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Extended abstract
Introduction

Fusarium head blight (FHB), primarily inflicted by Fusarium graminearum, is a devastating wheat disease,
particularly in regions where flowering coincides with warm and humid conditions. In addition to reducing crop
yield, FHB poses significant threats to human and animal health as well as food safety due to the production of
different types of mycotoxins in infected grains. In Iran, FHB is among the most significant wheat diseases in the
North warm and humid regions, including Golestan and Mazandaran provinces as well as in the warm areas of
Moghan in Ardabil province. However, under favorable weather conditions, the FHB disease can spread to other
parts of Iran and potentially lead to epidemics. To this end, several methods, including agronomic, chemical,
biological, and the use of resistant cultivars are employed for the FHB disease management. Among such methods,
the use of resistant cultivars is considered the most practical, most economical, and environmentally sound method
for sustainable control of the FHB disease. The first step in developing FHB disease-resistant wheat cultivars is to
evaluate existing cultivars or breeding lines for their resistance to the FHB disease and to identify the most resistant
genotypes. To this end, the response of 20 elite wheat lines from the North warm and humid zone of Iran along
with the susceptible check cultivar Falat was evaluated for FHB disease resistance under field conditions in
Gorgan, Golestan province and Moghan, Ardabil province, Iran in 2014-15 and in Moghan in 2015-16. In order
to identify type Il resistance in these lines, their response to the disease was also evaluated in the greenhouse in
Karaj, Iran. Based on the results of this study, wheat lines with sufficient resistance to FHB were identified for use
in breeding programs and potential release in the northern regions of Iran.

Materials and methods

Wheat genotypes in all the relevant field and greenhouse experiments were manually inoculated. The wheat lines
were evaluated under field conditions in Gorgan and Moghan in 2014-2015 cropping season and in Moghan in
2015-2016 cropping season as a randomized complete block design (RCBD) with three replications. In this regard,
wheat lines were sown on a 1.5-meter row in late fall (December) and the usual agricultural practices were
performed until heading stage. As soon as each wheat line reached 50% flowering, it was inoculated by spraying
with a suspension of spores of the pathogen (at 5x10* spores per milliliter of suspension) and it was repeated two
days later. To enhance the disease development, mist irrigation was established in the nurseries. About three weeks
after the first inoculation, disease incidence and severity were recorded for each line, and disease index was
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calculated by dividing the product of disease incidence and severity by 100. Fusarium-damaged kernels (FDK)
were also quantified by determining the ratio of the infected seeds to healthy seeds after grain harvest. To
investigate the reaction of the wheat lines under greenhouse conditions (Karaj), an RCBD with three replications
was also used. To do this, in mid-autumn 2015, eight to 10 seeds from each wheat line were sown in plastic pots
(15 cm x 15 cm), containing a mixture of field soil (70%) and peat moss (30%). To promote seed germination, the
pots were placed in a greenhouse at 25-30 ° C for one week. To promote tillering and the development of more
and stronger spikes, the pots containing the seedlings were placed outdoors for two months under relatively cool
conditions. They were then transferred to a greenhouse maintained at 25-30 °C. As soon as each spike from each
wheat line reached 50% of flowering, plants were point-inoculated with 10 ul of the suspension of fungal spores
(5%10* spores per ml of suspension). Three weeks post inoculation, the percentage of disease progress (disease
severity) was quantified by determining the ratio of infected spikelets to total spikelets in each spike. The SAS
software was used for the analysis of data recorded from the field and greenhouse expiriments.

Results and discussion

Combined analysis of variance of data for several datasets including disease incidence, disease severity, disease
index, and FDK from three environments showed significant differences among the genotypes. Evaluation of the
wheat genotypes revealed that the commercial wheat cultivar Morvarid, along with five lines, including N-93-6,
N-93-12, N-93-15, N-93-18, and N-93-19 exhibited lower mean values for disease incidence, disease severity,
disease index, and FDK under field conditions, as well as reduced disease severity in the greenhouse. These
genotypes were therefore identified as more resistant to FHB. It seems that type | resistance in these wheat lines
might have reduced the incidence of FHB disease. The results of present study demonstrated significant variation
among traits based on the assessment of genetic parameters, including trait minimum, maximum, and mean values;
environmental, genetic, and phenotypic variances; environmental, genetic, and phenotypic coefficients of
variation; and broad-sense heritability. In terms of comparing the genetic and phenotypic coefficients of variation
between different traits, FDK, disease incidence, and disease index had the highest coefficients of variation
compared to the other traits including disease severity under field and greenhouse conditions. In addition, FDK
had the highest ratio of genetic to phenotypic coefficient of variation. Finally, FDK and disease severity under
field conditions had the highest values of broad-sense heritability,68 and 60 percent, respectively.

