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ABSTRACT

This work aimed to study the effect of leaf dis€x@wvpea plantYigna unguiculatgL. Walp.], wheat plant
(Triticum aestivumL.), and corn plantZea maysL.) on the sporulation of the fundgvlacrophomina
phaseolina(Tassi) Goid. The trials were assembled in a 2 Xa&orial arrangement (temperature X
sporulation substrate), with four replicates. TRpegimental plot was a Petri dish with PDA growtkedium
over which six leaf discs from the species mentib@@ 0.7 cm) were laid. The incubation temperatvas
25°C and 30C under a continuous light regime. A disc madeiladrfpaper and PDA growth medium was
used as a control. A 0.4-cm-diameter PDA disc dakxhwith fungal mycelium was placed at the cerieat

of each Petri dish. The evaluation was performethatd" day of incubation by estimating the number of
conidia.mL!.disc'.Petri dish. The data were tested by ANOVA, followed by a riplét comparation test of
averages (Tukey Test) 0.01. The best sporulation was obtained from thesdcontained wheat incubated at
25°C (42.6 x 10 conidia.mL'.disc'.Petri dish'), followed by the same substrate at’G0(39.1 x 18

conidia.mL.disc. Petri disht).
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INTRODUCTION

Macrophomina phaseolinélassi) Goid. is a mithosporic fungal speciespgehe
only representative of the gendacrophomina[27, 17]. It is a severe pathogen which
attacks many types of cultivated plants, mainlync@ea mayd..), soybeanGlycine Max
(L.) Merril], sesame$esamum indicum.), peanut Arachis hypoged..), beansPhaseolus

vulgarisL.), cowpeaYigna unguiculatgL.) Walp.], among others [15, 18].



The fungus causes a disease called charcoal robwpea plants and it can occur along different
growth phases, according to Rodrigwetsal. [23]. Under the Brazilian Northeastern conditioRente [21]
and Athayde Sobrinhet al [2] highlight that the disease initially occurs ¢he stem base, reaching,
afterwards, the root system, the upper trunk, aedotimary branches. Some gray and diffused lesigtisa
humid aspect, which evolve to an intense tissuearat observed on the branches. Depending on Heeitye
a total or a partial split on the parenchyma andtlen vascular system can occur, resulting in a rgéne
yellowish, withering, drying, and death of the garSome dark spots of reproduction (pycnidia),cltare
in contrast with the gray background around thele/tesion, are found on the surface of the les[@fis 12].
Because the production of these structures hadbewn obtained frequently in artificial cultivatiosome
isolated ones could be obtained [1, 7].

Researches related to the reproductive behavititesie fungi have demonstrated that many species
passed down to seeds frequently loose the abidligpbrulate when isolated and artificially cultivdt [26].
The use of extracts and part of host plants (fradmef leaves, trunks, roots, etc.) added to trovtir
medium have been thoroughly used in order to stieeproblem [19, 8; 26]. This initiative has been
successful in many cases; however, in some singtio is inefficient at all [7]. Chidambaram andatiiur
[4], using M. phseolinaisolates from different hosts, tested growth medith leaves of certain crops
obtaining promising results such as the productibfertile pycnidia. In this same research line,diado
[15] induced, in some isolates, higher fertile @giéa production rates by overlaying filter paperthie agar
growth medium.

Growth medium, photoperiod, and light quality wdeetors, highlighted by Chidambaram and
Mathur [4], as interfering in the reproductive pees ofM. phaseolinaThe authors obtained higher rates of
pycnidia production when the fungal colonies weuneip agar growth medium with wheat leaves andear n
ultraviolet light (NUV). They yet observed that sutteatments stimulated the reproduction of theonitgj of
the isolates; however, some of them did not respasiively.

Dhar et al [6] corroborated with the importance of the lighttor over the sporulation. These
authors verified that the highest rates were obthimder a daily 12-hour-light/dark-exposition pdrduring

the whole incubation period. It was also verifibdtta slight increase in the dark period was endogihibit



the sporulation process. Machado [tglmonstrated that this process was equally stiedilefther under
continuous light conditions or under light-alteiingt period with a 12-hour photophase. The authsep al
highlighted that some isolated can only sporulatemwunder continuous light conditions.

The importance of fertile pycnidia production unasperimental conditions is undoubtfull [14]
when dealing with studies related to the pathoggnat the fungi [28] as well as identifying andwaddoping
sources of resistance to disease caused by théumgih Due to the absence of conidia productioariificial
cultivation, Athayde Sobrinhet al. [3] highlighted the difficulty in inoculating th&ingi in cowpea plants
either for testing the pathogenicity of the isoteteganisms or for identifying the sources of resise to the
pathogen observed M. unguiculata The fungal mycelium and/or sclerotia did not desticate effectiveness
when used in suspension.

