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RESUMEN

Diecisicte cepas de Trichoderma aisladas del
suelo de plantaciones de pasionaria, ficron selecciona-
das por su tasa de crecimiento v capacidad de esporula-
cion, evaludandose su potencial antagonico sobre un ais-
lamiento de C. glocosporioides, agente de la antracnosis
de la pasionaria. Aediante la utilizacion de latéenica de
cultivos apareados se comproho que todas las cepas de
Trichoderma causaron alteraciones morfofisiologicas
en las hifas del fitopatogeno. leste tipo de actividad fie
evidenciado por plasmolisis, vacuolizacion v enros-
camiento de hifas. Ikn 13 apareamicntos hubo sobreposi-
cion de Trichoderma sp., causando inhibicion del creci-
miento micelial de las colonias del fitopatogeno, no
sobreviviendo este en 10 apareamientos. De las tres
especies evaluadas, T. koningii reunia el mayvor niimero
de aislamientos con caracteristicas  favorables para su
utilizacion en el control bioligico de C. glocosporioides,
lo que sugiere la posibilidad de controlar la antracnosis
de esta plania en el campo.

INTRODUCTION

Passion-fruit is subject (o be attacked by various
discases and pests so to fight against them the systematic
usc of defensive means is necessary. This must be done.

SUMMARY

Seventeen strains of Trichoderma isolated from a
soil planted with passion firuits were selected because of
its rate of grovwth and sporulation ability, their antago-
nistic potential against an isolate of C.glocosporioides,
an agent causing anthracnose in passion fiuit, being
evaluated. By means of the paired culture technique it
could be seen that all the Trichoderma strains induced
morphophysiological alterations in  the phvtopathogen
hyphae. This kind of phenomenon bhecame apparent
through plasmolysis, vacuolization and coiling of hyvphae.
An overlapping of  Trichoderma occurred in thirteen
pairings what inhibited the mycelial growth of the
phvtopathogen colonies and caused death of the latter in
10 pairing. — Of the three species examined, T. koningii
exhibited the highest number of isolates meeting the
desirable requirements inorderto perform the biocontrol
of C. glocosporioides, meaning that there is a chance to
control anthracnose of this plant in the field.

however. using strict crileria. since, o guaranlee its
fertilisation. the plant nceds the action of pollinising
insccts (43).

Passion-fruit anthracnose has Colletotrichium
glocosporioides (Penz.) Penz. & Saccardo ascthiological
agent. The discasc attacks all the organs ol the acrial part
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of the plant. It occurs in all orchards throughout Brazil
and itscontroll is sometimes very difficult when climatic
conditions favour it (49).

' In order that passion-fruit can receive the greatest
market approval. in addition to adequatec packaging.
transport and conscrvation. the fruit must be presented in
a well-matured state. with a smooth pecl. and frec of
anthracnosc (23). The control of the passion-fruit anthrac-
nose, is made basically by mcans of the application of
preventive fungicides(32.37). The fungicides may promote
an increase in the incidence of discases due to the
interference and dcath of antagonists or because of the
action on the bencficial microbiota (27).

The rescarch for alternative strategics o the usc of
chemical products used in the control of plant discascs,
continues as a long-term goal of rescarch in agriculture.
Biological methods to reduce discasc levels alrcady exist
in many traditional handling tcchniques and storage
processes. What is usually absent. however, is a detailed
understanding of the microbial ccology which forms the
base of this natural method of suppression. This informa-
tion is esscntial so that. the antagonistic intcractions
which occur between the saprophytic microbiota and the
invading fungus which causes the discasc in the plant can
be explored (29). This natural method is known as
biological control and can be defined as the occurrence of
antagonistic intcractions between pathogenic and non-
pathogenic organisms which result in the suppression or
control of the pathogenic organisms, by climinating or
decreasing their cffects on the hosts. ,

The use of microorganisms as a rccogniscd
antagonistic ability and non-resident in the phyloplan is
also a common tcchnique in the biological control of
discascs in the acrial portion (8). Among the potential
agents of biocontrol, the Trichoderma Pers. hasbecn onc
of the most studiced, considering its peculiar antagonistic
characteristics in natural conditions. mainly in the soil (3.
13. 24, 34. 42). Another advantage. of being a biocontrol
agent is-the fact that the Trichoderma specics rapidly
become resistant to fungicides when exposed to them.
Resistant strains, antagonistic to a particular pathogen,
may be used together with fungicides for the control of
other discases (1. 26. 34. 47).

