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A Study on Photosynthetic Kinetics of Sunflower, Helianthus annus L.
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Summary

This report gives the results of studies on the photosynthetic kinetics. Furthermore,

conformity and validity of the kinetic equation are elucidated by the experiment of sunflower

leaves.

The kinetic equations of photosynthesis are dirived from the equations of assimilation and

dissimilation. The equations (6) and (7) are obtained by the result of this investigation. Con-

formity and validity of the above kinetic equations are elucidated by the firted equation (8)

on photosynthesis of sunflower leaves in relation to various environmental factors.

I. Introduction

There are many ways to study matter pro-
duction, photosynthesis and their mechanisms
in a plant bio-system, but certainly one of the
best, that must be the final arbiter, is the study
of the kinetics of mass-action itself. An enor-
mous amount of information can be obtained
from such studies, but only if we understand the
subtle nuances of the theory invovled, we can
properly set up and carry out the necessary
experiment.

Therefore, in the present studies, the kinetic
analyses have been made of mass-action and
photosynthesis. In addition, the feasibility of
developing a theoretical model for the pre-

diction of net production and growth based on

photosynthesis and environmental conditions
was investigated.  Furthermore, the kinetic
equations established in this investigation were
validated by the experiment of photosynthesis

of sunflower leaves.

II. Methods

1. Method used in model development

Early in the development of theoretical
models on the kinetics of mass-action and photo-
synthesis in a plant biosystem, it became appar-
ent that a whole system diagram for a concept
of the environmental factor affecting the amount
of photosynthesis was needed with an intensive
site. A

The mathematical expression of the basic
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model was found in a number of reports in the
literature and our own conception, and then
was constructed as an original concept. Ex-
pansion of this basic concept was carried out in
order to obtain other new derivative models.
Any results of those methods applied to sun-
flower are conditional on the validity of its as-
sumption. A major part of model validation is
the determination of which variables should be
introduced and should be deleted. Therefore,
the kinetics of mass-action and photosynthesis
was abstracted as a theoretical model expressed

in the language of mathematics.

2. Experimental method of photosynthetic

activities

In order to estimate the photosynthetic
kinetics of a sunflower, Helianthus annus, leaf,
we determined the diurnal change of photosyn-
thetic activities under various conditions of light
intensity, CO, concentration, H, O content, air
temperature and leaf age, and measured dark
respiration rates of the leaves as related to O,
concentration, H, O content, air temperature and
leaf age, respectively.

Parts of the experiment of the diurnal
changes in photosynthetic activities and re-
spiration rates were carried out in the stand from
Apr. 16, to Sep. 25, 1980, together with other
studies using the energy balance method and the
modified half-leaf method (Nomoto & Saeki,
1969).

concerned with temperature, CO, and O, con-

The other parts of the experiment,
centration, were performed in the laboratory

with the materials brought from the stand on
Aug. 15 to 30.

III. Results

1. Kinetics of photosynthesis

(1) Kinetics of the trophic-function

In the process of photosynthesis and
respiration in the plant, it becomes possible to

establish the mechanistic equation:

light or energy-| ~(CH, O
& &Y photosynthesis (CH; 00y
Cco, (028 (1)
plant
H,0 —— — H,0
respiration

where photosynthesis is the trophic-function of
light, CO, and H; O and respiration is the trophic-
function of organic matters, O, and H, O.

The kinetic equation of the photosyn-
thetic rate can be obtained by the calculation of
Chang (1977).

Py G CsC CsH
P, =
h -
(kpI + CsI) (kpC + CsC) (KpH + CsH)

(2)

where Py is the photosynthetic rate and Py re-

presents the asymptotic value of photosynthesis
in the plant. In this equation, Csl’ Csc and CsH
represent light, CO, and H, O concentrations as
the trophic-variables of photosynthesis, respect-
ively.

The kinetic equation of the respiration
rate can be given by the calculation of Chang
(1977).

C
%p Cpm Cpo “pH )
r =
P (kIM + CpM) (kl_0 + CpO) (er + CpH)

where rp represents the rate of respiration and
Rp is the asymptotic value of respiration. In the
equatfon (3), CpM’ CPO and CPH rePresent
organic matter, O, and H,O concentrations as

the trophic-variables of respiration, respectively.



