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Agronomic evaluation of Fusarium Head Blight (FHB)
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of advanced lines MAS selected for FHB resistance

G. Bentivenga'", M. Camerini'4, A. Belocchi?, M. Fornara?, S. Melloni?, A. Spina3, F. Quaranta’,

K. Ammar?

ICRA-QCE Unita di Ricerca per la Valorizzazione Qualitativa dei Cereali Via Cassia, 176 Roma - Italy,

‘e-mail: gaetano.bentivenga@virgilio.it

2(CIMMYT) International Maize and Wheat Improvement Center Texcoco, Km. 45, Carretera México — Veracruz El Batdn,

Texcoco — México

*CRA-ACM Centro di Ricerca per l'’Agrumicoltura e le Colture Mediterranee, Corso Savoia, 190 Acireale (CT) - Italy
“Universita Degli Studi Del Molise, Dipartimento di Scienze Animali, Vegetali e dell’Ambiente, Via f. De Sanctis snc.,

86100 Campobasso — Italy

To evaluate the resistance to FHB, in 2009 41 varieties of durum and bread wheat, mainly from Italy, were tested at the
CIMMYT (International Maize and Wheat Improvement Center). In addition, to assess the effect of the Qfhs.ndsu-3BS QTL
(one of the major QTL for FHB resistance, first identified in Chinese bread wheat cultivar ‘Sumai 3’, on the chromosome 3B),
125 advanced lines of durum wheat BC F, derived from crosses with initial bread wheat (68 with the ‘Sumai 3" QTL and 57
without) were screened in the same artificial inoculation conditions. For both groups, plots were inoculated at flowering
with a suspension of monosporic cultures of F. graminearum, keeping the humidity close to 100%, to favour disease develop-
ment, by means of a misting system. Thirty days after inoculation, counts of spikelets infected by F. graminearum was carried
outin 10 ears for each plot; the damage was expressed as the FHB index (incidence x severity/100, where severity = infected
spikelets/total spikelets; incidence x 100 and infected ears/ears total x 100). In both cases, late flowering showed to be
a key factor, able to limit the seriousness of the disease. Preliminary data concerning the effect of the Qfhs.ndsu-3BS QTL,

didn't highlight differences between the two groups of advanced lines.
Keywords: wheat, scab, Fusarium Head Blight (FHB), QTL, disease resistance, Fusarium graminearum, monosporous cultures,

incidence, severity, FHB index.

Introduction

Fusarium Head Blight (FHB), or scab, is
one of the most devastating diseases affec-
ting cereals, including durum wheat (Triti-
cum durum Desf.). It is caused by several
fungal species of the genus Fusarium, whose
attacks result in quite similar symptoms
(Snijders, 1994; Parry et al., 1995; Miedam-
er, 1997; Leonard & Bushnell, 2003). Such
disease produce severe losses of grain yield,
as kernels are the most interested part in the
infection process. In addition, reduction of
grain quality is also observed, due to the pro-
duction and the accumulation in kernels of
mycotoxins, mainly Deoxynivalenol (DON).
Wheat can be attacked by several Fusarium
species like, for instance, F. culmorum,

F. graminearum (teleomorph: G. zeae), F. poe,
F. crookwellense, F. sporotrichioides and
F. sambucinum (Desjardin & Hohn, 1997).
However, the most diffused species resulted
to be F. graminearum (Dubin et al., 1996) and
F. culmorum (Schmolke, 2008). Molecular ana-
lyses revealed how the organism previously
referred to as F. graminearum strain 1, rep-
resents a distinct species, named F. pseudog-
raminearum sp. Nov. (Aoky & O’Donnel,
1999), which is not a causal agent of FHB.
The optimum temperature for the growth of
F. graminearum in the field is 25 °C, with
prolonged moisture conditions (air moisture
content near 100%). Other species exhibit
different optimum growing conditions. Ino-
culum can be diffused by animal vectors,
raindrops (mainly for conidia) and wind
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(mainly important for asco-spores, Champeil
et al., 2004). Wheat is highly susceptible in
the flowering phase (Pugh et al., 1933). Two
substances, Betaine and Choline, are com-
monly detected in anthers and seem able to
stimulate F. graminearum growth (Strange &
Smith, 1978). FHB can be countered using
different strategies like, for instance, appli-
cation to crops of Ergosterol Biosynthesis
Inhibitors (EBI) fungicides, rotation with
non-host crops and adequate tillage practices
(burial of crop debris). A cheap and cost-ef-
fective method to combat the disease is the
selection of resistant and/or low-susceptibi-
lity genotypes through conventional and in-
novative plant breeding strategies. Breeding
programs are hindered by the fact that re-
sistance towards FHB is under polygenic in-
heritance; furthermore, climatic conditions
have a great influence on the severity of di-
sease, which results in a large genotype X
environment interaction (Parry et al., 1995,
Miedaner et al., 2001). Sources of resistance
were identified in bread wheat (Triticum aes-
tivum) genotypes, like the Chinese cultivar
‘Sumai 3’, the Brazilian genotype ‘Frontana’
and the Eastern Europe line ‘Prag 8’ (Mente-
wab et al., 2000). Other sources of resistance
were found in species of the Triticeae tribe,
like Elymus giganteus L. (syn. Leymu race-
mosus Lam., 2n = 4x = 28 JJNN) (Mujeeb-
Kazi et al., 1983, Wang et al., 1986, 1991),
Roegneria kamoji C.Koch (syn. Agropyron
tsukushiense Honda, 2n = 6x = 42S"StSH*YY)
and Rciliaris (Trin) Nevski (syn. A. ciliare
(Trin) Franchet, 2n = 4x = 28, S°S°Y°Y*,Weng
& Liu, 1989, 1991). The last 2 species origi-
nated in the Southern China, a region cha-
racterized by a wet and warm climate (Cai et
al., 2005). Hybrids were also created, bet-
ween durum wheat and Thinopyrum juncei-
forme, to introduce resistance genes from
the latter (Prem & Peterson, 2001). To date,
very few sources of resistance were identi-
fied in durum wheat (Cai et al., 2005). Up
to six types of resistance have been described
(Schroeder & Christensen, 1963; Langevin
et al., 2004):