The natural occurrence of Trichoderma. in
commercial passion-fruit plantations in Brazil. hasalrcady
been cited (36). and it has also been isolated from the root
and stem of this plant (31). C. glocosporioides. isolated
from the Icaves of the cashew tree. showed high sensitivity
to Trichoderma which behaved as a promising agent in
the control of this important pathogen under laboratory
conditions (33).

Becausc of  Trichoderma’s antagonistic poten-
tiality in the biological control of C. glocosporioides, it
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has become necessary to come (o know its antagonistic
behaviour and to verify the possibility of using it in the
biological control of the passion f{ruit anthracnose. This
study has been developed with the objective of selecting
isolates of Trichodermawithabetlerantagonisticactivities
over C.glocosporioides, by mcans of the study of in vitro
antagonistic interactions.

MATERIALS AND METHODS

A high pathogenic isolate of C.glocosporioides,
obtained from a passion-fruit plant, 41 isolates of
Trichoderma obtained from soils of passion-fruit
plantations. and 2 isolates of Trichoderma (TR2 and T-
25)obtained from URM-UFPE). in the State of Pernambu-
co, Brazil, were evaluated in the tests. '

Myecelial growth rate and capacity of sporulation.
To characterize the isolates as to their mycelial growth
ratc and capacity of sporulation. culturcs were made in
PDA (potato-dextrosc-agar) medium, transfering 4 mm/
diameter discs of mycclia-agar. with 3 day incubation
withdrawn from the edge of the cultures, in to the centre
of Petri dishes with PDA in triplicate. These were
incubated at 26°C .

To evaluate the mycclial growth. daily measurc-
ments were made of the diameter of the colonices in two
diametrically opposed directions. until the moment when
the entire surface of the culture medium was colonised by
the fungi. in any one of the repetitions used. To calculate
the lincar rate of growth of the mycelium the formula
described by Lilly & Barnet was uscd (30).

The capacity of sporulation was visually cstimated,
after 10 days ol incubation. The sporulation was classificd
as “abundant™ when the sporulation was very visible all
across the surface of the colony: average “medium” when
the sporulation was visible in an arca corresponding 1o
about half the surfaceof the colony: and “sparse”™ when
the sporulation was visible on lesser than half the surface
of the colony.

Antagonism test. The antagonists which had the
greatest rate of mycelial growth and sporulation were
grown in paired culture with the phytopathogen under the
mcthod described by Dennis & Webster (18). Initially, the
C. glocosporioides isolate was innoculated on 9 cim/diam.
Petri dishes. with PDA and incubated for 6 days at 26°C.
After this period. 4 mm diameter discs of mycelia-agar
were removed [rom the edges of the colonies where growth
was vigorous, and transferred into Petri dishes with PDA.
One disc of mycelia-agar was placed about I cm from the
edge of each Petri dish and incubated for 3 days at 26°C.

After incubation, a disc of mycclia-agar of
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Trichoderma, removed from the colony edge after being
incubated for 3 days was transferred in to the opposite side
of the Petri dish. about 1 cm from the cdge. in a position
diametrically opposed to thatwhich had been occupied by
the disc of mycclia-agar of C. glocosporioides. The
dishes. withthe twodiscs 7cm apart fromeach other. were
incubated at 26°C. with three repetitions. The measurcs
of the daily mycelial growth of the colonics one towards
the other were noted.  Their meeting. the inhibition of
mycclial growth and the overlapping of the colonies were
obscrved. The isolates were classificd according to their
antagonism agrecing with Bell er al.’s scale. (6).

Antagonic interactions.  For studics of (he
antagonic interactions between hyphac of the antagonists
and phytopathogen. paired culturcs were made and cover
slip placed in the central region of the Petri dishes. where
the mecting of the colonics would take place. After the
mecting . the cover slip were withdrawn and placed on a
glass lamina for microscopy with a drop of Amann’s blue
colouring. Thercafler they were observed under anoptical
microscope and the occurred interactions among the hyphac
were analysed.

