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Abstract. Flax (Linum usitatissimum L) yield of sterand seeds and them quality is influenced by a numbé
harmful diseases but investigation about pathogeimsrecent years have not been done in Latvia. Eastage of
development of disease is important in the pathodéa cycle and requires certain condition. Goal dfiis study have
identify possibilities of the pathogens and were ess disease severity depending on the genotypeann variable
environmental conditions. The resistance to the elises for 24 flax genotypes and standard varietyg&e2’ were
evaluated. The field trials have been carried oweo the period from 2015 to 2016 at the Research @nof Priekuli, part
of Vilani in Latgale. Disease progress was measuredrg week, and for each treatment, severity of déssaindex and the
area under the disease progressive curve (AUDPC) waaeulated. The flow cytometry method for detectioh flax
pathogens was developed. The Fusarium avenaveum wasrgding disease and statically significant in bothegetation
periods. In 2015 were identified statically signifint (p<0.001) highest AUDPC the casual agents powderijdew
(Oidium lini) and of stem break and browning causdy Polyspora lini but in 2016 anthracnose (Colletimnum lini),
pasmo (Septoria linicola) and fusarium wilt causedy fungus Fusarium oxysporum f. sp. lini. The resistee of
Colletotrichum lini, Fusarium oxysporum f. sp. liniSeptoria linicola and Oidium lini have flax varietpf ‘Rezekne’ in
both years.
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I. INTRODUCTION Poland, pasmo was a quarantine disease until

Flax (Linum usitatissimunhk) is an important crop  recently, and so does not occur there [6].
whose seed oil and stem fibre have multiple indaistr The most commonly practiced disease control
applications. method is the use of resistance varieties combined

Diseases of flax can be divided into two groups:with effective crop rotations [7]. However, the
the first group includes roots mycosis and diseasesesistance among varieties can differ due to the
caused by soil resident fungi Basarium oxysporum variability of pathogen races in different geogriaph
f. sp.lini, Fusarium avenaceungeptoria linicolaas  regions with varying temperatures and environmental
well Polyspora lini. The second group includes conditions [8]. High plant density on the field QI8
diseases of stems and leaves Qislium lini and  plants nm?) creates microorganisms and promotes
Colletotrichum lini All detected fungus of flax is infections and the development of diseases [4].
economically important diseases that can result in Progress of disease on plants is usually observed
severe yield losses. several times during pathogen epidemics. Extent of

Fusarium wilt is the most frequently encountered disease is assessed at each observation using scale
disease in most countries in Europe, causing léss othat are based on disease incidence, severity, or a
80 - 100% of yield [1], [2]. Another dangerous combination of both. To combine these repeated
disease of fibre flax is anthracnose, which is edus observations into a single value, Van der Plank
by Colletotrichum lini[3]. It occurs all over the world (chapter 12 of literature citation 13) proposed
in regions where flax is cultivated as Byelorussia, calculating the area under the disease progres® cur
Czech Republic, Lithuania, Ukraine and France [4].(AUDPC) [9] for summarizing and comparing plant
Occurrence ofOidium lini also known as powdery disease epidemics.
mildew was detected in 50 — 60% of cases in the las The flow cytometry has been applied to address
century in England and Germany especially questions in infection biology [10] and it is stél
connected with the decrease of yield in the range 5 relatively new technique for plant disease detectio
20% [4]. Recently, pasmo caused®gptoria linicola  application [11]. In this research used for analyse
and powdery mildew have been widespread causinquestions related to intracellular infection forllce
local disease epidemics in Western Canada [5]. Ircounting and sorting, biomarker detectidhis might

be solution that could help them identify pathogen
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infections in crops in a rapid, real-time and non-disease progress curve (AUDPC) by applying
destructive fashion so that timely intervention andformula (2):
preventative treatments can be performed to contain -
the infection and minimize the crop losses. AUDPC = 'ZMX(,M -1, )
Aim of this study was to determine diseases i=1
diversity for flax genetic resources by used
calculating the area under the disease progresg cur  Where vyi is an assessment of a disease
for each causal agent and developed flow cytometrypercentage) at the ith observation, ti is timed@ys)

methods for detection of flax pathogens. at the ith observation, and n is the total numbfer o
observations [9], [13].
. MATERIALS AND METHODS C. Meteorological conditions
A. Field experiments Agro-meteorological conditions determined by

