressed.
P-deficient plants have limited root system andah thiems. In
cereals, tillering is affected.

There is a deposition of starch in roots.

Stems of annual plants have reddish green colooause of
formation of anthocyamins.

Leaves are tinged with brownish colour and fallm#maturely.
Phosphorus contents of P-deficient plants are lysiai (0.1%
P).

When cereal and herbage are supplied with P, Bremntent may go up
to about 0.3 to 0.4%. Phosphorus toxicity is nanown, but when it
occurs it leads to reduced growth due to retardatb up-take and
translocation of micro-nutrients including zin@mnrand copper.
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3.5 P-Management Strategies

Four major P-management strategies are:
1. Lime acid soils to increase soil pH to betweena&h8 7.0;

2. Apply small amounts of P fertilizer frequently raththan large
amounts at one time;

3. Reduce P tie-up by banding/injecting P fertilizer loquid
manure; and

4. Place P fertilizers near crop row or in furrow wdeoots are
most active.

SELF-ASSESSMENT EXERCISE

1. Discuss phosphorus contents, forms and transfoonstn soils
2. Highlight the factors affecting the P content amnaikability in
the soil

5.0 CONCLUSION

Various components of phosphorus cycle in soil bancorrelated
with the types of money in your bank. Just as momeyn be
separated into categories—savings or checking atdsputhe
checks you carry for use as needed, and the cashkgep with
you—phosphorus in soil can also be categorisedxisten three
different accounts/pools.

6.0 SUMMARY

You have leant that; soil phosphorus is found i fwrms, namely
organic and inorganic. These two forms together enafi the total
soil phosphorus. The inorganic P can be classif®exist in the
following forms;
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- Plant-available (soil solution) phosphorus
- Sorbed phosphorus
- Mineral phosphorus

Factors Influencing Phosphorus Availability in t8eil

- Organic matter
- Clay content

- Soil mineralogy
- Soil pH and

- Other factors

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss phosphorus content of soils.
2. Explain the cycle and transformation of P in thi so
3. Highlight the factors affecting P availability ihd soil.
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1.0 INTRODUCTION

Soil sulphur occurs in both organic and inorgammorfs. About 50 —
70% of the total S in top soil is in organic matteplying high S in
soils with high organic matter content. Total Steon in soils is about
0.005 to 0.1% depending on the soil type. Organac&urs as organic
sulphates and carbon sulphides. It could occubsoibable sulphates —
SO and as elemental sulphur, S, in some soils. Mast soils comes
from parent materials, the S containing mineratshsas FeS, CuS, NiS
which could be oxidized by Micro-organisms to fomrater soluble
sulphates: FeS + 2@&-oxidizing Fe3+ + S©

20 OBJECTIVES
By the end of this unit, you will be able to:

o describe the forms of sulphur in the soil
o explain the functions of suphur in the soll.
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3.0 MAIN CONTENT
3.1 Formsand Functions of Sulphur

Like phosphate, sulphur is taken up by plants asstiphate form, SO4
Sulphur concentration in plant tissue is about @ddrming the —SH
and the —S-S groups in plant cells. There is heguirement for S by
such crops as soya bean, cotton, tobacco, legumem@nufacture of
protein), cabbage family mustard, onion and pepgech has hot taste
due to S-containing compounds such as glucosides.

3.1.1 Amount and Functions of Sulphur in Plants

The major functions of sulphur in plant could bensoarised as follows:
Sulphur forms structural components of plants tglodhree amino
acids containing sulphur — crysteine, methionind arystine-by the
disulphide bonds. There is serious human malnoiritvhenever these
amino acids are deficient. Sulphur is important tire metabollic

processes. It is involved in fatty acid synthefmsms constituents of
vitamins biotin, thianire and glucosides whose abtaristic taste is
found in onion and pepper. The mustard produced Solphur in plants
contains allylisothio-cyanate CH2 = CH CH2CNS whibhs high

flavour as in onion and mustard oil. Sulphur isuieed for nochelation
of leguminous plant by Rhizobium, the nitrogenrigibacteria. Sulphur
also increases oil content of oil producing plaush as groundnut, oil
palm and soyabean. Sulphur functions in proteinscaenzymes for
carbohydrates and lipid metabolisms.

3.2 Deficiency Symptom

Deficiency symptoms of S occurs as a general yatigwof entire
plants; and this characteristic yellowing may b#idilt to distinguish
from severe nitrogen deficiency. Plants are ususithall and spindly.
Nodulation of the roots of legumes is reduced. Abseof S may also
delay maturity of fruits and seeds and reduce tnaity of protein in
plants. Sulphur-deficiency is prevalent in the icepcompared to the
temperate regions due to parent materials, higthleg rates and low
level of atmospheric sulphur-bearing air. ExceshaS been found to
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lead to accumulation of N®in plants and also the reduction in the
absorption and utilization of molybdenum, Mo, bgrmis.

Some small amount of sulphate is held on positicegrged sites of soil
colloids. FeS and CusS are referred to as primanyerais which have
not been weathered. Sulphur is also found in sexgnahinerals. Often
found along with CaC@and Ca SQin arid or semi-arid soils. There are
few S-deficient soils in the world. In normal agditiral soils,

S is added in many ways.

3.3 Acid Rain

Rainfall dissolves the sulphur oxides SO2 evolvednd) the burning of
wood, coal, fuel oil or from range and forest fir€ainwater combines
with sulphur oxide to form sulphuric acid makinge thoil to be acidic.
Natural gas has high level of SO2 which is usudigsolved in rain
water as follows:

SG+HO  —— 30, +O kB0,

This is referred to a8cid Rainfall which is produced in large amounts
especially in oil-prospecting areas causing aadifon of lakes and
rivers. During the dry seasons, dry deposition G22Smay occur on
leaves and soil surfaces. Soils generally are bewpBrdeficient due to
reduced use of S-containing agricultural inputs lawé also still
receiving their S from atmosphere.

SELF-ASSESSMENT EXERCISE
1. Discuss the Sulphur content of soil.

Describe the forms and functions of sulphur ingbi.
3. What are the deficiency symptoms of sulphur in {g#an

N

4.0 CONCLUSION

Soil sulphur occurs in both organic and inorganiurfs. Total S content
in soils is about 0.005 to 0.1% depending on thetgpe. Organic S

occurs as organic sulphates and carbon sulphidest $in soils comes
from parent materials, the S containing minerathsas FeS, CuS, NiS
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which could be oxidised by microorganisms to fornatev soluble
sulphates.

50 SUMMARY

You have leant that;

- like phosphate, sulphur is taken up by plants asthphate form,

- S04 Sulphur concentration in plant tissue is alBo6% forming
the —SH and the —S-S groups in plant cells.

The major functions of sulphur in plant could bensoarised as follows:

- Sulphur forms structural components of plants tglouhree
amino acids containing sulphur — crysteine, meth@nand
crystine-by the disulphide bonds.

- Deficiency symptoms of S occurs as a general yatigwf entire
plants; and this characteristic yellowing may bédfialilt to
distinguish from severe nitrogen deficiency.

6.0 TUTOR-MARKED ASSIGNMENT

Discuss the Sulphur content of soll
What are the forms and functions of sulphur indbi¢

What are the deficiency symptoms of sulphur in fgan

A

Fully describe acid rain
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1.0 INTRODUCTION

A fertilizer is artificially prepared manure with a variable centration

of plant food. Fertilizers are mostly inorganic mpaeations although
some like urea are organic compounds. A good farkmews the

importance of a good fertilizer. Recognizing whfeltilizer best fits the

needs of your specific plants will help you to nmaie your

productivity and output. Become a fertilizing expas you learn about
the different options and nutrients that can impactr crops. Fertilizers
can be purchased in dry (granular) or liquid folbwy fertilizers are

applied using a broadcast spreader, a plantenlor dr

When two or more fertilizer sources are mixed, sa®gree of particle
size uniformity of each of the individual sourcesessential for uniform
placement of the nutrients in the mixture. With fheper equipment,
liquid fertilizers are easy to handle. Chemical patibility of different
liquid fertilizers is important when materials ameixed to prevent
precipitation in the mixing tank. Two major souraddertilizers are the
organic and inorganic sources giving rise to orgaand inorganic
fertilizers.
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2.0 OBJECTIVES

By the end of this unit, you will be able to:

o outline the different sources of fertilizers
o discuss the advantage and disadvantage of eabk ebtrces.

3.0 MAIN CONTENT
3.1 Sources of Fertilizers (Organic and Inorganic)

Organic fertilizers are made from natural and orgamaterials—mainly
manure, compost, or other animal and plant produdisse fertilizers
are a great source of nutrients, though there smiteasurable amount
of any specific nutrients—some bags will print estes. Organic
fertilizers tend to work slowly and over the loregt#h. It can help to
build up your soil over time. One of the best bésebf organic
fertilizers is that is can be made at home. Usiogryown compost can
help grow your garden. Inorganic fertilizers aredmadf up chemical
components that contain necessary nutrients, heagebe referred to as
chemical or synthetic fertilizers. If you're lookjrio give your garden a
quick boost, this is likely the best option for ydtor successful short-
term growth, determine what nutrient your plant de@nd use an
inorganic fertilizer with nutrient.

3.2 Organic Fertilizers

It is necessary to clarify that organic fertilizens some countries, are
those fertilizers that can be used in organic fagniand are derived
from animal matter, animal excreta, human excratd s&egetable

matter, according to some international standard&uropean

Commissions working groups gave a more generiaiein of organic

fertilizers as those whose nutrients are containextganic materials of
animal, vegetable or other natural organic origiongtituted by

compounds/materials, in which the main nutrienescaremically linked

or are part of these organic matrices. The nusienntained in organic
fertilizers must be transformed in the soil by rommganisms before
they are assimilated by the plants. Their incorponainto the crops is,
however, more gradual than those of inorganic orenail fertilizers.
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3.2.1 Importance of organic fertilizers in agricuture

Organic fertilizer, when available, can and shdwddpart and parcel of
soil fertility management strategies. Organic feer alone will,
however, not be sufficient to support the sustaimmégh levels of
production and productivity necessary to feed Afsgcrapidly growing
population. This is due to space—-time variability production and
utilization. Application of organic fertilizers, as component of
sustainable agriculture apart from soil mineralvsion, contribute to
soil quality by improving the chemistry, biologicahd structural levels
of soil. These shape the general agricultural $diksalth. Its nutrients
are also gradually released and reused. Becausé#sed, mostly on
locally sourced materials with little or no depende on external inputs,
it is one of the eco-friendly infrastructures foustinable rural
development.

3.2.2 Advantages of using organic fertilizers

There is an array of advantages in using organtdifers for crops
production. Some examples of such advantages atatasl below:

1. Improves soil Structure
Because of the organic matter present in orgaanidlizer, soil
structure is improved and as a result, the soiewahd nutrients
holding capacity increases.

2. More microorganisms activity
Organic fertilizer, is rich in organic matter, whi assists
microbes to favourably perform decomposition atgivOrganic
fertilizer also contains carbon as part of its cloainstructure;
and it is the C, along with N, P and K that nouesh
microorganisms and enables them to make nutriesatisahle for
plants in a naturally occurring biological process.

3. More environmentally Friendly
Chemical fertilizers run off into waterways theyebarming
aquatic life and water quality. Organic fertilizean the other
hand, do not run off as easily, even if at all, @md associated
with soil structure. According to the Organic Traflgsociation,
organic fertilizers also increase species bioditsetsy up to 30
% compared with artificial fertilizers.
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4. Reduce Fertilizers and Pesticides
Although organic fertilizers can be costlier thaynthetic,
depending on certain factors and conditions, it ceauce the
need for pesticides and the overall N, P and Kirements. This
is due to reductions; organic fertilizer can betaosutral and
sometimes a cost savings.

5. Plant Damage Threat Avoided
Some synthetic fertilizers can cause plant dantageaves and
roots, due to their burning effects. This is aaitn less likely
with organic fertilizers.

3.2.3 Disadvantages of using organic fertilizers

1. Not all Products are Created Equally
Not all products are created equally and many rocgproducts
produce inconsistent results. Make sure you arecteyi a
product that is industry vetted by reviewing anyersity studies
or case studies.

2. Low Nutrient Levels
The level of nutrients present in organic ferélias usually low.
Additionally, the nutrients are often complex irganic chemical
structure. Using an organic fertilizer is, therefa process, not
an event.

3. Making compost may be a Complicated Procedure
While one can produce one’s own compost, it's fgonmes a
messy and complicated process that may lead to@msistent
product and end-result. Another disadvantage ig, thdnen
organic matter decomposition is rapid, more nutsemre
released but release of soil organic matter, orother hand, is
favoured by a slow decomposition process. Decortipasf
organic matter, therefore, operates with moisturad a
temperature. These two vital factors can, howevest be
controlled and hence nutrient may be released \leplants do
not need them.
Potentially pathogenic
In addition, an organic fertilizer or incompletadty formed
compost can leave some types of pathogens in argaatter.
The pathogens can later enter water or food chdhexeby
causing environmental and health problems.
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3.3 Inorganic Fertilizers

Inorganic fertilizers are available in the form single fertilizers,
incomplete fertilizers and complete fertilizers. Single element
fertilizers contain only one fertilizer element. &mples are ammonium
sulphate (N2), Urea (N), super phosphate (P205)id#a of potash
(K20).

