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MATHEMATICAL REPRESENTATION OF THE EFFECT
OF SIMULTANEOUSLY OPERATING GROWTH FACTORS

W.C. Visser - and P. Kowalik 2)

Importance of complete plant response models

A mathematical representation of the effect of growth factors

on plant yield or growth rate is of importance for several reasons.
Such a model could be used to calculate what human intervention in
soil fertility or moisture conditions would have the largest desirable
effect. Or the determination of a number of soil properties or hydro-
logic constants could be aimed at. If these soil properuea were de-
termined in the laboratory and - for instance in pot trials - the plant
parameters were also assessed, then a simple calculation could
show, what the yield increase would be as a result of improvement

of one or more productivity factors.

A computer model of plant response could also be used to de-
termine constants as it would be possible to assess parameters for
the physical prOperties of soils, of plants or of plant as'sociatiOna.
The mathematical model in this way could become a substltute for
the laboratory. Such an indirect, mathematical determmatmn of
parameters would be less costly than the direct determination in
the laboratory or glasshouse. This is particularly to be expected if
the number of constants becomes somewhat larger.

Determinations by means of calculation present still another
advantage. A formula nearly always is an approximation. The para-
meters with wh1ch an acceptable result with such a formula is ob-
ta:ned will differ from the values obtained in the laboratory. If ad-
justment ’:echnzqucs are used, the general result of the model would

be as near to the observed value as observational errors allow. An
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error in a model can be made good by 2 compensating error in the
calculated constants. In such cases the parameters are in error,

but the result as yields and growth rates, calculated with the para-
meters inserted in the model which was used for assessing the para-
meters, would be influenced only in a minor way by the shortcornings
of the model. One error would be compensated by another.

A description of the existing soil fertility situation by means of
the result of the model could be condensed to a soil fertility classifi-
cation and could be used to advise farmers on the need for fertilizer
application or hydrolegic improvement. The above mentioned aspects
are all of mainly practical importance.

The scientific importance of the complete plant response model
also should be stressed, howevér. Up to now research is carried out
according the principle of changing one factor and keeping all others
constant. In fact the other factors generally are neglected.

A model will enable one to insert the other factors into the
mathematical elaboration initially in an approximate way. What is
known about the reaction of a crop to a growth factor, even if it is
of a restricted accuracy, will soon allow to increase the accuracy
more than would be attained by omitting such factors. It is probable
that the research philosophy of the ceteris paribus principle better
should be rejected because it lost its necessity. A computer is able
to account for many factors at the same time, so simplification by
omitting factors is not needed any more. The research philosophy
should shift more and more to the panta rei principle in which every
factor may vary and is acting according to its level of intensity.

When using the panta rei principle one gets an impression of
the magnitude of the effect of each soil property. This will stimulate

to study first the quantitatively most important factors.

The conceptual basis of the model here presented

It is often not easy to understand, what may be the reason that
a yield is higher or lower than was expected. In plant response,
however, there is a certain system which, when used correctly,

makes understanding easier.



Crop vield is the result of a large number of simultaneously
operating growth factors. The effect of various factors has a part
in common because all these effects are based on the same principle
of nutrient uptake. This principle will be called the general relation.
Partly the effects will differ because they are related to a special
cause for each factor. This will be called the special relation. By
reflecting on the how and why of the magnitude of the yield, the dis-
tinction between the general and special reactions can be helpful in
arriving at a correct understanding.

So one rather often observes that it is expected that expressing
the yield as a percentage of some maximum yield wiil simplify the
representation of productivity relations. The mathematical repre-
sentation of the yield, divided by some maximum yield is only
acceptable, however, if the growth relation contains functions of a
procentual yield q/ 9. This is only the case with the exponential
yvield equation and the Cobb Douglas relation, as used by HOMES
(1966). But these formulae are nog generally valid, For the
MITSCHERLICH equation (1925) one better could use the procentual
relation of the yield deficit (Q-q)/(Q-q o)- The Blackman principle
(BLACKMAN, 1905) gives the largest simplification if the yield -
growth factor curves are shifted in such a way that the oblique
asymptotes coincide. Here no procentual relation is valid but an
additive relation.

The simplification of the graphical representation of the yield
data gives the best results, when the simplification in a well con-
sidered way follows closely the mathematical representation.

The problem of mathematical representation of simultaneously
operating growth factors should be based on carefully determined
physically acceptable functions for the special relation for all se-
parate growth factors involved, as well as on a generally valid plant

physiological function for the general relation.