The field trials were conducted over the period ADCON installed meteorological stations which are
from 2015 to 2016 at the Research Centre of Piiiekul connected to the computer program Dacom Plant
part of Vilani in Latgale. Plants were grown in Plus. Facility provides information in direct negarb
random block plots 1 fnwith a distance between field trials.
rows 10 cm, 1700 flax seeds per % were sown by The amount of precipitation in 2016 growing
hand with sowing depth 1.5 - 2 cm. Prior to that period was by 45% higher and in 2015 by 6% lower
sowing seeds’ germination tests were performed forin comparison to the long-term average of 311 mm
all used genotypes. Seeds were sown betw8amd  (by 1. Fig.). According to the air temperature 013
2" decades of May. Flax was grown in humi- average air temperature was 13.26°C and in 2016, it
podzolic gley soil. The main agrochemical was 14.00°C, respectively, while the long-term
parameters of the arable soil layer were following: average result is 13.00°C.
humus content — 6.5%, pH — 6.4 - 7.0, available 180 20
P.Os — 130-145 mg kd and available KO — 118-124
mg kg' soil (by results of State Plant Protection
Service). Complex fertilizer NPK 16:16:16 - 300 kg 1401
ha! was applied after first soil cultivation. For plan
further development a surface fertilizer — ammonium
nitrate 30 kg N hain “fir tree” phase was applied.

B. Evaluated diseases for flax varieties and
lines

Experimental material for the present study

Precipitation, mm
o]
o
Temperature, ©

consisted of 24 Latvian origins flax lines, vamsti 20 1
and all results was compared with standard variety 0- -
‘Vega 2'. Aprii May June July August

The causal agent is the fungus were assessed for

30 plants of flax at the 1 fwplots, every seven days long-term average (precipitation)

till flax pulling and by estimating the disease ety 2015
index. Disease incidence was estimated by visual — 2016
symptoms. The affected plant parts were stored in a ==de==|ONg-term average (temperature)
wet chamber, and after emergence of mycelium the #2015
samples were examined with light microscope =O0==2016

methods. The disease severity was recorded bfig- L 2t015'20Q16 um of P’efif_itation_('me)ﬂa”dfage of air
following a five-point scale: 0 — healthy plant,—1 ~ ‘emperatre (C%) value in vegetation period of flax

weakly affected; 2 — moderately affected; 3 — Hgavi D. Data analysis

affected; 4 — very heavily affected or dead plant.  \i5_gxcel software was used for data statistical
Disease severity index was calculated by applyinganalysis [14]. Used data analysis tools Descriptive

formula (1): Statistics, Anova: Single Factor and t-Test. Evi@da
Z(ab)xloo (1) AUDPC for each flax disease were detected flax

[=&= /""" genotypes susceptibility level [9]. In Anova: Siegl
A-S Factor used Fisher's protected least significant

) o difference (LSD) for the compare means AUDPC of
Where | — disease severity index %, a — number Obenotypes.

infected plants, b — degree of infection, A — total = £~ Flow cytometry methods

number of plant samples (healthy and infected), S —  gamples were prepared for flow cytometry with a

the highest degree if infection [12]. __ DNA staining kit (SysmesPartec, Pl Absolute,
~ The combine these repeated observations into gmpH, Germany) according to protocol with some
single value have been calculated the area uneer thy,qifications. For each sample, approximately 50 mg
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of dry leaf material was excised and placed into arainy the flax stands were heavily lodged, and aip t
glass Petri dish (60 x 15 mm). Dry material was 35% of plants were affected by anthracnose.
chopped in 500 pL of +4 CO cold extraction buffer.

