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Abstract

Rice is the staple diet for millions of people in Asia and around the globe. Nowadays, Farmers are facing many challenges in the field
because the soil’s fertility is declining, it is growing harder for farmers to cultivate their land. Numerous elements, such as soil erosion,
salinity, Poor Nutrient Management and temperature variations, have an impact on soil fertility. Rainwater runs swiftly across upland
soils, making it difficult for farmers to hold on to the moisture in the soil. Now, it is time to rethink the cropping patterns based on
agroclimatic zones. India is the leading producer of Rice crops. It is one of the major food crops that provide nourishment for millions
of people every day. This paper aims to investigate the fuzzy production-related factors for one acre of rice farming. Various costs are
fuzzified as trapezoidal fuzzy numbers and deffuzzified by using the beta distribution method. This proposed model is to determine
the optimal solution using lagrangean method. A numerical example is concluded.
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Introduction

Agriculture enabled to produce of food. In India, The primary
source of income is agriculture. In India, One of the most
popular grain crops is rice, which is an essential part of the
Indian diet. Major rice production states in India such as
Assam, Andhra Pradesh, Bihar, Chhattisgarh, Orissa, Haryana,
Kerala, Punjab, Telangana, Tamil Nadu, Uttar Pradesh, West
Bengal. Although there are certain machinery available
for planting and harvesting the rice crop, the traditional
methods of farming and harvesting rice are still used.
Paddy and rice are often confused by people. Paddy refers
to rice that is still protected by the brown hull. Paddy fields
and rice paddies are other names for rice fields. More rice
is consumed in the south of India than everywhere else.
In addition to using rice for normal culinary purposes, its
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husk can be utilized to make rice brain oil. In addition to
being a good source of fiber, niacin, calcium, vitamin D,
iron, riboflavin, and thiamine, rice also has no cholesterol.
Furthermore, rice brain oil enhances cardiovascular health
and aids in the prevention of cancer, high blood pressure,
and chronic constipation. Site selection is a critical step
in farming. A hot, humid atmosphere is necessary for the
successful cultivation of rice. The crop needs to be kept at
a temperature between 200 and 400°C for the duration of
its life. In rice farming, timely harvesting is crucial to prevent
grain shedding. As soon as 45 days have passed since the
seeds were sown, a rice field must be weed-free. Early or
medium varieties should be harvested 26 to 30 days after
blooming, and field paddy should be harvested when the
moisture level of the rice grain is between 20 and 25%.
Rice cultivation in a water scarcity environment is
explained in T. P. Tuong and B. A. M. Bouman’s (2003)
paper. Aldo Ferrero and Nguu Van Nguyen (2006)
investigated overcoming the obstacles to rice production
worldwide. Bonney and Jaber (2017) highlighted the cost
of transportation and emissions as well as how essential
inventory planning is to the environment. Richard Paul (2017)
and Saswatik Tripathy (2018) examined paddy cultivation
in Madurai district. Agri farming (2020) outlined the issues
Indian Farmers Face. Bernard A. (2020) explained the uses
of rice-growing waste materials like husks and straws. SITCO
(2021) Challenges Faced by Indian Rice Producers - Scientific
Agriculture Solutions to Increase Yield. Muhammad Farooq
(2022) investigated Increasing the sustainability of methods
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for producing rice. In Odacherry village, Thiruvarur district,
I. Sowndariyal (2022) analyzed the difficulties farmers had
when trying to cultivate paddy.

Definitions
Fuzzy Set
Afuzzyset disthesetofordered pairs 4 = {(x,uz (x)):x € X}.

The mapping
g X = [0,1]is membership function of x € X in A.

Beta distribution method
The crisp real number yj is the following relation
£ = (a,b,c,d). Let uz be generalized trapezoidal fuzzy

number.
2a 4+ 7b +7c+2

HB 18

Arithmetic Operation

Suppose R = (r, r, 1y 1) and § = (s, s, 53 5,) are two
trapezoidal fuzzy numbers then,

RDS=(ry+s,m + 5,13 +5513 + 5, ).

