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Abstract

The purpose of applying fertilizer to a soil is bmprove the fertility of the soil so
as to obtain a better yield. Excessive applicatioh fertilizer could result in poor
yields. A study of some soil samples shows thatestvave certain nutrients in short
supply while others have enough. Further study ralgethat farmers lack knowledge
of the nutrients needs of the soil, so they appértilizer ignorant of what type of
fertilizer to apply. In doing this misapplicationmore nutrients could be added to a
soil that is already saturated with a particular meral and sometimes further
depriving the same soil with some minerals that ame short supply. Such
misapplications do not only constitute a waste kalso help in depleting the soil
fertility resulting in poor yields. In this studythe soil nutrients of Ugep in Cross
River state in Nigeria are anlaysed, from the ansily it was discovered that some
brands of fertilizer used in that part of the worlare not suitable for such soils. Based
on these findings, a fuzzy logic model for fertdiz distribution is developed. The
results show that if the model is implemented inépg a better yield of crops would be
derived.
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1.0 Introduction

The soil being the top part of the earth surfac&taios minerals, gases, organic substances amg lariganisms. The life of
a mankind is sustained by soil. Both humans andhalsi have explored and exploited the soil sometitmekeir detriment.
One of the ways the soil is explored and exploiseth agriculture. Man has cultivated the soil i@r to sustain life. The
soil naturally was created with all the fertility sustain mankind but its exploitation has resuiteal depletion of some of its
constituents.

In an attempt to replenish these depleted nutrients has devised a means. One of such meanghs iapplication of
fertilizer to the soil to increase productivity. riizers come in 2 folds; the organic and inorgafeértilizers. Organic
fertilizers are obtained from plants and animalshsas farm wastes, faeces and residues from ppaontessing while
inorganic fertilizer is manufactured using minemsish as Nitrogen, Phosphorous and Potassium.

The natural fertilizer cycle shows that as plantswgthey mine nutrients they need from the soil [Mhen crops are
harvested, those nutrients also go to the markeirlg a shortage of nutrients in the soil. Feitiigdoes nothing more than
complete the plant cycle to ensure that crops deatvihey need to grow. Fertilizer use is indispblesan Nigerian
agriculture as fertilizers help to increase cropduction as well as improve the quality of cropd &dder for animals [2].
Continuous cropping with adequate nutrients supgterno replenish the soil and crop requirementsrofesults in nutrient
mining and sub-optimal yields. With adequate femeil use, food could be produced in quantity ane ity than our soil
and land resources would otherwise support.

Fertilizers use is directly connected to the forakdriving crop supply through the increase indarctivity and this also has
direct and indirect consequences for the envirotrf8nPresently, Nigerian farmers are more intEésn the quantity of
fertilizer applied without paying attention to theality. Misapplication of fertilizers could haved&re consequence on the
quality of soil, so also is the over applicationiethcould reduce crops’ yield and further add toxaste to the soil. To this
end, Ibia [4] suggested that testing soil beforélizer recommendation and use is the most efficirategy to manage soil
quality in addition to using organic materials witlhemical fertilizers.
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Fuzzy logic is an information processing technithe employs linguistics variables that are notessarily precise but may
be vague and ambiguous to process data [5]. tidedd a superset of the conventional Boolean I&icrently, fertilizer
blending, distribution and usage are operated usiaglassical logic where it is either appliedhot applied. This is done
irrespective of the exact contents of the principgtients in the soil.

This study seeks to develop a fuzzy logic modet thauld emphasis on the particular brand of liger recommended
based on the nutrient deficiency of the soil thethsa fertilizer would be used on. In Section 2, tbnsumption of fertilizers
and distribution is discussed. The design of thezyulogic model is presented in Section 3 while {hmctical
implementation using MATLAB 7.5 is presented in 8@t 4. Discussion of the results obtained usirgpih sample from
Ugep is discussed in Section 5 where some recomatiend are made and a conclusion is also drawn.

