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INTRODUCTION

You are highly welcome t&eport Writing in Soil Science (SLM 312).
This is a two (2) credit unit course designed faudsnts’ agricultural
sciences. This course has six (6) study units aeskpts the fundamental
concepts of report writing in soil science. Thetlees cover areas such
as; experimental designs, field experimentatioa,ubke of statistics and
graphics, technical report writing, theses andedtassion, journals and
their formats.

This course material is equipped with worked exaspihd tutor-marked
assignments. Also, it is designed to give you afkdiescription of the
contents of the course, the work to be done andnaterials that you
need. There is also a list of relevant textbooks ¢tlould be consulted for
further reading/learning.

Assignments and exercises were meant to acquairtersts with
examinations and make them pass with excellenegtdélyou take your
assignments and exercises serious, | am sure yiballnexcel without
casualties.

WHAT YOU WILL LEARN IN THIS COURSE

In this course, you have the course units and aseoguide. The course
guide will inform you briefly what the course id about. It is a general
overview of the course materials you will be usamgl how to use those
materials. It also helps you to allocate the appatg time to each unit so
that you can successfully complete the course wite stipulated time
frame.

The course guide also helps you to know how to lgmuaiyour Tutor-
marked-Assignment which will form part of your ograssessment at
the end of the course. Also, there will be tutodialsses that are related
to this course, where you can interact with youwilifators and other
students. Please you are encouraged to attendttiiesal classes.

This course will expose you to report writing, diedxperimentation, the
use of statistics and graphics, technical reporting; theses and
dissertations, journals and their formats, the Kedge will be helpful to
you during your project and even after graduation.

COURSE AIMS
This course aims to enable you to know and undaist@w to; write a
scientific report, understand the use of statistind graphics, write a

technical report, theses and dissertation, jourawadstheir format.

iv



S M 312 REPORT WRITING IN SOIL SCIENCE

COURSE OBJECTIVES

The objective of this course is to enlighten yowwhthe concepts of
report writing in soil science. To achieve the ameantioned above, the
course has overall objectives. In addition, each bhas also specific
objectives. The unit objectives are given at thgito@ng of a unit; you

should read them before you start working through unit. You may

refer to them in the course of your study of thi, o as to check on your
performance and understanding. Go through the olnjéctive after

completing a unit, so as to be sure that you hawe dvhat is required of
you by the unit. At the end of the course, you $thée able to;

discuss the various types of experimental designs

highlight the procedures for data collection

highlight the contents of a research

identify the sources of variation in experimentasign

define and discuss the usefulness of statisticgyeequhics
highlight and discuss the reporting structure iachnical report
highlight the standard sequence of a theses/dassgTt

discuss the features of a journal

WORKING THROUGH THE COURSE

To successfully complete this course, you are requio read and
understand each study unit, read the textbooks athdr materials

provided by the National Open University. Readirge treference

materials can also be of great assistance.

There will be a final examination at the end of toairse. The course
guide provides you with all the components of therse, how to go about
studying and how you should allocate your timegtoreunit so as to finish
on time and successfully.

STUDY UNIT

The course is divided into six (7) units. The fellog are the study units
contained in this course:

Unit 1: The first unit defines what experimentadsiyn is, the
various types of experimental designs; their acvged and
disadvantages, and analysis of factorial experiment

Unit 2: Defines field experimentation and its fgiees, methods of
data collection, contents of a research, sourcearmtion
in field experimentation, merits of replication, tneds of
reducing experimental error, difference betweerusszy
and precision, problem of precision.
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Unit 3: Defines statistics and graphics, the usefss of statistics
and graphics, graph parts, types of graphs.

Unit 4: Defines Technical Report, gives a struetaf a technical
report

Unit 5: Defines theses and dissertations, give®m@anizational
sequence of a theses/dissertation.

Unit 6: Defines Journal and its format, highlightatures of a

journal, presents a sample of a scientific journal.
SET OF MATERIALS

Each unit has a list of recommended materials. Gmugh the

recommended textbooks and materials for necessaigtance while
going through the unit and before attempting thereises. Where you
think you cannot find the necessary referenceshaae¢ been quoted in
any of the units; just go online and type in theneaof the author on
Google, and from there you can find all relevanterials needed.

ASSESSMENT

You will be assessed in two ways in this coursene tutor-marked
assignments and a written examination. You are cgpgeto do the
assignments and submit them to your tutorial fetdr for formal
assessment in accordance with the stated deadl\ioes.tutor marked
assignment will account for 30% of the total course

TUTOR MARKED ASSIGNMENT

There are tutor-marked assignments at the enderfyewnit which you
are expected to do. You are expected to go thrduglstudy units very
carefully so that you can attempt the self-assesspwercises. You will
be assessed on the different aspects of the cbutsenly three of them
will be selected for continuous assessment. Seral dbmpleted
assignment (when due) together with the tutor-nthdesignment form
to your tutorial facilitator. Make sure you sendyur assignment before
the stated deadline.

FINAL EXAMINATION AND GRADING

The modalities for the final examination for SLM23Will be determined
by NOUN. The pattern of the questions will not be different from

those you have responded to in the tutor-markedceses. However, as
the university has commenced online examinations, yay have to
adjust to whatever format is made available to gbany point in time.
Nonetheless, you can be assured of the contentityalof the

examinations. You will only be examined strictly tre content of the
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course, no matter the form the examination takes.thus advisable that
you revise the different kinds of sections of tbarse properly before the
examination date.

HOW TO GET THE BEST FROM THE COURSE

The study units in this course have been writteauch a way that you
can easily go through them without the lecturenfeihysically around

and this is what happens in distance learning. Eagyy unit is for one

week. The study units will introduce you to theitofor that week; give

you the objective for the unit and what you areested to be able to do
at the end of the unit, follow these religiouslydaio the exercises that
follow.

TUTORSAND TUTORIALS

There are 6 tutorial hours for this course. Theslgime and location of
these tutorials will be communicated to you as aglthe name and phone
number of your tutorial facilitator. You will alsbe notified of your
tutorial group. As you relate with your tutoriatfétator, he/she will mark
and correct your assignment and also keep a clagehwon your
performance in the tutor-marked assignments aedddince at tutorials.
Feel free to contact your tutorial facilitator bygme or email if you have
any problem with the contents of any of the studiyu
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UNIT 1 EXPERIMENTAL DESIGNS
CONTENTS

1.0  Introduction

2.0 Objectives

3.0 Main Content (Experimental Designs)
3.1 Completely Randomisation Design (CRD)
3.2  Latin Square Design
3.3  Split Plot Design
3.4  Analysis of Factorial Experiment

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Experimental design as a subset of scientific iigason is a popular
and widely used research approach. The essencgefimental design
and perhaps the most important reason researcheose to design and
conduct experiments is the precision with which @ae analyze the
relationship between and among variables and toentfadt analysis as
objective as possible.

20 OBJECTIVES

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

o define experimental design
. list the types of experimental designs we have
o advantages and disadvantages of the various types

experimental designs
3.0 MAIN CONTENT

Experimental Design

Experimental design is the process of carrying oegearch in an
objective and controlled fashion so that precisisrmaximized and
specific conclusions can be drawn regarding a thg®i$ statement.
Generally, the purpose is to establish the effét ta factor or
independent variable has on a dependent variable.

To look at it from another perspective, experimedisign minimizes
ambiguity and attempts to eliminate confusion.
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- Completely Randomization Design (CRD)

- Randomized Complete Block Design (RCBD)
- Latin square

- Split plot design

- Split-split plot design

- Split block design

For each of the above designs it is very impor@ant
Randomize the treatments or factors within eacigdes
Label the plots in the field

Know the advantages and disadvantages of eachndesig
Able to collect the data correctly on the field

Know the sources of variation

Assign correct degrees of freedom for sources natian
Able to calculate Sum of Squares for each variation
Calculate Mean Squares

Compute error or Error Mean Square

Calculate F-Ratio

Test for Significance

Separate Means

w

1 Completely Randomisation Design (CRD)

It is the simplest design. It is good for laborgfogreen house and pot
experiments. It is therefore suitable or efficiavitere conditions are
homogenous. In the design, as many treatments earsdd because of
its simplicity and flexibility.

Disadvantages: It doesn’t give a very good measure of experi@ent
error i.e., it has low error precision where expemtal material or
environment is heterogeneous.

Randomisation in CRD Rhizobium strains

USDA 1 1 6 11 16
USDA 3: 2 7 12 17
USDA 44 3 8 13 18
USDA 7t 4 9 14 19
Control strail 5 10 15 20

The randomization of treatments in a 4 x 4 Latinasq is as shown:

Rep | Rep I Rep Il Rep IV
D C B A
A B D C
C D A B
B A C D
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The heterogeneity that Latin square can contram directions could
be in the environment (soil) or planting material lmoth soil and
planting material. e.qg.

(1) Soil that slopes in two directions
(2) Slope

3.2 Latin Square Design

Advantages
1. Takes care of heterogeneity in 2 directions
2. Has more precision than CRD and RCBD

The disadvantages

1. The number of rows must be equal to the numberlotkis
(colums and equal to number of treatments).

2. Therefore it becomes cumbersome to analyse whemutinder of
treatments exceed five or six.

Thedesign

Because of the number of rows and columns mustgbale.e. square
the design could be a3 x 3 or 4 x 4 or 5 x 5 @rGLatin square in one
direction and water table in another direction.

3. Only slope in one direction but the other heter@ignin the
planting material e.g. cassava cutting or yam tubetr into
different maturity stages and different stages iptd different
blocks.

3.3 Split Plot Design

This is strictly spreading an arrangement of tregits rather than a
design. The slip plot arrangement is in RCBD. Thember of
replication can be as many as desirable. Usuatiyden 3 or 4 or 5.

Advantages

1. The split plot design is very useful for a two-facttrial or
experiment particularly where special considerai®miven on
the ease or convenience of arranging the factatdraatments in
the field. In such situations RCBD will not be angenient
design.

2. Because of its flexibility the randomization andplpation of
treatments in the field is much earlier and morevemient that
for standard RCBD.
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The Main Disadvantagesare:

1. It is commonly used for two factors only. Although expert in
biometrics can use it for trials involving 3 or fdactors

2. The precision for testing the significance of tneamt differences
as main plot and sub plot levels are different. phexision being
higher for subplot treatments than for main pleatments.

3. The calculation of missing plot values can be ntumabersome.

Assuming you want to evaluate the effectivenessthoée contact
insecticides on four varieties of cowpea in thetadrof flower and pod
eating pests.

If you have a 3 x 4 factorial arrangement of treaiis, how do you
randomize this in a split plot design.

The factorial combinations could be 2 x 3, 2 x 4% 8, 3 x 5 etc. The
number of replicates could be 3 or 4.

The decision about what factor to put in the mahplr in subplot is
determined by:

(1) Ease of assignment of treatments e.g. performaricenaze
varieties on two different land preparation metheds require
putting land preparation method in main plot beeawswill be
easier to do so.

(2)  Put the more important factor in subplot with higpeecision so
that treatment differences can be easily detected.

Before any experiment we must state the null hygsigh which will
apply to every observation or variable measureatierexperiment (Plant
height, leaf area, dry matter yield, grain yield&or® of pathogen
infection etc).

208 + 224 +272 +22# — CF

4
= 576
ANOVA Table
Require ||
SV D.f SS MS Obs.F 5%
Total 15 854
Block 3 576 192.0 24.69**| 3.86 6.99
Treat 3 208 69.3 8.91*
Error 9 70 7.78

Compare the precision, error value (FMS) in CRD.§»3vith RCBD
7.78 and the effect on F- ratio.

4
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Also the residual is obtained by sweeping Treatnmaean and then
Block means. It is wrong and unacceptable to udesign that you did
not use to implement a trial to analyse the data.

Mean Squarefor Error or Error Mean Square

MSE represents variability among capital units tmamains after
removal of other sources of variation. This Residaffect or MSE can
be seen by removal or sweeping technique if bloft&ct and then
removal of treatment effect.

Block 1 effect is block means — GM: Xb - Xg

52 58 -b: which should be subtractednfreach variety in BL 1
I

47 — (-6) 53

50 — (-6) 56

57 — (-6) 63

54 — (-6) 60

Block Il effect 56 — 58 = -2

Block Il effect 68 — 58 = +10

Block IV effect 56 — 58 = -2

Varieties with Block effect removed

I Il I Vv Total Mean
V1 53 54 53 53 212 53
V2 56 56 57 59 218 57
V3 63 55 59 59 236 59
V4 60 67 64 61 252 63
232 232 232 232
Mear 58 58 58 58

Removal/Sweeping Away of Treatment effects

V1 53 58 -5
V2 S7 58 -1
V3 59 58 +1
V4 63 58 +5

Removal of Treatment effects from the above tablgdt the next table
corrected now for block or treatment effects

I I Il \Y X
V1 58 59 57 58 232 58
V2 57 o/ o8 60 232 58
V3 62 54 59 58 232 58
V4 55 62 59 56 232 58
X o8 58 58 58 58
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Mean square for error is the

Square of each residual
44)-(4-1)-(4-1)

Total (Treat) (Block)

(58 —58}+59-58 ........... ‘(56 — 583
1(4) (4) - 1[-4 -1 - (4-1)]

=70/9 = 7.78
ANOVA in Latin Square 4 x 4 LS
Rep | Rep Il Rep Il Rep IV Total X
D54 C65 B67 A51 237
A4T B54 D74 C57 232
C57 D53 A62 B57 229
B50 A52 C69 D59 230
Total 208 224 272 224 928
ANOVA
S.V. D.F SS EMS Feal F Tab
Total 15 854 0.05
Column 3
Row 3
Treatment 3 208
Error 6

34 Analysisof Factorial Experiment

What is very important in factorial experiments ewen single factor

experiment is that:

(1) The total for each factor and the totals for thenactions must

be clearly identified

(2) The number of varieties that add up to give thalsofor each
factor or interaction should be used as the dinigtr the square

of the variable before the C.T. is subtracted.

(3) Otherwise the sum of squares will be wrong (largesmaller in

value or negative)

0.01

(4) The SS imever negative for any source of variation because it is
the square of deviations from the mean or sum oz
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Assuming | have the following

2 x 3 factorial mean A at 2 levels, B at 3
3 x 2 factorial mean A at 3 levels, B at 2
3 x 2 factorial mean A at 3 levels, B at 3

The null hypothesis for this experiment is that@af the four varieties
is in anyway better or superior to the other

Ho: Xvl = Xv2 = v = Xv4

Ho: Tv = V2 = 0. Treatment positive if is zero
Ho: Ti = Vi/0

Ho: Xvl = Xv2 = v = Xv4

The linear Model for CRD

The values Xy = have a mean, a treatment effect anresidual

variation.
Xy= Xy+ Ti+ Ei

Where Xy is any of the values in the sixteen expental plots.
The Linear Model for CRD

Xy= Xy+ Ti+ Bi+ cy

Xy = is the mean — or Grand mean

Ti is Treatment effect

Bj is Block effect

Eij is error term or residual effect

Linear Model for Latin Square
Xijk = Xijk + Ti+ Rj+ Ck+ eik
Take anyvalue 67 = 58 +5+ 1+ 2 + 3

Ti = Treatment effect
Rj = Block or Column effect
CK = Row effect
Eijk = is error term
Plant height (cw) or maize varieties to 60 DAPanrfreplicated + CRD
I Il I IV Total X
V1 47 |52 62 |51 | 212 53
V2 50 |54 67 |57 | 228 57
V3 57 |53 69 |57 | 236 59
V4 54 |65 74 |59 | 252 63
928 (Grand Totalp8 (Grand Mean)

X=X)2 = x/Mt2 - (x)2
n

x-1) n-1
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Sources D.f SS MS F-ratio F-Tab
of
Total 15 854 % %
Treatmen8 208 69.3 1.29 3.49 5.95
Error 12 646 53.8
SST = 472 +522 - 59xf
CF = 028 = 53824
16

SST = 54678 - 53824 =854
SSt = 2122 + ........ 2522 - CF

4

= 54032 - 53824 =208
SS is always positive if — ve, it means cf is notrect or X2 is not
correct
SSe =854 - 208 =646
Residuals = Sweep the means from each value
Square the residuals and subtract Cf = SSe

I nter pretation of data
Data is taken on growth and yield so that growttadaan be used to
explain yield data.

