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The evaluation of peroxidase using multivariate regression models, neural networks and

neuro-fuzzy in apple fruit treated with plant extract and Penicillium expansum

J. GHOLAMNEZHAD'X, R. TAGHIZADEH-MEHRJARDI' and F. NASERINASAB?®
1- Assistant Professor & Assistant Professor, Respectively; Faculty of Agriculture and Natural Resources, Ardakan University,
Yazd, Iran; 2- PhD. Graduate, Science and Research Branch, Islamic Azad University, Tehran, Iran

Abstract
The use of plant extracts can consider as an alternative for pesticides, to control post-harvest diseases like apple blue mold. It was

efficient method the measuring the enzymes activity involved in plant defense systems to evaluate the disease, but it was expensive method.
At present research, the peroxidase activity in treated apple fruits with lavender extracts and pathogen during eight days was investigated.
Then, we applied three common models (i.e. multiple linear regression models, neural networks and neuro-fuzzy) to predict the peroxidase
activity based on the information of the previous test. The results showed the highest enzyme activity was observed in the infected apples
treated with the extract in fifth days, as the days before and it was significant compared to other treatments. The most activity of peroxidase
was observed in all treatments except control, was observed on the fifth day. Our constructed models revealed that neuro-fuzzy model had
higher performance in the peroxidase activity prediction compared with the other models.

Key words: Neural network, Neuro-fuzzy, Multivariate regression, Penicillium expansum, Peroxidase, Systemic Aquried Resistance.
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Fig. 1. Changes in the activity of peroxidase (POX) in inoculated apple fruit with Penicillium expansum and lavender extract
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Table 1. Compare the results of multiple linear regression model to predict the enzyme activity

R? RMSE ME Treatment los
Jals
0.70 0.004 0.009
Control
0.53 0.22 0.21 P. expansum
(K3
0.46 0.13 0.17 e
Plant extract
§ e »,G s
0.45 033 0.28 Aol gy S elas

Plant extract + Pathogen

RMSE: Root Mean Square Error
ME: Mean Error
R%: Coefficent of Determination

T Il Ol e S fsan e S e S sdal Gy = amlio -Y i

Table 2. Compare the results of artificial neural network to predict the enzyme activity

p)
R RMSE ME Treatment ;Lo
0.85 0.001 0.002 Jald
Control
0.71 0.14 0.13
P. expansum
0.75 0.09 0.11 P olas
Plant extract
0.70 0.20 0.17

Jf)‘-ﬁ-ﬁ. G_)U 3 g"w/ oylas

Plant extract + Pathogen

RMSE: Root Mean Square Error
ME: Mean Error
R%: Coefficent of Determination
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Table 3. The features of neuro-fuzzy model to predict the amount of enzyme activity

G s 55 slas
035 536 i, S50 s, e S5 ¢ Treatment Lo
58 eSobe &£ Aals
i i gaussmf 80 3
Weighted Average Hybrid Control
s ool &£
i i gaussmf 150 4 P. expansum
Weighted Average Hybrid
53 opSole &£ (K4
st e gaussmf 150 3 o 2)bae
Weighted Average Hybrid Plant extract
5 oedobe X $ b 2,6 (K
s Sk Gl gaussmf 150 4 e &7 S obas
Weighted Average Hybrid Plant extract + Pathogen

c—zjj b Ol s i S (3L 5 Jobe e (glaslns b5l =8 J g

Table 4. Evaluation of error criteria for ANFIS model on prediction of enzyme activity

R RMSE nRMSE Treatment ,lg
Jald
0.89 0.001 0.002
Control
0.79 0.11 0.10 P. expansum
(K3
0.78 0.05 0.06 Al olas
Plant extract
§ e »,G s
0.75 0.14 0.11 Aol gy S elas

Plant extract + Pathogen

RMSE: Root Mean Square Error
R Coefficent of Determination
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Nutritional effects of apple trees on Cytospora canker severity (Cytospora cincta) in Semirom orchards

A. HEIDARIANDK and M. TADAYON NEJAD
MSec. Plant Protection Research Department & MSc. Soil and water Research Department; Respectively; Esfahan Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO), Esfahan, Iran

Abstract

Preliminary studies on nutritional status of 29 commercial Golden Delicious orchards infected to Cyfospora canker disease, showed
defficiecy of potassium and calcium and excess of nitrogen in most of infected orchard. In this regard, an orchard’s trials was conducted to
determine the effects of balanced potassium, nitrogen and calcium elements on prevention of incidence and development of Cytospora
canker disease of 27 years apple Golden Delicious cultivar during 2014-15 in the commercial orchard at Semirom, Iran. Eighteen treatments
(nitrogen and potassium at 3 levels and calcium at 2 levels) were designed in a factorial complete randomized block design with three
replications. The results showed that deviation from optimum percentage index of nitrogen, potassium and calcium is proper option for
predicting the occurrence and development of Cytospora canker disease of apple trees. Deficiency or excess of any nutrient caused
imbalances in other elements and influenced the severity of the disease extensivily. The highest percentage area under disease progress curve
occurred in most of the treatments, that nitrogen rate was less or more than the optimal amount. Combined application of nitrogen and
potassium in most of the treatments significantly reduced the predisposing effects of high nitrogen application. The impact of calcium on
reducing disease was lower than nitrogen and potassium. This results of this study showed that, balance utility of nutrients such as nitrogen,
potassium in soils of Semirom area orchards and spraying of calcium based on recommended manual reduced Cytospora canker disease at
83.79 percent.
Key words: Apple, Cytospora, canker, nutritional elements.
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Table 1. Mean montly temperature and mean anual precipitation in 2014 and 2015 in Semirom compared to the same figures for 2002-2015

Year Annual precipitation (mm) Mean high Temperature (monthly) (°C) Mean low Temperature (monthly) (°C)

2014 386.1 17.25 6.58

2015 370.1 17.97 743
Average (2002-15) 520.7 17.64 7.12

ST sl e Sl 458 s S - Jgar
Table 2. Characteristics of the soil in the experimental site
Soil depth Clay Silt Sand TNV  OC EC H P K Zn Cu Mn Fe Gypsum
(cm) (%) @Sm) P (mg/L) mg/100
29 22 06 126 65
0-60 55 37 8 55 1.03 1.04 75 43 5 6 3 6 5 15
Sl N By Gee s J‘;.lbsﬂsjf LSL“é-! S olerd 5558 6uu§5w Ol aals =¥ J gl
Table 3. Ranges of ohysical and chemical properties of the soils (0-60 cm) in the experimental trial site
Depth Clay Silt Sand K (ava.) P (ava.) TNV oC EC CaS04

Orchards pH
cm % mg/kg % dS/m mg/100
0-60 Healthy 35-57 32-50 19-86 170-956 1.8-33.3 18-38 0.33-1.77 7.4-78 0.4-1.2 9-15
0-60 Infected 27-37 32-38 11-29 300-750 2.2-33.2 25.5-50.5 0.56-2.11 7.3-7.8 0.51-1.1 9-20

JSeles 31 53580 Il 5205 OIS SEL 53 55aS 5 5L i ol e i —f Jgdr
Table 4. Concentration reference determined from leaf macro and micro nutrients contents at 90
DAFB in Golden Delicious cultivar in healthy orchards
N P K Ca Mg Fe Mn Zn Cu
% mg/kg
1.89 0.17 1.37 2.06 0.96 88.12 27.04 16.87 11.13

Pozza and Pozza, 2012; Thompson and ) J s |56 Las
«(Huber, 2006; Biggs and Peterson, 1990; Zahoor et al., 2017
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Table 5. DOP and ZDOP index determined from leaf macro and micro nutrients contents at 90 days after
full boom in Golden Delicious cultivar in infected orchards by Cytospora cincta Fries”

DOP
Lab. no. XDOP

P K Ca Mg Fe Mn Zn Cu
166 1376 -33 24 -31 -33 -53 -17 -66 180 939
167 618 -29 141 17 -58 -74 2 -54 95 148
168 803 -29 253 -28 -30 -59 -9 -35 45 315
413 381 15 -24 -18 -56 -6 24 -23 167 -48
414 264 32 18 -5 -67 -28 30 -20 49 -55
415 423 30 12 -9 -55 -4 30 -2 231 -50

423 205 13 71 6 -32 46 22 2 9 4
424 232 47 41 -15 -50 7 44 -3 0 -25
428 224 -10 35 22 -41 27 -19 -9 -49 -12
429 2717 -9 35 -24 -15 83 36 45 -16 -14

430 202 -19 29 17 -33 45 5 2 -44 8
431 143 0 29 -5 -35 39 12 0 -13 -10
432 217 4 76 7 =27 56 15 -4 -3 -25
433 212 5 24 11 -49 9 4 -49 -31 -30
437 285 -6 -24 -31 -17 79 11 37 -41 -39
438 311 -30 -29 -26 -33 44 -38 18 -36 -57
439 245 -10 29 7 -26 59 -17 8 -45 -44
211 354 55 6 -9 17 -15 -24 70 116 -42
212 414 13 -6 -33 68 15 -60 152 -37 -30
213 264 21 -6 -27 -11 -38 -54 48 -38 -21
214 292 11 -29 9 -18 -56 0 41 -68 -60
215 329 34 6 11 -33 -29 -3 100 -79 -34
216 471 25 -12 -15 -8 -42 -31 196 -100 -42
221 401 24 0 24~ -17 -42 -41 100 -100 -53

222 221 2 -29 -16 -28 17 -31 86 -3 -9
223 331 17 6 17 -37 6 -24 177 -36 -11
226 246 4 -18 7 -24 40 -24 75 39 -15

227 300 51 -6 20 -35 17 -18 112 35 -6
228 285 30 -41 -18 -49 14 -17 59 -38 -19
Average - 8.76 21.07 -6.31 -28.69 541 -6.76 36.656 6.52 8.76

erl_a.? S 558 (ol Il slao)lustls S cpa il 5l (64la ,m0as gad bl i) OUUS ) e jole anilie glas ik *

el (4) gy 0 S e 508 5 p S e S i ia () 5 () glacdle (Bergmann 1992)
*: Mineral leaf composition standards for Golden Delicious cultivar, based on sixth-shoot leaves sampled at 90 days after full bloom (Bergmann
1992). Sign (-) and (+) indicates lower and higher content than optimum (0) respectively.
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Table 6. Mean contents of nitrogen, potassium and calcium in Golden Delcious cultivar leaves, at 90 DAFB in treatments at second year trial”

Treatment N K Ca
%
NoKoCay 1.07¢ 0.88¢c 0.69g
NoKoCa, 1.08e 0.82cd 2.88a
NoK.Ca, 1.01e 1.25b 2.14c
NoK.Cag 0.99¢ 1.22b 0.98ef
NoKxCa, 1.03e 1.77a 2.09¢
N()Kzr Ca(] 0976 1733 1036
N.KoCa, 1.51d 0.84¢ 2.10c
N:Ky Cag 1.53d 0.77cd 1.30d
N.KCa, 1.48d 1.23b 2.20bc
NK; Ca, 1.45d 1.23b 1.04e
N:K»Ca, 1.52d 1.69a 2.17bc
N:Ky, Cag 1.50d 1.65a 0.87f
N2 KoCa, 1.56¢cd 0.76¢cd 2.30b
N K Cag 1.98a 0.68d 1.25d
Ny K, Ca, 1.67bcd 1.25b 2.10c
N K, Cayg 1.93ab 1.25b 1.07e
Ny K Ca, 1.70abcd 1.72a 2.15bc
N2 Ky, Cag 1.83abc 1.77a 1.10e
LSD 0.2922 0.1484 0.1574
CV(%) 12.33 6.99 5.74

