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Abstract. In this paper, a fuzzy Markov approach for assestia age specific finding of
nutrient requirement of various parts of crop aedilfzer requirement is presented. A
fuzzy Markov chain model is dynamic that can bem@d as a hybrid of possibility
theory and fuzzy expert system. For this purpobke, éxpert agricultural system is
designed for enhancing agricultural production.ohder to develop decision support
system and to make the expert system more effictbist sophisticated mathematical
algorithm such as fuzzy Markov approach is desigrigg using the fuzzy Markov
approach, age specific crop rate is calculatecalljinthe calculated values are indexed.
The index for the age specific crop rate variethasproduct of proportion of possibility
of becoming requirement of nutrients and fertilizett a given age tin two age / time
steps.
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1. Introduction
Agriculture worldwide faces daunting challenges heeaof increasing population
growth and changing food consumption patterns,rabtasource scarcity, environmental
degradation, climate change, and global econonsitugturing. Yet, at the same time,
there are unprecedented hopeful changes and opj@sufor the future, including a
remarkable emergence of innovations in farmingtaras and systems and technological
advances that have generated promising resultsnfomoving agricultural sustainability
and an increase in consciousness and concern lsymens about the sources of their
food and how it is produced.

Application of a Fuzzy systems approach to agniralis not limited to the farm
level. The collective and potentially synergistiffeets of agricultural systems at a
landscape or community scale have gained recognitldowever, the scientific
foundation for and data needed to develop a lapdscapproach for improving
sustainability of agriculture is sparse. Reseanatgests that the distribution of farm
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types and farming activities across a landscapédcbe designed to achieve greater
productivity, resistance, and resilience and imprdtie sustainability of local and
regional agricultural systems that support persandlcommunity well-being.

The term Agricultural System can comprise a diverange of activities.
Agricultural systems that move toward greater soahdlity generally strive for several
fundamental qualities. One of those qualities iswwrk with natural ecological and
biogeochemical processes and cycles to maximizesrgigiic interactions and the
beneficial use of internal resources, and to minénilependence on external inputs.
Another quality is to close nutrient, energy, arkdeo resource cycles to the maximum
extent feasible to reduce undesirable losses toettvironment and additional waste
disposal activities. Third, farmers, conventional @ternative, who work toward
improved sustainability tend to understand and waith the social, cultural, and
economic goals of people and institutions throughtbe farm and food chain, which
encourages synergistic relationships in the saoidl economic realm and increases the
likelihood of desired outcomes emerging from ingeestt of time and resources.

The main aim of this article is to introduce theZy mathematical model by
using fuzzy Markov chain in order to analyse theicadgfural system particularly to
identify nutrient requirement of various parts o at the different age group also the
model identifies fertilizer requirement level aetdifferent age group for crop growth
and yield.

The following chapters will illustrate as followis. section 2, the definition of
possibility distribution function is briefly outled, followed by fuzzy expert system is
designed for the analyses of agricultural systeseution 3. In section 4, we introduce an
analytic technique in order to analyse the agniraltsystem by using fuzzy Markov
chain.

2. Basic concepts

In this section, we introduce the definition of gidity distribution function, fuzzy set
and fuzzy Markov chain. Based on these definitiotte fuzzy expert system is
introduced in order to analyse the agriculturatesysparticularly to identify nutrient and
fertilizer requirement at different age group.

2.1. Definition (Possibility Distribution Function)

Let Fbe a fuzzy set in a universe of discourse U, whscltharacterized by its
membership functionu- (u) which is interpreted as the compatibility oft] U with the

concept labeledF. Let X be a variable taking values in U arfdl act as a fuzzy
restriction, IE\;(X), associated with X. Then the proposition ‘XF$, which translates
into ﬁ(X) = Fassociates a fuzzy evert,, with X which is postulated to be equal to
ﬁ(X). The possibility distribution functionzi; (u) characterizing the fuzzy event is
defined to be numerically equal to the membersiniption £ (u) of |~:, thatis 77 C He

