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Abstract. Potassium is a crucial nutrient required for maintaining the health of a plant. It increases the resistance
power of the plant against the diseases. Apart from this potassium plays important role in various other physical and
physiological functions involved in the growth of a plant. Uptake of potassium by the root of crop plant depends
upon its availability in the rhizosphere of the root. The potassium dynamics in the soil is not well understood
till date. In this paper an attempt has been made to study the potassium dynamics in the rhizosphere of the root
of wheat crop in the presence and absence of bio-physical source. A finite element model is proposed for a two
dimensional unsteady state case. A bio-physical source consisting of rock powder and yeast torulaspora globosa is
assumed to be present in the soil. The rock powder contains insoluble potassium which is converted into soluble
form of potassium by yeast torulaspora globosa. The model incorporates the term water flux, diffusion coefficient,
soil porosity, soil buffer power, uptake coefficient of root etc. The results have been computed using MATLAB.
The numerical results have been used to analyze the impact of bio-physical source on the potassium dynamics
in the rhizosphere of a root of wheat. The presence of bio-fertilizer leads to significant changes in potassium
concentration in the rhizosphere of the wheat root and therefore the bio-physical source consisting of rock powder
and yeast torulaspora globosa is recommended as a bio-fertilizer for maintenance of health and growth of wheat
crop.
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1. Introduction

The economy of the several countries of the world is largely based on agriculture. The success
of agriculture depends on the proper nutrition and health care of plants. The various factors like
the fertility of soil, types of soil, environment, availability of water and crop genotype etc. plays
a significant role in the growth of the plants and yield of a crop. The roots of the plant uptake
nutrients which may be available in the soil by natural or artificial sources. The three most
essential nutrients are nitrogen (N), phosphorus (P) and potassium (K). The inadequate amount
of these nutrients in the soil are detrimental to the health of the plant and cause reduction in the
yield of the crop [6, 9, 10, 16]. Due to repeated agriculture practices the nutrients are depleted
there by making the soil infertile. The chemical fertilizers are being used widely as sources of
nutrients for growth and development of crops in order to get better yield in terms of quantity.
But these chemical fertilizers have adverse effect on the quality of the crop which in turn is
detrimental to the health of the human beings and animals consuming these crops [3, 16, 42].
Therefore efforts have been made by research workers to explore natural biological resources
and natural processes to enrich the soil with the nutrients.

The rhizosphere contains many micro organisms which serve as natural biological source
for supply of various nutrients in the rhizosphere and are known as plant growth promoting
rhizobacteria (PGPR) [8, 36]. These micro organisms influence the health and productivity
of plants by a variety of mechanisms like nutrient supplementation, root growth, stimulation,
suppression of root diseases etc. They also act as the agents of bio-chemical changes in soil
and repository of plant nutrients [17, 41]. The use of PGPR as bio fertilizers is one of the
desirable solutions to improve the availability of nutrients in the soil, growth and health care of
plants and crops. Also, the yield of the plants by using bio fertilizers is free from side effects of
chemical fertilizers and hence beneficial for human beings and animals consuming these crops
[5, 11, 19, 29, 40]. The present study is focused on potassium dynamics in the rhizosphere of
root of wheat crop involving bio-fertilizers.

Potassium solubilising bacteria are able to solubilise potassium mineral powder such as mi-
cas, illite and orthoclases and increases K availability in soils and mineral content in plants.

Integrated application of potassium rock with bacteria provides a faster and more continuous
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supply of K for growth of crops [1, 15, 30, 34]. Some potassium solubilising micro organisms
are Bacillus, mucilaginosus, Acidothiobacillicus, ferro oxidans, B. Edaplicus, B. Megaterium
etc. [18]. Wheat crop has proved to have a higher agronomic K efficiency. Better growth and
yield of wheat crop has been observed with the addition of K. Wheat yield increased upto 30%
with Azobacter inoculation and upto 43% with Bacillus inoculants [13, 20, 24].