Survival of C.glocosporioides. The survival of the
phytopathogen. after paired culture. was verificd through
obscrvation of the development of the colonies beginning
with mycelia-agar. 4 mm in diameter. removed from the
colony of the phytopathogen in thezone of the antagonism.
at a distance of 2 cm from the line of initial contact
between (he colonics.  Five discs of myeclia-agar were
transferred to Petridishes withPDA mediumand incubated
at 26°C. with three repetitions. as a modification of the
technique described by Tronsmo & Dennis (44).The
analysis of the survival of the phytopathogen was carricd
outafter 14 days of incubation by observing the number of
colonics that had been formed.

RESULTS AND DISCUSSION

Data about the average of mycelium growth rate
and sporulation capacity of the isolates of Trichoderma
arc showed in Table 1. The isolates Til. Ti2. Ti3. Ti5.
Ti8. T19. TilO. Til3. Til3. Til7. Til8. TilY. Ti25. Ti20.
Ti35. TR-2 and T-25. presented mycclium growth rates
greater than the average rate with “abundant™ or “avera-
ge” sporulation and were sclected for (he antagonism test
in paired culturcs. The mycelial growth rate of the
phytopathogen was. approximately. twice lessed than the
average mycclial growth rate of the antagonists. C.
glocosporioides was inoculated three days carlicr so that
the meceting of the colonics could occur in the centre of the
Petri dish. The mycelial growth rate of the antagonists

aflects their interactions with other fungi (25). It was
obscrved that theisolates of Trichodermawhich presented
the greatest speed of mycelial growth showed greater
antagonistic potential over C. gloeosporioides (33). The
rapid mycclial growth winning the competition for
nutrients and the rapid colonization of the substract. asso-
ciated with the production capacity of a large number of
spores [or dispersion. arc factors which. when added to a
promisingantagonistic potential. determine thatan isolate
has characteristics of being a good biocontroller (14).

Table 1. - Mycelial growth rate and sporulation of the
strains of C. glocosporioides (Cg) and of Trichoderma
(Ti), in PDA medium at 26°C.

Isolate  Specie  Myeelial growth rate (mm/‘day)’ Sporulation?
Cel C. glocosporivides 14.88 Abundant
Tl 1. harziamun 2448 Medium
Ti2 1. koningit 24.62 Abundant
T3 1. harzianum 46.87 Medium
Ti4 1. koningii 8.54 Sparse
Tis 1. harzianum 40.46 Medium
Ti6 1. harzianum 15.43 Sparse
Ti7 T harzianom 17.42 Sparse
Ti8 1. crreoviride 41.35 Medium
T T. anreoviride 43.82 Abundant
Til0 1. aureoviride 46.87 Medium
Ti1l 1. awwreoviride 16.68 Medium
Ti12 1. anrcoviride 15.26 Medium
Til3 T. aureoviride 42.24 Medium
Tild 1. harzianum 991 Medium
Tils T. harzianum 42.24 Abundant
Tilo 1. koningii 14,78 Mediom
7 1. konngii 39.60 Medium
Til® 1. harzianum 39.43 Medium
Ti19 T. anreoviride 48.86 Abundant
Ti20 1. komngii 13,44 Sparse
Ti21 1. koningii 991 Medium
Ti22 1. koningii 1390 Medium
Ti23 T. harziamun 991 Medium
Ti24 1. harziamun 11,19 Medium
Ti25 1. koningii 40,15 Medium
Ti26 T. koningii 39.74 Medium
Ti27 T. koningii 19.20 Medium
Ti2% 1. harzianum 10.56 Medium
Ti29 T. anreoviride 12.24 Abundant
Ti30 1. anreoviride 14.79 Medium
Ti3dl 1. anreoviride 17.42 Medium
Ti32 1. koningii 19.20 Abundant
Ti33 1. koningii 8.54 Abundant
Ti34 1. anreoviride 1742 Medium
Ti3s 1. cwreoviride 39.98 Medium
Ti36 1. anreoviride 17.91 Abundant
Ti37 1. komingn 12.87 Medium
Ti3s 1. koningit 991 Abundant
Ti39 1. komngii 15.43 Medium
140 T. koningii 19.20 Medium
Ti41 1. komngii 19.03 Sparse
TR-2 1. viride 3295 Abundant
T-25 T. harzianum 41.12 Abundant
1) Average ol three repetition.

2) Visual evaluation aller 10 days ol incubation.