e Resistance to initial infection (Type I);

e Resistance to the spread of the infection
within a spike (Type II);

e Ability of the host to degrade (Type III)
and tolerate (Type IV) deoxynivalenol;

e Resistance to kernel infection (Type V);

e Tolerance to FHB (Type VI).

Identification of molecular markers asso-
ciated to QTLs for FHB resistance allows
Marked Assisted Selection (MAS), which

could be a useful tool for breeders. So far,
several studies concerning QTL maps were
performed, mainly using sources of resis-
tance collected in Asia, like the cultivars
‘Sumai 3’, ‘Wangshuibai’ e ‘Wuhan-1’ (Bai
et al., 1999; Waldron et al., 1999; Buerst-
mayr et al., 2002, 2003; Li et al., 2004; Mar-
di et al., 2005; Somer et al., 2005). One of
the main QTL is Qfhs.ndsu-3BS, located on
the short arm of the chromosome 3B (Bai et
al., 1999; Waldron et al., 1999; Buerstmayr
et al., 2002, 2003; Liu & Anderson, 2003;
Lin et al., 2004; Mardi et al., 2005; Somer et
al., 2005). Aim of this work was to evaluate
the resistance towards FHB of a huge group
of Italian commercial genotypes, comparing
in the same time with that of some resistant
and susceptible bread wheat varieties (‘Su-
mai 3’ and ‘Gamenya’). In the same time, a
field trial was carried out using 125 ad-
vanced lines (F6), part of which containing
the @fhs.ndsu-3BS QTL, to assess the effect
of the above mentioned QTL on the field re-
sistance in plantsinoculated with F. graminea-
rum.

Materials and methods

Genotypes

A group of 41 Italian durum wheat (Triti-
cum durum Desf.) cultivars and bread wheat
(Triticum aestivum) were tested in 2009 at
the CIMMYT (International Maize and
Wheat Improvement Center) at El Batan re-
search station, Meéxico. Another group of
125 durum wheat advanced lines (F6), de-
rived from an initial cross between durum
wheat and bread wheat materials derived
from ‘Sumai 3’. The initial population (ste-
rile) was backcrossed 4 times (BC4); follow-
ing, F1 plants derived from BC4 were se-
lected using the molecular marker in order
to obtain family plants. F2 plants were se-
lected according with the same procedure; in
addition, plants were artificially inoculated
in field with F. gramineaurum. Even these
activities were carried out at El Batan re-
search station. F3 plants were selected with-
out molecular markers and without artifi-
cial inoculation at the Obregon CIMMYT
research station, Mexico. F4 plants were
selected without the molecular marker and
with natural inoculation at the CIMMYT
Toluca research station, México. Following
F5 generation, 68 lines were selected con-
taining the molecular marker, and 57 lines
not having the marker.
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Field experiments

Each genotype was sown in June 2009 at the
El Batan station on 1 m double rowed plots. For
the Italian cultivars, the experimental design
was a Randomized Complete Block Design with
2 replication. For the advanced lines, a scree-
ning scheme without replication was carried
out. Sowing was performed by means of a sow-
ing machine, using 5 g of seed for each plot.
Maize was the previous crop for both tested
groups. Plots were irrigated soon after the
sowing, to favour a fast and homogeneous ger-
mination. Nitrogen (150 kg ha-1) and Phospho-
rous (40 kg ha-1) were applied in two solutions,
soon after the sowing and 40 days after the
sowing. The entire experimental field was
equipped with a fine misting system, in order
to maintain high air moisture conditions, which
are requested for Fusarium growth and devel-
opment after the inoculation. Misting was en-
sured by DAN modular microsprinklers, ar-
ranged in a 3x4 m scheme. System is managed
by a programmable timer, and it is able to en-
sure high moisture conditions 24 hrs a day.