Incomplete fertilizers contain two fertilizer elements; a typical example
is Ammonium Phosphate (N + P208ompound fertilizers containing
three elements are designatesbmplete fertilizers. Ammonium
phosphate which has an analysis of 11-45-0 is eddled a compound
two element fertilizer while an example of a conldertilizer is
compound 15-15-15.

The use of inorganic fertilizer is one of the caldand management
practices that has reduced nutrient problem inlarmpand considerably
increased soll fertility and consequent crop yiadder the past century.
Chemical P fertilizer production was also enhanatzhg with the P
acid. On the one hand, as a crucial constituenh®green revolution,
the histrionic increase in fertilizer production darapplication has
markedly contributed in global rise in agricultunatoductivity and,
hence, reduced hunger. Disproportionate use ofyaroc fertilizer, on
the other hand, is proven to be causing a numbenwafonmental and
ecological menaces, within and outside of farmlardseutrophication
of water bodies, air pollution, soil acidificatioand degradation,
reduction in crop yield, and attenuation of foodl @&amergy production
sustainability from agricultural fields. Increase world total fertilizer
use is derived from both cropland expansion andagbel fertilizer
application rate per unit cropping area.

3.3.1 Advantages of using Inorganic fertilizers

There are various advantages of inorganic fertdizedo crop plants.
Some examples of such benefits are given belowefi@rence purpose,
as follows:

92



S M 302 SOIL FERTILITY AND PLANT NUTRITION (3 UNITS)

1. Support to crop growth

Generally, chemical fertilizers contain the primatgnt nutrients
(N, P and K) in specifically predetermined ratiadared towards
specific growth needs of specific crop plants. Ehétilizer’s
nutrients allow crops to grow even in depletedssak the basic
nutritional requirements of the crop plants are.met

2. Provision of a predictable and efficient nutients’ source

Manufactured fertilizers contain a predictablearatf N, P and K.
These nutrients are dissolved in the soil wateotgefjuickly
reaching plants cells, where they are required. The nutrients
consistency allow for efficient production of crppducts.

3. Allow crops to grow faster and bigger

Crops are capable of growing faster and biggee t the
nutrients being applied to them through fertiliapplication, than
those crops living in infertile and/or unproductseils.

4. Allow for an increased harvest

A quick and efficient production increases harwaslds thereby
making food relatively more available and, henceengv
affordable through a reduced cost of production.

5. Their nature of easy transport

Chemical fertilizers are easier to transport thachsorganic soil
amendments as animal manure. They are also cheaqdoce,
and hence cheap to purchase, depending of course the
country.

3.3.2 Disadvantages of Using Inorganic Fertilizers

1. Possible burning effect
Synthetic fertilizers are composed of high amouotsacidic
chemicals and can, therefore, have negative imgrasbil quality
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and burning effect on crop plants and can everctaffeman skin
negatively.

Fertilizers are potential pollutants

Nitrogenous fertilizers, through surface runofbrfr farmlands
can enter into water bodies after rains, therelngiog toxic algal
blooms in such water bodies as rivers, lakes, padastera due

eutrophication. Chemical fertilizers, depending type and
concentration, usually contain toxins that can bstmictive to
the soil, especially under poor management systdime

chemicals can also be poisonous to humans, wildliig aquatic
lives. Fertilizers can also leach through soil igi@undwater,
making it very harmful to the surrounding envirommne

Results in depleted soils

Synthetic fertilizers typically only supply N, P& K, but do not
supply most other nutrients to the soil. Conseduetite soil that
is continuously used for growing crops with givehemical

fertilizers is being depleted, over time, and thed crops may
also be nutritionally deficient. This explains whyyer the last
century, some soils in many parts of the world, obee so
depleted that many food items became significaddficient in

many such vital nutrients as Mg, as the soil is tijasot been
replenished any nutrient other than the N, P and K.

Interfering with natural soil ecology

In addition to the role of heavy tillage practiekagriculture in

disrupting the delicately balanced soil ecosysteronsistent
application of chemical fertilizers to crops carscalretard the
growth of many beneficial soil organisms and evdhdthers.

Without a healthy soil ecology having appropria¢gttire and
structure, soil moisture will not be well retainaald this will lead
to a reduced resilience to drought. Crop healthh algdo be at
stake as unhealthy soil always leads to plantetmbre exposed
to more pests and diseases.

Chemical fertilizers are like steroids for plants

Fertilizers provide plant-available nutrients twops® growth; as
a consequence, however, the crops can over groan textent
that their roots cannot sustain. This can resuliv@aker plants
that are further more vulnerable on their own testpeand
diseases organisms.
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SELF-ASSESSMENT EXERCISE

1. Explain the sources, advantages and the disadwntdgrganic
and inorganic fertilizers

4.0 CONCLUSION

Organic fertilizers are made from natural and orgamaterials—mainly
manure, compost, or other animal and plant prodatganic fertilizers
tend to work slowly and over the long-term. It d¢eeip to build up your
soil over time. One of the best benefits of orgdertlizers is that is can
be made at home using compost. Inorganic fertdizre made of up
chemical components that contain necessary nudrigr@nce may be
referred to as chemical or synthetic fertilizersorbanic fertilizers work
faster because it is already in a mineralized forclv make it easy for
plants to pick it up.

5.0 SUMMARY

Organic fertilizers are those fertilizers that cbe used in organic
farming, and are derived from animal matter, ani@atreta, human
excreta and vegetable matter, according to soneen@tional standards.
Inorganic fertilizers are made of up chemical congras that contain
necessary nutrients, hence may be referred to emichl or synthetic
fertilizers.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the two main sources of fertilizers.
2. Discuss the advantages and the disadvantages ahiorgnd
inorganic fertilizers.
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1.0 INTRODUCTION

Proper fertilization is important for crop yield carquality. For the
greatest fertilizer nutrient use efficiency, itimportant to select the
right source, the right method, the right timingdathe right rate of
application (the 4Rs framework). The amount andngmof nutrient
uptake depend on various factors including variptgnting date crop
rotation, soil and weather condition. Timing andantity should be
chosen in such a way that as much as possiblesofutrients is used by
plant. Nutrient should be applied, as near to thee tthe crop needs
them to ensure optimum crop use efficiency and taimze the
potential of environmental pollution. This is pauiarly important for
mobile nutrient such as nitrogen, which can leaehad the soil profile
if not taken by roots. In this unit, fertilizer swes, application methods,
and timing are discussed.

2.0 OBJECTIVES

By the end of this unit, you will be able to:

o explain the different fertilizer application metlsod
o discuss proper fertilizer rates of application
o outline the actual timing of fertilizer application
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3.0 MAIN CONTENT
3.1 Application Methods

There are several factors to consider when chodemijizer application
methods. Considerations include: the particular tunex of nutrients
needed, the crop, timing of application, availaldgquipment, and
planting/tilage practices. Application methods lute starter
application (banded or popup/furrow), broadcastirtgpdressing,
sidedressing, or foliar feeding. A description atlke of these application
methods and their pros and cons for use are descrnibTable 2.1.

Table 2.1: Application method descriptions as well as the pros and
cons of using each application method.

Applica | Description Characteristics

tion

method

S

Band Small amounts of - Liquid or dry fertilizer

Placeme| liquid or granular - Nutrient uptake efficiency is
nt fertilizer is applied in higher than for broadcast

=

furrows 1-2 inches application, allowing for lowe
below and 2-3 inchesrates

to the side of seed- Runoff risk is low
placemen - Equipment is standard on many
planters
- Fertilizer placement in vicinity
of roots may aid root development
- Requires precision placement| to
avoid placement too close to the

seed
Furrow/p Application method - Liquid fertilizers are best suited
op- used alone or- Can be applied in combination
up/starter combined with with  banded fertilizer during
applicat| banded application.planting
on Usually applied in - Only low rates needed

low rates placed- Can only be used in low rates to
directly on or around avoid phyto-toxicity
the seed  during

planting.
Broadca| Spinning of dry - Can be done quickly
st granules or spraying- Standard equipment used

of liquid fertilizenn - Depending on the source , it
onto the soil surface,requires rainfall or tillage to
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with  or  without move fertilizers to roots
incorporation of the- Could result in poor

material application uniformity
Top Spreading or- Fast and easy application |of
dressing| broadcasting of fertilizer

fertilizers in  the - Can result in volatilization losses
standing crop, afterfor urea containing sources
emergence. - Could cause leaf burn

- Could result in poor applicatiagn
uniformity

Side Broadcast or banded N can be applied with a high
dressing| between or alongsidenutrient use efficiency
growing plants; this- Application with drop nozzles
method normally can be done faster than injection| or
refers to N appliedknifing
when corn is 6-12- Weather and field conditions can
inches tall delay or prevent application

Foliar Application where - Easy application
feeding |liquid fertilizer is|- Standard sprayer equipment c¢an
applied directly to the be used
leaves, nutrients are |+ Not always practical due to row
highly available form spacing
and can be taken uyp Material must be absorbed by
by the plant rapidly | leaves before it dries

3.1.1 Placement

Placement refers to applying fertilizers into thal,sbut with special
reference to the location of the seed or plant. Wihee fertilizer is
placed close to the seed or plant the applicasosaid to be localized.
The placement of solid fertilizers can be done witéa help of simple
implement (e.g. ploughs) and such hand-tools ass.hbl or row
placement refers to applying the fertilizers eithrebands or localized
areas near the plants or along the planted rowoftet in a definite
space relationship to the seed or plant. This ntetlows for a greater
availability of nutrients by reducing losses of ®d&K through fixation
than when fertilizers are mixed with the soil. Tgeeatest hazard of
placing fertilizers near the seed is that germaratnay sometime be
hindered or the young plant damaged by an excessineentration of

99



S.M 302 MODULE 4

soluble salts, if the materials are put too claséhe seed or plant. Such
injury is greatest in dry sandy soils.

Fig. 2.1 Row placemen
3.1.2 Broadcasting

The main objectives in broadcasting are to distelibe fertilizer evenly
and to incorporate it with part of, or throughotie tplough layer.
Broadcasting is also employed when applying largentjties of
fertilizers that can be easily applied at the timk planting. In
broadcasting, the fertilizer is spread over therensoil areas to be
treated, either before the land is ploughed, imateti before planting
or while the crop is growing. The latter is usualbferred to as side
dressing if the crop is in wide rows, and as topsding if the crop is in
narrow rows or not in rows. Delayed applicationsibfogen are made,
commonly as top-dressing; top dressing of P andeKoadinarily made
only on pasture that occupies the land for sewarals.

3.1.3 Top Dressing

It is the broadcasting of fertilizers particularitrogenous fertilizers in
closely sown crops like paddy and wheat, with tHgective of

supplying nitrogen in readily available form to giiag plants. The main
disadvantages of application of fertilizers throlgbadcasting are:

Nutrients cannot be fully utilized by plant roots they move laterally
over long distances. The weed growth is stimulatidver the field.
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Nutrients are fixed in the soil as they come intaohwith a large mass
of soil.

3.1.4 Side Dressing

It refers to the spread of fertilizer in betweee tlows and around the
plants. The common methods of side-dressing arareRient of

nitrogenous fertilizers by hand in between the roverops like maize,

sugarcane, cotton etc., to apply additional dosesitbogen to the

growing crops and placement of fertilizers aroumel trees like mango,
apple, grapes, papaya etc.

3.1.5 Fertilizing Tree Crops/Plants

The method of fertilizer application to tree plaig®ften a compromise
between broadcasting and localized placement. QOften fertilizer is
broadcast under the tree to a distance of 30 - Gixyond the spread of
the branches. On the other hand, when a coveremngmanure crop is
grown between the trees, a large part of the ifsgtilmay be applied to
this crop. In forest zones and on very sandy stils fertilizer
application may be repeated several times duriagéason.

3.1.6 Foliar Application of Fertilizer

Liquid fertilizer is applied direct to the foliagd# a crop for maximum
utilization. This is often advantageous when thel smntains
insufficient moisture or when its physical and cleahconditions are
otherwise unfavorable. This method is useful irectiing micronutrient
deficiencies in tree or orchards, and arable crops.

3.1.7 Application through Irrigation Water (Fertig ation)

It refers to the application of water soluble fiezéirs through irrigation
water. The nutrients are thus carried into theisasblution.

Generally nitrogenous fertilizers are applied tlyloirrigation water.
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Fig. 4.2: Fertigation
3.1.8 Injection into soil

Liquid fertilizers for injection into the soil maye of either pressure or
non-pressure types.

Non-pressure solutions may be applied either on dinéace or in
furrows without appreciable loss of plant nutrientsider most
conditions.