Potassium is one of the three essential nutrients for proper crop growth which plant up-
takes in K+ ion form. It is an extremely dynamic ion in plant and soil system. It is involved
in enzyme activation, protein synthesis, photosynthesis and assimilation transport. Potassium
plays an important role in growth, metabolism, osmoregulation, energy transfer, phloem trans-
port, cation-anion balance, controls stomata opening, food formation, carbohydrate metabolism
breakdown, translocation of starch, increases disease and stress resistance and development of
plants. Potassium increases drought resistance and aids in reducing plant water loss. Under un-
favourable environmental conditions like drought, salinity this nutrient plays a vital role. Potas-
sium is absorbed by plants in large amount than any other mineral elements. The availability of
soil potassium level drops due to rapid agriculture development without replenishment of potas-
sium [12, 23, 32, 35, 36, 37]. The form of potassium present in soil are water soluble (solution
K), exchangeable, non-exchangeable and structural/ mineral forms. Plants uptake potassium in
water-soluble and exchangeable form [4, 21, 39].

Without adequate potassium, the plant shows poor development, slow growth, produce small
seeds and poor yield. Deficiency of K in crop shows scorching in leaf margin, reduction in
number of leaves produced and the size of individual leaves also reduces. Deficiency in plant
available potassium is a major limiting factor for food production in agricultural soils [35, 38].
K deficiencies become a problem because K decreases easily in soils. Potassium concentration
in the soil decreases rapidly within one day in the rhizosphere of crops [12]. Quality of crop
can be increased by increasing potassium supply. Potassium removal through the crops should
be replenished with balanced and adequate K fertilization [22, 31].

In 1970 Nye-Tinker-Barber developed a model for nutrient uptake by a single cylindrical
root in an infinite extent of the soil. In this model they neglected the effect of root hair, root

exudates, microbial activities etc. Roose et al. extended this classical model of nutrient uptake
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by the root of a plant. They provided an explicit closed formula for the uptake and effects of root
branching and growth [26]. Roose et al. developed a mathematical model to estimate the rate of
nutrient uptake by a plant root system in variable soil moisture conditions [27]. Comerford et al.
developed a soil supply and nutrient demand (SSAND) model. This model was a steady state,
mechanistic nutrient uptake simulation model based on mass flow and diffusion coefficient of
nutrients to the roots [7]. Simunek et al. presented a compensated root water and nutrient uptake
model and implemented the model in HYDRUS [33]. Leitner et al. developed a mathematical
model of nutrient transport and uptake in the root hair zone of single root growing in soil or
solution culture. They derived effective equations for the cumulative effect of root hair surfaces
on uptake using the method of homogenization [14]. Zygalakis et al. developed a mathematical
model for the nutrient transport and uptake in the root hair zone of a single root in the soil and
using homogenization techniques they derived a macroscopic dual porosity model for nutrient
diffusion and reaction in the soil which includes the effect of all root hair surfaces [42]. Badge
et al. proposed a finite element model to study the effect of water flux on nitrate dynamics in
the rhizosphere of a maize root [2]. From the literature survey it is observed that no model is
reported for the study of bio-physical source on the dynamics of nutrients especially potassium
in the rhizosphere of the root of a crop.

In this paper a model is proposed to study the potassium dynamics in the rhizosphere of the
root of a wheat crop involving bio-physical source of potassium by incorporating the important
parameters like water flux, diffusion coefficient, soil porosity, soil buffer power, uptake coeffi-
cient of root etc. The effect of biological source rock powder with yeast torulaspora globosa on
potassium dynamics in the rhizosphere of the root of the wheat crop has been analysed. The

mathematical model is presented in the next section.

2. Mathematical Formulation

To study the dynamics of potassium in the rhizosphere of wheat root, the nutrient uptake

model given by Roose et al. [26] is employed which is given below
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(1) (¢ +b)%+v.(uc) = V.(D§Ve)

where ¢ is the soil porosity.

When soil is saturated ¢ is equivalent to water content in the soil. b is the soil buffer power,
D is the diffusion coefficient of nutrient in the soil. The diffusion coefficient in the soil is equal
to the diffusion coefficient in free liquid (D) times a tortuosity factor (f) i.e. D = Drf. cis
the nutrient concentration in the soil, ¢ is the time taken and u is the darcy water flux in the soil

which is given by

) U= ——

where a is the radius of the root, V is the water flux into the root and r is the radial distance.

By the law of mass conservation of water

3) Vu=0

Using Eq. (3) in Eq. (1), Eq. (1) becomes

de

) (0+0)5,

+u.Ve=V.(D¢Vc)

On substituting u from Eq. (2) in Eq. (4), Eq. (4) becomes

(5) (¢ +b)% - ch = V.(DYVc)

A bio-physical source of potassium is assumed to be present in the rhizosphere of the root.

