IASET: Journal of Applied Mathematics & A International Academy of Science,

Statistical Sciences (IASET: JAMSS) 4
ISSN(P): Applied; ISSN(E): Applied Engineering and Technology

Vol. 1, | 1, Jan - Jun 2016; 43-48 Connecting Researchers; Nurturing Innovations
©0|ASE_IS_SU8 an un IASET
MATHEMATICAL ESTIMATION OF PLANT POPULATION
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ABSTRACT

The yield rate of a cropping area depends on theisg of plants because adequate number of plamocly
support to enhance the rate of production. The mamber of plants uses more amount of water thraragtspiration for
which crop failure is a common phenomenon in rad &reas. The area under study is a rectangularwtiich is
partitioned into finite number of circular seed bed same sizes. The lost regions formed onitteecf the circular seed
beds are asteroids of same sizes. The non linegragnming problem is formulated to decide the optimnumber of
plants for different types of crops. Lagrange’s moettis used to solve the formulated optimizatioobpem. Though the
minimum numbers of plants are estimated, stéhth is accepted because of more plant spacinghad@n produce more
individual rate of production of each plant. Figathe numbers of plants estimated and number aftplabserved for
different crops are compared to decide the bettategly which can enhance the rate of productichowit the effect of

associated crop parameters like pattern of landuneeand seed quality respectively.
KEYWORDS: Asteroids, Lagrange’'s Method, Circular Seed Beekditin Bordered Matrix
INTRODUCTION

The economic development of a locality dependshennit return from its agricultural productivitid® ensure
high yield rate, the proper care of unavoidablepeters such as manure, water availability, lapd,tyuality of seed and
plant spacing are essential to boost the prodtigtofi the farming community. Among all factors plapacing plays a
vital role to enhance the rate of production. Viedd rate of a cropland depends on the populatioplants. Under low
plant population though yield of individual plamicreases due to large spacing among plants, theaswmnt of yield
decreases due to availability of less number dafitgland vice versa. The yield rate per plant gases up to certain level
of population. This optimum number of plants capprt the decision maker to enhance the level oflpection without
the effect of the associated crop parameters. i¢reasing number of plant population in the raith deeas can consume
even more amount of water through transpiratiora @snsequence crop failure is a seasonal treretefidre number of
plants should be less than average for the rairtfegping areas. Estimation of accurate numbedanitp for a cropping

area is a measure parameter for increasing thegnieultural of production.
STUDY OF LITERATURE

The yield rate of a crop land is associated wittessl numbers of inputs. Among all factors the pitn number
of plant population can support the decision maenhance the rate of production without affectieg parameters. The
accurate estimation of plant population can prdjeetoutput of the cropping area. Several authorked to estimate the
optimum number of plants of a cropping area sucfGa&€ Adebooye etl. 2006) used non linear programyplant
population model to estimate the number of plafite model was consisting of rectangular seed badarfalysing the

outcomes of the crop model. The generated optiroaitien was compared with the observed number aintsl

www.iaset.us edit@iaset.us



44 Banshidhar Panda

(Raouf Seyed etl 2009) introduced factorial experitron maize hybrids to estimate the number oftplatnich was based
on randomized complete block design. Further it aalysed by(H. Rasekh etl. 2010) to know ftifiece of planting

pattern and plant density on physiological charéties and yield rate by using randomized compldtek design for
three successive replications. They showed sqplarging has higher rate of return than rectangpktern. In real
situation the nature of each crop land is not sgjtige. As a consequence above analysed methadsimiating the plant

population cannot be accepted for optimizing thereirn from agriculture sources.
MATERIALS AND METHODS
The plant population of a cropping area can bamedéid by partitioning the crop land into circulaeas called

seed bed of constant radius. The plant populaB@) is represented as

Pp=""7 (1)

m* a?

Wherelength isL and breadth isB of the crop land. Let be the radius of each partitioned circular shedi dred
‘N’ be the number of baby plants available in eadtulsir shed .Now the area of each circular seedibera? which is

fixed for the defined crop land.
Thereforema? =k,
In other words — ma? +k,;=0

There is a discrepancy between estimated plantlatigu using (1) and the observed plant populatidrich is
due to loss of plants in four adjacent neighbouigirgular seed beds. The region generated at tieesaction of four

neighbouring sheds structured is like an astefdié. polar form of representation of each astem®id i

x = b(cos8)® And y = b (sin6)3 where 0 < 6 <2r

The area of each asteroidi%ﬁ where 2b is length of diagonal of each astroid. since the seed beds of the