Anhydrous ammonia must be placed in narrow furraiva depth of 12-
15 cm and covered immediately to prevent loss ahamia.

3.1.9 Aerial application

In areas where ground application is not practealhe fertilizer
solutions are applied by aircraft particularly iflyhareas, in forest
lands, in grass lands or in sugarcane fields etc

3.2 Fertilizer Rate

Fertilizer rate is the quantity (weight) of ferziéir that should be applied
per unit area of farm land for a given crop. Rade be expressed as
weight of straight carrier (or mixture of a giveatio) per hectare.
Consider the following hypothetical examples: 300kga 15:15:15
NPK mixture per hectare, 150kg of ammonium sulpipatehectare. It is
gradually becoming more conventional to exprese it fertilizer
application in terms of weight of active ingredeper unit area of land,
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in which case the quantities by weight, of straightriers that will
supply them have to be proportionately calculatsadl, long as the
analysis of the constituent is true.

3.3 Timing of Application

Selecting which fertilizer source to use beginshwataluating which
nutrients are required for optimal plant growth atdvhat time during
crop growth these nutrients are taken up in thgelstramounts. Field
crops typically take up most of their nutrient regments during the
rapid vegetative growth phase followed by a decimautrient uptake
as the plants mature. Because of this non-unifoemanhd, the highest
nutrient use efficiencies can be obtained wheniegmbn is timed to
coincide with the period of greatest nutrient dechafor example, the
highest N use efficiencies in corn are typicallyiaged when a small
amount of N is banded as a starter at planting.

This is followed by a side-dress application whes ¢orn is 6-12 inches
tall, just prior to the rapid vegetative growth pbaof the corn. Side-
dressing is especially important for N applicatitmsandy soils in areas
of high rainfall where leaching losses can be hayhfor soils and
weather patterns that favor early season dendtiba. For such soils,
the use of a nitrification inhibitor can help redudN loss to the
environment and hence increase the N use efficiefidpe fertilizer.
See Agronomy Fact Sheet #45 (Enhanced-Efficien¢soljen Sources)
for more information on these products.

SELF-ASSESSMENT EXERCISE

Describe the method of application, rates and projpming of
application of fertilizers you studied

4.0 CONCLUSION

When fertilizers are applied appropriately andhe torrect dosage, it
will enhance vegetative growth in plants, keepegheironment healthy.
Leaf canopy protects the soil from the direct intpeEfaaindrops, which
could result in soil erosion. The life of microorngems living beneath
the soil and animals is protected. During eutrogtion, fertilizer
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elements are eroded into the rivers and lakesh®nttrition of aquatic
life. The ecosystem is maintained and biodivensfyvenated.

5.0 SUMMARY

If fertilizer is needed to supplement nutrientsealty on the farm
(manure, cover crops, previous crop residues dtci¥ important to
select the right material, and to apply it at tiggtr rate, the right place,
and the right time (4Rs). By understanding whathetgetilizer offers
with respect to nutrient availability, and ease lé&ndling and
application, producers are better able to meendeels of their crops.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the fertilizer application methods youwlgtd.

2. In a tabular form, show the pros and cons of differfertilizer
application methods.

3. Discuss the rates of fertilizer application.

4. Explain the proper timing of fertilizer application

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

Fertilizers contain concentrated nutrients that tmbe stored and
managed properly. Fertilizers can cause harm ¥ tleach surface or
ground water. Excessive nitrate concentrations rinkochg water can
cause health risks, especially in young childrehodgphorus can be
transported to surface waters and cause algae blo@nd

eutrophication; resulting in poor water quality.ostg fertilizers

separate from other chemicals in dry conditions o@nimize these
risks. Extra care needs to be given to concentsabek solutions.
Secondary containment should always be used. Ulytiapplication of

fertilizer may leads to excessive release fromgtauction system to
surface and/or ground water. Potential problems lsanminimized

through adequate environmental awareness, emplaoyéeing, and

emergency preparedness. Below are guidelines qgrepyostoring and
handling greenhouse fertilizers.

2.0 OBJECTIVES

By the end of this unit, you will be able to:

o discuss how best fertilizer storage can be caoigd
o explain effective ways of handling fertilizers.
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3.0 MAIN CONTENT

3.1 Storage of Fertilizers

Greenhouse fertilizer storage areas contain relgtiarge quantities of
concentrated chemicals. Risks in storage areasdactelease through
broken, damaged, or leaking containers; loss otirggcleading to

irresponsible use; accumulation of outdated madterieading to

excessive quantity of fertilizer thus unnecessaulging risk level; and
combustion of oxidizing compounds in fertilizerdg.nitrates) caused
by fire or another disaster event. The least amaintisk involves

having a building or area dedicated to fertilizewage; separated from
offices, surface water, neighboring dwellings anodibs of water;

separate from pesticides and protected from extiema¢ and flooding.
The storage area should have an impermeable flotr secondary

containment, away from plant material and highficadreas. Clean-up
equipment should be readily available.

3.1.1 Good Fertilizer Storage Practices
1. Containers

Fertilizer should be stored in their original cont&as unless damaged;
labels should be visible and readable; food or kmgyes containers
should never use for storage. Labels should be lam psight; no
containers should come in contact with floor; ahtainers should be
stored upright; aisles should be wide enough to fodably
accommodate workers; containers should not be ecxdvesh shelves or
pallets.

a. Partially-used Containers

Paper bags and boxes should be opened with a kiter an scissors;
open containers should be resealed and returnesiotage; all open
paper bags should be sealed inside another, lacgeainer, sealed and
labeled.
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b. Damaged Containers

Containers should be checked often for damage; wti@maged
containers are noticed, contents should be repackagd labeled or
placed in suitable secondary containment which bansealed and
labeled.

2. Containment

There should be no floor drain; the floor shouldyile containment in
the event of a spill; there should be secondarytatoment routinely
used for most open containers; damaged or lealantamers should be
repaired and/or replaced as soon as possiblepidéds material should
be cleaned up upon discovery; and cleanup mateshtuld be
discarded promptly and properly.

3. Fire Prevention and Suppression

Fire detection and alarm system should be presexitjizers and
flammable materials should be stored separatelg éxtinguisher
should be immediately available; the fire departihstould be notified
at least annually of current inventory.

4. Inventory and Recordkeeping

Inventory should be actively maintained as chemicale added or
removed from storage; containers should be datednwpurchased;
outdated materials should be removed on a reguarsp inventory
should be controlled to prevent the accumulatioexaess material that
may become difficult to use

5. Lighting

Electrical lighting should allow view into all are@and cabinets within
the storage area.
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6. Monitoring

There should be monthly inspection of storage josi@ns of container
corrosion or other damage - leaking or damagedaguers should be
repackaged as appropriate, 2) faulty ventilatiolectecal, and fire
suppression systems — problems should be repanttdarected.

7. Security

The storage room should be locked and accessctestrio trained
personnel.

8. Signage

There should be signs posted; warning signs shoelldsed as needed,;
emergency contact information should be posted.

9. Temperature Control

There should be active mechanical temperature @oatrd no direct
sources of heat (sunny windows, steam pipes, fes)aac.).

10. Ventilation

Mechanical ventilation should be working and used.

11. Storage and Record Keeping

Fertilizer stock tanks should be labeled with fezér formulation and
concentration; records should be kept of fertilizErmulation,

concentration, date, and location of applicati@tords should be kept
of media nutrient analyses.

3.2 Ways of Handling Fertilizers

Storage areas should not contain pesticides, oerofreenhouse
chemicals; storage areas may contain general goasatsupplies; there
should be no food, drink, tobacco products, orsigek feed present.
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- Provide pallets to keep large drums or bags offfitta. Shelves
for smaller containers should have a lip to keep ¢bntainers
from sliding off easily. Steel shelves are easwrckean than
wood if a spill occurs.

- If you plan to store large bulk tanks, provide atatnment area
large enough to confine 125 percent of the contehtke largest
bulk container.

- Keep the building or storage area locked and gldatdeled as a
fertilizer storage area. Preventing unauthorizeel aisfertilizers
reduces the chance of accidental spills or theft.

- Labels on the windows and doors of the buildingedivefighters
information about fertilizers and other productegant during an
emergency response to a fire or a spill.

- It is a good idea to keep a separate list of thenmsbals and
amounts stored. If a fire should occur, consideenstthe water
used to fight the fire will go and where it mightllect. For
example, a curb around the floor can help confimetaaminated
water.

- Provide adequate road access for deliveries angd arsaé in
making the storage area secure, also make it aoleeg® allow
getting fertilizers and other chemicals out in arju

- Never store fertilizers inside a well house or a@lifiy containing
an abandoned well.

Sound containers are your first line of defensairag a spill or
leak. If a container is accidentally ripped operkoocked off a
shelf, the spill should be confined to the immesliarea and
promptly cleaned up. The building should have &sitbor and,
for liquid fertilizers, a curb. The containment uoie should be
large enough to hold the contents of the largdktduntainer.
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3.2.1 Activities Involved in Fertilizer Handling
1. Containment of Concentrated Stock

Concentrated stock should be stored near thetamjéec high density
polyethylene or polypropylene containers with extemavy duty walls;
secondary containment should be provided.

2. Disposal

Sufficient planning should be made to eliminate ttreed for disposal;
empty fertilizer containers should be discardedetiasn latest advice
from environmental protection authorities.

3. Precipitate and Residue Disposal

Fertilizer systems should be cleaned. Solids argersolution should be
composted.

4. Spill Prevention and Preparedness

Opening fertilizer product containers, measuringnoants, and
transferring fertilizer to the delivery system imw@s some level of risk
from spills. Secondary containment should be useddrtilizer stock
tanks routinely; spill clean-up materials shouldused for liquids (e.g.,
absorbent materials) and solids (e.g., shovel, pst broom and empty
and/or buckets) should be available within the galrerea.

5. Delivery System

The fertigation equipment should be checked mgntbl accuracy;
containment tanks, back flow preventors and anypegent that holds
fertilizer in the dry or liquid form should be insgted; stock tanks
should be inspected weekly for deterioration andicks; the
manufacturer recommendations should be followedwdadibrating or
working on fertilizer injector equipment; stock stbn tanks and the
areas surrounding fertilizer injectors and conartt solutions should
be kept clean and free of debris.
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SELF-ASSESSMENT EXERCISE

Discuss the general handling and storage of feetdi and highlight the
good practices involved in it.

4.0 CONCLUSION

The need for proper storing and handling of fexils is very necessary
as storing fertilizers separate from other chemsigaldry conditions can
minimize certain risks. Such risks include the pubty of fertilizers
causing harm if they reach surface or ground watdso excessive
nitrate concentrations in drinking water can causealth risks,
especially in young children. Phosphorus can besparted to surface
waters and cause algae blooms and eutrophicatesulting in poor
water quality. Extra care needs to be given to eotrate stock
solutions. When fertilizers are properly stored aaddled, the resultant
effect is that it is used for the sole purpose mipcimprovement and
other risks associated with it will be avoided.

5.0 SUMMARY

You have leant that proper handling of fertilizerslude activities such

as the following:

- Storing fertilizers separate from other chemicals dry
conditions.

- Extra care needs to be given to concentrate stobktiens.
Secondary containment should be used.

- Provide pallets to keep large drums or bags offfitta. Shelves
for smaller containers should have a lip to keep ¢bntainers
from sliding off easily.

- Steel shelves are easier to clean than wood iillaospurs.

- If you plan to store large bulk tanks, provide atamment area
large enough to confine 125 percent of the contehtke largest
bulk container.

- Keep the storage area locked and clearly labeled fstilizer
storage area. Preventing unauthorised use ofiZersl reduces
the chance of accidental spills or theft.
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- Labels on the windows and doors of the buildingedivefighters
information about fertilizers and other productegant during an
emergency response to a fire or a spill.

- Provide adequate road access for deliveries ang arsa in
making the storage area secure, also make it ableed® allow
getting fertilizers and other chemicals out in arfu

- Never store fertilizers inside a well house or ality containing
an abandoned well.

6.0 TUTOR-MARKED ASSIGNMENT

1. Briefly discuss the storage of fertilizers amghlight the good
practices involved in it.

2. Explain fertilizer handling.
3. What are some of the activities involved in dgofertilizer
handling?

7.0 REFERENCES/FURTHER READING

AEM Tier Il Worksheet, Fertilizr Sorage & Handling in the
Greenhouse, Agriculture Environmental Management (AEM)
http://www.agmkt.state.ny.us/SoilWater/aem/form&@&rshouse%20Fe
rtilizer%20Storage. pdf

Pesticide and Fertilize SorageUnited States Environmental
ProtectionAgency
http://www.epa.gov/oecaagct/ag101/pestfertilizenlht
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1.0 INTRODUCTION

Plant growth and development depends on nutrieatvel from the
soil or air, or supplemented through fertilizer.hefe are eighteen
essential elements for plant nutrition, each withirt own functions in
the plant, levels of requirement, and charactessti Nutrient
requirements generally increase with the growth pdénts, and
deficiencies or excesses of nutrients can damagepby slowing or
inhibiting growth and reducing vyield. Many defio@es can be
recognized by observing plant leaves.
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2.0 OBJECTIVES

By the end of this unit, you will be able to:

o discuss the major, secondary and trace elements
o outline forms which nutrients are taken in the soill
o explain mobility of nutrients in plants and soil.