15l e SV 7.0 Sl pela s BV Bl Sasl bl b Gy o b e Sls g a5 ¥
*: Means followed by the same letter in the column do not differ statistically through the test of LSD value, at 0.05 probability level.
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Table 7. Means of final disease severity, area under disease progress curve (AUDPC) and disease reduced percent as
affected by nitrogen, potassium and calcium fertilizer applications at 2014 and 2015 years”

Final mean cankzer lesion size The Area Under the Disease Disease reduced (%)
Treatments (mm°) Progress Curve (AUDPC)
2013 2014 2013 2014 2013 2014
NoKoCag 1551.00a 985.00a 1425 2301 0.00 0.00
NoKCa, 1491.00ab 879.00ab 1373 2130 4.62 10.76
NoK.Ca, 1139.00fg 537.67hij 1035 1589 26.58 45.41
NoK.Cag 1180.00f 580.33ghi 1065 1558 23.90 41.08
NoK,.Ca, 949.70h 360.33k 810 1120 38.77 63.42
NoK,; Cag 1092.00g 492.33jj 1036 1381 29.59 50.02
N:KoCa, 1358.00cd 778.67bcde 1323 1955 11.28 20.95
N:K¢Cag 1376.00c 759.00cdef 1253 1911 12.42 22.94
N:K.Ca, (recommended) 342.00k 159.671 247 458 77.95 83.79
N:KCa, 355.30k 177.671 261 480 77.09 81.96
N.K,Ca, 837.30ij 454.67jk 737 1118 46.27 53.84
N:K,,Cag 882.00i 496.33ij 781 1192 43.13 49.61
N, KoCa, 1440.00b 826.67bcd 1370 2107 5.01 16.07
N2KoCag 1473.00b 840.33bc 1345 2091 7.14 14.69
N, K.Ca, 1320.00d 722.00def 1225 1850 14.87 26.70
N, K.Cag 1350cd 750.33cdef 1250 1898 12.94 23.82
N, K, Ca, 1250.00e 650.33fgh 1150 961 19.39 33.98
N, K, Cay 1270.00e 670.33efg 1214 1880 14.87 31.95
LSD 46.85 115.8 - - - -
CV(%) 12.46 11.29 - - - -

1l e SV 7.0 Jlesl pelae s BV Bl O3l bl alie Gy o b o Sl O g a5 0¥
*: Means followed by the same letter in the column don't differ statistically through the test of LSD value, at 0.05 probability level.
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Fig. 1. AUDPC of Cytospora canker and content elements of nitrogen, potassium and calcium

in leaf of Golden Delicious plants as affected by different nutritional treatments
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Evaluation of tolerance to leaf rust disease in some selected bread wheat genotypes
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Abstract
Tolerance to diseases is, the plant's ability to produce good yield even when the plant is infected by pathogen. In fact tolerant plants

are susceptible to the pathogen but not destroyed by pathogens and generally little damage is caused on the plant. In this study, the tolerance
of 20 wheat genotypes was evaluated against leaf rust. The effect of leaf rust on yield was evaluated in severe disease (stress) conditions and
in protected from disease conditions (the controls) in Ahvaz area. The mean percentage of yield reduction caused by leaf rust was 25.2%
over all genotypes. The range of yield loss was varied from 7 to 46 percent. The lowest yield loss due to the leaf rust, ranged from 6 to 16%
in Shirodei, Aflak, Sirvan, Shiraz, Inia and Ofogh cultivars indicating their highest yield stability to leaf rust. Based on these data, the highest
yield loss ranged from 30 to 50% in Bolany, Neyshabur, Toos, Alvand, Roshan, Star, Shahriar and Veerynak cultivars with the lowest yield
stability. The cultivars Kavir, Shahriar, Roshan, Toos, Veerynak, Bahar, Bolany, Alvand and Ofogh were susceptible to leaf rust. Ofogh and
Bahar with 16.52% and 21.8% yield loss respectively, were the most tolerant cultivars of this group.
Key words: Leaf rust, Loss of yield, Tolerance to disease, Wheat.
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1978)
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STI = Stress Tolerance Index = (Fernandez, 1992)

TOL= Tolerance Index = Yp - Ys (Rosiellev and Hamblin, 1981)

MP = Mean Productivity=""-"" (Rosiellev and Hamblin, 1981)

GMP = Geometric Mean Productivity =,/Yp X Ys (Fernandez,1992)

YSI = Yield Stability Index = :—; (Bouslama and Schapaugh, 1984)
YI = Yield Index = ? (Gavuzzi et al., 1997)

PYV = Percentage yield variations of each cultivar =[(ypy;pys)] X 100
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Table 1. Wheat genotyp reactions to leaf rust in 2015 to 2016 in

Ahvaz station

Wheat genotypes 2015 Wheat genotypes 2016

1 Neyshabur 508 Neyshabur 508

2 Kavir 80S Kavir 90S

3 Shirodei 10MS  Shirodei 508

4 Shiraz 40MS  Shiraz 508

5 Shahriar 80S Shahriar 708

6 Sistan 40MS  Sistan 508
7 Sirvan 0 Sirvan 308

8 Star T™MS Star 5MS
9 Aflak 5MS Aflak 20R
10 Roshan 60S Roshan 90S
11 Chamran 30MS Chamran 508
12 Toos 708 Toos 60S
13 Veerynak 60S Veerynak 708
14  Bahar 30MS Bahar 60S
15 Bolany 80S Bolany 80S
16 Bam 508 Bam 508
17  Inia 308 Inia 50MS
18  Alvand 60MS  Alvand 60S
19  Ofogh 30S Ofogh 70S
20  Chamran 2 10MS  Chamran 2 20MS
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Table 2. Combined analysis of variance for grain yield in non-stress and stress of leaf rust condition (2015 to 2016)

Ol ks e s3l31 4 Sl o g goms ey o 5Kl
S.0.V Degrees of Freedom Sum of Squares Mean Square
Year Jl 1 22503862.84 22503862.84™
Stress (O%) e 1 62384226.34 62384226.34™

YS JLx O 1 8144218.84 8144218.84™
Rep(YS) O 5 dle 05 LIS 8 1916803.03 239600.38"
Genotype G5 19 27525069.55 1448687.87"

YG Jlx o5 55 19 19722392.41 1038020.65™

SG Oex S 535 19 13250524.25 697396.01"

YSG Jlx x5 535 19 5660097.75 297899.88"
Error (1> 152 18340270.30 120659.67
Total 239 179447465.3

CV=11.08% ¢** Significant at 1% 7\ Cla.« 03l e ®E

OYAY-I¥ae ol cldle) losgd K slew 5 Jlew b Ll 5 53 8 3o (’J.;f slacs 55 als 5 Shee dla 55 Sl anlis -¥ J g
Table 3. Mean comparison grain yield of wheat genotypes in both condition under non-stress and

stress of leaf rust (2015 to 2016 cropping seasons)

s, f.\:f s g5 s 3 Shas Kl wls Ll 059
NO Wheat genotypes Mean grain yield (tha™) 1000 grain weight(g)
1 Ofogh 3894.4a 33hi
2 Aflak 3845.1ab 38c
3 Bahar 3798.9abc 35fg
4 Alvand 3738.1abed 34gh
5 Star 3708.3abcd 42b
6 Neyshabur 3619.6abcd 37cde
7 Sirvan 3593.9abed 43a
8 Veerynak 3535.6abed 34ghi
9 Sistan 3482.1abcde 38cd
10 Chamran 3377.1abede 38cd
11 Chamran 2 3334.6abcde 37cde
12 Bam 3283.3bcde 35fg
13 Toos 3276.1bcde 29j
14 Shiraz 3230.9cdef9 33hi
15 Inia 3187.8defg 34ghi
16 Kavir 3187.6defg 32i
17 Shahriar 3150.6defg 29j
18 Shirodei 2947.0efg 37de
19 Bolany 2713.9fg 29j
20 Roshan 2665.2G 36EF
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Table 4. Mean comparison grain yield of wheat genotypes in both condition under non-stress and
stress of leaf rust (2015 to 2016 cropping seasons)

s 8 Slews
without leaf rust under leaf rust
e e e 0t
Wheat genotypes can graip vie 000BEAI  Wheat genotypes  Mean graip vie 1000grain
Alvand 4631.0 38.4 Aflak 3706.9 38.4
Neyshabur 4550.8 41.7 Ofogh 3543.7 31.1
Star 4397.9 43.9 Sirvan 3448.8 40.5
Bahar 4263.5 38.1 Bahar 33343 31.7
Ofogh 4245.1 353 Shiraz 3093.1 28.9
Veerynak 41534 37.4 Sistan 3084.4 33.5
Toos 4110.7 32.6 Star 3018.7 39.4
Aflak 3983.4 38.0 Inia 2973.6 32
Sistan 3879.8 424 Chamran 2935.3 353
Chamran 2 3828.2 39.7 Veerynak 2917.9 304
Chamran 3819.0 40.3 Shirodei 2857.2 34.6
Bam 3752.1 39.8 Alvand 2845.2 29.6
Sirvan 3738.9 46.0 Chamran 2 2841.0 347
Shahriar 3724.6 32.1 Bam 2814.5 30.1
Kavir 3697.8 36.0 Neyshabur 2688.4 33
Bolany 3525.0 35.1 Kavir 2677.4 28.9
Inia 3402.0 35.7 Shahriar 2576.5 255
Shiraz 3368.7 36.3 Toos 2441.6 255
Roshan 3221.7 40.2 Roshan 2108.8 32.1
Shirodei 3036.8 38.6 Bolany 1902.9 23.1
3 Golew O35 5 Slosed K55 Golew b 53 o8 55 08 Gl 55 wils 3 Shee (ke =0 g
(OTAr=1¥40 ely3 sbadle) Lol & Jeos 5 Cnnla slayaxls
Table 5. Mean grain yield of wheat genotypes in both condition under non-stress and stress of leaf rust
and their susceptibility and tolerance indices (2015 to 2016 cropping seasons)
Wheat genotypes Stress indexes under disease condition
SSI TOL STI MP GMP YSI YI PYV
1 Shirodei 0.23 179.61 0.58 2946.97 2945.60 0.94 0.99 5.9145
2 Aflak 0.27 276.50 0.99 3845.14 3842.65 0.93 1.28 6.9413
3 Sirvan 0.31 290.11 0.86 3593.89 3590.96 0.92 1.19 7.7592
4  Shiraz 0.32 275.67 0.70 3230.89 3227.95 0.92 1.07 8.1831
5 Inia 0.50 428.44 0.68 3187.78 3180.57 0.87 1.03 12.594
6  Ofogh 0.65 701.39 1.01 3894.36 3878.54 0.83 1.23 16.522
7  Sistan 0.81 795.39 0.80 3482.14 3459.35 0.79 1.07 20.501
8  Bahar 0.86 929.25 0.95 3798.88 3770.35 0.78 1.15 21.795
9  Chamran 0.92 883.72 0.75 3377.14 3348.11 0.77 1.02 23.14
10 Bam 0.99 937.61 0.71 3283.31 3249.66 0.75 0.97 24.989
11 Chamran 2 1.02 987.22 0.73 3334.61 3297.87 0.74 0.98 25.788
12 Kavir 1.09 1020.39 0.66 3187.64 3146.54 0.72 0.93 27.594
13 Veerynak 1.18 1235.50 0.81 3535.64 3481.25 0.70 1.01 29.747
14 Shahriar 1.22 1148.11 0.64 3150.56 3097.82 0.69 0.89 30.825
15 Star 1.24 1379.28 0.89 3708.31 3643.61 0.69 1.04 31.362
16  Roshan 1.37 1112.89 0.45 2665.22 2606.49 0.65 0.73 34.544
17 Alvand 1.53 1785.78 0.88 3738.11 3629.91 0.61 0.98 38.561
18  Toos 1.61 1669.17 0.67 3276.14 3168.05 0.59 0.84 40.605
19 Neyshabur 1.62 1862.39 0.82 3619.64 3497.81 0.59 0.93 40.924
20  Bolany 1.82 1622.11 0.45 2713.94 2589.92 0.54 0.66 46.017