Thus incorporating the source S due to bio-fertilizer in Eq. (5) we get

©) (¢ +b)%—@vc:v.(p¢w>+s
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In this study root is assumed to be cylindrical in shape. Thus Eq. (6) in polar coordinates is

given by

dc aV (dc 1dc 10 dc 1 d%¢ )

Here 0 represents the angle and r is the radial distance from the surface of the root.
It is the tendency of the root to uptake water and nutrients due to requirement for growth of
the plant hence the boundary condition at the surface of the root is represented in the form of

enzyme kinetic equation given by Michaelis-Menten and is given by Roose et al. [26]

V
LXC_E at F] i.e. r=a, OSQSZTC, t>0

dc
0 K, +c

®) D¢

—c(n.u) =

where I'| represents the surface boundary of the root, 7 is the unit normal vector perpendicular
to the surface of the root, V,,,, is the maximum flux of nutrient, K, is the Michaelis constant, a
is the radius of the root and E is Efflux of nutrient when there is no influx of nutrient in the root

of plant which is given by

9) E— VinaxCmin
K + cmin

where ¢, 1s the minimum concentration when there is no nutrient uptake by the root.

Far Field boundary condition is taken as [26]

(10) Dcp?

—c(nu)=0 a T, ie r—o, 0<60<27m, >0
n

A uniform initial concentration of nutrient is taken throughout the domain Q of the model

and is given by

(11 c=cy when t=0, a<r<oe and 0<0<2rm

where ¢ is the initial concentration of potassium nutrient
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Far field Boundary

° Surface of the root
b

FIGURE 1. Region of the K dynamics

The region of the study  is shown in Fig.1 which is enclosed by root surface boundary I'y

and far field boundary I,

Following scaling of parameters are used to make model non-dimensional [26]

L_a(9+D)

(12) oD

T, r=aR, 0=27n¥Y and c=K,C

The non-dimensional form of Eq. (7) is given by

(13)
dC P, dC P, 0C 14 (R8C> 1 d <8C

or ) T a2 9w alp>+" in- Q=[Le)x[0.1], 0<T<

where 1 is the non-dimensional rate of providing potassium from the source into the rhizo-
sphere and P, is the peclet number.

Boundary and initial conditions (8), (10) and (11) in non-dimensional form are given by

aC AC .
(14) %—i—nPeC:H_—C—S at F] l.e. Rzl, OS‘PSl, T>0
dC P,
(15) T 4nC=0 at Ty ie. R—ow, 0<W<I1, T>0

on R
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(16) C=Co when T=0, 1<R<o and 0<¥<I1
where
(17) Pe = ay A= Vinax@ €= _Ea_ C. = ‘o and M= Sa’
oD’ DK, ¢’ DK,¢' 7 K, K, 0D

P, is the Peclet number, A is the uptake parameter, € is the parameter showing the minimum
concentration of nutrient in the soil when there is no uptake of nutrients by the root and C. is
the dimensionless nutrient far-field concentration. Here 1 is a non-dimensional parameter for
the source of bio-fertilizer.

R-1

The transformation § = %% is employed to transform the model from domain [1,0) x [0, 1]

into [0,1) x [0,1]. Egs. (13), (14), (15) and (16) are given by

J aC 1 J9*c _acC P, oC
—((1-&)=% |+ 3 st Pt s 5
d& d& 47%2(1—-&) oW &  2m(1-&) 0¥
1 ac 1
(18) ——m=—+——=1=0 in Q=[0,1)x][0,1], 0<T <
(1=8)3aT  (1-¢)°
aC AC
(19) %—l—nPeC:H_—C—s at 1’y i.e. §:0, OS"PSL T>0
aC .
(20) a—+nPe(1—§)C:O at T ie. £E—1, 0<¥<1, T>0
n
(21) C=Co when T=0, 0<E<1 and 0<¥<I1
Since HLC is less than or equal to lf‘ao, hence in order to linearize Eq. (19) upper bound of
c

Ti¢ 1s taken which makes Eq. (22) as given below

aC ACos
¢ L nPC=
3n+n ¢ 1+C-

(22) —¢ Qe £E=0, 0<W¥W<1, T>0
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3. Solution Strategy

Test function w(X, ¥, T) is taken for the weak formulation of the Eq. (18) which is given as