, thatis, 71 C 71- (u) . The symbol[L will always stand for ‘denotes’ or ‘ is equal bve’.
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2.2. Definition (finite fuzzy sets)
A (finite) fuzzy set (a fuzzy event, a fuzzy retatior a fuzzy restriction, .....J1, on S, is

characterized by possibility distribution functi(iipi ,

7 .S - [01]
that takes on a finite member of possible fuzzsitttbe denoted by
m={7m,n=012,.....}. The set of all fuzzy set on S is denoted(s)

Let {77,,n=012,...... } be a sequence of random fuzzy sets (or a disdretey

parameter stochastic process). Let the possiblecmgs of ﬁn be i (i~ 012........ ),
where the number of outcomes may be finite (saypmtgenumerable. The possible
values of 77, constitute a set S={0,1,2, ...... }, dmat the process has the
fuzzy state space S. Unless otherwise stated, Zzy fstate space of a fuzzy Markov

Chain, we shall imply discrete fuzzy state spaewily a finite or a countably infinite
number of elements); it could B&S)= {0, 1, 2, ........ .

2.3. Definition (fuzzy Markov chain)
The fuzzy stochastic procesg,,n= 0,1,2,...... } is called a Fuzzy Markov Chain, if, for

)7 iy iy i O Z(S).

Tl X = 1 /%0 =1 Xt = g X5 = io}
=T Xy = J /%, =1}
=15 (say)

whenever the first member is defined.

3. Fuzzy expert system in the analysis of agricultural system
Expert system in Agriculture consists of agricudiuexpert and fuzzy system. We apply
the fuzzy expert system in Agricultural System, tipaftarly to find the fertilizer
requirement of soil for different parts growth obp at different time.
The following classifications are related to metltiagnosis:

1. Nutrient and observation

2. The agricultural knowledge

3. Nutrient requirement

4. Fertilizer requirement

N = (e M,); setof nutrients
SR (T ,p,); setof partsof crop
T=( e t,); setof agegroups
F= (~1’ ------------ , ﬂ); setof fertilizers

171



B. Usha Rani, A. Hari Ganesh and S. Jayakumar

All N, IS,'F, F are fuzzy sets characterized by their respectivalmeeship values. The
membership values of these reIationsf[iEsIQ], [N, I5] and[l5, IE] converted into
fuzzy relation [ﬁl, ﬁz ﬁg] are mentioned in two aspects.

(i) Observance ofi by p; (injected -I~1,r2)

(ii) Non — Observance di, by P, (uninjected U,,U,)
This leads to the definition of fuzzy relation. Agse two fuzzy sets such as observance (

X, =1) and non-observance(= 0). The transition of possibility distribution furaihs
of fuzzy Markov process in a 2 x 2 matrix is coesat!;

|—| — nE)O 7761
oy 74y

All elements in matrix] | ~are non-negative numbers, aZ(n)”n =11 =0L ¢
]:

observed and re-observed, we et = 0 7i1 = 1101 725, (t) =1~ 7. 7135(1)

%O(t) = ngﬁ{xt|xt—l} = ﬂgﬁ(xt)/ﬂgﬁ(xt—l)
Thus the n-step transition process can be written a

t+n-1

7768) (t)= l:l 7T, (K) :ﬂgﬁ(xﬁn—l)/ﬂgﬁ(xt—l)

From the original data of the age distribution, tistep transition process is calculated.
Here t is the state of age group, and we get theaye specific member rate (ASMR)
between the age group tto t + n is given by

(ASMR, =107 . )7ty (0 = 220 . )

The membership functions of these (injectelgtil,r2 and uninjected IJI,JZ) two fuzzy
states are defined to be

Hr (¥) =max{min(4; (%), 4, (X))}, xOXxX
Hz (%) = max{min( 4 (¥), 45, (YD)} yLY <Y

The n, p observance relationships are acquired empiricatiynfagricultural experts

using the membership values. Other relationshiph s1$ crop age / nutrient, nutrient /
part of crop are also defined as fuzzy sets. Piliggilmterpretations of relations (max -
min) are used. Given an crop age — group / partrop relationships yield fuzzy
indications that are basis for establishing obs@®and non — observance of nutrient by
the various parts of crop for crop growth. Finatlyp different relations are calculated by
means of fuzzy relation (fuzzy composition).