Inoculum

Choice of inoculum

Inoculum was prepared from monosporic
cultures of F. graminearum strains, previous-
ly tested in greenhouse experiments on durum
wheat plants.

Syringe inoculation was performed, in order
to assess type II resistance. The most aggressive
strains were successively grown on Rice Medi-
um for the evaluation of their ability to produce
DON. For the field infections, the strain was
used with both the greater aggressiveness and
the greater ability to produce DON.

Inoculum preparation

Five to six fragments of agarized substrate
previously inoculated with monosporic cul-
tures of F. graminearum were transferred in
glass Erlenmayer flasks containing Lima beans
(Phaseolus lunatus L.) liquid medium. Such
substrate was prepared from 20 g 1-1 of pre-
viously washed and dried Lima beans, covered
with water and placed to boil until the colour

Inoculum preparation
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solution turned to red. Liquid was filtered, vo-
lume was adjusted to 1 1 and autoclaved at
120 °C for 20 min. Inoculated Erlenmeyer
flasks were placed in a horizontal stirrer at 200
rpm for 7 dd. at room temperature (22—-25 °C).
After 7 dd., the cultures were filtered and
poured in a 250 ml flask and stored at 4 °C to
allow the sedimentation. After the sedimenta-
tion has completed, the conidia at the bottom
of the flask were collected and centrifuged for
10 min at 3000 rpm. Supernatant was discard-
ed, sterilised distilled water was added to re-
suspend the conidia; 0.5 ml of the suspension
was collected and poured in 100 ml of sterilised
distilled water. Finally, micropipette is used to
transfer an aliquot of the diluted suspension on
a Petri dish containing Lima beans agarized
medium. Suspension was thoroughly distribu-
ted upon the surface; inoculated dishes were
incubated for 7 dd. with 12 hrs of daylight and
12 hrs of darkness.

Production of the inoculum for field infections

The content of 40 agarized dishes were
poured in 2 1 of sterilised distilled water
(agarized substrate was discarded). This sus-

pension, containing mainly conidia, was dilu-
ted with sterilised water up to a 50000 conidia
ml-1 density. Conidial density was assessed by
means of a Neubauer-counting chamber.

Field infections

In every plot, infection was performed when
at least 50% of the plants were at full flowe-
ring. For each genotype, ten plants were cho-
sen for the evaluation. Each plot were identi-
fied by a label, whose colour corresponded to
a specific flowering date. Inoculation was per-
formed by means of a CO, sprayer (3 seconds
per plot) with the 50000 conidia ml-1 solution.

Disease evaluation

Visual evaluation of the symptoms was car-
ried out for each plot on every selected spike,
30 dd. after the inoculation. Damage caused
by the disease was expressed as FHB Index,
which was calculated as follows:

FHB Index = Severity x Incidence/100
Where: Severity = (Diseased spikelets/total spikelets) x 100
Incidence = (Diseased spikes/total spikes) x 100

Field infections and misting system
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Diseased spikelets
(Photo Dr. Bentivenga)

Macroconidia of F. graminearum (Photo Dr. Bentivenga)

Morphophysiological evaluation

Flowering dates, physiological ripening (both
expressed as days after August, the 1) and
plant heights (cm) were determined for each
plots following field surveys. After harvesting,
Thousand Kernels Weight (TKW, g.), number
of seeds spike-1 and number of damaged seeds
were assessed.

Statistical analysis

For the Italian genotypes data were evalu-
ated using analysis of variance (ANOVA) and
correlation by means of MSTAT 2.1 software.
Means were separated according with the
Student-Neuman-Keul’s (SNK) Multiple
range Test for the varieties group. For the
second group of advanced line (F'6), data were
evaluated using analyses of correlation by
Excel.

