\l/, Plant Protection (Scientific Journal of Agriculture)
Plant Protection 49(2), Summer, 2026

10.22055/ppr.2026.52125.1888

Incidence and Severity of Fusarium Head Blight Disease in Wheat,
Pathogen Identification and Spore Population Assessment in the Moghan
Region
F. Houshyar Jelodar', B. Pouzeshimiyab?", S. Nematollahi®, Kh. Valizadeh Kamran®, M. Jamshidi*

1. Department of Plant Protection, Ta.C, Islamic Azad University, Tabriz, Iran
2. *Corresponding Author: Department of Plant Protection, Mara.C., Islamic Azad University, Marand, Iran

(behnam3@iau.ir)
3. Department of Remote Sensing and GIS, University of Tabriz, Tabriz, Iran

Received: 25 May 2026 Revised: 12 July 2026 Accepted: 23 July 2026

Abstract
Background and Objectives
Fusarium head blight (FHB) is a serious disease affecting wheat. FHB has occurred sporadically
in Iran for many years and ranks among the most important fungal diseases of wheat in
Mazandaran, Golestan, Zanjan, Fars, and Ardabil provinces, including the Moghan Plain.
Several factors influence FHB epidemics, including pathogen persistence in crop residues,
wheat cultivar resistance, initial inoculum dynamics, a microclimate favorable for infection,
and host phenology. Disease-risk prediction models based on weather data can identify periods
favorable for disease development and spread. However, without direct measurements of
pathogen inoculum, these models may not achieve the desired level of accuracy. Aerobiological
pathogen monitoring using volumetric spore traps has provided valuable data on inoculum
levels in wheat fields. Researchers have used these data to improve disease predictions across
various cereal production systems.
Materials and Methods
A field investigation on the Moghan Plain, Ardabil Province, monitored 35 fields over three
cropping seasons, 2020-2021, 2021-2022, and 2022-2023, to determine disease incidence and
severity. Concurrently, continuous aerobiological sampling was conducted for 30 days, from
March 29 to April 29, 2023, using a single spore trap installed in one field to examine the
population structure and spatial distribution of spores (macroconidia). Disease incidence was
recorded over the three-year period, while disease severity was recorded during the 2023
cropping season. Both parameters were calculated at the grain-filling stage. Pathogen species
were identified using morphological and molecular methods. A generalized linear model
(GLM) was used to analyze the relationship between the number of spores released within each
24-hour period as the dependent variable, based on 30 observations, and nine meteorological
variables.
Results
The disease occurred in 77-85% of the surveyed fields, and symptom incidence within infected
clusters ranged from 5 to 45%. Aerobiological trapping detected pathogen spores on 62.5% of
the sampling days. Median 24-hour spore counts during the pre-flowering and flowering stages
were 2.8 and 10.2, respectively, with peak densities reaching 25 spores per 24 hours.
Morphological and PCR-based identification of 31 isolates showed that Fusarium



graminearum predominated, accounting for 83% of the fungal isolates, while F. culmorum was
the second most frequent species, accounting for 17%. Statistical analyses identified daily
rainfall and minimum relative humidity as the strongest predictors of 24-hour spore counts. A
bivariate regression model incorporating these two variables explained approximately 78% of
the variation in spore numbers (R? = 0.783; adjusted R? = 0.675). Variance inflation factors
(VIF = 1.09) indicated no substantial multicollinearity. However, the residuals showed possible
temporal autocorrelation, suggesting that the model should account for temporal dependence.
Discussion

These results indicate that aerobiological monitoring during flowering and the use of lower
intervention thresholds in risk-prediction models could help reduce epidemic risk. This study
included 30 observations in the regression analysis and 35 farms in the field survey. Although
the results were significant, future studies should increase the sample size to improve estimate
stability and allow broader regional or national generalization. Future research should also
collect larger longitudinal datasets and validate the models against independent datasets. Given
the Durbin—Watson statistic, time-series or mixed-effects models may better account for
temporal dependence and variance heterogeneity. Combining aerobiological data with climate
models and farm management data, such as residue cover, crop rotation, planting date, and
cultivar type, could improve predictions of FHB risk. This study showed that FHB was highly
prevalent on the Moghan Plain and that moisture and precipitation influenced airborne spore
dispersal. F. graminearum was the dominant species, and the regression models identified
precipitation and minimum relative humidity as the most important predictors of spore counts.
To improve the validity and applicability of these findings, future studies should expand the
spatial and temporal scope, assess the statistical assumptions more precisely, and examine the
direct relationships among spore counts, disease incidence, and mycotoxin risk.
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Table 1. Characteristics of wheat fields monitored in the Moghan region over 3 years in terms of the occurrence and

