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An expert system has been developed to support decision-making for determi-
nation of deficiencies in plant nutrition according to visual symptoms. The
work with the expert system and the program options are described herein.
Expert system FYTOTROF can help farmers in their decisions about fertiliz-
ing, but can also be used as a teaching program.
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INTRODUCTION

The current methods for determining mineral plant nutrient deficiency
require either the protracted expertise of an experienced agronomist or com-
plete inorganic analysis of plants; the safest way is to use them both. An
experienced agronomist can guess about the deficient element in nutrition
according to habitual symptoms of the plant or the whole field appearance.
A less experienced agronomist can use various illustrated publications but
some of them are not very lucid (Bergmann, 1988). For this reason, we
have developed a system to support decision-making for determination of
deficiencies in plant nutrition according to visual symptoms.

Justification for expert system approach

Visual symptoms of some element deficiencies in plant nutrition are very
similar, especially during the early phases of growth. They differ in markers
which are not very different at first sight and thus could be overlooked. The
use of picture atlases is time consuming during the first step, i.e. in looking
for an appropriate page. A lot of theoretical knowledge is needed to obtain
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a correct result. However, direct instruction for practical use is often hard to
find in many specialized publications.

An expert system can help a lot in this situation, since it asks questions
and focus the user’s attention on the general appearance of the plant. After
answering all the questions, the computer is capable of combining all the
answers of the user in a short time, assigning statistical weights and theoreti-
cal assumptions, and presenting the user with a qualified conclusion.

MATERIAL AND METHODS

The expert system shell LEQ built by us was used for designing FY-
TOTROF. LEQ is a MYCIN-like rule-based system (Forsyth), i.e. it proc-
esses rules of the form:

»IF assumption THEN conclusion WITH WEIGHT*
where weight is a number characterizing the degree in which one belicves
that the conclusion holds if it is certain that the assumption holds. If a know-
ledge base is given, it is possible to execute consultations, i.e. LEQ infers
weights of goals from weights of entries (user’s answers on questions) using
a net of rules constituting the knowledge base. LEQ uses uncertainty pro-
cessing from EQUANT (Hdjek, 1984, 1985).

Inference in LEQ use backward chaining, it means, at first system tries to
evaluate goal, in case of absence of information system examines assumption,
and in this way it comes back to questions given to user.

The application domain of LEQ is supposed to be described by means of
short statements for which we use the term propositions. Conjunction (or
disjunction, resp.) of these propositions forms assumption (antecedent) of
a rule, a weight of an antecedent is given by the minimum weight of com-
ponent propositions in case of a conjunction and the maximum one in
case of disjunction. At a conclusion (consequent) of a rule stands one
proposition only.

Knowing the weight of a rule and weights of propositions which form an
assumption of that rule, LEQ calculates a contribution of the rule to the
weight of the proposition at the conclusion. After evaluating all rules having
an examined proposition as the consequent it is possible to calculate the
(global) weight of the proposition.

Weights are real numbers from an interval [-1, 1] at processing in LEQ
but for the purpose of a communication with users there is appointed suitable
scale of integer numbers (expressing a conviction of the user in validity of
the proposition) which is mapped in [-5, 5].

In LEQ there is an explanation modul helping user to understand the way
the system gets results.
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The problem domain of FYTOTROF is formed by visual
duced by a nutrient deficiency, so mentioned propositions
ribing possible conditions of the plant (or the field) examined, and goals
are assertions about concrete deficiencies. Rules of FYTOTROF represent
a collection of knowledge concentrated in the expert system which is appli-
cable for decision-making on individual deficiencies.
operation of expert system FYTOTROF can be described in lines of
following scheme (Fig. 1).

