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ABSTRACT

This study deals with mathematical modeling represent the effect of added soil
fertilizer on soil fertility. The mathematical model was developed to estimate the
availability of soil nutrients under different fertilizer practices with specific crops
is based on some measurable variables. Estimation of the effect of long term
application of fertilizers on status of soil nutrients is also possible through
mathematical model. The present work consist of two models, first model deals in
finding out effect and residual effect both of applied fertilizer on the status of
available soil nutrient in continuous cropping system. Second one measure the
effect of fertilizer on the status of soil nutrients other than the nutrient applied
through fertilization. Average fertilizer nutrient efficiency parameter about
different practices of phosphorus was calculated for blackgram crop and average
soil nutrient efficiency parameter was calculated for macronutrients like
nitraogen, phosphorus and potassium and micronutrient like zinc, copper,
manganese and ferus under the crop of blackgram and wheat. Various soil
physico-chemical properties of different blocks in Bhilwara district were
measured. It was observed that soil pH in most of block varies neutral to slightly
alkaline medium, in some field it was found strongly alkaline and acidic in few
field. Soil electrical conductivity found almost in safe range but soil organic
carbon status is tremendously low almost in all blocks which show low
incorporation of manure and plant residues. Karl Pearson correlation coefficient
was measured between different soil fertility parameters, a positive correlation of
pH was measured EC, OC and P whereas negative correlation was measured
between EC and OC further a low degree positive correlation was observed
between EC and P. In the assessment of groundwater a negative correlation was
measured between Cl and pH whereas F shows slightly negative with Ca and Mg.
NOj3 shows positive correlation with Cl, Ca, Mg and SO, while a slightly positive

correlation was shown between pH and NOs.
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Chapter 1

INTRODUCTION



1.1 SOIL

Soil is the combination of solid mineral particles, organic material and water. It is
the normal, unconsolidated, mineral and organic matter occurring on the surface
of the Earth [1], i.e. the usual soil classification is carried out based on the size
distribution of mineral solid particles which can be divided into three different
categories- (i) Sand, (ii) Clay and (iii) Silt. Following table represent distribution

of particle size of Sand, Clay and Silt.

Soil particle size [2]

Particle Diameter Number per 1 gram | Surface area (cm?)
(mm) of soil per 1 gram of soil
Sand 0.05—-2 89x10°—112 15—-308
Clay <0.002 4x10™ 4x10° (non-swelling)
8x10° (swelling)
Silt 0.002—-0.05 2x10’ 888

Soil is a natural body, having mineral and organic component as well as physical,
chemical and biological properties. A legitimate concept of the nature of soil must
avoid the common error that soil is simply a fusion of unconsolidated material
resulting from the weathering processes of underlying rocks. Any categorization
of soil suffers from the disadvantage that it is impossible to relate it to the great
complexities of soil genesis and properties. The terms used in defining the soil in

different systems seldom is exactly equivalent.

Soil composition is very diverse and it can be governed by different factors like
climatic conditions and parent material etc. Soil is composed of three phases:
solid (mineral and organic), liquid and gaseous and exhibits properties resulting
from the physical and chemical equilibrium of three phases. The most important
factors influencing soil properties are the chemical compositions of the solid

component, its mineral structure and the state of dispersion.

Soil formation is a two step process. In first step alternation of the primary

mineral which are constituents of the parent rock take place through physical and



chemical processes of weathering. The second stage (pedogenesis) results in the
formation of a soil profile from the weathered rocked material, leading to the
development of a mature soil as the final product of the interacting processes. It is
not so easy to separate and differentiate pedogenic and weathering processes

because both processes happen simultaneously at the same place.
1.2 SOIL FERTILITY

Soil is the single most important natural medium for crop production. Every crop
requires several nutrients for its natural growth and development which it receives
from the soil. Word "fertile” is Latin originated means “to bear” and a soil will be
considered fertile if it bears the capacity to produces crops abundantly under
favorable environment. It is the inbuilt ability of soil to make available essential
chemical elements for plant growth. Thus, soil fertility can be defined as the soil
ability to supply all essential nutrients to plant in readily forms and in a proper
balance. Thus, soil fertility is an important requirement for crop production. Soil
fertility is influenced by the chemical, physical and biological conditions of the
soil and by the quantity and balance of essential nutrients present in it. It is
necessary that removed nutrients from soil to plants must be restored by proper
application of organic and inorganic fertilizers to maintain soil fertility. A high
fertile soil can also get exhausted of reserve nutrients if no suitable replenishment
takes place. On the basis of the soil capacity to supply nutrient and type of crop,
Selection of nutrient to be replenished and application of proper amount in soil
take place. A fertile soil is always productive. But a fertile soil may not
necessarily productive. Poor drainage, flood, drought, insects, etc. are some
common factors which resist production though the soil is quite fertile. In modern
agriculture, soil fertility is a part of dynamic system. Soil nutrients are being
exhausted by plants animals, some nutrient like nitrogen can be lost by leaching or
erosion whereas other like phosphorus and potassium, may be tied up with certain
soil clays. If production agriculture were a closed system, nutrient balance might

be relatively stable.