The general and special growth functions

The general relation for the growth function can best be based
on the diffusion equation., This general relation is represented by
(VISSER, 1969):



' 9
(1'%)(1'3%%T)(1'W)"'=F (1)

The special equation for each growth factor separately can be

represented in its simplest shape by:

q, = a(x-xo) q = actual yield
Aqxs 9y = theoretical yield for x,vy
= bly-y.) Qy = maximum yield
q-y' Y=¥o a,b = growth parameters
F = flexibility constant (2)

Inserting formula (2) in formula (1) leads to:

(1-%)(1-3;)(1-3—) vea =F (3)

Iy

The maximum yield Q is the largest productivity to which the
plant on biological grounds is able to yield or the one that is due to
the limiting activity of an unknown growth factor. The flexibility
factor F expresses within what range of ratios of absorbed nutrients
unhampered growth is possible.

If the ratio between the nutrients was strictly fixed and for n parts
of nitrogen the plant absolutely would need p parts of potassium and
f parts of phosphate, then the flexibility factor F would be zero. A
healthy growth is possible, however, when these ratios vary within
certain limits. This flexibility is represented by a small value for F.
By using adjustment techniques a small positive value is found.

This flexibility is graphically indicated by the vertical distance
between the yield curve gq and the intersection point [ for the two
asymptotes of the type q = a(x-xo) mentioned above. This is re-
presented in fig, 1.

If a larger number of growth factors than two is involved, the
vertical distance in fig. 1 is no longer equal to the square root of
F/Q, but to a higher root corresponding to the number of factors of

which the asymptotes intersect.
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Fig. 1. The yield curve q is determined by two asymptotes. One for
the maximurmn yield q = Q and one for the growth factor de-
pendent asymptote q = a.(x-xo). The flexibility parameter F
depends on the vertical distance between the yield curve q

and the point of intersection of the asymptotes 1




Equations for special types of response

The special equations given in formula (2) are the least com-
plex linear cases. In growth equation (3), however, alsoc non-linear
relations can be inserted. These equations of a more complex nature
are described elsewhere (VISSER, 1968; 1969).

Different types of models have been constructed, for instance
the cooperation to a combined effect of the partial effects of different
intensities of the same factor in successive layers of the soil profile.
Other somewhat complicated relations sometimes result from anta-
gonistic connections between factors. It also will be of importance
to use models which account for storage of nutrients in the plant,
which storage is depleted if the stock of nutrients in the soil be-
comes insufficient,

Asg not all relations have been described in models an investi-
gation in the shape of the type of special relations which occur in
nature is needed to close the existing gap in the knowledge on soil
fertility and plant production. It is not to be expected that a com-
prehensive operational model in the form of a mathematical repre-
sentation of plant response to be used in practical application, is
already possible.

A type of model with considerable impoertance is the model that
contains the time - yield relation together with other eventually
limiting factors., For each factor it sometimes may be necessary
to account for variations in its level of intensity during the growth
period. Intervention in the fertility level of a field not only requires
a decision about the magnitude of the intervention but also about the
moment of the year at which the change in intensity of the growth

factor should be carried out.

The equation for the response to time

The factors which vary with time will often differ in an irregular
way, like rainfall or evaporation. Such influences cannot be described
by an exact integral over time, but have to be integrated numerically.
To make this possible the equation should not be evolved for yield q
but for growth rate dq/dt. This derivative shall be indicated by c.l



The formula for the growth rate is given by the equation:

o —L [y 3z 1-q.L P 0 B (4)
9pLT qy 9 !

The index nLT indicates that the non-limiting {(nL) special equation,

expressed as growth rate, holds for the factor time expressed as
temperature sum T. The indexes vy, 2z, u, ... indicate other factors
as aeration and evaporation. Further éL indicates the actual growth
rate under influence of limiting (L) or non-limiting (n1L) additional
factors.

The magnitude of ci'nLT can be calculated with a formula of which
the solution is discussed elsewhere (VISSER, 1974). The solution for

LS 5 Jh

+ a, b,c = constants
. -c T-T, T-T 9o, = dry matter yield (5)
Gt ° a + 1 at beginning, end
q9-9, Q-q Tor Tg = temperature sum
at beginning, end
qQ, T = variable dry matter
yield, temperature
sum

: = theoretical non-

LT = ired daily yield
increase for time -
temperature factor

The expression of "inL by functions of T and Q

The value of énLT is expressed as a function of the time variant
Q and has to be defined as a function of a constant value or of a value
already known from the calculation results for a previous day in the
day-to-day numerical solution. The solution was reconnoitered first
by solving the é‘nLT from an equation similar to (5) in which a andb
were taken as unity to simplify the elaboration.