SSI = Stress Susceptibility Index = %5 4 Comlo= 25L5 ; TOL = Tolerance Index = Jo=5 ,25L%; STI = Stress Tolerance Index= ,25L%
o5 4 Jex5 3 MP = Mean Productivity= (s, 30 4 u-:-<-’\:ﬁ 2> ; GMP = Geometric Mean Productivity =(s ; gs ¢ s u.:f.:l_:» ; YSI = Yield
Stability Index = 5 Slas (g Il yesli; YI=Yield Index = 5 Slos 253 ; PYV = Percentage yield variations of each cultivar = &l a5 Js )3
o A3 Shes
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Diet of the Long-eared Owl in Alborz, Esfahan and Hamedan provinces through

pellet analysis with emphasis on rodents

A. KHALEGHIZADEH'X and M. OMIDI®
1- Assistant Professor, Agricultural Zoology Research Department, Iranian Research Institute of Plant Protection, Agricultural
Research, Education and Extension Organization (AREEO), Tehran, Iran; 2- Senior Expert on Natural Environment,
Esfahan Provincial Office of the Department of the Environment, Esfahan, Iran

Abstract

The Long-eared Owl Asio otus (Linnaeus, 1758) (Aves: Strigidae) was previously considered as a rare bird species in Iran but its
population has increased in recent years. Raptors, in particular owls regurgitate undigested remains in the form of cylinder called pellet. In
this study, 744 pellets were collected from Karaj, Esfahan and Hamedan areas. After collection of pellets and transferring them to the
laboratory, they were cleaned, numbered, measured and weighed. Then, these pellets were wetted by alcohol. Pellets were dissected and
skulls and other animal remains were extracted, labeled and identified. In total, rodents were present in 551 pellets (74.06%), birds in 211
pellets (28.36%), Insectivora in 20 pellets (2.69%) and insects in 13 pellets (1.75%). Among 583 rodent prey items identified, 231 items were
from the genus Mus (39.62%), 152 items from Microtus (26.07%), 133 items from Cricetulus (22.81%), 47 items from Meriones (8.06%) but
less item numbers were from the genera Rattus, Nesokia and Rhombomys (2.40%, 0.69% and 0.34%, respectively). The dominant prey in
Karaj was Microtus (54.37%), in Hamedan was Mus (43.80%) and in Esfahan was Cricetulus (35.15%). Because the Long-eared Owl can
inhabit in agricultural ecosystems and near human settlements, it can be recruited to control rodents in agricultural fields.
Key words: Biological control, Long-eared Owl, Organic agriculture, Pellet, Rodents.
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Fig. 2. Different shapes of Long-eared Owl pellets collected around Esfahan city

Fig. 3. A Long-eared Owl on a Cypress tree in Bahar, Hamedan province (photo by A. Khaleghizadeh)
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Fig. 4. Location of roosting site of Long-eared Owls and its adjacent agricultural lands, Bahar city, Hamedan province
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S e (~&— Meriones s Rhombomys Rattus >
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Table 1. Number and type of identified prey in pellets of the Long-eared Owl

z
-
., 2 3 3
35 3 %
< =
a2 é‘, %‘J
© b= g
; . % TR R B B -
g 3 3 2 “'L > 2 B S N g§ X F F =2 E O & =
= a2 E - 2 \ ] = = 5 S § 8 £ —3 2 v 5 R}
> A " 2 S 3 & S s g€ $ S8 42028 b
£ S 8 E 3¢ 23
3 B 2
\ .
2 : 3=
Z &3 &
z
(Be)
Karaj 02 0 120 0 0 76 3 4 0 54 NA 175 14
No. of pellets
daxb 30 1 Quail,
Karaj ? 0 31 Sz 0 0 87 3 4 0 66 160 175 17
No. of prey item parrow
(Be%)
Esfahan 02 12 53 0 42 0 1 8 51 44 NA 160 5
No. of pellets
1 cf. White-eared
PO AN Bulbul, 1 Myna
Esfahan ? 12 Starli Y 0 46 0 1 8 58 52 165 160 5
No. of prey item of Staring,
6 sparrow
(Be)
Hamedan 02 1 36 2 1 58 0 2 71 93 NA 216 1
No. of pellets
danb slusS 1 Budgriegar,
Hamedan ? 1 15 eries 2 1 65 0 2 75 113 258 216 1 Crocidura
No. of prey item Sparrow
(Be%)
Total 02 13 211 2 43 134 4 14 122 191 NA 551 20
No. of pellets
1 Quail,
1 Budgriegar,
doab slaws .
Total 12 Coleoptera | White-eared 2 47 152 4 14 1333 231 583 551 22

No. of prey item Bulbul, 1 Myna or

Starling, 102 sparrow

NA= Not available because some pellets were damaged.
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Table 2. Measeurements of pellets collected from Karaj, Esfahan and Hamedan

olse 559 K S S5 Jsb
Title Weight Lesser diameter Greater diameter Length
Karaj
fdas
o202 N=75 N=46 N=54 N=55
No. of pellets
FSlas
02¢g 10.0 mm 10.3 mm 14.0 mm
Maximum
Sl
49¢ 21.4 mm 25.5 mm 64.0 mm
Minimum
Jﬂ.u_,:.ﬂ
1.69 g 14.92 mm 18.08 mm 33.09 mm
Average
Esfahan
[K¥55
o2 N=55 N=82 N=82 N=71
No. of pellets
FSlas
50¢g 22.8 mm 28.0 mm 73.0 mm
Maximum
Sl
09¢g 10.8 mm 14.3 mm 21.7 mm
Minimum
Jﬂ.u_,:.ﬂ
250¢g 16.3 mm 19.7 mm 38.9 mm
Average
Hamedan
Jdas
o202 N=40 N=128 N=121 N=32
No. of pellets
FSla
43¢ 19.6 mm 51.9 mm 61.0 mm
Maximum
Sl
06¢g 5.2 mm 10.7 mm 18.3 mm
Minimum
Jﬂ.u_,:.ﬂ
19¢g 12.7 mm 16.9 mm 33.9 mm
Average

J) .a\_sa‘)é QM‘)—J:.:L_" DL A g;.«.? ‘L'JUG.& gﬁ“ DL QLZWJU

35 655 Gl M e 03 655 St Jsens Js

V0 Olsl =5l b b oanslis 3 o108 055 55 sene
200 8 Ngd oo pgome iz Olies 53 35 S o)
A i Sl s aab a1y sy LIS
LSs o, £ ;> (Romanowski and Zmihorski, 2008)
SooseS Lol ey VA el sl ol i
2l dos ) 5 Ols e Loy 0 cu}i'.g- dops WA Lo
Gd S e ol ) 53 s (G5Ss 18) slila

DL ADS 22 53 Gniond S ol s 0 5t s

b olie 5 el slaols 53 Lakanks IS 51 7AY 5500 o
S3S o i 5> (Dziemian et al., 2012) sls o |Si3
i i 5y 3 5 b el iles
b (sla ke 63l S (6 oo S Sl L3 35 2SS
23 aenb o enl L Olge 4 Jseme dsehs 4 bds s
La b g ikt Lol 0lnls sl 5 O3 — sy o
=50 o b gme Sl Lo g ladanb Sl e 05 S s
—slgr o Ol 5l Jmb 53 5o 558 daxr s
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ULV QK.L'U;- L;Uh&ﬁ u_ijjv.@.ﬁ C/NN/Y Mus cf. abbotti)
(Obuch, 2011)

danb (Grasi ol 53 el S 4 s il
Cricetulus b jwsls i Olghol 55 33 58l I
5> 5 (LEY/AY) Mus a5 ss i Oldans 5 (/Y0/10)
a @l_u' (Y Jsds) 55— (LOL/YV) Microtus Lad CJS
3Ll Judl plads S 5 ol e 2 S sdal s
Marti, 1976; Seckin and Coskun, 2006; ) 34 l_i.uﬂ
= s .(Nistreanu, 2007; Yosef, 2009; Dziemian et al., 2012
035 L)l (555 0 adlae ol Lo Olgdosl 3l ool s 4
Lol J=l3 > (Romanowski and Zmihorski, 2008) <!
Sp e Jold (25100 5l i) i S5 OB g
(=30 0% 0355 Sy S 5N a3 VYA (sl Sise
S5 d e a sl e LSS 3 558 dees e
52 OISOk 555 oS Wi Lo el deo (sladenl
3s S A bw g oS Sl glaaasb aSbe (3
el o S8 s Gble 5l ol 53 0LIS Ol
oy do atr S OB o (bl 5o denb sdes s
@Lﬁ <=, (Khaleghizadeh ef al., 2009) > 5 st [ >
3l Goes ol s s sdsl s 4 gladanb el
Fmead (S s diilas 55 S e gl OB s
aS (\ Jsd=) 4S5 ¢ Microtus s Cricetulus Mus LaJ s 3
e $33ES Sl 3 e OB W 55 T 4en
.(Ziaie, 2008; Morowati et al., 2010) Lgd o

L oS b (Sl Glass glaae, 53 OB,
el baaay ; 093 0k 2 S8\ JS o3 sls e J3S
Ol 31005 s OB S a il 3 L0l aen 5 A2
S_iS 5 (Passer montanus) 3 S_izeS (O8I 5
Vo s g 4o S 0,000 5 (Passer domesticus) SOl
= (Nistreanu, 2007) Ldd s ol | OB, 5l do s
Slaaa,; 1780/ 53 08 5 ol iass zb ol

