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Abstract

Fungal diseases are one of the limiting factors of flax (Linum usitatissimum L.) production in variable environmental
conditions. The expansion of fungal diseases depends on the plant resistance, pathogen population’s ability to
overcome this resistance and plant growth conditions. This study is aimed to estimate the flax resistance to fungal
diseases in relation to environmental factors under the field conditions and identify the most promising accessions
for plant breeding. A total of 24 fibre flax genotypes of local origin were investigated. The flax genotypes with
different resistance to the most common diseases were identified using the area under the disease progress curve
(AUDPC) for plants and resistance index (RI): in the growing season with high humidity there were identified the
genotypes that were more susceptible to wilt (caused by Fusarium oxysporum f. sp. lini), pasmo (caused by Septoria
linicola) and anthracnose (caused by Colletotrichum lini), and in the growing season with drier conditions there
were identified the genotypes that were more susceptible to stem break, browning of flax (caused by Polyspora
lini), powdery mildew (caused by Oidium lini) and fusarium browning (caused by Fusarium spp.). The highest
incidence of the causal agents Fusarium spp. and Colletotrichum lini on the flax seeds was identified in high
humidity conditions. The most valuable flax genotypes S13/5-7/5-93, S64-17-93, T11-13/3-1-94 and L11-11/11-97
exhibited relatively high complex resistance to diseases and high yield compared to the standard cultivar ‘Vega 2’.
The genotype ‘Rezeknes’ exhibited higher resistance to the powdery mildew at the seedling stage and complete
resistance at the adult plant stage compared to all accessions.
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Introduction

Flax (Linum usitatissimum L.) is one of the
oldest, multifunctional crops cultivated for the purpose
of oil and fibre (Dunford, 2015; Gudmewad et al.,
2016). It has a long history of cultivation in warm and
cool temperate climate regions (Belonogova, Radulgina,
2007). The wide use of flax as a valuable raw material for
industry dictates the necessity of developing new highly
productive and resistant cultivars, and this requires
a detailed knowledge of characteristics of its genetic
resources (Rachinskaya et al., 2011). With climate
change, the value of flax genetic resources for agriculture
will increase and may put strong pressure on breeding
programmes to adapt cultivars to different conditions
at an accelerating rate. The availability of diverse
germplasm, characterization data and evaluation data is
of the greatest importance to realize the full potential of
flax in agriculture (Nozkova et al., 2006).

Please use the following format when citing the article:

In flax growing regions environmental
conditions increase favour susceptibility to fungal
infections, which could lead to epidemic progress. Flax
diseases are mainly caused by fungi from the genus
Fusarium, infection with which can lead to over 20% loss
in the flax yield. The globally most widespread pathogen
of flax is Fusarium oxysporum f. sp. lini (Wojtasik et al.,
2015). However, every flax growing area has a problem
with specific diseases of flax and other widespread, and
harmful diseases are rust (caused by Melampsora lini),
anthracnose (caused by Colletotrichum lini) and pasmo
(caused by Mycosphaerella linicola or Septoria linicola),
less common — powdery mildew (caused by Oidium lini),
stem break and browning (caused by Polyspora lini)
(Diederichsen et al., 2008; Jankauskiené, Gruzdeviené,
2008; Heller et al., 2015; Wang et al., 2018).

Stafecka 1., Grauda D., Stramkale V. 2019. The evaluation of disease resistance of flax genotypes in relation to environmental
factors. Zemdirbyste-Agriculture, 106 (4): 367-376. DOI 10.13080/z-a2.2019.106.047


mailto:i.mazeikiene@lsdi.lt

368

The evaluation of disease resistance of flax genotypes in relation to environmental factors

Flax seeds are susceptible to some important
seed borne diseases under certain weather conditions
(Muskett, 2008; Finch et al., 2014). The seeds are very
hygroscopic, which makes them a good medium for
the distribution of various fungi (Gruzdeviené et al.,
2006). Flax seeds could be infected with the following
disease-causing agents: Botrytis spp., Alternaria spp.,
Fusarium spp., Colletotrichum lini and Ascochyta
linicola (Mankeviciene et al., 2011; Finch et al., 2014).
The fungi pathogens may live even longer than the seeds
they colonize. Flax seeds retain germinability for 18 to
24 months, whereas Botrytis cinerea, Colletotrichum lini
and Polyspora lini survive for more than four years on
the seeds (Agarwal, James, 1996).

The most commonly practised disease control
method in agriculture is the use of resistant cultivars
(Hall et al., 2016). In the world, the genetic determination
of resistance to flax rust has been extensively studied,
but for the other flax diseases, the progress could still
be made. Currently, researchers are focusing on flax
resistance to different diseases such as flax wilt, pasmo,
anthracnose and powdery mildew in France (Penaud
etal., 2017), Russia (Kapmynun, 2015; Kyapssroesa
u 1p., 2016; Dmitriev et al., 2017), Canada (Galindo-
Gonzalez, Deyholos, 2016), and China (You et al., 2017).