¢ Statements

5

(e

data about 1. Scheme of the ex-
studied object . £
! pert system func-

tion

i S B |
|  system for
t zxplanation&_
f g | TR ———— 7
e knowledge |
T

| {inference | —
| jmachine j

==

]

|

|

i
conclusions

The rules represent a collection of knowledge concentrated in the expert
system and used for decision-making concerning individual deficiencies. We
have used some generally known information from the literature (Bergmann,
1988; Brandenburg, 1961), and also our own experience (Cernohor-
skd, 1985; Cernohorsk4 et al., 1989; Dvofdk, 1960; Dvofdk,
Cernohorsk4, 1969, 1972, 1981, 1984; Dvofiidk et al., 1991; N4tr,
1970).

It is almost impossible to specify such rules with a 100% certainty, as
some symptoms observable on the plant lead only to suspicion of certain
deficiencies in plant nutrition. Similarly, it is often not easy to decide un-
equivocally whether a symptom in the plant does exist. Therefore, the expert
System accounts for these uncertainties and a measure of validity for individ-
ual propositions is expressed in terms of statistical weights.

The weights are integers ranging from —5 to +5. The proposition has
a weight of -5 if it is absolutely false. The weight +5 is assigned to a propo-
sition which is fully valid. The weight O means that nothing can be said about
truthfulness of a proposition, either because there is no information available,
or the question asked does not apply to the plant examined (for example,
a question concerning fruit of plants which have not yet bloomed). Zero can
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also express a situation, where the symptom asked for by the expert systep,
is very vague and we are unable to decide whether to consider or reject jg_
With numbers between —5 and 0 or 0 to +5 it is possible to express ap
increasing measure of truthfulness of presented proposition. For example, the
proposition ,the leaves are yellow™ will not be considered as fully true ip
a situation when the plants have only a few yellow leaves, or if yellow leaves
can only be found on some plants in the field.

Operation of FYTOTROF

In its introduction, the program offers basic information:
1. It characterizes the concept of weight of answer and its degree of certainty
(Fig. 2).

2. Capture of the
During the consultation you will insert weights opening screen

of individual propositions

Understand the weight of proposition as a measure
of your conviction about validity of proposition

Insert the weights as integers,
maximum weight (+5) 1is assigned to fully valid

proposition, N R
minimum weight (-5) is assigned to fully invalid

proposition

weight 0 is assigned to a proposition you know
nothing about. 2

2. It offers a commentary to the concept used. Here the system assumes that
the users know the healthy appearance of the plant, both the upper part
and the roots. When in doubt, the user can call up the commentary any
time.

Consultation itself with the system follows — the expert system asks the
user questions to find in what aspects and to what degree the followed plant(s)
differs from healthy ones. We have to keep in mind the necessity of both
positive and negative answers, because the system derives its conclusions
from negative answers as well.

Some questions are clustered by the system, so the user can evaluate
possibilities of a certain symptom and decide about his/her answers.

In the menu offered, where all the answers are originally set to zero,
possible to answer the questions in any order that a user wishes and user can

it is
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change the answers. If all the proposition weights agree with the situation
t=
described, the user progresses to the next menu.
The offered menus:
: Habitual disorders“ — see screen capture in Fig. 3.

Habit disturbances —
= 3. An example of
2 slower development of plants a group menu of-
4 shorter internmodia ................ioiloilln

5 turgor-less plants, collapse ﬂﬁcd.Tﬁ?_nunmem
160 perishing of whole plants...... of propositions pre-
6 un—even FLold. . aoie s o dloin o o pommie o o mimined § Wiein § 5 S5 § 5 sented on f
7 apical part of the plant disturbance.......... 0 the i?‘
8 basal part of the plant disturbance........... 0 can be used during
9 the disturbances are incidentally placed later check or cor-
on the plant. ... ... o iimniaiiiiannnnnnnn 1] i £ .
10 atypically cpened leave rosettes.............. V] r?Clon ot propest-

90 reproducible organs development disturbance...0 tions

Insert weights of individual propositions

(Weight have to lay between values -5 and +5)
Individual weights changes confirm by pressing ENTER
Insertion of the weights in a given menu finish by ESC
Press F1 for help

The questions stem from the appearance of the whole plant, the whole
habitus. Here it is necessary to decide which part of the plant is disturbed;
for example, if the disorder affects apex or base.