2.0  Fertilizer Consumption and Distribution in Nigeria

Consumption of fertilizer in Nigeria is at a veowl rate basically due to the fact that the farnpogulace is mainly illiterate
who do not understand how to apply fertilizer angl mot ready to learn. They still believe in theiant tradition of farming
with the attendant crude tools and techniques wheégults in poor yields. Some farmers believe #ygplication of
fertilizers brings bumper yields to crop in ternigjaantity but that the quality of such productsdakatively low especially in
taste. It is also the belief of others that fexéli adds toxic to the soil and that after the fiatvest subsequent harvests may
not be as good as the first, that is, fertilitydst after continuous application of fertilizer ttee soil. Table 1 shows the 2003
average cereal yields, land area cultivated anddh@sponding agricultural inputs in selected ¢oes.

Tablel: The 2003 average cereal yields, land area cutivahd the corresponding agricultural inputs ieceld countries.
Country Yield(Kg/Ha) | AreaCultivated (000ha) Fertili zer (Kg/ha)
Nigeria 1058 21096 6.6

Ghana 1406 1477 6.0

South Africa 2676 4465 55.8

Brazil 3129 18614 120.1
Argentina 3212 10474 24.4

Indonesia 4229 14755 132

Malaysia 3275 696 654.8
Netherlands 7974 226 428.6

UK 7082 3106 314.7

Canada 2638 17071 55.0

USA 6138 55604 109.3

Source: FGNJ6]
Nigeria with 6.6 Kg/ha is a far cry from the FoawaAgricultural Organisation’s (FAO) recommendatai23 Kg/ha.
The more than 22 fertilizer marketing and blenditents engage in the blending and marketing ofliferts in the country.
Until 2014, distribution of fertilizers was marrday political favours and nepotism other than adtical needs. The
deficiency of a particular nutrient in the soil afcertain agricultural zone is not usually consdein the blending and
distribution of fertilizers. This tends to leaddrcessive application of a particular nutrienthat detriment of the soil while
some soils are denied what are needed to incréagefertility. Excessive application of a nutriglike nitrogen leads to
increase amine content which raises the nitratéeodrio a detrimental level. IFA [7] lists the adse effects of fertilizers
and their use on the environment to include thie¥ahg:
(&) Accumulation of dangerous or even toxic substasces as Cadmium from mineral phosphate fertilarefrom
industrial waste products in soil.
(b) Eutrophication of surface water with its negataféect on oxygen supply (damaging effects to fistl ather
animals); nitrate accumulation in ground waterstiminishing the quality of drinking water.
(c) Unwanted enrichment of the atmosphere with ammifvara organic fertilizer and inorganic fertilizer.

Griffith [8] suggests the undertaking of soil anthmi analysis as part of the basis for nutrient #eilizer
recommendation and use. The timing of fertilizeplagation to correspond to the best period of naed optimum soil
and environment conditions is also recommendedutb the adverse effect of fertilizer and its usetloa soil and
environment.

3.0  Fuzzy Logic Model

The fuzzy logic model for this study consists oé tfuzzification, rule base, composition and thepatitmodules the
defuzzification module is not captured since whia meeded are the values of the individual inpuiattes namely,
Nitrogen, Phosphorous and Potassium and their atelwalues of membership function. The crisp \&@hre not necessary
for the study so the defuzzification module is iggtb The model is depicted in Figure 1.
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Inputs Fuzzification Rule-base  Composition  outputs

Nitrogen, If....Then Maxmin

Phosphrous [ L —» Rootsumsq [
and Potassiu

Figure 1: The Fuzzy Logic Model

The model accepts numeric inputs in the form ofuhlkeies of the principal nutrients in a particudgricultural zone, these
are fuzzified accordingly. From the fuzzified inpufuzzy rules are generated and composed usingaxenin operator to
obtain the minimum value of every fired rule fronmave the maximum value of allthe minimums is oladinFinally, the
root sum square method of inference is used touatalthe value of degree of certainty of the amaintach nutrient
needed to fertilize such agricultural zone.