Does the improved variety have more vigorous grofpthnt height) or
more leaf no, or layer leaf area or are the leaverse upright to explain
why the yield is significantly better than thatather varieties?

40 CONCLUSION

Experimental design is the process of carrying oegearch in an
objective and controlled fashion so that precisistmaximized and
specific conclusions can be drawn regarding a thg®i$ statement.
Experimental design methods includes;

- Completely Randomization Design (CRD)

- Randomized Complete Block Design (RCBD)
- Latin square

- Split plot design

- Split-split plot design

- Split block design
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50 SUMMARY

In this unit we have learnt;

- What experimental design is

- Various methods of experimental design

- Advantages and disadvantages of experimental desggnods

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the followings;
Experimental design
- Randomized Complete Block Design (RCBD)
- Split-Split Plot design
- Split block design

2. Plant height of maize at 60 DAP in your refgbchin RCBD

I [ 11 v Total X
V1 47 52 62 51 217 53
V2 50 54 67 57 22€ 57
V3 57 53 69 57 23€ 59
V4 54 65 74 59 252 63

208 224 277 224 92¢ 58 3
SSB = _Bt2 - CF

4

3 x 4 factorial mean A at 3 levels, B at 4
4 x 3 factorial mean A at 4 levels, B at 3
2 x 2 x 4 factorial mean that A, B & C are at & 2 levels respectively.

For A at 3 level and B @ 2 levels, the treatmeatstlie experimental
units are generated as follows:

Al Bl = Al Bl

B2 = Al B2

A2 B2 = A2 Bl



SLM 312 REPORT WRITING IN SOIL SCIENCE

Note that simple effects can be algebraically daled. This is not part
of ANOVA.

B Effect AlBl1+ A2B1 + A3B1 - AIZB- A2B2 - A3 B2
A2 effects A2 Bl + A2B1 - A1 B1A2 B2

A3 effects A3 Bl + A3B2 - A2B1A2 B2

2 x 3 factorial in split plot with 3 replicates

18 plots

ANOVA Table

S.V. D.F. SS EMS Fcal FTab
0.05 0.01

Total a7

FactA 1

Block 2
Ea 2
FaaB 2

AxB 2

Frrarh K

Grain yield of varieties of maize with and withauanile tons ha-1 and
fertilizer

Al Bl 1.4 1.1 11
Al B2 1.3 1.4 1.2
Al B3 1.5 15 14
A2 Bl 2.1 2.0 138
A2 B2 2.6 2.3 19

A3 B3 2.8 2.6 19

10
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Note that when the treatment are arranged by theethie values are for
collected

Calculate the totals and sum of square the Anova.

2 x 3 factorial in RCBD with 3 Replicated

No of plots 18

ANOVA Table

SV D.F SS MS Total 17
Blocks 2

Treatments (5)

A 1

B 2

AxB 2

Error 10

Calculate the SS.

7.0 REFERENCE/FURTHER READING

Box, G.E.P.; W.G. Hunter; J.S. Hunter StatistiasEaperimenters: An
Introduction to Design, Data Analysis and Model IBung. John
Wiley & Sons, 1978.

McBean, E.A.; F.A. Rovers. Statistical Procedures Analysis of

Environmental Monitoring Data & Risk AssessmenterRice
Hall, 1998.
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UNIT 2 FIELD EXPERIMENTATION
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Field Experimentation Practices
3.2 Data Collection
3.4 Contents of a Research
3.5 Sources of Variation in Field Experimentation
3.6 Difference Between Accuracy and Precision
3.7  Problem of Precision (Accuracy/lnaccuracy)
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References

1.0 INTRODUCTION

In soil science, the research have to go to thd fe collect data for
analysis that will eventually be used to suppasthypothesis. The field
could be an open land or a laboratory where specifemical analysis
is being carried out. It could even mean adminigmaof questionnaire
to households in some specific villages.

20 OBJECTIVES
By the end of this unit, you should be able to;

discuss the principles of field experimentation
discuss the field experimentation practices
highlights the procedure for data collection
highlight the contents of a research

sources of variation in experimental design
highlights the methods of reducing experimentaderr
differences between precision and accuracy

3.0 MAINCONTENT

An experiment is a planned investigation that igied out to obtain
additional knowledge in order to solve identifiediplems and to obtain
solutions to the problems. The problems can betiftesh from a survey,
personal experience and literature search.

12
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The identified problem must be state in unambigueus.

- After identifying the problem, the next step is ¢arry out
literature review — to find out how other sciergish other
locations or countries had tried to solve the probl What
experimental procedure they used and the resultsingal in
order to ensure that your proposed experiment oty
conducted. Literature review is made easy by elaat search,
library, e-mail correspondence etc.

- Clearly state the objective of the work. The obyer must be
straight forward and simple. It must be specifiedensure that
the study is properly focused and the right resarésobtained.

- Setting up of hypothesis: The hypothesis is statthé negative.
This null hypothesis (Ho) states for instance tth&tre are no
differences in the yield of the varieties to beleated. The
alternate hypothesis (Ho), will be accepted if #agperiment
shows otherwise.

- Designing of experiment: To be able to answer ttoblem, the
scientist will

- Conduct the experiment

- Collect data

- Statistically analyse the data

- Interpret the data and Report the results obtained

3.1 Fied Experimentation Practices

- Field preparation

- Choice of treatment and factors

- Choice of design and number of replications

- Plot labeling

- Treatment randomization and layout of the experimen
- Planting and application of treatments in the field

- Handling of experimental material

- Experimental unit and sampling unit

- Size of guard or border row

- Data collection, handling and processing

Filed preparation must be timely including ploughinharrowing,
leveling and removing the entire stump.

Choice of design depends on the location, homogeoéithe site. It
depend on the number of factors to be investigated.

Treatment randomization is very important tovoid bias in
allocation of treatment to experimental plotsRandomization is
important to correct and minimize residual errorThe smaller the
experimental error, the better is the precisiothefexperiment.

13
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Field layout: In the field lay out the site, loicat, orientation relation to
N.S.E.W. or road, the number of plot, replicateg theatment number
must be clearly shown. It must be typed and pdirsed given to all
participants in the experiment.

Planting and application of treatments in the fiels to be done at the
right time. The treatment number must be put delland place on the
plot.

Handling of experimental material: Experimentalten@ls must be

carefully handled to avoid spoilage, leakage, oosedor under dose
during measurement, transportation and applicatiorthe field. Also,

contamination of contaminable materials must bedeeb

Experimental unit and sampling unit: The experitaénnit is usually
called the Gross plot size. It is the smallest imthe experiment. Each
experimental unit receives a treatment. The s@gpinit is a portion
of the experimental unit. It defines the portisnnh where sample is
taken for measurement.

Size of guard/border row: The size of an experimlemnit or plot must
be large enough to avoid border effect. That isehaust be guards
rows. The advantages of border row include:

1. It gives protection or shield or break when appyidifferent
fertilizer rates or pesticides from one plot to diker plot.
2. It helps to reduce border effect because bordertpligrow better

than other plants within the plot.

3.3 Data Collection

- Collect the data in a log book

- Summarize data the same day that you collect ttee da

- Avoid using loose paper to collect data

- It must be readable by other persons

- Where sample has to be weighed or dried, it shbeldabeled
and properly packed in a paper bag.

- Counting and weighing procedure must be adequate

- Summarized data must carry sampling date, nameanébie,
unit of measurement and location of the experiment

- The summarized data must be neatly presented &tiststal
analysis

14
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w
I

Contents of a Research

Title

Problem definition

Objectives

Material and Methods Plot layout diagram Work plan
Data sheet and Data collection

Gross and net plots

Data analysis

Presentation of experimental results

Log frame

The objective of a field experimental is to findiesdific means of
enhancing the quality and quantity of physical veses for crop
production e.g. solar radiation, water, landsjlgrt

Various practices and factors affect or determirop performance and
yield in the field. Such practices and factors uadd: tillage practices,
fertiizer management, water management, pests aigkases
management. Field experiments are carried out termiéne the best
practices that will increase the efficiency of cropduction.

A title is formulated from the focus of the subjecatter i.e. How can
the efficiency of fertilizer be increased in orderget more better crop
growth and yield? Title has to be brief, concisel aftear. The title
should reflect the objectives and the materials factors being
investigated.

Introduction: The introduction provides information on the matwf
the problem being addressed, the purpose, scopgustiftcation of the
experiment. There is no standard format in writing introduction. The
problem being addressed in the experiment mustidsly identified.
How the problem was found out should be stated. tVémal where
attempts have been made to solve such problemyiaad why it is still
important to carry out the experiment. The scopé¢hefexperiment is
the extent to which the identified problems for @hithe experiment
being proposed will be tackled. It is importargtetwhat had been done
or achieved by similar experiments in the past awhdt remains to be
done. The introduction should also state why shigly is important or
what will be the importance of the solution to ghreblem that is being
addressed.

Objectives:  The objective or objectives of the experimaetstated at
the end of the introduction. It is still a partinfroduction. It cannot be
omitted in good report writing. The objective dpabut briefly and

accurately the specific focus of the problem thatéxperiment wants to
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solve. In order words the objective states thestioe the experiment
wants to answer.

Literature Review: This is the process of searching for information o
previous studies on the topic and materials undeestigation. The
most important source of research information igrdal Publication,
followed by books and then the internet. In repaytan experiment it is
always vital to provide a review of literature tosere that the
investigator or researcher is familiar with progreend most recent
developments in the chosen field of research. aftee review also
prevents the duplication of research efforts. sbdielps to improve the
choice of materials and experimental methods.

Material and Methods The area, location and dumatiothe experiment
must be stated. It is very important to descrileeltitation, the climatic
conditions of the site and the soil type. The tgptand preparation, the
plot size, description of treatments and factoreduas well as the
experimental design and number of replications wseulld be stated.
The duration of the experiment must be stated.

Material:  Information must be provided on the gahecultural
practices, such as land preparation, fertilizerliapfpon and control of
weeds, insects and other pests that my interfetle the experiment.
The rate per hectare of blanket applications diilitegr, insecticides,
herbicides and others used should be stated. Tine n&crop varieties
used and the source of the seeds or planting ralstshould be stated.

Experimental design

Randomization and Field Orientation: State the ifigeesign you want
to used including number of factors, treatments #r& number of
replicates. It is important to state the dimensibrithe net plot and the
gross plot size.

Treatment: State the number of treatments and hewreatments were
applied. The treatments must be described e.gp warieties or
fertilizer levels or plant populations or differembncentrations of
insecticides or chemical used.

Land preparation: Mention how the land was prepakshd clearing,
bush burning or ploughing and harrowing or with tise of herbicide.

Fertilizer management: You have to state cledréykind, the time, the
rate and how it will be applied.

Weed management: You must describe fully the metbbdveed
control. If herbicides are use, the kind, rate dmde and how the
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herbicide is to be applied, the number of time &ahd stage of
cultivation must be stated.

Insect and Disease Control: State time, rate, kend how to apply
chemical to control pest and disease. It is ingodrto include target
insect to be controlled.

Data Collection: Data to be collected must bessta@nd the intervals or
growth stages when the data will be collected shalso be stated
before the experiment starts. In some experimentgxpected

situations may warrant taking additional data tivwat was contained in
the project proposal.

Harvesting: This must be done at the approxinmate.t The method of
harvesting, sampling procedure, sample size, mathsdmpling should
be stated where necessary. The entire plant stemds plot from
GROSS PLOT size. The proportion of the gross gilte to be sampled
is referred to as NET PLOT. The discard or bomdevs surround the
plot to prevent injuries or other form of interfaoes with the gross plot
size. Harvest is done anytime after physiologicaturity.

Post Harvest Handling: Indicates whether the sampiill be weighed
fresh or dry. If dry state whether it is sun draedt is going to be oven
dried. Ifitis to be oven dried, at what tempera®

Data Analysis: State the statistical methods ta$ed in analyzing the
data e.g. analysis of variance, mean separatiorglaton or regression.

3.5 Sourcesof Variation in Field Experimentation

This is can be called variation or variability

- Variability in biological material: Agricultural eeriments.
Involve biological materials. Biological materiaksre highly
variable in size, weight and response to the samegammental
resources e.g. a given seed lot, a variety of cawpemaize. A
seed lot from the same variety can’'t have the samight for
every seed. The seed size, seed weight, germinataie,
germination rate are different among seeds withendame seed
lot.

- The soils on which plants grow are also not homogenin
texture, nutrients content and organic matter Atcthese will
increase variability of the growth of the plant atheérefore the
data to be collected.

- Lack of uniformity in treatment application: Sonreatments
can't be completely uniform e.g. you can’t halve same size of
yam tuber.
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- Uncontrollable factors: There are uncontrollabieunforeseen
problems that arise in field experiment which cacrease
variability in the data or distort the result froifme experiment
e.g. stealing, attack by rodents, pests, diseasematodes
infestation.

These above sources of variation introduce whatcafied
experimental error or residual effect in field expents.
Residual effect is due to the normal variation ioldgical
materials and other causes outlined above.

In order to minimize residual error there is thede¢o increase
the precision of an experiment.

1. Problem of soil heterogeneity (slope of the lamal) ynust look at
the vegetation of the land on which the experimemgoing to be
carried out before it is ploughed. After ploughiamgd harrowing,
look at the soil texture in terms of the proportafrsand, silt and
clay and you may carry out chemical analysis of fHets.
Through the understanding of the vegetation or soil
heterogeneity, the experimental plot can be sidtifsuch that
each replicate of the experiment can be placeditfereht but
relatively homogenous soils.

2. Uniformity trial is a trial or experiment that isucied out or run
before the real experiment. The purpose is to exdnthe soll
fertility by planting a crop that can take up &létnutrients in the
soil prior to the implementation of the real expeznt.
Uniformity trial is usually carried out prior to tag up a
fertilizer trial or experiment. Uniformity trial cabe statistically
analysed as if real treatments have been imposed.

3. Choice of appropriate design. Different designs banused to
carry out different experiments. The choice of ekpental
design depends on the heterogeneity or otherwisthefsoil.
Some designs can be used to correct the defetg iireld. Such
defects like soil heterogeneity. The field envir@mhis not so
homogeneous. Unlike the green house. Your desigst brmiable
to capture the variability on the field.

4. Randomization: Can be defined as giving all treatimesqual
chance of falling into any plot in the field. Theage different
methods of randomization e.g. testing different dkinof
herbicides on maize plot. You can use card, dist table of
random numbers etc to carry out randomization. Yaan
randomize (n-1) which is called the degree of foeed The
extent to which you can randomize is 0-1. A diseéalvhfour side
is called tetrahedron.