The progress of disease on plants is usually
observed several times during pathogen epidemics. The
extent of the disease is assessed at each observation
using scales that are based on disease incidence, severity
or a combination of both. To combine these repeated
observations into a single value the area under the
disease progress curve (AUDPC) for summarizing and
comparing plant disease epidemics (Simko, Piepho,

Table 1. Estimated fibre flax genotypes

2012). AUDPC was used as the objective measure
for determining the level of horizontal (non-specific)
resistance of a cultivar of the flax in the field. The AUDPC
provides an opportunity to increase the effectiveness of
the phytopathological assessment and to create cultivars
with long-term resistance to the pathogen (KynpsBuesa
u ap., 2016).

Plants and pathogens are continuously
confronted with each other during evolution in a battle
for growth and survival (Van Inghelandt et al., 2010).
The ability of the pathogen to overcome the resistance
makes breeding a constant process, which requires
continuous improvement and quest for new sources of
resistance (Loshakova, 1992). Therefore, improvements
in the evaluation of genetic resources used for flax
breeding with increased resistance to pathogens are of
great importance, and this study is aimed to determine
the resistance of flax to fungal diseases in relation to
environmental factors under the field conditions and
to assess and select the most promising accessions for
breeding.

Materials and methods

The research was conducted at the Institute of
Agricultural Resources and Economics, Priekuli Research
Centre, Crop Research Department at Vilani, Latvia from
2014 to 2017 at flax seedling stage and from 2015 to 2017
at flax adult plant stage. Experimental material for the
study consisted of 24 fibre flax (Linum usitatissimum L.)
genotypes of the Latvian origin (Table 1) and ‘Vega 2’
(P25) of the standard cultivar of Lithuanian origin.

No. Genotype No. Genotype No. Genotype No. Genotype
P1  S13/5-7/5-93 P7 T25/5-33/12-8-94 P13 K47-17/11-6-95 P19 L26-47/1-97
P2 S32/4-8-93 P8 T29-36/10-5-94 P14 L12-14/6-97 P20 Altgauzen

P3  S53/8-3-93 P9 T29-36/7-1-94 P15 L11-11/10-97 P21  Rezeknes

P4 S64-17-93 P10  T31-40-94 P16 L11-11/11-97 P22 Rotal

P5 TI11-6/2-15-94 P11 T36-26/4-8-94 P17 L19-6/15-97 P23 Rota?2

P6  TI11-13/3-1-94 P12 K47-17/11-1-95 P18 L23-26/3-97 P24 Ruda 1

Plants were grown in standard block plots
of 1 m? with a distance between rows of 10 cm, 1700
flax seeds per 1 m? were sown by hand at the 1.5-2 cm
depth in the field trial. Prior to sowing, germination
tests were performed for all genotypes used. Seeds
were sown within the first 10 days of May. Flax was
grown in a Humic Gleyic Podzol (WRB, 2014). The
main agrochemical parameters of the arable soil layer
were as follows: humus content — 6.5%, soil acidity
(pH, ) — 6.4-7.0, available PO, — 130-145 mg kg
and available KO — 118-124 mg kg' soil. Complex
fertilizer NPK 16:16:16 300 kg ha!' was applied after the
first cultivation of soil. For plants’ further development
a surface fertilizer ammonium nitrate 30 kg ha! N at fir-
tree like stage (BBCH 19) was applied. Insecticide Fastac
50 (a.i. 50.0 gL' alpha-cypermethrin) 0.4 L ha' was
sprayed against flax flea beetles (Aphthona euphorbiae).
The tractor-drawn sprayer “Pilmet 412" (Agromet Pilmet
Sp. z o0.0., Poland) was used for insecticide application.
Fungicides for the control of flax diseases were not
used at all. Plants were pulled manually at the stage of

early yellow ripeness and then left on the ground for
drying for 5-8 days. The seed vessels were removed by
device “Eddi” (Latvia University of Life Sciences and
Technologies). Seeds were cleaned with a sample cleaner
MLN (Pfeuffer GmbH, Germany). The yield of seeds was
weighed and then re-calculated to 100% purity and 12%
humidity. Growth stages of flax were noted according to
the BBCH scale (Nozkova et al., 2016).

Thirty marked flax plants from each genotype
at the 1 m? in the field trails were assessed every 7
days till flax pulling over the three vegetation periods
under field conditions with natural infection. For the
detection of causal agents on the flax seeds an analysis
of four replicates of 100 seeds from each genotype was
performed. The analyses of infected parts of the plants
and seeds were done following the methodologies
developed for phytopathological research (JlomrakoBa
u 1p., 2000; Grimault et al., 2014) at the laboratory the
Institute of Biology of the University of Latvia.

For the determination of internal pathogen
infection, the infected parts of the plants were disinfected
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with 50% ethyl alcohol, then rinsed in distilled water and
dried on a sterile filter paper. For the determination of
internal fungal infection, the seeds were disinfected with
70% ethyl alcohol for 0.5 min, then rinsed three times
in distilled water and dried on a sterile filter paper. The
infected parts of the plants or seeds were placed in Petri
dishes (diameter 9 cm) on the agar media (Agar-Agar
Roth Art. No. 4508.1). After 6-9 days of incubation at a
temperature of 24-26°C, the Petri dishes were inspected
for fungal contamination on the plants and seeds. The
fungus was identified after the emergence of mycelium.
The conidia shapes of the fungus were detected using
a light microscope (Carl Zeiss Jena GmbH, Germany)
by 640x magnification. The diseases were determined
by morphological features using disease descriptors
(Malone, Muskett, 1997; Jlomaxosa u ap., 2000; Damm
etal., 2014).