Slnias, 3TN E/E 5 Olghol slanays STV s oz

e Az 3 VY) DS 53 ol IS Jy Gl a5 s oo
N A o5 ) Jd LK sl 5 L)l oladlas S
A b e edd S aasb ol 3 o i 55 (s
Slaaes y axlllas (Korpimaki, 1992) s 45 Microtus epiroticus
23 aS 5 Sl Ol (B8 dled s el 6”%"”-'
S 0t ys lalllas ailate 3 S ool Yoo )= You JL
Ol ys by a8 e e 5l lad gl sy Jle Ri
Sl glac s v 50 1S 5 bl 28
> ekl L ey 4SS (sl o a8 S s
o3 A0/EA L OB W s s s S sS Ol Ik o S
s 5 S e Miicrotinae glad s .o 5 e dasb
ol b GLle 5l o, s VYA 58 Jy s Ja oyl
3 (SO e sl e LSS |y Waansy 0553 53
S 1 Ll 5l o3 VAT S 55 5 K3 01513 4658
(sl a5 55 (Seckin and Coskun, 2006) sls e
Yort 51490 sladle dols s ol (5] mer slates
Yosef, ) 43 g ol e Jy Laaaab 51787 a5 sls Ol
LS)JTC"-’.' 15550 S L glaany, Ol 2l s (2009
Loy3 44 5 08U 4> 4S (Khaleghizadeh et al., 2009) L
ol aaab YOA WLl o nils 55 g ang, YOu 5
03) Ao VIV OB g il 35 p oS S el
Ao YW s b S (o pluls &8 g
Ol bbwy ady 5 Jeo ;3 \V/A Tatera indica gi=a | >
slaai S s Nesokia indica cyoolys oge Jold sl lulis
S5 Aesa ) 5l ReS plS o ey se il 5 e 2
Do Sa S Ws s baaayy 53 ol il ladasd slass
e e Vst wass plulis o glar S s
(Khaleghizadeh et al., 2009) .L._.::L'O_A (Gerbillus nanus)
Cs) Ol =l adeds an 3l el L;))T@?.- Cldasy fomen
codal Cows 4y danb VoV 1S sl OLES (55 5 LUl i
5 sl e JSiS 1 Laaasb IS 51700 Ly & 08 W 4
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Effect of some solid nutrient state substrates on sporulation of Streptomyces carpaticus UTS49

and control of Meloidogyne javanica in tomatoes

N. MOHAMMADI FESHARAKI, K. BEHBOUDIX and R. HEYDARI
M.Sc. Student of Plant Pathology, Associate professor & Associate professor, Respectively;
Department of Plant Pathology, College of Agriculture, University of Tehran, Karaj, Iran

Abstract

Root-knot nematodes (Meloidogyne spp.) are obligate plant parasites distributed worldwide. The genus almost parasitize about 3500
species of different vascular plants. The gram-positive bacteria of the genus Streptomyces have nematicide trait. The effects of millet and
grain substrates on the sporulation of Streptomyces carpaticus UTS49, antagonistic ability on Meloidogyne javanica, the growth of tomato
seeding and colonization of the rhizosphere were studied. As a result, the antagonists were able to control of root- knot nematode in vitro.
Mass production of antagonists conducted with the cheap materials. The result indicated that the best substrate for S. carpaticus was wheat
grain. This substrate showed high biocontrol ability against nematode with 71% mortality of the second stage juveniles (J2), reduction of
22/33% of eggs hatching, strong ability of colonization and growth-promotion on tomato. Wheat grain-Streptomyces had a positive effect on
shoots and root growth of tomato.

Key words: Antagonists, colonization, mass production, sporulation, wheat grain.
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Table 1. The effect of spore suspension of S.carpaticus UTS49 on Meloidogyne javanica in vitro

Treatment

Streptomyces carpaticus UTS49

control

Egg hatch (%)

23b
83a

J2 mortality (%)
70.33 a
11.6b

o5 Lyl & 55 Meloidogyne javanica X\es s Streptomyces carpaticus UTS49 alu= ssl> 05, 5 r,\.:f als ¢S la s H-Y Jgds

Table 2. The effect of millet and grain solid substrate containing Streptomyces carpaticus UTS49 on Meloidogyne javanica in vitro

Treatment Egg hatch (%) J2 mortality (%)
Wheat seed 11.3d 78b

Milet seed 16.6 b 84a

SCA 23b 71.3b
Control 83a 11.6¢c

SIS Ll 5 s Meloidogyne javanica J5\ss , Streptomyces carpaticus UTS49 ald g5l 03\ ("\'S/ als CuiS gl s JH-Y J gl

Table 3. The effect of millet and grain solid substrate containing Streptomyces carpaticus UTS49 on Meloidogyne javanica in vivo

= Gt G S~ =
- ] g © S S g =
2 ¥z £, B i i %3 3z I 3%
g 22 = £ £3 E &= 3§ g Ry
5 == =St 1) < - < s A 20 = E
3 g2 ] E g o = g2 - 5 gL
= S'E a8« ] s < .8 = 3
a g2 2 2 2 °c &% £5 3 3
Z & = = = ® e
Wheat seed + S. carpaticus UTS49 5114 e 29e 650 e 58¢e 08e 15a 6.7 a 15a 28.8 a
Milet seed + S. carpaticus UTS49 5900 d 33d 730d 6.6d 1d 15b 6.5b 14.8a 28.1a
SCA + S. carpaticus UTS49 7360 ¢ 43¢ 1240 ¢ 104 ¢ l4dc 12¢ 6.2c 142b 27.5b
Spore of S. carpaticus UTS49 8000 b 4.7b 1500 b 11.5b 1.8b 1.1d 5.8d 139b 26.5b
control 13912 a 85a 3114 a 29.4 a 2.6a 0.7¢e 46e 82¢ 19.1¢

S 4 S aln ) ailaie O gl 50 1S Ol s Streptomyces carpaticus UTS49 ali- g5l 03, 5 r,\.:f als ciS gla s H-t Jgds

Table 4. The effect of millet and wheat grain solid substrate containing Streptoniyces carpaticus UTS49 on colonization of tomato rhizosphare

Trearment Root colonization CFU
Wheat seed + S. carpaticus UTS49 105 ax 2.5 108 ax 8.9
Milet seed + S. carpaticus UTS49 105bx 1.2 108 abx 6.5
SCA + S. carpaticus UTS49 104 cx 5.5 107¢cx 1.2
spore of S. carpaticus UTS49 105 cx 4.8 107 ¢cx 0.9
Control do do
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Detection and phylogenetic analysis of Iranian Fig mosaic emaravirus isolates
on the basis of the gene encoding Nucleocapsid protein (NP)

M. SHAHMIRZAIE', F. RAKHSHANDEHROO', M. R. SAFARNEJAD’, H. R. ZAMANIZADEH' and T. ELBEAINO’
1-PhD. Student, Assistant Professor & Professor, Respectively; Department of Plant Pathology, Science and Research Branch,
Islamic Azad University, Tehran, Iran; 2- Associate Professor, Department of Plant viruses, Iranian Research Institute of
Plant Protection, Agricultural Research, Education and Extension Organization (AREEO), Tehran, Iran;

3- Research Scientist Istituto Agronomico Mediterranero di Bari,Via Ceglie 9, 70010 Valenzano (BA), Italy

Abstract

Fig mosaic emaravirus (FMV) is considered as one of the main causal agents of Fig Mosaic Disease complex (FMD). In order to
detection and identification of FMV in different regions of Iran and better understanding of the phylogenetic relationships between isolates, a
number of 54 symptomatic fig leaves with chlorosis and mosaic symptoms were collected from different fig-growing areas in the center,
north and south of Iran. Primary detection for all collected samples performed by DAS-ELISA using polyclonal AP-conjugated antibody
which was raised against nucleocapsid protein of FMV positive samples in DAS-ELISA were checked by RT-PCR using NP gene specific
primers. The amplified fragments of 14 isolates were cloned and sequenced. DAS-ELISA results indicated to a 55.5%FMV infection of
collected isolates. Phylogenetic analysis on the basis of nucleotide sequences categorized the isolates in two main groups in which isolates
from the center and northern regions of Iran placed in a separate subgroup beside other isolates from other countries which their complete
coding sequences were available in GenBank of NCBI whereas the isolates from south of Fars province (Estahban and Jahrum districts)
clustered in a separate phylogenetic group distinct from other Iranian and the world isolates which may show that genetic makeup of FMV
may be affected by geographical isolation. A significant correlation between symptoms severity and phylogenetic groups observed that may
put forward the probability of having a new viral strains in Fars province
Key words: DAS-ELISA, Fig mosaic emaravirus (FMV), Nucleocapsid protein, Phylogenetic analysis, RT-PCR.

X Corresponding author: mrsafarnejad @yahoo.com



B9 g dreeS FIS g 04iS US 05 bl ol S Grsns Sl el 215015 By (s 5 2l 0LSes 5 S5 ol &Y

IR ﬁ)u o= slewl 5> Badnavirus 5 Closterovirus
25 Sl 0dle Gl el Ol s 55 5 Lles g Lts
Gattoni ez al., ) JSleds 3 ,me 5 olobs (e o, 508
2009; Elbeaino et al., 2011a, b; Elbeaino et al., 2007,

Loy ool b Sldlas 42238 55 (Laney ef al., 2012;
S S s ol sen ol 0l 53 S S Sy S
Double membrane bodies ¥ g5 Lie Ly ,lacslasl
oL gadsle o 1y IS £ o b 5,5 (DMBs)
58 Coale Loty a5 515 e OLLS ﬁ)Lc shils ‘_;Lm_fj__'
J_.iua;'h;ud)l_qﬁ&lwuwﬁgj&&josﬁ
= | .(Caglayan et al., 2010; Nolasco and de Sequeira, 1991)
S nl sy Slre Sy 4 5o lis b GlaGlul
Fig mosaic emaravirus (FMV) >l Sl 50 8 =8
oo 53 s o= 2ol oldlae s Sl e
ol (glyail (Fimoviridae o3l 53ls) Emaravirus g, 5
Ll Fig mosaic emaravirus o3y 5 0 g .|
Pigeonpea sterility mosaic virus QRose rossette virus 3 5 3
European mountain ash 4 Raspberry leaf blotch virus
Lledd ghuards i cpl 43 50 ringspot associated virus
Elbeaino and Digiaro, 2009; Mielke-Ehret and Miihlbach, )
sy Slaelll o b sl cexb 55 (sole ol L2012
4 JUl LB Aceria ficus (Family: Eriophydae) 45 5 L 50
¢ 5= (Flock and Wallace, 1955) A3b o oIl olals
s Sl ol b I JelS sk SSFMV s 50
3PS b a8 A3l e e (sland; SO RNA aslad (23
5 S5 L Sl OB S Gl ey ladad
sl ol )3 RNA3 o S 3L . (Monocisteronic)
035 Loy etis s Sy i V¥R b Loy 55
3 S S 5 O ey 05l S YO 4 S
Elbeaino ) 4—S e AJs5 v 5 Nucleocapsid protein (NP)

e 5 = S NP éb 3 (et al., 2009; Elbeaino ef al., 2012

\-Open reading frame (ORF)

