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Abstract

Blackleg disease of oilseed rape (Brassica napus L.), caused by the fungus Leptosphaeria maculans, is one of the major factors
limiting canola production worldwide. This study was conducted to investigate the epidemiology of the disease and its relationship
with climatic conditions in Golestan Province, Iran. The results showed that the disease occurred in all regions during both cropping
seasons, but its severity and spread patterns are varied significantly among regions and years. During the leaf spot phase, the highest
incidence and severity were recorded in the first year in Bandar-e-Gaz and in Gorgan in the second year. In the first year, DI and
DS were significantly associated with minimum temperature and relative humidity, whereas in the second year, maximum relative
humidity and heavy rainfall events emerged as the dominant factors. During the stem canker phase, Aliabad showed the highest
levels of disease incidence and severity in both years. Correlation analysis indicated that mild minimum temperatures, high relative

humidity, and heavy rainfall wer strongly positively correlated with disease incidence and severity.
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Table 1. Geographical characteristics of the surveyed oilseed rape fields in the studied counties of Golestan Province during the
research period.

Latitude Longitude Region (station) Row
36.77064 53,9427 Bandar Gaz (Datalogger) 1
36,868326 54.5681 Gorgan (Sorkhankalateh-Datalogger) 2
36,902130 54,8974 Ali Abad (Weather station) 3
37,26537 55,20042 Gonbad-e Kavus (Weather station) 4
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Table 2. Climatic variables used in investigating the probability of canola stem canker epidemics in Golestan Province
Description Name Row
Average temperature (Celsius) TA 1
Average maximum temperature (Celsius) X 2
Average minimum temperature (Celsius) ™ 3
Average relative humidity (%) HA 4
Average maximum relative humidity (%) HX 5
Average minimum relative humidity (%) HM 6
Total precipitation (mm) SP 7
Number of rainy days SRD 8
Number of days with more than 5 millimeters of precipitation SRD5 9
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Table 3. Analysis of variance for disease incidence (DI), disease severity (DS), and area under the disease progress curve based on
incidence (AUDPCI) and severity (AUDPCS) during the leaf spot phase of oilseed rape in Golestan Province across the first year,
second year, and the combined data of both cropping seasons.

Mean square of disease incidence percentage (leaf stage)

df Sou_rce_ of
AUDPCI AUDPCS DS DI variation
Year 1399-1400
21424/3** 2461/83** 0/462* 6/041* Region
4604/84* 363/44* 0/276 ™ 3/190 ™ Field
1733/12 601/47 0/119 1/684 66 Experimental Error
72 Total
57/6 54/4 70/8 69/9 CV %
Year 2021-2022
35533/5 ** 2530/56 ** 0/276* 3/480* Region
5851/32** 538/07 ** 0/275™ 0/405"™ Field
1642/02 1642/09 0/073 1/684 73 Experimental Error
80 Total
52/3 49/8 65/4 61/2 CV %
Total of two years
10296/6** 25801/1** 0/6487** 5186/11** 1 Year
28473/5** 1463/2** 0/275** 4/760** 6 Region
5047/2** 8664/1** 0/073** 0/405** 7 Field
1696/6 1923/7 0/097 1/684 139 Experimental Error
153 Total

Notes: *, ** and ns denote significance at p < 0.05, p < 0.01, and non-significance, respectively.
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Table 4. Comparison of mean disease incidence (DI) and disease severity (DS) during the leaf spot phase of oilseed rape among
the studied counties in Golestan Province for the first and second cropping seasons.

DS DI Region Row
2020-2021
a 0/67 a 2/50 Bandar Gaz 1
ab 0/55 ab 2/12 Ali Abad 2
ab 0/47 ab 177 Gorgan 3
b 0/26 c 1/03  Gonbad-e Kavus 4
0/32 1/20 LSD
2021-2022
a 0/43 a 1/64 Gorgan 1
ab 0/32 ab 1/06 Ali Abad 3
ab 0/24 ab 0/94 Bandar Gaz 3
b 0/16 c 0/63  Gonbad-e Kavus 4
0/23 0/83 LSD

Notes: Means followed by the same letter within each column are not significantly different according to the LSD test at p < 0.01
and p < 0.05.

g szl ped 5 Jol Jlu o caslllae 5 )90 slalin 4
Table 5. Comparison of mean area under the disease progress curve based on incidence (AUDPCI) and severity (AUDPCS)
during the leaf spot phase of oilseed rape among the studied counties in Golestan Province for the first, second, and combined
cropping seasons.