In the pairing of the cultures. after the mecting of
the colonics. overlapping occurred. The measures of these
arc showed in Table 2. The antagonistic bechaviour of the
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isolates was very diverse. The paired colonies were found
after 48 hours of incubation. except for the two isolates
TR-2 and T-25. which found the colony of the
phytopathogen after 72 hours. The Ti 17 isolate was the
onc that overgrew most rapidly  the phytopathogen after
72 hours. The Ti 1Y isolate which had the greatest myeelial
growth rate. started overlapping only after 72 hours.
while the Ti 2 of lcast mycclial growth began overlapping
before 72 hours. The Ti 10 and Ti 26 isolates of high
mycclial growth rates did not overgrew the phytopathogen
colonics. The Ti2. Ti 17. T-25 isolates completly overgrew
the colonics of C. glocosporioides, with 144 v of incu-
bation. Aftermecting ofthe colonies. there wasan inhibition
ol the mycclial growth of the phytopathogen. in all the
pairings. The varicd antagonistic behaviour reflects the
action of several antagonisim mechanisms. Various (ypes
ofantagonisticinteractions used by the fungiwere observed
and they arce detailed in Table 2.

Sporulation of the antagonistic occurred on the
phytopathogen. generally in compact masscs ol conidia.
The Ti 8. Ti 13. Ti [7. Ti 25. and T-235 isolates produced
“abundant” sporulation on the phytopathogen. but the Ti
35 isolate. which overlapped the phytopathogen colony
after some delay did not sporulate. The sporulation of the
phytopathogen decreased and was “sparse™ in 10 pairings.
while “medium™sporulation of the phytopathogen occur-
red. even on the colony of antagonists. in the paired
cultures with Ti 3. T1 9. Ti 13, Ti I8. Ti 19. Ti 35 and TR-
2 isolales.

The last column of Table 2 presents the classifica-
tion results of the isolates as to antagonism based on the
overlapping of the colonics and in accordance with Bell ¢f
al. (6). The Ti12. Ti 17. TR-2 and T-25 isolates presented
the greatest overlapping and were placed in class 12 niost
isolates were placed in class 22 the Ti 10 and Ti 26 isolates
in class 3: and no isolates in classes + and 3.

Overgrowth on the phytopathogen colony is an
advantageous characteristic of the antagonists in the dis-
pute for the colonized arca. winning the competition for
spacc and nutrition. This is onc of the ways of excreising
biocontrol on the other organism which has its growth
reduced or paralvsed (18). The inhibition of mycelial
growthand decreascof the sporulation of the phytopatho-
gencolonyisanother importantantagonistic characteristic
excreised by the Trichodermaisolates. Theseare capable
of producing antibiotics. besides enzymesand other loxic
products which may interfere in the deve-lopment of the
phytopathogen. inducing an undcesirable condition for
growth and sporulation (9. 10. 11, 28. 35. 40).

The interactions that occured between the hyphae
arc shown in Table 3. All the Trichoderma isolales
affected the C.glocosporioides (hrough various (ypes of
antagonistic intcractions. including thosc which do not

106

causc overlapping. suggesting that there are mechanisms
ol biocontrol for antibiosis. competition and micopara-
sitism. The planiolysis of hyphac occurred in almost all
paired cultures. except on Ti 2. Vacuolation was cvident
inmany cells. which also showed a granulous aspect of the
protoplasm without existing. however. a disintegration of
the cellwall. Tnm any cases the Trichoderma species can
be classilicd as necrotrolic micoparasites. for they kill the
host. and make usc of the nutrients spilling from the dead
hypha (4. 14).

In mycoparasitism. the hypha of the host may
primarily sulfer action of toxic metabolic products. inclu-
ding cnzymes. before disorganization and dead occur

(33).

Table 2. - Overgrow of the Trichoderma and
classification of the antagonism.

Ovcrgrow (cm)'

Trichoderma 720 96h 1200 144N Class of
antag.-

Til - - 1,50 2.75 Mce* 2

Ti2 0.80  1.80 345 450 Ab 1

Ti3 - 1.80 245 290 Mc 2

Ti5 - 1.22 2.66 280 Mc 2

Tis 0.73  1.57 280 3.60 Mc 2

Tiv = 086 1.10 275 Ab 2

Tilo = s - - Mc 3

Til3 0.90 .80 2.80 3.70 Me 2

Til3 - - 1.83 285 Ab 2

Til7 2,100 257 354 450 Me 1

Tils - - 090 221 Me 2

TilY - .12 253 3.10 Ab 2

Tid5 0.75 1.1 3.20 3.67 Mc 2

Ti26 = - - - Me 3

Ti35 - - - 1.93 Me 2

TR2 - - 1.13 275 Ab 2

T-25 - 2,50 320 450 Ab |

* Me = Medium Sporulation. Ab= Abundant

1) Average ol three repetitions.

