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RESUMO - Doze genétipos de trigo (Triticum aestivum L.} foram avaliados in vivo e in vitro para resisténcia a
helmintosporiose, moléstia induzida pelo fungo Bipolaris sorokiniana, com o objetivo de verificar a existéncia de uma correlagao
entre a resposta apresentada por calos e por pléntulas . A partir de dois isolados foram obtidos filtrados téxicos para serem
adicionados ao meio de cultura onde se desenvolveram os calos de trigo; também foram produzidas suspensdes de esporos
para serem pulverizados a plantulas. A reagfo dos calos foi quantificada através do crescimento daqueles expostos aos filtrados
em comparagic aos que ndo receberam este tratamento. A resposta das plantulas foi medida pela porcentagem de lesdes
necréticas presentes nas folhas. Foi verificado que um menor crescimento de calo correspondeu a uma maior porcentagem de
lesGes em pliatulas. '
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RELATIONSHIP BETWEEN /N VITRO AND SEEDLING SELECTION FOR RESISTANCE TO SPOT BLOTCH
(Bipolaris sorokiniana) IN WHEAT

ABSTRACT - Twelve wheat (Triticum aestivum L..) genotypes were assessed, in vitro and in vive, for resistance to spot
blotch induced by Bipolaris sorokiniana, with the objective of verify correlation between calli and seedling responses. Toxic
filtrates were obtained from two fungal isolates and added to the culture medium where the wheat callus developed; spore
suspensions were also produced and applied to wheat scedlings. The callus reaction was quantified by the difference between
growth of those exposed to the filtrates and the untreated cheks. The response of the scedlings was measured by the percentage
of necrotic lesions present on the leaves. A smaller callus growth corresponded to a higher percentage of lesions on the

scedling leaves.
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INTRODUCTION

The spot blotch of wheat induced by Bipolaris
sorokiniana diminishes seed germination, increases
premature secdling mortality, dries the aerial photosyn-
thetic parts, prevents the formation of cariopsis, develops
lesions in the form of stains on the leaves and glumes,
and rot in the roots and stalk base resulting in yicld
reduction (CHRISTENSEN, 1925). The fungus is found in
the plant tissues, and in the soil (MeroNUK and Prreeg,
1968). The pathogen multiplics mainly in the residues
of the host species and on the wild and cultivated grasses,
carrying inoculum from one year to another (DienL,
1982; Reis, 1982). Reaction to spot blotch fungus
depends on the pathogen specialization (MexTA, 1981,b),
moisture during incubation (Luz, 1982}, and temperature
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(Luz and BercsTROM, 1986). B. sorokiniana produces
toxins which are essential for spot blotch development
in rye, wheat and oat seedlings (Lupwing, 1957). These
toxins act as an inhibitor of the electron transfer process
in the oxidative phosphorylation in the mitochondria,
affccting cellular respiration (TanmigucH! and WHITE,
1967).

The use of tissue culture allows easier analysis of
the host-pathogen interaction that may help breeders to
select disease resistant cultivars. A greal advantage of
this technique is the control of the variable effects of
the environment which is reduced in field studies caused
by the variation between locations and ycarly climatic
fluctuations. Furthermore, in vitro culturcs allow the use
of a great number of genotypes in a relatively small
space. An in vitro sclection combining tissue culture
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with the use of loxins or pathogen toxin filtrates may be
successful if the disease resistance is expressed at a
cellular level (Daus, 1986). Thus, the resistance
mechanisms should not depend on organized structurcs
or organized tissues, such as flowers or culicle
(MEereprtH, 1984). The manifestation of resistance or
susceptibility should be easily identifiable among the
individuals exposcd to selection. Furthermore, the
existence of a correlation between resistance to a
pathogen and resistance o its toxin is a fundamental
requirement for the use of phytotoxins in in vitro cultures
(BernKE, 1980).

The use of B. sorokiniana wxic filtrates applied Lo
young wheat and oat calli has becn shown as an efficient
approach to identify resistant genotypes, by avaliation
of callus growth (CristaLpo, 1993, Barsieri, 1995;
Hanper, 1996). This study was developed to test the
correlation between the in vitro and in vivo responscs of
12 wheat cultivars to B. sorokiniana.