AUDPCS AUDPCI Region Row
Year 2020-2021
a 28/55 a 116/65 Bandar Gaz 1
b 18/66 b 85/37 Ali Abad 2
b 17/92 bc 63/77 Gorgan 3
¢ 6/58 c 69/26 Gonbad-e Kavus 4
9/55 38/53 LSD
Year 2021-2022
41/39 a 611/81 Bandar Gaz 1
38/60 b 431/95 Ali Abad 2
bc 30/61 bc 241/59 Gorgan 3
c 51/82 c 62/92 Gonbad-e Kavus 4
39/9 35/01 LSD

Notes: Means followed by the same letter within each column are not significantly different according to the LSD test at p < 0.01
and p < 0.05.



Applied Entomology and Phytopathology P sl oH]

Vol. 93, No. 2, March 2026 Verd wdwl 2 o,led 93 W

DOI10.22092/jaep.2026.371064.1556

2% Sobe 2l 58 Oliee a3 51 Jls pms sl s D
5> sl 2se Ghle sl 4 o3 LT e Ol g3
Sy \YAd=VEee el L

p53 dl 55 jastle pl g bgye U1 ol b
Ghlis o s e O 3z Sl hass ¢l
gl ot Lol SV J ) 350 (P<O/OL) anlllae 3, 50 ilise
S o bl bl il sdalin (5ls me Y|
P e Ve EY el e s S0ke aslis
Ao WY/OA ke Loabl e Oliw g s g5 SlAs
rSla b S0 el jgd (opman 3 S odaliis
LS 50 ko 3 VYAY (Sle L OB S s 55 YY/0V
S3d s cbeag bl oy S 55 e m Ao s VITY (KL
Ve ol e wlen bl ool 5 iV i) ws S
Oljee 5 51 ls ms Mt 325 Sy ol cpl (144
Al LT e Ol ol 53 (Sle § 55
i VY o5 Jle o andlas 5 5e bl
Sle sbul do o 55 ol CAd Aoy el
ey (S5 s8 Sdmu, d> 0) (BLS) il
Fhgi sl dle g3 s (aw g

Lol SOLE sl a0 5o ($olens s anlllas g
slis @‘)“‘ O olee slassls o o Slasl 5l esli il
P 5 S s Al e 3 anlllae 350 Gladka e
i el i (BBCHB5-BBCHST) a5 J_wo s s
S50 5 Ld s sl Jlw s s ol 26
LS 3 Jol i 38 13 bl s 5 4

s Jl 53 o 4 3l O Last i opl bl

o3 S dla SOl (ol 6585 Olsn (o Sgr
sk Ll Dl s b 0l IS ol | il bl
byl al o 53 (Solo ps85 oy el Glaesls
Sy i 5 Sy a0 53 (Gole Lo 5 L SOl
sl gol5e ) (BBCHB5-BBCHBY) Loss 5 Ay
Soslear 5 18 5 5LT e O S S an Ol g2
bl 23 S 8 bl o 5 s sy5e 5 s S
Rl by e glaesls bl 4 ) ol o
s I (i 6l Dl 35 o ot
oskieas (elal a5 (U Jsd) AS sdalis (P<0/01)
Jlon wize 4l Data Slicing AT 5 ¢ Lo 35 53]
55 oatld ol b laesls b s s ool (sl
D3 bl ot 3550 Tme oy oy 23 Jle 2 )
EQEIPRED N
(BLI) &éle Sl slowl d> 0 53 (5 ke 1‘93‘5 o 3
Srsn s de g 5o

Lo ss el glaesls bl 42 5l o b il
Jsl Jw js Bl STLG sb| a0 5 (65l ¢4
5 bl sl me DMl s Sl (e sl
5 (V) 5,(P<O0D) anllas 5,50 s 50
Solo 535 parls 4 by Sl eyl Sl Jo b
Ol e 03 Golbewr 2le £ 85 SR (n 5 ls OLAS
(et o3 S sdalie Ao 43 04/0Y s Lsbl e
S b oS e S 5 0SS el e
05,5 33 S i ysba dsys AYAY 5NN NVNE

syms Sk s ol (V Jsds) e Sl 5 ab sl



Applied Entomology and Phytopathology P sl oH]

Vol. 93, No. 2, March 2026 Verd wdwl 2 o,led 93 W

DOI10.22092/jaep.2026.371064.1556

Sl LT e Ol g3 55 ole ale S e
C)‘Jﬁ &.:HJ- )) "\'f. bjf ol L_:,.A J__J)b Y-\//\o
Lo S o VAY (Sle b S50 cladkn ¢
2 e Y Sk LS 5 s 55 OFY Sl