The equation with which was started, is:

1
-9,

(

1 _ 1 1
Q'q )dq - C(T_T°+ Te_T ) dT (6)



This can be written as: |

_ (T,-Tg)(a-q,)(Q-q) -
(Q-q,) (T-TNT_-T)

53

Integrating formula (6) and solving for q, yields:

q, + PQ ’ T-To c
q-= —i'i'—l:;— with P=4 T -T (8)
e

With formula (8) the terms (q-qo) and (Q-q) can be expressed and

inserted in formula (7):

(T _-T_.)
dq - <P e "o O- 9
T (4+P)® (T-T NT_-T) (@-9) )
This was condensed to:
3 - pa-q) (10)

dT

In equation {(10) D is a function of T alcne. This solution for a sim-
plified equation now can be used to direct the solution from a more

complicated one.

Solution of c]nLT for the more complicated equation

The technique that led to formula (10) for a = b = 1 can be
applied to formula (5) with values for a and b differing from unity.

This is done by writing for formula (5):

b + 1
. T-T, & T_-T
dpr= DR-q,) =8 —3 P g = time dependent (11)
q-9, Q-q parameter

In this equation two values are unknown, the values of D and Q, both

functions of T. These D and Q are solved in the next chapter.




Influence of time on the maximum yield Qi

The influence of a growth factor on the plant yield is a cumula-

tive one. The yield at successive days can be described by:

dr4q = A7 FApyg (12a)
T+n
Ur4n =97 * i‘f—-T Y (12b)

The yield at some moment i of the growth period follows from the
maximum yield Qmax at the time - temperature sum Te of which is
subtracted the difference between the unharmpered yield 91, minus
the limited yield q;; on the same day

Q; = Qax ~ (4 - 914! (13a)

and for the previous day

Qi-i = Qmax - (q'nLi-i - qLi-i) (13b)

subtraction produces:

Q; -Q; 4 =(ap;-9ap;.4) - (Qp - 4r5.4)

-9 W - G (13)
Inserting equation (141) in (13) leads to:

Q -Q; 4 =9p;-D;(Q - q)

9 ; ¥ 9,05 9,

Q- T+ D, (14)

A basic assumption has to be made to obtain a solution for the
response of a plant to time in relation with the actual yield Qi which
the plant is able to produce. This assumption is, that the decrease
in yield due to the limiting effect of some factor will cause a lower-
ing in ultimate yield by the same yield difference that occurs on the

day with a deficiency of that factor.
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Fig. 2. The formula for the S-shaped course of the yield curve de-
pends according formula (5) on the magnitude of the difference
Q-q. A limiting factor reducing q increases the value of Q-q
_and will cause the last part of the curve for the yield q; to
become less steep. This means that Qmax for that day is re-
duced to Qi' The reduction of Qmax to Qi is equal to the dif-
ference in the non-limited yield 41 and the yield Q4 under

influence of limiting factors



In fig. 2 this is graphically represented. The difference between
Qma.x and Qi is equal to the difference of dh1i and dy e both equal to
Aq;. The magnitude ofQ __and T is decreasedtoQ - ZAqi
as represented in formulae (13a) and (14).

It might be subject for discussion whether a decrease of Qmax
to Qi will influence any future q according the same Q- ZAq value
over the full length Te--Ti of the time - temperature sum. It might
be supposed that a lower number of cells, taking part in the cell
division might be compensated for in the further growth period by
- an increased growth rate. The initial decrease in yield might in that
way loose its importance if time progresses. _

If one defines the yield 91T however, as a yield not affected
detrimentally by any growth factor save the time factor, then this
yvield is the highest possible one which the plant is able to produce.
Then no higher growth rate q than q.'nLT is possible and it is to be
accepted that the yield Qe will be Aq  units lower than Q ax

As will be discussed later, however, there is still a possibility
that the time effect on yield does not only depend on an effect on the
value of 2, but also on the value of 9, The yield function in which,
due to limiting factors, instead of Qi-q has to be inserted
(Qi- A‘lq)-q’ can be supplemented by an effect on q, shaping the