3.0 MAIN CONTENT

3.1 The Essential Nutrients

There are eighteen elements, without or with coffadt) and/or nickel

(Ni), as listed on Table 2, are identified as eBakrlements for plant
growth, of which nine are required in macro (largayl seven in micro
(trace) quantities. Hence, they are traditionaliyicttd into two main

groups macronutrients and micronutrients, according to dbhantities

required by plants. Carbon and O2 are obtained fthengas CO2
whereas H is obtained from water. As C, O and Hsagplied by both
air and water, they are therefore, not treatedutisemts by the fertilizer
industry. These three elements (C, H and O) anegehier, also required
in large quantities for the production of such plaonstituents as
cellulose or starch. The other 13 are called minau&ients as they are
absorbed in mineral (inorganic) forms. Regardle$sth®@ amount

required, physiologically, all of them are equathportant.

The 13 mineral elements are taken up by plantspectic chemical

forms as shown in Table 1.1 (below) regardlessheirtsource. The
major aim of fertilizer industry is to provide tipgimary and secondary
nutrients which are required in macro quantitiehew chlorophyll of

plants is exposed to light, the three elementdH@nd O) are combined
in a process of photosynthesis thereby making ¢tedimates, with

subsequent oxygen being released. The water isheotand, brought
into the plant by root absorption from the soilteys. Carbon dioxide
(CO2) enters plant through stomata, small leaf omsn The

photosynthesis rate is directly controlled by thatev and nutritional
status of the plant. Maximum rates are ultimatalywever, influenced
by the plant genetics.
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Table 1.1 Essential plant nutrients and their chemical (elemental)
symbol

Nutrients Primary or| Secondary Micronutrients

Supplied by Air| Macronutrient| nutrients

and Water

(Structural)

Carbon (C) Nitrogen (N) | Calcium Zinc (Zn)

Hydrogen (H) Phosphorus | Magnesium Chlorine

(P)

Oxygen (Q) Potassium (K)| Sulphur Boron (B)
Molybdonum
Zinc (Zn)
Iron (Fe)
Manganese (Mn
Cobalt (Co)*
Nikel (Ni)*

*These elements are among those regarded as hkahefitit not
essential, by some authors. Others are Se, Sintlaka

3.1.1 The 18 Elements Essential for Plant Nutrition

Carbon, H and O make up to 95 % of plant biomasd,the remaining
5 % is made up of all other elements. The diffeeenc plant
concentration, between macronutrients and micr@nis, is very large.
The relative contents of N and Mo in plants ishe tatio of 10,000:1.
Plants need about 40 times more Mg than Fe. Thes®ames indicate
the significant difference between macronutriems @icronutrients.

1. Macronutrients: used in large quantities bytzet
Structural nutrients: C, H, O

Primary nutrients: N, P, K
Secondary nutrients: Ca, Mg, S

2. Micronutrients: used in small quantities bg fant

Fe, B, Cu, Cl, Mn, Mo, Zn, Co, Ni
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3.1 Basic Classifications of Essential Elements
3.2.1 Structural Elements

Plants require eighteen elements found in natuneraperly grow and
develop. Some of these elements are utilised nvithie physical
plantstructure, namelycarbon (C), hydrogen (H), and oxygen
(O). These elements, obtained from the air {C&anhd water (KO), are
the basis for carbohydrates such as sugars arath stahnich provide the
strength of cell walls, stems, and leaves, andaks®@ sources of energy
for the plant and organisms that consume the plant.

3.2.2 Macronutrients

Elements wused in large quantities by the plant are
termedmacronutrients, which can be  further defined
asprimary orsecondary The primary nutrients includatrogen (N),
phosphorus (P), and potassium (K) These elements contribute to
plant nutrient content, function of plant enzymeasd abiochemical
processes, and integrity of plant cells. Deficierd these nutrients
contributes to reduced plant growth, health, amddyithus they are the
three most important nutrients supplied by feritz The secondary
nutrients includesalcium (Ca), magnesium (Mg), and sulfur (S)

3.2.3 Micronutrients

The final essential elements are used in smalltifienby the plant, but
nevertheless are necessary for plant
survival. Thesenicronutrients include iron (Fe), boron (B), copper
(Cu), chlorine (Cl), Manganese (Mn), molybdenum §Mminc (Zn),
cobalt (Co), and nickel (Ni).
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Table 1.2: Essentiality and concentrations of essential elements in

plants

Nutrient (symbol)

Essentiality
established by

Typical concentration
in plant dry matter

Macronutrients
Nitrogen (N) de Saussure (1804 1.5 %
Phosphorus (P,,Ps") | Sprengel (1839) 0.1-0.4%
Potassium (K, KO") | Sprengel (1839) 1-5%
Sulphur (S) Salm-Horstmann | 0.1- 0.4 %
(1851)
Calcium (Ca) Sprengel (1839) 0.2-1.0%
Magnesium (Mg) Sprengel (1839) 0.1-04%
Micronutrients
Boron (B) Warington (1923) 6 — 6®/g (ppm)
Iron (Fe) Gris (1943) 50 - 25@/g (ppm)
Manganese (Mn) McHargue (1922) 20 — 5@0g (ppm)
Copper (Cu) Sommer, Lipmard — 20ug/g (ppm)
(1931)
Zinc (Zn) Sommer, Lipman21 — 150ug/g (ppm)
(1931)
Molybdenum (Mo) Arnon &  Stoutbelow 1ug/g (ppm)
(1939)

Chlorine (Cl)

Broyeeet al.,(1954)

0.2-2%

! Oxide forms are used in extension and trade, 2pgrarts per million
= mg/kg =ug/g; 10, 000 ppm = 1 percent. Source: Rowpl, 2006.

Table 1.3: Showing uptake form and mobility in plants and soil

Nutrients Macro/micro Uptake | Mobility in | Mobility in
form plants soil
Carbon Macro ce
H,CO;3
Hydrogen Macro H OH,
H,O
Oxygen Macro Q@
Nitrogen Macro NG, Mobile Mobile as
NH4 NO3-,
immobile as|
NH4+
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Phosphorus | Macro HRO, |Somewhat |Immobile
H2P04_ mobile

Potassium Macro K Very mobile | Somewhat
mobile

Calcium Macro ca Immobile Somewhat
mobile

Magnesium | Macro Mg Somewhat | Immobile

mobile
Sulphur Macro SQ Mobile Mobile
Boron Micro HBO:-. Immobile Very mobile
BO;"

Copper Micro ce’ Immobile Immobile

Iron Micro Fe', Fe* | Immobile Immobile

Manganese | Micro Vi Immobile Mobile

Zinc Micro zZrf? Immobile Immobile

Molybdenum| Micro MoO, Immobile Somewhat
mobile

Chlorine Micro Cl Mobile Mobile

Cobalt Micro cé* Immobile Somewhat
mobile

Nickel Micro Ni“* Mobile Somewhat
mobile

3.3 Functions of N, P, and K in the Plants

Nitrogen

Nitrogen availability limits the productivity of most croppy system
in Nigeria and all over the worldlt is a component of chlorophyll,
when nitrogen is insufficient, leaves will take anyellow (chlorotic
appearance down the middle of the leaf. New tptaowth will be
reduced as well, and may appear red or red-broecause of i
essential role in amino acids and proteins, deficgants and grait
will have low protein content.Nitrogen excess results in extrem
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dark green leaves, and promotes vegetative plangtr This growth
particularly of grains, may exceed the plant's igbito hold itsel
upright, and increased lodging is observédtrogen is mobile both i
the soil and in the plant, which affects its apgiiicn and manageme
as discussed later.

Phosphorus

Phosphorus is another essential macronutrient whkleeiency is .
major consideration in cropping systemnis.is an essential part of t
components of DNA and RNA, and is involved in celembran
function and integrity.It is also a component of the ATP system,
"energy currency" of plants and animaRhosphorus deficiency is se
as purple or reddish discolorations of plant leaaesl is accompani
by poor growth of the plant and roots, reduceddyi@hd early fru
drop, and delayed maturityPhosphorus excess can also pre
problems, though it is not as commoBkxcess P can induce a z
deficiency through biochemical interactionBhosphorus is genera
immobile in the soil, which influences its applicet methods, and
somewhat mobile in plants.

Potassium

Potassium is the third most commonly supplementadromutrient. It
has important functions in plant metabolism, ist jdithe regulation ¢
water loss, and is necessary for adaptations &ssfsuch as droug
and cold). Plants that are deficient in potassium may exmégtuction:
in yield before any visible symptoms are noticethese sympton
include yellowing of the margins and veins and kdrirg or rolling of
the leaves. An excess, medmle, will result in reduced plant upta
of magnesium, due to chemical interactions.
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Distinguishing each macronutrient as mobile or immbile in the
plant

. The mobility of a nutrient in the soil determineswhmuch ca
be lost due to leaching or runoff.
o The mobility of a nutrient in the plant determin@gere

deficiency symptoms show up.

o Nutrients that are mobile in the plant will moveriew growtl
areas, so the deficiency symptoms will first shopv in oldel
leaves.

o Nutrients that are not mobile the plant will not move to ne
growth areas, so deficiency symptoms will first whop in the
new growth.

Nutrient mobility varies among the essential eleteeand represents
important consideration when planning fertilizer pbgations. For
instance, N@ nitrogen is very mobile in the soil, and will le:
easily. Excessive or improper application increases thie oiswate!
contamination. Meanwhile, phosphorus is relatively immobile in
soil, and is thus less likely to runoff. At thensatime,it is also les
available to plants, as it cannot "migrate” eadiyough the so
profile. Thus, P is often banded close to seeds to makeitsaam b¢
reached by starting roots.

Nutrients also have variable degrees of mobilitythe plant, whic
influences where deficiency symptoms appedor nutrients liki
nitrogen, phosphorus, and potassium, which are leahi the plani
deficiency symptoms will appear in older leaveAs new leave
develop, they will take the nutrients from the tddves andise them t
grow. The old leaves are then left without enough nutsieand displa
the symptoms.The opposite is true of immobile nutrients likeotain;
the new leaves will have symptoms first because tb@nnot tak
nutrients from the old leaves, and there is noughan the soil for the
needs

Fig.1.1: Nutrient deficienciesin crops
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_\w—m a healthy corn plant leaf is deep green and glc

. 1“‘—“
3 n a leaf from a plant with nitrogen deficiency yel
&= w.‘ midvein starting at the tip and moving back 1o

- a leaf displaying phosphorus deficiency tums
' along the leaf margins

£ _ﬂgi a leaf from a potassium-deprived plant features

yellowing along the leaf margins

3.4 Chemical uptake forms for each macronutrient

. Nitrogen: nitrate (N@) and ammonium (N})
. Phosphorus: phosphate (HEGand BPOy)

. Potassium: K

. Calcium: C&"

. Magnesium: M§"

o Sulfur: sulfate (SQ)

Table 1.4: Showing the functions and plant-available forms of the
nutrients

Nutrient Element Functions in Plants Plant available
form
Nitrogen (N) Promotes rapid growthNO3z, NH,

chlorophyll formation and
protein synthesis.

Phosphorus (P,,Ps") | Stimulates early  rogtHPO,”, H,PO,
growth.
Hastens maturity|.
Stimulates blooming an
aids seed formation.

[@N

Potassium (K, KO" Increases resistance [t&"
drought and diseasg.
Increases stalk and straw
strength. Increases quality
of grain and seed.

Sulphur (S) Amino acids, vitaminsCa™
Imparts dark green colour.
Stimulates seed production.
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Calcium (Ca) Improves root formationMg®*
stiffnress of straw and
vigour. Increases resistance
to seedling diseases
Magnesium (Mg) Aids chlorophyll formationSO,
and phosphorus
metabolism. Helps regulate
uptake of other nutrients.
Boron (B) Aids carbohydrate transpo#;BOs. BO;'
and cell division.
Iron (Fe) Chlorophyll formation. Gl
Manganese (Mn) Oxidation-reduction Fe', Fe*
reactions. Hastens
germination and
maturation.
Copper (Cu) Enzymes, light reactions. Fn
Zinc (Zn) Auxins, enzymes. Zh
Molybdenum (Mo) Aids nitrogen fixation andvoO,
nitrate assimilation
Chlorine (CI) Water use. Cl
Cobalt Essential for  nitrogenCo™
fixation.
Nickel (Ni) Grain filling, seed viability | Ni'
Carbon (C) Component of most plant  £8,CO;
Oxygen (Q) Component of most plant | ,0
Hydrogen (H) Component of most plant | "HOH, H,O

3.5
Growth

How Nutrient Demand Changes at Different Plant
Stages

In general, plant nutrient needs start low while gitants are young a
small, increases rapidly through vegetative growid then decreas
again around the time of reproductive developmest, (silking ant
tasseling). While absolute nutrient reguments may be low for you
plants, they often require or benefit from highdsvin the soil arour
them. The nutrient status of the early seedling will aefféhe overa
plant development and yieldPlants entering the reproductive ste
have highnutrient requirements, but many of these are sadislby
redistributing nutrients from the vegetative parts.

