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Figure 1. Symptoms of tobacco black shank (P. nicotianae) in flue-cured tobacco field (right) and
burley 21 (left).

el e sleady, 38, el Y BSCE L6l dBle e 10 0, sl S Slias Y SO



WWAE ey A al (Gl oMl ol5T olBiils) (S polS v

0595 ok Blov (5 lowe 0955 ol Glo (5 lore
Figure 3. Destruction of the roots caused by Figure 2. Typical segmenting of pith in stalk of
disease of tobacco black shank black shank-infected plant.
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Table 1. Variance analysis of disease incidence of black shank in tobacco fields in Golestan province
in 2015.

Source of variation (SOV) Means square
Degrees of Eighth tenth
freedom Recorde of Recorde of AUDPC
disease incidence  disease incidence
region 1 243" 92" 333227
village 8 9.9nms 185m 100056"
field 40 412.09" 4999 ™ 1729560™"
error 150 7 11.03 398699
total 199
CV (%) 16.3 184 15.4
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Figure 4. Infection percent of disease of tobacco black shank in different villages in Golestan province
in 2015.
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Figure 5. Infection percent of black shank disease in different fields of tobacco in Golestan province in
2015.
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Figure 6. Area Under the Disease Progress Curve of disease of tobacco black shank in different
villages in Golestan province in 2015.
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Figure 7. Area Under the Disease Progress Curve of disease of tobacco black shank in different fields
in Golestan province in 2015.
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Table 2. Linear regression analysis statistics for fitting epidemic models of disease of tobacco black
shank in Golestan province

Model P-Value correlation R-squared (%) Ra-squared (%) SEE  Intercept slope
linear 0 0.71 51.4 51.15 0.83 -0.048 0.026
Monomolecular 0 0.71 53.9 53.2 0.04 -0.045 0.0023
Logistic 0 0.73 76.4 76.1 0.85 -4.56 0.029
Log-Logistic 0 0.86 79.4 79.3 0.86 -10.8 2.01
Gompertz 0 0.89 82.9 81.7 0.33 -1.6 0.01
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Table 3. Linear models and the best significant models developed by regression analysis for disease
percent of tobacco black shank indifferent regions of Golestan province

Dependent Independent . R-squared Raquared
variable (X) variable (Y) Model P-Value correlation (%) (%) SEE Intercept slope
Linear 0.43 -0.11 14 085 7.3 1951 -105

Transplanting A\ yppc square root-Y

Date Meedx 012 022 528 308 154 463 -0.002
Linear 016  -02 44 193 217 3229 02
D8 SquarerootY 455 059 g5 639 18 54 -0.0003
o Squared-X
Fertilization Linear 043 -022 51 29 115 378 -02
Date -
D10 Squareroot¥ oo, 93 906 69 19 58 -0.0003
Squared-X
Linear 018  -02 41 18 6936 21124 -13.02
AUDPC  SquarerootY o5 028 83 62 151 442 -0.002
Squared-X
Linear ~ 00001 -05 309 293 88 904 -0.64
D8 Sq.“ar‘*dl'\;( 0 059 353 337 2886 -1891 259545
Time of Hoeing reciprocar -
e ot Hoelng - Linear 00004 -05 259 242 67 1788 -0.43
crustg Double Squared 0.0001 -0.53 28.2 27.2 360.8 1995.6 -0.11
Linear 00004 -05 253 237 6113 5578 -38.9
AUDPC  Squareroot¥ 5503 051 263 251 136 -7.11  1.007
Squared-X
Linear ~ 00041 -04 176 157 96 9738 -055
D8 Squareroob¥ oo00p .052  27.08 254 306.4 -2240.2 377619
Squared-X
TimeofHosing o (LGN 00063 04 163 141 108 10517 -059
and Earthing up e el 00005 049 248 231 3709 24079 431542

Linear 0013 -036 133 113 6594 5790.2 -32.4
AUDPC  Squared-Y = nppe 044 104 175 14 81 14

reciprocal -X
Linear 0 -0.7 50.69 49.4 74 593 -12.9
D8 S%‘aaﬁrgzo;\( 0 078 6143 605 12 82  -0.43
Linear 0 -0.69 51.69 46.8 856 65.37 -14.08

Number of D10 Square root-Y
spraying in field Squared-X 0 -0.77 59.96 59.03 1.3 8.7 -0.45
Linear 0 -0.69 48.19 46.98 509.7 3879.4 -844.6
AUDPC  Squareroot o 57 594 584 1011 6695 -34

Squared-X
D8 Linear 0 0.89 80.6 80.1 4.6 1.3 4.2
Number of fungi D10 Linear 0 0.87 77.31 76.78 5.6 2.3 4.6
in soil Square root-X 0 0.88 78.05 775 55 -3.6 13.2
AUDPC Linear 0 0.88 78.9 78.4 3251 93.07 280.2
Linear 0.1 0.37 14.4 12.4 9.8 -5.8 3.3
D8 SquarerootY g0, 034 1187 97 3369 1199 -5287