The principle of “Law of the Minimum” propounded by Justus von Liebig in the

mid-1800’s states that if one of the nutritive elements is deficient or lacking, plant



growth will be poor even when all the other elements are abundant. Deficiency of
any nutrient even it is required in bit amount can resist the development and

growth of crops.
Soil Fertility Depends on Various Soil Properties
Soil Organic Matter

Organic matter is a temporary product or a stage in a natural cycle of decay or
decomposition manure or plant residue. It is continuously changed by further
decomposition. Soil physical properties are drastically changed with the variation
in organic matter. Organic matter plays an important role in binding the soil
particle together into aggregate. Thus, organic matter affects the soil structure,
water retention capacity and movement of water and air in and out of soil. Dead
plants material feed microorganisms which is the huge source of total organic
content of the soil. Structure of soil gets modified and improved when organisms

like earthworms feed organic matter.
Soil pH

pH is a measure of activated hydrogen ion in soil solution. Relation between H*
and pH is given by [H"]=10"". Among the various soil properties, pH is the one
which affects soil nutrients availability very much [3, 4]. pH of the ideal soil is lie
between 6.5 to 7.5 i.e. neutral, most of the nutrients are available to plant in this
pH range hence it is very compatible range for plant’s growth. Highly acidic soil
i.e. low pH results into toxicity of Al and Mn. Slightly alkaline soil is good for the
plants which requires calcium. High pH results in low micro-nutrient mobility, but
water-soluble chelates of those nutrients can supply the deficit.

Electrical Conductivity (EC)

Electrical conductivity of a material measures the ability of transmit of electric
current, its unit is milli Siemens per metre (mS/m) or deci Siemen per metre
(dSm™). In other words EC shows the amount of soluble salts in a sample. Soil
EC depends on the moisture contained in a soil particles. Soil EC directly related

to crop production or yield [5, 6], strong correlation was measured between EC



and CEC and pH [7, 8]. A high positive correlation was measured between EC

and soil texture and particle size [9].
Soil Temperature

It is a representation of soil internal energy. Temperature plays an important role
among various biological and chemical processes in soil. A proper soil
temperature is required in seed germination process. A very high temperature may
cause of death of living organisms in soil. Soil has low temperature if it contains
more water because water absorb huge energy to increase its temperature which
results into low soil temperature. In general, temperature of soil lies in the range
of -20 to 60 C.

Soil moisture

The amount of contained water in a material is termed as soil moisture. It directly
affects the exchange of water and heat energy transfer between soil surface and
the atmosphere through the process of evaporation and plant transpiration. Water
is in readily form if moisture is adequately available in soil. Soil water retention is
directly depends on soil type, it is very low for sandy soil whereas maximum for
clay.

Soil nutrients

Agricultural production is directly depends over available nutrient. For sustained
high crop yields, the application of nutrients is required. The term ‘nutrient
availability’ has been used and defined in many ways. The Soil Science Society of
America has defined available nutrients: (i) the amounts of soil nutrients in
chemical forms accessible to plant roots or compounds likely to be convertible to
such forms during the growing season, and (ii) the contents of legally designated
available nutrients in fertilizers determined by specified laboratory procedures

which in most states constitute the legal basis for guarantees.

Soil productivity is highly correlated with nutrient availability. Soil productivity is
capacity to produce an optimal yield of crop and plant under suitable

environmental condition. Nutrients management is a very important factor to



maintain soil productivity. Amount of available soil nutrients is termed as soil
fertility. Soil analysis process can be used to decide suitable fertilizer
recommendations for crops in the field. Nutrient availability can be assessed by
observations and various tests, used for the prediction of the response of the plant
and nutrient management. The adequate availability of essential soil nutrients
does not assure that they are readily available for plant’s growth due to the
unavailability of other factors discussed above. Hence, adequate levels of
nutrients alone do not guarantee soil productivity. If a soil has all suitable
environmental conditions for plant growth considered as productive soil.
Practically it is not possible to keep all factor of crop production at an optimal

level therefore most of the factors are at suboptimal level.