MATERIAL AND METHODS

Twelve wheat genotypcs, selected for their known
resistance or susceptibility to the spot bloich pathogen,
were assessed in ficld trials during several years. The
fungal isolates were obtained from wheat grains from

the cultivars IAC 5 -Maring4 and Trigo BR 35 infecled -

with B. sorokiniana and showing the most characteristic
symptom of the disease: a black point.

In vitro selection

The toxin filtrates were oblained from the colonies
of the purified isolates using the methodology described
by Aram (1989) (Figure 1).

colonies of fungus in solid PDA mediuym (7 days)

Fries modified liquid medium (21 days)
¥
filtering
v
concentration to 1016 of volume (45 °C)
addition of 70% ethanol
¥

overnight at 4 °C

filtering
¥
concentration 0 10% of initial volume (40 °C)

FIGURE 1 - Scheme for obtaining B. sativum toxin
filtrates from the isolates IAC 5 -
Maringd and Trigo BR 35
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Immature wheat embryos were used as controls.
After being removed, they were placed on Petri dishes
containing the callus induction medium MS (MURASHIGE
ad Skoog, 1962) with 2.0 mg/l of 2.4-D
(dichlorophenolacetic acid), 3% saccharose and 0.8%
carrageen. The calli were kept in this medium for four
weeks ata temperaturc of 25°C + 1°C. After this period,
they were cut in pieces of approximately 1.0 mm and
transferred to the MS maintenance and callus growth
medium with 0.5 mg/A of 2.4-D, 3% saccharose and 0.8%
carrageen, containing toxin filtrates of the fungus in the
ratios of 1:8 or 1:16. The plates were placed under the
light and temperaturc conditions mentioned above. The
calli were measured twice: when placed in the growth
and maintenance medium and after four weeks. The
difference between these two measurements was
considercd as the measurement of catlus growth.

Seedling selection

The fungal isolates Trigo BR 35 and IAC 5-
Maring4 were placed in Petri dishes containing PDA
medium covered with a damp filter paper. The plates
were kept at 24 °C £ 2 °C in the dark, for three weeks.

The conidial suspension was prepared by adding 1
m! of sterilized distilled water to the plates containing
the spores and agitating until the spores were detached
from the paper surface. This concentrated conidial
suspension was diluted to obtain the concentration used
in inoculation studics. Dilutions were carried out in an
Erlenmeyer flask with 400 ml of sterilized distilled
water. The suspension was added until reaching a
concentration 1 x 10° conidia per ml of solution. A drop
of the emulsifying agent Tween 20 for each 200 m! of
suspension was added. The standardization of the
iroculum concentration was done by counting the
conidia in a Neubauer chamber (MATSUMURA, 1991).

This experiment was conducted in a growth
chamber. The 12 wheat genotypes were sown, after
disinfestation, in plastic vases containing sterilized
vermiculite. Germinated seeds were thinned to four
seedlings per vase and were watcred periodically with
the nutritive solution (4.2 g of MgSO,7H,0; 14 g of
K,HPO,; 5.8 g of KNO, and Ca(NO,2.4H,0, diluted
in 10 liters of water) and kept in the growth cabinetata
temperature of 20+ 1° C, with a 12 hour photoperiod,
until reaching the stage of thrce expanded leaves. At
this stage, the vases were put in a damp chamber (metal
cabinet completely closed with plastic) and inoculated
with the spore suspension from Trigo BR 35 and IAC 5-
Maringa isolates, while the controls were treated with
sterilized distilled water (LinpeN, 1989; MATsumMuRA, 1991).

A continuous 10 pounds pressure jet spray obtained
with a compressor motor was used to ensure uniform
inoculation. The plants were sprayed until their leaves
were completely covered with the suspension. After
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inoculation, half of the plants were kept in Lhese
chambers for 18 hours and the other half for 36 hours
under relative humidity near to saturation point (+ 100%)
ata temperature of 24 + 2° C. The incubated plants were
then transferred to the growth chamber at the same
temperature and + 70% relative humidity, for six days, when
the infection indexes were scored (MATSUMURA, 1991).