(2) Kinetics as the bio-function

In the equations (2) and (3), Py and Rp
are the parts of the bio-function of time and
environmental factors. The kinetic equations of
photosynthesis and respiration as the bio-func-
tion are modified by the calculation of Chang

(1977), respectively.
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(3) Kinetics of net photosynthesis

According to the equations (2) to (5),

the net photosynthesis per unit time, Py, is

given by
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When the bio-variables of Phn have the

definite values, the equation (6) is given by

Phn Csl CsC CsH

P =
h
n (kpI +Cgyp) (kpC +C) (ka +Cpp)
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2. Conformity and validity of the kinetics

(1) The photosynthetic rate as the trophic-
function the sunflower leaves which excised from

10th nodes counted from the top of the plant

were used as materials. In the limited stand, the
mean photosynthetic actvity at 300ppm CO,
and 27.0%1.5°C during the experimental period
is nearly a trophic-function of light intensity.
The photosynthesis-light curve of sunflower
leaves is shown in Fig. 1. The photosynthetic
rate was saturated with a light intensity of about

1.0 cal em™ min,™!.
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Fig. 1. Photosynthetic rate of sunflower leaves

as a trophic-function of light intensity.

According to the results of Fig. 1, the
kinetic equation which is fitted to the formula
(2)is
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The effect of CO, concentration on
the rate of photosynthesis was investigated in
the laboratory. In Fig. 2, the net CO, exchange

2 ! and at

rates measured under 1.0 cal cm ™ min.
27.0%1.5°C are plotted as a function of an aver-
age CO, concentration of the air at the inlet and
the outlet of the assimilation chamber. The
photosynthetic rate was saturated at about
800ppm of CO, concentration and over. The
CO2 compensation point was found at 11ppm.
Theoretical relationship between photosynthetic
activities and CO, concentration can be obtain-

ed by the equation (2). This equation is
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Fig. 2. Photosynthetic rate of sunflower leaves
as a trophic-function of CO, concentra-

tion.

35.2C

Py =
0.013 +C

In order to obtain photosynthesis-water
content curve, we adjusted the different water
content of the field soil. The mean photosyn-

thetic activities were determined at intervals of

two hours in the field. Parts per maximum
water-holding capacity of the field soil were
estimated in the laboratory with the soil samples
brought from the stand. Fig. 3 shows the photo-
synthesis-water content curve at 300ppm of CO,

concentration. The equation fitted to Fig. 3 is
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Fig. 3. Photosynthetic rate of sunflower leaves
as a trophic-function of water content

in the soil.

35.2 (Cgjy — 25.0)

P, =
h ™ 10.9 + (C gy - 25.0)

In the case of this experiment, the
kinetic equation of photosynthesis of sunflower

leaves as the trophic-function is

Py, =

35.2 C gy Coi (Cgpy — 25.0)

(0.28 + Csl) (0.013 + CSC) [10.9 + (CsH —-250)]



(2) Some bio-variables of photosynthesis

In the case of this experiment, the
kinetics of photosynthesis of sunflower leaves is
studied by the diurnal change of photosynthetic
activities as the bio-function of air temperature
and leaf age. In order to obtain photosynthesis-
temperature curve, we adjusted the temperature
of air passing through the assimilation chamber
to 15°C — 45°C with 2.5°C or 5.0°C differences.
The net CO, exchange rates were measured

under 1.0 cal cm™

min™! and at 300ppm CO,.
The result of this experiment is given in Fig. 4.
The optimal temperature for photosynthesis
of sunflower leaves used in this experiment was

found to be approximately 28.5°C.
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Fig. 4. Photosynthetic rate of sunflower leaves

as a bio-function of air temperature.

As shown in Fig. 5, photosynthesis-leaf
age curve of sunflower leaves at light saturation,
300ppm CO, and 27.0%1.5°C was obtained as
the result of a bio-function of time. The optimal
leaf age for photosynthesis of sunflower leaves
was found to be about 10 days after unfolding.
Conformity and validity of the equation(4) are

demonstrated by the curves of Figs. 4 and 5.
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Fig. 5. Photosynthetic rate of sunflower leaves

as a bio-function of leaf age.

(3) The rate of respiration as the trophic-

function

Since the change of the amount of sub-
strate for respiration can not be adjusted by the
artificial methods, the experiment for respira-

tion-substrate curve is very difficult. However,

the respiration rate must be a trophic-function
of substrate concentration for respiration of sun-
flower leaves.

