APPENDIX II

FACTORS AFFECTING GROWTH AND METHODS OF EXPRESSING GROWTH
RESPONSE DATA

T. J. Perrari

It is apparent that & paper on the factors affecting growth and method of ex-
pressing growth response data should be presented and discussed at a seminar dealing with
"Economic optimum fertiliser consumption." The adviser who advises and the farmer who de-
cides on a fertilising programme make use of coneclusions derived from relationships be-
tween fertilising and nutrient status of the soill on one hand, and amount and quality of
the yield on the other. The ultimate decislon has technical, economic and phychelogical
aspects - this is the domain to which the words of the mathematician Bross, in hils book
"Design for Decision", may refer, "It is much more difficult to be & good farmer than a
- good mathematlcian because the farmer must deal with so many vague and complex problems."

This paper 1s based on the reasonable agssumption that a functional relation-
ship exists hetween yield and growth factors. These growth factors include soll nutrients
and also the nutrients added as fertiliser. In common with other investigations we assume
that the plant will always react identically under the same growing conditions, This re-
action may be expressed as follows:

¥o= f (xl, XQ’ | mem—- xn)

the yield being an unknown function of & great number of factors.

Some idea regarding the form of this function is necessary for giving useful ad-
vice, The use of experimental fields on every possible site necessitates the expenditure
of too much time, money and organisation in debermining the quantitles of fertilisers that
are necessary. Soil testing is based on the assumption that experimental fields, on every
individual site, are no longer necessary once the relationships between nutrient status,
'fertiliser dressing and yield are established by research. Soill testing has meaning only
if research succeeds in finding relationships of general validity by which it is possible
fo predict response and to advise farmers. It is our experience that 1t.is possible to work

in this way. |

The form of the reaction curve must be Known, not only for technical but also
for economic advice. If a farmer with limited caepital can earn 2 guillders for every guil-
. der spent on farm activities other than fertilising is informed by a simple nitrogen ex-
periment that his return by using 60 kgs of nitrogen will be 1.5_5u11ders per gullder spent
on fertiliser it is clear that he will not use his limited funds on. nitrogen rertiliser.
Howeier, if he knows that the response curve shows that his reburn for the first 20 kgs of
nitrogen is 2.5 gullders per gullder, for the second 20 kgs 1.5 guilder per guilder, and
for the third 20 kgs 1.0 guilder per gullder, he will then decide  to invest 1n at least
20 kgs of nitrogen. It 1s a pity that many experimental fields are laid out with only two

Treatments,
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The problem of finding the fertillser response functions must now be discussed.
The general functlion may be defined as:

¥y = 1 (Fl /FE: }:. —----Fn, xl, XE, —-—-Xn// Zl 22_' -a--zn)
where y = Yyield response
F1 = fertiliser nutrient under investigation
FE’ F3 --Fn = other fertiliser nutrients which are held constant

Xis Xe ==X, = other variables which are held constant over the
experiment, e.g. Soil type, soil nubtrients, variety,
cultural practices, seeding rate

A z2 ~=% = obther variables, such as weather, molsture,

temperature, which cannot be controlled

1’

An important factor is that the uncontrollable factors influence the action of
Fl’ sc that the response curves vary between the years {inter-action). Almost nothing. 1s
known about the distribution of these curves over the years. This question 1s not consl-
dered further but the variations must be known for making decisions which are valid econc—
mically.

The function in the general formula is not further defined. The gquestion arises
which function has to he taken in a particular case. As far as I know 2 biologiecal founda-
£ion to accept any particular response function is lacking in the literature. The recti-
linear function is often used but in my optinlon such a line has to be rejected. Most re=-
search workers agree that plants react to fertiiising in mos% cases acecording to a curvl-
1linear functlon. Some of them use in these cases a form of  the Mitscherlich eurve
¥= A(l-ecr). An objection to this formula is that the elasticity in response 15 less than
unity over all ranges of fertiliser applicetion, that is,there is no range of increasing
return., The second objection is that the Mitscherlich equation in its original form does
not assume inter-actions, 2 hypothesis not agreelng with reality. The same objections
hold both for the Cobb-Douglas function y = an and the Danish equation ¥ ~'39§—§
The quadratic and square root equations, such as . y = a + bF® - CF° and ¥ = & + bVP - cF,
are more flexible and can work with maximal yields followed by decreases.