(q-qo) value to q-(qo + A,q) and changing formula (5) to:

T:DT + - 1.':[' A,9 = Qma.x -Qi. see fig. 2
P = o e 4,9 = yet undefined de-
9.t a + i crease in production
q-(qo+A2q) (Q-4,4)-q capacity of present

cells (q-qo) due to
severe damage

Determination of the time dependent function D

In equation (41) the formula for the non-limited growth rate é’nL
ie given. What is aimed at with this formula is to calculate daily
values of the limited growth rate ciL. This can be carried out if Di
is expressed with time independent constants or magnitudes which

were already solved for the previous day.



In formula (11) for D, the following expression was already

available: .
D, = Qqn_L‘ (11)
' i~ %
Inserting formula (13a) in (411} yields:
Qma.x B Gri T i " %
By replacing q; by qLi-‘lﬂiLi the formula becomes:
D, = dnLi - (16a)
(Qnax " Inrs F i1 %) " 914
Simplifying formula (16a} by condensing to
Qmax " 914 T 9pia1 " 9% T Li (16b)
gives the result
D, = _%nLi (17)
i ..
Li-aqp;

Formula {14) for Q, and (17} for D, together with formula (4) for
(iLi contain not only the still unknown parameters Qi and Di but also
Ap;
influence of all factors.

the value which is finally to be determined for the yield under

The magnitudes Qm % and q, are given constants. Qi-i is cal-

a
culated in the day-~for-day elaboration for the previous day and is also
known. The non-limiting values U ri-1 and Q.14 3% calculated with
formula (11) and numerically integrated. The magnitudes Q, and D,

are eliminated from formula (4) and éLi can be solved.

Solution of the growth rate as influenced by the

limiting factors

Each term of formula (4} contains the unknown growth rate dLi'

Only the first term contains ‘iLi in the numerator as well as the

10



denominator and by writing the model as polinomial the n growth
factors are combined to a (n+1)-degree function of the unknown éLi'

First Qi is eliminated;:

914 Dy (Qi = qo) (11, first part)

D,

e SIS o

= T, (st D% + 94y - 95 - 9,0y (18a)
D, .

=15 9 v Q.1 - 9) (18b)

1

D

=10, & +agy) (18¢)

In formula (18b) the term (Qi-i - qo) is condensed to
ki =94 9 (184d)

The first formula is part of equation (11). Formula (18a) is the re-
sult of inserting formula (14) in {(11). Here D.q  cancels out and
leads to formula (18b). If (Qi-i - qo) is combined to k., formula (18c)

is obtained. This result is inserted in the first term of equation (4).

) "D

4y 4 q

- Ii 1 Li

nLi T, 0 +dgs)
i

(1 -

It

914
D;(k; +ay4)

Dk. -
i7i

Insert formula (17) and multiply with (k, +<'1Li) at both sides of

equation (4), see formula {20).

; Lig..-g%
S ¥ S 5 ¥ Sl ¥
i~ D. =X .
3 Ui
. Lo . 2
) kiqpps ~Tiap; - qp; (19)

ULi

11



By inserting formula (19) in formula (4) an equation expressing
'iLi = X as a polynomium of the unknown éLi is obtained containing

further only known magnitudes and values dependent on time.

[dnLi ki - LiX - Xz:”:(c'lyi - X)d4,; - X) ] =
= I:ani ‘iyi Qp;-e- x (k, +X) F:l (20)

It must be noted that as many additional factors as are of
quantitative importance can be inserted in equation (20). Only two
such factors were mentioned here but the equation for yield or growth
rate theoretically is only valid if all existing growth factors are
present in it. The minimization on which the equation is based ac-
counts for the minimization of the difference between q;, and 91,
for all additional factors.

Evaluation of the growth rate if additional factors

are present

The solution of X from equation (20) can be obtained in two dif-

ferent ways.

1. Solution with increasingly improved approximations

A first method is to calculate formula (20) with a few well chosen
approximations for X, and see at what value of X the difference be-
tween the two products of the terms changes from positive to negative.