(V J)J?-)J..&B;)‘j;d}c cbca(s)LﬁTa};

Sl 3 Gl e (bl Ml (ia s (gl ]
ol glesls . Sle aslie  wll ol 5 (U Jsds)
50 Salke b o UL bl al e 3 (2t la
Combined Data ) S o 4525 5955 258 L« 0wy »
Jels 5550 (ol Jlw 3 sla osls S 5) (Analysis

O o adlae L 55 (bosls DL S RGO

Esommo 9 ped (Jol Jlo ;o caalllas 8)90 (sloliw ol ;0 caBle SGli obml al> o 10 (5 low 2l Do g £585 o s ls (WSl anglie -F Jgux

Sk sl e g0

Table 6. Analysis of variance for disease incidence (DI) and disease severity (DS) during the stem canker phase of oilseed rape in
Golestan Province for the first, second, and combined cropping seasons.

Mean squares (stem canker) of Source of
Final severity Final incidence variation
Year 2020-2021
- 7548/83** Region
- 274[7** Field
- 48/52 62 Experimental Error
- 28/3 68 Total
1. CV
Year 2021-2022
- 9921/7** Region
- 801/85** Field
- 22/28 62 Experimental Error
68 Total
17/6 1. CV
Total of two years
10/83 ™ 290/23** Year
3738/43** 18346/5** Region
44[7T7** 201/66** Field
9/19 37/69 141 Experimental Error
149 Total
28/1 57 7. CV

Notes: *, ** and ns denote significance at p< 0.05, p< 0.01, and non-significance, respectively.
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Table 7. Comparison of mean disease incidence (DI) for the first and second cropping seasons and mean disease severity (DS) for
the combined data during the stem canker phase of oilseed rape.

DS DI Region Row
Year 1399-1400
- - a 59/57 Ali Abad 1
- - b 16/14 Bandar Gaz 2
- - b 13/19 Gorgan 4
- - b 9/82 Gonbad-e Kavus 5
6/92 LSD
Year 2021-2022
- - a 62/58 Ali Abad 1
- - b 22/57 Bandar Gaz 2
- - c 12/92 Gorgan 3
- - d 7122 Gonbad-e Kavus 4
4/08 LSD
Total two years of evaluation
a 26/85 Ali Abad 1
b 7/92 Bandar Gaz 2
c 5/32 Gorgan 3
d 3 Gonbad-e Kavus 4
1/92 LSD

Notes: Means followed by the same letter within each column are not significantly different according to the LSD test at p< 0.01.
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Table 8. Correlation between disease incidence (DI) and disease severity (DS) during the leaf spot phase and autumn climatic
variables for the first and second cropping seasons.

Correlation(DS) Correlation(DI) Climate variable

Year 2020-2021

= 40/92 = 40/91 TM (Minimum Temperature)

= +0/86 = ,0/88 HA (Average Relative Humidity)

= ,0/84 = 40/85 HM (Minimum Humidity)

ns +0/87 ns +0/85 HX (Maximum Humidity)

= 40/70 = 40/73 SRD5 (Days with more than 5 mm of precipitation)

*+0/54 +0/56 SP (Total Precipitation)

* +0/35 +0/31 TA (Average Temperature)

ns _0/69 ns _0/71 SRD (Number of Rainy Days)

*-0/71 *_0/74 TX (Maximum Temperature)

Year 2021-2022

= +0/96 = +0/99 HA (Average Relative Humidity)

= 40/74 = 40/69 SRD5 (Days with more than 5 mm of precipitation)

= 40/27 = 40/17 SP (Total Precipitation)

ns 10/15 ns .0/05 HX (Maximum Relative Humidity)

ns _0/05 ns 10/02 TM (Minimum Temperature)

ns 10/01 ns _0/09 HM (Minimum Relative Humidity)

ns _0/29 ns _0/10 TA (Average Temperature)

=-0/31 *-0/15 TX (Maximum Temperature)

+0/70 < _0/77 SRD (Number of Rainy Days)

Notes: *, **, and ns denote significance at p< 0.05, p< 0.01, and non-significance, respectively.

g ddwlole Jola) elys fad SLL ol L &‘jﬁjh_ﬁ] BLI = Blackleg ) Cj;j slasl i Koo
s 53 (A dsar) 23 5 513 bl s,se Ol Jab > ,5 (BLS = Blackleg Severity) <% 5 (Incidence
(SP) ALk gmome 057 (e e 45 303 DL s (! San sl e gs s le Sl slow|
L(SRD) L slajs, sliws ko VA S > L ; ¢
s (SRD) SIL e, sliss b2 /VA (Sior o 50 b ¢85 Soatls (S en Jod (s ) o
Cosby bt AL (HA) ol by ks e /AY Bl Sl sl al e 53 gle (BLS) oot 5 (BLI)