SELF-ASSESSMENT EXERCISE
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1. Explain the structural, primary and secondaryients

2. Discuss the major functions of N, P, K in filarts and outlin
different forms in whichnutrient elements are used by plant
the soill

4.0 CONCLUSION

Soil is a major source of nutrients needed by plémt growth. The thre
main nutrients are nitrogen (N), phosphorus (P) aothssium (K
Together they make up the trio known as NPK. Oimgortant nutrient
are calcium, magnesium and sulfur. Plants also sesl quantities «
iron, manganese, zinc, copper, boron and molybdehkmmwvn as trac
elements because only traces are needed dyplnt. The role the
nutrients play in plant growth is complex.

5.0 SUMMARY

1. Plants require 18 essential nutrients to grow andvige,
classified by their importance into macronutrief@s H, O, N, F
K, Ca, Mg, S) and micronutrients (B, Cu, Fe, Ndm, Mo, CI,
Co, Ni). Study Tip!

2. Nutrients may be mobile or immobile in the plantian the soil
which influences redistribution of nutrients andsplay o
deficiency symptoms, and the fertilization of crops

3. Nutrient demands change throughout the lifetlee plant, it
general increasing during vegetative growth but ressing
during reproductive development.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain what you understand by essential efém
2. Highlight structural, primary and secondawjrients.

3. What are the functions of N, P, K in the pé&n

4. Outline different forms in which nutrient elemergee used b
plants in the soil.

5. How does nutrient demand changes at different pipntvth
stages?
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1.0 INTRODUCTION

Nutrient uptake by crops can vary from less thark@®a to more than
1 000 kg/ha depending on the crop, variety, theienitt its availability,

growth conditions and the biomass produced. Majarients constitute
the bulk of the nutrients taken up. For example, thtal amount of
nutrients absorbed by wheat and rice (paddy) pendoof grain

production is about 82 kg and 74 kg, respectiv€lyt of this, N and

K20 alone account for about 75 percent. On an el¢masis, S uptake
is generally similar to P uptake. The six micromarits taken together
add up to about 1 kg/ha.

2.0 OBJECTIVES
By the end of this unit, you will be able to:
e discuss nutrient absorption methods by plants

e explain the fate of nutrients applied to the soil
e describe the mechanisms of nutrients uptake byt pkls.
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3.0 MAIN CONTENT
3.1 How Nutrients Get to the Root Surface into Plat Cell

Nutrient elements in form of dissolved ions in smlution have to come
in contact with the plant roots for uptake to taace. This contact is
effected mainly by three mechanisnmass flow, diffusion and root
interception. The three mechanisms may occur simultaneouslyoeit
mechanism or another is usually favoured by a @adr nutrient
element. For example, calcium moves to the roofasar mainly by
mass flow and root interception, whereas diffusiaocounts for
phosphorus supply to plant roots because phospl®uesy low in soil
solution.

3.1.1 Mass—flow

Mass flow is the movement of plant nutrients irwilog soil solution
towards a root that is actively drawing water froine soil. There is
some amount of nutrients transported to the rodase in the water
used for transportation or by movement due to wadéential gradients.
For example, maize uses 500gm water per gram of rdatter
accumulation. As the plant takes in this waterrdhare plant nutrients
dissolved in the water for the plant to utilize. the water moves pass a
root from high water concentration gradient to aw lowvater
concentration, nutrients are carried along forglaat to utilise.

3.1.2 Diffusion

Diffusion is a continual process in the soil whereby plartienats move
from area of higher concentration towards the areslower
concentration around the root surface. The amouah@lement moved
to the root surface by diffusion depends on thé gatlowed by the
movement of water, on soil acidity, the amount gjamic matter and
the nature of the element itself. Other factord tieve been found to
affect rate of diffusion of an ion to the root s.o# are the nature of the
plant root system (tap or fibrous) which dictatke tibsorbing area of
root surface, the soil type (clay, loam, sand,)eanid the difference
between the concentration of the nutrient at roofase and in the bulk
soil solution.
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3.1.3 Root Interception

This is the contact made between the growing rantsnutrient ions in
soil solution. The roots grow into new soil zoneanthere are pools of
nutrients in solution. There is a direct contacttioé root with the
nutrient and results in a direct nutrient exchabhgaveen the root and
the soil thus the termontact feedingused to describe this method of
nutrient absorption.

3.2 Mechanisms of Nutrient Uptake into Plant Cell

The mechanisms of absorption of nutrient ions itlte root cells
continue to be a subject of research by plant thortists. Nutrients
move into the cortex free space of the root bydiffesion process.But
this cannot account for the high concentration asfsi in plant cells
compare to the very low quantity of the same ionsail solution. For
example the normal concentration of potassium ihssdution is about
5-10mg kg-1, plant content of this element is betw&-5%. Plant roots
have both positively and negatively charged sudadée ions attached
to the root surface charges often could be exclhfigehose in the soll
solution depending on the requirement of the plahis phenomenon is
referred to ason Exchange.For example, H+ ion on the root surface
may be exchanged for the K+ ion in soil solution.

However, thecarrier Hypothesis (active transport) is the most
acceptable mechanism by which nutrient ions arertakp by plants.
Within the plants, there argarriers, organic compounds, which react
with ions to form carrier-nutrient complexes whitdn pass through the
membrane into the cell. By means of the organiciexa; plants can
have selective absorption of certain elements aoettclusion of others.
The most probable theory is that all the three rapidms — diffusion,
ion exchange and carrier hypothesis — are emplayeditrient uptake
but carrier hypothesis is used to explain absomptgainst nutrient
concentration gradient.

3.2.1 Movement of lons into the Root System

The movement of nutrient ions from root surface itlie root can be
described by two processefassive movement/transport Active
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movement/transport. Passive movement or transport of ions Passive
transport of ions occurs in the outer or free spaice the wall of
epidermal and cortical cells of roots and is cdigtb by ion
concentration (diffusion) and electrical (ion exaepea) gradient. The
concentration of ions in the apparent free spac®imally less than the
bulk solution concentration and therefore, diffusi@mccurs with
concentration gradient, from high to low concemntrat

Passive transport is non-selective process and waeszquire energy
from the metabolic activities of the plant. Actimevement or transport
of ions Active transport of ions is the movementaof ion against its
concentration gradient using energy i.e. when tilé «ses energy to
pump a solute across the membrane against a coaiwentgradient.

The process of nutrient entry known as ion-camechanism or carrier
theory involves a metabolically produced substaijcarriers) that

combines with free ions. The ion-carrier complex cden cross
membranes and other barriers not permeable to itnee and later
dissociate to release ions into the inner spacthefcell. Active ion

transport is selective process such that speatfits iare transported
across the plasmalemma by specific carrier mechmanis

3.3 Volumes of Nutrient uptake

Higher production through higher cropping intenséiso results in
substantially higher nutrient uptake, which cangexfrom 400 to 1 000
kg N + BOs + K,O/halyear. The share of N;® and K20 in nutrient
uptake is generally 35 percent N, 17 percedsRand 48 percent O,
in the ratio 1.0:0.5:1.4. Thus, every tonne of foged is accompanied
by the removal of 0.5 tonnes®® and 1.4 tonnes O on average. In
addition to major nutrients, a grain productiondewf 10 tonnes/ha
through a rice—wheat rotation (6 tonnes paddy brhés wheat) can
absorb about 3—4 kg of Fe or Mn, 0.5 kg Zn, 200-8@® Cu or B but
only 20 g Mo. Thus, at the same production leved tiptake among
nutrients by a crop can vary by more than 10 0®@si (260 kg K vs 20
g Mo). Within the group of micronutrients itselhet uptake of Fe and
Mn can be 200 times that of Mo. For successful quogduction, the
crop must be able to access and absorb the indicatieients whether
these are 150-200 kg of N op® or 15-20 g of Mo. Nutrient uptake by
a crop depends on a large number of factors, bottiralable and
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otherwise. This is why large variations are encered for a given
nutrient or for a given crop even under similarditions.

Nutrient uptake can differ owing to the differenegsong crops, genetic
character of a variety, environment where they griestility level of
the field, yield level, luxury consumption, nutrtambalances and post-
absorption events such as lodging and leaf fallsTin order to produce
1 tonne of grain, the uptake by a given crop caw ¥a/-fold in the case
of N, 2.3-fold in the case of P and 3.6-fold in tb&se of K among
locations

3.4. Fate of Nutrients Applied to the Soil

The amounts of nutrients added through fertilizerd other sources are
only partly utilised by the crop (Figure 2.1). Taare four possibilities
for what may happen to the added nutrients:

- They enter the pool of available forms and are dizsb by the
fertilized plants (recovered portion).

- They are not absorbed but remain available angantéy utilised
by the next crop (residual).

- They are “fixed” and thus removed from nutrient layg for
longer periods.

- They are lost from the soil (through ammonia vdkstion,
leaching, and denitrification in the case of N).

34.1 Fate of Nutrients Absorbed by Crops

The nutrients taken up by a crop are distributedifferent parts of the
plant during its life span. In the case of graiops, 70-75 percent of N
and P, 25— 30 percent of K and 40-60 percent disBraed ends up in
the grain, the rest stays in straw/stover. In moere than 70 percent of
the N absorbed is transferred to the grain whitgemter proportion of
K, Ca, Mg, Fe, Mn and B remains in the straw. Theoabed S, Zn and
Cu are distributed about equally in grain and striamgroundnut, out of
the nutrients absorbed, the kernels contain 4lepéaf N, 52 percent of
P, 28 percent of K, 11 percent of Mg and 1 percérta. The leaves
and stalks contain 45-50 percent of total NPK dimtrand also the
bulk of Ca and Mg. In potato, harvested tubers actdor 80, 83—-88

and 70-78 percent of total N, P and K absorbedpeds/ely. In
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cassava, the proportion of absorbed nutrients ptesetubers is 23
percent of N, 32 percent of P, 38 percent of K,pk2cent of S, 11
percent of Ca and 29 percent of Mg. In jute, thepprtion of absorbed
nutrients that is returned to the soil before hsirtarough leaf fall is
particularly high.

3.4.2 Crop recovery of added nutrients and theirmplications

The recovery or utilisation rate of an applied muit is the portion of
the added nutrient that is taken up by the plamts expressed as a
percentage of the nutrient amount supplied. A regpwf 50 percent
means that half of the fertilizer nutrients applies$ been utilized by the
fertilized The recovery rate for applied nutriembiten high for K (up to
70 percent), medium for N (35-70 percent), compazbt low for P
and S (15-30 percent), and very low (less than @&€cemt) for
micronutrients.

) partly
—— Nutrients in the plant —=> | removed
from field

nutrients | from fertilzer
nutrients | from soil

Fertilizer nutrients partly

applied recylded
T W
| | '

\\J ﬁ

nutrient

fied | remaining utiized uptake utiized

lost |but slowly| available portion portion

mobilized |[(next crops)| (eg. 20-50 %) from soil
From fertilizer nutrients in the soil Soil nutrients

Fig. 2.1: An illustration of partial recovery of applied nutrients by
crops Source: Finck, 2006.

SELF-ASSESSMENT EXERCISE

1. Explain “Mass-flow, Diffusion, and Root interceptibas regards
nutrient absorption
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2. Discuss the mechanism of nutrient uptake in plafitand state
the fate of nutrient applied to the soil?

4.0 CONCLUSION

The mechanisms of absorption of nutrient ions ittie root cells
continue to be a subject of research by plant thortists. Nutrients
move into the cortex free space of the root bydiffesion process.But
this cannot account for the high concentration afsi in plant cells
compare to the very low quantity of the same ionsail solution.

5.0 SUMMARY

Within the plants, there argarriers, organic compounds, which react
with ions to form carrier-nutrient complexes whicdin pass through the
membrane into the cell. By means of the organiciexa; plants can
have selective absorption of certain elements aoettclusion of others.
The most probable theory is that all the three rarims — diffusion,
ion exchange and carrier hypothesis — are emplayeultrient uptake
but carrier hypothesis is used to explain absonptgainst nutrient
concentration gradient.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss “Mass-flow, Diffusion, and Root interceptias regards
nutrient absorption

2. Explain the mechanism of nutrient uptake in plagit c

3. What is the fate of nutrient applied to the soil?

4. Discuss the concept of nutrient recovery or utii@arate
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UNIT 3 MAINTENANCE OF SOIL NUTRIENT
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3.0 Main Content
3.1  Organics as Sources of Soil Nutrients
3.2  Use of mineral Fertilizers
3.3 Use of Soil Amendment such as Lime
3.4 Other soil fertility management prees

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Organic inputs derived from plant remains provideshof the essential
nutrient elements, but usually insufficient quaesit Because of their
richness in carbon, organic resources provide anggnsource for soil
microorganisms which drive the various soil biotadi processes that
enhance nutrient transformation and other quabiyameters of soil. As
these organic materials undergo the process of ndeasition (or
breakdown) in soil, they contribute to the formatiof soil organic
matter (SOM), which is generally considered to e hackbone of soill
fertility. Most of the lasting impacts of organioputs on soils are
related to the functions of SOM. During decompositithe organic
materials interact with soil minerals forming coewlsubstances that
influence nutrient availability (e.g. binding ofhetrwise toxic chemical
substances such as aluminium or leading to bedtease of phosphorus
bound to soil mineral surfaces).