An objection still remains that these functions do not assume inter-actions. An
inter-actich exists when the performance of a certain factor is influenced by another fac~
tor, e.g. when the response to 50 kgs of nitrogen at a low pH is not the same as the res-
ponse at a high pH. If the inter-actions are taken into consideration the products of the
factors must be included in the formula, e.g. ¥ = a + bE. F, + cF2 + dFF.  However, these
functions are much more difficult Lo adjust. ' '

The advent of the electronic computer may minimise the difficultiles of adJusting
and calculating., The formulating of yleld in relakion to growth factors is atill defective
and much more physiological research on this point is necessary. Perhaps I may suggest
that the seminar could recommend more research on this point in each participatins country.
The meaning of the inter-actions and their ratios should not be underrated, eSpecially as
the ratios of the quantities of fertilisers are- dependent on the changes in - price ratios
via the 1nter—actions. The Danish report does not consider these inter-actions.

The need for a formula including the interhactions was realised from the begin-
ning of s0il fertility research in the Netherlands, . Because of difficulties the search-
for a general formula has been abandoned and another method is being investigated. The
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suggestions which may be derived from experimental data are graphed (in most cases these
-suggestions are alsoc used to formulate the mathematical function). A curve 1s fitted us-
ing & least squares method, ~ The form of the function is not fixed beforehand and the Inter-
actions can be found by using a special'proceddre, this method is literally more dimension~
al. The lines are drawn at different levels of the other relevant growth factors. Qur
experiences with thls methed are very good, especially as we are now able to calculate the
- significant differences. Some research workers object to the graphical method, but it is
apparent from the above arguments that there 1s little difference in subjectlvity between
the numerical and graphical methods,

Furthermore, the problem of obtaining experimental data for the plotting of res-~
ponse curves and the bullding up of manurial advice is important.

-The usual method 1s by starting with the general formula using the model in which
all factors are possibly influencing the yleld. . We include not only the factors which are
easy to change, such as fertilisers, but alsc the factors, such as organic matter content,
moisture content, which are neither easy to change nor investigate on the normal experiment-
al field. The experiment runs as follews: A large number {200-250) of single plots are
used, each individual plot is laid out on a different site, so that each plot hag different
scll properties, When the influence of fertilisers, e.g. phosphate and potash,is to be as-
certained, some plots receive the following treatments: Ilow phosphate low potash, low

- phosphate high potash, high phosphate low potash, and high phosphate high potash, = For the
sake of simplicity an example with only two treatment levels has been taken but in reality
more levels are necessary to construct the response curve., This method combined with

. statistical analysis is cglled polyfactor analysis. By using this graphical analysis i1t is

~poSsib1e to unravel the influences of the several factors and their inter-actions. (Fig. 1).
Absolute yields can be used. The great difficulty in the analysis 1s that there are very

- strong correlations between most of the factors as the natural variability 1s belng used;

it is sometimes very difficult or impossible to indicate the causal relations. = On the
other hand, generalisation and interpolation are not sc dangerous when taking inte account
so many factors, Our exXperiences with this method. are very good,

‘Contrary %o this method is that in which well-known experimental fields are used,
“ An experiment 1s laid down on one or more sites, the variable factor being incremental

amounts of fertilisers, and a relationship 1s established between yilelds and increments of
fertiliser. - Tt is unfortunste that frequently only two levels are used as this number is
“not sufficient to constrict & response curve - = 4 or 5 levels at least are necessary. Ir
the emphasis is laid on the possibility of finding treatment differences with a high stati-
stical significance the large number of replications necessary limits the number of treat-
ment levels. The literature on this subject gives the impression that the statistical

significance is striven after more as an end than a means to an end.

