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ABSTRACT

Fusarium wilt caused by Fusarium oxysporum L. is one of the most important destructive flax diseases that markedly
decrease the production and yield of this crop. The cultivation of flax cultivars resistant to F. oxysporum is the most
effective method for managing this disease. In this study, the changes in content of phenylalanine ammonia lyase,
peroxidase and polyphenol oxidase enzymes, total protein, proline and soluble sugars were measured in 12 different
genotypes of flax infected to wilt Fusarium and non-infected conditions under greenhouse conditions. The experiment
was conducted in a randomized complete block design with three replications. 21 days after inoculation of the plant
with the pathogen, biochemical components changes were measured by spectrophotometry. Based on the results of
ANOVA, the soluble sugars content in infected genotypes was higher compared to control and healthy genotypes.
Also, this parameter increased in resistant and highly resistant genotypes of flax, meanwhile this trait decreased in
susceptible genotypes in contaminated conditions. The activity of phenylalanine ammonia lyase, peroxidase and
polyphenol oxidase enzymes as well as proline content in leaves of resistant and highly resistant genotypes were
significantly increased in wilt Fusarium infected treatment. Total protein content in non-infected genotypes of flax
was higher than infected genotypes. Therefore, increasing the activity of antioxidant enzymes, proline content and
soluble suaars can play a possible role in inducing resistance to Fusarium wilt disease in flax genotypes.
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Table 1. Selected oil flax genotypes

Genotype number

Average disease score

Reaction to the disease

Argentina 825
Sweden 715
Afghanistan 1133
Uruguay 165
Poland 1027
Austria 1019
Austria 1200
Palestine 1393
Argentina 864
Chile 1051
Germany 702
China 1201
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Sensitive
Sensitive
Highly sensitive
Highly sensitive
Highly resistant
Highly resistant
Resistant
Resistant
Moderately resistant
Moderately resistant
Moderately sensitive
Moderately sensitive
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Table 2. Results of analysis of variance of biochemical traits in oil flax genotypes under fungal and control contamination conditions.

Mean of squares
Polyphenol

Phenylalanine

Sources of variation DF . Peroxidase ! Total protein Proline Soluble sugars
ammonialyase oxidase

Genotype 11 2.73%* 229025** 30.13** 0.080** 0.0004** 90065**

Treatment 1 1.05** 2052875** 91.13** 0.231** 0.0389** 168900**

GenotypexTreatment 11 3.87** 109911 9.38** 0.015** 0.0003** 94640**
Error 36 7.37 5573 131 0.0018 0.00007 19873
Coefficient of variation (CV%) - 5.97 19.83 15.15 5.75 17.57 17.29
R%% - 92.19 95.75 88.34 92.55 94.03 70.44
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Table 3. Comparison of proline content in different genotypes of diseased and healthy oil flax, 21 days after inoculation with pathogen.

Genotype

Treatment Palestine  Sweden  China Austria  Afghanistan  Austria Uruguay Germany  Chile Argentina  Argentina  Poland

1393 715 1201 1200 1133 1019 165 702 1051 864 825 1027
Control
treatment (a) 0.057 0.047 0.043 0.046 0.049 0.048 0.043 0.038 0.064 0.050 0.047 0.062
Infected 0.093 0.074 0.073 0.066 0.063 0.083 0.068 0.067 0.081 0.083 0.069 0.097
treatment (b)
Difference(a-b) -0.036* -0.027* -0.030* -0.020* -0.014* -0.035* -0.025* -0.029* -0.017* -0.033* -0.022* -0.035*

LSD=0.011
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Table 4. Mean comparison of soluble sugars in different genotypes of oil flax at 21 days after inoculation with the pathogen.

Genotype
Treatment Palestine ~ Sweden China Austria  Afghanistan Austria Uruguay  Germany Chile Argentina  Argentina  Poland
1393 715 1201 1200 1133 1019 165 702 1051 864 825 1027
Control
treatment (a) 825.24 61429  1060.95 911.19 897.14 667.14 1006.19 707.62 643.10 1037.62 545.00 796.90
Infected
treatment (b) 951.43 740.48 800.24 1054.05 973.81 848.57 1100.71 880.71 814.05 1798.57 677.62 1187.76
D'fgg_rg‘ce 12619 -12619  20671*  -142.86 -76.67 -18143*  -9459 47309 17095  -760.95¢ 13262 -387.86
LSD=175.83

aS oo W elds Glagys aile oy 5l s b

Uy ;58 g9 3l .(Morkunas & Ratajczak, 2014)

Slag B plp yo olS (el sla)Sgile o5 U

ssle M 6L®C)l$ 0)454.’ s‘)‘_g)Lo.:.)