Number of remp_rocal-x
S Linear 0.01 0.37 13.85 11.84 11 -5.5 3.6

irrigation

D10 Square root-Y
reciprocal-X 0.01 0.45 20.58 10.2 400 1486 -6412

AUDPC Linear 0.004 0.41 17.59 155 643 -563 248
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dependent independent R . R-squared
variable (X) variable (Y) Model P-Value correlation (%) ql;(f;(l)’)ed SEE Intercept slope
Number of — »jppe ~ SQUArETOOLY 4 507 49 235 215 138 784 308
Irrlgatlon reCIprocaI-X
Linear 0 0.76 5002 58 67 93 3.9
D8 Squarerooty 0.82 683 675 109 82 -28
) reciprocal-X
Time of Linear 0 0.76 5007 581 758 -10 4.39
irrigation -
irrigal DIO- Squareroot 5 55 gg7 679 11 88 30
reciprocal-X
Linear 0 0.74 557 546 471 -583.4 254.9
AUDPC  Squarerooty 0.81 666 658 91 667 -226
reciprocal-X
Linear 0 0.8 641 632 63 65 8.3
D8 D°“b'rg ;q“are 0 0.91 831 827 079 054 31
Number of Linear 0 0.78 62.2 61.3 7.2 7.9 9.1
nematode in D10 Double Square
ot - 0 0.9 825 81 08 06 33
Linear 0 0.8 651 643 418 421 561
AUDPC  Sguareroot-Y 0.91 836 832 64 42 25.7
reciprocal-X
Linear 023 018 33 107 104 126 38
D8 Square rootY' 49 19 3.9 17 19 32 0.25
Squared-X
Number of Linear 0.25 0.17 0.9 0.68 11.68 14.8 4.02
plow D10 D°“b'rgostq”are 021 019 36 138 203 18 18
AUDPC Linear 01 024 5.8 37 687 7115 340.2
Squared-X 01 024 589 37 687.1 9383 1134
Linear 01 024 6 38 103 127 1.2
D8 Square ooty 55 () 9g 8.1 59 18 31 0.02
Squared-X
Number of Linear 0.1 0.21 4.4 2.2 115 154 1.2
disk D10 Square root-Y 007 026 7 48 19 34 0.02
Squared-X
Linear 005 029 8.4 62 677 773 100
AUDPC  guiared-x 003 031 102 81 671 927 122
Linear 08 003 011 22 106 165 0.31
D8 Square rootY 96 g4 021 12 19 36 0.008
Squared-X
Number of )
leaves Linear 08 002 004 22 118 195 0.23
harvest D10 Squareroot¥ g g3 014 12 206 38 0.007
Squared-X
AUDPC Linear 0.6 006 042 18 706 1002 405
Squared-X 064 007 049 18 706 1083 46
Linear 0 085 738 732 54 485 116
D8 S%“are 0 0.88 872 777 09 66 -0.38
Number of quared-
spraying in Linear 0 0.86 74 734 6 546 12,9
seedbed D10 Squareroot¥ g g8 779 775 097 71 041
Squared-X
Linear 0 087 764 758 3442 3260 7874
AUDPC  SquarerootY o g9 797 792 71 546 31

Squared-X
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Table 4. Significant status of agricultural quality variables in during epidemic period
of disease of tobacco black shank in Golestan province based on ANOVA

independent P-Value
dependent variable (X) variable (Y) Number of level F- Ratio

Variety D8 2 0.026 5.27
D10 2 0.03 4.93

AUDPC 2 0.06 3.7

Seedbed D8 2 0.14 2.21
D10 2 0.12 2.45

AUDPC 2 0.23 1.48

Fertilizer rate

D8 2 0 59.37

D10 2 0 63.8

AUDPC 2 0 59.6
Rotation D8 2 0 23.37
D10 2 0 23.9
AUDPC 2 0.0004 15.01
Weed D8 2 0.0008 12.96
D10 2 0.0007 13.23