Conclusion

In the present study, high genetic and phenotypic coefficient of variations were observed for FDK, disease
incidence, and disease index traits. Considering that the ratio of genetic coefficient of variation to phenotypic
coefficient of variation for FDK was very high, it seems that this trait was mainly under genetic control. Despite
the low genetic and phenotypic coefficients of variation observed for disease severity under field conditions, the
high ratio between them indicates that the trait is largely governed by genetic factors. The high broad-sense
heritability estimates for FDK and disease severity traits under field conditions provide further evidence of strong
genetic control over these traits. In contrast, the relatively low ratio of genetic to phenotypic coefficients of
variation for disease incidence and disease index traits may suggest a lesser contribution of genetic factors and a
greater influence of environmental conditions on their performance.

Keywords: Fusarium-damaged kernels (FDK), Disease index, Disease incidence, Disease severity, Type Il
resistance, Fusarium graminearum
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Table 2. Formulae used for computation of genetic parameters

e o158 ot olem 4 Caplis Jow g 4 es

S5 L Jse
Genetic parameter Formula
(S0 ol 4 525) Jaes 3Ll Vi = MSE—MS
Environmental variance (Combined ANOVA) rt
(CS 0 bl ) (S5 bl Vo = MSaMSgor
Genetic variance (Combined ANOVA) re
(ool byl 4 28) Jaes 3L 515 Ve = MSer
Environmental variance (Simple ANOVA) r
(osbu byl 4 p2) (S5 bty Vg = MSaMSe
Genetic variance (Simple ANOVA) r
TR
I Vp=VE+ Ve
Phenotypic variance
A A cve =% x 100"
Environmental coefficient of variation X
S5 55 e

Genetic coefficient of variation
SRS P
Phenotypic coefficient of variation
Skl
Heritability

CVe 2% x 100

CVve 2% x 100

H2 =18
Vp

MSgg “_,.J_,_j Sl ye u.:.(L.a = MSg ‘(;,..:ij) Sl sl =1t Uljii sl =1 Jl @’ sl Sl ye J:il.:a =MS; Jas Sl e wil._.» = MSg*

o Sl U5 e Sle =X et Sla e ke = MSe s 3lind T € 3 55 X Jamee Sila e K0Le=

* MSg = Mean squares of environment, MS, = Mean squares of type | error, r = number of replications, t = number of treatments
(genotypes), MSg = Mean squares of genotypes, MSgc = Mean squares of environment x genotype, e = number of environments, MSe =
Mean squares of error, and X = Grand mean for each trait.

eSOl laaalir 53 0T 5l asliad 5 035 agr Sl
Sl 6l ol Gl 5SSke i o Lo
Sy deoyd ) Ju}l@a.ﬂ)w;gbu;jms&uj
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ol 03 8 gysbolen el ol &SI £ sl 3 (b S
—oml G Ll e gl Al 05 e adalin J s
dals Doy S 55 (M3 Y/0) (e ol  Sls o 5
YW (ol patld 80k 0 5VL L ool il
oSl oxdls b lagsss b 5 A es S s (Ao
ol e sles S b 5s s ol e solew sla e ls
UN-93-12 _iolosl oY cdls 0 o35 ) day Ll S 13
e 3C 038 53 o3 W (ley ol S0k 2l
N-03- 5 N-93-6 N-93-19 N-93-15 b3l ¥ Sl

VOV NV NYY (e Ll gl Sile b 54, 20
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b Olea 53 Olie addaie 5 oo VL gls iabesl (ol
Ol Wesls) sy (Solew el pslie o Sl gl
o o (olaw Sl Sl @ e s L (Wl el
348y el Soloy DA 53§58 pmke 55 2 ol
e sl s ol sl Sl T e sy Vo



VENF /Y opled / VY i/ Al K55 sla e

055) o oSl L3 05ksn (olew 4 sl a5l Ao o) ol Llas S 51 3BC o3 8 55 Ses oy VUV

Sl 3l edal esay Al o155 Sodly (len 4 enslie b o e glaesls S e ilils s Y sk
fae e Jal 5 55 golew 4 ‘_;:,J"Laﬂ r.x;f slacy

Table 3. Combined analysis of variance on Fusarium head blight resistance data collected from the field-based
assessment of wheat genetic lines