%91 o0 Casddy F. oxysporum

g0 ilgl oo ¢ yizmen .(Morkunas et al., 2011)
e Sopp 5 ok o)l oabe K Gl
(Morkunas & Ratajczak, 2014) wgs laseds

Glagis Joos 5 Jolme glaass clale o onlplo

SN Sl pled erlas S Sles oar oo
ORSe Bk 5l g wies oo 8 U Cog ] lalS
) GlalS e g ad) laanl s (alS slagge,en b
wsllas ol yo (Stokes et al., 2013) wuS oo J 0S8
OLS polie slacisy ,o Jsloe slanid Gliee (il
gt Jsloee sloaid ul3l iy, 5 ol evalie 285,
8L asl) Jsloe sloaid g dsn slyee b
2 S 9 Al @ &Sl pegdle (595553 5 S5
ole lr k8 0y Sdalie slaply s oS



e (S, S ol g pslie slacish) olaerdisn (1STs 0 Sen 5 ol

IS g (Jinll g vals [las 5l xS osgll
S ole Glcaig) 4 Cund pglie slacuis)
g (bl Ol e (s (ululipl 0
Odands (YA e a) APY il )T lacas ey jo
Olie ) VTV lwg 9 (VYN e ) VYAY
R e e AR
30 g n hels Ol lie eSS g wiald
VoA Lol g oYY e ) VoY LT slacases

D85 18 el Jles 09,85 )0 (1YY (50 @)

YYA

90,05 3979 (558 (Swmen o )loy 5 (LOU S
U (oS gars b (s sla 25 03 lpn 551 50
(S ,9bay .(Zaragoza et al., 2009) wil o Lo o
G 5 byt 4 Ll ol o LS5 ol
Dy s

S5 o9y Slgixe

as ol Ll & Jgao 50 eaddslyl 1Sl anglae gl
Slyme (2ol G e )8 L (Siale jlam 55, V)
a4l eselie ST glacusss pled jo S e n

9 0l less lalS o IS g p (e 0 & )le

Fobe b (Siale 5 m 59, VY ipdlo 5 Lo (289, QLS Glisee lacasn; 5o US eon Olime 0nSlee anslie -0 oo

Table 5. Mean comparison of total protein in different genotypes of diseased and healthy oil flax, 21 days after
inoculation with pathogen.

Genotype
Treatment Palestine  Sweden  China  Austria  Afghanistan ~ Austria ~ Uruguay Germany  Chile  Argentina  Argentina  Poland
1393 715 1201 1200 1133 1019 165 702 1051 864 825 1027
Control
treatment (a) 0.993 0.654 0.774 0.946 0.754 0.826 0.747 0.819 0.733 0.822 0.910 0.923
Infected
treatment (b) 0.722 0.568 0.645 0.780 0.554 0.789 0.593 0.786 0.653 0.437 0.848 0.718
Difference (a-
b) 0.271* 0.086* 0.129* 0.166* 0.200* 0.037* 0.154* 0.033 0.080* 0.385* 0.062* 0.205*
LSD= 0.054

3 mizen (Rasmussen et al., 2008) 5,5 sale>
44> 5Ly (Heidarvand & Maali Amiri, 2010) aas &,
Siule 5l 59y VY eogdl GBS slagnassyy aSh
“ bl G s oo S 4 (a5 Sl
bye slagetgy o7 Slexsle lacusy p Jolis ous
ao> 4wl 0 a5 st (PR Llis s b

Gk ol Glesle slapysyn iloass WIS L

4 Pathogenesis-related proteins

7B la S w4 oS Cuglio jo oty A
o8l L(Aly et al., 2017) cowl ool aul o9 4
polie slocadsis ;o Solor 39 5l o Oedon Slyime
Y Sz )3 boatsn e (Rl ] A6 Wl e
Log odon iw e T (sl SLelisls mhaw (j0y
Odon Slioe et S
3,8 029 Jleixl ol o B,k 51 .(Knox et al., 2010)