AUDPC 2 0.005 8.49
Soil texture D8 4 0 17.06
D10 4 0 17.26
AUDPC 4 0 16.41
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Table 5. The results of modeling the epidemic of disease of tobacco black shank in Golestan province
based on agricultural variables using logistic regression statistical method

dependent independent ; P-Value ) )
variable (Y) variable (X) variable R aR

Number of fungi in soil 0 100 90.5
Number of nematode in soil 0 100 90.5
Number of spraying in seedbed 0 82.5 73.05
Number of spraying in field 0 63.3 59.8
Time of irrigation 0 76.05 66.5
Number of irrigation 0.002 21.2 11.7
EPI1 D10 Time of Hoeing and Breaking soil-crust 0.013 14.39 0.76
Time of Hoeing and Earthing up 0.026 11.62 2.1
Fertilization Date 0.05 9.09 0
Number of Disk 0.07 7.4 0
Transplanting Date 0.08 6.8 0
Number of plow 0.26 2.9 0
Number of leaves harvest 0.98 0.0005 0
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Table 6. The results of modeling the epidemic of disease of tobacco black shank in Golestan province
based on agricultural variables using statistical method discriminant analysis

dependent independent P- . Cases e Sensivitye
. : . Value  Canonical correctly  Specifity 1-1%
variable variable (X) variable - . 0
Y) correlation  classical 0-0%
(%)
Numbersgli‘lfungl in 0 0.85 71.11 100 100
Number of 57.78 87.5 100
spraying in 0 0.84
seedbed
Number of _ 0 071 51.1 100 100
nematode in soil
Time of irrigation 0 0.7 46.67 75 100
Nu_mbgr o_f 0 0.69 55.56 100 0
EPI1 D10 spraying in f!eld
Time of weeding1  0.003 0.53 35.56 0 50
Numbgr of 005 04 355 375 100
irrigation
Fertilization Date 0.09 0.37 40 0 50
Transplanting Date  0.17 0.33 35.56 0 50
Number of plow 0.22 0.31 28.9 0 100
Number of Disk 0.24 0.3 37.87 75 0
Number of leaves 075 0.16 31.11 0 100
harvest
Variety 0.67 0.13 42.2 62.5 56

ol E58y pie e (o oy 1 olais
Specifity: The correct prediction of non-occurrence of the epidemic.

ol E98y poe e (S (e il
Sensivity: The correct prediction of occurrence of the epidemic
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Figure 8. Disease status of tobacco black shank in different villages in Gorgan and

Aliabad in Golestan province in 2015.
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Figure 9. Relationship between of inoculum density of fungi and disease percent of tobacco black
shank in Golestan province in 2015.
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Figure 10. Relationship between of number of spraying in field and disease percent of tobacco black
shank in Golestan province in 2015.
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Figure 11. Relationship between of Number of irrigation and disease percent of tobacco black shank
in Golestan province in 2015.
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Figure 12. Relationship between of Number of nematode in soil and disease percent of tobacco black
shank in Golestan province in 2015.
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Figure 13. Relationship between of Number of spraying in seedbed and disease percent of tobacco
black shank in Golestan province in 2015.
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Figure 14. Box diagram of number of irrigation in modeling of epidemics of disease of tobacco black
shank in Golestan province in 2015.
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Figure 15. Box diagram of number of spraying in seedbed in modeling of epidemics of disease of
tobacco black shank in Golestan province in 2015.
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Figure 16. Box diagram of inoculum density of fungi in soil in modeling of epidemics of disease of
tobacco black shank in Golestan province in 2015.
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Figure 17. Box Diagram of number of spraying in field in Modeling of Epidemics of disease of
tobacco black shank in Golestan province in 2015.
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Figure 18. Box Diagram of relationship between rotation and disease percent of tobacco black shank
in Golestan province in 2015.
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Abstract

Phytophthora nicotianae Breda de Haan (=P. parasitica Dasture) is the causal
agent of black shank disease and one of the most important pathogen in tobacco
fields. In order to study the infection status of this disease in tobacco fields of
Golestan province, 45 tobacco fields in five different regions of Gorgaan
(Taghartappeh, Jafarabad, Ghorogh, Nodehmalek and Valeshabad) and four
different regions of Aliabad (Pichakmahaleh, Baraftan, Fazelabad and Elazman)
selected in 2014. The amount of disease was recorded during the infection period
from the beginning of symptoms appearance, weekly. Stat Graphics Centurion
XVI and Harward Graphics softwares were used to statistical analysis and draw
charts of the development of epidemiological models, respectively. The factors
influencing the epidemiology of disease were determined using two statistical
methods of analysis of discriminant analysis and logistic regression. Based on the
highest disease incidence there were no significant differences between regions,
but there were significant differences (P<0.001) between fields. One field with
disease incidence 43.4% in Valeshabad had the highest disease incidence.
Jafarabad with 23.64% disease incidence had the highest infection and
Nodehmalek with 16.4% disease incidence had the lowest infection. The results of
this study show that disease of tobacco black shank in two regions of Gorgan and
Aliabad in Golestan province with different rate of expansion. Study of temporal
analysis of the epidemic using five different growth models (Exponential,
Monomolecular, Logistic, Gompertz and Log-Logistic) showed that the Gompertz
was the best fit model for describing this disease epidemic in the Golestan
province condition. Weather conditions were similar in the different regions in
2015 year. The amount of fungi and nematode of inoculum in soil, Number of
spraying in field and seedbed, duration of irrigation, rotation and soil texture were
the most important variables in the incidence of disease in the Golestan province
in the 2015 crop year.