R ® S=(ny5y, 155, 1355,735,)

.
R ©5= ["'"1 T Sa T T 5373 T STy — 51)
& S_ (T T2 T T
R @S_(_ T :_)

5, S5 Sy 85
az20,a@RF = (ar, an,an, an,)

a<0,a @5 =(as,,as, as; as,)

Notations

D - Demand

Q - Order Quantity

h, —Holding Cost

L — Cost of land

S - Cost of sowing

P — Machinery cost for ploughing
C, — Labour cost for digging, filling, and seedling
F- Cost of fertilizer

L. - Labour cost

| - Cost of Irrigation

M - Machinery cost

F, - cost of fencing

5, - Cost of solar plant

€,-Cost of pesticides

H - Labour cost for harvesting

W - Cost of weedicides

t, — Distance travelled

E, — Emission due to transportation
A, —average velocity

T, -Total cost

T_- Fuzzy total cost

Q*- Optimal order quantity

Assumption
- Demand is constant

« Shortages are not permitted

- Transportation cost is utilised to shift the seeds, fertilizers
and pesticides.

« Machinery cost is used for rice dehusking

«  Procedures for growing rice organically are followed.

Crisp and Fuzzy Sense

Crisp Sense

We deal a rice farming in crisp sense and EOQ can be
provided by the following equation.

Tn=g[L+5+P+c,+r+M+sp+FL+H+(F+L5)+(CP+LL)+(W+LE)+E;—:"'}+%
m
aT.
aqQ

ﬁ -

Eg:[L+S+P+CS+I+M+Sp+Fr+ H+(F+Lr)+[CP+Lr)+(W+Lr)+%}+%=0
[ , ) ) Hrty
[2DIL+S+P +CHI+M 45, + R +HHFHLIH (Gt L)+ (WL )+ )

r
\ he
Fuzzy Sense
The parameters D,L,5, P, C,,1,M,S,,,F.,H,F,L,C,,W,h,,E,

t, are fuzzified using trapezoidal fuzzy numbers and
defuzzifing the model using beta distribution method.

L= (El,j:, I, 34) 3= (SLS:, Sz, 54)1 b= (?’Lp:, Ps, p4), I—Eg = [C_ql,cs:/ Cag, 554)

I= [il,iz, i, fa)’ W= [mLmz, My, mg), z = (spl‘sp:‘ ps, Spq)’ F= (ch fcl f:i ch‘
B=(hhohg b)) F=(Af i £ Lo=(llyleyl,) Co= (cphcp:‘ s, ch},
W= (wyw, wy w,), h,= {-‘I.FLILC 5 Peg, hc‘;),

D= [:dl,df, dg, d‘,), E_r = (ef‘ljef':, €rg, ef‘J, tg= [tstdQJ tag, tm;)
Let the fuzzy total cost can be written as:
Tc=§[E+§+ﬁ+€"}+f+ﬂ+§;+ﬁc+H+(ﬁ+i‘;)+(Z";+E':)+(W+E:)+E;T?]+QT”~‘
T =

d?'[£L+sl+;a+cgl+5l +my + sy + o b+ (R 1, )+ (o, +£q]+(wl+£q)+%]+%"*
%[E; e tmto i tm syt oy the (6 )+ (o, +£,:]+(w:+£f:)+%]+&;'
%[i, A D I AR E R SIS 9 Y P 0 +lf,)+%]+ﬂ%.

f’u”u] Qhe
ar 2

%[14+54+p4+r,4+i4+m4 tsp b g thy + (A A1, )4 (e, +10,)+ (e 2+

By Beta distribution method, we get

1. fd,
BTy =53 Z(F[ll+sl tpote, ti tmobsy +Ey bt (L )+, +1,)
ety Qh,
+(w1+£,L)+T; +—
d;
M Gl R A R L +(E +ie )+ (o, 1)
€eytay | Qh,
+(w:+£,:}+f]+T'J
ﬂ‘! .
+ 7 7 Loty tpstioy Hiatms +5,,+ £y +ha +(5 +!f3)+(ci,! +£r3)
€3tz 1 Qh
+(w3+£,!)+T]+%)
dy N
w2l tnra it b+t + (e +1) + (e, +12,)
ersta,] @Qhe
+(W4H‘=}+a—,,.]+74)

3)
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aB(r )

=0=0=

2[(201,+712d; +713ds +213d,) 4+ (2514, +752d; +753d3 +253d,)+(2p) 4y +7pyds +Tpgdy +2p,4, )+
, +Tmyd; +2myd, )+

(205 dy+Torpdy +Te5qds +20; 4, )+(204,+ 71, +7i3d, +2i5d,)+(2myd,+Tmy
dz +7s,4d3 +25

26y e JH (27 B H TS iy #70 gda 427 s+ (2b1ds + Thds +7hady +2hsd )+ (4)
Ladda+2(fatiy )+(2(:,.1+i:1|1|+7(:,,:+ s i_,j)n’_g+z.;:,4+i_,_,)f:}]

