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Abstract

A mathematical model for energy generation in the cells of the leafs of a plant
was designed. These modeled equations were solved assuming that the sunlight
intensity is not constant. Our present result when compared with that of Mbah and
Ezeorah [1] showed that this result as presented is more realistic. It is also shown that
variation of the constant terms affect the level of carbohydrate produced. The effect of
the sunlight intensity is shown where excessively high sunlight is shown to produce less
carbohydrate which we interpreted to mean the deactivation of the enzymatic actions by
this high level of sunlight intensity. Particularly, we showed the effect of the term b,
which islikened to the case of diabetesin man.

1.0 Introduction

This study became necessary to us after having seenualedsthe energy generation in
the human cells, Mbah et al [1]. We understand that the plants andlsnindergo the same
process in the energy generation in the cells for the maintemdiée and activities of the cell.
While the animal cells and in particular, the human cells do not prddodesubstances but
rather depended on the food produced by plants, plants on its own produicesl ita the
presence of light energy from the sun, water, carbon dioxide frerait and the green colouring
matter of the leaf callechlorophyll by a process known as tplotosynthesis. One then wishes
to know how the cells of the leaf of a plant produce this and whatityu&mroduces per day
that are actually stored as a source of energy in othergdats plant for the animal world to
use in generating its own energy for life activities and sustenance.

From our knowledge of what a plant is like, we know that a ples#)(is made up of the
leafs, the trunk (stem, braches) and the roots. We equally knowldadtiga made up of the cells
and according to Weisz [2] and Guttmann and Hopkins [3]; a greerdegdins achloroplast
which contains the green colouring matter calleddierophyll. When we talk about energy
obtained by man from plant, we mean the energy stored indhe sunks and or roots in the
form of carbohydrates, proteins, vitamins etc as well as thosedsin the leafs, Weisz [2], in
addition to the energy subsequently generated by the leafs in genpeeof light energy from
the sun.

e-mail: gcembahl@yahoo.com
Telephone: 08034198454, 08057249727, 042314872

Journal of the Nigerian Association of Mathematical Physics Volume 14(May, 2009) 151 - 158
Energy generation in a plant G. C. E. Mbah J of NAMP



The variation in the amount of energy supplied by a plant is el of the variation in
the energy generation by the cells of the leaf which in masiscas a function of the sunlight
energy released and used during the photolytic process. In our eamtie we considered this
sunlight energy release as constant. Here, we are to assuntieetisainlight energyk, is not
constant all-through but varies with time and denotedd as\ + t. This is the basis for our
present study of the energy generated for storage in the roaisarstiebranches of a plant by the
cells of the leafs of a plant.

Thus, the determination of the storable energies in other parte gflant such as the
roots, stem and branches is a matter of determining the ngyenanufactured or trapped daily
from the sun by the leafs via the cells. Hence, if we carecibyrget the net energy that is
produced by a single cell which is meant for storage outsidealjshen we can get the entire
guantity for the plant by simply summing up over the entire celthe leaf and later over the
entire leafs of the plant. Hence, we need to talk about photosynthasls ivwolves the green
pigments of the leaf (Chlorophyll) located in the chloroplast ot#iks in the leaf, the molecule
of water (HO), the CQ in the air and finally the light energy. Detailed informatidyowat
photosynthesis can be found in any good biology textbook although we used [@ess
Guttmann and Hopkins [4]. At the end of the photosynthetic processnthpreducts are
Adenosine Triphosphate (ATP) and carbohydrate when chlorophgllused. There are other
forms of chlorophyll other than this and they are used for the produditiother food needs of
the cells. The light energy is trapped in the ATP formatiot this ATP is embedded in the
formed carbohydrate. Hence, storing manufactured carbohydrate stetimeand roots is the
same as storing the energy trapped from the sun light endrgy, [Et us determine the amount
of energy that is trapped daily by a given cell of the Ieag known that a given cell of a leaf
contains about 1 — 80 chloroplasts which are the sites for photosgnthesn Weisz [3] and
Guttmann and Hopkins [4], a given cell produces more energy (food) thaaquires
immediately. Some of these food or energy produced are used by Ithgsalé for its
maintenance of life and functioning of the cell. Some otherdheme stored in the cell itself
while the bulk of the produced food or energy are sent away frerodils to the stem and roots
for storage. At this place, they are kept away from circutasio that they will only be available
when required. In the absence of sunlight, some of this stored food/es@gywerted back to
carbohydrate to help supply energy to the cells in the stem, nodbteven the cells. It may be
necessary to state that in the cells conversion of the carbtég/gr@duced to Starch and other
polysaccharides, certain enzymes are involved. In fact, systeanzgimes is involved in this
process, Weisz [3]. We shall assume that the quantity ofraysf enzymes involved in this
process of conversion is determined by the quantity of energy tmshara excess of the
immediate cell requirement and thus for storage. We also knawittleabit of the enzymes are
destroyed in the process of this action, not necessarily by thehgalrates, but by the system
itself. Hence, we develop the model equation for the energy generation for stofafews.