The main objectives of modern agriculture system are optimal and sustaining crop
yields. But to achieve these objectives, nutrient deficiency is major problem. Last
century is witnessed of significant increase in crop yield due to the use of
chemical fertilizer. Soil infertility in terms of nutrient deficiency has become

major factor to curb crop yield.
Cation exchange capacity (CEC)

Cation exchange capacity (CEC) is a measure of the soil’s ability to hold
positively charged ions. It is a very important soil property influencing soil
structure stability, nutrient availability, soil pH and the soil’s reaction to fertilisers
and other ameliorants [10]. CEC is measured in meg/100gm or (cmol(+)/kg) [11].
It has been observed that a soil with huge quantity of negatively charged ion is
more fertile because they absorb more cations [12]. Calcium, magnesium,
potassium and sodium are the major exchangeable cations associated with CEC,

these are also known as base cations [13].

The soil CEC of soils depends on clay percentage, clay type, organic matter and
pH of soil. CEC for pure sand or sand size2 um and for silt of size 2mm is very

low.



1.3 MATHEMATICAL MODEL

A model can be defined as a conceptual representation of real life object, or we
can say a model represent something in a simplified form. It may be simple or
complex depends on the problem. A model may be a pattern, description or
system of postulate present some state of affairs.

Modeling is the study of processes and objects in one frame by using processes

and objects in other frame as models.

Mathematical modeling is a process to present the real life problem into
mathematical model and solve further refined it for better and accurate results. In
general we can say every process in which a problem convert into some
mathematical equations is known as mathematical modeling. So it is hard to find
any area of research or study which escape from it. Every system which may be
mechanical, environmental, agricultural, biological etc. can be described in an
appropriate way through mathematical model. Mathematical model is the
representation of real object in mathematical forms. Mathematical models consist
of numbers, symbols, functions, equations or formulas. These models can be

solved using simple or complex techniques as per the requirement.

It is possible to separate mathematical models based on the philosophy of the
approach, with regard to the mathematical form of the model, in sometimes also

depending on the application area of the model.
Optimization Models

This type of models can be used for finding optimal solution of problem. Well
known linear or nonlinear programming problems are examples of sufind an

optimal ch models.
Dynamic & Static Models

This classification of these models is based on the fact that result depends on time

or not Static model shows equilibrium behavior of the system, it is known as



steady state also whereas dynamic models account for the time varying responses

of a system. They are mostly used in engineering based problem.
Deterministic & Probabilistic Models

These models are basically based on the uncertainty of final results. When final
results are not known certainly even all possible outcomes are known it belongs to
stochastic models while the deterministic models comprise all possible outcomes
with accuracy by their current state and the future values of external variables.

Linear Vs Nonlinear

In general, mathematical models consist of variables which represent the
quantities of interest in system, operators algebraic or differential, functions etc. If
all the operators used in mathematical model show linearity then this model is
termed as linear otherwise nonlinear. Mathematical programming models will be
linear if objective function and constraints of problem can be expressed as linear
equation whereas if anyone of objective function or constraints is not expressed as

linear is known as nonlinear.
Mathematical Modeling in Soil Science

Mathematical modeling has been applied to a soil pollution problem in Nepal. In
which finite difference method had been applied successfully to predict the
residual effect of potassium which is an important constituent of poly methanated
effluent a by-product of alcohol. Mathematical model was given as equation

o(K(t,d))

=C,(t)*d® +C,(t)*d® +C,(t)*d°
at t fixed

where K(t,d) is concentration of K at time t and depth d [14].

In a study in Iran, it was found that the logistic model is more reliable in
comparison to quadratic model and linear plateau model for estimation of N
fertilizer requirements for vegetable crop lettuce. Used model equation were



v_ A
" (L+exp(b—cN))

N, = A
Y (@+exp(b’—cN))

for logistic model. Where Y is yield in lettuce fresh mass, Ny is nitrogen uptake
by lettuce, N is applied Nitrogen, A is maximum yield, b and b’ are parameters of

yield and nitrogen uptake.

Whereas the linear plateau model was given by
Y =B+CN for N<Ny

Y=A for N>Ny

where B and C are intercept and slope parameter
Ny is application rate of N for interception.

The quadratic model was given by

Y = A+bn+CN?

where A is interception parameter and B is linear response coefficient and C is

quadratic response coefficient [15].

In a study at China, A regression model was constructed for autumn soybean yield

and net profit as follows

y, = 2849.07 —824.8x, + 731.60x, + 476.75x, —331.9x,” — 298.56X,”
+191.30x,” +118.15x, X, — 214.70%,X, + 374.20x, X,
y, =10946.39 —3420.49x, + 2907.82x, +1862.94x, —1620.85x,”

—1290.50x,” + 668.84x,” + 711.95x, X, — 619.43x, X, +1366.37x,X,



where vy, is yield kg/hm?, y, is net profit yuan/hm?, Sowing date is (X%,
month/day), X, is plant density(plants/hm®) and x,is N fertilizer level kg/hm?

[16].

