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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 diseases incidence and deases severity
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

Conb s oS s cilisie gl a3 5l eslic
Shde 5 68 v 4 SLLE SGS (alS glags sl
ol o3 s ol Bl S e il SO s olen S5
sk 4 D) (ole g 585 Jlie (g pSe3ll g hash
3 AS Rl Balal Do go was e A 3 n 00t (0 B
S bl law g Olye 4 (olen g ol s il
Coad Jalre 48) (1) $olo 85 slARe L2 s S b s
el s 4 T= TN Wslre 3l eslizal b (Cul Slay slaws 5
0S5 e (0 (ol Slaip sls Jals alslas o
(Cardoso et al., 2004) 4L . (N) o5 ob3,l slads

ol 5L OF 31X 3l b a5 (DS) (6 slaws ok ds (et

Laesls ‘_;)ﬂ@.?

Golow Cmnbs 4 by e slaesls (55T mar ) shateas
4 oie golie 5l Gl gladissl d5Is al_w SSUga s
Qujcp})aolﬁﬁuuf\;gl@}rbawd
8 o B LISLRT SIS PEESCCIN U ERVYS1 OV
woo e VUG —E0) el Jle s 5T YA Eee sl
53,8 SRSl (s dm 53 (b ae) 50 YA s pame)
ol Hs 158 £ CalS oy slnl 5l bagls poalasl
b Sain b s (505 S0 03 oo 5l cols g oyl
S g S gl L Glesls ) ol Jead sl
cd el asie a3 (Solen DA 5 £ 58

$ole (S) s 5 (1) gy (s S o310

VoA



V04

X 5 slen ek IS sldain ol (5lagy pl Tz 3

{(Cardoso et al., 2004) L3l o A0 poi julie sde oy UL
A(Wang et s aclses (ol 03 50 oLS 5 ol sl 5 i
ol S iy gy oyt yshinds candllas ol sal., 2020)
(s a5 8 6 3lS oy5s glnl 5) (S al> e s
ol 5 (AUDPC) (gslay S iy pomie ) CE..» oels
4l (AUDPCS) ot 5 (AUDPCI) ¢ 35 yasLi 53 5
Geis sl Il 55 5 e bl o OF bt 5 3 S
Sy e p e (38 15 LS s e 5 e

n-1 y
AUDPC = ] 1)/ .
DY RO 31 esbizad b s o

53 oo D 5 528 Wy Goob el 5l s S Al
L il bl s lis BB 5 oS Sy 0 SIS ¢l

Ve E ddal (¥ ojlad A W 1 ALS slags low 5 ST

5348 05 8 s X = E T 50100 doles ool
Golow Lo 4 sl Slo i (glay Sl s Siloxi O
ol sl Gl g 03 S Al e 2 ole i
=Y Wy o S pasIY-) =) le =) ot lie
=ty s S a0 =Y sy e s S e oY
(Kaczmarek, 1> S a4 wls (&5 8 55 (S pasI Ve 5l i
TS Sl (Wl SOLs) Blu dl> e 53 (5 lew i 2016)
bl 5 (BBCH85-BBCHS7) Lsls 5, s acills i s
oMk—iﬁdL—wu_@ﬁu;ﬁ)JJjjT@l{=')'—o ol
Bla 5,5 il geSLasn Yo es i col=) s e
Sl s Y0 ws sl =Y usban S L, sl
Qo5 0V=V0 a3 T b =T il s S s |y Wl o e
el cib=t b S s sle oe Sl
Cal=0 (il a S 5 sl Bl s i 3l Ao Ve

ébcﬁl{wﬁﬂjbbdbwﬂffuﬁﬂujb\“ u)ﬂ

(0,55 51 ) IS sUT e Ol g 53 VEe e i)l 5o 13IS el Bl (65l lov 35 (G ) Bl SSLE



OLdS Bkl 53 2lsp 5 OF slaasla b Bl 55 155 sbu Glu s lew owlid oS aan oy 2100, 500 5 515 J5 geaits e

5 ol la o plowil | glate a5 ol t (5T (V60
oslinal 5, 50 (gl ol ;Saen Sla e li b (Sen
Lz S 3
e e, bl Sla il 5 a5 iagsy ol 5
StatGraphics Centurion XV, )plf}; Shesla—ul b Layls gl

R fleu.‘ (StatPoint =S %) Version 15.2.05

@lr 5 o slaosls )5l mer
ueS glod) Les Jols oo 5 O (cbaosls ( imss onl )3
(5l 5 iy @aS) oo Zusby (ke 5wt
3ot b sbasss (Shl slasss sl (oL ¢ seme) AL
JS bl Sl Ol e SIS A (Al e 0
Lesls ol (Y o) a3 8 @l s oS Oliad bl gn

