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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, 
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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

4
F

6
 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 
out in 10 ears for each plot; the damage was expressed as the FHB index (incidence × severity/100, where severity = infected 
spikelets/total spikelets; incidence × 100 and infected ears/ears total × 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.

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 × 
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 = 42StsStsHtsYts) 
and Rciliaris (Trin) Nevski (syn. A. ciliare 
(Trin) Franchet, 2n = 4x = 28, ScScYcYc ,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): 

• Resistance to initial infection (Type I); 
• Resistance to the spread of the infection 

within a spike (Type II); 
• Ability of the host to degrade (Type III) 

and tolerate (Type IV) deoxynivalenol;
• Resistance to kernel infection (Type V); 
• 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 chr  omosome 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 Qfhs.ndsu-3BS QTL, to assess the effect 
of the above mentioned QTL on the field re-
sistance in plants inoculated 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 Bata ́n re-
search station, Me ́xico. 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 Bata ́n re-
search station. F3 plants were selected with-
out molecular markers and without artifi-
cial inoculation at the Obregon CIMMYT 
research station, Me ́xico. F4 plants were 
selected without the molecular marker and 
with natural inoculation at the CIMMYT 
Toluca research station, Me ́xico. 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 Batán 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 3×4 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 l-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 l 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 l 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

2
 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 × Incidence/100
Where: Severity = (Diseased spikelets/total spikelets) × 100

         Incidence = (Diseased spikes/total spikes) × 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 1st) 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 (F6), data were 
evaluated using analyses of correlation by 
Excel.

Results

Italian genotypes

Analysis of variance (tab ANOVA) showed 
a strong influ ence 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 1st 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 values 
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 1st 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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Flowering days 
from 1/8 Line number FHB severity, 

%
FHB incidence, 

% FHB index, % Damaged 
seeds, %

Plant height, 
cm

Physiological 
maturity

23 515 6,74 90,00 6,06 5,8 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 5,3 65 13-Oct
23 536 7,14 80,00 5,71 5,1 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 9,6 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-Oct
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 5,7 55 13-Oct
13 586 35,40 100,00 35,40 8,0 67 10-Oct
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-Oct
16 590 35,50 100,00 35,50 5,5 71 13-Oct
16 591 23,75 100,00 23,75 11,1 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 5,3 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 5,2 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 3,5 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

Table 3 
Characteristic lines with QTL
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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 -,639** -,583** -,654** -,203* ,035
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** ,996** ,658** 1 ,073 ,051
Sig. (1-coda) 0,000 0,000 0,000 ,278 ,339
N 68 68 68 68 68 68

Damaged 
seeds

Correlazione di Pearson -,203* ,065 ,121 ,073 1 -,311**
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 è significativa al livello 0,05 (1-coda).
** La correlazione è significativa al livello 0,01 (1-coda).

Table 4 

Correlation of advanced lines containing the QTL

Flowering days 
from  1/8

Line number FHB severity, 
%

FHB incidence, 
%

FHB index, % Damaged 
seed, %

Plant height, 
cm

Physiological 
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 15,1 63 13-Oct
23 520 10,34 90 9,31 5,8 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-Oct
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 25,1 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