2
cropping area are equal, in the loss region tha af the generated asteroids are fixed .Thé%ﬁ:v =k, wherek, is area
of each asteroid. Since one asteroid is formeddiar numbers of seed beds, the totanber of asteroids estimated must

N
be —
4

3mbh® N 3nNb?
FZ L - ) (2

32

The amount of area left

2
Further the area of the residue region on the baynaf the crop land is consisting of semi asittﬂowvbsﬂ

2 2
Therefore the sum total residue area designeddntation —3”3’\';’ + 3"Nb8(L+B)

% B * 2 2
The total population (Pp) of planti—fa’zvf"gb + 3”Nb8(L+B) (3)

But the above population varies with respect toatision of seed bed and gap between the baby plmsaim

of the present problem is to optimize the plantyation subject to the fixed area constraint ofheaeed bed. The

L*BxN  3mNb? + 3nNb2%(L+B)

mathematical formulation of the non linear probismOptimize (Pp) =—+— 5
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Subject to

Constraints

The Lagrange’s functiqii ;) can be formed by using [4] as

3mwh?

Lf:Pp-ul(kl_T[ az)_uz(T _kZ)

L*B*N+37rNb2 + 3TNb?
x a? 32 8

=> 1= L+B) byl ad)n, (o k)

The necessary conditions for stationary pointsatained by using the following relations

% =—2x L;f;\/ +, * 2ma=0 4)

W e =0 ©

‘;%: — (ky-m a?) (6)
and az:f ="k, =0 7)

Solving equations (4), (5), (6) and (7) simultar&puthe stationary point is

LxB*N 1 L
a= \/% b = /83—’;2 U= P and My = (Z + L + B) .Where M, .M, are Lagrange’s multipliers used

to estimate the optimum value of the non lineagpronming problem. The generated stationary point bgaa maximum
or a minimum point of the objective function thatncbe tested using the Hessian Bordered matrix. Me@wHessian

Bordered matri>(HB) of the optimization problem is

— ag ag —
0 0 21 21
da ab
dg ag
0 0 22 72
da ob

dg, dg, L 9L
9a  da  9a®  dadb
ag, dg, L 9L
Lab ob  dbda b -

The value of théH , ) determinant is
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0 0 —2na 0
3mb
0 0 0 —
|Hg|= 6LBN N =2(ab?YVt > 0
B =2ma 0 2mp+— 0 =3ab®)m
3mh 3mNb 3nN(L+B ) | 3mu
0 = 0 6 T 4 tTi

Since value of Hessian Bordered matrix is positive

The stationary pointa, b) of the non linear programming problem is verifeegla minimum point of the objective

L*B  k
b K

function and the optimum number of number of estadaglantPp=] P
1

(4L + 4B +1 )* N.

Wherek is area of each uniform circular seed bed &nds the area of each asteroid of the cropland awish

in figure (1.1)

Result and discussion: Though several methods\aitable for seed bed cultivation, circular seed Eeuseful
for the farming community because the shortestaserfirea for making garden is more productive. $&éling process
also helps microorganisms and bacteria by fixingients for the plants.

The analysis of plant population as given in tableindicates mathematically estimated number afitslis more
than the traditional practice

Table 1.1: Comparative Analysis of Plant Populatiorby Physical Counting and Optimization Method

Inter Plant I:\Ihysit():al CfolljJIntirtIg _of . tMat?e(;nsticagy f
o umber of Plants in stimated Number o .
NS @ P Si%i?gl?n?h 75 Square Feet Crop| Plants in 75 Square EIFERENED Y9
Land Feet Crop Land
Marigold(Dwarf) 12X12 91 86 5
Dahlia(Small) 12X12 93 86 7
Salvia 15X15 64 55 14
Pumpkin 6X6 368 346 5
Petunia 12X12 92 86 6

CONCLUSIONS

Plant spacing plays a vital role in the field ofieglture. In the irrigated areas more number @inp$ can yield
more amounts of production without the involvemeiagricultural parameters but in the case of faghregions the more
number of plants wastes more water through traaspir which causes crop failure and drought. Theeethe plant
density determination is a minimized problem arg éstimated number of plants so determined canosue decision
maker to yield high return. For different crops thembers of estimated plants are not same. The aatiye analysis of

crop density indicates the number of plants esgohéty optimization method is less than the tradélanethod.
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APPENDICES

1.1 Circular Seed Bed Garden

Figure 1.1: The Circular Seeding Bed by Partitioniny
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