1 1 a 8C 1 aZC aC
/0 /0 e ¥ T)5e ((1_5)E) T gow Trege T
P,

aC 1 dC 1 3n]d§d‘P:O

(23) m(1-8)a% (1-&PaT ' (1_¢f

Using the condition of orthogonality between test function and trial function, Eq. (23) is

expressed as

o oC\> 1 JC\* , 9C P _oC

[ he-o(5%) +mn—g (5) 2<% w05
2

(1—16)3 < _n(l_lé)Sc]dédw+/rlcg—idr+ c(1-8) % ar=o

T, an
The domain Q is discretized into eighty elements and ninety six nodes ( & is discretized as 0,

0.2,0.4, 0.6, 0.8 and 1) which is shown in Fig.2

24) +

FIGURE 2. Finite Element discretization of the rhizosphere of a wheat root.

Discretized form of Eq. (24) is given by
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& ¥ octe) 2 1 octe) 2 oce)
(€ _ _ _pcle
! /,. [pi A 5)< P ) tamaog |\ ow | RO e

P acte) 1 9(Cl))? 1
— ¢ (e) _ (e)
m(1-8° ov -8 ar  Ta_epC ldsd¥
(e) (e)
(25) @ gy [ (1-&) o r—o
I, on I on

The following bilinear shape function for concentration variation of nutrient within each

element is taken as

@ €O AP A g A A
27) C(e) — STA(e)
where
(28) STz[l g ‘Pgw}
and
(29) AT = [ A9 AL 40 Al ]

(30) C') = §le)4()
where
o
. C;
(31) =
Ck
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and

(32) §le) =

From the Eq.(30), we have

(33) Al — gt

where

Substituting Al from Eq. (33) in Eq. (27), we get

(34) cl) = §' e

11

The integrals / (e) given in expression Eq. (25) are evaluated using Eq. (34) and assembled to

obtain
(35) 19 =19+ 89+ 10 + 19 + 10+ 10 + 1 41
where
2
& Y aC(e)
() _ / / / _
6 1 _ 1 — | d&d¥
1 & /% 1 octe ’

(e _ L [ [ i

37) b —47:2/,. /w (1-¢) ( 9‘1’) e

& ¥ oc'e
() _ / / / (e)
38 I’ =-P C décd¥
(58) 3 & JY; aé é
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<e>:_&/§’/q’k I o09CY
(39) 1 ar )y ToECY Gy dedY
2
40 o 51 8<C(8)> dEdY
0 : _/i /Pi (l_é)3 aT
Si Yk 1
(¢) __/ (e)
41 1 = C©) dEaw
(41) 6 e n(1_§)3 3
(42) 19— [ @€ 4r
Ty on
43) 1 = / ¢ (1 &2 yr
8 dn

The boundary conditions Eq. (20) and Eq. (22) are applied on the Eq. (43) and Eq. (42)
respectively.

Extremizing the integral I w.r.t. each nodal potassium concentration as given below

I 80 . I(e) . T
(44) AN of 7 Gl 7 S
dc e=1 af(e)
where
[ 0O 0 0 O ]
o _ ‘ )
&)
1 0 0 O
s 80
. 0O 1 0 O _
(45) M = and C=| _— and 1=Y I1©
0O 0 1 O e=1
0O 0 0 1
- | Cos |
0O 0 0 O
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1 ar’ .\ arl” . arl? all® a1l arl® ar® arl?

(46) T~ ~ ~\€ ~\€ ~\€ ~\€ ~\€ ~\€ ~\e
e R = =P R P R R P = O =)

This leads to a following system of linear differential equations

dcC _
47) [Eo6x96 [d_T] o 1‘1‘ [Flogxos [ € Jogy1 = [Glogxi

Where E, F are the system matrices and G is the system vector.
Crank-Nicolson method is employed along the temporal scale to solve the system of Eq.
(47). The time step is taken as 0.01. A program is developed in MATLAB 8.3.0.532 to find a

numerical solution of the entire model.
4. Results and Discussion

The numerical results are obtained by using the following parameter values of potassium

nutrient for wheat crop which are given in Table 1 and Table 2.

TABLE 1. Dimensional Root Parameters Value for Wheat Crop [28].

Parameter Value Unit
a 0.02 cm
Vinax 373 x 107 umol cm™? s~}
Ko 1.0 x 1072 w mol cm™3
1% 38.05 x 1077 cm s~ !
Comin 1.05 x 1073 w mol cm™3

The study is made for the following three cases
Case (i): Medium is only soil

Case (i1): Soil medium + Rock powder



14 RATNAMALA BADGE, NEERU ADLAKHA

TABLE 2. Dimensional Soil Parameters Value [28].