»Plant apex disorder* —

_ By his/her decision the user influences the further course of the consulta-
tion. 4{‘% the user denies the apex disorder, the system does not ask further
questions dealing with the apex (see the example in Fig. 3).

»Leaves disorders“ —

The possibilities offered:
wSpecification of leaves deformation* —

- drying, collapses, deformations, etc. If the user does not confirm the given
.]SQT(iQr-“ that is, he/she gives a negative answer or 0, the system stops ques-
tioning in this direction.

»Leaves color changes* —

: It is possible to choose from several positive answers, if it is impossible
0 SE B a - : :
1 ©Xpress an opinion on color changes unequivocally, or if the leaves of the
Plants in the field are of various colors.
»Localizati - “

calization of color changes of leaves and leaflets
»Color of spots*

»Specificati .
Pecification of leaves/leaflets necrosis*“
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, the system takes all the answers into account, therefore,

ds on combinations of individual propo-
st of all distinguished on the leaf: apex,

wsultation de

2
]

sie to observe the stalk, the answer to all questions is 0.

rders’

»Spots on fruit® —

The user answers the questions of this menu only if he/she gave a positive
answer to the guestion about disorders of reproductive organ formation pre-

viously. In early sta lopment, these questions would not be rele-

v when the user tells the system that the roots

T C ation, the system asks individual questions
Wﬂh,h dx) not i‘} mm [m groups of question discussed previously.

After the user is asked a question, it is possible m request an explanation
from the system for why this question has been asked. The system progresses
to the next question only after the user states the w "oht of the proposition
contained in the the question. Our system makes it also possible to attribute
a weight to any proposition, ouiside the order of the propostitions. This mode
can be used not only for atiributing weights to propositions which have not

so for cexrecting earlier weights.

Information on the weights of some important propositions out of the
schedule can be useful, e.z., in a situation where the user would like to finish
the session prematurely. The system then evaluates the consultation only with
the facts available. The results are understandably ,,worse®, because not all
the information available has been used.

yet been asked, but a

it

Output from the expert system

The result is attribution of weights to individual element deficiencies,
listed in a scale from -5 to +5 with the same meaning as used for the ques-
tions. The weight can be considered as the ,,measure of the reasons® support-
ing the diagnosis. At the same time, a numerical expression of the weights is
less decisive than the order of the individual deficiencies — the system works
with far finer discrimination than that in the input scale. The proposition
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about that element deficiency which has the highest output weight is, there-
fore, most strongly supported by the symptoms provided.

The results can be summarized either according to the numbers of propo-
sitions dealing with the individual element deficiencies or according to the
weights of the pmposmons. This mode allows fast identification of the par-
ticular element deficiency; or the user’s attention is first turned to the most
serious deficiencies, while d« ciencies with the same weight are sorted according
finer evaluation system. In both cases the user can have all the pl()p(m]tl(;n‘s
splayed, or only those propositions which have attained certain minimal
positive or negative wmghts determined by the user (an example of screer

0 a

\

capture is given in Fig. 4).

Weight of the proposition 110: Manganese deficiency is 3
Weight of the proposition 106: Nitrogen deficiency is - 3
Weight of the proposition 108: Iron deficiency is - 3

ATTENTION ! ! !
The symptoms of Manganese deficiency coincide with the symptons
of manganese over-fertilization!
If the need is to decide between both of these possibilities,

find how deep are tissues disturbed by spots - for
over-fertilization the spots affect the epidermis only.

4. An example of a shortened output of the consultation — minimal weight entered = 3.

After the consultation ends, the user can ask for explanation of the weights
assigned to all the propositions. The system then lists all the rules affecting the
final weight of the proposition, together with information about a weight of the

ule. All the weights are, in this case, presented on a finer scale, from —~100 to
+100 with the same sense of both the extreme values and zero value as above.