For removal of cell fragments the suspension was Table | o _
filtered through 40 pm filter (Falcon, USA) into5a The AUDPC average of flax lines and varietiesRasarium
avenaveunandColletotrichum lini
mL polypropyleng .Cytometry tube (Falcon, US_A)’ No. | Variety/line Fusarium Colletotrichum
and 1.5 mL of staining buffer was added. Cells aiucl avenaceum | lini
were stained with 10 pl propidium iodide, and | 1. $13/5-7/5-93 168 50*
incubated in the dark for 24h at +4C0 before arglys | 2. | S32/4-8-93 Zg‘ 90"
by flow cytometry. BD FACSJazz® cell sorter (BD j‘ 222{2'73_%3 ;w ;
Biosciences, USA) with flow cytometer function was & T116/2-1594 190 146
used to detect DNA content (C -value) of flax and[T. T11-13/3-1-94 238 27
flax pathogens. The device was equipped with 10Q 7. T25/5-33/12-8-94] 175 2F
pm nozzle and used phosphate-buffered saline (B 8. T29-36/10-5-94 272 68“‘t
PharmingenTM PBS, BD Biosciences, USA) as a ib %“1'22/2'41'94 1‘% ig;t
sheath fluid. Cell counting events were triggergd b —T—zc>sa5.04 R 316
forward- scattered signal. The excitation of th#l ce 75 T Ka7-17/11-1.95 >88" 158
fluorescence was made by 488 nm Coherent Sapphif€13. | K47-17/11-6-95 28 257"
Solid State (blue) laser. Before measurements, flow 14. | 12-14/6-97 253 104‘E
cytometer was calibrated using SpheroTM rainbow| 15. | L11-11/10-97 175 231
. ; e 16. | L11-11/11-97 198 247
calibration particles (3.0 — 3.4m, BD Biosciences, 17 T 19.6/15.97 ) 55t
USA) in phosphate buffered saline (PBS). The[ 75 T 12326/3-97 >3 155t
calibration was considered as successful if thg 1g. 126-47/1-97 169 205¢
coefficient of variance (CV) of the calibration | 20. | Altgauzen 298 26
particles relative fluorescence did not exceed 3%. 21. | Rezeknes 430 ®
22. | Rotal 375 70"
23. | Rota2 219 ¥
Ill. RESULTSAND DISCUSSION (24 [Rudal GO 17
In the two flax sowing periods were detected SiX| 25 | ST vega 2 230 137
harmful flax diseases: Fusarium wilFusarium LSDo.ox 236 259

oxysporumf. sp. lini) and Fusarium avenaceum abcd Means followed by the same letters in each columen ret
powdery mildew (Oidium lin) pasmo Beptoria Statistically significant.

linicola), anthracnose Golletotrichum lin) and
Polyspora lini. By Table 1 find out forFusarium ol
avenaveum and Colletotrichum lini statistical
significant difference between genotypes but not g,
between years.

The Fusarium avenaceumwas observed in two C.l.
vegetation period. The fungus of causal agent
Fusarium avenaveumvas dominating disease in both P..
vegetation periods from all detected diseasesaxf fl
The sum of AUDCP for causal agent have highest F.u. H %
and statically significant between others disedatés
Fig. 2.). The lowest AUDCP value has flax line of  F.L
‘T31-40-94' (by Table 1), who have good potential .
for moderately resistant. [15] reported tiratsarium -2000 3000 8000 13000 18000
avenaceunis a cosmopolitan plant pathogen with a rig > summarized overview of AUDCP of 25 genotypédiax
wide and diverse host range and is reported to b®y years. O.L.- Oidium lini, S.I. - Septoria linicola, C.I. -
responsible for disease on>80 genera of plantst Th&Colletotrichum lini, P.I. - Polyspora lini, F.u. - Fusarium
partially explains the high spread of diseases[1BY} a."er.‘féf‘ve“”ig"' - Egg;‘-f'“m oxysporurh. sp. lini.* - statistically
the genetic foundation that allows avenaceunto significant L.S[3.04(5995)
infect such a wide range of host plant species and
cope with such a diverse set of environmental
conditions is currently not well understood.

The anthracnose Cplletotrichum lin) was

In our case, due to the high moisture content in
2016 some genotypes by pathogeraf the

anthracnose had presented similar effect. By lowest
AUDPC results was observed that resistant have flax

observed in all vegetation period. The fungus ofy,o'ig64 17,93 '553/8-3-93' and variety ‘Rezekne
causal agentColletotrichum lini was dominating in Tablel

disease in 2016 but for some genotypes in 2015. As it is seen from Table 2 for casual agents
According [17], observation results showed thatyver : L 9
caused byFusarium oxysporuni. sp. lini, Septoria

linicola, Oidium lini andPolyspora liniwere showed
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statistical significant level (p<0.01) between yehut The fungus of causal agefeptoria linicolawas
don't between genotypes. detected visual symptoms on the plants only in 2016
The fusarium wilt (Fusarium oxysporunf. sp. The disease occurred in the flowering stage. Ia thi
lini) was observed in the germination stage duringduring of vegetation periodharacterized with high
two growing periods. The weather conditions wereand of heavy rainfall byartially lodged of flax. The
favourable for the spread of fusarium wilt causal similar results find out [18]. By [9] flax is most
agent in 2016. In 2016 disease AUDCP detectedsusceptible to pasmo in the ripening stage under
statistically significant highest for all genotypes moist conditions. According tfl9] pasmo is spread
except flax variety of ‘Rezekne’. That genotype by pycnidiaspores that are moved primarily by
shows the resistant in both years. Between diseasesplashing rain. The fungus casual agents started
the pathogens has the least amount value of AUDCP.spread to the greens leaves and later to the stems.