Percentage of the affected plants was estimated
and disease severity was recorded for the whole plant for
each disease following a five-point scale: 0 — healthy,
1 — weakly affected, 2 — moderately affected, 3 — heavily
affected, 4 — very heavily affected or dead plants. The
disease incidence (I) and disease severity index (DSI)
were determined. Incidence (%) was calculated using the
formula:

1=I%x100,

where n is number of diseased plants, N — total
number of plants assessed.

Disease severity index (%) was calculated using
the formula (JIomakosa u ap., 2000):

Y (ab) x 100
AxS
where a is number of infected plants of a given
rating, b —rating value, A — total number of plant samples
(healthy and infected), S — highest rating value.

To combine these repeated observations into a
single value the area under the disease progress curve
(AUDPC) was calculated by using the formula (Simko,
Piepho, 2012):

DSI=

b

Zn 1Y +y1+1

AUDPC = x (tisg — ti)s

where n is the total number of observations, y, —
an assessment of a disease severity index (percentage) at
the i observation, t, — time (in days) at the i" observation.

The AUDPC derived phenotype (P) and overall
phenotype (OP) on each flax genotype was evaluated
using a modified method of Toffolatti et al. (2012).

To determine the level of a partial (horizontal)
resistance, the resistance index (RI) (susceptibility) was
calculated using the formula (Kynpsieuesa u mp., 2016):

C—May C—JJune

AUDPC genotype
AUDPC standard

where AUDPC,_ _is area under the disease
progress curve of the genotype, AUDPC =~ — area
under the disease progress curve of the standard cultivar
“Vega 2’.

Meteorological conditions. Agro-meteorological
conditions were determined by ADCON installed
meteorological station connected to the system Dacom
Plant-Plus (Dacom Plant Service, The Netherlands).
In the study, hydrothermal coefficient (HTC) of each
month was calculated during the growing season (Fig. 1).
The calculations were performed using the formula
(Selyaninov, 1928):

HTC =2x/2tx 10,

where Zx is the total precipitation for the period
(mm), 2t — the total temperature for the period, in which
the average temperature exceeds 10°C.

Ranges of values of this index were classified
according to Selianinov coefficient modified by Skowera
et al. (2014) as: extremely dry — HTC < 0.4, very dry —
0.4<HTC<0.7,dry—0.7<HTC < 1.0, relatively dry —
1.0 <HTC < 1.3, optimal — 1.3 <HTC < 1.6, relatively
humid — 1.6 < HTC < 2.0, humid -2.0 < HTC<2.5,
very humid — 2.5 < HTC < 3 and extremely humid —
HTC > 3.0.

The hydrothermal conditions during the growth
stages of flax differed (Fig. 1). In 2014, HTC was 1.8 and
in 2016 it was 1.9, relatively humid, in 2015 it was 1.2
relatively dry. However, in 2017 it was 2.7, very humid
with HTC in August being 317%, which is extremely
high compared to the long-term average.

Statistical analysis. Software Excel (Microsoft,
USA) was used for data statistical analysis. Significant
differences among the measured characteristics of flax
were compared by Fisher’s protected least significant
difference (LSD) tests (p < 0.05). The correlation
coefficient was used to analyse significant (p < 0.05 or
p<0.01) relationships between HTC and AUDPC for
adult plants as well as between HTC during stages BBCH
81 and BBCH 83 and causal agent incidence (I) for seeds
of each genotype by years. Software SPSS Statistics,
version 22.0 (IBM Crop., USA) was used for cluster
analysis. Cluster analysis was performed to construct a
distance matrix using the Euclidean coefficient and based
on Ward’s method. Cluster analysis was examined for the
first dendrogram of different flax genotypes for stem yield
as well as for the second seed yield and both included
resistance index for each genotype of six diseases. This
type of clustering identifies relatively homogeneous
groups of cases based on selected characteristics.

=== July == August —B- Average

HTC

“m

2014

2015

2016 2017 Long-term average

Figure 1. Hydrothermal coefficient (HTC) of each month and average during 2014-2017 growing seasons of flax
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An algorithm is used that starts with cases in a separate
cluster and combines clusters until only one is left.

Results and discussion

In this study, six harmful fungal diseases were
identified during the three growing periods on flax
accessions: flax wilt, pasmo, anthracnose, powdery
mildew, fusarium browning and browning, stem break of
flax and their respective pathogens Fusarium oxysporum
f. sp. lini, Septoria linicola, Colletotrichum lini, Oidium
lini, Fusarium spp. and Polyspora lini. According to the
literature, causal agents of those diseases are widespread
in the regions, where flax is intensively cultivated (Heller
et al., 2015; Wang et al., 2018).