) Zag g, drt] TargTydat28rgty, ds

+H20 oy 18, 7w+ )y +70w3Hog ) 20w Heg )i )+ — 2 s e

2hey +They #7heg 2 hey

(25,11‘ 4T
(20f) +1d,+7(f;

Hence, equation (3) is the fuzzy total cost and equation
(4) is the fuzzy economic quantity.
Lagrangean method
Let the fuzzy order quantity g =
TE =

(q,95.95.92)

:j[£1+-sl+pl+:sl+:'L +my sy Ry thy+ (1 )+ (e, +£,L)+(wl+!u)+%]+@,
%}[i: tstptey, bl tmy s, +foth +(6 vl )+ (e, +£f:)+(w:+£,:)+%}+ :
i[zg ts b ten thtmy b, + fy th + (6 +1,)4 (o, +£f,j+(w3+i(,}+%] L=
i—‘1[£4+54+p4+c3_1+54+m4+5g4+ fu+hs +(5 +![4)+{L},A+£,_1)+(w4+£u)+%}
By Beta distribution method,

B@):T‘B[z(%[zlﬂl tpteg, th tmy sy + Fy bh (R FL ) e (g, 1)+
{WLH:L)*'%]*'@J

(o +1en) 4 (s # 1,

(‘é[i s tmte, tltmits, + L, th +(f L)+

]+ 7( [1 TS bp b Fihbmy s+ fip Th

i3ty
”—’]+°’r )+ 7( [ftsstpten +ig+m b5, +
ay

(& +1,) + (e, +-!,3)+(w,+£,3)+ ™

et 48, he,
foths +(A +1,)+ (e, +£,4)+(m-4+£r4)+%:4]+%)]

O<g,=qg,=q;=qy,

It writtenas g, — g, = 0,q; — 9, =0,q, —g; = 0,q, = 0.

Step 1
Differentiate partially with respect to
41929394 and equate to zero.

4=
[olza, w205 22 m 22, 52000 w22 myn2as, 520, 7 28002, [ 5 De2a, (5, 8 )28, Do, e ita]
\‘\ (2r.,)
g2 =
r - - T
|,[7n,‘< 70y 54 T £78y 0 4 Tyl 4T0gmy 47845, 478, F,, +7d0hy 4744 (7, 41, )+7or=(‘:l,€ *‘:a)*”e'“'<*‘:e)+T]
\‘\ (73.,)
43 =
7dy ey,

||2[7d!!_,+71_,ri+71_,u,+'r'n'_, 6y 4 Tdyly +Tdymy 47d,5, 47d, £ 47430y 474, (£, +1, J474, (=, +!.J}+71,\_w,+!.l)+#]

2 2 70 Foy 470N, 476 U, 4, T L5, He TN, p
\‘\ (75,
Qs =
[0t +22 0 42 e sram s2ie 4207 4200 42 . a ( séreetay
|2 [ 1, 42y 5y 42 By o 2 +2iym 42y 42 £, 2 R 42 (4, a2 (g 4L, )42 (e, )+n—u]
\‘\ (2., )

0<g,=9.=q:=q,
It is not attain the optimum.

Step 2
Fix k=1

Letinequality condition g, — g, = 0 written in equality
g:—q, =0

L(q:,9293 a5 .4) =F (T) -Mg,—ay) (5)

daL

aq,

1 [2h 1
E[ - ——{Zd_,!1 +2dy5) +2dgp, + 2dyc, +2dg0y +2dym; +2dgs, +2d; f, +

=0(6)

2a,ny +24,(F, +1, )+ 26, (6 +1, )+ 20, (w4 )+'T—E‘-t—“~)]+l

aL
daq,
Th 1
ﬁ[—fl—q%(?daz, +7dys; + Tdsp, + Tdyo,, + Tdgiy +Tdymy +Tdss, +7ds [, +
: gyt =0(7)
Tdghy +7d; (£, +1,,) + 7ds {c_u] ti, )+7d3[w,+i )+—‘—1H Py
aL
daqg
1 [7he, 1 .
= E[—.‘—q_:(7d:52 +7dys; + Tdypy + Tdyc, +7dgiy + Tdymy +7d;s, + 7d; fo
PR 2
Tghy +7ay(r, +4,)+ 7y (e, 1) + Ty 1)) + 222 2 }] =0 -—(8
aL
da,
h
=< [—jl—q—(?.d i, +2dys, +2d,p, +2dyc,, +2dyi, +2dymy +2dys, 24, F, +
2d.
2an +24,(f, +1,)+ 24, (o + 1, )+ 24, (w41, )+‘—*-i-}]=u ——(9
P -
é

ai—0=> (g, —q,)=0 (10)