Parameter Value Unit
o 0.092 w mol cm™3
0.3 -
16.1 -
Dy 1.98 x 1077 cm? 57!
f 0.12 -

Case (ii1): Soil medium + Rock powder + Yeast torulaspora globosa

It is assumed that the rock powder and the yeast is uniformly distributed in the whole rhizo-
sphere of the root. Thus this implies that the source in the form of rock powder or bio-fertilizer
compost of rock powder and yeast is constant throughout the whole rhizosphere. The data of
rock powder and bio-fertilizer has been taken from the experimental work of Rosa-Magri et al.

and is presented in Table 3.

TABLE 3. Rate of release of K for (i) soil medium with rock powder (ii) soil

medium with rock powder and yeast torulaspora globosa [25]

Time (days) Case(ii) Case(iii)

3 0.01 0.16667
6 0.00167  0.12167
9 0.00333  0.08889
12 0.00333  0.07167
15 0.00467  0.05867

The concentration of potassium in micromole per cubic centimetre in the rhizosphere of a
wheat root on the 3rd, 6th, 9th, 12th and 15th day is shown respectively in the Figures 3, 4, 5,
6 and 7. The dynamics of potassium in the rhizosphere of a wheat root in the absence of rock
powder and yeast torulaspora globosa is shown respectively in the Fig. 3(a), 4(a), 5(a), 6(a)

and 7(a). The dynamics of potassium in the rhizosphere of wheat root in the presence of rock
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3(a) Conc. of K on 3rd day in absence of

rock powder and yeast

4(a) Conc. of K on 6th day in ahsence of

Conc. of K in micremolicu.cm.

rock powder and yeast

5¢a) Conc. of K on 9th day in absence of
rock powder and yeast

0.092
0.09

0.088
0.086
0.084
0.082
0.08

0.078
0.076
0.074
0.072

0.09

0.085

0.08

0.075

0.07

Conc. of K in micromolicu.cm.

3(h) Conc. of K on 3rd day in presence of
rock powder and absence of yeast

Conc. of K in micromolicu.cm.

4(b) Conc. of K on 6th day in presence of
rock powder and absence of yeast

Conc. of K in micromolicu.cm.

5(h) Conc. of K on 9th day in presence of
rock powder and ahsence of yeast

0.088

0.086

0.084

0.082

0.092
0.09

0.088
0.086
0.084
0.082
0.08

0.078
0.076
0.074

0.092
0.09

0.088
0.086
0.084
0.082
0.08

0.078
0.076
0.074
0.072

Conc. of K in micromolicu.cm.

3{c) Conc. of K on 3rd day in presence ol

rock powder and yeast

Conc. of K in micromolicu.cm.

4fc) Conc. of Kon 6th day in presence of
rock powder and yeast

Conc. of K in micromolicu.cm.

5(c) Cone. of K on 9th day in presence of
rock powder and yeast

0.122

0.12

0.118

0.116

0.114

0.112

0.11

0.108

0.106

0.136
0.134
0.132
0.13

0.128
0.126
0.124
0.122
0.12

0.118

0.14

0.138
0.136
0.134
0.132
0.13

0.128
0.126
0.124
0.122
0.12

15
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0.09
0.14
0.085
0085 0.135
0.08

0.13

Conc. of K in micromolicu.cm.

0.075

Conc. of K in micromolicu.cm.
Conc. of K in micromolicu.cm.

0.075
0.125

0.07
0.07

6(a) Conc. of K on 12th day in absence of 6(b) Conc. of K on 12th day in presence of 6fc) Conc. of K on 12th day in presence of
rock powder and yeast rock powder and ahsence of yeast rock powder and yeast

0.09 0.095

0.085 kit

0.08 0.085

0.075 ;9.

Conc. of K in micromolicu.cm.

Conc. of K in micromolicu.cm.
Conc. of K in micromolicu.cm.