The resistance measures by AUDPC determined
for flax population were statistically significantly
(» £0.05) dependent on the year of sowing (Fig. 2).
Overall, AUDPC was significantly highest (p < 0.05)
to anthracnose, fusarium browning, the lowest to flax
wilt and powdery mildew during the three-year period.
Flax accessions showed the significant highest (p <0.05)

AUDPC difference to stem break, browning of flax,
powdery mildew and lowest — to flax wilt in 2015.
AUDPC showed the significantly highest difference
to fusarium browning, pasmo and lowest powdery
mildew during 2016. AUDPC was the significantly
highest (p <0.05) to anthracnose and lowest to fusarium
browning in 2017. Humidity conditions greatly differed
between the three years of this study. According to soil
analysis, agrochemical indicators did not significantly
differ between years, which suggested complex (genetic,
environment) factors influencing the growth and
development of causal agents and flax. This fact suggests
that the flax genotype resistance level to the diseases is
affected by changes brought by different hydrothermal
conditions of each individual year or occurrence of the
disease during vegetation period in a single year leaves
longer lasting effect on host populations. A study by
Rashid and Kenaschuk (1993) reveals that the flax
resistance among cultivars can differ due to the variability
of pathogen races in different geographical regions with
varying temperatures and environmental conditions.

400 c
" \
Q 250 d d i . § :
8 200 7>e\/ L=
= —
< 150 c /X\/ ° %; § L - \ -
100 b [T § / BN % \ =
50 %2’3 § a /12 %i a %:é \‘ =N
0 25 NlWe Nz 5 NE =
2015 2016 2017 Average
DO Anthracnose ~ BPowdery mildew  MFlax wilt  @Fuzarium browning B Stem break, browning ~ BPasmo

Note. abcd — means followed by the same letters in each column are not statistically significant; LSD
=41.68.

LSD

0.05(2016)

=65.24, LSD =87.93,LSD

0.05(2017) 0.05(average)

=39.36,

0.05(2015)

Figure 2. Values of area under the disease progress curve (AUDPC) of the flax genotypes for different diseases in

2015-2017

Considering each disease, significant differences
(p < 0.05) among the AUDPC values observed on the
different genotypes were found (Tables 2 and 3). Based
on statistical analysis, flax genotypes were classified in
three different phenotypes: resistant characterized by low
AUDPC, susceptible with high AUDPC and intermediate
AUDPC. Phenotypically the genotype of S53/8-3-93
(P3) showed the highest resistance to anthracnose, the
genotypes ‘Rota 2’ (P23) and ‘Ruda 1’ (P24) had the
highest resistance to flax wilt and genotypes T25/5-33/12-
8-94 (P7), T36-26/4-8-94 (P11), L26-47/1-97 (P19) and
‘Rezeknes’ (P21) — to pasmo. A study by KynpsiBuesa
u ap. (2016) used a similar method for identifying the
horizontal resistance of flax genotypes against pasmo.
The availability of flax accessions resistant to flax wilt,
anthracnose and pasmo has importance for commercial
growers globally. According to Diederichsen et al. (2008)
the experiment performed in Canada, where 153 flax
accessions from 24 countries were evaluated, showed
higher than average resistance to flax wilt, anthracnose
and pasmo in accessions from East Asia, while germplasm
from the Indian subcontinent showed considerably lower

than average resistance; germplasm from North America
and South America (mostly linseed) displayed above
average resistance to flax wilt, while European accessions
(mostly fibre flax) showed lower than average resistance
to this disease. A study by Dmitriev et al. (2017) has
revealed that the mechanisms of flax response to flax wilt
have been actively studied; however, the data on the plant
response to infection and resistance gene candidates are
currently very limited.

The genotype effect on susceptibility to diseases
in different humidity conditions was quite variable
between the three years of this study (Tables 2 and 3). The
correlation confirmed significant positive relationships
between anthracnose, flax wilt AUDPC and level of
humidity for the majority of genotypes. The correlation
coefficient showed that 6 genotypes to anthracnose and
8 genotypes to flax wilt were more susceptible to these
diseases in the growing seasons with high humidity.
Muskett (2008) similarly found that flax was more
susceptible to anthracnose and flax wilt in the wetter and
cooler regions of England. The pasmo development on
flax genotypes was identified only in 2016 and 2017.
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Table 2. The values of area under the disease progress curve (AUDPC) and derived phenotype (P) of different flax
genotypes with anthracnose, flax wilt and pasmo, and correlation coefficient () between HTC and AUDPC for each