I =1,00, ={x maxmin(; (), 4 (}fx T X x X}

U =U, U, ={(y, maxmin(;, (v), 4, (Y)Hy OY xY}

given by
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To calculate the crop age specific member rat¢hiwabove fuzzy sets, we use the

following formulas.
10077Dr (Xt)(ngr (X[—l) - ngr (X[+n—1))

)=
) 7 5)

i 1007, ; J 1) 7 /g5 Yiena
R(U)= Du(yt)(nliuf(yty. )) )

4. Application on agricultural system for nutrient and fertilizer requirement for

crop growth

Proper nutrition is essential for satisfactory cgspwth and production. The use of soll
tests can help to determine the status of availabteents to evaluate the suitability of
land for various agricultural crops. There areeaist seventeen elements are considered
essential nutrients for plant growth, and 14 osthelements come from the soil. If there
is a deficiency or superfluency of any essentidtients in soil, plants growth and yield
may be affected. So the land with suitable nutriesvel has to be identified for
cultivation of various crops.

In the pathology of type of lands, we considerfiiwing set N of common Nutrients:

N ={n,,n,,n3,N,, N5, NG, N7, Ng, Mg, Ny}

n; — Nitrogen (N) n— Phosphorous (P) 3 A Potassium
(K)

n, — Calcium (Ca) - Magnesium (Mg) d+ Zinc (Zn)

n; — Copper (Cu) g+ Iron (Fe) n— Manganese
(Mn)

Ny — Nickel (Ni)
We consider the following sé® of parts of crop
P ={ pl’ p27 p3’ p4’ p5’ p67 p77 p8}

pl — Leaf
p2 — leaf Sheath
p3 — Stem

p4 — Crown Roots
p5 — Internode
p6 — Nodal Roots

p7 — Tiller
p8 — Node
We consider the following set dF fertilizers for the growth of crop for these vario
parts. F={f,f,f,f, f, f, ., g, 5 f,0}
f, — Urea

f, — Ammonium Nitrate
f3 — Ammonium Sulphate
f, — Calcium Nitrate
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fs — Single SuperPhosphate

fg — Concentrated SuperPhosphate
f; — Potassium Sulphate

fg — Potassium Chloride

fg — Mixed Fertilizer (without Cu)
f10 — Mixed Fertilizer (with Cu)

We consider the foIIowing:I: of common crop age grouﬁ ={to, b, 1} . The
linguistic values of these relationshi|[)'§~, Iq], [Iq, |5] and [I5, IE] are converted into
fuzzy values and three matrices have been formieeltfiree matrices are:

» Crop Age, Nutrient observation confirmation relasbip matrix R, )

» Nutrient observation, various parts of crop conétion relationship matrixl%z)
» Various parts of Crop, Fertilizer confirmation ridaship matrix @3)
The above matrices are given as Table 1, Tabled2Table 3, respectively. Then the

computation of the max — min compositidﬁg = Iilo Fez is assumed to describe the state
of the crop (age — wise) in terms of nutrient oleaton by the various parts as a fuzzy
subsetR, of TxP characterized by its membership function,

He, (. P) =max(min( g (t.n). 4 (P}t P)OT xP

The max-min composition 0‘134 and I53 is defined a§5 follows:

R=R;°R, ={((t, f ) maxmin(4, ¢, p), 45 (. D(t, £)OT % E}
on fg & = Hg (t, f) is again the membership function of a fuzzy relabf fuzzy sets.
A nutrient requirement is perfect at the age of ¢thap if Hg,; =1that is the fuzzy
membership gradguﬁd. =limplies the confirmation of perfect requirementnaoftrient (

n;) for the part of the cropfg) at the ; ™ age. For testing this model, the nutrient

requirements of many crops (different age group)taken linguistically in the presence
of agricultural experts. The model largely depeungsn the database. The accuracy and
precision of the output will depend mainly on thatabase of fuzzy agricultural
relationship. If the size of the database is inmeda the present model can find the
suitable level of fertilizer at the different agetbe crop more accurately. We get better
decision by multistep transmission of Markovianioh@ethod and we get demographic
information by the following calculation. The pdstity distribution function of the

complement of fuzzy seﬁ—imﬂﬁh (t, p) is denoted bwD§4 (t,p)=1- T, (t,p) . The

grades of possibility of complement of fuzzy s§t40 is given in Table 4. Similarly, the
possibility distribution function of the complimentof the fuzzy set

RS:R4oR3,,L1D§5(t,f) is denoted bynuﬁs(t,f):l—nﬁs(t,f) . The grades of

possibility of complement of fuzzy seﬂi’@) is given in Table 5. From the above
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information, the Markovian risk rate is set up imble 6 as a measure of nutrient
requirement of various parts of crop (MCGROCP) -asee of common growth rate of
crop part). The varies as the product of proportbpossible growth at a given age t,

which is possibility of becoming required / injedt& two age / time stepsz‘zt‘rlz) (t, p). Its
calculated formula, is
MCGROCR T B=1007,. (t g7 (1 Puhere

72t p) = (75 (=1 p) =775 (t+1 p)) /7T 5 (t=1 p)

t=012,........... A I o N o SR , Ps-
As such from the table 7, the Markovian rate ofilfieer requirement (MFRR — Measure
of Fertilizer requirement rate) formula is,

MFRR(T, F)=1007,, (t, fy75? (t, f)where
AR f)=(mg -1 f) - (t+1f) /s (-1 )
t=012,........... Tf =, f  Fion

Thus, the fuzzy Markov chain model can give preasa reliable information for
different age — specific prevalence and its relfetbrs.

Table 1. Crop Age, Nutrient observation confirmation relasbip matrix @l)

Nutrient
Age Ny | N2 (N3 | Na | Ns | Neg | N7 | Ng | Ng| N
Extremely Low (o) o|o0ojo|lO0|O0O|jO|O]|J]O]O]| O
Very Low (1) A 1/12(3 |1|3|0 |0 |.1)|.2
Low (t,) A ]1 13]3].242]1].1]|.3
Normal () 311 133 ]|3[4|2|1].2|.4
High (1,) 4 12 144 3|5|3[3].3|.4
Very High (i) 6 |3 |55 |4|6|4]|5]|4|5
Extremely High (c) 6 |4 6|6 |5|6|5].5|.5].6

Table 2. Nutrient observation, various parts of crop conétion relationship

matrix (R,)
et OFCIOL 1y | b, Py | Py | Ps | Pe | Py | Py
n .9 g 8 | .7 1.9 11 1
N, T 0 710 0 0 8 |.8
N3 0 0 510 0 511 1
Ny .8 9 910 0O (0O |0 |O
Ns 0 0 0 |0 0 1 |0 |0
Ne 0 0 0 0 1 1 0 0
ny 1 0 1 0 0 0 711
Ng .8 0 810 0 0 7.7
Ngy 0 0 0 1 0O (0O |0 |O
Nig 0 0 810 0 1 |0 .8
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Table 3: Various parts of crop, fertilizer requirement comfation relationship matri§3

Fertilizer
Part of Crop
P, 9
P, 7
Ps .8
7
7
9

fi | fo | fa| fq | s

—h
o
—h
3
—h
®
—h
©

f10

||

Ps
Ps
PG .
P, 1
Ps 1

r|ylo|olo|r|olr

.8
0
.8
0
0
0
i
i

wmlo|F|olo|plolo
o|o|r|r|o|o|o|o
o|o|r|o|o|o|o|o
= =]=)
o|o|o|o|r|o|o|o

i
0
i
0
0
0
.8
.8

eollellollo]lle]