According to [4], the critical limit of soil ferily in the South East of Nigeria ecological zonsusnmarized in Table 2
Table 2: Critical Limit of Soil Fertility in South Easterdigeria Ecological Zone.

Nutrient Extractable nutrient form Fertility Rating
Low Medium High
Nitrogen Total(%) <0.15 0.15-0.20 >0.20
Phosphorous Bray P1(mgKy <8.0 8-0-20.0 >20.0
Potassium Exch K(cmol kg <0.20 0.20-0.40 >0.40
This could be used to deduce some fuzzificatiortions as shown in Equations (1)-(3)
00< f <014 low
Nitrogen =< 015< f < 020 medium............oeveviiiiiiinns @
020< f <10 high
00< f <007 low
0.15<f<0.20 medium........ccoevvvvevvieiiennn. (2)
Phosphorous = .
0.20<f<1.0 high
00< f <019 low
. 0.20<f<0.40 medium...........ceevveiiinnnnns 3)
Potassium = .
0.41<f <1.0 high

These functions form the fuzzification componentta fuzzy logic model. The fuzzification modulefisther expanded to
include some fuzzy rules represented as productites and presented in Figure 4 are extracted picdthe premise and
consequent part. The premise part shows the mehipdunction of Nitrogen, phosphorus and potassaambining to form
the consequent part which depicts the compositidartlizer for a particular nutrient. For examptée first rule: if nitrogen
is low, phosphorus is medium and potassium is tigim nitrogen is high means if the nutrient corgeftnitrogen is low,
phosphorus is medium and potassium is high thethédetontents of nitrogen in the fertilizer proddide high.
Each rule is evaluated and tested to see if is finerespect to the given set of values of the nesitip function using the
AND operator. The maxmin method of fuzzificationeisiployed to obtain values of each of the nutrieBisce values are
needed for each of the nutrients to form the coiitiposof fertilizer, then defuzzification of the kees obtained is ignored.
A typical case of Ugep soil was used to demonstilage functionality of the study. Analysis of Ugepilsreveals the
following parameters.
Total N = 0.08(%)
Phosphorous = 24.50 (mg/kg)
Potassium =0.14 (Cmol/kg)
Particle size
Sand = 81.80%
Silt = 6.00%
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Clay = 12.70%

Textural class = Loamy sand
Equations (1) — (3) show that Ugep soil has lowcesrtration of nitrogen, high concentration of pHuspus and low
concentration of potassium. Applying these pararseatethe rule base shows that only 13 out of theWes fire for Ugep
soil. This consists of 5 rules for Nitrogen, 4 edch phosphorus and potassium. These are evaluatiedheir minimum
values of membership function which are furtherjected into the root mean square inference whitchdssquare root of the
sum of squares of the fired rules represented as

F= Zriz ........................................................... (4)

where F is the fertility value and r is the firade.
These are evaluated thus for Nitrogen, phosphordgatassium respectively
Nitrogen: The square root of the summation ofsdlg,5,7 and 12;

2 .2 .2 .2 .2
F= Zrl Mo ls 317 Mo 007 (5)

Phosphorous: The square root of the summationles A8,16,18 and 20;

/ 2 .2 .2 .2
F= Zr13’r16’r18’r20 =039 oo (6)

Potassium: The square root of the summation osr4)@,10, and 11;

/ 2 2 .2 .2
F= Zr4’r9’r10’r11 Z0.26 oo (7)

From the computations, Ugep needs a fertilizer igh iNitrogen 0.27%, High phosphorous of 39 (mg/gd medium
potassium of 0.26 (cmOl/kg) composition.