Assessment of the disease intensity was carried out
by considering the percentage of necrotic lesion on the
second leaf of each secdling (James, 1971).

Experimental Design :

The experiment with @e callus and the toxin
filtrates was carried outin an 3 x 12 x 3 faclorial design;
three toxins (Trigo BR 35 toxin, IAC 5-Maring4 toxin
and control), 12 genotypes and three replications. Each
replication was made up of a plate with 10 calli. The
analysis was done considering the mean of each
replication. :

The test with seedlings and fungal spore suspension
was in a 2 x 2 x 12 x 3 factorial design: two isolates
(Trigo BR 35 and TAC 5-Maring4), two incubation
periods (18 and 36 hours of nearly 100% relative
humidity) and 12 genotypes in three replications. Each
replication was made up of three vases with four
seedlings. The evaluations (% of infccted leaf arca) were
made only on the second leaf of each plant. The mean
of each replication was used in the analysis without
iransformation of the data.

RESULTS AND DISCUSSION

The resulls were obtained from the analysis of two.

experiments; one using B. sorokiniana toxin filtrates in
tissue culture, and the other carried out in the growth
chamber with seedlings and spore suspension [rotmn the
same isolates.

The first provided data on the genetic variability
among the wheat genotypes using fungal toxin filtrates,
while the second allowed an seedling assessment of trait

‘resistance or susceptibility to the spot blotch,

Correlations between the responscs atin vitro callus and
seedling reaction were established.

Genotype response to the toxin action

The genotypes were distinct in their callus
production potential and had diffcrent response in the
presence of toxins from different origins (such as IAC
5-Maring4 and Trigo BR 35). The genotypes sensitive
to the presence of toxins showed different reactions
to the Trigo BR 35 and IAC 5-Maringa toxins, while
the resistant genotypes had a similar response Lo both
toxins,

The growth measurement of the calli from 12
genotypes trealed with the JAC 5-Maringé and Trigo
BR 35 toxins at 1:16 dilution were significantly different
among cach other and in relation to the control treatment.
The toxins delayed the callus growth, where the
genotypes BH 1146, Mitacoré and [A 815 were the most
affected, producing callus growth 50% inferior in size,
when compared with the callus of the same genotypes
without toxin, CEP 76146, CNT 1, line 290 and line
291 developed callus growth varying between 60 and
80%, while 1A 7968, LD 7813 and line 293 had callus
growth greater than 90% compared to the treatment
without toxins. On the other hand, the callus
development of line 289 and line 294 were similar to
thosc observed on the callus without toxins (Table 1).
The genotypes were classified in four distinct groups.
Genotypes 289 and 294 were considered resistant; [A
7968, LD 7831 and 293 as modcrately resistant;
genotypes CEP 76146, CNT 1, 290 and 291 as
moderately susceplible and BH 1146, IA 815 and
Mitacoré as susceptible (Table 1).

TABLE 1 — Response of 12 wheat genotypes to 1:16 dilution toxins from Bipolaris serokiniana isolated from

IAC 5-Maringa and Trigo BR 35

Callus - growth
Genotype

control with JAC5  %** of with BR 35 % ** of host

{mm) toxin (mm) control toxin (mm) control class**¥
BH1146 1.67 g* 069 g 42 0.36 g 22 S
Mitacoré 244 ef 113 f 47 0.77 gf 3 S
IA81S 233 f 120 51 095 f 41 S
pil | 3.42 be 250 cd 73 244 be 71 MS
290 2.85 de 210 e 74 1.89 ¢ 67 MS
CEP76146 1.24 g 1.02 f 82 093 1 75 MS
CNT1 3.10 cd 254 cd 82 1.99 de 64 MS
293 2.89 de 263 ¢ 91 240 bed 83 MR
LD7831 2.51 ef 227 de 91 227 cde 90 MR
IA7968 3.02 cd 276 ¢ 92 274 b 91 MR
289 363 ab 3.66 b 100 3.65 a 100 R
294 402 a 4.07 a 100 391 a 97 R
CV{%)=58