(6) + (7) and from the equation (10)
01742 =

2[(Flydy + 204d) + (Tsydy + 25,d,) + (Tpady + 2pydy) + (7::”(1, + 2:54rf4)+ (Tigdy + 2i4dy) + (Tmydy + 2mydy)
+ (75,0 + 255 ,00) + (7f,0a + 2,80+ (Thedy + 20600 + (7 + Lo ddg + 205 + Lo Jds) +

Tergtagds + 2er ta, n‘AJ
a,

(7(%1 +le)dy + 2y, + 1o )ds )+ (70w +1e)ds +20ws +1,,)d,) + (
2h,, +7he,

43 =
7da ep, ty.
|‘ ['m, 76y 5+ TP, 17y €+ TdEy 4Ty, 47835, +7d, f, +Tdsh, +78, (£, 41, )476; (6, +1, J7as (w0, Jo— ;! M]
o T e TR TR e Ty 2\, Ten e n

\| I?'r.__‘)
94 =

‘4 2 2 2 2 2 2 2 2 o 2d1fr,ta,

|2 [ 41 428, 5, 420, 420 0 $2E S2E 4285 42,5, a0 22, (F, #1022 (s +‘_.‘}+.«’,‘M',+!_.‘J+T]
\‘\ [E)]

Gy = Gz > Gz > Gy
It is not satisfy the optimum.

Step 3
Fixk=2
Let consider the inequality g, — g, =0 andg; —q, =0
into an equality g, — g, =0
and g, —g; = 0.

L (fh,fI’:,fI’:a, gs,41,4,)=B ((f; )= 2A1(q2 — g4 ) A2(qs — g, ) (1)

2h, 1
ﬁ[{—ﬁ(zrul +2dys; +2d,p, +2dyc,, +2d,7 +2dymy + 2dys, +2d,f, +

2a,hy + 24, (7, +1,) + 24, (o,

=0 (12)
aL

+£:1}+2rf_1(w1+£:1)+L;’ﬂ'-_ﬂ+-1L

—_—= O =
8q,
Th
113[ i ——(m Lo+ 7dys; + Tdip, + Tdye, + Tdyiy + Tdom; 4 Tdss, +7d:f, +  Tdjhy -

7d, & T4

7dy(f, +1,) +7d; (c,,] +1 _,]) +7dy(wy + £:3)+—’—1)} A+,

_ 13)

a_
8gqg -
> ﬁ[l;l—ﬁ(hi:!: +Tdys; + Tagp, + Tdyey, +7dyiy +Tdymy +7dys, +7d;f, +
Tahy +7d, (7, +1,) +76; (o, +1,)+ 7d;(w;+z,g)+”—“‘=r—"1)}—ij =0 ——(14
—==0
8aq, -
=1 {l:af—(sz G+ 2dps 20, p £ 2 e, + 2y, +2dm, + 24,5, $26,f, +

2d,hy +24, (F, +.!_.1)+2d1(ul +1 }+2n‘1[w1+£ )+"‘—°‘-’—“-)]=0——(15)
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aa%=0$_( —qy)= Oand__():) (@as—aqs) (16)
(12) + (13) + (14) and From the equation (16)
4179 =43 =

2[(71d; + 70 +20,d)+ (7ed; +7s:ds + 20,40+ (7pud; +7ped: +2p,d, )+ (7o, d; +7c,ds +20,,4, )+ (Tid, +7id; +26,d,)
+(7md, +7mods +2m,d,) + (75, dy 47, d. +25,d, L)+ (Thed, +Thid, +2h,d)
Al +1, ) +70F + 1 )d +2(7+ 1. )d, (G

700+ 1 )d, + 70w+ 1)y + 20w, +1,)d,) 4::75
\ 2hey +7hey +7hey

91 =492 = 43 = qg
It is not attain the optimum.