0 53l S oL Lglass, 5 +/AY L (HM) wS s Gl e b (LS oy e Ky i 5 Shey)



Applied Entomology and Phytopathology P sl oH]

Vol. 93, No. 2, March 2026 Verd wdwl 2 o,led 93 W

DOI10.22092/jaep.2026.371064.1556

sler s Of Gl e ol olis Jlu o m=E Sl sl
BLS atld b e (Stmmed b e 0 5 0 b
AT (oo 2 L OP) 3L gsame oS
£anS s Sasby AV L (HA) e b ‘_r:il—:"
5+ /A L(SDR) SLL slajs, slaws e /e L (HM)
+4/84 L (SDR5) 2L el 0 51 2w bosla 5,
Sl ite 4 by ite (Soecon VL romas Lo s
L (TX) aain glos =V o 0 L (TA) L . Sls
Jlv 5o WO o) 55— /8 Sad o 0
A ORI G & (Sien 5 s sl s
Sosba L1y S el AL 8 el s el Sosb
Ly ye solen dd Ol b Site Stad o 5 iy S
o b HA) s o sb; Sls (sla s
VO L (HM) S s Coshy bt AT S e
kb L g sasme b2 L (SRD) SLL slags, sl
ool ek 051 e bl 5s, 5 /AL (SP)
Cds b e Saen 5L Lol s g +0/0Y L (SRD5)
(TX) e gl Gl i s bg o Il ] 55 (55le
22 b (TA) 580ke glos 5 —+/00 Stan o L
st dlw s e ja sl ol @L:j Opomed 3 =+ /VT
wenS Slos 5 (HX) aliy cmnd Cosb)y e 53 s
Sl Sl cus jaxls Ll lstas dal, (TM)

VY Jads) sl (BLS)

Cto  Sawsasr Oljue o 5 ke bt /EA L (SRDB) e s
oSle ¢ blie 3 il (BLI SSLs g5 as L1,
= /P L (TX) a0 lod 5 =V oo L(TA) L
o oz ls |y axls pl b i Stsen o 5YL
wﬁ;l_:.a sl paze (VEve=VE0Y) Jags (ol £
L (HM) €S d sy e 4 IAV L (HA) d o
gyome t+/10 L (SRD) LU (sl jsy shaad ebe/VA
ek 031 i b oglags, sldes 5 +4/TL (SP) 5L
L1y Cude Sten 0 5 ke +0/80 L (SRDE) 5 5L
(TA) g slos :Sle oS Jb= s 2 13 BLS Lol
Rl =0V s = VE L S S e i sl
Jlo 55 58 53 Jo b= ol sls Olas RV CHe
sles 5 (HX) ady s Casb)y mie 53 sy 6l
Sl gy arlsL bl Slstae alal, (TM) awS
5ol s e amglis (4 Jsis) il (BLID @l
S8 Sle 5 abT e Ol ed a8 als Olis lse
SLE s e s IS ol s of e S
e b e (St o 5V L sla i)
S (Solows dmw 5 (51 (6 Fdatas Lol 5 6ol (olew
Sk sk, S gosb ac ey Gble pLw o
Slp s Glaeg Bl b Los o (58S 5 Spglle SHSL
4 el pl a8 Lles S aal 5 Bl 03 Sl gzl S
O dsdr) sy el adlee (il 3 (Sola £33 0 e
e g Gedd ol s L oLl asslsl s

Ao 53 (Gl DS 5 g ols 5 Ol gla, S



Applied Entomology and Phytopathology P sl oH]
Vol. 93, No. 2, March 2026 Verd wdwl 2 o,led 93 W

DO110.22092/jaep.2026.371064.1556
VN g1 Fee gl e s g ol Gl sie b Sl ,SOLs oln) > 1o jo ‘S)LQ:QA'(BLS) Qms(BLI) £985 a>Li M—‘\ Jga=
anlllas 5,30 Slag b gt

Table 9. Correlation between disease incidence (BLI) and severity (BLS) index during the stem canker phase and spring climatic
variables in 2021 and 2022.