2.0 OBJECTIVES
By the end of this unit, you will be able to:

o explain some activities that maintain nutrient®im soils
o discuss the role of organic matter in soil fegtilibaintenance.
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3.0 MAIN CONTENT
3.1 Organics as Sources of Soil Nutrients

The role of organic materials as nutrient soursesnderpinned by the
biological processes of decomposition, which ineothe biochemical
breakdown of dead organic tissue into its inorgamnostituent forms,
primarily through the action of microorganisms. Trecess by which
essential nutrient elements in unavailable orgédmims are converted
into their inorganic forms that are available feelby growing plants is
known as mineralisation. It is during decompositidrorganic materials
in soils that SOM is formed and nutrients are rséela SOM can
therefore said to be made up of organic materibldiverse origin that
are at various stages of decomposition through abion of soil

microorganisms. Soil microorganisms also grow, iplyit and die

during the process of decomposition and, in tumntgbute to the
dynamic changes in SOM formation and mineralisatigutrient

release).

The amounts of SOM formed as well as quantitiesutfients released
depend on the amount and frequency of organic snppplied to the
soil. Under undisturbed natural vegetation sucpersnanent forests or
grasslands, there is usually equilibrium between dihganic materials
added to the solil in the form of plant litter ame tSOM status because
nutrients are tightly recycled and not removed niopcproducts. When
the soil is used to cultivate crops, however, tie of SOM formation
and nutrient release is less than the demand foients by crops,
particularly when farmers aim for commercial yieldsxtra effort is
therefore required to add more organic materials the soil,
necessitating the use of mineral fertilizer to e@age the amount of
organic resources available for use in crop prodnoct

3.1.1 Factors Affecting Organic Matter Supply Of Nutrients
Soil organic matter is a significant source of agen (N), phosphorus

(P) and sulfur (S) in crop production. The supgiyh@se nutrients from
SOM is dependent upon a number of factors including
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- the quantity and frequency with which organic inputs are added
to the soil;

- the quality of the organic resources; and

- the effect of soil type (e.g. texture and minergjognd
environmental conditions (e.g. moisture and tentpeex that
provide an environment in which the processes obagosition
and mineralisation occur.

3.1.2 The Role of Organic Matter in Soil Fertility

By directly supplying available forms of C thatrstilate soil biological
activity and contribute to SOM formation, orgamputs also influence
soil chemical and physical properties. The roleS6M in improving

soil productivity include:

- regulation of the rates and amounts of nutrieritsased for plant
uptake in soils;

- improvement of soil water infiltration rate and Iseater-holding
capacity;

- increasing cation exchange capacity, or the saéipacity to
store nutrients;

- enhancing soil aggregation (SOM particles act adibg agents),
improving soil structure, reducing bulk density amebmoting
good aeration; and

- binding of toxic elements in soils and minimisirtgeit impacts
on growing plants.

3.2 Use of Mineral Fertilizers

Fertilizer is a material that contains at least ohéhe plant nutrients in
chemical form that, when applied to the soil, idubte in the soil

solution phase and ‘available’ for plant roots. ®ofartilizers such as
urea, potassium chloride (KCI) and diammonium phasp (DAP) are
completely soluble in water, while others such @askrphosphate and
dolomite are partly soluble and release nutrietasvly over several

months or years.

The objective of fertilizer use is to deliver netits to crop plants. As a
guide, fertilizer materials should contain at 1€5% of one or more of
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the essential nutrients in an immediately availdblen. The nutrient
content of proper mineral fertilizers is alwayststaon the bag label.
The P, potassium (K) and magnesium (Mg) contemixfgessed in the
oxide form, i.e. P205, K20 and MgO. Secondary amttanutrients are
often included in compound fertilizers. Note thahemal fertilizers have
been discussed extensively previously in this studyerial.

3.3 Use of Soil Amendment such as Lime

Liming materials are used to increase the pH idl soils where crops
are intolerant of high aluminium (Al) saturationhmh often (but not
always) accompanies low soil pH. By correcting sbil and supplying
calcium (Ca), lime improves the soil environment fdant growth. In
some very acid soils (pH <5.5), Al and manganesa)(kbxicity is
prevented and P and molybdenum (Mo) availability in€reased
following an application of lime. Other microbioliogl processes such
as nitrification and N2-fixation are also improveshd liming may
contribute to improved physical soil properties dese of increased
microbial activity. Acidity is often associated wihighly leached soils
which are deficient in Ca and Mg so that lime plapsmportant role in
supplying these nutrients. Lime and liming mataridiave been
discussed earlier in this study material.

Table 3.1: Therange of agricultural practices, and their likely impacts
on soil fertility

Practices Comment agrDirect (D) or indirect (I) impact

occurrence : -
on aspects of soil fertility

Biological | Chemical| Physical

Multi-annual Diversity in| D D D
rotations space and time
encouraged as
good practice
Cover Crops
prevent erosion,

Rotation  of
variety of crops
including  cover

crops and green
P 9 structural
manures
damage and
nutrient loss
over winter.
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Crop Residue Incorporation pof D I
crop  residues
encouraged
where tillage is
practicable.

\"£4

Tillage Common within | I D
ley-arable,
predominately
arable and
horticultural
systems. Less

common in
intensive
grassland.
Grass/clover Most common D D [

on ley-arable
systems and
intensive

grassland. May
be found on in
bye land on
upland/extensive
systems. Arablé
and horticultura
systems may use
pure clover
and/or other
legumes in
preference.

mixture

A\1%4 1”4

Livestock Land related D D D
management activity, in so far
as the number @
animals relate t¢

—

Grazing intensity/

N4

stocking rates the land area
available
without causing
problems of

over-grazing,
erosion and to
allow for the
spreading of
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livestock
manures withou
adverse effect
on the
environment.
Livestock units
equivalent mus
not exceed 17
kg N/ha.

192}

Applied
and
materials

organic|
inorganic
Lime

May be applied
if crop nutrition
and soil
condition canno
be maintaineg
through rotation
and  recycling
composts, FYM
etc.

t
!

Fertilizerl (or
supplementary

nutrients)

May be applied
if crop nutrition
and soil

condition canno

be maintained

through rotation
and  recycling
composts, FYM
etc. Generally
products of low
solubility
approved by
Certification
Body.

[

FYM

On farm derived

materials must
not exceed 170

kg N/halyr of

agricultural area

used. Off-farm

materials — need

recognized by
inspection body
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GM free and not
exceeding 170
kg N/halyr.

Slurry On farm derived D
materials must
not
exceed 170 kg
N/halyr of
agricultural
area used. Offt
farm materials +
need
recognised by
inspection body
GMfree
and not
exceeding 170
kg N/ha/yr.

Compost Product derived

from source that
has

==

been submitte(
to either
composting

or anaerobid
fermentation.

Other Practices

Pesticide
application

Use restricted toD

a narrow range
of products
predominantly
used in intensive
horticultural
systems.

A\1%4

)%

Herbicides

Sewage sludge
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Drainagel/irrigation Need recognized| I D
by inspection
body.

Davis and Abbot, (2006)

3.4 Other Soil Fertility Management Practices

Other measures are often needed besides the metalble fertilizers
and organic inputs, particularly if there are otkett fertility constraints
that prevent good crop growth. Some examples awvengibelow,
recognizing that this list is not necessarily coetgl

3.4.1 Soil Acidity Correction

Some soils are strongly acid, either because @rant soil properties or
due to long term acidity-inducing management pcasti(e.g. <4) the
long-term use of ammonium-based fertilizer). Agidi itself is often

not the major problem, unless the pH is very lovg.(dut acid soils
often have high exchangeable Al contents which redyeestrict the

growth of some crops (e.g. maize). Lime applicatrates should be
calculated to reduce exchangeable Al (to about 1%&ther than

increasing soil pH.

3.4.2 Supply of Deficient Micronutrient

Deficiencies to particular micronutrients may besetved (e.g. Zn, B).
Such deficiencies are often expressed during pmowth. Some
fertilizer blends such as Mavuno fertilizer in Kanycontain
micronutrients.

3.4.3 Breaking Hardpans

Continuous management on soils that are pronertgpaction can result
in a sub-surface solil barrier to crop root grovidreaking such hardpans
by deep ploughing or chisel ploughing to a deptipto 30 cm allows

roots to penetrate the hardpan and access moremnigtrand water,

resulting in better crop growth.

3.4.4 Water Harvesting

Nutrients will only be recovered efficiently if therop has sufficient
water. The amount of rainfall captured and madelabla to crops can
be increased in areas that are prone to droughdt Bfgproaches aim to
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harvest extra water by installing structures treatrdase runoff (e.g. the
Zai system used in the Sahel or the use of plarfdagyns in southern
Africa), or by maintaining organic mulch on thelsairface to promote
infiltration and reduce evaporation from the sailrface. All such
practices require extra resources in terms of labowrganic materials
and an assessment of the risk of drought streaspiarticular area will
determine whether the deployment of these extreouress is
worthwhile.

3.4.5 Erosion control

Soil erosion can be a serious problem, especiallyi@ds with steep
slopes, but also on slightly sloping fields withacge-textured top soil
that is prone to erosion. Soil organic matter antfients are lost in
eroded soil, which may substantially reduce th@agmic efficiency of
applied inputs. Several measures can assist inradlomg erosion,
including planting of live barriers (e.g. grassi@), construction of
terraces, or surface mulch application.

SELF-ASSESSMENT EXERCISE

1. What are the factors affecting organic matter sypphutrients
2. Explain some soil fertility management practicesu ybave
studied

4.0 CONCLUSION

Organic inputs used in soil fertility managemenmeoaonly consist of
livestock manures (farmyard manure), crop residwesodland litter,
household organic refuse, composted plant matggalmpost), and any
plant biomass harvested from within or outsideféiien environment for
purposes of improving soil productivity. In urbandaperi-urban areas,
organic inputs can also be made up of industriglaoic waste and
sewage sludge. Organic resources have multipletitursc in soil,
ranging from their influence on nutrient availatyilio modification of
the soil environment in which plants grow. There &owever other
sources which contribute in soil fertility maintea and sustainability.
They include use of inorganic fertilizers, soil amdments and water
harvesting.
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5.0 SUMMARY

Organic resources have multiple functions in s@hging from their

influence on nutrient availability to modificatiaf the soil environment
in which plants grow. Other measures are often e@dxbsides the use
of suitable fertilizers and organic inputs, parly if there are other

soil fertility constraints that prevent good cropogth. They may

include acidity correction, supply of micronutrientwater harvesting
and erosion control.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the role of organic matter in soil ferilit

2. What are the factors affecting organic matter sypphutrients?

3. In tabular form, show some agricultural practiced their likely
impact of soil fertility.

4. Discuss some soil fertility management practices ywave
studied.

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

Soil properties and landscape characteristics gansiderably on land
used to grow crops across the globe, as do clinatraitions. As a
result, the crop mix and specific crop productiomgtces (tillage,
nutrient applications, pesticide applications,gation practices) differ
substantially from one part of the country to aeothf appropriate
management activities and conservation practices rext used, the
interaction between wind and water, soil and laagsccharacteristics,
and crop production practices results in the Idssod, nutrients, and
pesticides from farm fields, contributing to watprality degradation in
some watersheds. Moreover, onsite soil erosion saifi quality

degradation, if not addressed, can jeopardize paispfor sustaining
future crop production.
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2.0 OBJECTIVES
By the end of this unit, you will be able to:

e state some of the activities that lead to the tdssutrients from
the soill

e explain how fertility losses can be minimised

e discuss the concept of soil quality.

3.0 MAIN CONTENT
3.1 Water and Wind Erosion

Water and wind erosion are major factors contrifmutio the loss of

nutrients. Recent studies indicate that annuali@ndssses in low-input

production systems are about 10 kg N/ha, 2 kg Rfith 6 kg K/ha.

Losses may be greater in high-input systems, orevhainfall is very

high. Water barriers, such as grass strips ancestows, are effective
options to reduce erosion and to keep appliedlifmtiand manure in

place. Erosion and runoff can also be reduced bgratg the soil with a

mulch layer of living or dead biomass. Soil mulelduces water speed,
avoids crust formation and improves soil porositygl anfiltration rates.