The results of one experimental Tleld apply only %o that particulsr site. With-

out‘a further analysis of the factors which cause the differences in reaction between the

experimental flelds the applications of the results obtained to other sites is senseless,
The intricaey of factorial designs: often 1imits the number of experiments that can be under-
taken. fThe first difficulty then is %o define the population to which the results apply.
Tt i3 necessary to know the geographical area, the zoils, the cultural practices and all

factors which are not taken as treatments, ~These problems belong to the sampling theory.

' Caution must be exercised when interpolating from sites chosen in & systematic way.
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Tf the experimental fields used are a good sample of the whole population how
céh the results of these experiments be used For advising the individual farmer? The res-
ponses on the fields are different because the factors influenecing the response vary be-
tween the sites. Without a scilentific analysis of the causal factors an dindividual -
approach to the-results is impossible - the results are only useful to give a general ans-—
wer for the average situation, The Danish report is an example of this.

The responses or treatment differences usually vary from place to place, time to
time, or with a number of other factors, Apart from the influence of the experimental
error three cases may be distinguished. s o

- the causes of the differences. in response are unknown. In this
case g good sampling without bilsas is the first requirement.

-~ the causes of the differences are known but the instances cannot -
be predicted, e,g. weather effects. : o

- the causes of the differences in response are known and their
incldence can be predicted (soil factors) - it is desirable from
a practical viewpoint that many factors belong to this group.

Plant nutrition research in the Netheriands has always devoted much attention to
the investigation of these last factors. The system of research developed is a comblnation
of the two described methods, The conditions necessary for high statistical significances
have been abandoned and the emphasis is placed on the analysis which tries %o indicate the
causal influences of several factors on the response.

A number (30-%0) of experiments have been laid down to investigate plant response
to, e.g. potash, The exﬁeriment hes & large number of treatment levels so that the res-
ronse curve for each experimental field can be drawn,  The emphasis is not placed on stati-
stical significances and therefore the number of replications is small (generally 2 repli~
cates are used, and for the control and highest treatment 4 replicates). If necessary more
than one nutrient can ke investigated. Another difference is that the experimentel = sites
are not a sample of the population. On the contrary the choice of sites is  systematic.
The reasonable expectation in this case is that the response to potash . dressing will de-
pend on the potash status of the soll - with high soill potassium levels there . will be no
response and with low solil level the plant will react strongly, For constructing - the .
whole curve, high, moderate and low potassium levels must befpresent' in equivalent: num-
bers, A complete total nutrient status should be obtained so that a regsponse can be eStar
.blished over the total nutrient status range of the soil. Such & choice  is easy if &
fertility survey is available. Other factors, such as pH, molsture contenf, ete,, thaé in=-
fluence the response must be considered in the same way. ’

The analysis of the data is a combination of the analysis of an . experimental
fleld and of & polyfacter analysis; both operations are graphical.. The response curve for
each experimept is first determined graphically; normally a maximal yield can be . found.
The maximal yield is takeg as 100 and the other yields are expressed as a percentage of
the maximum. It 1s expected that the yield of the no potash treatment on a site high in
soll pobtassium will be aboubt 100 and less than 100 on a low potassium site, ' The. agsump-
tion is that there is a relationship between the nutrient status of the »sbil as expressed
by soil analysls and the relative response. To determine this relationsh1§ the relative
ylelds of, e.g. the control treatments of each experimental area, are plotted against the
corresponding soil analysis. An average line is drawn through these poinEs. Apart from
experimental errors a point above this line means that the response on that particular area

was lower than could be expected from the potash status of the soil. Such deviations must
be related to other rfactors.
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Generally absolute ylelds are not used., This reduces the spread in results as
the influence of & number of factors not affecting the response is eliminated, Relative
Fields cannot be used if the yleld levels of the experimental sites are very different.
The method using relative yields does not give complete certainty that maximum yields have
been abtained.