The equation is written in the following way to get a first crude

approximation of X:

\/Li2 +4kiz‘inLi - Li ViLiZ + 4k1an +9< Qx
szi-)....—anlqYl ....x(k +X)F =0 (21)

The estimate of X will not exceed the value of the constant with

the lowest value VLiZ + 4k, anl -Li or c-l'yi or qzi .
2

12



The value of X will neither be much lower than the value of that
constant. Of the (n+ 2) roots of the equation with n the number of
additional factors, the lowest value is valid. A linear interpolation
soon produces a sufficiently accurate approximation of the actual

growth rate ciLi'

2. Solution with a polynomial

A second method to determine the value of growth rate c.lLi is
to follow the well known technique of solving polynomials.

The equation can generally be represented by:

3 4 5 6

E+GX + HX? + Mx> + Nx? + rx® + sx® - 0 (22)

Further all parameters E to S from equation (22) are of an identical

construction
Pji = Pjy k; an_i+Pj2 L1+pj3 (23)

" Here j indicates the number of additional factors which is accounted
for, For j = 1 only one additional factor is taken up. The forrula is
constructed for 4 additional factors or j = 4, The parameters pj are
built up with a restricted number of combinations of qy_, c‘lz PR
Thes e combinations will be indicated with &, 5, .. .. The value of
Cly will be represented by vy, q, by z .... to abbreviate the descrip-
tion. _
If the symbols y, 2z, ... are placed next to each other as (y,z..)
then the n values should be multiplied. If the values are placed above
each other, as Z) they should be added. For & and f} a full descrip-

tion as well as the abbreviated representation are given. The index

of & andp indicates the number of additional factors.

13
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A few combinations are identical. So is o(i = ‘51. [52 = Zfz. (53 = 63.

In four different ways a simplification and shortening of the pre-
sentation of the polynomial was persued. This purpose is served by
the pji-representation of formula (23) and the writing of y for c]_y,

z for q, further by the combination of the derivatives tiy, ciz oo
according formula (24) and the shortened indication X for c'iLi'

This renders the following result:

(e1kiani+e2Li +e3) +(g‘1 kiani+ g, Li+g3)X +

. . 2 . 3
+ (hikiani +h,Li + h3) X + (mikiani + m,Li + m3) X+

. . 4 . . 5
+ (n‘.lkiani +n,Li + n3) X* + T, kiani tryLi+ r, ) X° +
. . 6 _
+ (sikiani +s,Li + §5) X~ =0 (25)

Equation (25) is given for maximally four additional growth
factors. The parameters e to 8 in equation (25) still have to be ex-
pressed as functions ofa to § . This relation is given in formula (26)
for 1 to 4 additional factors, indicated by the first index 1 to 4. The
second index 4 to 3 indicates the position of the parameter in the ex-

pression for E to S in equation (23).

14
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=-0 -8 =-0 S..=40 . act'o.rs . )

22 23 Second index = position in equation
=40 Sy =+0 Sy3=-0 (23)
=-0 Sgp=-0 Sy5=t1 (26)

A number of the qy. qQ, +o combinations are for four additional
factors equal to zero, in case of more than four of these factors they
would have obtained a specific value, however. Therefore also when
the value is zero, here the sign of the parameter is given in the values
in the survey of {26). If more than four additional factors are present,
new combinations in survey (24) will have to be worked out, for in-
stance those with five or more columns.

The calculation of clLi starts with the determination of q_yi, q

The next step is to calculate the combinations o to § from formu?:.
(24). Then with formula (26) the values of ey to S, 3 are assessed and
the terms Pji are calculated according formula (23). If the values Pij
are known then according formula (25) the value of X = dLi is deter-
mined. This value of X only holds for the day i. The calculation is to
be repeated for all consecutive days with which the investigation

deals.

15



Examples of calculation

By using formula (22) or by obtaining the solution of éLi with
formula (21) the result for X = ciLi is calculated for successive values
of T. The result is graphically represented in fig. 3. The sum of the
values for consecutive days of tiL provides the value of q -

The graph is made for grassland and it is assumed that the con-
stant additional growth factor y does not allow a growth rate of more
than 100 kg ha™ >
keeps the growth rate down lasts from the 110th till the 260th day of

day-i. The period over which the limiting influence

the year or 150 days.
The two periods at the beginning and end during which the limit-

ing factor exerts no influence, together last 90 days. The 150 days
1

with a growth rate somewhat less than 100 kg ha~ day_i causes a de
crease in the ultimate yield of nearly 27500 - 90 x 100/2 + 150 x 100
or 8000 kg. From careful calculations of the growth rate it appears
that actually the yield decrease with 7530 kg is somewhat less. The
difference results from the assumption in the first calculation of the
yvield decrease that the cﬁrve for plant response is approximated by

a curve with a trapezoidal shape.