Even a relatively thin layer of mulch provides grsficant increase in

water infiltration. Indeed, studies have shown e application of 2

t/ha of straw led to a 60% reduction in runoff an®0% reduction in

erosion. With 6 t/ha of straw mulch, runoff was uedd by 90% and
erosion levels were reduced to zero. Leaving sinathe field leads also
to significant reduction in soil losses due to werdsion. In Niger, 1.4

t/ha millet straw cover reduced wind erosion losegs 63%. The

problem faced by most farmers is that their pryorgt to use organic
materials for livestock feed.

Soil preparation methods may also be efficientnicreasing infiltration
and reducing runoff. The so-called ‘Zai’ technigise an effective
technique to deal with surface crusting: small pies dug in the soil and
small amounts of mineral and/or organic fertilizars added. Improving
SOM content will generally reduce the susceptipitif the soil to form
surface crusts and improves soil structure andnetieling capacity.
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3.2 Leaching

Leaching of nutrients occurs if water carrying rrnts percolates
beyond the reach of crop roots in the soil proditel the nutrients are,
therefore, lost to the crop. Leaching is a parécproblem in areas with
high rainfall intensity (>30 mm/day) and coarsettie®d sandy soils
(>35% sand). Leaching concerns mainly mineral Nn(ppally nitrate,
NO;s;) and exchangeable bases (K and Mg) which are déached
together with N@'. Phosphorus is generally not susceptible to leachi
except in very coarse-textured sandy soils.

Some studies suggest that 50-60% of K fertilizepliad in banana
plantations in Céte d’lvoire are lost through leiagh Reducing losses
due to deep drainage is difficult, but two appreacban be considered:

- Promoting root development by applying nutrientd amproving
soil structure. This will allow the crop to betianofit from water
that has infiltrated into the soil below the preasdepth of root
penetration, and therefore reduce the loss ofenisi

- Association of annual crops and trees — trees pamp’ water
and nutrients from depths below the rooting depthamnual
crops, leading to better overall water and nutriesd.

3.3 Gaseous losses through denitrification and \atilization

Under anaerobic conditions (e.g. poorly draineddfier paddy rice
field), nitrate is reduced to N20O and N2 (denitafiion). Denitrification
also occurs in aerobic soils because of the presaicanaerobic
microsites that are created following the applmatof decomposable
organic resources. The best way to reduce deodtiin in upland
fields is to improve soil drainage and maintainc@d soil structure to
avoid anaerobic growing conditions. Nitrogen casoabe lost by
volatilisation as NH3-N losses through volatilizeti are important in
alkaline soils (high soil pH). As much as 60% ofapplied as urea on
paddy (i.e. flooded rice fields) may be lost dueddatilization.

Losses can be reduced by deep placement of NiZers| by manual
incorporation.

145



SLM 302 MODULE 5

Nitrogen is lost by NH3 volatilisation during themsage and handling of
manure. Losses can be reduced by using anaerabpaygstpits with or
without the addition of crop residues.

3.4 Loss of Phosphorus

Generally, the factors that cause phosphorus moveare similar as
those that cause nitrogen movement. Transport méxha are erosion,
surface water runoff from rainfall and irrigatioand leaching. Factors
that influence the source and amount of phosphanalable to be
transported are soil properties, and the rate, firmng, and method of
phosphorus applied. The phosphate ion attachesgbgrto soil particles
and makes up a part of soil organic particles. Amngsion of these
particles will transport phosphorus from the sitbosphorus can also be
transported as soluble material in runoff and leagxhwater. When
water moves over the soil surface, as it does moffuevents, or passes
through the soil profile during leaching, solublaopphorus will be
transported with the water.

Applying phosphorus fertilizer or manures on thel surface will
subject them to both runoff and erosion, partidylérthe application
takes place just before a rainfall, irrigationwand event that can carry
the phosphorus material off site. If, however, tagdilizer or manure
material is incorporated into the soil profile biicomes protected from
the transport mechanisms of wind and water. Leachbfrphosphorus is
at a higher risk through coarse textured soilsrgaoic soils that have
low clay content.

Phosphorus is primarily lost from farm fields thgbuthree processes:

- attached to the sediment that erodes from the, field
- dissolved in the surface water runoff,
- or dissolved in leachate and carried through thigosafile.

On cultivated fields, most is lost through erosiaiereas on non-tilled
fields most phosphorus losses are dissolved irasenivater runoff or in
leachate. Cultivated acres with phosphorus-ricts showever, can also
lose significant amounts of phosphorus dissolvedh@ runoff or the
leachate.
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3.5 Minimising losses of added nutrients

An important objective in fertilizer management e implement
management practices that minimise the loss ofienif added to the
farming system. With good management practices, igmifisant
proportion of nutrients added to the farming systenmthe form of
mineral fertilizers or crop residues and manure lbarrecycled many
times through crops and livestock. Some nutriesitert up by the crop
are exported in crop products (grain, tubers) #@ratexported from the
farm but a large part of nutrients taken up by qutamts can be recycled
back to the soil in the form of crop residues.

Alternatively, crop residues may be used as fodlelivestock and the
manure they produce can be recycled to the fieldth Vproper
management, nutrients applied to the field buildhgnutrient stocks or
capital in the farm and add value to the land. idats added as mineral
fertilizer, recycled in crop residues and manureaval as soil nutrient
stocks may be lost from the farming system or #enfplot through
water or wind erosion, leaching or gaseous losses.

Nitrogen is the most susceptible to losses becruse/ery mobile and
can be lost due to leaching as well as volatilsatiThere are three main
forms of N ‘capital’ in the soil:

mineral N (ammonium NH4+ and nitrate NO3-);
- N in soil organic matter; and
- N in a more stable form of soil organic matter.

NH4-N can be held as an exchangeable cation opédmn the layers
within some 2:1 clay minerals, such as montmoritlyrvermiculite and
illite. Under aerobic conditions (i.e. well-drainesbils) nitrifying
bacteria quickly transform NH4-N into NO3-N (nita&tion). Nitrate is
highly mobile and easily lost by leaching or by itlgincation (NO3- is
transformed into the gases NO, N20 and N2). Subatalwsses of
NH4-N can also occur through volatilization (gasedosses as NH3),
especially in alkaline soils and where urea is i@gpio the soil surface.
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3.6 The Concept of soil quality

Soil quality in its simplest terms is how well ailss doing what we

want it to do. The definition of soil quality adepit by the Soil Science
Society of America is the capacity of a specifindkiof soil to function,

within natural or managed ecosystem boundariesugstain plant and
animal productivity, maintain or enhance water ad quality, and

support human health and habitation. The definitadnsoil quality

includes two aspects: the inherent properties dfaul the effect of
human use and management on the ability of thetsdilinction. The

inherent properties of the soil establish the bdsisn which to set
expectations for a specific soil to function. Ealan of changes in soll
quality is based on whether management has enhasuasthined, or
degraded the ability to provide the chosen serwigghout adverse
effects on its surroundings.

Soil provides the following basic functions or Sees:

- Controlling water flow. Soil helps control where rain,
snowmelt, and irrigation water goes. Water andaiNesl solutes
flow either over the soil surface or into and thgbuthe soil
profile.

- Sustaining plant and animal productivity. The diversity and
productivity of living things depends on soil. Thiscludes not
only crops, but also soil biota such as earthwoamd microbes
that are beneficial for sustained crop production.

- Filtering potential pollutants. The minerals and microbes in soll
are responsible for filtering, buffering, degradimgmobilizing,
and detoxifying organic and inorganic materialscluding
industrial and municipal by-products and atmospheeposits.

- Cycling nutrients. Carbon, nitrogen, phosphorus, and many
other nutrients are stored, transformed, and cytiedugh the
soil.

- Supporting structures. Soils provide a stable medium for plant

root growth with sufficient porosity to allow so&utflow and
aeration. For land uses other than crop produchoitdings need
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stable soil for support, and archeological treasumesociated
with human habitation are protected in soils.

3.6.1 Soil organic carbon as an indicator of soguality

The key to managing for improved soil quality faurposes of crop
production is to manage for soil organic matteril 8manic matter is
the organic faction of the soil including plant aacimal residues, soil
organisms, and many combinations of chemical elésndnuch of the
soil organic matter consists of the element carb@arbon is key,
because we have the ability to manipulate it, @arfths a major role in
physical, chemical, and biological properties af.so

3.6.2 Managing Soil Organic Carbon to enhance Sduality

Managing for carbon includes adding organic maltesigh as manure
and managing crop residues through reduced tilleigg, rotations, and
cover crops. Through microbial breakdown of resgdaed other natural
processes, soil carbon accumulates in the soil. Jdiks structure
improves through greater aggregation produced byemwasoluble
proteins and other organic products from the breakdof residues that
bind smaller particles together. This improved aggtion further
resists the impacts of rainfall and enhances rafitin, providing more
water for plant growth and less for runoff. The ueiibn in runoff
improves water quality by reducing sediment andient loads and
increasing the use of the soil as a natural fil@nganic matter removes
contaminants from the environment through strorgmabal bonds with
the soil, rendering the contaminants harmless, egratling the
contaminants to less toxic forms. A soil's ability retain water is
enhanced by the chemical nature of organic mattieich can hold from
10 to 1,000 times more water than inorganic sottena

Change in soil organic carbon is an indicator af goality. Cropland
soils that are increasing in soil organic carboeravme will have an
increased capacity to sustain plant and animavigctietain and hold
water, filter potential pollutants, and cycle netris— that is, enhanced
soil function. However, not all cropland soils tlaaé losing soil organic
carbon are in a degraded state with respect tdwswtion. Loss of soil
organic carbon is much less serious for croplandsawith inherently
high levels of soil organic carbon than for acraghvinherently low
levels of soil organic carbon. Some soils with tieidy high percent
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losses can continue to lose soil organic carbomfany years before
soil function is impaired. Other soils, on the ath@and, may only be
able to tolerate very small percent losses befa# fsinction is
impaired.

SELF-ASSESSMENT EXERCISE

Explain nutrient losses through erosion, leachind wolatilisation and
how can these losses be controlled?

4.0 CONCLUSION

Water and wind erosion are major factors contritio the loss of
nutrients. Losses may be greater in high-inputesyst or where rainfall
is very high. Water barriers, such as grass stups$ stone rows, are
effective options to reduce erosion and to keepiegdertilizer and

manure in place. Erosion and runoff can also baaed by covering the
soil with a mulch layer of living or dead bioma&oil mulch reduces
water speed, avoids crust formation and improvak mwosity and

infiltration rates.

5.0 SUMMARY

Nutrients added as mineral fertilizer, recycled drop residues and
manure as well as soil nutrient stocks may be fiasnh the farming
system or the farm plot through water or wind ewngsileaching or
gaseous losses. Nitrogen is the most susceptibiesses because it is
very mobile and can be lost due to leaching as a®llolatilisation.
Therefore, management practices that will checlsierp leaching and
volatilisation should always be adopted in our taods. With good
management practices, a significant proportionutfients added to the
farming system in the form of mineral fertilizers aop residues and
manure can be recycled many times through cropdieestock. Some
nutrients taken up by the crop are exported in guopducts (grain,
tubers) that are exported from the farm but a lg@ of nutrients taken
up by crop plants can be recycled back to theisdihe form of crop
residues.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss nutrient losses through erosion, leachingd a
volatilization

2. How can the losses mentioned above be ameliorated

3. Explain the concept of “Soil Quality”

4. Highlight the basic functions the soil providesttbathers on its
quality

5. Discuss soil carbon as indicator of soil quality.
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7.0 References/Further Reading

1.0 INTRODUCTION

Legume crops could play an important role in focetwsity and
lowering the risk of climate change by deliveringlltiple services in
line with sustainability principles. In addition se@rving as fundamental,
worldwide source of high-quality food and feed,Uswes contribute to
reduce the emission of greenhouse gases, as tleagees—7 times less
GHG per unit area compared with other crops; altber sequestration
of carbon in soils with values estimated from 7®2kg-1 DM, 23.6
versus 21.8 g C kg year; and induce a saving of fossil energy inputs in
the system thanks to N fertilizer reduction, copmewding to 277 kg
ha-1 of CO2 per year. Legumes could also be cothgettrops and,
due to their environmental and socioeconomic b&)efcould be
introduced in modern cropping systems to increase diversity and
reduce use of external inputs.

They also perform well in conservation systemsreropping systems,
which are very important in developing countriesvadl as in low-input
and low-yield farming systems. Legumes fix the apiteric nitrogen,
release in the soil high-quality organic matter afadilitate soil
nutrients’ circulation and water retention. Based these multiple
functions, legume crops have high potential forsssaation agriculture,
being functional either as growing crop or as crogsidue.
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Somelegumeshave the ability to solubilize otherwise unavdiab
phosphate by excreting organic acids from theits,otn addition to
improving soil fertility. Legumesalso help to restore soil organic matter
and reduce pest and disease problems when usethtion with non-
leguminous crops

2.0 OBJECTIVES
By the end of this unit, you will be able to:

o state how useful legumes are to agriculture
o explain the importance of legumes in nodulation
o describe the impact of legume on soil quality.