-

LRV
OLalS oy 5 B 5l S (Ficus carica L) el oS
Sleysl dhosr 5l Oler Gble (& 55 S 035 Ol o
305 b 2013 5 2108 B3l S 4 olS pl ) 0
a5 3 pe by iS5 a3 Sl (ke 53 Sl Sl 0T
lsr 5 ol s Ll s Wl e il LS il 03
Aol s g s Ay S A s S ble s desr
Oloslw ods e asliylol ulul L (Stover er al., 2007)
A5 Lol Y18 Jle 53 FAO dmte Mo ler SLs)l 5
L5 Sl 5S  5a  pslgr plis o5 VA IVA UL
L ol Ol 5 il esls olantl st & il oS
=3 3 ol Do 53 an Jlw s ol (S YFRY W
Sl osls oliamtl s st an ) il A5 o 0
K] O—UJ('—@‘ 3 L;Q.(Anonymous, 2015; Anonymous, 2016)
Slise Soloo el 53 s s S be (S e
i 53 0554l 45 L3L e Fig mosaic Disease (FMD) il
sl S sy i e e S T s el oS glas i
Sl sl soles ol (Blodgett and Gomec, 1967) sl
Condit and Horne e 55 LSG ol 5 Lo aJlS & J=l
£t 5 03 58 Sl o) 53 e s S 1S (1933)
Slapltil (S 5l ol 8 o3 I 0l 5 03
SN Getzmen 5 Sl 5 SSUse e Jold olps
o Laoye 5 Lol 1 655 550 aaSd s s 5 WS
D3 s e QLA Ty Laose dego 51 A S5y ol e
S 3 apd e ey (e S 5l ol 3 s (63515
s @SV O 4L Oles (555 - LS 4y S
SIS S el (San e 1 el 050 (5 2 53 Lao e
5 oS B 51l ol oS (K5 JSEL 5 gene 83100
Blodgett and ) cuils dals JLis 4 |y 3 Shes 2S4S
3 U’U L s 5 05,5 cpdoa 055 G (Gomec, 1967
ado 3l cadis gla o> 4 by s DNA 3 RNA ¢

Trichovirus Alphcryptovirus  Maculavirus Ampelovirus



FY

e 5 s oAl B s el (o o5
53 ey )L 5 el il 4 56 slacd s 59 5
L oS ais gla b, 5l oslinad o3 alS glail,
LBl € |y s s sy oUlS Calas 5 s
Shahmirzaie et al., 2012; Danesh-) dw, —» b 4 (5,92
Amuz et al., 2014; Ale-Agha and Rakhshandehroo, 2014;
95 o= 3 .(Khoshkhatti et al., 2016; Ghorbani et al., 2016
edle Gb s s JsS0se plals gl By SIS
on NP e s ns ele G5 a5 ol
N5 adlas 5 el o LS Lails) 5 (S5 658
Dy s Gblie 53 s s (S5 55 5 Rrerr
Sy S5 53 01 5l ol =l s e sy
05 sliwe = sl pLB) 0S5 5 Solan (5 et
Al dwes g J 8 o3 ul a Sl g e lie
s 4 RNA 55 Shls slams s (Desbiez et al. 1996)
kB e VL D e iSO VL e
Ol i Gl 5 A5l @_w)clg.ws Y S RGP
aS oyl s ps Ll gl Hagb 4 e LS
037 o3 0l e slie (SLals ke o ol Sa
Ol o3 st A Gla BUL Sy 5 s la0l e
FMV il Sl sn s s alids 5 ploolid 1) s
bl 5o el Sl 50 Solen @Dle ol (ladi s 5o
SH S 5 2L Lalss ramen 5 A plnl O 5l il
NS glaaliz ol b Sl slaaliz gl ol
3 S 1S 5 S A5 05 sle Ol 3 e

SHIR I
S YFA0 Dbty 5 5l Jpab b s 181 45503
(Slise s o dle gl 45 ol (S 5 4 se OF
ASE I e 5 35S 03,0 LSS el els

(Sl 5 ol g3 el SLL Sl e s 5 S

WAV g 65 ) oyled AF W 1 LS lasslew 5 ST

Wi pdir Lo g RNA asbs o &5 ool gl Lol
JS5 5 25 e 0y Ay La Sy dpeeS SIS 55 )
Loas yarn cul 45 An3 o 1y T 5 IS 5 5 (Sloa goaces
oS i3S 5 iladilen (15 s gladul b )
O3 Gl NP 05 w315 53 S oo Wl ) sage SR8 s
3 ols s (3l dilen JuT b 534S A3l e s s
0 555 W op 0l Ol 5w s e O
23 g5 b OLSGl Hs 4 5 3)ls 35 a3 (slad sl
Olge @y gy GlagnSs p Liles (5)ls pasens Al b b
Lo s s 09 N85 g5 o S ools LU
Shi et al., 2007; Overby et al., 2007; ) Ll Cj_hn
o9 =) Y0 e Jle s (Callaghan and Dietzgen, 2005
Olw ,63) Ol ol 31 0L Kan 5 515,00 old w8
b sl o LT o Ol 1) Ol ) 5 (el
Sle R RNA 53T a5, 05 51 o IS
.(Shahmirzaie ef al., 2010) 43 S 5,135 (RARp) w5 s
SOl IFMV. s 55 gl 5,5 2ol Sladlas
Sl Ol J 5 (555 0 (52, Olul 2 Ol 015
I S ool s el o el 55 SIS 03
D38 53 g 205e Sl yale SulE pde
Slaas s ol s s anlllas 550 Lo s olad ASL o0
Al S 15 05,8 05 S s aS 58S Sledd i8S
sl oldlas o oeen (Danesh-Amuz et al., 2014)
S 05 bl el Slige s s Slpl s
O Ll old 5 o350 bty g ool 3 cslis pde 5l Sk
a3 1B s S 55 S il e laas g ol en
odas OlLiS .u\jjv_a @L"J 2! (Shahmirzaie et al., 2012)
as S 5 S 3 e s o=l sl ael 2555 Jlex|
il S e Ll eline 2ils 5 0l s gbbe
Sailise s e kand 5 S S e e s

Ol y3 53 s s obs) OOISKs iomen 5 (FMV) ol

Y-Ribonucleoprotein complexes (RNPs)



B9 g dreS HIS g 0diS US 05 bl ol S Grsns Sl el 215015 Blss (s 5 2l 0LSes 5 S5 ol sf

O EDTA @H V/O PBS\X) (5,5 o lae Sl o>
S35 S s=rr O3l 53 (PVP-40 U3 Y ¥ 5e oo
d3=V > 5 ezl 5l ey 5 a2 S —Solas —
BioTeck Jis Oy 1Vl oK 5l esli ol L ol
sl s, e gl Y0 T Jsb s instrument EL800
Sl

Silise o ms 2ldy S 1 JS RNA | Sl
ELISA Ol 55 45 sladisad 3| JS RNA #l sl ¢ ool
S oy i gy 0 0l ats e (So 4 s
HiYield™ Total RNA Mini Kit (Plant), RNA C\ el
Josdlysias ulal 5y alS 3L 5l (Real-Biotech, Taiwan)
RNA e 5 ChS o it il by o 25,2
e 3TN 38T U5 s 55585 5 Al 0 -l S
NanoDrop™1000 <l ;3 U oKauis b (5,05 5Kl aw 5
FRs N <=l_>u| Spectrophotometer (Thermo Scientific,USA)
Jie g a3 =T 5 5w IS g e e
TR

S 0y GRS Tam o sSne (5513 S 55 0505
by gl SHEl s ol 5 (RT-PCR) 3 s b
Jsd>) FMV-NP (Reverse) iS5 FMV-NP (Forward)
S IS 55 aalis S b S5 g (Y
Nyl s o b ol S s s (55—
Ver.9, Scientific and ) Clone Manager Professional
bwg Ll s as >+ (Educational Software, USA
A el OWITMWG s s

s S5 slal sl s At sk o
Sleslinal U7 S sloless el ol RT-PCR & go 1
Vool en el s | St WIRNA Sl S5 S V000
5 FMV-NP (Reverse) 28 5 olamt] SHET 51 J 50 S0

¢ . g0 .
e 03 g Sae I s Bl Al T e

Y-cDNA
¢ —Moloney murine leukaemia virus (MMLYV)

IS (o) Oy sle (el s) O g5 (slaOlul
Ola S (z13) 35 osl) (535 o (ka5 OlomeaY)
5 Saslamar (S35 5 el Olgaud p ) B 5 (z )
V dsir) b S s oSl 4 Jlasl Ol b

O U

MAJJJTLSLAgffJJFMDﬁu]&;]J}Ad)LAfV—l‘w—\ JS.:'
SElie e Glls o3l ot ys 51 L (A) el Sl se s s
L}_J]}Q)J)}J_,GJQQ‘)}A(C)}(B) ‘Lﬁ‘ﬁ’“"\“‘y).‘g;‘:iui'}i)f

530S 5 S JSLaa (D) 035,85 LSS ol pen 4 S ,S
Fig. 1. Symptoms of Fig Mosaic Disease (FMD) in FMV-
infected leaves. (A): Infected fig tree showing mosaic, chlorosis and
premature fruit drop. (B) and (C): interveinal mosaic and chlorosis
associated with rust-color necrosis bands. (D): Deformity and

chlorosis in fig leaves.
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Table 1. Results of FMV primary detection in collected samples using serological assay DAS-ELISA and RT-PCR

and number of sequenced isolates which were selected from each geographical region

Province Region Collected and Tested Infected samples Sequenced isolates
samples
No No % No
Tehran Varamin 3 2 66.6 1
Jahrom 7 4 57.1 3
Estahban 4 4 100 4
Fars
Iej 3 3 100 -
Karft 3 3 100 -
Kerman Sirch 3 - - -
Astara 7 2 28.5 1
Gilan
Lahijan 6 2 333 2
Mazandaran Tonekabon 9 7 77.7 2
Markazi Saveh 5 3 60 1
Yazd Zarch(Sarcheshmeh) 4 - - -
Total 54 30 55.5 14
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Table 2. Sequences of the primers used in amplification of FMV nucleocapsid protein

Primer name

Nucleotide sequence of primer

Expected size Annealing region

FMV-NP(Forward)

FMV-NP(Reverse)

5’ CCATGGCACCTAAGAGTAAGACTAC 3’

950 Nucleocapsid Protein

5" CTCGAGAACATGAGCACTTGCAATC 3’

duuﬂ)ﬂjﬂl_w bj_g-jj W‘LL’ v\J‘j:dﬂ ud.o),«.o O’l\)b
e Sh Al il 3olen

Fig latent virus-1(FLV-1), Fig leaf mottle associated
virus-1(FLMaV-1) (Shahmirzaie et al., 2012), FLMaV-2
(Danesh-Amuz et al. 2014), FLMaV-3 (Norozian et al.,
2014), Fig fleck associated virus (FFKaV), Fig cryptic
virus (FCV) (Ale-Agha & Rakhshandehroo, 2014), Fig
badnavirus-1(FBV-1) (Alishiri et al., 2016; Alimoradian
etal.,2014).
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Table 3. Accession numbers, hosts and origins of Fig mosaic emaravirus(FMV) isolates/strains analyzed in this study