Results

Italian genotypes

Analysis of variance (tab ANOVA) showed
a strong influence of genotype on the most of
the observed variables. Values of FHB Index
(Tab. 1) revealed a large variability. The low-
er value was 0.05 for bread wheat cultivar
‘Sumai 3’; on the contrary, the highest one
was 66.05 for the highly susceptible geno-
type ‘Gamenya’. Regarding the group of Ita-
lian durum wheat cultivars, only 3 ones (‘Dup-
ri’, ‘Tiziana’ and ‘Dylan’) revealed to be
enough FHB resistant, seen as their FHB In-
dex were respectively, 1.85, 2.45, 3.85. A
significant (r = 0.6166, P = 0,001) positive
correlation emerged between FHB Index and
% of damaged seeds trasf. (Tab. 2); indeed,
low FHB Index values were associated with a
reduced number of damaged seeds. In par-
ticular, the 3 above mentioned durum wheat
cultivars were characterized by a % of dama-
ged seeds not exceeding 4% . Flowering dates
(expressed as dd after 1% August) ranged
from 11 to 31 (average value 19.2). ‘Overall’,
‘Dupri’, ‘Tiziana’ and ‘Dylan’ in the Mexican
growing environment showed flowering dates
of, respectively, 26, 22 and 22 days. Thus,
compared to the rest of the genotypes, they
resulted medium-late maturing cultivars. Sig-
nificant correlations emerged between other
observed traits; in particular, FHB Index
was negatively correlated with flowering
date, accordingly with the findings reported
in other works. Moreover, another negative
correlation emerged between FHB Index and
plant height. As expected, a significant nega-
tive correlation was also found between FHB
Index and Thousand Kernel Weight.

Advanced lines

A group of 125 advanced lines were tested
for their susceptibility towards FHB; 68 lines
showed to contain the molecular marker for
the Qfhs.ndsu-3BS QTL, whereas the remai-
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ning 57 ones were without such marker. Tab. 3
summarizes the main characteristics of the
QTL containing lines; FHB Index wvalues
ranged from 0.05 to 61.99, with a mean value
of 25.37. Plant heights varied in a range of
50-98 cm, the average value was 71 cm. As
regard with flowering dates (expressed as
days after 15t August), a minimum value of 10
dd. recorded, while the highest value was 30
dd. (mean value 17.4 dd.). A significant nega-
tive correlation was recorded between flower-
ing date and FHB Index (r = -0.65, P = 0,01)
(Tab. 4), whereas no significant correlation
was found between FHB Index and plant
height. The 57 lines without the molecular
marker (Tab. 5) showed a FHB Index ranging
from 0.00 to 90.45 (mean value 22.15). Mean
plant height was 72 cm, with a maximum of
87 cm and a minimum of 61 cm. Average flo-
wering date was 20.6 dd., with the dates ran-
ging from 10 dd. to 30 dd. Even in this case,
FHB Index was significantly correlated with
flowering date (r = -0.78, P = 0,01); contrary
to QTL containing lines, correlation between
FHB Index and plant height was positive
(r =0.412, P = 0,01) (Tab. 6).

Discussion

Regarding the Italian genotypes, only 3 ones
showed low FHB Index values. Such cultivars
revealed to be, in the Mexican environment,
medium-late maturing. Overall, FHB Index
values were negatively correlated with flowe-
ring date. Even both groups of advanced lines
showed a similar correlation, but lines without
QTL molecular marker evidenced a lower mean
FHB Index, together with a tighter correlation
between FHB Index and flowering date. As
well as for Italian genotypes, also for the ad-
vanced lines late flowering date showed to be a
factor able to reduce FHB symptoms. Thus, ef-
fect of biological cycle was predominant in de-
termining the disease development. Indeed, de-
spite the absence of QTL, the 57 lines showed
to be comparable, in terms of FHB Index, with
the 68 lines selected for the presence of QTL
molecular marker. On the basis of these pre-
liminary data, it seems that disease seriousness
is more influenced by the biological cycle, ra-
ther than the presence or absence of the
Qfhs.ndsu-3BS QTL. This could be due to the
asynchrony between plant and pathogen bio-
logical cycles. The fungus, to infect plants, is
obstacled by physiological, morphological and,
most of all, environmental barriers. Conse-
quently, many factors play a role in determin-
ing disease development and, hence, plant re-
sistance towards the pathogen. It is clear,
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Characteristic lines with QTL

Table 3

Flo]\c/vering days Line number FHB severity, | FHB incidence, FHB index, % Damaged |Plant height, Physiological