Influence of the height of the limiting level

The calculation of the growth rate in fig. 3 was carried out for
different limiting levels. For this limiting level for q , values were
taken of 60 to 500 kg ha” day~ .
highest le-viel Of_;.lnL max of the investigation, was found to be about
165 kg ha “day ".

A point in fig. 4 which requires some attention is the general

The non-limiting level for c.’nLT’ the

concept of what is considered being a limiting factor. This proves

to be, that if an additional factor only allows a yield level qy, lower
than the productivity qr, of all other operating factors combined, the
additional factor is limiting. Has the additional factor such a limiting
level that the yield due to this factor alone surpasses the maximum
vield qi, of the other operating factors, then the additional factor is

considered to exert no influence on the yield.
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3. As long as the growth rate of the plant is lower than the growth

rate to which a deficient growth factor would limit a plant, this

rate is determined by the age of the plant. Only when the time

dependent growth rate cinLi is larger than the factor dependent

growth rate dLi the velocity of the growth is reduced by the

introduction of such a factor. The sum of the growth rates

determines the yield 9,14 °F 9 ;¢ The énL and q;, can be

calculated with the formulae pointing at the accessory line -
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Fig. 4. By changing the limiting level of the additional growth factor
to constant levels of the growth rate, differing from 60 kg
d.a.y-iha-1 to 500 kg day“iha'i, the limiting influence can be
shown. In the curve given at the right hand side for the level
q_ of the limiting factor versus the maximally limited growth
rate for the time factor ciL max the decrease in growth rate
for strong limiting effects is nearly equal to the difference
betwe.en d‘nL and c]_y . For limiting levels which are higher
than 91, max still a decrease in growth rate equal to the

difference between é‘nL max” ciL max is found




In fig. 4, however, it is obvious that the high levels of growth
rate q of 200 to 500 kg ha~3
the growth rate q; due to the combined other factors. This forcibly

da,y'1 still exert a lowering effect on

leads to the conclusion that every growth factor, irrespective of its
limiting level exercises a limiting influence, be it that this influence
is rather small if the growth level for the additional factor q_y is
higher than the level of the growth rate d; of the combination of
other factors., Thia effect is indicated at the right hand side of fig. 4.
In this inserted graph the level of the additional factor qY is plotted
against the maximum growth rate éL max for the combined effect of
the growth factors,

It is often considered that if the fertility level for a factor is
high and it will allow to produce a high yield, the effect of such a
factor can be neglected. The formula states, however, that this
assumption is not in accordance with a diffusion hased growth equation.
The experiments in which a number of factors is consciously brought
to a high level to minimize their influence is for practical purposes
not so very wrong. Depending on the accuracy of the experimental
results the negiect of these factors can be allowed. The procedure
of neglecting non-limited factors lacks, however, up to now a well
defined theoretical foundation.

The equations which were used in fig. 3 and 4 are indicated in
fig. 3 near the related curves for q and q. These formulae can be
used to determine the parameter values by applying a curve fitting
technique. In this case, however, the observations of q and t, in
a number equal to the number of unknowns, were used to calculate

not an adjustment but a solution for the parameter values.

The temperature factor

The temperature factor is accounted for in fig. 5. The solution
of (inL and 97, is in fig. 5 indicated near the related curves, It is
obvious that growth is rather closely related to temperature, pro-
bably because so many growth factors are dependent on diffusion
constants which depend in their turn on temperature. However, the
shape of the derivative for the growth rate indicates clearly that the
curve for q is not a straight line but starts and ends with a gradient q
approaching zero.
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Temperature alone cannot explain the rate of growth of a plant.
The maximum growth rate appears to be 8,5 kg ha'i(degree days)'i.
This compares with a growth rate in fig, 3 of 166 kg ha-iday-i. In
fig. 5 along the horizontal axis the number of days and the tempera-
ture sum are both indicated so the growth rate according both variaties
can be read.

The rather close relation between temperature and the moisture
flow characteristice has as a consequence that it is not certain whether
the elaboration of accounting for temperature in itself corrects the
time factor. Many other growth factors probably are adjested as well
and at the same time as for temperature. The values of the correc-
tions on the time variate therefore are probably more of a statistical
nature than that they represent a physical relation. Investigations
aiming at splitting the temperature effect into an effect on the t