5. Ensuring uniformity of experimental materials e¥gm cuttings,
cassava cuttings.
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6. Collection of additional data: This is data thaswet planned to
be collected. If or instance some plots were aéddky rodent or
insect, you have to do is to score the damage efrakdent or
insect attack e.g. the scores can be attack, ktachg severe
attack, very severe attack with scores of 1,2,3d@spectively. In
co-variance analysis, you use the additional daterg) to adjust
or correct your actual data. The co-variate (dolditlata) can be
used to correct your actual data (yield) with cevace analysis.

7. Treatment Levels: In selecting treatment levelssuee the
treatment levels are as wide as possible.

8. Plot Size: Sizes or experimental unit or plot mhestarge enough
to overcome heterogeneity in the field and to acoodate
destructive sampling.

9. Replication: In an experiment it's good to have feglicates.

Merits of Replication

1. Helps to remove the problem of soil heterogeneytgiculating
and removing what is called block effect from trmurees of
variation

2. It reduces the value of the error. The smallerrésedual error,
the more it's easy to recognize the significanfedénces and
vice-versa.

M ethods of Reducing Experimental Error

Choice of appropriate design

Randomization

Replication

Uniformity trial

Collection of additional data

Co-variance analysis

Careful selection of treatments

Selection of correct experimental unit.

ONokhwNE

3.6 Difference Between Accuracy and Precison

Experiments are conducted to obtain specific infittam as an addition
to knowledge e.g. how will new varieties of cowpeapond to nitrogen
fertilizer. These questions require setting upezknent to get specific
answer to such question.

An experiment that was badly planned or poorly enpénted will not
give the right answers.

Badly implemented experiment lacks the precisioguied to detect
treatment effect e.g. whether, 90kg of Nitrogenliggpto maize is not
as good as 120kgN applied to maize. Inaccuracylarid of precision
are problems in poorly conducted experiment.
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3.7 Problem of Precison (Accuracy/l naccuracy)

Accuracy refers to the ability of a scientist/stmtiéo carry out or
measure precisely what is intended to be measured.

To collect data in the field you need to prepadata sheet like the one
below:

Name of experiment: Cowpea/maize intercropping
Observation: Cowpea dry matter yield
Date: Nov. 24, 2021
Treatment Rep 1 Rep 2 Rep 3 Rep 4 Xn
OKgN
4.5KgN
9.0KgN
120KgN

You must keep accurate records. Accuracy is abowt you carry out
your weighing and measurements without any sysiensator. When
you weigh, there must be no systematic error invieeght (make sure
the balance is not faulty). Another source of eysitic error occurs
when you approximate your figures.

Accuracy also means that when you are planting, pfamting and
treatment must be carried out accurately. Suchcuracies will affect
the result of your data and the results from thgeerent.

Inaccuracies introduce large variability in expezirtal data. Variability
that was not due to treatment or factor under st®iych large and
undesirable variation will increase experimentaitteal error.

Inaccuracy will increase experimental error andrel@se precision.
Precision in experimentation means getting the exyatal procedure
right such as choice of right design make sure thate is correct
randomization, replication etc . to minimize expezntal error.

It isimportant to differentiate between accuracy and precision.
Accuracy: is the ability of a student to carry autmeasure precisely
what is intended while precision is the ability afstudent to get the
experimental procedure right, such as choice ¢t migsign.
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40 CONCLUSION

Field experimentation is a planned investigatioat tis carried out to
obtain additional knowledge in order to solve idieed problems and to
obtain solutions to the problems. The problemstzamndentified from a
survey, personal experience and literature search.

50 SUMMARY

In this unit we have learnt;

- What field experimentation is all about

- Field experimentation practices

- Data collection

- Contents of a research

- Sources of variation in field experimentation
- Merits of replication

- Methods of reducing experimental error

- Differences between accuracy and precision
- Problems of precision

6.0 TUTOR-MARKED ASSIGNMENT

1. Highlights the processes used to increase precisibnan
experiment

2. Highlights the methods of reducing experimentaberr

3. Differentiate between accuracy and precision

4. Discuss the field experimentation practices
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UNIT 3 THE USE OF STATISTICSAND GRAPHICS
CONTENTS

1.0 Introduction

2.0 Objective

3.0 Main Content

3.1  Graphics

3.3.1 Scattergram
3.3.2 Line Graph
3.3.3 Bar Graph
3.3.4 Histogram
3.3.5 Pie Chart

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 Reference/Further Reading

1.0 INTRODUCTION

In general, statistics deals with the collectiamalgsis and interpretation
of data. Statistics is the science of applicatidn goalitative and
guantitative techniques for making inductive infeze. Statistics is
concerned with the development of application ofthrods and
techniques for collection, analysis and interpretatof numerical
information to achieve defined objectives.

20 OBJECTIVE
By the end of this unit, you should be able to;

define statistics

discuss the usefulness of statistics and graphics
highlight the different parts of a graph

discuss the various types of graphs

3.0 MAIN CONTENT
Statistics can be useful in several situationssé&heclude:

1. Description of situation e.g., tables and graphsléscribe the
yield of different crop varieties.

2. Used in decision making i.e., sampling of a handfuproducts
from large number of random samples to determitleafquality
is good or bad.
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3. Accessing variability in quality e.g. Seed plantesed to plant
seed of different sizes

4. Degree of association between factors or variables

5. Prediction — statistics can be used to predictyiekl or a crop
based on the nutrient in the soil or the amountrigfation water
applied, or the yield at different planting deresit

6. Statistics is the tool for carrying out scientéixperiments.

3.1 Graphics

Graphics are a common method to visually illustratationships in the
data. The purpose of a graph is to present dataatbaoo numerous or
complicated to be described adequately in thedasgtin less space. A
basic requirement for a graph is that is clear esabable. This is
determined not only by the font size and symbols thuthe type of
graph itself. It is important to provide a cleadaescriptive legend for
each graphs. Graphs may have several parts, deygeoxitheir format:
(1) a figure number (2) a caption (not a title) é8headnote (4) a data
field (5) axes and scales (6) symbols (7) legenu$ @) a credit or
source line. Graphs should always have at minimwapdion, axes and
scales, symbols and data field.

It is crucial to choose the correct graph type Basethe kind of data to
be presented. If the independent and dependerdbV@si are numeric,
use line diagrams or scattergrams; if only the ddpg variable is
numeric, use bar graphs; for proportions, use kel or pie charts.

3.3.1 Scattergram
A scattergram is used to show the relationship between two biega
and whether their values change in a consistent stegh as analyzing

the relationship between the concentration levdistwo different
proteins.

Y-Values

3.5
2.5
1.5

0.5
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3.3.2Line Graph

A line graph is similar to the scattergram except that the Xues

represent a continuous variable, such as time, éestyore, or pressure.
It plots a series of related values that depidhange in Y as a function
of X. Line graphs usually are designed with theahefent variable on
the Y-axis and the independent variable on thezbatal X-axis, such
as a Kaplan-Meier analyses survival plots of time¥ent outcomes.
The proportion of individuals is represented on ftiieaxis as a

proportion or percentage, remaining free of or emeing a specific
outcome over time.

Chart Title

6

5

4 —

3 >®/

) \/

1

0

Category 1 Category 2 Category 3 Category 4
e Serj@s 1 e Series 2 Series 3

3.3.3 Bar Graph

A bar graph may consist of either horizontal or vertical colsnithe

greater the length of the bars, the greater theevalhey are used to
compare a single variable value between severalpgtosuch as the
mean protein concentration levels of cohort of gr@8 and a control

group

‘ Chart Title
Chart Title
6 category + |
5
1 category 3 | e
3
Category 2 I ——
2
1
Categ Oy |
0
Category 1 Category2 Category3 Category4 0 1 2 3 1
B Series 1 mSeries2 mSeries 3 Series 3 mSeries2 M Series 1
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3.3.4 Histogram

The histogram, also called a frequency distribution graph, is a
specialized type of bar graph that resembles amolgraph, but without
any gaps between the columns. It is used to repregsta from the
measurement of a continuous variable. Individuatadpoints are
grouped together in classes to show the frequehdwata in each class.
The frequency is measured is measured by the &tba oolumn. These
can be used to show how a measured category isbdisd along a
measured variable. These graphs are typically uedexample, to
check if a variable follows a normal distribution.

Histogram of arrivals

15
i

Frequency

Arrivals per minute

3.3.5 Pie Chart

A pie chart shows classes or groups of data in proportioméowvthole
data set. The entire pie represents all the dalaleveach slice or
segment represents a different class or group mwidne whole. Each
slice should show significant variations. The numioé categories
should be generally limited to between 3 and 10.

Sales

m 1st Qtr = 2ndQtr 3rd Qtr 4th Qtr
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40 CONCLUSION

In general, statistics deals with the collectiamalgsis and interpretation
of data. Statistics is the science of applicatidn goalitative and
guantitative techniques for making inductive infeze. Statistics is
concerned with the development of application ofthods and
techniques for collection, analysis and interpretatof numerical
information to achieve defined objectives.

5.0 SUMMARY

In this unit we learnt that statistics can be veiseful in several
situations;

1. Description of situation e.g., tables and graphsléscribe the
yield of different crop varieties.

2. Used in decision making i.e., sampling of a handfuproducts
from large number of random samples to determitleafquality
is good or bad.

3. Accessing variability in quality e.g. Seed plantesed to plant
seed of different sizes

4. Degree of association between factors or variables

5. Prediction — statistics can be used to predictyiekl or a crop
based on the nutrient in the soil or the amountri@fation water
applied, or the yield at different planting deresit

6. Statistics is the tool for carrying out scientéiperiments.

We also understood graphics and its different forms
6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the various types of graphs
2. Highlight the uses of statistics and graphics
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UNIT 4 TECHNICAL REPORTS
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Definition of Technical Report
3.2  Report Structure
3.3.1 Front Matter
3.3.2 Body of the Report
3.3.3 End Matter
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Technical report is an integral part of a soil sce research, the ability
to write a technical report in a clear and concsmner is a mark of a
good soil scientist. A soil scientist must be dbénslate field research
into an understandable written form. A technicgdor must inform
readers of the reasons, means, results and camtladi the subject
matter being reported. The mechanics and formatriting a scientific
report may vary but the content is always similar.

20 OBJECTIVES

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

o Define a technical report
. Highlight the reporting structure in a technicgloet
o Discuss the main features of;

a. Front matter

b. Body of the report

C. End matter in a report structure

30 MAINCONTENT

3.1 Definition of Technical Report
A technical report (also scientific report) is acdment that describes

the process, progress or results of technical ienstic research or the
state of a technical or scientific research probl#mmight also include
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recommendations and conclusions of the researchikdJrother
scientific literature, such as scientific journalsd the proceedings of
some academic conferences, technical reports ranahyglergo
comprehensive independent peer review before mildic. They may
be considered as grey literature.

3.2 Report structure

The report is generally divided into 3 parts: fromatter, body of report
and end matter. It should be based on the followtigeme;

Front Matter

Front cover

Title page

Back of the title page
Table of contents
List of abbreviations, acronyms or terms
Preface

Body of report
Introduction

Core of reports
Conclusions
Acknowledgements
List of references
End Matter
Appendix A
Appendix B, etc
Indexes

Back cover

QODPLWDPAOTONTDAODTL R

3.3.1 Front Matter

Front Cover

This part represents the first presentation of réygort to the reader,
therefore it shall contain the basic bibliograpimformation to identify
the document.

Title Page

The title page of any document is the first recigeoof a report and the
preferred source of bibliographic information reedi for efficient
document processing and retrieval. Each report [dhimelude a title
page carrying the following information:
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o Full name of the issuing organization and its logo

. Title of the report Titles must be descriptive and ma include
subtitles, if any. Concise titles are easier todrélan long,
convoluted ones. Titles that are too short may, du@an, lack
important information.

o Authors names and institutional affiliationsfedl names of the
authors shall be included to avoid any possible igoity; the
affiliation (i.e. the place where the author wodtsworked when
the report was written) shall be stated accordmghe official
name of the institution.

. Report identifiers- They are unique alphanumeric designations
that may identify the responsible organization, theport
series/collection and the individual report (i.@pRorti ISTISAN
05/2 stands for a report of the seriapportilSTISAN produced
in the year 2005 and it is the second report ofyda).

. ISSN/ISBN and other codesISSN is the International Standard
Serial Number that is assigned on request by tB&lI8uthority
(www.issn.orq for reports that are produced in a series; tiBNIS
is the International Standard Book Number thatssigned on
request by the ISBN Authority to each single issue
(www.isbn.org. The report may also have other codes, such as
DOI (Digital Object Identifier), which may be obt@d on
request by each authority. More than one code mpaga in a
report.

. Place and date of publication It is important to include the
place and date of publication, both for bibliogreph
identification and priority concerns. This inforroat may appear
in the title page or in the back of the title page.

Back of thetitle page
The back of the title page should include informatialso
appearing in the title page (report title, authets.) and the
following items:

. Abstracts and Key Words An abstract should always be
included in a report; in the scientific field, twabstracts are
recommended: one in English and one in the origarejuage of
the report (the translated abstract should be gdestéoy the
translated title). Length and structure of absgactay vary
according to the rules of the issuing organizatiddome
producers may require structured abstracts ondett ones. The
abstract should provide the context or backgrownrditie study
and should state purposes, basic procedures, nmaiimds, and
principal conclusions. It should emphasize new angortant
aspects of the study or observations. Becauseaabstare the
only substantive portion of the report indexed iarm electronic
databases, and often the only portion many readess.
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Abstracts reflect the content of the report acalyatkeywords
are also recommended to facilitate information iegal and
assist indexers in cross-indexing.

o Name and e-mail address of the corresponding authdr is
recommended to facilitate contact and requestafofrnation on
the report.

o Source(s) of support in the form of grantff the study described

in a report has been funded, information on grasitall be
included (at least the name of the funding orgdmmaand
possibly the contract number)

o Copyright —The copyright of the issuing organization shall be
clearly indicated proceeded by the symbol © folldwey the
name of organization and year of publication.

o Date of submission h some cases, it may be useful to include
the date of submission for priority concerns.
. Place and date of publicatior it is important to include the

place and date of publication, both for bibliogreph
identification and priority concerns. This inforroat may appear
in the title page or in the back of the title page.

o Other editorial responsibilities — All  other editorial
responsibilities — such as legal requirements, namdeaddress of
the printing office, editorial staff names, if amyc. shall be
indicated.

Table of Contents

A table of contents (TOC) is essential to provide immediate
understanding of the content of the report. TOQ@l&zed immediately
after the back of the title page and contain ttiestiof the main headings
and sub-headings of the report including appengdidesny, together
with the number of the pages in which they appear.

List of abbreviations, acronyms or terms

When a report contain many abbreviations or acrapyimey may be
listed with their definitions before the body oftheport, even though
they must be explained in the text when first appgaunless they are
standard units of measurement. Only standard alathi@vs shall be
used since non-standard abbreviations can be eslyeronfusing.
Preface

A preface may be included or not. If necessaryshall be placed
immediately before the body of the report, and Islwintain a
preliminary comment on the content of the docunaert may be signed
by a person different from the authors of the repor
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3.3.2. Body of the Report

The body of a report is structured according to ¢tntent and
complexity.

Introduction

Reports may start with an introduction that proside context or
background for the work described (i.e. the natdrdne problem and its
significance) pointing out specific purposes of gtedy not including
data or conclusions from the work being reported.