Origin (Number Nucleotide Accession . Isolate
of isolates) Numbers Protein-ID Name/strain Host
Australia(1) KU674950 AQRS59327 Aust Ficus carica
Canada(1) HQ703345 AEI98678 CANO1 F.carica
MG880766,MG880758, - VA22,JA1, F.carica
MG880759,MG880760, JA2, JA3,
MG880754,MG880753, ES1,ES2,
Iran(14) MG880755,MG880756, ES3, ES4,
MG880757,MG880761, AS1,LA2,
MG880762,MG880764, LA4,TO4,
MG880765,MG880763 TO7,SAS
Italy(2) FM991954, LC002800 CAX21211, BAU20387 GR10, IR-1 F.carica
AB697843, AB697844, BAMI13802, BAM13803,  JS1, JFI, F.carica cv. Hourashi, F.carica cv. Hourashi,
AB697846, AB697847, BAM13805, BAM13806, JTT-At, JTT-Ki, F.carica cv. Athenes, F.carica cv. King,
Japan(?) AB697848, AB697849, BAM13807, BAM13808, JTT-Li, JTT-Pa, F.carica cv. Lisa, F.carica cv. Panachee,
AB697850 BAM13809 JTT-Vi F.carica cv. Violette de Sollies
AB697851, AB697852, BAM13810, BAM13811, SB1, SB2-2, F.carica
Serbia(6) AB697853, AB697854, BAMI13812, BAM13813, SB2-3, SB2-4,
AB697855, AB697856 BAM13814, BAM13815 SB2-5, SB2-6

51 esliwl L RT-PCR O ga 31 2l L a2 Koo
5 SUs S IS 5 0a S US 05 olat| gla ST
03531 Glaas sad 53 5b i 00 Jsb 4 S5 ankad iSS
coils slas I s, e 05 o3l L aaad ol 4S
(¥ 52

B 3550 Ll Ao S AS 5 05 SOl Wleen 5B 4
535 s sl 58T U5 s 5l come glarlis s
03231 b ol wilaar S o3 S 5,15 PTZSTR /T 50
3 ey il 3 oy 5 0dd A T o o SIS
Sesliwl b (35 andad JIss pond ot sl IS
NPT S NG JYN WG PV S WS P YT S e
05 Sl Kb s MGBB0753-66 (slae e oy b a JIgs
35 oh izmen 3 BLAST LT s L oo (NCBI)
Ao Ly des )3 48-AY Cplin ¢ oy 5 3550 sl JIsS
05 Skl snl J5 L doss AA-A) glie 5 s IS 5
lad ) 30 s a4 by e (N-gene) oS S 55
s 0les (FM991954.1

Sosre SN0 5 S Gl s Sl eslinal Ol s
ol S Olosan (Sl o OSGl 4w 55 L il e
multiplex- |3 51 oo (gla 55, 51 eslizal ¢ s Lo
. ) : .
slein  SL IS Ll b e gla S5, L s PCR
aS das e 0L Ol s i8S Olidss @L... .njfdo
e GLls sl O3 os 25 (n S e Olse w FMV
.(Danesh-Amuz ef al., 2014) 3,15 5 ¢ 5 S5l 40 (Sole
I S S s SASS1 e ol 5o
LS S 5 iS50, 05 JolS U5l il S
Gblie 3l eds (sl amar sl o 3 FMV 55 5
o 5o 5| RNA Ltsl it ol (gl plonil 01 s
3 SU= 58T U5 03 s RNA (slalil odalice
RNA o bils 5 il s dole S8 5 sl (VU ol

rﬁyb*/v S gl “—H‘)J_}-’L’ N Ja.wjj ol C‘fﬁ;ﬂ“_}s

—Next generation sequencing (NGS)



B9 S AS 5 0diS U 05 el 2l S s ns Sl el L1506 Blss oz 9 2l 0Les 5 S5 ol [N

(S5 I Gl 5 2l kil o 0 1234 567 8HM
3205 b,slS sl glaaslier 5 ) p 2550 slaalis
o=l bl s gdar s e S50 05 S
Sl 5 555 0 bl 4 by e glanlior alad (tiey S
Sler oblan lo 5l el L3158 slaglis ol e 4 Ol

i by e ladlis 48 pames LS G a3 T oy S 53

<«— 1000 bp

03,5 33 | yame S (o 5 Olgial) sl Ol

ESZJESl 4.:\.4\7- 92 o)Js CJ‘»‘)J .w;ﬂjﬁn L;{:bj)l,:ﬁ , K }‘)O} 5 ) > PCR Y .
S ES3 bali 51 °JJ§)-LJ' 53 Ol Oliw el & ']9)-.’}‘ . Fig mosaic emaravirus(FMV) .5, s Nucleocapsid Protein

e QLZ..,JJ,.@,.,; F{EYFRES a\J,,‘,.a o (Ol QL:MJ«_\;) ES4 FMV- 5 FMV-NP(Forward) ——ola| 6L_»J§jth Slesla ol
(¥ Ji-i) LA gdodzwes 1T °)j§j'.’.). I 1Kb DNA ladder (Excel M .4_s,5V/0 )')Lﬁ J5 <3, NP(Reverse)
EMV 4 0301 2l ol S :1-8 il WL olS - H Band, SMOBIO)
Fig. 2. PCR Amplification of Nucleocapsid Protein Gene of Fig
mosaic emaravirus (FMV) Using FMV-NP (Forward) and FMV-NP
(Reverse) Primers. M, 1Kb DNA ladder (Excel Band, SMOBIO); H,
healthy fig plants; 1-8: FMV infected fig plants.

&7 AB697848-Japan-Tokyo-isolate JTT-Li |
100 | AB697846-Japan-Tokyo-isolate JTT-At
33 | | ABE97844-Japan-Fukuoka-isolate JF1
HQ703345-Canada-isolate CANO1
KUB74950-Australia-isolate Aust
ABE97843-Japan-Shimane-isolate JS1
1poL AB697847-Japan-Tokyo-isolate JTT-Ki
|— LC002800-Italy-strain IR-1
| — AB697850-Japan-Tokyo-isolate JTT-Vi r
ABB97853-Serbia-isolate SB2-3

ABE97855-Serbia-isclate SB2-5

AB697852-Serbia-isolate SB2-2 L Groupl

ABE97851-Serbia-isolate SB1

Subgroup I

ABB97856-Serbia-isolate SB2-6
EI-AEGBT%&—Serb\a—IsoIale SB24
FM991954-italy-isolate Gr10
EABGGTNQJapaanukyu—isulate JTT-Pa ]
7 -E MG880757-Iran-Gilan-Astara-isolate AS1
MG880762-Iran-Gilan-Lahijan-isolate LA4
a9 — MG880761-Iran-Gilan-Lahijan-isolate LA2
MG880766-Iran-Te hran-Varamin-isolate VA22
MG880763-Iran-Markazi-Saveh-isolate SAS
9B‘EMGBSO764rlranrMazandaran—Tonekabonrisolale TO4
95 L MG880765- andaran-Tonekab olate TO7|

]

Subgroup II

100 | MG880753-Iran-Fars-Estahban-isolate ES2
—-| Subgroup I
MG880754-Iran-Fars-Estahban-isolate ES1

Llgs; MG880755-Iran-Fars-Estahban-isolate ES3
MG880756-Iran-Fars-Estahban-isclate ES4 — Group II
MGB80759-Iran-Fars-Jahrom-isolate JA2 Subgroup II
MGB880758-Iran-Fars-Jahrom-isolate JA1
83! MG880760-Iran-Fars-Jahrom-isolate JA3 _J
KJ439589-EMARaV-isolate AroM-Out Group

—
0.05

WL Sl csme alas VY ol 55 &S EMV RS S SIS 5 0S5y adbate GASAUS 5 sl I ) 5l Jol Sl cs s Y ISS
Sl 00 5l xeS sl a5l o s Ar iy bt /00 (S5 ahools ds e s ol i Ll Jols” JIgs NCBI 05 SSL s oS Ole 51 4l
3 8 sl outgroup Ol s 4 European mountain ash ring spot associated virus (EMARaV)(KJ439589) DR RS Gl s o S 8

Fig. 3. Phylogenetic tree constructed using nucleotide sequences of FMV nucleocapsid protein coding region of 14 Iranian isolates in
comparison with 17related FMV isolates in NCBI. Genetic distance and Cut off are 0.05 and 80% respectively. Bootstrap values less than 50% are
omitted. European mountain ash ring spot associated virus (EMARaV) (Accession No. KJ439589) is selected as an out-group species.
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Molecular characterization of three Faba bean necrotic yellows virus (FBNYV)

isolates, originated from chickpea in Iran
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Abstract

Yellowing is one of the most prevalent symptoms in chickpea fields, worldwide and Iran. Faba bean necrotic yellows virus (FBNYV,
genus Nanovirus, family Nanoviridae) is associated with the yellowing symptoms in the chickpea fields. During the survey of the Lorestan
and Kermanshah provinces in May 2015-2016, chickpea plants showing yellowing symptoms were collected and total DNAs were extracted.
The samples were checked for nanovirus infection by PCR, using nanovirus-specific degenerate primers. Total DNA preparations from the
nanovirus-positive samples were used for RCA, using ¢29 polymerase and restriction endonuclease Aat II digests yielding products of ~1kb
corresponding to linearized nanovirus DNA components. FBNYV genomic components were amplified using RCA products and specific
primers of eight different Ul, M, N, C, S, R, U2, and U4 components. The amplified fragments were purified and sequenced. Nucleotide
sequences of the eight different components of three Iranian isolates of FBNYV (Lor-28, Lor-1, and Ker-21) were compared with FBNYV
sequences in GenBank. Sequence comparison indicated that Iranian isolates of FBNYV are most similar to Azerbaijan isolates of FBNYV:
FBNYV-[AZ; 12], and FBNYV-[AZ; 13.5]. Phylogenetic analyses of nucleotide and deduced amino acid sequences of DNA-S, C, and Ul
revealed that Iranian FBNYV isolates clustered with Azerbaijan isolate FBNYV-[AZ;12 ](group II), while DNA-R, DNA-M, DNA-N,
DNA-U2, and DNA-U4 clustered with FBNYV-[AZ; 13.5], (group I). Considering the genomic differences between two Azerbaijan isolates,
which can be expected among Iranian isolates. These results may provide evidence of the reassortment occurrence among Iranian and
Azerbaijan FBNYV isolates.
Key words: Chickpea, Faba bean necrotic yellows virus, yellowing
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primers (Grigoras et al., 2014), name of the amplified fragments,
host, and isolate typed at the top of the each lane.. Marker: DNA
ladder mix (SMOBio, 1 Kb).
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Table 1. List of primer used in this study for detection of Nanoviruses

Primer Sequence

Size (bp) Refrence

Nano_F103
Nano_R101

5’-ATTGTATTTGCTAATTTTA-3’
5’-TTCCCTTCTCCACCTTGT_3’

776 Kumari et al., 2009

ML 630 3l (63,5 s rs Dlakad L5 gl e onl s el eslinad la SET-Y Jgde
Table 2. List of primer used in this study for detection of FBNYV

Primer Sequence Size(bp) Refrence

R-F 5’-CGAAGCTTCGAGGAGTATGTTAATTACGG-3’ ~1000 Grigoras et al., 2014
R-R 5’- TCGAAGCTTCGTGGAAAGTCGAAGAGCACT-3 ”

S-F 5’- CTGTTCTAGAACACAGAGTTTATGT -3’ ~1000 Grigoras et al., 2014
S-R 5’-GTGTTCTAGAACAGCTTTAAGAGCA-3’ ) ’

C-F 5’- ATTGTCAACTGCAGTGAATTGGATAAATTA-3’ ~1000 Grigoras et al., 2014
C-R 5’- GCAGTTGACAATCATACCGTCTTCGTATGT-3’ ) ”