The program can save the whole consultation. It is possible to save only
the results of the consultation, or, in addition, the answers to the individual
questions asked. The user can determine the names of the file, to which
arbitrarily long information can be written (Fig. 5). The saved input informa-
tion can be of a great advantage for repeated consultations with the system.
The utility of repeated consultations with the system is twofold:

— it is possible to perform a trial of sensitivity analysis in which weights of
certain propositions are varied between successive consultations,

it is possible to finish a consultation interrupted prematurely.

o
>
w
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. Screen captur
Now you can add any notes to the record of 5 ptute

consultation from the saving proc-

€8s

finish every line by "Enter",
finish the notes by "Esc".

DISCUSSION

Decision-making concerning insufficiency in mineral nutrition of plants
according to visual symptoms has some limitations. For example, the same
disturbances in the plant habitus can exhibit deficiency in one element and
toxicity of the second, or the effect can be phytopathological. In such cases,
the system gives a warning. Together with warning, the system further offers
detailed characters for discrimination of potentially confusing situations.

We have found during our work on the expert system that expressions of
deficiencies at individual groups of plants have different significant charac-
teristics. Besides the basic general system FYTOTROF, specific versions
have been developed, for special groups of plants, like grain crops, rape
(Brassica napus) and potato. Outputs from these species-specific systems are
more focussed and consultation are shorter.

The system has been designed so that it is completely self-explanatory
when following the instructions and questions, without any additional instruc-
tion for use. We have checked with users and found out that they could be
easily understood and follow the program.

CONCLUSIONS

,Fytotrof*“ has been developed as a decision-support system for determi-
nation of deficiencies in plant nutrition according to the visual symptoms.
Fytotrof is intended for help in agriculture management — as a part of large
crop management systems. In our country complete transformation of agri-
culture is going on and with it also application of computers in all of its
activities. Even now there is a demand for suitable software.

Because of Fytotrof’s explanatory ability, the expert system offers much
more than advice about nutrition deficiency. It is also possible to use the
system as a teaching program to help in learning the basic symptoms of
mineral nutrition deficiencies.
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Expertni systém FYTOTROF podporujici diagnostiku deficitu ve vyZivé rostlip
podle vizudlnich symptomu.

Scientia Agric. Bohem., 26, 1995 (3): 199-208.

Urcit deficience v minerdlni vyZiveé rostlin podle vizudlnich pfiznaki miZe agro-
nom s dlouholetou zkuSenosti. Méné zkuSeny md k dispozici rizné obrazové publi-
kace, nebo se mtZe orientovat podle anorganickych rozbord rostlin. Nevyhodou je
jejich vysokd cena a nutnost znalosti vhodnych poméri mezi obsahem prvki, aby
bylo mozné piislusny relativni deficit (ve vztahu k dal$im Zivindm) vyhodnotit.
Spravné se rozhodnout znamend disponovat velkym mnoZstvim znalosti a umét je
spravné zkombinovat s praktickou zkuSenost{. Po¢itacovy program provede ohromné
mnozstvi kombinaci b&éhem nékolika vtefin a poskytne tu nejleps{ radu.

Expertni systém je tvofen predné souborem krdtkych tvrzeni, kterd popisuji moZné
stavy sledované rostliny ¢i porostu — vyrokd. Ddle pak soustavou pravidel, jeZ pred-
stavuji souhrn znalosti soustfedénych v expertnim systému. Vahy jsou pak celd Cisla
v intervalu (1 aZ 5) nebo (-1 az -5), urcujici pravdépodobnost platnosti urcitého
vyroku. Prdce uzivatele spocivd v konzultaci s expertnim systémem. Jejim vysledkem
je vyrok o deficienci jednotlivych prvkd podle toho, jaké vahy uZivatel jednotlivym
symptomam piifadil. Pracovni operace expertniho systému Fytotrof popisuje obr. 1;
na obr. 2 aZ 5 jsou ukdzky jednotlivych &dsti konzultace a vystupu. Program nabizi
dal$i moZnosti, napf. ukldddni jednotlivych konzultaci a jejich zpétnou analyzu.

pocitacovy program; vyZiva rostlin; urCeni deficienci
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