2.0  The Model

In this model, it is known that in the presence of the enzymaeste® by X, the
carbohydrate or energy produced in excess will be stored in tine lstanches and roots. We
shall sum up all the stored energy whether in the cell or othex grad represent it y. Using
these therefore and our study of the work of Mbah [5] and Mbah [6]eoglticose/Insulin levels
in the human blood, we have the present model equations as:
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dE —(A+at)(t-f)

o ake ~aEX —ak (2.1)

X
C:j—t:blE—bZX (2.2)

whereay, ap, as, by, b, are constants to be determinad-t) is the factor associated with the
sunlight energy and is relatively smalE is the energy generated by the cXlis the system of
enzymes involved in the conversion process of the carbohydrate rch saad other
polysaccharideg, is the time whilet =1/2 day which is 12:00 hours. From this model, it is
assumed that the cell production of food/energy is at its peak atd@00on a 24 hours count
for a day. In this present work, we shall assume that k is notacrieroughout the day. Thus
we shall solve while assuming that enough carbohydrate is wls¢a@d in the cell such that in
further production of carbohydrates by the cells, none of it isduigtored in the leaf. If that is
the case, we shall writa,EX, asa,E X so that the equations become:

dE —(A+et)(t-t

o -aQe " -aEX -ak (23)
dx

—=bE-b,X 2.4
- =BE-D, (2.4

Equation (2.4) says that the presence of the carbohydrates @elthilticit the action of the enzymes
release and some how, the quantity of the enzymes involved in thegionyanocess is a function of the
quantity of the carbohydrate produced and the quantity of the enzyres witized by the system or
catalyzed along the line of the conversion. We know that in glang cell, some enzymes exists whose
function is related to the type of cell in question. So, in thes adlithe leaf, we have these catalyzing
enzymes although, more is recruited to the particular posititre cell once much more carbohydrate is
produced by the cell. In the absence of these enzymes, it is ntitadeonly very little quantity of the
carbohydrate will be stored and the bulk of it will be diggigaas heat energy during transpiration just
like the excretion of sugar in the urine of a diabetic patienttddack of insulin in the blood of the
patient, Mbah [6]. We can see that equation (2.3) is now linear unlike@y(at) above.

Based on all these, we shall solve these two equatidd)saiad (2.4) simultaneously by solving
for the complementary and particular solutions. The complementesygfaquations (2.3) and (2.4) are:

dE

o T aEX -aE (2.5)

dXx

whose complementary solutions are:

Ec _ 5 yt
(XJ _(ﬁje @0

From equations (2.5) and (2.6), we have the matrix coefficient of the compseyneqtiation as:

To (— Ch - aonj
2 &
whose eigen-vector is given as:
(— A’ - aonj
8 &Yy
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which is evaluated to g¢f+ (@3 +by)y +agh, +biasEy =0

- (@,+b) +{(a, +b )" - 4(ab, +baE,)} 2.8)
2

For the particular solution, this exists only for the equation (@) since the equations are solved
simultaneously, we have the solution as:

Ep _ A —(A+&)(t-1)
(Xp]_(BJe (2.9)