M-F 5’-TTGCGTCAACACTGACCAGAACTCC-3’ ~1000 Grigoras et al., 2014
M-R 5’-CAGTGTTGACGCAACTCTTCTCTTC-3’ N

N-F 5’-TGGATCTCGAGTCTCAGTACTTGAAGAAGG-3’ ~1000 Grigoras et al., 2014
N-R 5’-TGAGACTCGAGATCCAGGTTGAATGTCCTT-3’ ”

Ul-F 5’-GTCTGAATTCGTTGAAGAGTCTTCTCC-3’ ~1000 Grigoras et al., 2014
Ul-R 5’- TCAACGAATTCAGACTTGTGTTCTTCA-3’ ) ”
U2-F 5’- TATGAAGCTTTCGATGAGAGAATTG-3’ ~1000 Grigoras et al., 2014
U2-R 5’- TCGAAAGCTTCATACGCCTAATCGA-3’ ) ”
U4-F 5’- GACTTGATTCAAAGGTCGATGAAG-3’ ~1000 Grigoras et al., 2014
U4-R 5’- CAAGCGTCTTYAAATGCTGCATAAC-3’ ”
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Table 3. Percentage of amino acid and nucleotide sequence identity of 8 genomic DNA of Iranian FBNY'V isolates in compare of
other FBNYYV isolates available in GenBank (C-Lor-1: Chickpea of Lorestan No.1, C-Lor-28: Chickpea of
Lorestan No.28, C-Ker-21: Chickpea of Kermanshah No.21)

FBNYY Isolates Iranian FBNYYV Isolates
C-Lor-1 C-Lor-28 C-Ker-21
G t
enome componen Host Country Acc. Nt aa nt aa nt aa

number %) (%) (%) (%) (%) (%)

V. faba Azerbaijan KC979011 943 856 944 859 947 870
V. faba Azerbaijan KC979002 95.8 889 957 88.5  96.1 90.2
V. faba Spain KC979021 935 846 934 843 932 834
V. faba Spain KC979029 933 843 932 840 93.0 831
V. faba Spain KC979037 93.6 850 935 846 930 824
V. faba Morocco GQ274023 926 824 925 820 924 821
V. faba Egypt NC003559 899 794 898 791 897 785
DNA-C V. faba Egypt AJ132179 89.8 794 897 791 895 779
V. faba Tunisia KX431393 925 82.0 924 817 924 814
V. faba Tunisia KX431392 926 8.0 925 817 927 821
V. faba Tunisia KX431391 925 82.0 924 817 926 821
V. faba Tunisia KX431390 925 820 924 817 924 814
V. faba Tunisia KX431389 931 833 930 830 926 814
V. faba Syria KX431388 91.6 784 915 781 914 779
V. faba Syria KX431387 91.6 784 915 781 912 765
V. faba Spain KC979022 894 744 892 744 904 788
V. faba Spain KC979038 89.2 760 892 760 90.6 772
V. faba Spain KC979030 89.5 754 895 754 909 788
V. faba Azerbaijan KC979003 91.0 80.8 912 808 90.8 804
V. faba Azerbaijan KC979018 935 869 938 869 930 852
V. faba Azerbaijan KC979012 909 805 91.1 805 91.0 804
V. faba Morocco GQ274027 894 734 896 734 910 768
V. faba Ethiopia AF159705 81.0 699 812 734 80.8 723
DNA-M V. faba Egypt NC_003562 804 623 806 623 824 659
V.faba Egypt AJ132182 80.2 60.1 804 60.1 822  63.0
V. faba Syria Y11407 832 655 834 655 849 695
V. faba Syria KX431394 82.1 581 83 581 832 611
V. faba Syria KX431395 822 588 824 588 833 617
V. faba Tunisia KX431400 89.0 764 890 764 903 772
V.faba Tunisia KX431399 89.1 748 889 748 89.8 75.6
V. faba Tunisia KX431398 89.1 773  89.1 773 90.5 78.5
V. faba Tunisia KX431397 889 757 89 757 903 76.8
V. faba Tunisia KX431396 884 756 884 756 894 759
Cicer arientinum Iran AM493898 99.5 987 994 987 979 940
V. faba Iran AM493901 968 913 969 913 99.0 973
V. faba Azerbaijan KC979004 922 815 923 815 933 875
V. faba Azerbaijan KC979013 914 849 915 849 929  86.0
V. faba Spain KC979023 91.8 829 919 829 929 852
V. faba Spain KC979031 91.8 826 919 826 929 849
DNAN V. faba Spain KC979039 91.8 822 919 822 930 852
V. faba Morocco GQ274030 924 840 925 840 934 863
V. faba Egypt NC_003566 922 798 923 798 935 825
V. faba Tunisia KX431403 922 839 923 839 933 862
V. faba Tunisia KX431404 922 843 923 843 929 850
V.faba Tunisia KX431405 922 839 923 839 933 862
V. faba Tunisia KX431406 92.3 839 924 839 934 86.2

V. faba Tunisia KX431407 922 836 923 836 933 85.9
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V. faba Syria KX431402 909 783 91.0 783 932 823

V. faba Syria KX431401 909 780 91.0 780 932 820

V. faba Azerbaijan KC979000 988 967 990 974 984 950

V. faba Azerbaijan KC979009 989 967 99.1 974 985 95.0

V. faba Spain KC979019 97.5 924 973 917 97.1 90.7

V. faba Spain KC979027 977 930 975 924 973 914

V. faba Spain KC979035 977 930 975 924 973 914

V. faba Ethiopia HE663168 993 987 991 980 993 983

V. faba Morocco GQ274025 975 937 975 937 974 920

V. faba Egypt NC_003560 96.0 894 960 894 962 894
DNA-R V. faba Egypt AJ132180 959 881 959 881 96.1 88.4
V. faba Syria Y11407 962 90.1 962 901 964  90.1

V. faba Syria KX431380 962 90.6 962 906 965 903

V. faba Syria KX431381 96.1 903 96.1 903 964 899

V. faba Tunisia KX431382 974 924 972 917 97.0 907

V. faba Tunisia KX431383 972  90.7 97.0 90.1 96.6 89.1

V. faba Tunisia KX431384 958 877 958 877 959 868

V. faba Tunisia KX431385 973 91.7 971  91.0 967 90.0

V. faba Tunisia KX431386 972 914 970 907 96.8  89.7
Cicer arietinum Iran AM493899 99.1 981 992 981 96.6 927
V. faba Iran AM493900 947 873 948 873 976 939

V. faba Azerbaijan KC979001 955 899 956 899 956 902

V. faba Azerbaijan KC979010 879 728 878 728 903  77.0

V. faba Azerbaijan GQ371215 893 81.0  89.1 81,5 922 883
Lens culinaris Azerbaijan  GQ351600 890.0 813 889 812 923 885
V. faba Spain KC979020 878 725 879 725 904 773

V. faba Spain KC979028 878 725 879 725 904 773

V. faba Spain KC979036 874 721 875 721 89.9 769

V. faba Spain DQ830990 91.6 854 917 856 932 870
DNA-S V. faba Ethiopia HE663169 872 704 873 704 897 755
V. faba Morocco GQ274028 87.7 71.9 87.6 71.9 90.2 76.7

V. faba Egypt NC_003563 882 739 883 739 904 780

V. faba Egypt AJ132183 883 739 884 739 905 777

V. faba Syria Y11408 88.0 740 8.1 740 903 788

V. faba Syria KX431408 855 704 856 704 874 739

V. faba Syria KX431409 862 720 863 72.0 881 75.5

V. faba Tunisia KX431410 879 728 880 728 905 779

V. faba Tunisia KX431411 876 71.8 877 718 902 769

V. faba Tunisia KX431412 877 728 878 728 903 779

V. faba Tunisia KX431413 875 718 875 718 900 769

V. faba Tunisia KX431414 878 731 879 731 904 782

V. faba Azerbaijan KC979005 983 951 982 951 982 951

V. faba Azerbaijan KC979014 8908 768 899 765 89.8 758

V. faba Spain KC979024 892 755 89.1  76.1 89.6  76.8

V. faba Spain KC979032 89.1 752 890 758 895 765

V. faba Spain KC979040 894 748 893 755 898  76.1

V. faba Ethiopia HE663170 888 729 889 725 888 725

V. faba Morocco GQ274026 879 696 87.8 703  88.1 70.3

V. faba Egypt NC_003561 87.1 693 874 68.6 871 68.3
DNA-U1 V. faba Egypt AJ132181 87.1 693 874 68.6 8.1 68.3
V. faba Syria Y11406 878 739 879 739 878 732

V. faba Syria KX431415 874 739 875 739 812 725

V. faba Syria KX431416 872 725 873 725 870 716

V. faba Tunisia KX431417 894 752 893 758 89.8 76.8

V. faba Tunisia KX431418 889 732 888 739 89.3 74.5

V. faba Tunisia KX431419 888 735 891 729 888 725

V. faba Tunisia KX431420 89.0 739 889 745 894 752

V. faba Tunisia KX431421 89.0 735 889 742 894 748
DNA-U2 V. faba Azerbaijan KC979006 97.1 916 971 916 972 919

AY
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V. faba Azerbaijan  KC979015 923 806 923 806 926 819
V. faba Spain KC979025 914 779 914 783 917 789
V. faba Spain KC979033 913 775 913 779 915 782
V. faba Spain KC979041  91.7 792 917 795 920 799
V. faba Ethiopia HE663171  96.1 89.0 959 883 964  89.6
V. faba Morocco GQ274029  90.6 776 904 713  90.6 715
V. faba Egypt NC_003564 790 592 790 589 793 597
V. faba Egypt AJI32184  79.1 592 791 589 794  60.1
V. faba Syria Y 11409 854 69.1 856 695 857  69.1
V. faba Syria KX431422 875 732 876 732 818 732
V. faba Syria KX431423 904 775 906 785 909 789
V. faba Tunisia KX431424 909 772 911 779 914 785
V. faba Tunisia KX431425 907 785 909 795 912  79.8
V. faba Tunisia KX431426  87.6 732 877 732 819 732
V. faba Tunisia KX431427 901 761 903 768 90.6 78.1
V. faba Tunisia KX431428 909 792 91.1 802 914 805
V. faba Azerbaijan  KC979007  99.1 984 992 984 984  96.1
V. faba Azerbaijan  KC979016 934 884 935 884 937 875
V. faba Azerbaijan  KC979017 966 935 965 935 963 925
V. faba Spain KC979034  89.4 782 893 782 894 794
V. faba Spain KC979042 893 782 892 782 893 794
V. faba Spain KC979026 893 782 892 782 893 794
V. faba Morocco GQ274024 880 782 879 782 883 778
V. faba Egypt NC_024457 832 678 831 678 833 686

DNA-U4 V. faba Egypt AJ749902 832 678 831 678 833  69.0
V. faba Syria AJ749903 842 707 841 707 843 725
V. faba Syria KX431429 860 713 859 713 861 729
V. faba Syria KX431430 862 726 861 726 863 742
V. faba Tunisia KX431431  89.0 779 891 779 893 794
V. faba Tunisia KX431432 889 779 890 779 892 794
V. faba Tunisia KX431433 889 779 89.0 779 892 794
V. faba Tunisia KX431434 886 779 887 779 889 794
V. faba Tunisia KX431435  89.1 779 892 779 894 794
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Fig. 6. Phylogenetic tree obtained from the alignment of nucleotide sequences of Faba bean necrotic yellow virus (FBNYV) isolates compare
with other isolate of this virus using MEGAG6 program .Numbers on the branches indicate bootstrap percentage. In Phylogenetic analysis Banana
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Table 4- Genomic Fragments size of Iranian isolates of Faba
bean necrotic yellows virus