2) Bell er al. "s scale of classes of antagonism (6): 1=
Trichoderma completely overgrew the pathogen and
covered the cntire medium surlace: 2= Trichoderma
overgrew at least two-thirds of the miedium surface: and 3=
Trichoderma and the pathogen cach colonized
approximaltely onc-halfof the medium surface and neither
organismappearcd todominate theother: 4=The pathogen
colonized at least two-thirds of the medium surfacc and
appeared to withstand encroachment by Trichoderma and
5= The pathogen completely overgrew the Trichoderma
and occupied the entire medium surface.
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Table 3.- Antagonistic interactions between hyphae of Trichoderma (Ti)
and Colletotrichum gloeosporioides strains.

Strains
Intcraction Til T2 Ti3 Tis Ti8  Ti9 Tilo Til3 Til3
Plasmolysis of hyphac + - + + + + +
Vacuolation of hyphae + + = = = 4 +
Parallcl growth ol hyphac + + + + + = + +
Penctration of hyphae - + + . + = - -
Dcformation of apressoria Cg - + - 2 . - + - ’
Hook-hyphac of Ti - + - + + + - 4 +
Fragmentation of hyphac Cg - - + + = = = " -
Rings of hyphac Ti - - = + 2 -
Coiling of hyphae + + + + + + i
Til7 Til8 Til9 Ti2s  Ti26 Ti35 TR2 T-25

Plasmolysis of hyvphac + + + + + +
Vacuolation of hyphac - + + +

Parallel growth of hyphac + + + 4 4 +
Penctration of hyphae - - - - + s & +
Delormation of apressoria Cg + = - - + + \ +
Hook-hyphac of Ti + + + - + ¥ +
Fragmentation of hyphac Cg - - + - - - - -

Rings of hyphac Ti - + : s .

Coiling of hyphac + + + + + +

(+) = presence: (-) = abscnce.

The coiling of the scgments of hyphac with
thickeningofcell walls in the phytopathogen was observed
in somes cascs. The parallel growth of  the hyphac.
common in Trichoderma culture. occurred very oflen in
paired cultures and only the Ti 19 isolate did not present
parallel growth of hyphac. The penctration into hyphae
of phytopathogen occurred with Ti 2. Ti 3. Ti 9 and Ti 26
isolates and. apparently. after desintegration of the
protoplast. the cell wall remained intact.

The dcformation of the apressoria of the
phytopathogen was induced by the Ti 2. Ti 10. Ti 17.Ti 26.
Ti35and T-25 isolates. which made them longerand more
slender.

Appressoria is essential for the infection of C.

glocosporioides. (he chiel function of the apressoria is
dircet pencetrationinto thehost (22). Deformation, probably.
miakes complete development difficult and limits the
performance of the apressoria in the infection process of
the phytopathogen. inthetissucof the host. The occurrence
of short hyphac around the phytopathogen. which was
similar to raustoriawasobscrved. but the functionof these
structures. which arc called hook-hyphae. cannot be
certainly proved with assurance. The fragmentation of
phytopathogen hyphac was observed with Ti 3. Ti 5. Ti 17
and Ti 19 1solates. Some isolates (Ti 9, Ti 10. Ti 13 and Ti
19)of T.aurcoviride and the isolate (Ti 18)of T. harzia-
num. formed characteristic rings of hyphae. Elad er al.
(21). obscrved the same phenomenon and associated it
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with parasitism of R. solani by 1. harzianum. for they
formed hyphac rings in the interaction zone and they
belicved that there was not any explanation for the role of
these structures in their life cyele and that they were
rclated to micoparasitism. for they were not produced by
T. aurcoviride nor by T. harzianum in the abscnce of host
mycclium. Itwasobserved that. cven in the absence of host
mycclium. there was ring formation. suggesting that their
formation was not dircctly related (o mycoparasitism.
When Trichoderma hyphae showed themselves to be in
vigorous growth. thicker and less sinuous than the other
mycelium ones. hyperparasitism through direct contact
with phytopathogen hyphac did not occur. Conlact bet-
ween the hyphac ol the fungi determined coiling at various
points and at different intensitics. Parallel growth and
coiling of hyphac arc cited by various authors as the most
common antagonistic interactions. which later make
possible the manifestation of the ones (9. 18, 21. 44, 47).
C. glocosporioides conidia did not become parasitcs.