respective disease and genotype of flax

Anthracnose Flax wilt Pasmo
Genotype
AUDPC P r AUDPC P r AUDPC P r
P1 106.56 abed 1 0.57 29.53 abed 1 0.99** 188.58 efg I 0.88
P2 300.27 efghi 1 0.75 17.90 ab R —0.88 175.86 defg I 0.31
P3 4.69 a R -0.46 65.33 fg 1 0.95%* 190.92 fg S 0.75
P4 133.74 bed 1 0.88 21.77 abc R 0.85 136.88 bedefg 1 0.84
P5 336.01 hi S 0.98%* 14.78 ab R 0.55 149.34 cdefg I 0.09
P6 59.86 abc R 0.89 25.68 abed I 0.99%** 77.80 abcde I -0.04
P7 168.81 cd 1 0.92 45.92 cdef 1 0.98* 1790 a R -0.04
P8 148.58 cd I 0.59 56.77 efg S 0.94 51.35 abc R -0.04
P9 224.81 defghi I 0.73 42.79 cdef 1 0.99%** 142.75 cdefg 1 -0.04
P10 195.21 def 1 0.92 39.66 cde 1 0.70 99.53 abcdef 1 -0.04
P11 343791 S 0.77 27.22 abed 1 0.82 1556 a R —0.04
P12 317.39 fghi 1 0.54 49.00 def I 0.99%** 28.78 ab R -0.04
P13 209.96 defg 1 -0.23 79.35¢g S 0.97 176.58 defg I 0.49
P14 194.48 def 1 0.99** 28.78 abed 1 0.14 74.66 abcd 1 -0.04
P15 275.32 efghi I 0.83 19.45 ab R 0.72 28.80 ab R 0.95*
P16 204.16 defg 1 0.14 37.72 abcde 1 0.09 27.22 ab R -0.04
P17 289.33 efghi 1 0.96* 47.45 def 1 0.10 119.80 abcdef 1 0.45
P18 191.34 de 1 0.96* 33.45 abcde I 0.15 112.02 abcdef I 0.71
P19 325.86 ghi S 0.78 39.25 bede I 0,43 933 a R -0.04
P20 21.02 ab R 0.02 45.90 cdef 1 0.80 638.56 h S 0.99**
P21 60.70 abc R 0.88 27.22 abed | 0.88 14.00 a R 0.88
P22 203.39 def 1 0.98* 21.78 abc R 0.95%* 108.87 abcdef 1 -0.04
P23 187.31 de 1 0.87 14.68 a R 0.95%* 232.16 g S -0.02
P24 211.58 defgh 1 0.89 13.23a R 0.37 26.44 ab R 0.12
P25 227.94 defghi 1 0.98* 35.00 abcde 1 -0.04 26.45 ab R —0.04
LSD 124.64 24.82 1114

0.05

Note. The genotype phenotype (P) is classified as susceptible (S), intermediate (I) or resistant (R); a—i means followed by the same
letters in each column are not statistically significant; * — correlation significant at p < 0.05, ** —at p <0.01.

The correlation confirmed significant positive progress
of pasmo on the genotypes L11-11/10-97 (P15) and
‘Altgauzen’ (P20) in the growing seasons with high
humidity. Rashid et al. (2003), Perryman et al. (2009) and
Hall et al. (2016) have revealed a similar conclusion that
flax is most susceptible to pasmo under moist conditions.
In this study, one flax genotype ‘Rezeknes’
(P21) with complete resistance and 16 genotypes with
significantly low susceptibility to powdery mildew were
identified (Table 3). As reported by Rashid and Duguid
(2005), in classical genetic studies several cultivars: ‘AC
Watson’, ‘AC McDuff” and ‘AC Emerson’ from Canada
as well ‘Atalante’ and ‘Linda’ from Europe, were resistant
to powdery mildew. In this study, most promising
genotypes with the highest resistance level S13/5-7/5-93
(P1), S64-17-93 (P4), T11-6/2-15-94 (P5) and T25/5-
33/12-8-94 (P7) to fusarium browning, and L.23-26/3-97
(P18) and L26-47/1-97 (P19) to stem break, browning
were identified. The resistance of the flax accessions to
both diseases in the world have not been well studied.
The correlation confirmed significant negative
relationships between powdery mildew, stem break,
browning AUDPC and level of humidity for the majority
of genotypes. The correlation coefficient shows that in the
dry growing season genotypes T29-36/10-5-94 (P8) and
T31-40-94 (P10) were more susceptible to stem break,
browning, and genotype L23-26/3-97 (P18) — to powdery

mildew (Table 3). The results confirmed significant
negative relationships between fusarium browning
and level of humidity for the majority of genotypes.
The genotypes TI11-13/3-1-94 (P6), T29-36/7-1-94
(P9), L23-26/3-97 (P18), ‘Rota 1’ (P22) and ‘Ruda 1’
(P24) were more susceptible to fusarium browning in
the dry growing season, but the genotypes S53/8-3-93
(P3), T31-40-94 (P10) and L11-11/11-97 (P16) showed
susceptibility in the growing season with high humidity.
Additional studies should be carried out on flax genotypes
in order to obtain a clear picture about their resistance to
various causal agents of Fusarium spp. Overall, in most
of the cases the flax genotypes phenotypically showed
intermediate-resistant or variable susceptibility (Table 3).
This study identified 12 flax genotypes with intermediate-
resistance that are more useful for further research and
one K47-17/11-6-95 (P12) genotype with intermediate-
susceptibility to all diseases, which is not recommended
in plant breeding as resistant to diseases.

In this study, of all the genotypes tested only
one genotype ‘Rezeknes’ (P21) was identified with
complete resistance to the powdery mildew and the
lowest susceptibility to pasmo and anthracnose as well
as relatively low susceptibility to other diseases except
fusarium browning.