Sherlock and Goh [17] suggested simple mathematical equation to govern the

ammonia volatilization losses in the field, which was
dNH X= Uo{efklt _ efkl(t+dt)}
where dt is program stepping time.

dNHxy ias amount of NH,"-N generated in the topsoil in the time dt (% of applied
N),

Uo is amount of urea originally in the topsoil at time 0 expressed as a percentage

of the N applied,
t denotes the time taken after application of urea,
ki(hrt) represents first order urea hydrolysis constant.

Wang and Chen [18] suggested mathematical model on movement and

transformation of NH4" were given by

oC 0S 0 oC oC 18
0—+p—L=—|D,(u,0)—L|-qg—=-k,(6C,+0S,)+kE&C, —
ot P P 82( (U, 0) 82) q pe 2 (6, + pS,) +k, N 14

8s,

b
=——=(S,,—S
8Cl /_Cl ( Im 1)

C,=C’(z) t=0,z>0

—Dsh(u,e)%+qq:0 2=0,z=12,,t>0
z

10



Uptake, movement and transformation of NOj3™ in soil was given in following
ways

oC, 0 oC oC 62
6 2=—[Dsh(u,e) 2j—q 24k, (6, + £5,) 15~ ks,

ot oz oz
éc,
- D, (u,6) = +qC, = p(t).C, (t) z=0,t>0
C,=C;(2) t=0,z>0
—Dsh(u,é’)a;:2 +qC, =0 z=12,,t>0.
74

To measure the impact of waste matter of paper and pulp manufacturing plants on

microorganisms in soil in Uttaranchal Tarai mathematical modeling were used [19]. The
proposed model was given by A= Ae*, where A is the activity difference at

distane s, k is constant and Aq is maximum attainable value of A. Result revealed
that microbial biomass and activity difference were declined exponentially as
distance increased.

Marinov suggested mathematical model to describe nitrogen cycle for a system of
soil, water and plant [20].

EIPT l P+IRIG

AORG AAMM ANIT plant OR
—p
I EORG EAMM ENIT a1
A £ v }
am B T
| NGE‘:I NHJmEI_@,l NO; ! Fab Np
A Fra
Fd Fa 1 wots TP
3 FI= layer
o | NH " | (QI/RSOL)(NO3) 1-RL
< Ly RSOL
h 4
= } NOj o lQ‘TR
il -UL FIR=(QIR/RNON)(NO:;) RNON
3-GW groundwater m— v OF

Figurel.l: Nitrogen Trasformation in Soil
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Following equations represent changes between different nitrogen compounds of

above mentioned model,

-1
% = ENIT — FI + Fni — Frn — Fab,
% = EAMM + Fam — Fni — Fra,
% — EORG + Frn + Fra — Eam,

Mathematical model was developed by Eluozo and Afiibor [21] to monitor the
behavior of nitrogen on salmonella (microbes) transport at coastal area of Port
Harcourt in Nigeria, governing equation of the model was

oC, oC

VE=""0g,C
&= o G

. o\ HC, o, C, & C,

S P b + +
z Vo O ot K, +C, a K, +C,

Above equation express the parameters which affect the behavior of nitrogen on

salmonella transport in homogeneous fine sand in coastal area.

To estimate the nitrogen status in soil under different fertilizer practices in
continuous cropping system, a mathematical model was developed [22].

Following balance equation was used to predict the steady state of nitrogen level
S, =S, +F -U,+E

where S; represents available soil nutrient after t™ crop, F; is applied fertilizer
nutrient, U, is uptake nutrient and E is average build-up in soil.
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Chapter 2

AIM AND OBJECTIVE



2.1 AIM AND OBJECTIVE

For a sustainable agricultural productivity it is necessary to maintain the supply of
required nutrient, that’s why a huge amount of various nutrients has to be applied
in soil through different fertilization practices. Such type of practices definitely
improves the soil health further enhance productivity in long run. Excessive
incorporation of chemically synthesized fertilizer creates tremendous issue like
soil acidification or decrease in soil organic matter [23]. Excess Nitrogen
incorporation to fields spoil the soil which decline the harvest. Continue use of
chemical fertilizers also contaminate the ground water sources through leaching
[24]. Chemical fertilizers are absorbed by soil faster than plant due to high soluble
property. Agriculture has become the largest contributor of nitrogen
contamination of ground water [25, 26] due to the large application of nitrogen
originates fertilizers for high productivity of crops [27, 28].

An understanding of the factors that affect the status of available plant required
nutrients in soil and their effect of availability of soil nutrients and their
contamination in groundwater is important for many applications. This
understanding is necessary to estimate the assimilative capacity of a soil and
whether input fertilizer are likely to accumulate within the soil profile or leach to
contaminate groundwater. An understanding of these factors will also help in

identification of suitable remediation methods.

To design and control the operation of soil ecosystem model the mathematical
modeling can play an important role. Several comprehensive institutional models
have been developed in recent years for this purp