rom 1/8 % % seeds, % cm maturity
23 515 6,74 90,00 6,06 58 64 13-Oct
30 516 10,22 90,00 9,19 3,9 70 13-Oct
30 517 8,99 80,00 7,20 1,9 74 13-Oct
30 518 18,39 100,00 18,39 53 65 13-Oct
23 536 7,14 80,00 571 51 76 13-Oct
25 537 6,21 80,00 4,97 23,0 71 13-Oct
25 538 8,84 50,00 4,42 13,9 72 4-Oct
23 539 11,24 70,00 7,87 9,5 75 4-Oct
23 540 11,45 80,00 9,16 10,1 71 13-Oct
25 541 10,73 90,00 9,66 9, 65 13-Oct
30 542 24,55 100,00 24,55 24,9 65 13-Oct
23 545 22,98 90,00 20,68 10,2 67 13-Oct
25 546 10,86 70,00 7,60 6,5 75 13-Oct
26 547 0,54 10,00 0,05 3,8 72 13-Oct
25 548 15,38 80,00 12,31 18,4 70 13-Oct
25 549 17,65 100,00 17,65 3,9 65 13-Oct
25 550 16,85 80,00 13,48 9,0 71 13-Oct
13 551 33,52 100,00 33,52 18,5 80 10-0ct
13 552 25,00 100,00 25,00 16,2 80 10-Oct
13 553 27,55 100,00 27,55 9,4 70 10-Oct
13 554 22,40 100,00 22,40 20,8 65 10-Oct
13 555 17,82 100,00 17,82 6,0 70 10-Oct
19 559 16,77 80,00 13,41 17,9 80 13-Oct
13 560 36,53 100,00 36,53 6,7 75 13-Oct
13 561 34,97 100,00 34,97 23,5 72 4-Oct
13 562 33,52 100,00 33,52 11,7 75 4-Oct
13 563 28,90 100,00 28,90 12,6 71 4-Oct
13 564 16,67 88,89 14,81 12,0 75 4-Oct
13 565 26,14 100,00 26,14 11,7 70 4-Oct
16 566 30,36 100,00 30,36 8,4 76 4-Oct
13 575 34,20 100,00 34,20 16,4 65 4-Oct
13 576 36,81 100,00 36,81 19,1 53 13-Oct
13 577 18,92 100,00 18,92 13,1 50 4-Oct
13 578 27,17 90,00 24,46 13,8 53 13-Oct
10 579 40,13 100,00 40,13 11,3 50 10-Oct
13 580 25,85 100,00 25,85 28,7 53 4-Oct
13 581 23,27 100,00 23,27 24,3 50 10-Oct
30 582 7,69 60,00 4,62 21,5 52 10-Oct
13 583 33,52 100,00 33,52 43,9 57 13-Oct
13 584 34,95 100,00 34,95 28,6 56 13-Oct
10 585 22,94 100,00 22,94 57 55 13-Oct
13 586 35,40 100,00 35,40 8,0 67 10-0ct
13 587 37,70 100,00 37,70 38,2 70 10-Oct
13 588 44,59 100,00 44,59 10,5 66 10-Oct
13 589 28,57 100,00 28,57 17,2 66 10-0ct
16 590 35,50 100,00 35,50 55 71 13-Oct
16 591 23,75 100,00 23,75 111 61 10-Oct
16 592 31,21 90,00 28,09 2,2 70 10-Oct
16 593 32,69 100,00 32,69 9,9 70 13-Oct
16 594 41,08 100,00 41,08 9,3 72 13-Oct
16 595 44,94 100,00 44,94 5,2 75 13-Oct
16 596 40,76 100,00 40,76 53 77 13-Oct
16 597 29,63 100,00 29,63 20,9 75 10-Oct
16 598 28,42 90,00 25,58 10,4 78 10-Oct
13 599 38,65 100,00 38,65 11,4 77 10-Oct
16 600 33,71 100,00 33,71 5,6 75 13-Oct
16 601 18,58 100,00 18,58 52 74 13-Oct
16 606 40,86 100,00 40,86 15,0 79 13-Oct
16 607 34,09 100,00 34,09 2,1 70 13-Oct
16 608 33,73 100,00 33,73 10,6 79 13-Oct
16 609 33,71 100,00 33,71 2,5 79 10-Oct
16 610 32,97 90,00 29,67 35 79 13-Oct
16 617 61,99 100,00 61,99 6,3 81 13-Oct
16 621 40,32 100,00 40,32 6,6 90 10-Oct
16 622 40,70 100,00 40,70 10,0 87 13-Oct
16 623 10,53 90,00 9,47 13,2 98 13-Oct
16 624 15,61 100,00 15,61 13,6 96 13-Oct
16 625 22,54 100,00 22,54 12,8 95 13-Oct

Min 10 0,54 10,00 0,05 1,86 50

Max 30 61,99 100,00 61,99 43,86 98

Mean 17,4 26,13 92,92 25,37 12,33 71
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Correlation of advanced lines containing the QTL