Table 4. shows the survival data of the C.
glocosporioides alter 7 davs in paired culture with
Trichoderma. Mycclia-agar discs ol (he antagonistic
phytopathogen were incubated for 14 days on Petri dishes
with PDA. After incubating for 7 days some isolatcs
permitted the survival of the phytopathogen to 100%. The
Ti 9 and Ti I8 isolates. permitied only 40% and 20%.
respectively. but afterincubating for 14 days. they permitted
100% survival. In the remaining isolates Ti 1. Ti 8. Ti 15,
Ti 19. Ti 25. TR2 and T-25 isolatcs. there was no survival
of the phytopathogen. In the cases in which there was no
survival of C. glocosporioides [rom (he beginning of
incubation. it is possible that a fungicidal cffect has
occurred. caused by the antagonist in through the release
of diffusible antibiotics in the medium (16. 17). In cascs
where survival occurred. with revival of phytopathogen
colonics after a few days of incubation. a fungistatic cffect
may have occurrcd. in which. after the action of the
antagonists stopped. the phytopathogen recovered its
growth and sporulation capacity.

The results indicate that isolates of Trichoderma.
in invitro tests. in relation (o its antagonistic capacity to
C.glocosporioides. in general. showed themsclves o be
promising in the biocontrol of the anthracnose agentof the
passion [ruit plant.

The tests made it possible to obscrve the
changeability in the antagonistic ability of the isolates.
The Ti 2. Ti 17 and Ti 25 isolates of the 1. koningii and
the T-25 isolate of the 7. harzianum presented the
bestperformances in antagonism o C. glocosporivides.
The high level of intraspecific variability which can occur
was cmphasised by Bell er al.. (6).
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Table 4.- Survival of C. gloeosporioides after
paired culture with Trichoderma (Ti) .

Survival of C. glocosporioides isolate (%)

Isolate 7 days 14 days
Til 0 0
Ti2 0 0
Ti3 100 100
Tis 100 100
Ti8 0 0
Ti9 40 100
Til0O 100 100
Til3 0] 0
Tils 0 0
Til7 0 0
Tilg 20 100
TilY 0 0
Ti2s 0 0
Ti26 100 100
“Ti33 100 100
TR2 0 0
T-25 0 0

1) Average ol three repetitions.

The variation in the ability of 7. koningii in
biocontrol hasalrcady been observed (48). the Ti 17 isolate
was (he one which showed the greatest number of
characteristics desirable for usc in biocontrol. having
rapid growth. overlap capability. coiling around the
phytopathogen hyphac with the formation ol hook-hyphac.
induction of plasmolysis and vacuolation of hyphae and
deformation of appressoria. 1. koningii has been cited as
abiocontrolagentof many phytopathogens (38.39.40. 41,
48). It produces a varicty of antifungal mctabolitcs.
including antibiotics (3. 7. 19. 39. 41. 48) and cnzymcs
which degrade the cell wall (12).

A better understanding of the factors which affect
the interactions between species of Trichoderma and C.
glocosporioides. is nccessary for the development of an
cffective programme for the biological control of
anthracnose in passion-fruit. /n vitro tests in artificial
media have the advantage of speed and control of the
factors investigated. but are shown to be derivated from
ficld tests results in witu. A good performance in in vitro
tests does not guarantee that the isolate sclected will have
the same performance in the ficld. where many
cnviromental factors may influcnee the behaviour of the
isolatc and alter its antagonistic capacity. Nevertheless. in



In vitro antagonistic potential of isolates of Trichoderma - José de Ribamar & Neiva Tinti

vitro tests arc necessary for a preliminary understanding
of the basicaction methodsof the fungus. keeping in mind
the obvius limitations imposcd by the artificial conditions
in which the study has been undertaken (2. 6. 25, 27).
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