The present work aimed studying the effect of terafpee and overlaying of leaves of cowp®a (
unguiculatg, wheat T. aestivurjy and cornZ. may$ plants on PDA growth medium over the sporulatibn
M. phaseolinafor later studies related to pathogenicity, idfeggtion of source of resistance, and control of

charcoal rot.

MATERIAL AND METHODS

The strain (MP002), apparently resistant to spdiadan artificial media, was obtained from cowpea
cv. Fradinho seeds from Piaui state, Brazil ariczed! in this study.

The assay was assembled in a 2 x 5 factorial a@raagt (temperature x sporulation substrate) with
four replicates. The experimental plot consistec éfetri dish with PDA growth medium on which six-0
cm-discs of leaves of cowpe¥.(unguiculaty, wheat T. aestivurjy and corn Z. may$ plants at 25° C and
30° C at continuous light were placed. The treatsnerre incubated on a BOD-type growth chamber dlecn
model EP — 1.

The controls plots were delineated with Paperrfittiscs in PDA growth medium and PDA growth
medium only, both without adding of any kind of stdamce. A 0.4-cm-disc of PDA growth medium colodize

with fungal mycelium was placed at the central pdireach Petri dish. The PDA growth medium colodize



with fungal mycelium was obtained from a 4-day-plge culture of an strain &fl. phaseolinawhich was
cultivated on PDA at alternating light regime (1durs dark and 12 hours light).

The evaluation was performed at tH&iBcubation day by removing the discs from eachttrent.
Each disc was ground in 2.5 mL of distilled wateiorder to free the conidia and pre-estimate thember.
After filtering the collected material, the datareebtained through the average estimative of theda
number by the Neubauer chamber.

The data related to the sporulation were transfdrinto log (x+1) in order to perform a statistical
analysis. The averages were compared using thepieuttomparation averages test (Tukey Test) at 1% o
probability, according to Pimentel GomesThe referred analysis was performed by using $%8C

ANOVA procedure [25].

RESULTS AND DISCUSSION

The variance analysis revealed a highly signifieagffect (i 0.01) of temperature, discs of leaves
as well as the interaction between them and thgi fsporulation (Table 1).

The values reveal that the temperature, indepehydieatn the disc, significantly affected the fungi
sporulation (Table 2). The highest sporulation gatere obtained at 25 (15,9 x 18 .conidia.mL!.disc
L. Petri disht), which was significatively superior to those dbeal at 30C (7.9 x 16 .conidia.mL*.disc.Petri

dish?).
The data obtained in the present work are part@lyected by the existence of a common thought
about the fact that the fungi sporulate better dd temperature ranges. This fact was demonstiategrks

developed by Dhaet al. [6], where the production of fertile pycnidia fincfour M. phaseolina



TABLE 1: Analysis of variance foMacrophomina phaseolingporulation under different
substrates (discs) and at different temperatures.

Degree of Sum of Mean F Value Pr>F
Source freedom square  square
Temperature 1 26.03 26.03 43.28 0.0001
Disc 4 90.11 24.78 41.20 0.0001
Temp. x disc 4 26.98 6.74 11.21 0.0001
Residue 30 8.04 0.60
Total 39 160.16

TABLE 2: Influence of temperature and of superpositioneaf discs to PDA growth

medium, on the sporulation bfacrophomina phaseolina

Number of conidia (x 10conidia.mL™.
Disc®.Petri disht) @

Treatment Temperature (° C) Average
25 | 30

Wheat Disc 42.6 Aa 39.1 Ba 40.85 a
Corn Disc 34.8 Ab 0.0Bb 17.40
Cowpea Disc 1.95 Abc 0.0 Ab 0.97 bc
Without Disc 0.39 Acd 0.37Ab 0.38 «cd
Paper Disc 0.0 Ad 0.0Ab 0.00 d
Average 159A 79E

! Average of four repetitions/treatment. Averagefofokd by the same letter (small
letter in the vertical position and capital oneshie horizontal position) do not differ
among them by Tukey Test at 1% of probability.

Note: Data were not transformed.

of leaves of cowpea/( unguiculaty, wheat T. aestivurjy and cornZ. may$ plants at 25° C and 30°

C at continuous light were placed. The treatmergsevincubated on a BOD-type growth chamber Tecnal,

model EP —II.