Table Il
The AUDPC average of flax lines and varietiesFasarium oxysporurf sp. lini, Septoria linicola
Oidium lini andPolyspora liniin both years

No. Variety/line Fusarium Septoria Oidium Polyspora lini

oxysporunt. linicola lini

sp. lini
1. S13/5-7/5-93 12 136 33 110
2. $32/4-8-93 23 195 60 169
3. S53/8-3-93 42 157 85 123
4. S64-17-93 16 104 96 179
5. T11-6/2-15-94 14 196 60 144
6. T11-13/3-1-94 18 117 77 126
7. T25/5-33/12-8-94 27 27 65 189
8. T29-36/10-5-94 12 77 96 150
9. T29-36/7-1-94 18 214 60 91
10. T31-40-94 34 149 69 205
11. T36-26/4-8-94 21 23 109 170
12 K47-17/11-1-95 23 43 97 185
13, K47-17/11-6-95 41 174 79 118
14, L2-14/6-97 36 112 72 124
15. L11-11/10-97 16 19 98 100
16. L11-11/11-97 50 41 73 87
17. L19-6/15-97 62 121 50 70
18. L23-26/3-97 42 95 33 58
19. L26-47/1-97 40 14 35 54
20. Altgauzen 36 349 68 124
21. Rezeknes 0 0 0 141
22. Rota 1 14 163 62 156
23. Rota 2 11 341 49 111
24. Ruda 1 12 34 61 137
25. ST Vega 2 53 40 80 136
Years* p<0.01 p<0.01 p<0.01 p<0.01

The [20] proved that the vyield of susceptiblefungus pathogen rapidly started spread at the green
varieties infected during flowering can be redubgd leaves and later at the stems and bolls. The a@sist
75%. In our case resistant observed of flax varietgbserved for flax variety ‘Rezekne’ in both yedBsit
‘Rezekne’ in both years. resistant of variety ‘Rezekne’ is due to the short

The powdery mildewOidium lini) occurred in the vegetation period and genotype reason. By [23]
green ripening stage. The weather conditions werdassical genetic studies identified several rasist
favourable for the development of fungus in 201b. Icultivars in the European cultivars Atalante andda.
this period contributed to the spread of fungushhig The fungus of causal agefolyspora lini was
rainfall in June and the low and hot weather imominating disease in 2015 which characterise most
August. By [21], [22] powdery mildew the symptomsdried and highest temperature like 2016. The weathe
observed in different environments alludes to theonditions were favourable for the spread of furigal
presence of different races of the pathogen. In oafl vegetation period in both years. The fungus is
case, causal agent has presented similar effee. T$lower growing and disease noticeable later when th
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crop is on the advanced stage of growth [24]. The IV. CONCLUSIONS
moderately susceptible has flax line of ‘L26-47/1-9 Environmental conditions in both 2015 and 2016
and ‘L23-26/3-97’ against the disease. were favourable for Fusarium  avenaceum

Analysing the diverse infected parts of plants witldevelopment by highest statistically significant
flow cytometry method detected the presence GAUDCP level between all the others diseases.
pathogens and their different cell size, number and There are substantial differences in disease
position on the relative fluorescence graph. By. Big development and severity between years and fields
and Fig.4 find out that pathogen cells from flaxdue to differences in pathogen population strugture
infected plant material has haploid as well flaxesulting variable results. By AUDCP results showed
mixoploid. The specific pathogens of flax rangetiom resistant from theColletotrichum lini, Fusarium
graph (with P letter) by relativluorescence units oxysporunt. sp. lini, Septoria linicola Oidium lini the
from 13 until 1& with different cell size in the Fig.3. flax variety of ‘Rezekne’ by years.
andFig.4. Flow cytometry methods could decrease the time

The methodfor work in practice and to identify and effort necessary for the development of rasista
certain pathogens should to find out the specifigenotypes in breeding programs. However, this
fluorescence staining kits for identifies of theckea conclusion needs to be critically tested by evihgat
disease characteristic position on the scalenore comprehensive samples and varieties as well
Furthermore by [25], variations in genome size ofind out specific fluorescence staining kits for
plant pathogens can cause variation in pathoggnicipathogens.
and complicate the control of a disease. Our resut
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