Table 4

Correlation
days from 1 Aug | severity | incidence | FHBindex | damaged seeds | plant height
Days from 1 | Correlazione di Pearson 1] -639** -,583** -,654** -,203* ,035
Aug Sig. (1-coda) 0,000 0,000 0,000 ,048 ,388
N 68 68 68 68 68 68
Severity Correlazione di Pearson -,639** 1 ,630** ,996** ,065 ,058
Sig. (1-coda) 0,000 0,000 0,000 ,298 320
N 68 68 68 68 68 68
Incidence Correlazione di Pearson -,583** ,630** 1 ,658** 121 -,010
Sig. (1-coda) 0,000 0,000 0,000 162 467
N 68 68 68 68 68 68
FHB index Correlazione di Pearson -,654**  ,096** ,658** 1 ,073 ,051
Sig. (1-coda) 0,000 0,000 0,000 278 ,339
N 68 68 68 68 68 68
Damaged Correlazione di Pearson -,203* ,065 121 ,073 1 -311**
seeds Sig. (1-coda) ,048 ,298 ,162 ,278 ,005
N 68 68 68 68 68 68
Plant height |Correlazione di Pearson ,035 ,058 -,010 ,051 -,311*%* 1
Sig. (1-coda) ,388 ,320 467 ,339 ,005
N 68 68 68 68 68 68
* La correlazione e significativa al livello 0,05 (1-coda).
** La correlazione € significativa al livello 0,01 (1-coda).
Table 5
Characteristic lines without QTL
Flowering days | Line number| FHB severity, | FHB incidence,| FHB index, % | Damaged |Plant height,| Physiological
from 1/8 % % seed, % cm maturity
23 501 11,48 70 8,03 12,2 75 13-Oct
23 502 9,29 60 5,57 15,7 85 13-Oct
23 503 11,41 70 7,99 10,4 87 13-Oct
30 504 10,36 80 8,29 1,2 70 13-Oct
23 505 15,52 90 13,97 2,0 69 13-Oct
30 506 12,82 90 11,54 1,8 65 13-Oct
25 507 8,19 50 4,09 4,2 65 13-Oct
23 508 5,56 60 3,33 6,1 65 13-Oct
25 509 6,04 70 4,23 8,6 65 13-Oct
23 510 14,13 100 14,13 6,6 65 13-Oct
30 511 19,27 80 15,42 19,6 63 13-Oct
23 512 1,70 30 0,51 31,2 65 13-Oct
23 513 10,56 100 10,56 10,0 65 13-Oct
23 514 6,95 70 4,87 8,0 65 13-Oct
25 519 11,11 70 7,78 151 63 13-Oct
23 520 10,34 90 9,31 58 61 13-Oct
26 521 3,39 40 1,36 4,9 65 13-Oct
30 522 2,75 40 1,10 6,5 70 16-0ct
30 523 11,89 50 5,95 2.3 79 13-Oct
30 524 12,50 80 10,00 2,5 70 13-Oct
30 525 14,05 90 12,65 2,5 69 13-Oct
23 526 6,88 70 4,81 16,8 72 13-Oct
23 527 10,81 90 9,73 18,1 72 13-Oct
25 528 2,72 50 1,36 11,3 75 13-Oct
23 529 11,80 80 9,44 11,5 71 13-Oct
25 530 11,11 70 7,78 7,5 70 13-Oct
23 531 13,41 80 10,73 5,7 69 13-Oct
23 532 6,37 60 3,82 2,2 68 13-Oct
25 533 10,37 80 8,29 11,4 67 13-Oct
23 534 9,94 70 6,96 0,9 71 13-Oct
26 535 0,00 0 0,00 3,7 70 13-Oct
23 543 13,46 90 12,12 3,9 74 13-Oct
23 544 8,33 80 6,67 22,0 69 13-Oct
19 556 15,48 90 13,93 23,9 76 10-Oct
19 557 22,62 80 18,10 24,5 77 13-Oct
13 558 37,08 100 37,08 14,3 80 13-Oct
16 567 36,96 100 36,96 14,5 72 13-Oct
13 568 41,88 100 41,88 251 74 13-Oct
13 569 38,95 100 38,95 8,4 71 13-Oct
13 570 47,25 100 47,25 34,6 76 13-Oct
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Continuation of Table 5

Flowering days | Line number| FHB severity, | FHB incidence,| FHB index, % | Damaged |Plant height,| Physiological
from 1/8 % % seed, % cm maturity
16 571 72,99 100 72,99 23,3 75 13-Oct
13 572 50,84 100 50,84 21,7 74 13-Oct
13 573 52,28 100 52,28 37,6 67 10-Oct
13 574 52,27 100 52,27 15,8 72 4-Oct
16 602 12,22 80 9,78 55 79 10-Oct
16 603 10,81 70 7,57 6,1 69 10-Oct
16 604 21,28 100 21,28 31 79 13-Oct
16 605 36,26 100 36,26 5,7 82 13-Oct
16 611 51,12 100 51,12 71 78 13-Oct
13 612 43,29 100 43,29 18,6 74 13-Oct
10 613 90,45 100 90,45 16,5 76 13-Oct
16 614 45,71 100 45,71 13,3 74 10-Oct
13 615 30,18 100 30,18 19,9 70 4-Oct
13 616 43,04 100 43,04 26,4 74 13-Oct
16 618 65,03 100 65,03 6,1 80 13-Oct
16 619 68,60 100 68,60 2,4 82 13-Oct
13 620 45,09 100 45,09 8.8 76 13-Oct
Min 10 0,00 0,00 0,00 0,94 61
Max 30 90,45 100,00 90,45 37,61 87
Media 20,6 23,62 81,05 22,15 11,85 72
Table 6