severity of FHB disease

Field Location Disease incidence (May)* Mean incidence disease in  Mean disease severity in
code 2021 2022 2023 2023 (%) 2023 (%)
1 Bakhsh 7 1 1 1 28 45
2 Chehel Pelleh 1 1 1 25 32
3 Khalifehloo 0 0 0 0 0
4 Babak 1 1 1 15 25
5 Pompaj Bilesavar 1 1 1 17 20
6 Haj Aman 1 1 1 15 10
7 Edare Markazi 1 1 1 27 38
8 Valimamiloo 0 0 0 0 0
9 Fouladloo village 0 0 0 0 0
10 Shahrak 1 1 1 27 36
Golkhanei
11 Ghareh Savalan 1 1 1 22 5
12 Tahghighat Oltan 1 1 1 25 34
13 Aghdam 1 1 1 24 31
14 Gordigal 1 1 1 22 27
15 Germi synopticst. 0 0 0 0 0
16 Fruit orchards 1 1 1 15 21
17 Haj Avaz 1 1 1 11 27
18 Firouzabad 1 1 1 18 19
19 Teklekandi 1 1 1 20 26
20 Tazekand 1 1 1 15 29
21 Ghoshagheshlagh 1 1 1 10 24
22 Khangheshlaghi 1 1 1 14 28
23 Mellatabad 1 1 1 15 22
24 Paragheshlagh 1 1 1 20 29
25 Shourgol 0 0 0 0 0
26 Gharehghabagh 1 1 1 20 27
27 Majidabad 1 1 1 15 18
28 Ghoojebigloo 1 1 1 18 27
29 Airport 1 1 1 20 14
30 Ajirloo Kandi 1 1 1 23 18
31 Iranabad 1 1 1 21 29
32 Mollakandi 1 1 1 25 31
33 Goashloo 1 1 1 21 33
34 Hallajlar 1 1 1 19 31
35 Parsabad environs 1 1 1 24 34
= The numbers 1 and 0 indicate the occurrence or absence of the disease, respectively.
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Figure 3. Distribution of wheat fields under surveillance for Fusarium head blight in the Moghan region
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Figure 4. Spores captured by the spore trap, the beak-shaped 4-celled macroconidia are recognizable in the

image.
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Table 2. Meteorological data and Fusarium spores captured from March 29 to April 29, 2023, in Section 7
of the Moghan agro-industrial farm

Temperature °C _ Humidity (%) Mean .