Coreof report

The core of report represents the main part ofdibeument and shall
permit the reader to easily understand its confémory, methods,
results). Topics are presented in logical sequetiee structure of the
core depends on the type of the document itseiidbaok, research
protocol, progress report, etc.). Tables and figuessential to the
understanding of the text will be included in tlerecof the report, but
when information is too detailed (i.e. many taldedigures on the same
subject) as to interrupt the flow of the text, litaHl be presented in the
Appendices, which may contain also extra or supplaary materials.

Conclusions

This represents a clear presentation of the dezhgctmade after full

consideration of the work reported in the core e teport. It may

include some quantitative data, but not too manailde It may also

contain recommendations for further actions deemedessary as a
direct result of the study described.

Acknowledgements

It is possible to acknowledge help given in theparation of the report,
but it is not usual to acknowledge minor assistanmetine checking or
secretarial work. Major contributions give the tigb be included as
author of the entire report or of an appendixt i§ ithe case.

List of references

All sources of information directly used to prepdhe text shall be
listed at the end of the core of report.
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3.3.3End Matter

Appendices

Appendices are not essential in every report, it ba identified by

consecutive letters (Appendix A, Appendix B, etd.)s used to present
material that is necessary for completeness, buldvaterrupt the flow

of reading if inserted in the core of report or emal that is not of

interest for the general reader.

| ndexes

An index, is a list of the main contents or itenpp@aring in a report
(such as personal or geographical names, or otipecs) arranged in
alphabetical order. It is a useful tool for longoes or texts that can be
also consulted not in sequence. Indexes represesd@ed value for the
best exploitation of the document and shall befadyeorganized.

Back Cover

This can contain the name, address, telephonegfaxail and website
of the issuing organization and/or printer and ptieéevant information
on report availability.

40 CONCLUSION

A technical report (also scientific report) is acdment that describes
the process, progress or results of technical ienstic research or the
state of a technical or scientific research probl#mmight also include
recommendations and conclusions of the researchikdJrother
scientific literature, such as scientific journalsd the proceedings of
some academic conferences, technical reports ranahglergo
comprehensive independent peer review before mildic. They may
be considered as grey literature.

50 SUMMARY
In this unit we understood;

What Technical report is
Reporting structure;
Front Matter

Body of the report

End matter

O OO o o

6.0 TUTOR-MARKED ASSIGNMENT

=

Define technical Report
2. Discuss in sequence reporting structure of a teahneport
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UNIT 5 THESES AND DISSERTATIONS
CONTENTS

1.0  Introduction
2.0 Objective
3.0 Main Content
3.1 Organizational Sequence
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

A thesis or dissertation is a document submitted support of

candidature for an academic degree or professianallification

presenting the author’s research and findings. dmes contexts, the
word “thesis” or a cognate is used for part of estads course, while
“dissertation” is normally applied to a doctorate.

20 OBJECTIVE

By the end of this unit, you should be able to;

o define a thesis/dissertation
o highlight the standard sequence of a thesis/datsent
o discuss the standard chapter format for soil seienc

30 MAINCONTENT

3.1 Organizational Sequence

Standard Sequence

Cover page

Fly leaf

Title page

Declaration page

Certification page

Acknowledgement

Abstract (Maximum of 300, 500 and 750 words for jEecb

Reports, Thesis and Dissertations respectively)

. Table of content (should reflect only th& 2@ and & tiers of
the headings)

o List of figures
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List of tables

List of plates

List of appendices

Abbreviations, definitions, glossary and symbols

Introductory chapters (introduction, literature isev and

theoretical framework (as applicable)

. Main chapters (materials and methods/Research &uoeg
Results and Discussion)

. Conclusion and Recommendation

o References

. Appendices (if any)

The standard chapter format for soil science is
Chapter 1: Introduction
Chapter 2: Literature Review
Chapter 3: Materials and Method/Theoretical FranméfResearch
Procedures
Chapter 4: Results
Chapter 5: Discussion
Chapter 6: Conclusion and Recommendation
References
Appendix
Cover Page
The cover page shall indicate (in uppercase ohly) t
Title of the project/thesis/dissertation
. Name of the student (surname last)
o Department/Faculty/University
o Month/Year corrections certified

Fly L eaf
This is a blank page. The white paper used musif lgood quality and
of the same quality as that on the inside cover.

Title page

The following shall be on the title page (in uppase only)
. Title of thesis/dissertation

. Name of the student (surname last) with qualifaadi
o Registration number
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Followed by

A PROJECT THESIS/DISSERTATION SUBMITTED TO THE
SCHOOL OF POSTGRADUATE STUDIES, (NAME OF
UNIVERSITY), IN PARTIAL FULFILMENT FOR THE AWARD OF
(approved name of degree), Departorengrsity,
Month and Year of Certification of correction.

Declaration page

Certification page

Acknowledgement

The acknowledgement should contain a brief noteppireciation of all
those who contributed to the success of the study

Abstract

The abstract should not exceed 300, 500 and 750dswevhich
approximates, 1, 1 % and 2 %: pages for projectrtgptheses and
dissertation respectively. It should be typed dewtpaced using Times
New Roman characters, font size of 12 and margissfipd. Abstract
should be brief indicating the statement of thebfm, objectives of the
work, data collection and analysis, significantlfigs and conclusions.

Table of content

This is a list of the various sections and subeastiof the theses and
dissertation and indicating the pages they ocche #ble of content
should be double spaced. If the title of a seatiots more than one line,
subsequent lines are single spaced and not indented

The table of contents should reflect only tife 29 and 3¢ tiers of the
headings, wheresllevel headings are to be in upper case and bé&id, 2
level headings should be in a title case and alsid. bThird level
headings should not be bold and in a sentence case.

List of Figures, Tables, Platesand Appendices
Where the title of the figure, table, plate or ampi® runs more than one
line, subsequent lines are single spaced and denhted.

Abbreviations, Definitions, Glossary and Symbols
All abbreviations and symbols used should be ewpthi Terms used
can also be presented as glossary.

Introductory chapters (Introduction, Literature Review/Theoretical
Framework (as applicable)
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I ntroduction

A brief review of the research subject is giveneTstatement of the
problem should be well articulated i.e. problenms#srch questions
should be clear and precise.

The introduction should consist of at least

a. statement of the problem.

b. Justification/significance of the study

C. Aim and objectives of the study

d. Research question/research hypothesis

Literature Review

This should be a concise report about the studieshers on the subject
matter. It should be logically arranged and up &ed A significant
number of the reference (>70%) should be withinprexeding 5 years.

Main chapters (Materials and Methods, Results, Analysis and
Discussion)

A detailed itemization of consumable and non coredaley materials as
well as description of the research methodologyukhde made.
Research/experimental designs, sample and sampkofniques,
methodological instruments and equipment; methods aoalysis
(statistical or otherwise) as well as other aspeftthe methodology
relevant to the study should be clearly and congrsively stated.

Data obtained should be well presented and anadyssulated. Major
findings should have direct bearing with the stagetrof the problem
and/or research questions.

The Discussion presents explanations of the resbtained in the
study. Comparison with existing information/earligrorks on the
subject should always be made. Justification faragieements with
earlier works should be made.

Summary, Conclusion and Recommendation

The summary should present highlights of the majalings while the
conclusions give an inference drawn from the figdinChallenges
encountered during the study should be indicatexhc@sions should
be drawn on the basis of the data presented arigsadaand policy.

Recommendations should be based on the major §sdwi the study

and stated in precise terms. It should list possivhys of solving
problems identified as well as highlight areasftother research.
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List of References

This is arranged in alphabetical order of authosatrnames, and
chronologically (earliest publication date firsrfeach author, where
more than one work by that author is cited. Théh@u$ surname is
placed first, followed by initials or first namend then the year of
publication is given. If the list contains morerih@ane item published by
the same author(s) in the same year, add lowerletiees immediately
after the year to distinguish them (e.g. 1983a)rethare ordered
alphabetically by title disregarding any initiatieles (a, an or the).

. The reference list includes only the sources usedamy
submission. APA style requires reference lists,t no
bibliographies.

. The reference list begins a new page with the cedteeading —
References

. Reference list entries should be indented half rash i(five to

seven spaces) on the second and subsequent littes reference
list for every entry — a hanging indent is the predd style. (i.e.,
entries should begin flush left, and the second sugsequent
lines should be indented)

. Arrange entries in alphabetical order by the sumarhthe first
author as the letters appear (e.g. M. Mac, MacD), Mc
o If there is no author, the title moves to the autbasition (filed

under the first significant word of the title). tie title in this
instance begins with numerals, spell them out.

. States and territories are abbreviated in the ilmcatection of the
publication information. For U.S. states, use tlfcial two-
letter postal service abbreviation (e.g. New Yadk,: McGraw-
Hill). Spell out country names if outside Austraba the United
States.

40 CONCLUSION

A thesis or dissertation is a document submitted support of

candidature for an academic degree or professianallification

presenting the author’s research and findings. dmes contexts, the
word “thesis” or a cognate is used for part of estads course, while
“dissertation” is normally applied to a doctorate.

50 SUMMARY

At the end of the unit, we learnt about theses disdertation, the
organizational sequence of writing a theses andedmstion. We also
learnt the standard chapter format for writing estts and dissertation
for soi science.

38



SLM 312 REPORT WRITING IN SOIL SCIENCE

6.0 TUTOR-MARKED ASSIGNMENT

1. Define a thesis/dissertation
2. Highlight the standard sequence of a thesis/dssent
3. Discuss the standard chapter format for soil seienc

7.0 REFERENCESFURTHER READING

Theses and Dissertation Guideline School of Podigie Studies,
Ahmadu Bello University, Zaria 2015, Ahmadu Bellmitersity
Press
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UNIT JOURNALSAND THEIR FORMATS
CONTENTS

1.0 Introduction
2.0 Objective
3.0 Main Content
3.1 Features of a Journal
3.2 Journals and their Formats
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

A journal is a periodical publication in which sd¢aship relating to a
particular academic discipline is published. Acatejournals serve as
permanent and transparent forums for the presentasicrutiny and
discussion of research. They are usually peeriswdeor refereed.
Content typically takes the form of articles prasenoriginal research,
review articles, or book reviews. The purpose ofaaademic journal,
according to Henry Oldenburg (the first editor ohilpsophical

transactions of the royal society), is to give agsbers a venue to
“impart their knowledge to one another, and contebwhat they can to
the Grand design of improving natural knowledgeqd aerfecting all

philosophical arts and sciences.

20 Objective

By the end of this unit, you should be able to;

J define a journal
. highlight the features of a journal
. discuss the features of a journal

30 MAINCONTENT

3.1 Featuresof A Journal

Text: The text of the manuscript, should appear in tileviang Order;
) Title

o Authors name(s) and address (es),

. Abstract,

. Introduction
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Materials and methods
Results,

Tables,

Discussions,
Conclusion
Recommendation(s)
Acknowledgment
References,

Legends,

Figures and plates

Title page:

The title of the paper should reflect the conterd the main theme of
the paper. The full names of addresses of authiectuding names of
institutions and country) should be stated. Indase of joint authorship
or multiple authorship, the name and mailing adsiresthe author to
whom further correspondence would be referred shtwal indicated.
Authors’ names should start with surnames theimaisibf other names.
You can write your title as one statement or usentlain/subtitle format
For example you can write:

Effect of drought, aging and phophorus status oaf lacid and

phosphatase activity in rice

OR you can write

Acid phosphatase activity in rice leaves: effedtsllought, aging and
phosphorus status

Readers will assume that the subject that comsssifirthe title is main
focus of the paper, so be sure to reflect thaténpaper.

There is a third way of writing a title: that isntake a statement:

Acid phosphatase activity in rice leaves is decedalsy drought, aging
and phosphorus status

This is a very clear approach, almost a mini-sunymoathe paper.

Abstracts

An abstract represents the contents of the aiticéort form. There are
three types of abstract: informative, indicatived astructured: there is
often confusion about the words ‘Abstract’ and ‘Soany’. A summary

restates the main findings and conclusions of @&pamnd is written for
people who have already read the paper. An abssaut abbreviated
version of the paper, written for people who mayareread the
complete version. So a summary is not the same abstract, although
some journals call the abstracts of the articley fhublish ‘summaries’.
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I nfor mative Abstract

An informative abstract should answer the followmgestions:
- Why did you start?

- What did you do, and how?

- What did you find?

- What do your findings mean?

The abstract must be written so that it can be m@adts own, for
example, if it is output from a bibliographic rewal system. Do not
waste words by repeating the title in the abstigeep to 250 words or
fewer for an article of 2000 — 5000 words, andliowt 100 words for a
short communication, depending on the journal’sinemment’s.

If the reason for doing the study is not clear fritra title or the rest of
the abstract, state the purpose. Say what youestiahd what methods
you used. Give your main findings concisely and mamze your
conclusions.

I ndicative abstracts

Indicative abstracts contain general statementsritdgsg what is in the
text, giving readers a general idea of the contehtee paper, but little,
if any, specific detail. They are more common ieldireports, long
papers such as review articles, and for books apteins in books.

They are the lazy way of writing an abstract; mgnynals will ask for
a mor informative version.

Structured abstracts

Some journals now ask for an abstract with a sedfructure,
especially in the medical area, for reports ofichhtrials. This sort of
abstract is written mostly as a series of pointhoagh the results and
conclusion sections should be in sentence fornyolir target journal
wants a structured abstract. The instructions tehéws will tell you
what headings to use and how long the abstractichau

Examples of a Structured Abstract

Background: The scientific article in the health sciences eedlifrom
the letter form and purely descriptive style in #sventeenth century o
a very standardized structure in the twentieth wgntknown as
Introduction, Methods, Results, and Discussion (IR The pace i
which this structure began to be used and wheadaime the most used
standard of today’s scientific discourse in thelthesciences is not well
established.

Purpose: The purpose of this study is to point out the priio time
during which the IMRAD structure was definitely amwitlely adopted in
scientific writing

Methods: In a cross-sectional study, the frequency of asialvritten
under the IMRAD structure was measured from 19351985 in a
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randomly selected sample of articles publisheaur feading journals.
Results: The IMRAD Structure, in those journals began toused in
the 1940s. In the 1970s, it reached 80% and in &8s was the only
pattern adopted in original papers.
Conclusions: Although recommended since the beginning of twémtie
century, the IMRAD structure was adopted as a ntgjanly in the
1970s. the influence of other disciplines and taeommendations @
editors are among the facts that contributed thastadhering to it.

—h

Keywords

Keywords or phrases for indexing are often prinéédhe end of an
abstract. If the journal asks for key words. Choths® most important
and most specific terms you can find in your pap&fer to previously
published articles in the journal of choice fordpnce.

I ntroduction

This should contain mainly essential backgroundormftion and
important relevant references. The objectives o thork and its
relevance or contribution must be clearly statede Titerature cited
must be discussed to show the relationships betweepublished and
the research study.

Materials and M ethods

New methods and modifications of established ohesld be described
in detail to enable repetition by other workersr Bee established and
published methods, references should be made to rédkevant

publications. Generally acceptable, scientific tershould be used.
Discuss the factors, problems encountered and dhdians as they
apply to your study. Due attention is given to ekpental design,

biochemical analyses and biostatistics.

Results

Table and figures are kept to minimum. Each tabkyped on a separate
sheet of paper. Each table must be numbered inidAramerals and
should contain brief title on top.