SVEY IV E ) s gl el e s el

DS Sl 3 13I8 il SO (glay (S a5 Jlail g 2 53 o3lial 35 il s ol glaine =Y Jgus

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) of Sou_rcg of
AUDPCI AUDPCS DS DI variation
Year 1399-1400
21424/3** 2461/83** 0/462* 6/041* 3 Region
4604/84* 363/44* 0/276 ™ 3/190 ™ 3 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* 3 Region
5851/32** 538/07 ** 0/275™ 0/405 "™ 4 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.
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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
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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)

df Sou_rce_ of
Final severity Final incidence variation
Year 2020-2021
- 7548/83** Region
- 274[7** Field
- 48/52 62 Experimental Error
- 28/3 68 Total
17.CV
Year 2021-2022
- 9921/7** Region
- 801/85** Field
- 22/28 62 Experimental Error
68 Total
17/6 /.CV
Total of two years
10/83 ™ 290/23** Year
3738/43** 18346/5** Region
44[77** 201/66** 4 Field
9/19 37169 141 Experimental Error
149 Total
28/1 57 1. CV

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



v

Ve E ddal (¥ ojlad A W 1 ALS slags low 5 BT

4\§L-:J.>/\;L3r Jbu. d}f)} (JLMJ: thS) LSJL“':" Q&)(f}b}JJ‘JLADI)C_’j) Loy L,A}Ligbﬁfdba:\: mi;[.,«wuﬂ -V d}-\?

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

= +0/92
= +0/86
=+ 10/84
ns +0/87
== 40/70
* +0/54
*+0/35
ns -0/69
*-0/71

**40/96
“40/74
40127
s +0/15
" _0/05
s +0/01
" _0/29
“-0/31
= 0/70

Year 2020-2021

= 40/91

= +0/88

** 4+0/85

ns +0/85

= 40/73
+0/56
+0/31

ns _0/71
*-0/74

Year 2021-2022
“ 40/99
“ 40/69
= 40/17
ns ,0/05
" ,0/02
ns _0/09
" _0/10
“0/15
= 0/77

TM (Minimum Temperature)
HA (Average Relative Humidity)
HM (Minimum Humidity)

HX (Maximum Humidity)
SRD5 (Days with more than 5 mm of
SP (Total Precipitation)

TA (Average Temperature)
SRD (Number of Rainy Days)

TX (Maximum Temperature)

HA (Average Relative Humidity)
SRD5 (Days with more than 5 mm of
SP (Totl Precipitation)

HX (Maximum Relative Humidity)
TM (Minimum Temperature)
HM (Minimum Relative Humidity)
TA (Average Temperature)

TX (Maximum Temperature)

SRD (Number of Rainy Days)

Notes: *, **, and ns denote significance at p< 0.05, p< 0.01, and non-significance, respectively
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Table 9. Correlation between disease incidence (BLI) and severity (BLS) index during the stem canker phase and spring climatic variables in 2021 and

BLS Climate variable BLI Climate variable
Spring 2021
* +0/97 SP (Total Precipitation) * 10/95 SP (Total Precipitation)
" +0/93 SRD (Rainy Days) * 10/93 SRD (Rainy Days)
SRD5 (Days with more than 5 mm SRD5 (Days with more than 5 mm
" +0/88 of precipitation) ** +0/88 of precipitation)
" 4+0/60 HA (Average Relative Humidity) * 1+0/54 HA (Average Humidity)
ns +0/46 HX (Maximum Humidity) ns +0/48 HX (Maximum Relative Humidity)
** +0/53 HM (Minimum Humidity) ** 40/47 HM (Minimum Relative Humidity)
** .0/16 TM (Minimum Temperature) s _0/23 TM (Minimum Temperature)
" -0/41 TX (Maximum Temperature) *_0/34 TX (Maximum Temperature)
**.0/76 TA (Average Temperature) *x _0/73 TA (Average Temperature)
Spring 2022

** 4+0/83 HA (Average Relative Humidity) +0/87 HA (Average Relative Humidity)
*+0/75 HM (Minimum Relative Humidity) +0/79 HM (Minimum Relative Humidity)
*+0/63 SRD (Rainy Days) +0/59 SRD (Rainy Days)
** 4+0/53 SP (Total Precipitation) +0/47 SP (Total Precipitation)
“ 10/52 SRD5 (Doe;ysr\é\::iitgiggcr;)than 5mm +0/46 SRD5 (Dgsp\ﬁg(t:li'np?twgt:g;};an 5mm
ns +0/22 HX (Maximum Humidity) ns +0/21 HX (Maximum Relative Humidity)
ns .0/23 TM (Minimum Temperature) s _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 Ali Abad Climate variable
regions
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
72/6 144/9 SP (Total Precipitation)
24/3 29 SRD (Rainy Days)
SRD5 (Days with more than 5 mm of
413 8 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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Table 11. Comparison of climatic indices between Bandar-e-Gaz and Gorgan counties during the two cropping seasons of the study

Total Days with Number of Average Maximum Maximum

recipitation precipitation rainy days relative relative Temperature Year Region

P (gp) more than 5 mm (S)FIQD)y humidity humidity (E)I'M) g
(SRD5) (HA) (HX)

93/9 8 21 74 90/1 11/1 2020 Bandar Gaz
71/6 4 17 68/1 87/3 10/2 2020 Gorgan
79/2 5 19 69/7 85/7 11/1 2021 Bandar Gaz
96/3 9 15 78/4 95/5 12/3 2021 Gorgan
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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
72/6 144/9 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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