asl

S olow 4 03901 oLS j0 Sljaimg ST (e il a5

i 6ly S Sl Gpas els s

3 Constitutive



Sl Slacason 50 adl (oo (wlas L slaces s
gl VT Lath o 51 el o pslie b ol
o)l . cublas (g ,ls e gles Wl g 0091 e s
polie sl slacaisis o slom Jlosd 50 @3l ol collad
Sl g obe Slacaies) g pllo Lo Sl ties pslie
39 3laeaSTn Bl el (Sl aolio 09 el
Joo 50 pllo g jlew (o189, OIS il slacaisi;
JaL..u...u‘ Jﬁu\? Q"‘ u,uL..u‘).' w‘ ol oolo QLA-AA-’ Y
Rl Ol e oy 2 9590 Glacaisil pled 1o aS 0ed e
Sysbay il LBl ez BB e 4 o]
4 bgye STy @il clld osls o min
APE sl g (FYO/EY) VoYY lg) slacassss
5O Loy polie slacuiel) sy 90 o aS 5g (YAT/YY)
oo ol o el Sluedi %S (i
s oamlie PAIFY) VITY oliailidl o (BY/FY) VY- )
polie sz 5 sl o3l Codled liee ey
S g b lacade 5l i polie Sl

o,lg3 oisle slil 53l aile alisee slo S5l
OISO g S lew o)lnd i 5o B S e
Ayl s bl gl o B slue
bie glbntisy S50 sow 5l (Aly et al., 2012)
3 Sl 08 5 (2050 D50 o8 2lisslen b
Sigh gn i 6Vl slocble 3 5 la ales b
ol olyiear ol e o B b Eoleb sl
Lo (B g aiiS o len |y el (Sailsx o] 5]
e sk

Mwd o e g

(Agrios, 2005)

o)|9.;...>

Ol s (KT (Sl T Ol gk
Fdsz o eadle Nle anlic @S gl
SLlgel oI Jid oo 351 udlad VS e 0
ol 4 byrye (aald) ol 5 039l Jlass 5o 5
YOYRRRS § SR L NIt ENCYRRIS 5 WA S AN oW
g (+[+ V) VYAY lals (/e - Y) \Ye -

237 0d S8 (glacudgiy og (/e o V) APF (il

S

Oliee (3 75eS ke pglie g pglie Ly slacais;

sy 48 0g (er ) (e oudg) @ g e S

LSD (55051 b 55 lo b itle 51 g 595 V) 50 (S5 OB slonedsy 50 slligel VT i o 5T codlad (52 Siloo agliie gulis # o
Table 6. Mean comparison of phenylalanine ammonialyase enzyme activity in oil flax genotypes at 21 days after
inoculation with the pathogen.

Genotype
Treatment Palestine  Sweden  China Austria  Afghanistan Austria Uruguay  Germany Chile Argentina  Argentina Poland
1393 715 1201 1200 1133 1019 165 702 1051 864 825 1027
Control
treatment (a) 0.0018 0.0013 0.0014 0.0017 0.0014 0.0016 0.0014 0.0016 0.0014 0.0013 0.0016 0.0016
Infected
treatment (b) 0.0020 0.0012 0.0014 0.0019 0.0015 0.0019 0.0015 0.0017 0.0015 0.0015 0.0017 0.0019
Difference . . .
(a-b) 0.0002 0.0001 0.0000 0.0002* -0.0001 -0.0003 -0.0001 -0.0001 0.0001 -0.0002 -0.0001 0.0003*
LSD=0.0001
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Table 7. Mean comparison of peroxidase activity in different genotypes of oil flax at 21 days after inoculation with the pathogen.

Genotype
Treatment Palestine  Sweden  China  Austria  Afghanistan  Austria Uruguay  Germany Chile Argentina  Argentina  Poland
1393 715 1201 1200 1133 1019 165 702 1051 864 825 1027
Control
treatment (a) 297.93 42251 373.06 186.74 168.80 380.81 432.94 303.78 143.47 463.66 338.55 421.87
Infected
treatment (b) 502.30 509.49 435.43 320.14 237.17 662.20 543.31 449.79 331.39 757.99 604.48 737.30
@ D'g)erence 20437  -86.98%  -62.37  -133.40* -68.37 28139 -110.37* 146.01%  -187.92%  -204.33* -265.93* -315.43
LSD=93.115
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Table 8. Mean comparison of polyphenol oxidase enzyme avtivity in different genotypes of sick and healthy oil flax, 21
days after inoculation with the pathogen.

Genotype
Treatment Palestine  Sweden China  Austria  Afghanistan  Austria ~ Uruguay  Germany Chile Argentina  Argentina  Poland
1393 715 1201 1200 1133 1019 165 702 1051 864 825 1027
Control
treatment (a) 5.82 9.71 7.16 6.26 5.65 12.25 10.86 10.14 8.83 9.85 4.44 5.33
Infected
trea(tt:;]ent 8.96 11.24 8.63 8.44 8.68 15.25 12.24 6.27 7.77 11.29 5.54 11.19
D‘T:E;‘“ 314%  153%  147%  2.18* 3.03* -3.00* -1.38 3.86* 1.06 1.44% 110 5.86*
LSD=1.432
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