Discussion

This section may be combined with results, one kshauoid repetition
of methodology and results in discussion, it shantticate clearly the
significance and implications of the results obedin It should also
relate to published studies. References should itsel, ce.g. Kawo
(1999), Adikwu and Arzai (2000), or Kadiet al., (1997) if there are
more than two authors.
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Conclusion

Often you will not need to write a conclusions gattbecause you will
have already stated your main conclusions in thal fsection of the
discussion. You should certainly never include acbgsion just to
repeat what you have said in the discussion. Howelgour results
and the subsequent discussion have been espamaltiglicated, it may
be useful to bring all your findings together.

Acknowledgement

Here you should acknowledge technical help and cadihat you
received from others. Bodies or individuals gragtimoney that
supported either the research or the authors ofptpeer should be
mentioned. Keep this section short.
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Full Length Research Paper

Response of food barley (Hordeum vulgaer L.) with
combined uses of lime and varied phosphorus sources
on acidic nitisols of Wolmera District

Matiyas Dejene”, Girma Abera® and Temesgen Desalegn’

"Matural Resources Research Program, Holets Agricultural Research Center, Ethiopian Institute of Agricuftursl
Research (EIAR), Holela. Ethiopia.
*Spil Soience Program, School of Horficulture and Plant Science, Collage of Agriculture, Hawassa University, Hawassa,
Ethiopia_
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A field experiment was conducted on acidic nitisols of Wolmera District in two locations at 2097
cropping season to determine the response of barley for the combined application of lime and different
phosphorus fertiizers. Several barey growth performances, yield, and plant samples were collected
with soil samples to determine sofl acidity attributes and nutrient use efficiency. Barley grain yield and
growth performances were significantly (P<0.05) affected by the application of different phosphorus
sources. The highest grain yield was recorded from NPSB phosphorus fertilizer source in both
experimantal sites followed by parily acidulated rock phosphate [PARP] with yield imprevement of B9
and 52%, over the control treatment respectively. Growth parameters like plant height, spike length,
number of tillers, atc., and physical grain quality data (hectoliter weight and thousand seed weight)
were significantly affected by all phosphorus sources. The combination of phosphorus fertilizer [NPSBE
at 60 kg P:0, ha™) with lime got & higher grain yield advantage over other treatments. The highest
phosphorus concentration in the plant parts was recorded from the fertilizer source of NPSB. This was
dug to its immediate availability to the plant uptake compared to other sources. The use of partly
acidulated rock phosphate or organic hyper-phosphate (MOHP) fertilizer, as an alternative for NPSB
application provides 8 competitive yield advantage for acidic scils of Wolmera area or other similar sofl
type and agroecology of the country.

Key words: Acid sod, food barley, lime, parily scidulated rock phosphale {PARP). organic hyper-phosphale
[MOHP), NPSB. yield.

INTRODUCTION

Agricufiure is a key driver of Ethiopia’s economy and it the export value. However, insufficiant productvity of the

direcily supporis 85% of the population, contributes about land for an ewer-increasing population has resulted in
40% to the gross domestic product (GOP), and B0% fo food insecurity. Sod ferility dedines and accompanying

*Caorespondng oufhor. E-mol molexx@gmaoll.com of mot_jW@fyohooucom Tel: +2519 1] 38551 ¥, Fox: +23111-237037T.

Authorls] aogres hal ths ariicle remoin permonentty open occen under the ferms of he Creafve Comimons & binbofion
Lcense 4.0 nhemoionot License
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b bewels of agricultursl production hawe been voiced fo
still be among the serous challenges (Ministry of
Agricufture and Rural Dewelopment MoARD, 2008)
These could be atiributed o many factors: complete crop
residus removal, low rake fertilizer application, soi acidity,
and low uss of seeds of improved crop vanetes.

Barley {Hordewm welgare L} is one of the mosk
dominant cereal crops widely grown by small-scale
farmers under reinfed conditions in the highlands of
Ethiopia. It ranks third next to 1eff and wheat in mid-
affitude and first in high-altitude areas m terms of area
coverage and production (Cenbral Statisfics Agency-
C5A 2016), covering 13% of fhe total erea under
cersals. Among several major barley  producBon
constraints in the ceniral high land region of Ethiopian
soil. fertility limilation tskes the lions-mode. The nabonal
avarage yield of barley is too low, with a mean of about
20 t ha" (CSA 20M6) due to poor soi fortlity
{Getachewu et al, 2005} This & true partculary for N
and P nuinens due to confinuous croppeng of cereals
and the low level of ferilizer usage (Hailu =t &l 1991,
Amsal el al., 1997

Soil acdity is one of the major constraims for the
production and produdivity of crops in high rainfall areas
of Ethiopia. According to the Ethéopian sof information
gystem EthioSlS (2014), acidic =oil is estimaied o be
covering more than 43% of the srable land i Ethiopia of
which 13% i sirongly ecidic (pH < 4.5). Despile these
high-lewel stetistics, the siluation is nol well-undersiood in
detail at the local level. or with more up-to-dale estimates
of severity (IFPRI, 2010). Different human and climatic
factors hawe confributed io sod acidiication in Ethiopia
imchuding erosion, muiren] and organic matier depleBon
due to continuows cropping and residus removal slong
with the presence of high precipitation that leads io basic
cafion leaching ([Mesfin, 1928). The process of
acidification results from the replacement of basic cations
Ca, Mg and K in the soil exchange siles with Al Mn and
Fe and increased the conocentration of H jon in the soil
solution. Where soil pH is lowsr than optimal (5.5 and
below), the avadability of nutrients neaded for growdh is
reduced.

This condition atso usually leads to Al and Mn toxicity
pius a deficiency in N, P. K, Mg, Ca and Mo. This has
multiple effecls for the plant growth and muinend
managament a5 this leads to lack of or reduced respaonse
to appled fertilizers due o high P fixston by oxides of Al
and nulment deficency which can result in 530% and
above yield reduction (IFPRI, 201 0.

To improve acid sol related producbon problems, soil
and crop management effort has bean the main mpoartant
research and development agenda in the counfry since
2008 (Sod Sector Strategy). Liming with calcium
carbonate (Cally,) is generally the first management
practice that comes to mind when the guestion of high
phosphorus fiation in acid soils is @iEed (Alemayshu et
al.. 2017). Thus, ime with P application on acid sals has
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been among the inlerventions widely sludied on
performance of major crops in different agro-ecologies.

Crop managsment componants slong with lime incluc
the use of fertilizer, improved sesd and agronom
pracices. Above all, long-term  experiments sk
amphasze the need for greater use of fertilzers (minar
and organic) to remedy the nutnent deficences n A
(Bekunda el al. 1997). The work of Shiferaw ar
Antensh (2014) have also indicated that half dose
recommended lime application with NPK fertliz
significantly incressed bardey yield both &l Alisols
Chencha amnd Luwisols of Hagereselam indicating th
balanced ferilization of acidic sois i oical §
susiainable crop production. For  inbemsive  ar
confinuous crop production, these Inpuls should =m
balanced ufilizaton of nuinents slong with the efforts |
maintaining the sodl pH at sn optimal level by [fimir
(FAD, 2000}

Ini spite of the need for balanced fenlifizaton in scd s
glong with lime, onty M and P have been appled widely
the form of Urea and DAP (diammonium phosphate) as
high-grede fertilizer in order fo obiain optimum harvest
the Wolmera district of Ethiopia. Regardess of i
blanket appication of these nufrients and unbalance
fertilization of the soil application per hectare in Ethicps
it has increased five times smce the 1880s and i= betb
than the sub-Saharan Africa average (IFFRI, 2010). Th
indicates the mcreased demand for morganic ferdilize
uses by Ethiopian farmears bo maxirmize their productivit
Coneequently. unbalanced fertilizer use has mesulied
widespread multi-nutrient deficiencies in Ethiopian soi
(Mesfin, 1938). Thus. lime fechnology must consider 1
applicabon of both maco and micro plant mutrien
becauss if amy mutrient is deficiant, i will affect bath cre
yviedd and qualty, as well as nuinent use efficiency
other applied plant nuirients,

Wery recently, however. this generalzed and owe
simplistic driven fertilizer recommendation approach he
been replaced by balanced ferfilizer and &i
nufrient deficiency-based schemes. The EthinS15 (201
g0l ferdility map has provided basic data for bafance
fertilizabion ressarch in major Efhiopian soids. To &
effect. different ferilizer blends hawe been evaluated f
their effectivensss in addressing sde-specific deficien:
and improving nuitent use sficiency and productvi
scross different agro-scologies and soil types (Getacha:
2005}, In line with this, comecEng the nutrient deficiend
and imbalance through sullable feriiizer type and nutne

s very important in low pH sots in order
improve the Bme affordabiity and adoptabdity th
enables the split application of bulky recommendsd m
while maintaining the crop performancea.

Therefore, the objective of this study was fo Bessses I
affects of ime, diferent phosphorus fedilizer sources ar
thesr appropriate combined application rates on grow
periormanoce, grain yield and gqualily of food barsy
‘Wodmesa district and similar agro-ecologiss.
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Matiyas elal 117

# O6F can farm|

OniS [on station]

Figum 1. Location of the shady amea ail Holala Agricuiheal Research Center ar on-sialion (0nS} and Rob Gebeyn abals on farmer's

field or on-farm {TnF | In Wolmera dsiric, Cromia Regional Skaie

MATERIALS AND METHOOS
Description of study area

Flgld expaEnmant was oconoucbed o Woimesm disinct ol fwa
looatione, vir ol Hoksta Agroutiurnl Research Cenler Faem (Ona)
and on tammers Rsid (OnF) o Rob-Gebeya isbele i e oeiral
highiarel of Ebniopis, wesl of Andis Abaibs (Figune L The
experimeninl sies wene geographecally localed o DME [degres
minuts second) georeferenced ooordinale unis

1. On-Stalion (On5) al 8703198 N faihsde; 30°30°07 04 E
Ingiture with mean ailibude of 23649 masi

2. Dn-Farm {OnF §; ot 5% 08 24.7° N ialiude; 387 207,07 E longiuss
wilth amtude JES masl.

Woimern Disind = one of mxor barey producsr disticts o e
COroemia Regicnal Btale of cenfral Exhiopian highland, which = parl
of e Cromin Bpasciasl Tors Suroonding Fnfinne {(Addis Ahaba). R
In borgemes 1o the aoath by Gebiets Hawas, 1o he wesl by YWasl
Shewa IZone. on the norih by Mulo teefnicl, o e ranhaast by e
Suluttn oty and on the East by e oty of Adds Ahaba.

From e recent 8 vears (20132017 inclishe) wealtsr eoonds
for Hosla Agricufiural Reseasch Cenier, & was obsarved that a
mean anrua air iEmperaire of 14.0°C thal varies from 5.0°0
minimum monthly avemps un o 23.4°C manthly mean madmurm
b=mperaiures. The ab=olute monihdy mean masdimmum of - 28.0°C and

mirmmum  of 080 oooured in Jamaary and Mardh 3013
respecively. The avernge surshine howrs ae 8.8 hday in a year
and i Vares bebaesn 2.7 hiday I iy and B0 hatay in
HNovember. Holetn orea recalves an averages iobsl mintal of 9194
mm annually, whersas i ihe sludy year @047, 10716 mm min
was regisierad (Figune 2) This = spread over af monihs. sxospt
Descember and ranges om the lowest of 0 mm n December o e
highest of 211 mm nAugust 2097

Barey (M vodpane L was ussd as flest orop for thils shady, which
= ors of e most mpartant c=real ooos widely grown by small-
sCole farmers uncar ran fod concions inomost highianads of
Eriopia. M has suflered dom soll ocidily msore than offer meor
CErests ooImanisy groen B he shudy anea. Food Sarksy (M viiganer
L.} wanety BH -1307,. which = the mosd wadely scoeptable vanety in
Volmera arsas wih o ¥elding polental arging from 3000-3000 k&g
hl'1mr=mammmnf13?dn:lumnhnrmm
‘danys of heading under kiead ermaronmestiadl cordition for proguctan
[Bayeh ard Stefania, Z008}

Expsrimental design and treatments

The eapsrimant #as conduded usng randomized complete DEock
gesign (RCEDN In iaciorial anangemnenl Four difemsnt hpes of
phosphonus festlitosr saources: parlly acduiated rook phasphale
PARP], Drganic hyper-phosphate (MOHP ), MFSE blended fertiiiosr
formua 11 ang MAFARA+ mepresenied by (F1, P2, P3 and P4
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Climatic Data for Study Site
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Figure 1 Five yanrs maan oimalic data for Holeta Agncuitural Ressarch Cerder taken from cenler wasiher siaiion
12043-2017), Major axis 3 e el side was s ior maE and min ismpensiune whille e mires azis =@ ke righl side was

used for Raintak

Tabde 1. Chsmical compoaition of diferent phasphans souces used for s shedy

Chemical composiiion [
Mo Phosphon:ss source ¥
M__Pi0: K0 8 B Zn Cad Mgo
1 Farlly ackdulsted ook phosphabes PARF [P1) - - T (X .] 2 = =
2 Chpanic hyper-phosphoie KIOHF (F2) - e - - - ~ ] -
| Foernuia il NFEB (P33} 131 =R | - T o - - =
4 MAFAKSA piirs Pd 5 hi=) B =] a1 .8 20 2

respeclively). Phosphons fedililzer mbes (FR1 hall recomimeandesd P
mu.nmmm'mmurmmmem
F:Ds ha ') and Bme robes (0 ime and 1747 of LA computed fom EA
soil exchangeabls acidity resufl for each experimental sie) ans
ussad wih thiee replications (Tabke 1§ As a2 control Sreaimend, no
mwuuﬂumpmﬂl.ﬁmlﬂ
mis 144 from e requiresd was used since most of P sources have
Inelr own ncomoraled Ame LEswsse, Iming efiscis of some P
soumoets which hans Iincomporaled ColvColCs, (Table 1) were
taken. Dfferert scomes of P-erifizess used are iolsd B=low witn
Iheir chemical composilon fom P4 o P,

in aill Feafmenis, major essendial uinenis. sere et &l e =me
raie= mrept phosgihones (Prle) by wsing independent sounoes ‘which
does not exisi rom single granuie of phosphoms ferdilizer sources
(Tobie 2 HNitrogen, polossium, sulfir amd boron are kept al the
same rale for all reatments by using ferilizes sooroess ke Lrsa CO
(NHyl; 48% M, Muriate of potash (MO KCE 00% K20, Ammonium
sulphate [KHy B0 21% N and 24% 5 and Borax (MayByOy. §0Hy0)
1 1% bomn respectively used as ofher sounes of assential utrents
o reduce e confound efecis hom other  radrdents  than
pihcesphorus bebaeen reatmeanis.

Recommended lerifoer mie for barley produciion in Woimera ama
mmmummm-mmmh'.mmu
respeciely (Bayeh and Siefania, 2000). Depending on EfRioSIS
sofl ferdity map (2014), celcienl plant ridert lype  and
recommendsd E=riflzer muiaiion wers delsmmined. @ WPS5B
(Fipure 3k The appicaSon rafe of 5 and B terilizer was foed
accoerding 1o e recommended male of NP S8 (Foemmuln: 1) barsed on
Pz0s content ZIn s climinaied since @ was not found 1o be miing
nureEnt inbolh edpErmental akes a3 sofl ferllity map of the Worsd
o predmirary =of 2sl resuts oonfimmed.