Correlation of advanced lines without QTL

optimal interaction between genotype and a
suitable phenotypic expression in a given grow-
ing environment. Consequently, a correct vari-
etal choice, together with suitable agronomic
practices (crop rotation, tillage systems) are
crucial to keep FHB under control. Crop breed-
ing is an effective tool to create and/or im-
prove cultivars, through the valorisation of
the existing variability as well as through the
introduction of genetic materials from other
sources. An effective in-field wheat improve-
ment program for Fusarium resistance, even-
tually supported by MAS, may lead to the crea-
tion of genotypes able to reveal a certain resist-
ance/tolerance when correct agronomic prac-
tices are applied.
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Correlation
Days from 1 aug | Severity |Incidence | FHB index | Damaged seeds | Plant height
days from 1 aug Correlazione di Pearson 1| -773*%  -614*%  -783*% - 466* ¥ -431%%
Sig. (1-coda) 0,000 0,000 0,000 0,000 0,000
N 57 57 57 57 57 57
severity Correlazione di Pearson - 773*% 1 ,671*%  ,999* ,348* 423%
Sig. (1-coda) 0,000 0,000 0,000 ,004 ,001
N 57 57 57 57 57 57
incidence Correlazione di Pearson -614*% 671 1 ,679*% ,228% 2427
Sig. (1-coda) 0,000 0,000 0,000 044 ,035
N 57 57 57 57 57 57
FHB index Correlazione di Pearson -783**% ,999*%  679*% 1 ,350*% 41257
Sig. (1-coda) 0,000 0,000 0,000 ,004 ,001
N 57 57 57 57 57 57
damaged seeds Correlazione di Pearson -466%%  348*7 ,228%  ,350*4 1 ,054
Sig. (1-coda) 0,000 ,004 044 ,004 ,346
N 57 57 57 57 57 57
plant height Correlazione di Pearson - 431%%  423* 242% 4127 ,054 1
Sig. (1-coda) 0,000 ,001 ,035 ,001 ,346
N 57 57 57 57 57 57
* La correlazione e significativa al livello 0,05 (1-coda).
** a correlazione e significativa al livello 0,01 (1-coda).
therefore, how it results difficult to find the
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[ins ouiHkw cTidikocTi fo thy3apio3y konoca B 2009 poui 41
CcopT TBepfoi Ta M'AKOT nweHuwyi, nepeBaxHo 3 Itanii, npoii-
wos copToBunpobyBaHHs y CIMMYT (MixHapogHuil LeHTp
noninweHHs Kykypyasu Ta nwenudi). Kpim Toro, BUkoHaHo
OLjiHKyY BnAMBY ofiHOro 3 ocHoBHMX QTL cTilikocTi fo dy3apiosy
konoca (Qffs.ndsu-3BS QTL), BepLue BUABNEHOO Y KUTAWCHKO-
ro CopTy nweHwuLi m'akoi ‘Sumai 3', Ha xpomocomi 3B, y 125 ypo-
CKOHaneHux Niii nwexui teeppoi BC4F6, oTpuMaHux wnaxom
CXpellyBaHHs 3 BUXiAHWUM COPTOM nweHuLi m'akoi ‘Sumai 3" (68
NiHii 3 ‘Sumai 3" QTL 1a 57 niniit 6e3 uboro QTL), 6ynu gocni-
[eHi B OLHAKOBMX YMOBAX LUTYYHOTO 3apaxeHHs. [ns 060x
rpyn SiNAHKY 3apaKyBanu nif yac UBITIHHA CyCMeH3i€ OfHO-
CropoBwuX KynbTyp F. graminearum, NigTpUMyOYM BONOFICTb [0
100%, w06 cnpusATM PO3BUTKY 3aXBOPIOBAHHS 3a LOMOMOIO0
CUCTEMU ApiBHOAMCNEPCHOrO 3BONOXEHHA. Yepe3 TpupusTh