If we differentiate this equation (2.9) with respect to t #reh substitute into equations (2.3) and (2.4),
we then have:
—(A+a)(t-t) _ —(A+a)(t-1)

- AA+2a-&)@ =aQe -a,EBe
_ B(/] + gt — é‘f) e—(/l+et)(t—f) - blAe—(/Het)(t—f) _ sze—(/Het)(t—f)
These will simplify to:
~ A +2et - ) =aQ - 8,EB-aA [a,~ (1 +2et - & )| + a,E,B = aQ
— -B(A +2et —&f) = A-b,B,[b, - (1 +2a - &) B-b A= 0
Thus, we have to solve férandB that will satisfy these equations so that we obtain

—(A+et)(t-1) -(A+et)(t-1)

—aAe

a=aQlb: - (;,; 28 -2t) g =20Q (2.10)
Z
z=(A+2st - ) - (b, +a,)(1 + 2et ~ef )+ ah, +a,bE, (2.11)

Thus, from equation (2.9), we have:
(Ep J _ l[aiQ[bZ (A +2et- éf)]j ~(+)(t-)

X,) z\apQ €
From equations (2.7) and (2.12), we have the general solution to equations (2% nad

E Ec EP
= +
X X, X,
so that more explicitly, we have

E(t) = &e* + aQlb, - (/‘Z+ 2¢t - et )| o U+a)e0) (2.13)

(2.12)

X(t)=pe + —6129 g ) (2.14)

From these two equations, (2.13) and (2.14), we need to find theofoempressions fof andp. Thus,
using equation (2.7), we have:

(aj=Fjdu:ié“+éé“
Xc ﬁ ﬂley1t+/81ey2t
This means that

E =&e"+&e™ (2.15)

X, =B8e"+B,e" (2.16)
If we differentiate these and the substitute into equations (2.5) &)dwe.then get
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péa e +yé e =-aEX, - aE, ()
vAE" + 1B e" =hE ~bX, (+)
Using equation (*) and substituting appropriatelyXpandE. using equations (2.15) and (2.16), we get:
Elyleylt +&,), eyzt = _aon(:Bleylt +5, eVZt)_ ae(fleylt +¢, eVZt)
=n+a)ae" +(n+a),e” =-aELe" -aEhLe"

Equating terms of corresponding coefficients, we have:

+ +
,Blzflagfl andﬁzz’fazé'jfz 2.17)
Substituting these values appropriately into equations (2.13) and (2.14) gives:
Et) =& +&,a" + aQlb, - (/]2” 2¢t — £t )| g e (2.18)
__hta o e pota o g abQ -grae-n
X)=-"——4e ~——=—&e *t——— (2.19)
aE ¢ af "C T2 ©

From these two equations, we need to find the valuésanidé, at a given time t and let this tinidet
=t which will be any comfortable time of interest such as thdisg pointt =7.00 hours. Thus, solving
equations (2.18) and (2.19) simultaneously, we obtain :

; { 3., ] e { y;:E as]E* o x - adl, ~(A+2e =)y, +a) o _aile} (2.20)

Vo=h za,E,
and
3 =( a5, J —yzt‘{yﬁas]g + X _aiQ[bz‘(/‘+2£t‘5t)](l/1+as)e—u+am—t>_aale} (2.21)
n=>r a,E, 23,8, z

To obtain these expressions in equations (2.20) and (2.21), we hagidasbEt which can be any
time like the peak of the time of production of the carbohydraezfly by the plant taking that we have

normal sunlight weather in which the peak of the sunlight tiadiaof energy is at =t which is at
12:00 noon on a 24 hours count for a day. Thus, if we substitute tthesexpressions into equation
(2.18), we get the complete expression for the energy generateddllyof a given leaf when there is
proper sunlight energy radiation. This energy is that whiclo ise stored at other parts of the plant
outside the producing cell. Similarly, substituting equations (286)(2.21) into equation (2.19), we get
the quantity of the system of enzymes that took part in the cémwepsocess, who survived being
degraded by the process, for every amount of the carbohydrate or energyctoaedifar produced.