Efmingis (20M4) =of ferility map d=ierminas hat the Sandsd
fertiizesr b= combinaion for Woimera disinct specilic shudy  siie
mmm:mdNFﬁﬂmﬂammhﬂ".
m--,:mmmmmdmmuugﬂaumi
kg ha’ (144 g piod ' amplicaticn comBined with 5% kg ha (33 g plof
} wrma (Tabie 5} From iotal apofcason rales of 181 &g ha | KFSE
Terilizer, we have nuirsn coments (P;0s= 68 &g ha | S=12.4 kg

cone wilh bard application meihod, sxospt ior Lrea whion 15 spplisd
N bvo spilts.
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Tabla 2 Treabmenks descripiion for the affeds of Bme and differeni P-sowoe on food ey o Wiolmem district

Expsnmental factors  Description
- Pi= PAPR"®
- PZ= MOHP*
Factor 1

- P3= NPEB {Formula I} *
- Pd= WAFREA Eisnd plus®

Fackor 2

- LMY= Wihoud ime apedcalicen
- LMZ= Wiih Bme aoplied depending on sod inthal EA resuil.

Fachor 3

- PRA= Half oose of recommended P- ferliizer rale (34,9 kg na P
- PR2Z = Full dose of recammended P - fertilzer rabe (08 kg ha ' PzOs)h

Al requited N, K. 5 and B were moded i afl P irsaled picks ic avold the paral reatment eSsct of some P sources; Zn was nal
conaicered sinoe Moy ae fourel wih soffcient level ELoSIE (20145 EA |s schangsats acidiy

Fertilizer Blend Tyges Map of Welniera Worsda
i -

= e E Y
T et g s gty

- LTH A3 ¥

Figure X Effvocgplan sab information system dighal sol fertiity man of Wolmsm Weoeeda ond His Habales m

gt with their recommerded fertiitzer tpe
Source: EfhibS1s 2014).

Lz regquirement (LR) rate dedermivssion

The amaunt aof lime reqguinsd io reclaim sach siudy anea aookc S0l
was delermined by, using exchangeable ooty method (Kamprath,
ToEE

[l g o T e L o o o]+ 2000
L8, CalT) gt =

ik 1)
Img

‘Whare 013 m s the piow depth; 16" m° s amsa for 1 ha of land; B.O
hg:tmuuuilmumm-imnmmﬂnm"mm
mo,

The requinsd [ime oompuied 1or or-stason and on-Tanm expesiment
m-unm:-uﬂmnnr-"cmm;mm
1.80lR vens used a5 mulliplying fscior iy cereal crops. which
evenhaly remils o 1100 and 1851 Iq:h-". For this experiment,
|H-d'nl'LH: was ased, making bhe final mouef of e which was
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Table 1. Appilcation raie of diffsnent P source of fsrlizer and other essential nuirients for each reafment

P sources (ag ha'j Other nuirient sources (kg 'y
Trextment No.
FARP MOHF MNPEE MNAFKAS N fraum COINHz & from (N 504 B frovm Borax K from KCJ
i Fy - B = 1 - 1
g T4 - - - 1134 A 10 &3a
3 A - - - 1283 BaE =03 a3
4 - 132 - - mar T 1L7 a3
= - 404 - - 0T oLy 117 32
B - - 545 - = - - ma
T - - L - b=l | - - &3
=} - - - 2t3a sa - -
B = - - 431 430 - -

Conrol ireatment wams. included for difereni comparsons, §al s Treatmesl §1. Al rafies ane given o3 2 iolal buls weight of sach ferilioer

e 3

appiled for fhose espenmertal stes o be 2751 and 422 8 ag ha
respaciively. This reduced amownl of lime rade s diss o splil
appicabon of me where full doss of reguined e s applied in four
suco=ssive years which s widely pradiosd by smafl =oale barley
producer in the study oress Corssquently, for Sngie cropping
seanon, we uned ol dose of Bme reg wnt rate, o offecis.
for af |=asl fve conseculive years, henos i nesds (o be reduced o
s amounl in addi®on bo iming effecis of some phosohatc lertiloer
uz==d for ihese shudy. || was appled 3 weeks bedore planiing wsirg
quick hme (Cald oz @& hming matsrisl which has 179 calkoum
mavbanale equivalence (CCE) Therefors, Bme reguimment (LR
Fom CaCoh soirce s multiplsd by 0,598 ta find the Cal amourd
required far final application s

Al ferfirzer resfmenls were opplied with bond  appicabion
metnod @t plantng escept nRmogen =ources (ureal which is appifes
i fwm spdlls Brsi gl pantng and the 2° al S8ering growth stags of
e barey cop. Flanting was done on July Tih and July 12", 2017
far OnS and OnF friois respectively wsing row planfing with spacirg
of 20 cm bertesen rows on plod size of 2 m = 3 m., The fwo bonmder
sides wane rejeched In each expsrmertal ol and e nner 13 rows
were laken for all knds of agronomic datn colecisd from the plarts
The meed rmie rsed was 100 kp ko' (lor ol experiment shes).
Epocing bebseen Feaimenis ond replicabions were kepl ot &3 m
and 1 m respecively. The lesing sie was gec-referenced o
geEnarale aea specific mioo nuirkent deficiency migmaton and o
pircediices Thae micrn radrisnt blencs

Wead onfoi is cone by hand, with wesding frequancy of Tea
Emes for each experimantal sie. While the first weeding was dones
llmmmwm.ﬂti"MIﬂmmm
booEng growin stage of the barey oop. Several types and inlensity
of dssases were found 1o ooour dunng the grosing season with the
mmjcety dantMed ones incuding: Scalked | RhNcHoSporim. seais),
Mot Bioch (Pyeno phoraferes) and leal mst (Puooa homed)
dissgses observed specialy In on-siation =permeninl siie. Al
disaass Incidence. seventy and plant rsaclion data o the ooourred
dissnse wirs reconded for-each exparimental unil

Data collected
Crop phenclogy and prowth paramesters

Agronormic data fke piant height. spike ength, number of spiosisis
per spike, number of effeclive and jolal Sler wers oollected aboul
the expsrimerial cop ke dale of fowering (ol =T3% of plamt
popuiaiion fowsaning In each expermental pioll, dale of mathrity,

ovErage piand height (PHI fom sampls piams, mean spioe =ng
mean number of spikelsts par spike, number of ioial Gler @
effeciive Siers par planl, as well o= ioial biomass at hanresbng w
collscied from all expearimenial ursls

Plani helgivt This was. inken wihan Crmp minin makemaEn hesgint
ciop mahrxiby prowih siage Doia aos @ken from 10 rande
exparimeanial sample piais. @ measured om e ground e
i higher lip of e piant by using height meser ard e mean resu
‘wen presanied in ceniimeier measuremeant unil

Total momber of tiler per plant: Dunng random  harveste
selected sanple plants were uprcoled and the namieer of ke
which was raissd from single planks were couried,  whell
procuctive or rot ard the averages vaiues were tken for each o
Mutrmer of effecive e per plar B the same a3 total mumber
ke per pinnt except hat | consicers only HHers which se grain
walh efaciive spike

Spike length and member of spikelel per spike: This wos tak
oz the oworape sple length e measured from ben noe
sampie péanis o mobunty wiich wese taken for oll agronomes o
measuremerd and i = messured in cenlimeler umil. Eimilaety, §
spike sampies were faken fom the sarmple plaris at harsesbng, 1
number of sseds In sach spike was counied, and the avem
nmber of splkeiets was fakean as repFessntadies dalta for =a
Exparmental piot

Oaate of Toweringfrooting and mabtwrity: Dala was aken wh
mxe lhan 70 of planl popolation was fowers ==t 0 oea
axparmantal ol 1 used % dentfly 2och Teatmant and how
raspond 0 diffarent s by coemparnng with stancdand nurmiar
days mequined by specilic varely of barey and D ompa
reabmenis responses on detaysd o forced mahudty depending |
the inpaut variabdity. Malority dale wes laken @s the rsguired nami
of days 13 atiain planl physicicgical matunty siage of more ih
TH% of plant popeision N sach Experrnentnl piol

Fiald and s covmronenis

Ovy abowe grourd biomass AGE and gran yeld GY were collecd
fram =ach esparmental unl iIndependently Tor sach Superimen
uret

Aboyve ground dry bomass (AGE]L Thiz was coliecled using sa
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in plot base ot harvesting. I wos 1akion Fom midde expammenial
roves of Darey as Fesh bmal Bomass, Afler drysng al frashing thme,
It wars {aio=n as ory above ground omass yield for all exsermental
s,

Graln yield (GY])c Afsr ffweshing the harvesied oop, grain yeid
pbtsined Som each experimeninl piol wene (aken by san ond
weighied with Hhelr mostue perceniage usng digtal batance and
moishare fester. Finaky, the grain yield was cormeerbed o h.ul'l.l"'
by aciusTng o 12% in moiaiune el

Grain physical qualkty data (ke thousand sesd weighl and hecioliier
weight wos f@ken beside grain nuirent anatysis. Hecbolber Weighi
[HLW ¥Test waight, also known as hecloflsr mass, is @ measune of
e volume of grain per uril I B usEsly sspresssd a5 kg per
heciolier and = a good indcation of graln-soundnesz. MBers
usaily uss el weighl as an indicalion of espscied four yeeid.
wna dons by inking 1 &g cisan sesd sample, grain samphes wene
irearied mio fe measunng device and resulls reosd.

Thousand sed weight (TEW): Thin was measuned by using seed
coundar ard TEW measwing device. Collecied grain samgie Fom
Ench aimenmenial peol was determined for iz TSYW resul found
feoem e misEsarreg dhevioe

Graln molsture percentage (MET): This was coliscied ior gram
¥iEld weight atjustmerd mapsured wsing HLW metsr

Plant and sofl savmpie coffection, prepar e arahy

Fiant samgles (@mw and orain samples) were colecied nafdy at
Frreshing and winmowing which inciudes grain and all the remoinéing
abowve pound piant part (siow) In sepammie sample from esch
sNpertmeTinl Uil The siraw and grain sampies weane miksd ond
siewmd through [3-mim size seve. Preparsd sample wene iested
undsr HARC plani and =oil anafysis laboraiory. Samples wens
besied for their P, M and 5 concemtiralion within e pant boresss.

Bl samipdl g amd aralysis

Esvernl soil sampies wens mnoomly taken of surface (0-20 om
depin) ko assess the physicochemical properbes and he gynamics
of Fie shedy soils during the field experiment. Fifleen sampies wen
cofiecied before experiman was sl up and then Dulked nio one
oconposfie, while after e espesmenial cop was horeeabsd. . soil
sampies were cofiecied reatment-wine o svaiuale the efect of
Iresmimesnts on majoe =0l acidily abrnbuies ke pH ard eschangs stk
aodlty and o assass he residual sfect of the ireatment appilcation
on sofl physoochemnicnl properien.

Physical property determination: Soil somgie coflectan fom the
shudy arsa was sxamined for As baxiural cass by Esing hydramesier
method of soll parfices size diskribotion delesmenabion at HARC sof
mnd plard Bssue snslysis laboraiory. Tha sol bulk densiy (apoarent
dersty] of the shufy =ie was dslermined by tasing oore samgis
from each sxperimental ste and using undishnbed medhod of BD
determination.

Chemical property determination: Delsmenation of sof pH s
done by H:D mehod w125 miio so o water suspansion;
Exchangeahia adcdby (EAl of $ie shudy osea soill sample was
defermined by u=ng Yan Resuwd] & Lp 1H EQ lsaching Hraion
meinod (Bavkar ard Hafdar, 2003), Orpanic camon (00 %) was
defsrmined by uming YWolkley-Biasck chiomic acid wel axkdabion
method (Sarkar and Halkdae, 2000). Tolal niircgen (THE was
determmed by wsing Fieidhal Sremnner and Mulvancy method. Sol
mwiraciabie P (Brey I meinod wars used which 15 he same s Bray |
proo=dure  of scraciabi © delermiration exscept  fhol dhe
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conoaniration of HCI in Bray [ s increased o689 N from B0Z5 K.
i= appropriale for ackiic =i and for soil samples where RPs are
usedd as P fertiizer. Callon sxchangs capactly [CEC) was
Hedanminsd Oy uuEng ammonism acetae  exsiraction  method
whereas =oil avallable sulfate-sulfur (50:-5) was determined by
using lurbidimeinc medhod [Sarar and Haldar, 2007,

Composiie sofl sampie fom both axperimesnial locabions was
mmunu-nnncmmm , Exchangeahls pobassm
i), Magresium (M), Sodivm [Na'} and Caldum (Ca® | by using
mTEnanium acelae meithod of exraciion wihsch = approprials for
acidic o skghily allcaire soil fypes. Then the exdract was read using
instumenés, for B and Ma' Flame Emission Speciro Pholomebsr
[FESP); and for detesmination of Ca®* and Mg™ | Momic Absomtian
Bpaciro Pootomeier (SBABP) apparatus. wars ed. Bomon (8] ans
oefenminesd s oilite fhpdrochionc ood method whech I mose
suilaiis for acidhc wob iypes (Sarkar and Hafdar, Z003)

=M ratio indical=s the general prooess underiaiosn in e sofls of
shnfy afe mialmd m W during oecomposibon of OM and
effectivensss of appied N feriizers 0 omoo ublizaton. |f oaas
computad by drecity laking the result of C and M n the sxamined
S0l sarmgie; Parcant ack] saturalion (PAS) of the soll was complied
fom e rafion of exchargeatie ocidity [E&) o the CEC multiplied
by 100 which s the pari of cation sachangs site cocupied by e H*
and & ions that conbibabes {0 the E& properiies of soil {Fogena et
al.. 2007TL

Economic analysls
Partial buniger analysis

Economic analysis wiks dong for sach trestmenl frough evalustian
of cost mnd rehem, and bemefl 0 oos rabo wos  Calouladed
nooording o the procedues given by CHADT (1538 ) Vorabhle mput
was m=nified o sach reaimesn which requires different npud and
labour cosis for fis pmoical implementation on famens” feld in
heciae bases. || ndiudes iisks of variaiie input data refated fo price
of bme, differen] fypes of P famlilesrs and ofher soorces of assanisa
nuftient used, cos! incueted for transpor, (abor cosi for field
managements and appication of thase inpuls and land preparation.
The price of Caney grain and stoew afler hanvest wers e Bmio
acoount 10 unoeviake cosi-benefl analyses The marketabie grain
ard hiomassisimw pield from the oontrol glof (oo lime and) Terbilizer
Inpui) was iaken = 2 referencs and the yieid incrament ai diTersnt
fraatmenis thal recehved different fype ond rades of moul owas
corsidensd for evaluabon. The average markat prioe of barey grain
and st yiedd in ihe ool maked of e orea was 100000 and
m.mmm‘mr.mmmmmnﬂmb
of Eiurm used n this slody was azsumsd o e H% for fEmers’
recommendation domain. Finaly, the tealment that gave e
mammum bEnefll cosd mbc was seiecied The soconomic analyss
Wwas based on he formiia devedopesd by CIMBYT (19083

Awverage grain snd blompss yield [,!M.lnd.lﬂ'ﬂllhuh.l":.i
J-"}:bmmm-ﬂmwmmwnm
reabmend since botih of them ore the mavkeiabie products.

Adpsted graln and tomass yeeld (4G snd AFE) iz he
BYerage Qrain and biomass yeid ncjustsd dowmmsard by 19% o
refiact the difference bebween e experimenial yvisid and yvield of
Tarmers.