*  measurements foliowed by the same letter did not differ significantly at 5% by Tukey’s test

**  srowth percentage in relation to the treatment without toxin

»*# phenotypic classification of the host according to scale established for percentage callus growth relative to the control without toxin: R
(resistant) > 95%, MR (moderately resistant) = 80% to 94%, MS (moderalely susceptible) = 60% to 79%, and S (susceptible) < 60%
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No interaction among the tested genotypes and
the toxins was observed. Trigo BR 35 toxin, however,
caused a more intense reaction than the IAC 35-
Maringa toxin showing diffcrences in aggressiveness
among the isolates, The difference in aggressivencss
of these isolates was clearly visible among moderately
susceptible and susceptible genotypes, especially in
CNT 1 and BH 1146, than among the resistant or
moderately resistant genotypes. Furthermore, the
resistant and moderately resistant genotypes did not have
differentiated response 10 the oxins of the same isolates.

Callus growth treated with the 1:8 dilution was
lower than that observed in the 116 dilution. All
genotypes, those with a resistance, susceptible or
intermediate reaction, drastically reduced the growth
of their callus obtained in the 1:16 dilution, The only
exception was CNT 1 where callus size remained
unchanged in both dilutions. Besides smaller calli,
the genotypes developed calli with a lot of necrosis.
The toxin dilution of 1:8 did not allow genotype
classification among host reaction (resistance and/or
susceptibility) groups. Furthermore, genotypes 1A
7968 and LD 7813, considered moderately resistant

at 1:16 dilution had callus growth close to genotypes
considered susceptible, such as IA 8§15 and Mitacoré,
especially in the presence of the Trigo BR 35 toxin.
Genotypes 289, 293, 290, CEP 76146 and BH 1146,
with reactions ranging from resistant to moderately
susceptible with 1:16 dilution behaved the same at
1:8 dilution. However, CNT 1 had similar reaction
for both 1:8 and 1:16 dilutions and along with
genotype 294 were considered the most resistant
genotypes in the experiment (Table 2).

Significant differences were detected in the
means of the two dilutions. There were also distinct
effects among the toxin within each dilution, with
Trigo BR 35 toxin having a more drastic effect than
1AC 5-Maring4 toxin (Table 2). As in the case of 1:16
dilution, no interaction was observed among the
toxins and the genotypes of 1:8 dilution level.
However, the toxins showed their differences in
aggressiveness, with the toxin from Trigo BR 35
isolate being more aggressive than that extracted from
the JAC 5-Maring4 isolate. Lack of genotype x isolate
interaction is indicative of absence fo fungal
specialization among isolates studied.

. TABLE 2 - Percentage of callus growth exposed to two dilutions (1;8 and 1:16) of two toxin filtrates (JAC
5 Maring4 and Trigo BR 35) relative to the growth of toxin free control

1:16 dilution 1:8 dilution

Genotypes IAC5-Maringa BR 35 IACS-Maringa BR 35

isolate isolate isolate isolate
BH1146 42 22 53 23
Mitacoré 47 31 11 6
IA815 51 41 9 9
2901 73 71 - -
260 74 67 23 21
CEP67146 82 75 41 40
CNT1 82 64 63 46
203 91 83 47 32
LD7831 91 90 26 11
1A7869 92 91 16 13
289 100 100 30 21
294 100 97 35 31

Evaluation of seedling response

The seedling reaction caused by inoculation with
the conidial suspension of the IAC 5-Maring4 and
Trigo BR 35 isolates demonstrated significant
differences among genotypes at both levels of
incubation (18 and 36 hours) (Table 3).