3.0 Analysis

To get a meaningful discussion of the models, graphs need todwecpdousing the solutions of
the modeled equations. To do this, we used the MATLAB software te thétprogramme and generate
the required graphs. Given that the values used for the nthstathe equations are; = 0.028,a, =
0.004,a; = 0.03,b; = 0.45,b, = 0.33,A = 0.69,& = 0.004,E, = E* = 20units,X, = X* = 1.5, t = 12.00 and
t* = 7.00, we then obtain the graph shown as Figure 3.1 below:
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Figure 3.1: Energy generation over a 12 hour period
Even when we take the same values for the conshaatshem=0.494 withe = 0.004, we saw
that the result obtained graphically was far frdns tabove showing that these values are not
realistic if the sunlight energy used in the phgtdketic process was considered variant.

From the models and the subsequent graph, we sawiritreasing the value of ; b
decreases the rate of clearance of the carbohybsateonversion to starch by the enzymes
thereby leaving much of it unconverted by the 1&00rs. A change in the value of from
0.33 to 0.4 increases the quantity of the uncordectirbohydrate from 05 units to 11 units. This
can be shown as Figure 3.2.

This result is expected and thus validated becseseasing the value dif, implies less
enzymes that are involved in the conversion whisb anplies higher carbohydrate presence in
the cell.

Similarly, varying the values of,aand g affects the level of carbohydrate left
unconverted in the cell. This pracdically explaihat happens in reality and this shows t(at the
existence of a particular tree is partly dependariiow fast it Oses the produced carbohydrate .
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Table 3.2 Variation in the clearance rate)(b

Also, if much of this carbohydrate is not storedynibe due to high value of lor very
small value ofa, , then much of this produced carbohydrate wilid@ested through transpiration
. This resembles the case of a diabetic patierttalM7], who abruptly gets, can because much
of the glucose meant for storage are urinatedhmreby leading to no reservation of glucose for
the body cells’ usage fat times of needed. Thim@asaw in Mbah [7], makes the cells to now
utilize other food sources such as stored fatmiita etc to generate the required energy in the
cell. A simple example is the percentage variatbthe value ofa, from 0.004 to 0.001 which
changes the quantity of the unconverted carbohgdram 100 units to 120 units. Thus the role
played by the term,ds very important in the reservation or conseoratf energy by the plants
for the animal world. The change in thevalue is shown as Figure 3.3 below:
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Figure 3.3 Effect of g in the storage of energy by the plant
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We can also see here that the quantity of the bgdrate not cleared by the end of the day is
still very high showing that a lot of it will be shipated as heat during transpiration which serves
no purpose both to the plant and or the animals.

From our earlier work, Mbah and Ezeorah [1], we assukne®d.494 and the other constants as
stated and we obtained good result though with high level of uncedvearbohydrate which can be
appropriately explained. However, using the same values footistants but for the variabke that isk
= A + &t, we got a higher level of unconverted carbohydrate at allstiie be able to get the same
guantity of the produced carbohydrate when k was assumed constamdly asivaried above, we saw
that the constants;, andb;, i = 1,2,3 and = 1,2, all took smaller values. This probably implies that
assumption of constant value for k (sun light energy levedhisversimplification. From practical point
of view, we know that sunlight intensity is never the saramfmorning till night. This then means that
the impact of this on the cells of the leaves during phatoliemn never also be the same. A lot can still
be done even for this our present assumption because the tyntdéoss not increase or decrease
indefinitely. It is pyramidal in nature and we shall handle tlzise in our further work although this
appears more complex and more difficult to handle.

4.0 Conclusion

From this result, we can see that when the sunlight intersitgsy the model presents a more
realistic situation compared to what obtained in our previous wdrdre we assumed that the sun
intensity was constant. Equally, we here showed that variatidreinalue of aaffects the level of the
energy stored as food. In one of our works, we had modeled the eyergygation in human system
which motivated the present study. Therefore, with this modelcaneompletely have a good view of
how energy is generated in the plant and subsequently in the hystam @s a result of the availability
of this energy in the plant.
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