AJG= ASY - CAGY = 0.9)
A&JB = AB - (AJB=0.1)

Gross feld beneflt (GFEK This wns compuied by muitipling
Reldfarm gale price that fanmesrs recefve for e groin and sionw
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Table 4. Physico-chemical properies of boih expermerdal sfie sol sampées before planiing {reatment appicalion )

AP ‘Wig Tl 4} Ca Canol {4} Ma Cenl E& Cmol
Locaiion TH K S [E7H CEC
B i il T i “ihg's i+ er's e
oS 394 [ REET o .30 F e B13 an 01&x o.am 11N
OnF 474 013 | 578 Tl 4 BT T8 Al GO L 4

TH= oisi nfrogen, AP= Feiiahle F_ 33C =organic cortvon, EA= exchangeabis aodity, Chi= ongonic mafer. Meg 1-|:II:I'|1'I aofl = I::mntl:-;uku' of aoil

yieid when ey s=8 ¢ as adjusied yeid.

GFE = (AJG = FieidFarn pale pnoe of babdey grain) + (AJE =
Fieid’Fanm gale price of stras)

Total cost (TC): Is the cosi of inpuls used n the experiment as
mean oument orices of §me, diferent fypes of ferlilier, wage for
I and ferfizers applicalion, and ransport were oonsidensd per
hecas

Het benefit (MB): Thin was calcuxied by subiracirg he ok costs
Fomi tha gross Beid banedf for sach eabmend

HE = GFE-TC
Farginai cost (MC) = Change In oosts betwean treatments
Farginal berefl (ME| = Changs n net benests betamen reatmens

Dominance anatysls: Thes s dons by sorfing ol variobie oost of
each imeaiment in ascending order and Bhen compuding the
differencs in oosl (C) ond bonold (B of each successh imabnend
as descibed n CIMMIT (1553) procedure i calculnte the: marganal
ratz of retum and Feaiments dominance. Ay reatmenl had has
net beneflls which ore jess ian or equs o hoss of a reabtmen
wifih irans costs thad vary is dominsied |S%ephan and Recky, 2007

Marginal rate of return (MRR): The pmcess of calculating ihe
MARR of afernafyve iresimenis, soded fmom the Esst  oosby
breaimesnt Io e oosiiest ones, and decicding i ey ore accemiaiis
b frmers, is cafied manginal anaiysis: in oihes words. § s the slope
of ned Denefll curve between two successhe ireatmenis. "&MRR
WS caioulaled as changss In ned beneM (rasad Denell) decs] Oy
changes in oo [rssed costh

e MAR = (W8 | KMC) = 100

Simizitcal anafysls

Agranomic data, grain oumilty paramssiers ard pland BEsues anafysis
resufis were sublecled o analysis of varance (AMNOWVA) using
Ednfiglical AnalysSs Sofware (SAS version-8.00 jo evaheds he
Impact of differes] P farfilizer source Wit differerd lme and ferilzer
appicabon robss. Resis were presenbed o means with Leasi
Eignificance Ciffarence (LB0) of 3% probhabdity leved (Sioed of o,
16857 Over localion oombined data of some paromelers was done
since jargeal slandard error BE o l=asl 5E rabo was beiow 3 wekch
Irdicales s homogensfy aomss axpenmantal lccatons (Gomes,
1584}

RESULTS AND DISCUSSION

Preliminary soill physico-chemical properties of study
area

The soil analysis resufts of the study areas showed that

M, P, 5 and B were more limiied than other essential
mineral nutrienis (Table 4) as confirmed by EthioSIS,
(2014} sod ferlility map, whareas the remaining essential
mineral nutrients are found relstively in higher and
sufficient lewvels.

Soil physical properties

The mean soil particle size distibubon results for each
composite soil sample was 50% clay, 18.8% silt and
31.3% sand for on-station sile (OnS) which is classified
gs “Clay” texiural class (Table 4) whereas the on-farm
sile (nF) had an average condent of 37.5% clay, 20%
gifl and 42 5% sand. Consequently, it was grouped as the
“clay kam” texiral class (USDA, 2008). Both study sites
goil physical properties wese categonzed under fine
texture class, much influenced by their higher amount of
clay particles, which in tum influences the physical and
chemical properies of such eods. Thus, organic inputs
Bppﬁr.amn Inl..IEH'IBﬂE e erosion response and physical

and olther chemical properbes related o productivity of
such eods (Morel et al, 18881

Soil chemical properties

For OnS samples, the mean pH reading was 5,14, which
is categorized as “strongly acidic propenty according o
USDAMRCS (1288) rating, while for the OnF,
gverage pH was 424, which is wirtually the same
natamyvﬂhﬂwﬂnﬁwﬂhﬂ‘m'wmipHmwhHam
exchangeshle acidity (A" and H') resulis for both
locations soil samples wera 0,978 and 1.367 Meq 100 g
of soil for OnS and OnF site reepectively (Table 4) which
are quite representative for soil acdity. The OnS site EA
huelammthbytlﬂaqiﬂﬂ"guﬁwll..ﬁampurhdhy
several authors, soil pH value with <5.5 usually have
problems of Al boeicity or acdification, i can be
improved by amendment practces ks application of
lima, compost or onganic manure [(Scher and Yadav,
16086). Upon liming, Alarer =t al. (20009) repored
decreases of Al” in the soil solution as well as in the
exchangeable complex which creates conducive scil
environmeant for potential crop production.

Axailable P (AP ppm) for OnS and OnF sias wens 4.34
and 7.85 ppm respechively, The level of AP in each study

f
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Table 3. Kajor barey growih paramedars as affeced by differei P sowrces of feriiizer, P orabs, ime application and ocallon sources of

wariatstty.
Bource of varabilrty PH {em) SPL [om] NESH L ET DF oM

ons 101,41 ra" e mAT" 34" aa.13" 1387
Location B B ]

onFE 107,41 o an7 a7 11m anz 1358
LSD s 0,18 s 047 nage 3.4 MS

PARP 1o0.8° &.o0 4T3 448 a2.49° wr 133

MOHP w R ] 473 o 338" T 138.3
P Sources A E

MFEEB 103 7" o.7a a5y 5.8 apg" Tod qaaT"

MAFARA+ Ba.a" 5.90 460 4,47 331" as 8" 131.45
LED 200" Mz Mz oer o.50 4.0~ 541"
e 34 5kpha’ 101.4 o.67 464 45 X 533 1372

e BB kg ha | 1018 (- = 472 . 182 801 1341

LED M= M M Mz His M= HMe

LM 1012 o.yet ang" 430 3ag” B0 134.3
Lime & "

LMz 1me 7.0 il e 51 40" 829 1305
LED M 016" 13- 047" o387 Ms HE
Cantro BT o.47 433 3.8 21 107.2 4B
T [T} 4.8 = 7.03 zam mz a1 k)

Maris With the sams istiers have no significant difsvance bn each ofer Ms not signicant, * significant al 20,05 ** righly sigreicant af p=0:01 and
“=+ gigrefican| () P=0000H. PH piant hesght in om, SPL spiie ieng®, NSK number of spielets per spie. TTiotal numbsr of fiers per plant. ET ehectie

lilier per piari. OF, D#- dale of fowesg and maborey resoescivery.

plant by decreasing Al toxcity rather than by affecting soll
P availabiity percent (Hynes and Ludecke, 1981} which
bausis the barey productvity by enhancing the metabaolic
achivity for proper physiological maburity. On the othar
hand, an application of different Eul.n‘-::as of P ferilizers

MOHP with applicafion rate G8 kg ha' Pi0y gave highar
number of spikelats.

Number of days to flowening and maturity

The preferable result in date of fiowsring [OF) and date of
maturity (DM)] parameters were wdentified as the
treatment which i moderate ranges of days
depanding on the barey varisty used whether it iz late sai
or early et (the rightioptimal number of days required to
flowering and maeturity for barey BH-1307T variety s B0
ard 135 days respeclively 8s specfied in the vaneby
descriplion). Accordingly, spplication of differenl sources
of phosphomus fertilizer and different  expermentsal
lecations sources of wvansbility significantly (p=0.05)
influenced the number of days required for flowering and
maturity in mone than 75% of plant population within each

plot in sppropriate time. T5.4 days fo flowsring was

required by MNPSE blended feriizer P souwrce which
approaches vanseties oplimal requiremants.

On e other hand, DM (number of days o maturity)
was significantly (P<0.05) affecied by applicabon of
diversified sources of P ferflizers. Both delayed and
forced matunty wss observed in some of the
expermentsl units due o different teatment factors
magorly induced from nutrient mwhnhm and
limiation effects on  their nuiment use
Accordingly, the opbmal DM was obisined from MOHP
and MPSB sources of phosphate fertiizer with 138.3 and
138.7 aversge number of days respectively (Table 5)
Getachewu (2005) also showed that P ferbizer
application improves number of days requined to heading
and maturity of baray crop.

Effects on biomass, grain yields and grain physical
gualities of barley
Above ground dry biomass

Abowe ground dry biomass {(AGE] of barley was
sagnificantly (p=0.03) affected by phosphorus fertilzer
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Fgune 4. Gran and bomass yseid of badey oo as affecisd by different sources of phosphonus l=rmflzers n YWaimera

districk

support the finding of Ester st al (2014} who could
observe differenl crop performance n responss (o
different sources of Phosphorus {ertilizers application.
Indead, the available or water soluble POy content was
vaned to provide immediate use and gradual refease of P
im available forms ko plant uplake. This improves suitahle
supply for the crop uses instead of fisation by such acidic
soils info unavaileble forms. The compeltive result
oblained from PARF fertlizer suppors the findings of
Chien and Msnon {1905} in which several Seld inals
conducted by IFOC in Asia, sub-Saharan Afrca and
Latin America have demonstrated that PARP at 40-50%
acidulation with H. 50, or at 20% by H,PO, approaches
the effectiveness of SSPTSP (high-grade water-soluble
P sources of fertiizer) in cerain tropical soils and crops.

Lime application at LM2 rate Elmdu:a:t significanty
{P=0.05) higher GY (30252 kg ha ) as compared to un-
limed LM1 treatment average GY (2842.5 kg ha") resull
{Table &) which was also reported by Meng ei al (2004)
im which significant yiedd increment were obiained using
ﬁmmauﬁﬁmﬁﬂnﬂmuﬂapﬂrﬁeﬁm&ﬂdam
expanmeanial sie, at Ong, m.q:-afn:nﬁ‘l'{#?#ﬁ?kghﬂ]
resulied aslong with other most Elgrm parameters
whmM“SEmnmﬁadalEﬂkgha P2 treated with
lime. This is B imatety the maxmum yield pofenial
{that is, 30-50 Ot ha"} of food barley vanety BH-1307.

Comparatively, this treatment produced abowl 10.7%
grain yield advantage owver the other

combénation that emerged along with 2148 kg ha' o
82.5% GY advantage over conkrol (no fertfizer and fime)
COn the other hand, significantly (P<0.05) different yiek
improvemants resulted from OnS than OnF sites dus &
fawors on the rowfine crop management praciice am
foflow up stariing from land preparation up o harsesting
whereas the OnF sile was treated like common farmers
management praciices.

Grain quality parameters Bke thousand seed weigh
(TEW), hectohier weight (HLW) and grain moisture [MST
content were significantly (P<0.05) afecied by applicatio
of different sources of phosphorus fertilizer an
experimantal location variahility, All of the above gualt
parameters showed significantly (P<0.05) kigher result &
OnS exparimental locafion. From different sources of F
fertilizer, NPSB was found superior TSW [44.1 gl Othe
parameters weare not signiicantty (P=0.05} affecled by F
sourcas. Lime appliication and rate of P ferdilizer als
could not affect any of the considersd grain gqualit
parameters significantly.

Ganerally, use of NPSE fertiizer at 60 kg ha'' PO, rals
with ime applicaon can give maximum yield of barle
under acidic sods of Waolmera. PARP at the applicalion o
B0 kg ha™' P;0y produced comparable GY and AGE will
lime applicaton. These findings supplement the researct
result of Shiferaw and Anlensh (2014) wiich have als
indicated that half dose of recommended me applicatio
with balanced fedilizer significantly increased baray yiald
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Tabde 7. int=rmcion affeciz of dilereni agronomic parameters of badey os afleclsd by different sowrces of P fertilee and ime anplication

Lewel of significance PH BPL NEK OF ]} AGE G HLW
(P = 0.05) LeLKA LEPSsPRELM
- P = 001 L Leps L=PE L= LELM
=== (P < 0.001) L=l [ Y

FH. plant haight. SPL. spie |ength, NSK. numser of skeisis per spike, AGE- above ground Homass, GY- gain yisid, OF. das of fowenng, OM-
days in matoes, HLUWY- hecinifer weight, PS- P sowrce, L- iccation, L. Sme rais, PR- phosphorus rte

Tabde & Fland P, M and S concantrabion os affecisd by tha apphication of lime, P soorcss onag P rades.

Source of Blomass GErain

F Bs P Gy. FHi

s M a
variation P [} P [} g ha'} il ha"} [k} g e
PARF pLoas .23 2o Tar 780 1,200 .00
4 MOHP oLone ozaz z 004" & ome” 730 1,188 o.0ss
iicadoind NPSE 0O n2a2 3a7e" 848" 740 121 Goso
HAFAKA D070 0230 zare 811" 728 1,238 0083
LED [ [ aiEt 1,658 s He ts
- PR 006 ST 2.04B 7.43 74.7 1,304 D00
ER PR2 Do o.3418 .77 788 742 1228 oose
LED M= M= M= M= Ms [ Ms
LKt 0,068 0242 z.33" .08 7o 1478 oost
e Lz LOTD 0241 297" 778 7i 1297  0.084
LED Mz Mz 042 Mz Hs i s
o ons o.oae” o.z00" 308" aga” Al 1,138 o.o7o
onE o041 pags 142" 4pa" A" 1234 o1
LED oLDoe 0024 0,43 149 3147 He ts
hean .08 4 .24z 2.85 741 74.2 121 0.083
CV = 123 1.9 218 200 m.pa 12 14 4.1

P.Bs- P upiaks in plam blomass, P.Gy- P upisae In barley grain yisid Means with e same l=Ser don'l heve signeficant diferencs ssch other, PHI-
phcrpiorus harest index. NS nitrogen concensabon. 5%~ suffur concenraton

under acidic sod condion,

From mteraction analysis result, 5PL and DF of bardey
was significantly (p=0.001) affected by location and
application of ime (LM) interacion {Table T} as a result of
different edaphic faciors shown in Table 3. PH and NSK
growih parametzrs were significantly {p=0.05) afecled by
{L=LMj and (L=P5=PR=LM} inieraction Ffactors
respeciively. On the other hand. 5PL and DF was
significantly {p=<0.001) affected by location and lime
application ntersction effects (Table 7). Another study
also showed that application of me in different ecd types
amd locabons responded differently depending on s

physicochemecal properties (Kumar, 2012},

Effects on plant
phosphorus uptake

Phosphorus  concentrebion in the straw and grain of
bartey were non-significangy  [P<0.05} influenced by P
sowrces, rales and lime application (Table 8. On the
other hand, P concentraton was significantly different
between the two experimental locations. P uptsks in the
siraw and grain of barley was significantly affected by P

nutrient concentration and
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Tahis 10. Domrunce ard Marging rbs of feturn snasis el on appieabion of ime ard ofarsnt P soorces of farklizers
Treatment TVC (USD GFEUSD  ME [USD
. - = Dominance © 8 MRR %  B:C ratia
PE RT [T nay ha'y na™y
PO PRO LMD o B7T.AG a774a
P4 PRI LM T BEa.4n LEE-T 7381 13544 dB4DS Q122
P4 FPRZ LKA o4 TBO.82 74211  Dominated
Pa PRI LMz oa.74 Bea.ss as0na 2623 47E2  IM2TO @172
Pa FRT LM 10Z.20 117290 107034 231 20840 03376 0200
P4 PR2 LMz 111,03 100182 85078 Dominaded
1 PR1 LM 117.2 102737 1017  Dominated
] PR1 L 123.30 8174 79241  Dominated
1 PRZ LM 127,31 sezEz onmnl  Dominated
F3 PR1 LMz 120.40 117304 104530  Dominated
Pa PRZ LM 1404 138308 122118 4E4m 13088 aTEEt .20
A1 FRT LMz 14343 BOT.28 02307  Dominated
] PR2 LM 143.43 535,44 TE2 Dominated
P2 PR1 LMz 151,04 102193 oo8a1  Dominaded
1 PRZ LMZ 15303 112B.21 7488 Dominated
P3 PRZ LMz 108, B 141088 124225 ;23 2107 poaa 0383
P2 FRZ LMz 10960 1032 88 06322 Dominated

FE- F scoro=s [F1- PARP, PI; MOHF, PI- NPEE and P4 NAFARAI, PR- P Tertilzer roie (PR1 J-l-:lloﬂrll'!.F"FEﬂEtnnl!;l. Li- im= appiicagon

LT withoud lime, LM will Bme).