Keywords: Phytophthora nicotianae, Incidence of disease, Area under progress
disease curve, infection period.
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	ساق سیاه یکی از مهمّ‌ترین بیماریهای توتون در دنیا است که میتواند خسارات زیادی را موجب شود. جهت بررسی وضعیت آلودگی به این بیماری در مزارع توتون استان گلستان، تعداد 45 مزرعه توتون در پنج روستا مختلف منطقه گرگان (والشآباد، تقرتپه، جعفرآباد، نودهملک و...
	مقدمه
	قارچ‌ عامل ساق سیاه توتون از عوامل محدودکننده کشت آن در تمام مناطق توتون‌خیز دنیا می‌باشد. این عامل بیماری‌زا با آلودگی ریشه، ساقه و برگ در هر مرحله از رشد ایجاد علایم نکروز ریشه، پژمردگی، کلروز، زخم‌ ساقه و کوتولگی گیاهان می‌کنند. شبه قارچ Phytophtho...
	در تحقیقی قارچهای Rhizoctonia solani، Fusarium oxysporum f.sp. nicotianae، Ph. nicotianae، Macrophomina phaseolina، Pythium aphanidermatum وP. ultimum var. ultimum به ترتیب با فراوانی 92/34، 22/31، 79/22، 6/6، 2/2 و 2/2 درصد از مزارع توتون استان گلست...
	مواد و روشها
	به منظور بررسی وضعیت آلودگی به بیماری ساق سیاه توتون در استان گلستان، طی سال زراعی 1394، تعداد 45 مزرعه توتون در پنج منطقه مختلف گرگان (تقرتپه، جعفرآباد، قرق، نوده ملک و والشآباد) و چهار منطقه مختلف علیآباد (پیچکمحله، برفتان، فاضلآباد و الازمن) ان...
	میزان وقوع بیماری یا درصد آلودگی به بیماری که نشاندهنده تعداد بوتههای بیمار نسبت به کل بوتههای بررسی شده است با استفاده از فرمول I=( x / N بهدست آمد. که در این معادله I بیانگر میزان وقوع بیماری، x بیانگر تعداد بوتههای بیمار و N بیانگر تعداد کل بو...
	متغیرهای زراعی کمی شامل تاریخ نشاکاری، تاریخ کوددهی، تاریخ وجین یک و دو، تعداد سمپاشی در خزانه و مزرعه، جمعیت قارچ و نماتد در خاک، تعداد و زمان آبیاری، تعداد شخم و دیسک و تعداد چین بود متغیرهای زراعی کیفی شامل واریته دو سطح حساس (کا 326 و بارلی 21) و ...
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	علایم بیماری
	در محل طوقه لکه‌های قهوه‌ای تیره یا سیاه ظاهر شده و بیماری به سرعت از ساقه به برگها توسعه می‌یافت و لکه‌های آبسوخته در سطح برگها زرد و بتدریج قهوه‌ای می‌شدند. برگها پژمرده و بر ساقه آویزان شده بودند. بوته‌های آلوده دچار مرگ گیاهچه یا بوته‌میری شدند (...
	از زمان شروع تشکیل این علایم طی بازدیدهای مستمر هفتگی، مقدار بیماری در مزارع و مناطق مختلف یادداشت شد. در هر مزرعه 500 بوته در 5 ردیف کاشت 100 بوتهای در نقاط مختلف مزرعه در نظر گرفته شد و وجود یا عدم وجود علایم بیماری در آنها طی مراحل مختلف ثبت شده ...
	سطح زیر منحنی پیشرفت بیماری
	شاخص سطح زیر منحنی پیشرفت بیماری نیز معیار خوبی برای مقایسه آلودگی به بیماری در شرایط گوناگون میباشد که این شاخصها برای میزان وقوع بیماری و نیز شدت متوسط بیماری در مزارع مختلف تعیین گردید. جهت محاسبه سطوح زیر منحنی پیشرفت بیماری از معادله AUDPC=(in-...
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	ظهور اولین علایم بیماری روی بوته توتون از تاریخ 12/4/94 در روستای والشآباد گرگان و سپس در مناطق دیگر مشاهده شد. از لحاظ حداکثر وقوع بیماری در مناطق مختلف اختلاف معنیداری وجود نداشت اما در مزارع مختلف یک روستا اختلاف معنیداری در سطح احتمال یک درصد و...
	جدول1-  تجزیه واریانس وقوع بیماری ساق سیاه در مزارع توتون استان گلستان در سال 1394
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