BLS Climate variable BLI Climate variable
Spring 2021
** 10/97 SP (Total Precipitation) ** 1+0/95 SP (Total Precipitation)
** +0/93 SRD (Rainy Days) * +0/93 SRD (Rainy Days)
* 40/88 SRD5 (IDOE;y;r\évCiitSigt(i);en)than 5mm “ 10/88 SRD5 (ID(Jafysr\é\/Ciitgiggcr)er])than 5mm
" +0/60 HA (Average Relative Humiditv) " +0/54 HA (Average Humiditv)
ns +0/46 HX (Maximum Humidity) ns +0/48 HX (Maximum Relative Humidity)
** +0/53 HM (Minimum Humidity) " +0/47 HM (Minimum Relative Humidity)
** _0/16 TM (Minimum Temperature) ns _0/23 TM (Minimum Temperature)
" -0/41 TX (Maximum Temperature) *-0/34 TX (Maximum Temperature)
*_0/76 TA (Average Temperature) ** 073 TA (Average Temperature)
Spring 2022
** 4+0/83 HA (Average Relative Humidity) +0/87 HA (Average Relative Humidity)
* 4+0/75 HM (Minimum Relative Humidity) +0/79 HM (Minimum Relative Humidity)
** +0/63 SRD (Rainy Days) +0/59 SRD (Rainy Days)
** +0/53 SP (Total Precipitation) +0/47 SP (Total Precipitation)
= 10/52 SRD5 (Days with more than 5 mm +0/46 SRD5 (Days with more than 5 mm
of precipitation) of precipitation)

ns +0/22 HX (Maximum Humidity) ns +0/21 HX (Maximum Relative Humidity)
ns _0/23 TM (Minimum Temperature) ns _0/26 TM (Minimum Temperature)
**_0/50 TX (Maximum Temperature) -0/56 TX (Maximum Temperature)
**_0/76 TA (Average Temperature) -0/74 TA (Average Temperature)

Notes: *, **, and ns denote significance at p< 0.05, p< 0.01, and non-significance, respectively.
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Table 10. Comparison of climatic variables in Aliabad County with the mean of other studied regions during the spring of the first
and second cropping seasons.

Average of other

regions Ali Abad Climate variable
Spring 2021
56/5 111/7 SP (Total Precipitation)
21 28 SRD (Rainy Days)
4/3 8 SRD5 (Days with more than 5 mm of
65/5 71/3 HA (Average Relative Humidity)
44/9 51/3 HM (Minimum Relative Humidity)
27/3 25/5 TX (Maximum Temperature)
20/3 18/7 TA (Mean Temperature)
Spring 2022

7216 144/9 SP (Total Precipitation)
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SRD (Rainy Days)
SRD5 (Days with more than 5 mm of
HA (Average Relative Humidity)
HM (Minimum Relative Humidity)

TX (Maximum Temperature)
TA (Mean Temperature)
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Table 11. Comparison of climatic indices between Bandar-e-Gaz and Gorgan counties during the two cropping seasons of the

study.
Days with .

Total precipitation lc\)lfug?:r é:l(;?\?: Mrz)l(alrz?\yem Maximum

precipitation more than 5 d y humidi humidi Temperature Year Region
G em T G ey ey )

(SRDS) (SRD)  (HA) (HX)

93/9 8 21 74 90/1 1111 2020 Bandar
71/6 4 17 68/1 87/3 10/2 2020 Gorgan
79/2 5 19 69/7 85/7 1111 2021 Bandar
96/3 9 15 78/4 95/5 12/3 2021 Gorgan

(o33 23S 5 5S35 jats gla b s 5eSiles b ST e s o 0 Ghmsdy szl pgd 5 sl Sl Ll 2l 5 o sl jriie aglio VY Jgu
Table 12. Comparison of climatic variables in Aliabad County with the mean of other studied regions during the spring of the first

and second cropping seasons.

Average of

other regions Ali Abad Climate variable
Spring 2021
56/5 111/7 SP (Total Precipitation)
21 28 SRD (Rainy Days)
4/3 8 SRD5 (Days with more than 5 mm of precipitation)
65/5 71/3 HA (Average Relative Humidity)
44/9 51/3 HM (Minimum Relative Humidity)
27/3 25/5 TX (Maximum Temperature)
20/3 18/7 TA (Mean Temperature)
Spring 2022
7216 144/9 SP (Total Precipitation)
24/3 29 SRD (Rainy Days)
4/3 8 SRD5 (Days with more than 5 mm of precipitation)
61/1 Yo HA (Average Relative Humidity)
45/6 58/5 HM (Minimum Relative Humidity)
26/53 25/9 TX (Maximum Temperature)
20/29 19/7 TA (Mean Temperature)
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