Table 4: The grades of possibility of complement of fuzzy(d§4)

Age Part of Cro| Pl Py | Psl Pyl Ps| Ps| Pyl Py
Extremely Low (p) 1 1 /1111|111
Very Low (1) 7|7 |79 |.7|.7|.8]|.8
Low (t,) 7|7 |79 |.6|.6|.7|.7
Normal (i) 7|7 |69 |6|6]|.7]|.6
High (1,) 6 |6 |66 |5][5]|].6]|.6
Very High (&) 4 |4 |44 4444
Extremely High () 4 |4 |44 |4 |4]|.4]|.4

Table5: The grades of possibility of complement of fuzzy(sl?i;)
Fertilizel

Age fo | fo | fa| T4 | fs | fs | f2 | fa | fo | foo

Very High (1)
Extremely High (g)

Extremely Low (o) 1 1 /1|11 |1]1]1]1]1
Very Low (1) 7T\ |7\ |\ 7].7].7].9
Low (t,) 6 |7 | 7|7 |.7]6|.6]|.6]|.6].9
Normal () 6 |6 |66 |6|.6|.6]|.6|.6].9
High (1,) 5|6 |6|6 |6|5|5|5|.5].6

4 |4 |44 4144|444

4 |4 |.4|.4 A4

41414144

Table 6: Index for measure of common growth rate of crop par

AgePart of Cro P, P, P, P, P Pe P, P,
Very Low (1) 21.C | 21.C | 21.C | 09.C | 28.C | 28.C | 24.C | 24.C
Low (o) 00.C | 0.0C |10.C |00.C | 08.6 | 08.€ | 08.6 |17k
Normal (i3) 10.C | 10.C | 08.€ | 30.C | 10.C | 10.C | 10.C | 08.€
High (1) 17.1 |17.1 | 10.C | 27.C | 08.2 | 08.c | 17.1 | 10.C
Very High (&) 08.C | 08.C |08.C |08.C | 08.C |08.C | 08.C | 08.C
Extremely High (s) 08.C | 08.C | 08.C |08.C | 08.C |08.C | 08.C | 08.C

Table 7: Index of measure of fertilizer requirement rate
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Fertilizer fl fz fg f4 f5 fG f7 fg fg flO
Age

Very Low | 28.0( | 21.0C | 21.0C | 21.0C | 21.0C | 28.0C | 26.0C | 28.0( | 28.0C | 09.0(
(ty)

Low (t;) | 08.57| 10.0C | 10.0(| 10.0C | 10.0C | 08.57 | 08.57 | 08.57 | 08.57 | 00.0(

Normal 10.0C | 08.57| 08.57| 08.57 | 08.57| 10.0C | 10.0C | 10.0C | 10.0C | 30.0¢
(t3)

High () | 08.3%| 10.0C | 10.0( | 10.0C | 10.0C | 08.3% | 08.3% | 08.3% | 08.3% | 26.67

Very 08.0( | 08.0( | 08.0( | 08.0C | 08.0C | 08.0C | 08.0C | 08.0C | 08.0C | 08.0C
High (t)

Extremely| 08.0C | 08.0C | 08.0( | 08.0( | 08.0C | 08.0C | 08.0( | 08.0C | 08.0(C | 08.0(
High (te)

Table 6 and Table 7 show that there is wide vamatis the product of proportion of

becoming requirement of nutrients and fertilizeéra given age tin two age / time steps.

 From Table 6, it seems that nutrients injection grawth of all the parts of the crop
occurs in all the ages.

» The highest nutrients observations and growth @cicut, t; and § of age groups.

» The maximum requirement of fertilizers is also asdu t, t; and  of age groups.

5. Conclusion

Thus in this paper, we make use of fuzzy Expertifd@e Support System using Fuzzy
Markov Chain for finding age specific requiremehfegtilizers and nutrients of crop and
its parts respectively. The same technique may ladsextended for other agricultural
crops with suitable modifications in the parametevslved.
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