4.0 Practical Demonstration using MATLAB
MATLAB 7.5 was used to demonstrate the practicacfionality of the study with the following screshots shown in
Figures 2-5.
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Figure 2: The Fuzzy System Editor
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Figure 3: The Editor for Nitrogen Membership Function
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T Rule Editor: Fertlzer ==
File Edt View Options
.t (Nitrogen is Low) i Medium) and (Potassium i s Nitragen) (1) xf
2.1 (irogen is Low) and { Wecium) i )  is Nirogen) (1) |
5.1 firogen phorous is Low) is Hgh) 1 is Phosphorous) (1)
4.If (Nrogzn s Hioh) and (Phosphorous is Medum) and (Patassium s Low) then (outputt is Potassium) (1)
15,1 (rogen is Low) and (Phosphorous s High) and (Potassium s High) then (outpit! is Niragen) (1)
6.1 (itrogen phorous is Medum) 1 is Nirogen) (1)
171 (Mirogen is Low) and (Phosphorous s High) and (Fotassiun s High) then output! is Nirogen) (1)
. If (Nirogen is Hgh) is Phosphoraus) (1)
9. If (Nirogen is Low) and { Medium) Low) then (outputt D)
10 1 (Nirogenis Hecdum) and (Phose oh) and ) 1 is Potassium) (1)
111 (Ntrogenis Medium) and (Phosphorous is bedium) and (Potassium is High) then (oulputt is Patassum) (1)
12 (Ntrogenis Medium) and (Phosphorous is High) and (Potassim s High) then (autput1 is Nirogen) (1)
13.If (Nirogenis Medum) and (Phosphorous i High) and (Potassimis Mecium) then (outputt s Potassium) (1)
14,1 (trogen s Hiah) and (Phosporous is Hich) anl (Potassian s Low) then (outputt is Potassium) (1) b
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Firéure 4:The Fuziy Rules Editor
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F@ure 5: The Rule Viewer

5.0 Discussion and Conclusion

Presently, the common brand of fertilizer availainldhe market is the NPK(15:15:15) representingaéggomposition of
nutrients(Nitrogen, Phosphorous and potassium). gurpose of applying fertilizer to the soil is teptenish the depleted
nutrients so as to increase crop yields. Diffemames are blessed with different degrees of mirmralposition. Some are
rich in potassium but lack nitrogen or phosphorodgain, some crops need certain minerals more they need others.
Misapplication of fertilizer could result in pooiejd tending to complicate the problems intendedé¢osolved. In some
cases, toxic substances are accumulated in theasail result thereby posing a great danger tescrop

A study of the Ugep soil (South eastern Nigeriaiégtural zone) reveals that it is very rich in gpborous but deficient in
nitrogen and potassium. Unfortunately, Ugep soinanured with fertilizer of the same compositioribvthat used in the
Western zone which has different mineral compas#id his constitutes a waste of both human andriabtesources. This
is because the blending and distribution of fexiliis undertaken using the traditional Booleanclo§ fuzzy logic model
resolves conflicts by collaboration and aggregatbnhe datasets. Instead of specifying the exastrme otherwise of the
results, it outputs the degree of certainty. Hedegrees of certainties of Nitrogen, PhosphoamasPotassium measures
that could be applied in a soil having parametachss in Ugep to obtain an optimal yield are djezti

The study is at an experimental stage with the hafpexpanding to other zones after obtaining datenfsuch zones.
MATLAB 7.5 was used to demonstrate the practicatfionality of the study. The rules derived frore fuzzified data were
generated based on static knowledge of blendirtdiZer. Efforts to reach out to some experts wabertive so the study
depends on static knowledge to derive the fuzzgstukxpert experiential knowledge is needed tovibst is obtained from
the structured knowledge if the study is to be enpdénted at a commercial level. With more rules datdsets, the results
obtained in this study would be improved upon.
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Fertilizer blending companies it must be stateddrteecollaborate with Agricultural Extension offiseand soil scientists in
testing soil nutrients in different Agricultural zes to ascertain the degree of nutrients compasitiois based on the
deficiency of such nutrients that fertilizers codild blended to supplement. Distribution of ferélizhould also be done
based on these needs.
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