Date I(?n?:;])fal I ‘S"SQS g  Spore/24h ;Eg;\éirlng lr:i:'kB**

Min. Max. Mean Min. Max. Mean (Km/h)
3/29/2022 11.7 21.8 16.8 0 49 87 70 3.1 0 PF
3/30/2022 8.9 24.8 16.8 0 41 96 75 2.4 0 PF L
3/31/2022 8.4 25.7 17 0 45 100 79 2.4 0 PF L-M
412022 82 286 184 0 35 100 65 5.5 0 PF L
4/2/2022 8.2 20.2 14.2 0 32 72 54 5 0 PF L
4/3/2022 8 19.3 13.6 0 23 56 43 4.4 0 PF L
4/4/2022 5.6 21.6 13.6 0 27 67 46 5.8 0 PF L
4/5/2022 3.7 17.1 104 1 42 89 66 2.9 5 PF L
4/6/2022 3.4 22.7 13.1 0.4 35 92 62 2.8 6 PF L
4/7/2022 5.4 20.7 13.1 0 53 94 79 1.6 8 PF L-M
4/8/2022 8.5 22.7 15.6 0 50 100 85 1.8 8 PF M
4/9/2022 119 251 18.5 0 46 99 73 2.6 7 PF M
4/10/2022 124 214 16.9 0 48 91 69 7.5 7 SF M
4/11/2022 7.7 23.5 15.6 0 44 97 64 4.4 8 F M
4/12/2022 8.2 21.7 15 0 49 89 68 3.1 6 F M
4/13/2022 7.6 22.3 14.9 0 57 97 83 2.1 9 F M
4/14/2022 13.4 252 19.3 0 44 97 7 2.4 5 F M
4/15/2022 127  27.3 20 0 45 99 76 1.9 5 F M
4/16/2022 10.3 29 19.6 0 33 94 67 2.4 6 F M
4/17/2022 10.6  29.7 20.2 0 36 100 65 3.6 8 F M
4/18/2022 122 28.8 20.5 0 41 94 65 3.3 8 F M
4/19/2022 157 245 20.1 0.61 52 86 69 3.6 12 F H
4/20/2022 132 243 18.8 0 47 86 65 7 9 F M
4/21/2022 135 24.6 19 0 33 88 60 2.6 8 F M
4/22/2022 15.1 21 18 0 63 79 71 5 8 F M
4/23/2022 119 243 18.1 0 46 90 69 4.5 9 F M
4/24/2022 135 20.4 17 0.4 70 96 84 3 22 F VH
4/25/2022 11 24.3 17.6 0.9 39 88 63 3.3 18 F H
4/26/2022 13.8 21 17.4 4.9 62 93 84 5 25 F VH
4/27/2022 105 182 14.4 0.6 72 98 90 2.4 17 EF H
4/28/2022 12.6 21.9 17.3 0.4 53 96 77 2.5 9 PSF M
4/29/2022 13 15.5 14.3 0.5 89 100 94 2 18 PSF M

*Flowering stage, PRF: pre flowering; SF: start of flowering; F: flowering; EF: end of flowering; PSF: post flowering, ** FHB
risk, L: low; M: medium; H: high; VVH: very high
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Figure 5. Correlation between meteorological variables and 24-hour spore counts. Positive linear
associations are shown by green squares (darker shades and larger squares denote stronger correlations),
while negative associations are indicated by purple squares. It should be noted that due to the displacement
of the horizontal and vertical axis variables in this triangular representation, the cells on the main diagonal

do not indicate the correlation of each variable with itself; therefore, the values on the diagonal are not
necessarily equal to 1 and indicate the correlation between different pairs of variables.
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Table 3. Analysis of variance (ANOVA) for the multiple linear regression model predicting spore counts

over 24 hours

Source Sum of Squares Mean Square F P value
Corrected Mode 948.0742 10 94.807 7.220 0.000
Intercept 0.365 1 0.365 0.028 0.869
tmin 6.114 1 6.114 0.466 0.503
tmax 6.867 1 6.867 0.523 0.478
rrr24 228.314 1 228.314 17.386 0.000
evt 0.152 1 0.152 0.012 0.915
sshn 0.070 1 0.070 0.005 0.942
tm 6.863 1 6.863 0.523 0.478
um 34.172 1 34.172 2.602 0.122
ffm 25.582 1 25.582 1.948 0.178
umax 10.996 1 10.996 0.837 0.371
umin 62.309 1 62.309 4745 0.042
Error 262.635 20 13.132
Total 3243.000 31
Corrected Total 1210.710 30

a. R Squared = 0.783 (Adjusted R Squared = 0.675), CV=44.7%

Cagby Blas 9 (Sl Ol 89 3 casl TE 30 sauml xS S g (Foaw 5 3 Jw £ Jeu>
Table 4. Regression model for predicting the number of spores in 24 hours based on rainfall and minimum

humidity
Unstandardized Std Standardized p-
Predictor Coefficient (B) Error Coefficient (Beta) t value Tolerance  VIF
(Intercept) -
-5.339 2.367 2 955 0.32
24 3.199 0.771 0.453 4150 <0001 0916 1092
(rain24h)
umin 0.265 0.050 0.581 53g 0001 0916 109

(RHmin)
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Figure 6. Normal P-P plot of standardized regression residuals
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Figure 7. Scatter of standardized residuals against standardized predicted values

(g la> 517V8) alis 2s 5 F. graminearum ol se P 3l3g8 Clrdigh whibosu y Olakin
..A.‘.:é;)bé 4l el 3,50 F. culmorum Olge 4 ('J«fuf &lﬁﬁﬂj‘vxﬁjﬁq\u\?r\ [ EaaaB
“Mbﬁfgks C};'%lAAJA?'L9Wt§¢;$e) Olasin LyLw‘J{.-Udi szLwLbr Ole aalaie j\od& LSJ)TCT?