According to Wang et al. (2018), overall, one
of the main breeding aims of fibre flax is the highest
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Table 3. The values of area under the disease progress curve (AUDPC) and derived phenotype (P) of different flax
genotypes with powdery mildew, fusarium browning and stem break, browning, and correlation coefficient (r) between
HTC and AUDPC for each respective disease and genotype of flax

Powdery mildew Fusarium browning Stem break, browning
Genotype OP
AUDPC P r AUDPC P r AUDPC P r
P1 21.77a R —-0.85 12293 a R -0.71 73.11 abc I —0.85 IR
P2 39.68 a R —0.85 240.36 def I —0.16 112.67 abc I —0.86 IR
P3 56.77 ab I -0.85 160.97 abe I 0.97* 81.67 abc I -0.85 A%
P4 63.78 ab I —0.91 136.16 a R —-0.76 119.12 be I —0.86 IR
P5 39.67 a R —0.85 144.67 a R —0.78 95.67 abc I -0.85 A%
P6 51.34a R —0.91 189.82 abed I —0.99%* 84.00 abc I —0.85 IR
P7 4353 a R -0.97 14234 a R —-0.16 126.03 be I —0.81 IR
P8 63.78 ab I —0.85 286.22 f S —0.04 100.00 abc I —0.99%* A%
P9 39.67 a R —-0.85 410.25h S —0.99%* 60.67 abc I —0.86 \%
P10 4590 a R —0.85 152.42 ab R 0.99%* 136.90 ¢ S —0.99%%* \%
P11 120.56 ¢ | —0.22 243.45d I —0.79 113.34 abc I —0.94 A%
P12 182.77d S 0.49 280.77 ef I —0.69 123.63 be I —0.81 v
P13 127.57 ¢ I 0.32 190.56 bed I —0.33 78.56 abc I —0.85 IS
P14 105.80 be I 0.19 252.87 de I —0.48 82.55 abc I —0.85 I
P15 65.32 ab I —0.85 156.31 ab R —-0.75 66.89 abc I —0.85 IR
P16 48.99 a R —-0.85 214.70 bede I 0.99** 58.11 ab R —0.85 IR
P17 3344 a R —0.85 159.52 abc I —0.46 46.67 ab R —0.85 IR
P18 29.95a R —0.98*% 184.36 abc I —0.99%* 38.66 a R —0.85 IR
P19 2335a R —0.85 217.81 bede 1 0.65 3577a R —0.85 \'%
P20 45.09 a R —0.85 225.60 cdef I —0.54 82.77 abc I —0.85 \Y%
P21 0 R 0 355.85 gh S 0.14 94.12 abc 1 —-0.86 \%
P22 4122 a R —0.85 266.06 ef I —0.97* 103.90 abe I —0.85 IR
P23 32.66a R —0.85 165.67 abc I -0.91 74.33 abc I —0.85 \Y%
P24 40.45 a R —0.85 263.67 ef I —0.95% 91.34 abc I —0.85 IR
P25 53.66a R —0.92 167.23 abc 1 —0.94 90.56 abc I —0.85 IR
LSD 49.23 67.14 78.36

0.05

Note. The genotype phenotype (P) is classified as susceptible (S), intermediate (I) or resistant (R); overall phenotypes (OP) of each
genotype to all diseases are intermediate-susceptible (IS), intermediate (I), intermediate-resistant (IR) or variable from susceptible
to resistant (V); a—f means followed by the same letters in each column are not statistically significant; * — correlation significant
atp <0.05, ** —at p <0.01.

yield potential and complex resistance to diseases. 0 s
In this study, complex disease resistance and flax . .
genotypes’ productivity were evaluated to understand  pyy ﬂ_‘

|

]

the resistance difference between the tested genotypes.  P6
P16

The dendrogram was developed by a cluster analysis
on the basis of resistance index of six evaluated fungal P
diseases, stem yield (Fig. 3) and seed yield (Fig. 4). P2
According to the flax stem yield, the genotypes diverged ~ ©'9
in two main groups — the first group included genotypes  p17
with statistically highest and the second — with the P22
lowest stem yield (Fig. 3). The main group of the first 11:?
cluster was divided into two sub-groups within the range P15
15 to 20 as a threshold. The first sub-cluster included  P7
five genotypes with statistically highest stem yield and gg
intermediate-resistance to diseases, and second sub- P18
cluster included 16 genotypes with medium yield and  P3
relative high susceptibility to different diseases. The 11:2
first dendrogram of the second main group included four  p23
different genotypes with low stem yield and variable — P24
susceptibility to some diseases. 11:;?
According to the seed yield of flax, the genotypes
diverged in two main cluster groups (Fig. 4). The first Figure 3. Dendrogram based on the genotypes of flax

group included eight genotypes with statistically highest  stem yield and resistance index for six diseases

TS
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Figure 4. Dendrogram based on the genotypes of flax
seed yield and resistance index for six diseases

seed yield and intermediate-resistance to diseases. The
second main group cluster was divided into two sub-
groups with a threshold within the range 10 to 15. The
first sub-group cluster incorporated nine genotypes with
statistically medium seed yield, and the second sub-group
cluster incorporated the rest seven genotypes with low
yield, and with both sub-group clusters having relatively
high susceptibility to diseases.