Sl e 5:S0Le

ol s - o2 Mmeans of squares
Source of variation b Solex £33 Golas DLE (ol el pslish 4 el 4l
df Disease incidence  Disease severity Disease index Fusarium-damaged
y kernels (FDK)
o 2 2.0528™ 0.2626" 1.4733" 0.4324™
Environment
oo .
Js & sl 6 0.0587 0.1234 0.0784 0.0119
Type | error
0 20 0.1139™ 0.0587™ 0.1003* 0.0536™
Genotype
b X 55 40 0.0207" 0.0288"™ 0.0219" 0.0109"
Genotype x Environment
3o gl
f2 e 120 0.0175 0.0231 0.0166 0.0076
Type Il error

(Ao 33) Dl yois s 2

23.98 14.05 27.06 28.83
Coefficient of variation (%)

ns

doys ) JW‘C&*NJ))‘)&M}).)&M}%;Q:;&%}
" and™": Non-significant and significant at 1% probability level, respectively.
2 Solew 4 S olesl p S glacn Y i ool SO (Solew s (gduns S5 SOle anolis = Jpr

(dsyn ) Jlaxs! CLM); 5NI5) as 550 Lol L5
Table 4. Mean comparison and genotype ranking of Fusarium head blight index under field conditions (Duncan’s test, a. =

1%)
oV, el ) Solont ol (Sl Gues S
Name of cultivar/line Mean disease index Ranking
21 (Falat, Susceptible check) 36.7 A
N-93-3 32.4 AB
N-93-7 30.4 ABC
N-93-4 29.1 ABC
N-93-8 274 ABC
N-93-13 27.0 ABC
N-93-5 26.5 ABC
N-93-16 24.8 ABC
N-93-14 21.7 ABC
N-93-11 21.7 ABC
N-93-17 213 ABC
N-93-18 21.2 ABC
N-93-2 (Gonbad, Commercial check) 20.7 ABC
N-93-10 18.3 ABC
N-93-9 18.0 ABC
N-93-20 16.7 BC
N-93-6 15.7 BC
N-93-19 14.6 BC
N-93-15 14.2 BC
N-93-12 13.0 C
N-93-1 (Morvarid, Commercial check) 2.5 D

.Q,..«\o.wa.ul:fﬁ:}éé.a\ﬁ:&n@unbj:.eéf):C_,.gg-l?..;_\):g;y_a.u»rlqéle;,S)Tj})@a:\:JiJ;QTé”ﬂ65Juﬁu&ua§$p*
* The mean disease index values, initially transformed using the arcsine method, were back-transformed to their original values for a clearer interpretation.
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Table 5. Simple analysis of variance for disease
progress data in inoculated spikes (disease severity)
collected from the response of experimental wheat
genetic lines to Fusarium head blight under
controlled conditions in the greenhouse

d"j a5 Sl Sl

=l
Source of variation d.f Means of
squares
S
s 2 0.1396"
Block
e 20 0.0936™
Genotype
o
32 0.0800
Error
S 54 -
Total
- ‘ e .
(40) Sl o 2 21.40

Coefficient of variation (%)

(™: Non-significant) ,ls_zxe . ™
gar g Lol G s i phbl sbaenY sanes,
Lol 50 ol g8 Ol Jold pge o Sl
b i Ol e (ol | & Coaglin slas QLS oS ac 550
Ll i s (olew @) sl Jiale i 55 ()l
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g5 alps cuslie S5 Sbled o wes50 55 Gl
(FDK) 50,0555 4 4l Sl Ol 5 el oS 5 11
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e Slio ol Sl edal Cosay slaas; 51 (6,8 Sl
N-03- b3l oY ey e mlid il (0 Jsd) s S
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&0 XY s, Sl cunS L e 54 N-93-15
Y Y o Y 5 Olgeay O/A 5 0/0 O/Y
Sy Jlee Gl Lad gLl ey 3y
ST slaas, gl N-93-12 Y sl 4 S
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Table 6. Comparison of Fusarium head blight resistance means in elite wheat genetic lines from the northern warm and humid zone, evaluated under both field and
greenhouse conditions, with genotype ranking based on individual traits and overall means