Step 4

Fixk=3

Let’s consider the in equality g, — g, =0,

q; — g, = 0and g, — q; = 0into an equality

g;— g, =0,g,—q, =0 and g, —g; = 0.
L(q1,9295 94:959¢ : A1 A2 A3) = F (Tz) - Ay(a; — q,) -
A2(q3— a2) - 43(9: — 43) (16)

aL

dq,

1 [2h;, 1
E[—;-—F@@[l +2d,s) +2d,p, +2d,c;) +2d8 +2d,m + 2d.s, +2d,f, +

2dyhy + 24, (F, +£:1)+2d4(cpl +, }+2d4(w1+£ ) 4 2oty }]_1_/11

=0 (17)

L_0>
dq,

1 [7h 1
= —E(Maz, +7dy5y + Tdip, + Tdye, + Tdyiy + Tdymy +7dys, +76:f, +

Taghs +7a;(F, +1,) + 74 (c_,,] 1)+ 740wy + 1:3)+”_°rﬁ1)] 4,44,

=0 (18)

o
dqy

- L[ﬁa
18 2

—ﬁ(?d:i: +7dys; + Tdyp, + Ty ey + Tdyyy + Tdgmy +7dys, +7d;f, Tdghy +
; 2

74, (f, +-!_,:)+7n‘=(cy: +a_,:)+7d:[w:+£_,z)+” ELL U }] —d+A;=0

(19)
o
da,
:)Lts[%l——{Zd +2d,sy +2d,p, +2d,c, + 248 +2dymy +2dys, +2d,f, +

2aym + 24y (f, +14,) +2d, (5, +1, ) +2d, (w41, )+ﬂu-’—“~}]—,13:0

(20)
aL aL
72, -0=—(g;—q,)=0,5;=0=—(g; — g,)=0and
aL
?—0:—(%—%):0 21

(17) + (18) + (19) +
obtain,

(20) and from the equation (21) we

ql:qﬂzq =q4 =

2[(21,4, 1 715d; 7l +2 ‘1 )+ 2s,d,+ 75,0, +7550; 125,40+ (20,0 17 p.a; +7Pg a0y 120,40+
(2o, dy+72,,d; +72, dy +2 (28ydy+Tindy +Tigdy +20,0,)4+(2m b, $7mpd, $7mgd, +2m,d,)+

(25,

(2(f.41

Ji+7, g +7:,’1€+ 5 }+ B HTT 0 +T1 0 421, 4, ) H(2Ry 0, + TR, + Thad, #2044+

T (fr i)y +T (b I My 20,4, )1’) (e +ioy )0, +7 (s, +L)d, +7-;:“+‘:5)4¢+:-;:,,°+i:‘)1’._}]

2wy 08, T (wa L )E, +T0wg L )8+ 20w+ a4

:er;rg-L 1478 g dp+TeEg O A3 28 B ;;}
ap

2hg, +The, +The 2R,

Numerical Example

D = 4000; k, = 250; L = 2000000; S =1000; P=10000 C,
=5000; F = 4000; L = 4000; | =5000; M =9000; F, =70,000;
5, =400000; ¢,=1000; H = 5000; W =1000; t, = 500km; E,
=35; 4, =150 km/hr

Solution

Crisp sense

q=8985.529
Total inventory cost (T,) = 2,246,382.277

Fuzzy sense

D = (3900, 3950, 4050, 4100); k. = (230,240,260,270); [ =
(1999900, 1999950, 2000050, 2000100); §§ = (900, 950,
1050,1100); B=(9800, 9900, 10100, 10200) . = (4900, 4950,
5050, 5100); £ = (3900, 3950, 4050, 4100); L_ = (3900, 3950,
4050, 4100);7 [=(4900,4950, 5050, 5100); # =(8900, 8950, 9050,
9100); £~ =(69900, 69950,70050, 70100); 5,=(399900, 399950,
400050 400100) =(900, 950, 1050, 1100) = (4900, 4950,
5050, 5100); W (900 950, 1050, 1100); t,, = (480, 490, 510,
520); £, =(33, 34, 36, 37); 4, =(140, 145, 155, 160) km/hr

@* = 8985.557

Fuzzy total inventory cost f‘;= {2123494.271,2187060.508,
2305713.14, 2365052.891}

BT = 2245917.187

Conclusion

Rice cultivation could turn profitable in just a short period
of time with the right field management techniques and
irrigation system. Paddy output has substantially grown,
although the yield is still lower than that of all other crops.
Farmers are achieving more growth in the future by utilising
modern technologies like soil and seed testing. Future
generations must protect our agriculture, and we must
adopt modern technology that is environmentally friendly.
Here, the fuzzy parameters are represented by trapezoidal
fuzzy numbers, and by using the beta distribution approach
to defuzzify the parameters, the fuzzy inventory model
provides farmers with the optimal solution while also
assisting in environmental preservation. A numerical
comparison of crisp and fuzzy sensations was carried out.
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