In both dendrograms, the first sub-clusters
under the first main cluster indicated good potential
for the breeding program. Consequently, it is a suitable
group for producing the highest stem and seed yield as
well as low susceptibility to all diseases compared with
the standard cultivar ‘Vega 2’ (P25). To summarize, the
most promising flax genotypes from all identified were
S13/5-7/5-93 (P1), S64-17-93 (P4), T11-13/3-1-94 (P6)
and L11-11/11-97 (P16) with the highest productivity
and high complex resistance.

There were identified two causal agents —
Colletotrichum lini and Fusarium spp. as the most
prevalent affecting of flax seeds genotypes (Table 4).

The genetic response of flax seeds to Fusarium
spp. was statistically significantly different (p < 0.05)

Table 4. Fusarium spp. and Colletotrichum lini incidence (I, %) on the flax genotypes, and correlation coefficient (r)
between HTC and incidence for each disease causal agent and genotype of flax at the seedling stage

Fusarium spp.

Colletotrichum lini

Genotype
Imln Imax average Imin Imax average r
Pl 4.0 16.0 9.0 bedef 0.77 0.0 16.0 4.0 abed 0.87
P2 0.0 18.0 8.5 bede 0.47 0.0 28.0 13.01 0.59
P3 0.0 25.0 16.9 hi 0.13 0.0 4.0 20a 0.86
P4 0.0 4.0 1.0a —0.68 0.0 20.0 5.0 abedef 0.87
P5 0.0 8.0 5.5 abed —0.04 0.0 21.0 9.3 efghi 0.63
P6 0.0 16.0 8.5 bede -0.30 0.0 10.0 3.5 abc 0.64
P7 0.0 50.0 25.0j 0.00 0.0 6.0 3.0ab 0.51
P8 0.0 35.0 19.514j 0.82 0.0 12.0 4.5 abcde 0.68
P9 0.0 10.0 7.0 bede 0.19 0.0 16.0 8.0 cdefgh 0.51
P10 4.0 18.0 9.5 cdef 0.03 0.0 16.0 4.0 abcd 0.87
P11 0.0 4.0 1.0a —0.68 0.0 25.0 11.3 hi 0.61
P12 0.0 10.0 4.0 ab 0.48 0.0 30.0 10.0 ghi 0.94
P13 0.0 20.0 8.5 bede -0.21 0.0 8.0 2.0a 0.87
P14 0.0 10.0 4.0 ab —-0.77 4.0 9.0 5.8 abcdefg 0.64
P15 8.0 10.0 8.5 dcde 0.41 0.0 40.0 1351 0.80
P16 0.0 18.0 4.5 abc —0.68 0.0 25.0 8.8 defgh 0.97*
P17 0.0 6.0 15a —0.68 0.0 16.0 8.0 cdefgh 0.46
P18 0.0 20.0 12.0 efgh —-0.51 0.0 20.0 9.5 fghi 0.98*
P19 0.0 32.0 15.0 ghi 0.70 6.0 12.0 8.0 cdefgh 0.82
P20 0.0 42.0 14.3 fghi 0.93 0.0 20.0 7.5 bedefgh 0.97*
P21 0.0 0.0 0.0 0.00 0.0 12.0 3.5 abc 0.93
P22 0.0 18.0 10.8 efg 0.45 2.0 15.0 8.3 cdefgh 0.55
P23 0.0 10.0 5.5 abed 0.56 2.0 12.0 5.5 abcdefg 0.76
P24 2.0 30.0 10.0 defg 0.98* 2.0 10.0 6.5 abcdefgh 0.25
P25 0.0 10.0 4.5 abc —-0.38 2.0 12.0 7.0 bedefgh 0.41
LSD 5.4 4.8

0.05

Note. a—i means followed by the same letters in each column are not statistically significant; * — correlation significant at p < 0.05,

** _atp<0.01.
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during the four-year period. Assessment of the flax
genetic response to Fusarium spp. identified the most
susceptible genotype T25/5-33/2-8-94 (P7) (I = 25%)
with the highest rate of 50%. Only one genotype of
‘Rezeknes’ (P21) has complete resistance and the lowest
incidence rates of S64-17-93 (P4) (1%), T36-26/4-8-94
(P11) (1%) and L19-6/15-97 (P17) (2%) for the seeds
during the four-year period. The contamination of the
seeds by the fungus Fusarium spp. significantly impacted
seed germination and development. The infected germs
were identified as small and crippled compared to
uninfected or completely non-germinated.

The statistically significant differences (p <0.05)
of genotype susceptibility response to Colletotrichum
lini for the flax seeds were found. The C. /ini is the causal
agent of anthracnose that intensively spreads to flax seeds
and can affect seed germination and plant development
during the vegetation period. The average highest
incidence was shown of L11-11/10-97 (P15) (I = 13.5%)
with highest rate of 40%. The most valuable genotypes
with the lowest incidence K47-17/11-6-95 (P13) (2%),
S53/8-3-93 (P3) (2%), T25/5-33/12-8-94 (P7) (3%) and
‘Rezeknes’ (P21) (3.5%) were identified. The secondary
infection of flax seeds is the basis for the distribution of
anthracnose in flax fields.