LAL'J,_'Y 4y 5 olis ol

QN/V:’) et Traits values and their ranks Sy Sla Dlre Gl il
Name of cultivar/line (45 30) (5 ke &) (Gl8) (slaws b i (as,30) Solow ol (as)50) psslis & o5 )1 s Mean of rank Standard deviation
Disease incidence (Field) Disease progress (Greenhouse) Disease index (Field) FDK (Field)
N-93-1 (Morvarid) 47 (1) 94.8 (10) 25 (1) 14(1) 33 3.90
N-93-2 (Gonbad) 26.7 (11) 99.2 (15) 20.7 (9) 12.1 (16) 128 2.86
N-93-3 37.4(19) 100.0 (17) 32.4 (19) 14.3 (18) 18.3 0.83
N-93-4 34.9 (17) 93.3(8) (8) 29.1 (17) 14.1 (17) 14.8 3.90
N-93-5 34.1 (16) 87.6 (6) 26.5 (14) 9.9 (13) 123 3.77
N-93-6 22.0 (5) 66.1 (1) 15.7 (5) 7.1(7) 45 2.17
N-93-7 38.6 (20) 97.0 (13) 30.4 (18) 9.5 (11) 155 3.64
N-93-8 35.2 (18) 76.9 (3) 27.4 (16) 14.8 (19) 14.0 6.44
N-93-9 235 (6) 100.0 (17) 18 (7) 9.8 (12) 105 4.39
N-93-10 24.8 (8) 93.8 (9) 18.3 (8) 7.6 (8) 8.3 0.43
N-93-11 26.3 (9) 99.6 (16) 21.7 (12) 10.6 (14) 12.8 2.59
N-93-12 18.4 (2) 94.8 (12) 13.0 (2) 6.8 (5) 53 19.77
N-93-13 33.0 (15) 85.1 (4) 27 (15) 8.7 (10) 11.0 4.53
N-93-14 28.6 (12) 92.4 (7) 21.7 (12) 6.8 (5) 9.0 3.08
N-93-15 203 (4) 97.0 (13) 14.2 (3) 5.2 (3) 5.8 4.21
N-93-16 30.5 (14) 94.7 (11) 24.8 (13) 11.0 (15) 13.3 1.48
N-93-17 28.9 (13) 98.8 (14) 21.3 (11) 7.8(9) 118 1.92
N-93-18 26.5 (10) 85.9 (5) 21.2 (10) 6.9 (6) 7.8 2.28
N-93-19 19.4 (3) 97.0 (13) 14.6 (4) 45 (2) 55 4.39
N-93-20 23.4 (7) 100.0 (17) 16.7 (6) 5.6 (4) 85 5.02

21 (Falat) 50.3 (21) 67.7 (2) 36.7 (20) 22.3 (20) 15.8 7.95
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Table 7. Minimum, maximum, mean values, components of variance, coefficient of variation, and broad-sense heritability of the traits associated with Fusarium head blight
resistance obtained from response of experimental wheat genetic lines under field and greenhouse conditions

Lol ¢l 5 e
St Jolo Sl Sl Components of variance Coefficient of variation s S pydls
Trait Min. Max. Mean ! <) Pt ! 53 Pt Broad-sense heritability
VE Ve Vp CVe CVe CVp
»p— LM a
TSI 0"211791 0570821 0'257528 00317 00104  0.0421 32.32 1851 37.25 0.25
Disease Inc.-Field (4.7) (50.3) (27.4)
o 6oy L
e 0'584222 1'8281?0 1'707889 0.0022 00033  0.0055 434 5.31 6.86 0.60
Disease Sev.-Field (54.0) (88.1) (77.9)
o 6ol L
i 0';5578 0'366526 0';)724 00221 00087  0.0308 3127 1962  36.92 0.28
Disease Ind.-Field (2.5) (36.7) (20.9)
‘w)f_tﬁ)b}é = u)ﬂ b 0.1202 0.4916 0.3033
Fusarium-damged kernels (FDK)- (1.4) 223) (59 00067 00142 00209 2699 3929  47.67 0.68
Field
HEH (S LI
" S 09490 1.5708 13217 0.0267 0.0045 0.0312 12.36 5.09 13.36 0.14

Disease Sev.-Greenhouse (66.1) (100) (93.9)

Aok okils S 0 55 (55l 5 J=ls slael) s ol slis 4 oslael cpl iolio oSle 5 Slas (- xS C ol 0l Cl;;.}‘ JJ}.WS)T ¢ Sheslsy fas Sldes baosls (5,5 «linls tl;u‘! 5 ooty s 5l S *

* Prior to analysis of variance and further analysis, the data were subjected to arcsine transformation. For clearer interpretation of the minimum, maximum, and mean values, the results have been back-transformed to
their original scale (values shown in parentheses).
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