3.0 MAIN CONTENT

3.1 Nodulation in the Legume Family (thd.eguminosae)

The Leguminosaecontains roughly 19,000 species that are classified
into three sub-families: ti&aesalpiniodeaethe Mimosoideaeand the
Papilionoideae The Caesalpiniodeaés considered to be the oldest and
ancestral subfamily from which the other sub-fagsilidiverged. The
vast majority of legumes in thdimosoideaeand thePapilionoideaeare
able to form root nodules and fix,Njas, but only a quarter of the
caesalpiniod legume species can nodulate and fi. ONe well-known
example of a PHixing caesalpiniod legume is the forage legumenw
cassia Chamaecrista rotundifoll|a Some non-nodulating legumes are
widely planted as ornamentals (eBauhiniaspp.,Delonix regig or are
used as agroforestry trees (6Sgnna siame&enna spectabiljsas they
grow fast and provide shade and fuelwood. Underesomtumstances
Sennaspp. have been observed to be suitable for retedlwh of
degraded soils. In Benin, the deep rootingSofsiameaallowed it to
recover nutrients from

3.2 Challenges of the Legume Crop

Legumes are often women’s crops, grown for homesgoption. They
are often grown in poorer soils with little applica of fertilizers or
manure, and with less attention in terms of ladoucrop management.
This means that environment and management oftesrride the
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potential of the legume—rhizobium symbiosis fos-fixation. In such

circumstances, opportunities need to be soughth@duding legumes in
rotation with other crops such as cereals thativedertilizer so that the
legume can benefit from the residual nutrientshie $oil. Where there
are market opportunities for grain legumes, ditesg of basal fertilizer
on legumes may be appropriate and necessary tevachiood yields.
The nutrient most commonly required by legumes, iBlWR increasingly
deficiencies of K and other nutrients are obseiadtie field.

3.2 The need for inoculation with rhizobia

Legumes vary widely in their ability to form rootodules with
‘indigenous’ rhizobia — i.e. compatible rhizobianwmonly found in the
soils where the legumes are grown:

- Soybean G. may and chickpeaCicer arietinum nodulate with
a restricted number of rhizobial strains or speeed are thus
considered as ‘specifi ¢’ in their rhizobia requonent.

- Cowpea Y. unguiculata is considered the most promiscuous
(non-specific or naturally nodulating) of the grd@gumes, and
nodulates with a wide range of rhizobia found imgnaoils.

In nature there is a huge range of promiscuity spekificity, but the
most common state is for legumes to be promiscuonsdulation with
indigenous strains in the soil. Thus grain legusesh as cowpea and
groundnut, and the vast majority of fodder, greeanune and tree
legumes do not need to be inoculated with rhizobégumes that have
a specific requirement for rhizobia, particularlyybean and chickpea,
need inoculation. Rhizobial inoculants are applied the seed at
planting (see http://www.n2africa.org/N2media for series of
educational videos on inoculant manufacture andl use

Most rhizobial inoculants are used with soybeam, @m poor soils they
can make the difference between crop success aihgdefaMost
varieties of soybean are specific in their requeamfor rhizobia and
need to be inoculated to get good yields. Newed &@me old) soybean
varieties are promiscuous in their nodulation, blithough they can
form nodules and fix N2 with indigenous rhizobiagculation still often
increases their yield by up to 20%. Although littessearch has been
done on inoculation with chickpea in Africa, theadable evidence
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suggests that this crop responds strongly to ritdhoculants. The
situation with common beanP( vulgari9 is less clear — most
experimental results indicate small and highly adar responses to
inoculants, though some scientists recommend iatonl with

rhizobia.

Three situations occur where legumes generallyesal moculation:

- where compatible rhizobia are absent from the soil;

- where the population of compatible rhizobia is dnzaid

- where the indigenous rhizobia are less effectiviexing N2 with
the legume compared with selected inoculant strains

Although inoculation may give increased yields he first season with
newly introduced legumes where they have never hmewiously
grown, some compatible rhizobia are often presémese rhizobia will
multiply in the rhizosphere of a compatible hosttlsat the population
builds up and inoculation is not essential in sgheat seasons. If
inoculants are available they are not costly comegbawith other
production inputs like fertilizer, so that usingpaulants is preferable to
risking a loss in yield. New research with high-ifyainoculants
indicates that yield gains through inoculation coble possible even
with the most promiscuous legumes in the longenter

3.4 Legume contributions

Biological N2-fixation can contribute as much as03y N/ha in a

season in grain legumes or legume green manures)aagptionally as
much as 600 kg N/ha in a year in tree legumes.vBdre constraints
such as drought or deficiencies in P or K limituege productivity,

inputs from N2-fixation are also reduced. The cbution of legumes

to soil fertility depends on the amount of N2-fixed relation to the

amount of N taken from the field at harvest timegumes grown for
soil fertility improvement, such as green manuresgroforestry trees,
add the largest amount of N as little is removednfthe There are large
differences between grain legumes in the amounts ofturned to the
soil. In general the greater the biomass produtiexl Jarger the inputs
from N2-fixation — so the multi-purpose soybean ietdgs, or the

creeping varieties of groundnut and cowpea leandehe most N.

155



SLM 302 MODULE 5

3.5 Benefits of Legumes
3.5.1 Grain legumes impacts on atmosphere and sqilality

Among the many important benefits that legumesvdelto society,
their role in contributing to climate change mitiga has been rarely
addressed. Legumes can (1) lower the emission eénfiouse gases
(GHG) such as carbon dioxide (CO2) and nitrous @xiiN20)
compared with agricultural systems based on minérrtilization, (2)
have an important role in the sequestration of @arin soils, and (3)
reduce the overall fossil energy inputs in the ayst

Greenhouse gas emissions: The introduction of legunto agricultural
rotations help in reducing the use of fertilizersd aenergy in arable
systems and consequently lowering the GHG emissions

3.5.2 Improves Soil properties

Cultivation and cropping may cause significant smiganic carbon
losses through decomposition of humus. Shiftingmfrpasture to
cropping systems may result in loss of soil C stobktween 25 and
43%. Legume-based systems improve several aspédsildertility,
such as SOC and humus content, N and P availabilitth respect to
SOC, grain legumes can increase it in several whyssupplying
biomass, organic C, and N, as well as releasingdggh gas as by-
product of BNF, which promotes bacterial legume ules'
development in the rhizosphere. In sandy soils,bieeficial effect of
grain legumes after three years of study was megidtin terms of
higher content of SOC compared with soils with ogt®1 g kgl
DM, on average).

Specifically, cultivation of pea exerted the mogisitive action to
organic carbon content (7.58 g -Kig, after harvest, on average),
whereas narrow-leaved lupin had the least effe@3(7g kg1 , on
average) [30]. In southern America (Argentina), theercropping of
soybean with maize at different rates favoured & SOcumulation of
23.6 g C kg-1 versus 21.8 g C-Kgof the sole maize; the greatest
potential for enhancing SOC stocks occurred in2i3e(maize:soybean)
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intercrop configuration. Furthermore, just only aeg the soil with
soybean residues allows to obtain an increase.6£8& SOC.

3.5.3 Role of grain legumes in cropping systems

Legumes could be competitive crops, in terms ofirenmental and
socioeconomic benefits, with potential to be introed in modern
cropping systems, which are characterized by a edsang crop
diversity and an excessive use of external inpués {ertilizers and
agrochemicals).

Grain legumes into crop-sequencedn the recent years, many studies
have focused on the sustainable re-introductiografin legumes into
crop rotations, based on their positive effects yogld and quality
characteristics on subsequent crops. However, sieee$ of the
rotational advantages/ disadvantages should bedbasea pairwise
comparison between legume and non-legume pre-cré@eme
experimental designs involving multi-year and nagécies rotations do
not provide information on yield benefits to thebsequent species in
the rotation sequence. Therefore, it is difficudt formulate adequate
conclusions. The agronomic pre-crop benefits ofnglegumes can be
divided into a ‘nitrogen effect component and ‘@kecrop effect’
component. The ‘nitrogen effect’ component is aule®f the N
provision from BN, which is highest in situationslow N fertilization
to subsequent crop cycles. The second one (bregkeaifect) includes
non-legume-specific benefits, such as improvemeaitsoil organic
matter and structure, phosphorus mobilization, waiter retention and
availability, and reduced pressure from diseasdsageds. In this case,
benefits are highest in cereal-dominated rotations.

3.5.4 Grain legumes in intercropping

Intercropping systems consist in simultaneous dnowfttwo or more
crop species on the same area and at the sameltiteecropping is
widely used in developing countries or in low-inpamd low-yield
farming systems. Despite several recognised beakfa@spects of
intercropping such as better pest control, competityields with
reduced inputs, pollution mitigation, more stablggregate food or
forage yields per unit area, there are a numbeoostrains that make
intercropping not common in modern agriculture,lsas example the
request of a single and standardized product aedsthtability for
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mechanisation or use of other inputs as a pren®at intensive
farming system. It is therefore necessary to op&mintercropping
systems to enhance resource-use efficiency and cyogld
simultaneously, while also promoting multiple ecsigyn services. Most
recent research has focalised on the potential ntéraropping in
sustainable productions and in particular on glagumes that can fix
N2 through biological mechanisms (BNF). Indeedulegs are pivotal
in many intercropping systems, and of the top 1Gtnfiequently used
intercrop species, seven are legumes.

3.5.5 Grain legumes and conservation agriculture

Legumes have some characteristics particularhyablg@tfor sustainable
cropping systems and conservation agriculture, ammking them
functional either as growing crop or as crop residConservation
agriculture is based on minimal soil disturbance @ermanent soil
cover combined with rotations. As previously ddsed, major
advantages of legumes include the amount of nitrdiged into the soil
and the high quality of the organic matter releasethe soil in term of
C/N ratio. Some legume species have also deepsysiems, which
facilitate nutrients solubilisation by root exudateand their
uptake/recycling as well as water infiltration ieegper soil layers. Many
countries already rely on conservation agriculture.

Brazil has implemented conservation agriculturdesys using soybean
as legume crop. Grain legumes like lentil, chickge=a and faba bean
play a major role in conservation agriculture in rtko America,
Australia, and Turkey. In Australia, some advansagé minimum
tillage for grain legumes have been quantified feater limited
environments. Some studies indicate that the ntgjofigrain-legumes
producers use direct seeding after a legume pe-diois change from
conventional tillage (CT) to reduced or no tilla@éT) systems (with at
least 30% of the soil surface covered) would leadignificant positive
impacts on SOC. In contrast, other results indi¢tht#¢ such positive
effects are limited to the first 20 cm depth, wHitde or no difference
between CT and NT in total SOC can be seen lowerndthe soll
profile.
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SELF-ASSESSMENT EXERCISE

1. What are the challenges of the legume crops ankhiexine role
of legumes in conservation agriculture.

2. Describe the beneficial impact of legumes to smlperties, crop
rotation and inter-cropping.

4.0 CONCLUSION

The roles and importance of grain legumes in aexdraf sustainability
in agriculture could be enhanced by the emergisgarch opportunities
for the major topics discussed above. A major taske future will be
the selection of legume species and cultivars whald be effectively
introduced across different cropping systems. Amdrtant point
concerns balancing vyield, which gives economic rretuwith the
environmental and agronomic benefits. Some priodieas seem
emerge. Nitrogen fixation activity of grain legun&®uld be evaluated
in relation with soil, climatic, plant charactertst and management
conditions to find the suitable approach to achietree best
improvements. With this respect, the ability of thest plant to store
fixed nitrogen appears to be a major componenhofeiasing nitrogen
fixation input. A particular focus should be pait@to the study of
abiotic stress limitations and in particular wateficit, salinity and
thermal shocks require extensive investigation. upegs that can
recover unavailable forms of soil phosphorus cdagdmajor assets in
future cropping systems. Consequently, those leguaiech are able to
accumulate phosphorus from forms normally unavhelaieed to be
further studied, since phosphorus represents aansiye and limiting
resource in several cropping systems.

5.0 SUMMARY

Grain legumes have beneficial impacts on atmospaedesoil quality.

Among the many important benefits that legumesvdelio society,
they also play significant role in climate changéigation. Legumes
can (1) lower the emission of greenhouse gases (G&d€Eh as carbon
dioxide (CO2) and nitrous oxide (N20) compared watgricultural

systems based on mineral N fertilization, (2) hameimportant role in
the sequestration of carbon in soils, and (3) redilne overall fossil
energy inputs in the system. The introduction ofulmes into
agricultural rotations helps in reducing the usdesfilizers and energy
in arable systems and consequently lowering the Géfdssions.
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Somelegumeshave the ability to solubilize otherwise unavdiab
phosphate by excreting organic acids from theits,otn addition to
improving soil fertility. Legumesalso help to restore soil organic matter
and reduce pest and disease problems when usethtion with non-
leguminous crops

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss legume nodulation in agriculture.
2. What are the challenges of the legume crops?
3. Describe the beneficial impact of legumes to smlperties, crop

rotation and inter-cropping.
4. What is the role of legume in conservation agrioa@®
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