The effects of weather conditions on the
secondary infection of the seeds were observed (Table 4).
The hydrothermal conditions have a significant impact on
the pathogens spreading on the seeds of flax genotypes:
during the BBCH 81 and BBCH 83 stages in years with
the highest humidity the quantity of propagules of C. lini
and Fusarium spp. on seeds increased. The correlation
confirmed significant positive relationships between
spreading of Fusarium spp. and level of humidity. A study
by Gruzdeviené et al. (2006) obtained similar results in
Lithuania. The significant correlation coefficient shows
that the incidence of secondary infection of Fusarium
spp. on seeds of genotype ‘Ruda 1° (P24) was the highest
in high humidity conditions during the ripening period.
However, some of the researched genotypes showed
tendencies to be susceptible to Fusarium spp. in the dry
growing season. Regarding the susceptibility of different
genotypes to Fusarium spp., the response is unclear and
additional research is needed. The correlation confirmed
positive relationship for the majority of genotypes
between spreading of C. lini and level of humidity.

The significant correlation coefficient shows
that the incidences of secondary infections of C. /ini on
seeds of genotypes L11-11/11-97 (P16), L23-26/3-97
(P18) and ‘Altgauzen’ (P20) were the highest in high
humidity conditions during the early ripening period.
Results indicated that the most valuable genotype was
T25/5-33/12-8-94 (P7) that had the smallest coefficient
(r=0.51) and the highest resistance to secondary
infection of C. /ini in humid conditions when the seeds
were formed.

Conclusions

1. Intermediate resistance to diseases and the
highest yields were identified for flax genotypes S13/5-
7/5-93 (P1), S64-17-93 (P4), T11-13/3-1-94 (P6) and
L11-11/11-97 (P16), while the genotype ‘Rezeknes’

(P21) exhibited complete resistance to the powdery
mildew. The genotypes are most valuable and could be
used for flax breeding.

2. The study found that Latvian flax genetic
resources population has different resistance levels to the
six flax diseases tested. During the three growing seasons
the lowest resistance was identified to fusarium browning
and the highest resistance to flax wilt.

3. The study proved additionally that flax
resistance to different diseases was significantly
influenced by the hydrothermal conditions in the years
of sowing and the genotypes. Flax genotypes were more
susceptible to fusarium browning, stem break, browning
of flax and powdery mildew in the growing season with
drier conditions and to pasmo, anthracnose and flax wilt
in the growing season with high humidity.

4. The genotype ‘Rezeknes’ (P21) exhibited
high resistance to the causal agents Fusarium spp. and
Colletotrichum lini at the seedling stage. The highest
susceptibility to both causal agents on the flax seeds was
identified in high humidity conditions during the early
ripening period.
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Séjamojo lino genotipy atsparumas ligoms,
priklausomai nuo aplinkos veiksniy

1. Stafecka'?, D. Grauda®, V. Stramkale'

'Priekulés tyrimy centro Zemés iikio istekliy ir ekonomikos institutas, Latvija
’Daugpilio universitetas, Latvija
Latvijos universiteto Biologijos institutas

Santrauka

Grybinés ligos yra vienas i§ s¢jamojo lino (Linum usitatissimum L.) augimag ribojanc¢iy veiksniy, juos auginant
kintancio klimato salygomis. Grybiniy ligy plitimas priklauso nuo augaly atsparumo, patogeny populiacijos gebos
jveikti §j atsparumg ir augaly augimo salygy. Tyrimo metu siekta jvertinti s¢jamojo lino atsparumg grybinéms
ligoms lauko salygomis, atsizvelgiant j aplinkos veiksnius, ir nustatyti pacius perspektyviausius genotipus
selekcijai. Buvo tirti 24 vietinés kilmés genotipai. Séjamojo lino genotipai, turintys nevienoda atsparumg
dazniausiai pasitaikanCioms ligoms, buvo nustatyti naudojant ligos pazeisto lapy ploto indeksa (AUDPC) ir
atsparumo indeksg: didelés drégmés salygomis buvo tirtas jautrumas liny fuzarioziniam vytuliui (sukéléjas
Fusarium oxysporum f. sp. lini), pasmai (sukéléjas Septoria linicola) ir antraknozei (sukéléjas Colletotrichum
lini), sausesnémis sglygomis tirtas jautrumas stiebaltizei (sukéléjas Polyspora lini), miltligei (sukéléjas Oidium
lini) ir fuzariozei (arba fuzarioziniam parudavimui) (sukéléjas Fusarium spp.). Ligy sukéléjy Fusarium spp. ir
C. lini didZiausias paplitimas ant liny sékly buvo nustatytas esant didelei drégmei. Patys vertingiausi s¢jamojo lino
genotipai S13/5-7/5-93, S64-17-93, T11-13/3-1-94 ir L11-11/11-97 buvo kompleksiskai atspariis ligoms ir dave
didesnj derliy nei standartiné veislé ‘Vega 2’. Genotipas ‘Rezekne’ pasizyméjo didesniu atsparumu miltligei daigy
ir visi$ku atsparumu suaugusio augalo tarpsniais.

ReikSminiai zodziai: jautrumas, ligos sukéléjai, Linum usitatissimum, selekcija.
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