Seedlings incubated for 18 hours, under high
relative humidity conditions, allowed classification
of genotypes in two categories: resistant, such as 294
or susceplible, such as IA B15 and Mitacoré (Table
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3). On the other hand, 36 hours of incubation period
allowed identification of more than two classes, The
isolates IAC 5-Maring4 and Trigo BR 35 allowed the
ranking of the tested genolypes in the categories:
resistant (294, 293 and CNT 1); moderately resistant
(289, 250 IA 7968 and CEP 76146); moderately
susceptible (BH 1146 and LD 7831), and susceptible
(IA 815 and Mitacoré). The differences in reaction
were more intense in the presence of the Trigo BR 35
isolate.
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TABLE 3 - Percentage of seedling infection on 12 wheat genotypes after 18 and 36 hours incubation period,
inoculated with two B. sorokiniana isolates

IAC 5- Maringa BR 35

Genotypes Isolate suspension isolate suspension

18 horas* 36 horas* 18 horas* 36 horas*
BH1146 1.2 b 16.6 bed 29 b 200 ¢
CEP76146 0.6bc 7.5 de 3.1 b 133 cd
CNT1 04 be 5.7 de 02 b 10.8 de
IA7968 1.1 bc 83 bhe 02 Db 17.1 ¢
IA815 15.0 a 267 b 233 a 366 b
LD7831 2.7 be 17.1 bed 32 b 183 ¢
Mitacoré 17.7 a 400 a 262 a 504 a
289 3.5 be 150 cd 32 b . 150 ¢
290 54 b 15.0 cd 55b 13.0 cde
293 0.6 be ; 1.7 ¢ 03 b 15 ¢
294 02 ¢ 15 ¢ 02 b 23 de
means b*** 4.4 b 14.1 a 6.2 a 18.00
C.V.(%) = 23.6

* percentage of seedling infection on the second leaf

%

means followed by the same letter did not differ significantly at 5% by Tukey’s test

***  measurements preceeded by the same letter did not differ significantly at 5% by Tukey's test

Relationship between in vifro and seedling

selection

A correlation analysis to check the existence of a

possible relationship among the genotypes selected by
the in vitro toxins and those classified by isolate conidial
suspension was carried out (Table 4). :
Significant and negative correlation coefficients
(0.47 10 -0.68) were observed between the toxin dilution

and the incubation pericd under high relative humidity.
Thus, a bigger callus growth was related to a lower
seedling infection. The highest correlation {-0.68) was

' observed for the 1:8 dilution and 36 hours of incubation
period. On the other hand, the correlation coefficient
detected for the 1:16 dilution and 36 hours of incubation
(-0.51) was similar to the coefficient of the 1:8 dilution
and 18 hours of incubation (-0.52) (Table 4).

TABLE 4 — Correlation matrix between callus in 1:8 and 1:16 dilutions of B. sorokiniana toxins and the
percentage of seedling infection assessed after 18 hours and 36 hours of incubation period

1:16 dilution 1:8 dilution 18 hours 36 hours
1:16 dilution 1.00
1:8 dilution 0.87# 1.00
18 hours -0.47* -0.52% 1.00
36 hours -0.51%* -0.68* 0.85 1.00
P(0.05)

The experiments carried out in vifro and in vivo
showed a small but significant and negative correlation,
based on callus growth in toxin filtrate and seedling
infection measured in percentage of lesions. Other
parameters, such as number and size of lesions, and
chlorosis were not considered. The latter is an imporiant
factor to determine the degree of susceptibility (MEHTA,
1981,a). Thus, genotypes with few and small lesions,
without chlorosis, would be considered resistant, while
the genotypes with the same number of lesion but with
pronounced chlorosis would belong to a distinct class.
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However, the significance of the correlations indicated
that there were correspondence between the in vitro
response of the callus growth and the scedling reaction
to infection.

CONCLUSIONS -

In vitro selection of wheat callus for resistance to
spot blotch, using fungal toxin filtrates, was shown to
be a relatively simple and highly feasible technique.
Considering the elimination of the pathogen in the
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filtrate under controlled environmental conditions, the
assessment criteria of the callus exposed to a 1:16
dilution of the toxin filtrates allowed an accurate
screening of the genotypes according to their seedling
reaction to the pathogen.

A smaller callus growth corresponded to a higher
percentage of lesions on the seedling leaves, determining
a negative correlation among in vitro and in vivo
selection. The existence of this correlation allows,
therefore, the use of phytotoxins of B. sorokiniana as
possible selection procedure in wheat callus tissue to
determinate its resistance to the disease.
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