Table 5 
Characteristic lines without QTL
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therefore, how it results difficult to find the 
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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Table 6
Correlation of advanced lines without QTL
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Äëÿ îöåíêè óñòîé÷èâîñòè ê ôóçàðèîçó êîëîñà â 2009 
ãîäó 41 ñîðò òâåðäîé è ìÿãêîé ïøåíèöû, ïðåèìóùåñòâåí-
íî èç Èòàëèè, ïðîøåë ñîðòîèñïûòàíèÿ â CIMMYT (Ìåæäó-
íàðîäíûé öåíòð óëó÷øåíèÿ êóêóðóçû è ïøåíèöû). Êðîìå 
òîãî, ïðîâåäåíà îöåíêà âëèÿíèÿ îäíîãî èç îñíîâíûõ QTL 
óñòîé÷èâîñòè ê ôóçàðèîçó êîëîñà (Qfhs.ndsu-3BS QTL), 
âïåðâûå âûÿâëåííîãî ó êèòàéñêîãî ñîðòà ïøåíèöû ìÿã-
êîé ‘Sumai 3’, íà õðîìîñîìå 3Â) ó 125 óëó÷øåííûõ ëèíèé 
ïøåíèöû òâåðäîé BC4F6, ïîëó÷åííûõ ïóòåì ñêðåùèâàíèÿ 
ñ èñõîäíûì ñîðòîì ïøåíèöû ìÿãêîé ‘Sumai 3’ (68 ëèíèé 
ñ ‘Sumai 3’ QTL è 57 ëèíèé áåç ýòîãî QTL), â îäèíàêîâûõ 
óñëîâèÿõ èñêóññòâåííîãî çàðàæåíèÿ. Äëÿ îáåèõ ãðóïï äå-
ëÿíêè çàðàæàëè âî âðåìÿ öâåòåíèÿ ñóñïåíçèåé îäíîñïî-
ðîâûõ êóëüòóð F. graminearum, ïîääåðæèâàÿ âëàæíîñòü 
äî 100%, ÷òîáû ñïîñîáñòâîâàòü ðàçâèòèþ çàáîëåâàíèÿ ñ 
ïîìîùüþ ñèñòåìû ìåëêîäèñïåðñíîãî óâëàæíåíèÿ. ×åðåç 
òðèäöàòü äíåé ïîñëå çàðàæåíèÿ ïîäñ÷èòàëè êîëè÷åñòâî 

êîëîñêîâ, èíôèöèðîâàííûõ F. graminearum, íà êîëîñüÿõ 
äåñÿòè ðàñòåíèé íà êàæäîé äåëÿíêå; ïîâðåæäåíèå âû-
ðàçèëè ïîêàçàòåëåì çàðàæåíèÿ ôóçàðèîçîì (êîëè÷åñòâî 
ñëó÷àåâ ïîðàæåíèÿ × ñòåïåíü ïîðàæåíèÿ / 100, ãäå ñòå-
ïåíü ïîðàæåíèÿ = êîëè÷åñòâî èíôèöèðîâàííûõ êîëîñêîâ 
/ îáùåå êîëè÷åñòâî ñëó÷àåâ ïîðàæåíèÿ × 100 è êîëè÷å-
ñòâî èíôèöèðîâàííûõ êîëîñüåâ / îáùåå êîëè÷åñòâî êî-
ëîñüåâ × 100). Â îáîèõ ñëó÷àÿõ ïîçäíåå öâåòåíèå áûëî 
êëþ÷åâûì ôàêòîðîì, îãðàíè÷èâàþùèì ïîðàæåíèå áî-
ëåçíüþ. Ïðåäâàðèòåëüíûå äàííûå îòíîñèòåëüíî âëèÿíèÿ 
Qfhs.ndsu-3BS QTL íå âûÿâèëè îòëè÷èé ìåæäó äâóìÿ ãðóï-
ïàìè óëó÷øåííûõ ëèíèé.