0.07 0.075

0.07

7(a) Conc. of i on 15th day in absence of 7(h) Cone. of K on 15th day in presence of 7fc) Cone. of K on 15th day in presence of
rock powder and yeast rock powder and ahsence of yeast rock powder and yeast

powder and in the absence of yeast torulaspora globosa is shown respectively in the Fig. 3(b),
4(b), 5(b), 6(b) and 7(b). The dynamics of potassium in the rhizosphere of a wheat root in the
presence of rock powder and yeast torulaspora globosa is shown respectively in the Fig. 3(c),
4(c), 5(c), 6(c) and 7(c). It is observed in Fig. 3(a), 4(a), 5(a), 6(a) and 7(a) that in the absence
of rock powder and yeast the concentration of potassium decreases in the rhizosphere with the
passage of time. This is due to the fact that as there is no source present in the rhizosphere for re-
lease of potassium, the available quantity of potassium in the rhizosphere is being depleted due
to the uptake of potassium by the root leading to the fall in the concentration of potassium in the
rhizosphere of the root. Comparing Fig. 3(b), 4(b), 5(b), 6(b) and 7(b) with the Fig. 3(a), 4(a),

5(a), 6(a) and 7(a) it is observed that the concentration of potassium is higher in Fig. 3(b), 4(b),
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5(b), 6(b) and 7(b) as compared to that in Fig. 3(a), 4(a), 5(a), 6(a) and 7(a). Also the fall in the
concentration of potassium in the rhizosphere with the passage of time for case (1) [Fig. 3(a),
4(a), 5(a), 6(a) and 7(a)] is more as compared to that for case (ii) [Fig. 3(b), 4(b), 5(b), 6(b) and
7(b)]. This is because in case (ii) the presence of rock powder acts as a source and supplements
the potassium concentration with the passage of time. Further on comparing figures of case (ii)
[Fig. 3(b), 4(b), 5(b), 6(b) and 7(b)] with figures of case (ii1) [Fig. 3(c), 4(c), 5(c), 6(c) and 7(c)]
it is observed that the potassium concentration for case (iii) is higher than that to case (ii). Also
the fall in the concentration of potassium in rhizosphere of root with the passage of time in case
(i11) is lower than that in case (ii). This is due to the fact that the presence of yeast along with
the rock powder accelerates the release of potassium from rock powder in the rhizosphere of

the root thereby supplementing more potassium than that for case (ii) in which yeast was absent.

o
[~}

o

o
@

o
=

o

Conc. of K in micromole
Conc. of K in micromole
o
=)
=
=}

0.06
1

o
o
—@

8fc)Conc. of K in presence ol
rock powder and yeast

8(b) Conc. of K in presence of
rock powder and absence of yeast

8(a)Conc. of K in absence of
rock powder and yeast

Figure 8 shows the concentration of potassium in micromole per cubic centimetre with re-
spect to time in days and on the non-dimensional radial distance from the surface of the root
for three cases (a) soil medium, (b) soil medium with rock powder and in absence of yeast (c)
soil medium with rock powder and yeast torulaspora globosa. In Fig. 8(a) it is observed that
the concentration is maximum at the point far away from the root and decreases in the region
as we move towards the surface of the root where it is minimum. This is due to the fact that the
root uptakes the potassium around it thereby reducing the potassium concentration in the region

near the surface of the root. Further it is observed in Fig. 8(a) the potassium concentration in
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the rhizosphere of the root decreases with the passage of time. This is due to the fact that the
potassium concentration is depleted with the passage of time due to its continuous uptake by
the root. Similar behaviour of potassium concentration with respect to the position and time
is also observed in Fig. 8(b). Comparing Fig. 8(b) with 8(a) it is observed that the fall in
concentration with respect to position and time both in Fig. 8(a) is more as compared to that
in Fig. 8(b). This is due to the fact that the presence of rock powder in the rhizosphere of root
in case(il) supplements with additional potassium concentration released from the rock powder
thereby decreasing the fall in potassium concentration due to its depletion caused by its uptake
by the root as compared to that in case (i) as there is no source present in case (i). In Fig. 8(c)
it is observed that the potassium concentration increases sharply from 3rd day to 9th day and
then gradually it increases further upto the 12th day and after that it falls slightly upto 15th
day. This is due to the fact that between 3rd to 9th day sufficient rock powder is available in
the rhizosphere from which the yeast is converting insoluble potassium into soluble potassium
at a rate quite higher than the rate of uptake of potassium by the root. As the time passes the
available rock powder depletes due to its conversion into soluble potassium by the yeast and
therefore the rate of release of potassium by the yeast decreases due to decrease of quantity of
rock powder in the soil. This implies that as the time passes further after 15 days a time will be