The controls plots were delineated with Paperrfitiscs in PDA growth medium and PDA growth
medium only, both without adding of any kind of stdamce. A 0.4-cm-disc of PDA growth medium colodize
with fungal mycelium was placed at the central pdreach Petri dish. The PDA growth medium colodize
with fungal mycelium was obtained from a 4-day-plge culture of an strain &fl. phaseolinawhich was
cultivated on PDA at alternating light regime (1durs dark and 12 hours light).

The evaluation was performed at tH&iBcubation day by removing the discs from eachttrent.
Each disc was ground in 2.5 mL of distilled wateiorder to free the conidia and pre-estimate thember.
After filtering the collected material, the datareebtained through the average estimative of thed@a
number by the Neubauer chamber.

The data related to the sporulation were transfdrinto log (x+1) in order to perform a statistical
analysis. The averages were compared using thepieuttomparation averages test (Tukey Test) at 1% o
probability, according to Pimentel GomesThe referred analysis was performed by using $%8C

ANOVA procedure [25].

RESULTS AND DISCUSSION

The variance analysis revealed a highly signifieagffect (i 0.01) of temperature, discs of leaves
as well as the interaction between them and thgi fsporulation (Table 1).

The values reveal that the temperature, indepehydieatn the disc, significantly affected the fungi
sporulation (Table 2). The highest sporulation gatere obtained at 25 (15,9 x 18 .conidia.mL!.disc
L Petri disht), which was significatively superior to those dbeal at 30C (7.9 x 16 .conidia.mL*.disc.Petri
disi).

The data obtained in the present work are part@ilyected by the existence of a common thought
about the fact that the fungi sporulate better dd temperature ranges. This fact was demonstiatecrks
developed by Dhaet al [6], where the production of fertile pycnidia fincfour M. phaseolinaexplained by
Hawker [10, 11] when referring to a differentialhla@ior shown by fungi from the Order Sphaeoropsisial
exposed to fluctuations on the nourishing qualifytlee growth medium. The author assures that the

transference of the fungi from a rich medium tongo@ne is effective in stimulating the sporulatidoe to



the slight nourishing ‘shock’. This can explain theenomenon verified in this work. The fungi when i
grown on PDA medium, which is nourishing rich anidhva high availability of nutrients, was stimuldtto
develop vegetatively, without needing reproducihgniselves. When the fungi reach the discs through
regular growth, they start nourish from this suditsty where the nutrients are probably less avaijdbken the
referred transition occurs and, in this case, tigifis stimulated to start their reproductive mes Hawker
[10, 11] still emphasizes that the abrupt changesmaot be effective for the reproduction. This caplan the
absence of sporulation observed on the filter pagmn, and cowpea mentioned above. This behagiems

to be supported on the Klebs Principles [9], whitdtes, among other aspects, that fungi reproduptigcess

is dependent from the nutrients’ exhaustion.

By analyzing the data from the point of view of tineractions of discs versus temperature, it is
observed that the higher sporulation levels werdigd when discs of wheat leaves were added tcPhé
medium. The results revealed values such as 4218 x 18 conidia.mL!.disc!.Petri disht at 25°C and
30°C, respectively, which are significantly supetio the other treatments. These results are inrdaace
with Chidambaram and Mathur [4] ones, where thééigporulation rates were obtained when fragmefts
leaves of wheat, oat, and barley were added torgb@ium. A special emphasis was given to the leaVes
wheat.

The results showed that leaves of corn could disoutate the sporulation of the fungi at 25° C,
similarly to those obtained using wheat leaves. Thea displayed on Table 2 show that 34.80 X 10
conidia.mL!.disc!.Petri disht was similar to those obtained using cowpea dis@5&105 conidia.mL.disc
LPetri dish') and that it was significatively superior to thasigtained from the treatment using filter paand
PDA. Such results demonstrate that the interadtieveen leaves of corn and temperature (30° Cptis n
favorable to sporulation. Hawker [11] statement egplain this phenomenon.

Figure 1 shows details on the formation of pycnitid scletoria on different substrates testedis th
experiment. In discs of wheat leaves it was obskthat the pycnidia showed to have bigger dimerssamd
were more individualized. Little or no formation sdletoria, indicating that the conditions weredi@ble to

sporulation. Abundant quantities of scletoria argignificant amounts of pycnidia, which presengstifies



the appearance of some conidia (0,39 and 0,37xdfidia. mLL. disc'.Petri dish'), were observed on PDA

growth media and are shown on Table 2.

Figure 1: Details on the pycnidia formation (light arrow) asclerotia (dark arrow) on different
substrates: a- Paper; b- PDA; ¢ — Corn; d- WheaTosvpea.
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