Êëþ÷åâûå ñëîâà: ïøåíèöà, êîðíåâàÿ ãíèëü, ôóçàðèîç 
êîëîñà (FHB), QTL, óñòîé÷èâîñòü ê áîëåçíÿì, Fusarium 
graminearum, îäíîñïîðîâûå êóëüòóðû, êîëè÷åñòâî ñëó÷à-
åâ ïîðàæåíèÿ, ñòåïåíü ïîðàæåíèÿ, ïîêàçàòåëü FHB.
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Äëÿ îö³íêè ñò³éêîñò³ äî ôóçàð³îçó êîëîñà â 2009 ðîö³ 41 
ñîðò òâåðäî¿ òà ì’ÿêî¿ ïøåíèö³, ïåðåâàæíî ç ²òàë³¿, ïðîé-
øîâ ñîðòîâèïðîáóâàííÿ ó CIMMYT (Ì³æíàðîäíèé öåíòð 
ïîë³ïøåííÿ êóêóðóäçè òà ïøåíèö³). Êð³ì òîãî, âèêîíàíî 
îö³íêó âïëèâó îäíîãî ç îñíîâ íèõ QTL ñò³éêîñò³ äî ôóçàð³îçó 
êîëîñà (Qfhs.ndsu-3BS QTL), âïåðøå âèÿâëåíîãî ó êèòàéñüêî-
ãî ñîðòó ïøåíèö³ ì’ÿêî¿ ‘Sumai 3’, íà õðîìîñîì³ 3Â, ó 125 óäî-
ñêîíàëåíèõ ë³í³é ïøåíèö³ òâåðäî¿ BC4F6, îòðèìàíèõ øëÿõîì 
ñõðåùóâàííÿ ç âèõ³äíèì ñîðòîì ïøåíèö³ ì’ÿêî¿ ‘Sumai 3’ (68 
ë³í³é ç ‘Sumai 3’ QTL òà 57 ë³í³é áåç öüîãî QTL), áóëè äîñë³-
äæåí³ â îäíàêîâèõ óìîâàõ øòó÷íîãî çàðàæåííÿ. Äëÿ îáîõ 
ãðóï ä³ëÿíêè çàðàæóâàëè ï³ä ÷àñ öâ³ò³ííÿ ñóñïåíç³ºþ îäíî-
ñïîðîâèõ êóëüòóð F. graminearum, ï³äòðèìóþ÷è âîëîã³ñòü äî 
100%, ùîá ñïðèÿòè ðîçâèòêó çàõâîðþâàííÿ çà äîïîìîãîþ 
ñèñòåìè äð³áíîäèñïåðñíîãî çâîëîæåííÿ. ×åðåç òðèäöÿòü 

äí³â ï³ñëÿ çàðàæåííÿ ï³äðàõóâàëè ê³ëüê³ñòü êîëîñê³â, ³íô³-
êîâàíèõ F. graminearum, íà êîëîñ³ äåñÿòè ðîñëèí íà êîæí³é 
ä³ëÿíö³; ïîøêîäæåííÿ âèðàçèëè ïîêàçíèêîì çàðàæåííÿ ôó-
çàð³îçîì (ê³ëüê³ñòü âèïàäê³â óðàæåííÿ × ñòóï³íü óðàæåííÿ / 
100, äå ñòóï³íü óðàæåííÿ = ê³ëüê³ñòü ³íô³êîâàíèõ êîëîñ ê³â / 
çàãàëüíà ê³ëüê³ñòü âèïàäê³â óðàæåííÿ × 100 òà ê³ëüê³ñòü ³íô³-
êîâàíîãî êîëîññÿ / çàãàëüíà ê³ëüê³ñòü êîëîñ ñÿ × 100). Â îáîõ 
âèïàäêàõ ï³çíº öâ³ò³ííÿ áóëî êëþ÷îâèì ÷èííèêîì, çäàòíèì 
îáìåæèòè óðàæåí³ñòü õâîðîáîþ. Ïîïåðåäí³ äàí³ ñòîñîâíî 
âïëèâó Qfhs.ndsu-3BS QTL íå âèÿâèëè â³äì³ííîñò³ ì³æ äâîìà 
ãðóïàìè âäîñêîíàëåíèõ ë³í³é.

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ, êîðåíåâà ãíèëü, ôóçàð³-
îç êîëîñó (FHB), QTL, ñò³éê³ñòü äî õâîðîá, Fusarium 
graminearum, îäíîñïîðîâ³ êóëüòóðè, ê³ëüê³ñòü âèïàäê³â 
óðàæåííÿ, ñòóï³íü óðàæåííÿ, ïîêàçíèê FHB. 
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