reached when no rock powder will be left and the soil will be devoid of the source.
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Figure 9 shows the difference in concentration of potassium in micromole per cubic cen-
timetre between case (i) and case (ii) and between case (i) and case (iii) with respect to non-
dimensional radial distance in the rhizosphere of the wheat root. Initially the concentration of
potassium is same in all the three cases. The difference in concentration of potassium is large
when yeast is added in the soil medium with rock powder. When the soil is having only rock
powder the difference in concentration of potassium with the soil medium is very small. The
reason for large difference in concentration difference of K, when yeast is added with the rock
powder in soil is that yeast helps in releasing potassium from insoluble potassium present in
rock powder into soluble potassium in the soil due to which concentration of soluble potassium
increases in the rhizosphere. As time elapses the difference in concentration between absence

of any source and in presence of bio fertilizer increases.

TABLE 4. Percentage change in potassium concentration between the case (i)

and case (ii).

Radial Distance =~ Day 3 Day 6 Day 9 Day 12 Day 15
0 250511  0.869266 2.699112  3.70648  6.651197
0.2 2431438 0.842727  2.614021 3.586387 6.430616
0.4 2.342593  0.810791  2.511832  3.442422  6.16661
0.6 2.22834 0.769816  2.381016  3.258509  5.829961
0.8 2.061619 0.710123  2.190826  2.991637 5.342322
0.9999 1.988269 0.662789  1.988333 2.651154 4.639474

In Table 4 a small percentage of change in potassium concentration is observed with the
passage of time in the rhizosphere between case (i) and case (ii). In Table 4 the percentage
change decreases on 6th day and again increases on 9th day onwards upto 15th day. This is
due to the fact that initially there is some amount of soluble potassium in the rhizosphere and
the potassium in rock powder is in insoluble form and it takes some time to convert this rock
powder into soluble form of potassium by the rhizosphere of root and then continuously soluble
form of potassium is being released from 9th day onwards. Also the percentage change in

potassium after 9th day increases due to increase in difference of concentration of potassium
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TABLE 5. Percentage change in potassium concentration between the case (i)

and case (iii).

Radial Distance =~ Day 3 Day 6 Day 9 Day 12 Day 15
0 4175185 63.45652 719764  79.68939 83.61502
0.2 40.52397 61.51918  69.7073  77.10738  80.84199
0.4 39.04323  59.18783  66.98225 74.01214  77.52307
0.6 37.13901  56.19663 63.49383 70.058 73.29091
0.8 3436032  51.83906  58.42209 64.32025 67.16059
0.9999 33.13782  48.38357  53.02222 56.99981 58.32481

in case (i) and case(ii) as the potassium depletion due to uptake by root in case (i) increase
the difference gap of potassium concentration between case (i) and case (ii). The percentage
change in potassium concentration as shown in Table 5 is in between 33-83%. In table 5 the
percentage change in potassium concentration is 13-20 times of that in Table 4. This implies
that the presence of yeast accelerates the release of soluble potassium from the rock powder
thereby causing a significant change in potassium concentration level in the rhizosphere of the
root. Thus the bio-fertilizer enhances the availability of potassium in the soil quite significantly

which is useful for the health anf growth of the plant.

5. Conclusion

A two dimensional finite element model is proposed and employed to study potassium dy-
namics in the rhizosphere of a wheat root for unsteady state case in the presence and absence
of physical and bio-physical sources of potassium in the rhizosphere. From the results it is
concluded that the presence of rock powder in absence of yeast slows down the depletion of
potassium in the rhizosphere due to uptake by the root and helps in maintenance of potassium
concentration level in the rhizosphere of the root. It also can be concluded that bio-fertilizer as
a bio-physical source present in the soil not only retards the depletion of potassium in the rhizo-
sphere due to uptake by the root but also provides high availability of potassium concentration

in the rhizosphere of a wheat root. This good amount of potassium availability is very useful
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for maintenance of health and growth of a plant. Further this bio-fertilizer do not have any
harmful effect on the crop and animals and humans who consume this crop. The finite element
approach has proved to be quite versatile in the present study as it was possible to incorporate
the variations in the parameters in the model. Such models can be developed further to explore
the impact of other bio-fertilizers or bio-physical sources on concentration of potassium and
other nutrients in the soil. On the basis of the present study the presence of bio-physical source
consisting of rock powder and yeast is recommended as bio-fertilizer for wheat crop. In all it is

a new research progress direction in the field of agriculture sciences and mathematical biology.
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