In this study, respiration-oxygen and
water curves of sunflower leaves at 27.0%1.5°C
were obtained and shown in Figs. 6 and 7, re-
spectively. According to the equation (3), these

relationships are represented as
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Fig. 6. Respiration rate of sunflower leaves
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as a trophic-function of O, concentra-

tion.
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Fig. 7. Respiration rate of sunflower leaves as
a trophic-function of water content in

the soil.
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The kinetic equation of the respiration
rate of sunlower leaves as a trophic-function of

O, and H; O concentration is

4.2 Cpg (Copg = 25.0)

LATERTNYFER (Cpp - 25.0)]

(4) Respiration rate as a bio-function

In this investigation, the kinetics of
respiration of sunflower leaves is elucidated by
the change of the dark respiration rate as a bio-

function of air temperature and leaf age. Air

temperature was changed from 15°C to 45°C

during the respiration measurement. The respira-

tion-temperature curve took a similar character-
istic pattern in comparison with the photosyn-
thesis-temperature curve. The result is given in

Fig. 8. The asymphtotic value of the respiration
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Fig. 8. Respiration rate of sunflower leaves as

a bio-function of air temperature.

rate as a bio-function of air temperature could
not be found in the range from 15°C to 45°C,
but should be shown at 45°C and over. The
respiration-leaf age curve of sunflower leaves at
27.0%15.°C is represented in Fig. 9. The maxi-
mum value of respiration was found at about 10
days after unfolding. Conformity and validity
of the equation(5) are demonstrated by the
curves of respiration-temperature and -leaf age

of Fig. 8 and Fig. 9, respiectively.
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Fig. 9. Respiration rate of sunflower leaves as

a bio-function of leaft age.



(5) Net photosynthesis of sunflower leaves

The equation of net photosynthesis of
sunflower leaves used in this experiment is deriv-
ed from the equation (7). The equation obtained

is as follows:

35.2 C Cy (Cgpy — 25.0)

P =
hn = "(0.28 + Cyp) (0.013 + C () [10.9+ (Cyyy- 25.0)]

4.2 Cq (Copy — 25.0)

(134 Cyg) [3.9+(Cppy - 25.0)

IV. Discussion

An organism can be considered as one ma-
cromolecular system which has a very multiple
structure. From this point of view, the metabo-
lic action of one organism is interpreted by the
same mass action as one molecular enzyme has.
This theoretical concept is applied to establish
the kinetic equations of assimilation and dissimi-
lation. The assimilation and dissimilation are
divided in two parts of a bio-function and a
trophic-function, respectively, and have the
characteristics of their kinetics. The kinetic
equation of photosynthesis which is assimilation
of light, CO; and H, O is derived from the equa-
tion of assimilation;

H, 0 + CO, + light energy __l_c_a_f)

(CHZO)H + 02 + H20

The photosynthetic equation which present-
ed the relationship between photosynthetic
rate and light entersity was obtained by Tamiya
(1951) and conformed to Monsi & Saeki (1953).

This equation coincides with the equation (2)

obtained by us; Under the environmental con-
dition of a certain state except for light irradia-
tion,
Ph
P, C5i  KCq

P = =
h 1
k ,+C 1+ =— C
pt " sl kpl

sl

where P and kpl are represented by a certain
value such as a constant. Therefore, the above

equation is changed into

bl

1 +al

Ph=

Kinetic models have been presented by
Rabinowitch (1951) to account the rate of
pvh.otosynthesis as a function of incident radia-
tion, and these various models led to quadratic
equations are equivalent to a part of the equation
(2), respectively. The effect of light intensity on
net photosynthesis by various species at 30°C
and 300ppm CO, in the air (Hesketh, 1963;
Hesketh & Moss, 1963) has shown the same cur-
ves in comparison with the equation (2), and
with the photosynthesis-light curve of sunflower
leaves. According to Gaastra (1959), the tend-
ency of changes of net photosynthesis for intact
young spinach plants in relation to CO, con-
centration at different light intensity might be
expected from the equation (2) and correspond
to the photosynthesis-CO, curves of sunflower
leaves.

Moss (1963), Hofstra & Hesketh (1969),
Murata & Iyama (1963), Decker (1959), Hesketh
(1967) and Joliffe & Tregunna (1968) reported
the effect of temperature on net photosynthesis
in single leaves of maize, bermuda grass, to-
bacco and wheat at 300ppm of CO, in the air
at high illuminance, respectively. These results

agree with a quadratic tendency to data of sun-



flower of the equation(4). In the case of the bio-
function, it has been known that mass-action of
most plants varies with time, pH and temperature
(Bonner & Galston, 1952; Levlin, 1969; Odum,
1971; Chang & Yoshida, 1973).

these activities against time, pH and temperature

The curves of

usually exhibit a maximum, whose location
varies widely from plant to plant.

The kinetic equations on mass-action and
photosynthesis are validated by the resulted of
the experiment on the effect of photosynthesis
and respiration of sunflower leaves due to various
environmental factors, and applied to their in-

vestigation.
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