F3. PR1. LMZ; and 43.9% nel bensfit advantage from
treatment P1, PRZ and LM2

In general. the net economic bensfit resull showed that
the NPSB souce of P feriizer have gol superior
advaniage over other fedilizer types followed by the
PARP source of P fertilimer in combinstion with ime
application.

Dominance analysis and marginal rate of retuwrn

The dominant analysis result showed that the net bensfits
of most Ested reatments in the dominance table were
dominated, This indicate that the nel benefit decreased
gs the fiotal cost that waries increased beyond
umdominated fims and P fertiizer treatments applicaion
in different rafes. The computed %MRR result showed
the highest marginal rate of retumn resull 8337_16% was
ul:ntalnadfruntrea‘lmant combination NPEB fertilizer with
34.5 kg ha”' P20. application rate on mean values of both
experimental locabone (Table 10). According to CIMBIT
{18B8) most commaonly on fertilizer tials, minimum rate of
retum wsed are 100%; consequently all un-dominated sst
of freatment combinations except the least ones have %
MRR welues that were more than the minimum
acceptable ones for ferfilizer experdmant.

From lists of un-dominated treatments, the next higher
3758 %MRR result was found from teatment
combination NPSB with application raie of 63 kg ha'
P00 without lime LM1; then finally, the least MRR result
was from the same treasiment which differs on the

appfication of Bme with LR2Z. With B0% MRR, this
treatmant got the highest net field beneft in cash from all
other treatment combinsfions. On the ofher hand. the
only other P sowrce which have un-dominaied higher
184.3 and 182.7% MRR resufl is MAFAHA bend ferilizer
withowt (LMT) and with (LM2) spplication of Bme
regpactively, both of which has 245 kg ha' PO,
application rate.

Conclusion

Fiedd experiment was conducted fo assess and evaluate
the effects of different phosphorus sources and their
application rate with and withowl me on agronomic
performance of food barey (H. vuigeer L) at Holeta (on-
stafion) and Rob Gebeya {on-farm), which are located in
Wolmera district of “Finfire Zuria” special zone of Oromia
region undesr rain fed condifion during ‘Maher ssason in
2017. This experiment has three factors laid out in
fackorial RCBD arangement with thres replications. The
treatments consisted of four differend P sources (granular
partially acidulafed rock phosphate PARP, organic hyper
phosphate MOHP, blended fertilizer formula - 1 :NF’EB}
and MAFAKA plus complete blended two
application rElhEﬂ of the & fertilizer (34.5 and 69
kg P:0. ha'} and two lime rates {limed and without lime).
A iotsl of 16 exparimantal treatments were evaluated with
three replications under two locations.

The preliminary soil analysis results indicated that
exparimental sites had clay and clay loam {extural class
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with 1.02 and 1.14 glm® bulk density respectively for
OnS and OnF sites 8t surface (0-20 cm depth). The soil
fest result mdicated that A was stongly acidic pH:
medium range of iotsl nitrogen; low in OC%. high in
available K'; vary high and high concentration in Ca™
and Mg~ medium rate of S0,/5 and marginal to low in
ite boron levels for both lesting sifes. The soil test resulls
aglso revealed wvery low and low in s avalable
phosphorus, medium and high in CEC. wery high and
high in parcent baes saturation (PBS) level respectively
at on-station and on-farm experimental sites.

ANOWA result confirmed that using different source of
Phosphorus ferfilizer significantly (p<0.05) affected plant
haight, number of tillers per plant, date of flowenng and
maturity, above ground biomess, grain yield snd 1000
geed weight Apphcation of NPSE as P source
substamiially improved the agronomec parameters like
PH. TT, ET, DF, DM, AGB, GY and TSW by 11.9, 4338,
50, 418, 7, 825, BB.D and 15.2% respectively over the
conirol treatment. As an altemnative, PARP source of P
ferfilizer also resulted in remarkably competent biomass
{38.7%) and gramn yield (51.5%) improvemenl over the
conirol treatment.

On the other hand, application of lime also sigmificantly
1F¢D.ﬂ5]lmwadﬁpi‘.ﬂ length, number of spikeists par

mumber of total and effective fillers per plant
d:nmgpmn!blﬁnmmadganvﬂdwﬂtﬂ 45 214,
209, BO and 6.4% mprovements respeclively for all
m:putmntnls:h&ammnga Ewan if application rals of
P;0. did niot iy affect sgronomic parameters,
higher P fertilizer rate at 69 kg ha" P.O, showed superior
mean results on considersd agronomic paramsters, thus
usa of vaned forms of phosphorue fertilizers from organic
and morganic blendsd form smproved the productvity of
acidic soil with lime applicston and can provide
compeient crop performance with higher grade water
solubde fertilizers by prumd.-rg slow release of plant
available phosphorus 85 it improves crops nufriant use
efficiency and physicel gquslities of barey grain in
balanced soif feriizer management. It is mandatory fo
seek the allemative sources of phosphale fertilizer since
the dominandy existing sources become less efficient
especially on scidic sofs and its natural reserves becams
depleted. In these mpgards, alematve sources with
competent economic advantage and less environmental
impacts shoud be considersd &8s a great sucoess for
sustainable agrcultural productvity fo  inswre food
security for ever increasing world population.
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PROFILE WATER CONTENT DISTRIBUTION AS AFFECTED
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ABSTRACT

Moisture supply is the main limiting factor in rain fed production in the tropics. Farming
systems have evolved which attempt to maximize this limiting resource. Intercropping is a
cropping system widely practiced in the Nigerian savanna that utilizes moisture to produce
several crops on one piece of land. A field experiment was conducted during the wet season
in 2000 at the Research Farm, Institute for Agricultural Research, Samaru, Nigeria to evaluate
the effect of intercropping on the water content distribution pattern of an alfisol. The trial
involved maize and serghum varieties planted as intercrop and a grass plot laid out in
randomized complete blocks in three replications. Significantly higher soil water content was
found in the grass plots. Maize and sorghum plots exhibited similar soil water contents up to
the 45 cm soil depth. Beyond this depth, the treatments had similar soil profile moisture
content. Soil water availability investigation showed that the top 60cm of soil has about
57mm of available water. The soil has enough available water to enable successful production

of both crops.

Keywords: Maize-sorghum intercrop, profile water content, water availability

INTRODUCTION

The farming systems in the Nigerian savanna can
be classified as low- input and low-output type of
production (Ogunwole, 2000). Intercropping is a
common farming system practiced by almost all
small scale farmers. Maize and sorghum intercrop
is a dominant practice among farmers in Northern
Nigeria (Ogunwole, 2000). Few studies have been
made regarding soil water relationships in the
Samaru area (Kowal, 1970, Agber, 2001, Sani,

2004). Monitoring of soil water content is
important  for managing water resources
appropriately. Water balances in soils are

influenced by conditions in the field such as the
amount of vegetation on the soil surface and crop
management practices. Soil water content has
been investigated by a number of researchers
(Kowal, 1970; Norwood, 1999; Bonfil, 1999., Yoo
et. al., 1995; Hendrickx et. al.,1990) for a variety
of cropping systems. Crop yields are assumed to
pe limited by low soil moisture in the tropics
(Agnew, 1982). However, a detailed study of the
soil water dynamics may reveal that there is
actually enough moisture in the soil to satisfy crop
production. The capacity of the soil to absorb and
retain water provides a reservoir from which
plants can obtain water and grow. Soil water
dynamics play an important role in determining
the type of crop or cropping system practiced in
an area. Knowledge of this is therefore critical to
ensuring successful production systems and
sustainable use of environmental resources.
Different soils have different capacities for water
storage. Soil water management is an important
and integral part of the overall cropping system.
Detailed information is therefore needed in order
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to develop -efficient methods of soil water
management that will maximize the use of this
important resource.

The objective of this study was to examine the
effect of intercropping on soil water content in
order to develop more efficient crop production
systems.

MATERIALS AND METHODS
The experiment was conducted at the Research
Farm of the Institute for Agricultural Research,
(IAR) farm at Samaru (11° 11* N, 7 "37°E and
675m above sea level), Northern Nigeria. The
area lies within the Northern Guinea savannah
zone of Nigeria. The length of the wet season
ranges between 160 and 180 days (May to
October). Mean daily air temperatures (minimum
and maximum) range between 15°C and 38°C.
The wind speed ranges from 77.2 km/day in
October to 128 km/day in March, with a north
easterly to south westerly wind direction
dominating from November through April. The soil
belongs to the Alfisols group (USDA System,
Mgberg and Esu, 1991) which has developed on
deeply  weathered pre-cambrian  basement
complex rocks but overlain by aeolian drift of
varying thickness. The experiment was designed
as randomised complete blocks with three
replicates. It comprised three treatments: maize,
sorghum and grass plots. A neutron probe, model
503 Hydroprobe (CPN Corp., Martinez, California
(U.S.A) which is a nuclear moisture depth gauge
was used to measure soil moisture content at
depths 0 to 90 cm with 15 cm increments. The
neutron probe allows small changes in in-situ soil
water storage to be estimated.
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These subsequent estimates, which are repetitive
at the same place, are also not confounded with
soll variability, as long as the sphere of
importance (or influence) not changing much. Soil
moisture content was measured after every
rainfall. Volumetric water content at each depth
was computed using calibration equation for the
site by Agber (2002).
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The soil water balance equation used is as follows.
AS=P+G+N-Et-D-Ro+1Ir

Where AS is the change in soil water content, P is
rainfall, G is groundwater flow, N is surface inflow,
Et is evapotranspiration, D is drainage and Ro is
runoff and Ir is irrigation. D and Ro were assumed
to be negligible.

Tablel: Mean of climatic data at Samaru during the wet season, 2000

Month Decade Rainfall ¥ Evaporation  Mean
(mm) Maximum Minimum Relative
Humidity
(%)
May 1 1.2 35.2 17.8 10.7 70.8
2 11.6 36.5 19.8 g.9 69.7
3 136.7 37.5 21.0 10.5 78.3
June 1 82.8 39.4 22,9 12,6 81.5
2 65.4 36.3 20.5 11.2 73.5
3 45.2 38.4 2815 11.6 60.0
July 1 93.1 34.8 21.6 10.2 53.8
2 62.4 36.0 25.1 7.9 73.8
3 65.6 38.4 27.3 9.6 81.8
August 1 63.9 38.9 22.0 NA 5s.9
2 105.7 38.2 26.5 NA 66.6
3 75.6 35.6 23.6 NA 85.5
September 1 103.8
2 59.3
3 19.0
October 1 78.0
2 0.2
3 0.0

NA - Data not available

Soil water content

Soil water content distribution at the initial stage
of growth, is illustrated in Fig. 1(a), the results
show a near uniform soil water content
distribution for all treatments. This could be due
to the low moisture requirement by both maize
and sorghum at this stage of growth and the thin
nature of the grass cover on the soil surface
which may not prevent evaporation from
depleting the soil moisture. Hence the moisture
loss is almost the same as that of the other
treatments (maize and sorghum). There is no
significant difference in soil water content
between the treatments,

At the mid-growth stage, (Fig 1b), the
grass and sorghum treatments had significantly
more soil moisture content than maize at the
upper layers. However, in the lower depths (after
60cm), the soil water content values were similar,
this may be due to increased clay content in the
lower depths. Sorghum had significantly lower soll
water content than grass. This may be due to the
fact that the grass cover has become thick
enough to prevent water loss through
evaporation. The significant differences in soil
moisture content between sorghum and maize
could be due to the fact that maize requires a lot
of soil moisture to satisfy its physiological needs.

Sorghum on the other hand requires just a
fraction of the moisture required by maize
because it is still in the vegetative stage of growth
which does not need the same amount of
maisture like maize needs at this stage of growth.

At maturity (Fig. 1c), the soil water
content distribution shows that there was a
significant difference in soil water content
amongst all the treatments., The grass plots had
significantly higher soil water content than both
maize and sorghum plots. This may be due to the
fact that grass usually has short and fine roots,
leading to a uniform root structure., Sorghum had
significantly more soil water content than maize in
the upper soil layers. Overall the treatments
exhibited high soil moisture contents at this
stage. With regards te the high soil water content
in sorghum plots, it could be adduced to the fact
that at this stage of the life cycle of sorghum, it
does not require much soil moisture having
passed the most critical stage of growth
(heading).
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Water availability

The trend of soil water availability for the
treatments indicated that at the surface 15cm,
about 0.13cm®cm™ is available for plant use
(Table 2). This is however subject to the force to
which the water particles are held to the soil.
Further investigations revealed that water is more
readily available in the upper soil layers than at
the lower depths. This is due to an increase in
clay content as one goes deeper down the profile
(Table 2). This is the situation up to about 60cm
from where the layers exhibit similar soil moisture

60
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g.1: Trend of soil profile water content at the vegetative (a), mid-growth (b)

contents. Kowal (1970) studied the water
availability properties of this area and reported
soil available water of about 80mm in the top
60cm. In this study, there is about 57mm of
available water in the top 60cm of soil (Table 2).
This water is held at tensions of between 0.3 bar
(Field capacity) and 15 bar (Permanent wilting
point). The soil water investigations revealed that
there is a lot of soil moisture held at higher
tensions that is not readily available to crops
(Table 2).
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Kowal and Andrews (1973) reported that for the
soils of this area, the clay content increases in the
lower depths of the soil profile, the amount of
available water decreases, and the proportion of
strongly held water in the available range
increases so that the extraction of available water
by plants becomes increasingly difficult with
depth.

CONCLUSION
The results of this study indicate that the scil has
enough moisture in the available range to support
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40 CONCLUSION

Breaking a research paper into the sections Inttohy Materials,
Results and Discussion (IMRAD) is a well-establgha&pproach to
writing and publishing scientific research. It heecome the main
pattern for research articles in many disciplingsis classical structure
does not fit some disciplines, but it is a usefudl aystematic way in
which to approach your writing.

50 SUMMARY

At the end of the unit, we were able to understahdt a journal is, the
features of a journal ranging from the title dowentthe references and
appendices, we also get see some formats of sameajs.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is a Journal?

2. Discuss in sequence the features of a journal

3 List the five most popular journals in soil sciené&and samples
of articles in these journals online
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