0 (b gl 17AF) gl YO ¢ wliciu, gla S5



VF0 QLL»...}[S Al o)l.o.».'b A EVES ((5)’)9L'I:5 ‘50.1:- als) é...:).mtf AD

35 Slosgd & Jrlaze 55k 5 i &K 4y 55 Se
Jﬁw;}&})éﬂ&)“fugﬁ,“‘“j})v_\' BIETTNS
a5 Slostd &) 4 a8 Ly 5 BT e )
sl i, 55 oo 8 AE & K8 Wi e
@JJUQ&L«;«:))tghdiaﬁlfaqujﬂldbe:j
CLA S Loy s S5 0l sl b
G el 6\.&(}:{}5});#‘ BRI LAU;_.L:S);L»
(ol S lap 08Ty STe (B A JSK8) s JSKis glope
Ll codees (g)las (2 Cod (el o)l b 68
Jsbo 5 Camd (sl sl S b Lo Ty 5 (oS8
Ly o,e o)lss Yo s Yseme 5 55 Ll
Cnin G e s ST (595 Glal s Sl eSSl
JS G 59,5 068 5 g0 51 5 p 55 93,5 sl 5
Slop S5 S le o3l bow e (F-H @ JS8) s
Sy ges S YE/5 (FF-FY) x £/ (0-A) (o)l
5055 Y sane 5 g 9 eaWS L3I 3 g 5 LS5 S
Las S5 CLA (g5 ain Y0 ,;G,w’t,,gg}sz@
S S & lms) 5 (2 S S o 4 by goun 5D

5 8loa gl (5 o e D) so b 5 S35 U B 0B
Leslie et ) (11 & JSK8) Ws 5 Sslo omlaw (5,15 1557
.(al., 2006

S Lss 53 baS , £ graminearum 4ig8
355 6 b Glap s 5 A2l (m e AS PDA
JK8) 38T W5 1y (6 SRS D)3 4 e Ols13
OET e o, ciS Lo 53 (B 5 A A
e 4 Ll (sl (lap 5853 ) el 55 Lap STy STl
PO L L gie Jib 5 &KL bap s iSs STl s A g
4ol Jobe 5 6L ol ol Loy oded ol
AL 5l lap iS5 Sl sy (C A JS2) aisly JSCa
035 33051 53 BBly e o e 5 ST (S 55 5 8314
0 e SIS 5, By 5 (D A JK8) LT 39
D A JSK8) Lus s o i) S i
63 ik Doy ooty 1) e 3ot DS S JSLLS 5 S5 S
Sl b 53,8 Ysmne 5 Lks Ay omi) 53 b slad s
Gl lS s Sbe ojlbl buse (E A JS&) Log )
5 e, See YO/F (FY-FY) x F/0 (F/0-0/0) su)le
Leslie et ) Wy o5 Ko VY=Y s @ La ) g guladS”
.al., 2006
5, asy s Luege :F. culmorum  digf
Cdn Sl ey PDA 28 Lms 55, 65 o) Glas i
bl ol Kl a5 Y0 (slos 5 (SSL0 Lol s 53 5,

lsn 6l awy gl Tl j3 e a5y e Sl A/A

2 9 (A) 29 g —A <O

CLA Lo 33 ol i (E) 8 00 3 gaw g uodls” 9 (D) i

Figure 8. The upper (A) and lower (B) surfaces of the colony of Fusarium graminearum on PDA medium,
macroconidia (C), branched conidiophores (D), and single chlamydospores (E) formed in CLA medium
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Figure 9. The upper (A, C) and lower (B, D) surfaces of the colony of Fusarium culmorum on PDA and CLA
media; cultivation in CLA for mass production of macroconidia (E); production of macroconidia from

monophialides on branched conidiophores in the sporodochium or from short monophialides on hyphae (F-
H); and production of chlamydospores in both conidial and filamentous forms (I-J).
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Figure 10. Gel electrophoresis showing the ~400 bp amplicon confirming the identity of the isolates as
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