The essence of this mebhod 13 the possibility of relating crop response with a
s01l test result. Much information is obtained in this way into the causal relationships
between response, fertilising and soil properties. Advice that 1s based on this method is
very reliable, and this also holds for the nutrients, phosphate, potash and several trace
elements. With regard to niﬁrogen the situation 1s more difficult as no satisfactory
analysis of the nitrogen stabus of the soil exists. In two series of experiments nitrogen
response has been related to other factors, e.g. structure, moilsture content, and humus
content, which are known to be correlated with nitrogen release in the soil. The results
are very promising,

¥y ideas regarding factors affecting growth and methods of expressing growth res-
ponse data had of necessity to be presented here very incompletely. It was impossible to
treat all problems which are related to c¢rop response, the influence of resldual effects,
ete, I hope I have made clear that the last method which I described i1s preferable, but
the ultimake choice depends on the existing situation in éach country.

- 69 -



Variance

.

4000

3000

2000

000

c T
T 4 § = | §, |
= 2 5 2 oy g Variance from
— . N : - ;
%) g EE Il g Eg S, =h! experimental
+ Q o &8 ©!l 2a &= §§ error
! Q [ o lw] N o c 5

X Lo 0Aa K aQ yva [ OO  oh : |

corrected factor

Flgure 1
The decreases of %the variance of .

_ ¢ ylelds of potatoes after successive
ellminatiohs of the influences of grow:h factors found by polyfactor-
analysis,

_To -



~quauwTdadx® Suc ST 30p yoem * (durssoap agjeydsoud yatm PTOTL umwixew Jo a3eq
-usoasd se passeadxo Jurssedp sqeyudeoyd qnoyspm PTSTL) SPTOTA 9AT9BISI pue
whpOpmaopwH UT pauTmIssap fsiusquod ajeydso

ud 1705 ULOM3a(Q UOT4RTEI ©
L , . e . R , c mQSWﬁ&

0O S o5 sz - ol
1119 | ! e g

e o LPol

pToTE *Tod

*QHOT PuB [y6T sasaf oy woaj Byeg .Ummﬂu Hm‘

09
oL
o8
06

oo



+57T0S Apues put SSa0T ¢{e10 JOATI FABTO
qeTax oues oyl

outaeu ‘qeed MOT JI0J £roaTgoedsad ‘g 8andTl UT USAT3 S8 UoT LA

P

ool L SL e e 62 G2 6 s O
i T m—— " . T T T 1 4 ] I Om
11927 . , T o T e e o X “
L T !
g —L; = Itz  PubZ T puDSs A .
8 —L% . S$0] T §S20] TR “ _ 09
Ly, 12pH2ind T ADID J2AtLd “ . | _
g% —Lp.— 6E. 12pp2z ~ AD|D 2ulDW Lo .._ !
Lt,—Qy, u22nBDD| ~ 1D2d MO| . | ' o | .
| Lo g _ T JoL
P /
I
o _
P o))
|
_

PV

protL . 194

06

ool

-T2 "



Jo f£3pjuenb Aagssadsu ayy, *BuTrssaap S
pauTe3qo spiaTA J0J Lrearaosdsaag

OOl

|

sl

‘¢ 2andTJ Ul UOATS SB UOT4RISI SWES oayf,
% 9anTITd

Os

mmamnw Uons y3TM Pagsesse ogq uBd Juissoap
0%d ®Y/S3Y 06 put 0§ 02 UITM PUB 4NOYJTM

S¢ Gl

*ULID —— g

|

o

PISTL *Toax

o8

06

~ OO0l

T3 -



rel, yleld
Y 1
OO0
80
60
B K -value
1 ! | N
O [®)] 20 30 40
Fi ré 5

%ﬁe relation between soll potash contents, determined in laboratory, and

vields of potatoes wlthout potash dressing, expressed in percentages of the
yields obtailned with 150 kgs/ha KQO dressing.
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