OHiB Micns 3apa)keHHsl mifpaxyBanu KinbKicTb KONOCKiB, iHi-
KOBaHux F. graminearum, Ha KONOCi LECATU POCIMH Ha KOXHilA
LiNSHLI; NOWKOMKEHHS BUPA3UIN MOKA3HUKOM 3apaXKeHHs dy-
3apio30M (KiNnbKiCcTb BUNAAKIB ypaXKeHHs X CTYNiHb YpaeHHs /
100, ae cTyniHb ypaXeHHs = KiNbKicTb iHhiKOBaHMX KONOCKiB /
3araibHa KinbKicTb BUNaaKiB ypaxeHHs X 100 Ta KinbKicTb iHdi-
KOBaHOro Kooccs / 3aranbHa Kinbkictb konoces x 100). B o6ox
BUNAfKax Mi3HE UBITIHHSA OYNO KKOYOBUM YMHHWUKOM, 3AATHUM
0OMeXUTU ypaeHicTb xBopoboto. onepeaHi faHi cToCOBHO
snnusy Qfhs.ndsu-3BS QTL He BUABUAM BIAMIHHOCTI MiX JBOMA
rpynamu BAOCKOHANEHUX NiHiil.

Knrouosi cnosa: nweruys, KopeHesa eHUJb, ¢hy3api-
03 konocy (FHB), QTL, cmiiikicme 0o x80po6, Fusarium
graminearum, 00HOCNOPOBT Kynbmypu, KiJIbKICMb BUNAOKIB
VPA)XXeHHS, CMyniHb YpaxeHHs, nokasHuk FHB.
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[Onsa oueHku ycToinumeoctu K cy3zapuosy konoca B 2009
rogy 41 copTt TBEpPAON U MATKOW MIUEHMULbI, NPeUMyLLeCTBEH-
Ho n3 Wtanuu, npowen coptoucnsitaius B CIMMYT (Mexay-
HapPOZAHbIN LLEHTP yyYlWeHUs KYKypy3bl 1 nweHuysl). Kpome
TOro, NpoBefieHa OLEHKA BAUAHUA OJHOTO M3 OCHOBHbIX QTL
ycTonumBocTM K chy3apuosy konoca (Qfhs.ndsu-3BS QTL),
BMEPBbIE BbIABNEHHOTO Y KMTAUCKOrO COpTa MIIEHULbI MAT-
Koit ‘Sumai 3', Ha xpomocome 3B) y 125 ynyyLeHHbIX TUHWI
nweHunubl TBepaoi BC4F6, nonyyeHHbIX NyTeM CKpelmnBaHmus
C UCXOLHbIM COPTOM MWeHULbl MATKOKA ‘Sumai 3" (68 nuHwii
c ‘Sumai 3" QTL u 57 aunuit 6e3 storo QTL), B 0ANHAKOBBIX
YCNIOBUAX UCKYCCTBEHHOTO 3apaxeHus. [ns obenx rpynn ge-
JIAHKYM 3apa)kanu BO BPeMs LBETEHWUS CyCNeH3uel ofHOoCMo-
pOBbIX KynbTyp F. graminearum, nojfepXuBas BAAXHOCTb
0o 100%, yTobbl CNoCO6CTBOBATL Pa3BUTUIO 3ab0NeBaHUsA C
MOMOLLbIO CUCTEMbI MENKOAUCNEPCHOTO yBNAXHeHUs. Yepes
TPUALATL fIHei nocsie 3apaXeHWus NoACYUTaNU KONUYECTBO

KOJIOCKOB, UH(ULMPOBAHHbLIX F. graminearum, Ha KONOCbAX
[eCATU PacTeHMil Ha KaX[Aoi AensiHKe; NOBPEXAEHUE Bbl-
pasunu nokasaresnem 3apaxeHus dy3apno3om (KoaUYecTso
C/lyYyaeB nopaxeHus X cTeneHb nopaxeHus / 100, rae cre-
NeHb NOPAXXEHUS = KONMYECTBO MHULMPOBAHHbIX KOJIOCKOB
/ obliee KoAMYecTBO ciy4yaes nopaxeHus X 100 u Konuye-
CTBO MH(ULMPOBAHHbLIX KONOCkeB / 0bliee KONMyecTBo Ko-
nockes X 100). B oboux cnydyasx nosaHee LBeTeHue ObiN0O
KNloYeBbIM (haKTOpPOM, OrpaHM4YMBAKOLMM MOpaxeHue 60-
nesHblo. MpefBapuTenbHble AaHHbIE OTHOCUTENIbHO BAUSHUS
Qfhs.ndsu-3BS QTL He BbIABUAU OTAUYUI MEXAY OBYMA Tpyn-
namu yayyLleHHbIX TUHUIA,
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Konoca (FHB), QTL, ycmolyusocms K 6one3Ham, Fusarium
graminearum, 00HOCNOPOBbIe Ky/bMypbl, KOAUYECMBO C1y4a-
es nopakeHus, cmeneHs NopaxeHus, nokazamens FHB.
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