Isolate Component Size of DNA (nts)
R 1003
S 1005
Chickpea-Lor-1, C 993
. M 992
Chickpea-Lor-28,
Chickpea-Ker-21 N 87
P Ul 987
U2 987
U4 989

S 3l s S bl 5l aglas TGl 5 anlis

1 67 JUit Jarl 5 Ko L Ll sl bt Sotes
Laaghbr ool copl oMo il oo syl Cogor 4 ST s
FBNYV (type common) Jsexe 3 J.<JL3L~ Sl K
(Grigoras et al., 2014) J_3L L)l o6 s 5 AS| e 5o
5558 SIFBNYV alir 53 05533 CEA ol o eSUs
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05,5 S 3 Olomlydl slaaslus dlods sl 5 s
So Sl Geae s ) ke st Glanlr o it
Coslss Ll S 5 s bl 581 e s Lkl 5 0 b
slrasls S5 Sl 5l e 5 Sde ali> 5 (S35
Jeme dols sl s ik o UG L 3S1 e 5 Wik
il 035 e 00 LS Dbl lidor 53 (515 1 4 gl
Olosul,3T 4lus (DNA-N 5 DNA-S) Solaad o3l 5wl
Ol aslds sl cal s SOL2S FBNYV-[AZ;12]
Acc. No. AM493899 and « yiJl-0lw J) FBNYV-[IR;1]
alas e S js 55 (Ace. No.  AMA493898)
Ol aslis Lo |y cald o x50 FBNYV-[AZ;13.5]
Acc. No. 3 Acc. No. AM493900) (sLi5le ) FBNYV-[IR;2]
5 (Grigoras et al, 2014) c—3ls (AM493901
pr5 Dlakd (U3l 5 ol g Gl 5l Jol sla 1)L
sl &S el O Sl (8 JKE) FBNYV. Il 4l ¥
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b Ll cald op i 5 G () s sl
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Olfactory responses of parasitoid wasp Habrobracon hebetor to volatile compounds

of host insect and pomegranate fruit under laboratory conditions

F. SHAFAGHI', S. H. GOLDANSAZ'X and A. AVAND FAGHIH®
1. PhD. Student & Associate Professor, Respectively; Department of Plant Protection, College of Agriculture and Natural Resources,
University of Tehran, Karaj, Iran; 2-Iranian Research Institute of Plant Protection, Agricultural Research,
Education and Extension Organization (AREEO), Tehran, Iran

Abstract

Foraging natural enemies rely on semiochemicals from a plant-host complex for recognition and acceptance of host, thus, key
compounds that mediate behavioral response of parasitoids must be identified. We studied the choice time and olfactory responses of
Habrobracon hebetor (Hymenoptera: Braconidae) females to the host odors, the Carob moth Ectomyelois ceratoniae, pomegranate fruit and
extracted hexane associated with them performed by passing a stream of air in a Y-shaped olfactomete. The treatments were last instar larvae
of carob moth, its faeces, infested pomegranate and pomegranate with mechanical damages. The results showed that H.hebetor preferred
carob moth larvae and its faeces. There was significant difference of parasitoids choice time between pomegranate with mechanical damages
and other treatment. The results of extracted hexane odor indicated that, the odors spread from the larvae, its faeces and infectrd pomegranate
exhibited significant differences in wasp attraction, comparewith the clean air. Based on the results and complementary information on
detection of the effective attractants of the parasitoid wasps, the efficacy of the wasp can be increased in the field.

Key words: Carob moth, Habrobracon hebetor, olfactometer, pomegranate, semiochemical.
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Fig. 2. The percentage responses of female parasitoid wasps Habrobracon hebetor to either olfactometer arm contain different treatments

(Numbers in bars are the total numbers of parasitoids responding to each odor source)
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Table 1. Mean (£SE) of choice time(s) of Habrobracon hebetor females to tested treatments on olfactometer.

Expriment no.  Treatments Choice time (S)
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Fig. 3. The percentage responses of female parasitoid wasps Habrobracon hebetor to either olfactometer arm contain extracted volatile of

Ectomyelois ceratoniae larve and pomegranate fruit vs. air (Numbers in bars are the total numbers of parasitoids responding to each odor source)
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Abstract

In this study, the nanoemulsion containing Mentha longifolia essential oil was produced by using high-pressure homogenization
method and its fumigant toxicity was compared with ordinary M. longifolia essential oil on different stages of Ephestia kuehniella.
Experimental conditions were as follows; 27+1 °C, 70+ 5% relative humidity in total darkness. Concentrations of 111.1-1111.1 and 62.9-
92.6 ul/l air of oil have been used to control larva and eggs, respectively. Nanoemulsion concentrations were studied at 122.2-1111.1 pl/l air
for larvicide experiment and 81.4-114.8 pl/1 air for ovicidal stage. PTso value at 1111.1 pl/l air as a larvicide for nanoemulsion and oil was
estimated about 15.18 and 3.69 days, respectively. This value, at 92.6 ul/l air on egg was 14.44 and 2.58 days, respectively. The relative
median potency parameter (RMP) showed that there was significant difference between PTsy values of essential oil and its nanoemulsion on
both of the two stages of pest. Results showed that nanoemulsion containing M. longifolia oil can release slow properties lead to durability of
fumigant toxicity of oil in the long term. Therefore, this new formulation could be considered as a new and ecofriendly biopesticide in pest
control.
Key words: Ephestia kuehniella, Essential oil, Durability, Mentha longifolia, Nanoemulsion.
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Fig. 1. Transmission microscope images of Mentha longifolia oil nanoemulsion
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Fig. 2. Mean of particle size and distribution of Mentha longifolia oil nanoemulsion
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Table 1. LC50 values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia kuehniella 5th instar larva

Compound LCso (ul/) Chi-square n df Intercept Slope+SE P-value Confidence limit 95 %
Lower Upper
Essential oil 413.69 0.63 250 3 -3.86+0.62 1.47+0.24 0.88 319.7 554.1
Nanoemulsion 427.05 1.06 250 3 -4.04+0.66 1.53£0.25 0.78 334.4 563.7

350 et o35 (555 bl Sl O s 3ol 50 5 gy bl kS Cgons L3l =Y J g

Table 2. LCs, values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella egg

Compound LCso (pl) Chi-square n df Intercept Slope+SE P-value  Confidence limit 95%
Lower Upper
Essential oil 75.03 0.69 250 3 -22.08+3.05 11.77£1.62 0.87 722 77.6
Nanoemulsion 93.98 1.21 250 3 -24.02+3.38 12.17+1.71 0.74 90.6 97.1
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Fig. 3. Probit of mortality of Mentha longifolia oil and its nanoemulsion effects on Ephestia Kuhniella 5" instar larva
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Table 3. Comparison of estimated LCs, for fumigant toxicity of Mentha longifolia oil and

its nanoemulsion on different stages of Ephestia kuehniella at different concentrations

Stages Exposure time (day) LCs (ul1) (NEO?) LCs (ul1) (EO%) RMP! 95% Confidence limits
Larva 1 427.05 413.69 1.03 0.72-1.50
Egg 5 93.98 75.03 1.25 1.15-1.40

1- RMP= Relative Median Potency
2- Nanoemulsion
3- Essential oil
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Table 4. PTs, values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella 5" instar larva
Conc(e;ﬁ};atlon compounds PTs Chi-square n df Intercept slope+SE P-value Confidence limit 95 %
(day)
Lower Upper
11111 15.18 3.00 450 7 2.79+0.37 -2.36+0.33 0.88 13.46 17.70
Nanoemulsion
413.7
11.45 2.86 350 5 2.31+0.41 -2.18+0.40 0.72 9.92 13.62
1111.1 Essential oil 3.69 0.7 200 2 1.65+0.25 -2.94+0.40 0.71 3.13 4.33
100 - LC —A—NEO
100 1 LCs 5 80 EO
80 - —4A— NEO § -— NEO without oil
3 N—
) —e—EO > 60 A —e—EO control
> 60 A =
Z B— Water 3 —&— water
§4o _ --<0--- EO control ‘g 40 1
NEO without EO i
2 20 A 20
0 i 0 - o = = og
0 10 20 30 40 0 10 20 30 40
Time (days) Time (days)

LCg()}LCﬂ)C,.Jé.L’P}.}JJ b)IaJJQﬁZ})Y@l}MLJLSL&)LQ.;A‘meuﬁ:b‘éjl;-dw}a‘fLJMﬁw.uL»\L;.‘JJC,‘:Mrbb—oJS.&

Fig. 5. Durability for fumigant toxicity of Mentha longifolia essential oil and its nanoemulsion

of oil with controls on Ephestia kuehniella larva at LCsy and LCsg

100 FCso
—a—NEO

80 A ——EO
s —=— NEO without EO
2 60 —B8—EO control
g 40 - —o— Water
=

20 A

O A T 1
0 10 20 30 40
Time (days)

Mortality (%)

LC
100 ~ %
—a—NEO
80 1 ——EO
60 - —=— NEO without EO
—HB— EO control
40 1 —o— Water
20 A
0 !
0 10 20 30 40

Time (days)

LC50}LCSQ\M§)>)>:)Taﬁ\_’W5rﬁJg§}) bMLZo‘NMwLA‘é}b-QMy1yL}Mﬁ wb\w%ﬂrbb—?ﬁ

Fig. 6. Durability for fumigant toxicity of Mentha longifolia essential oil and its nanoemulsion

with controls on Ephestia kuehniella egg at LCsy and LCg
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Table 5. PTs, values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella egg

Conc(epl;;lgatlon compounds 1::;5)0 Chi-square Intercept slope+SE P-value Conﬁ(;gl;ie limit
Lower Upper

92.6 14.44 1.04 300 6.19+0.87 -5.34+0.76 0.90 13.49 15.57

Nanoemulsion
75.03
12.60 0.28 300 5.03+0.81 -4.55+0.73 0.99 11.49 13.63
92.6 Essential oil 2.58 0.01 150 1.14+0.22 -2.78+0.44 0.91 2.10 3.16
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Table 6. Comparison of PTs, of fumigant toxicity of Mentha longifolia oil and nanoemulsion of oil on different stages of Ephestia kuehniella

95% Confidence

Stages PTs (day) (EO?) PTs (day) (NEO?) RMP! limits
Larva 3.69 4.04 2.56-7.74
egg 2.58 5.10 2.82-12.73

1- RMP= Relative Median Potency
2- Essential oil
3- Nanoemulsion
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Evaluation of the relationship between numerical and weight percentage of

kernel damaged by sunn pest, Eurygaster integriceps

J. MOHAGHEGHRX and A. ABOLHASSANI

Professor & Technician, Respectively; Iranian Research Institute of Plant Protection,

Agricultural Research, Education and Extension Organization (ARREO), Tehran, Iran
Abstract

One of the major damage of sunn pest, Eurygaster integriceps, is its destructive effects on the quality of wheat grains, which is known

as sunn pest kernel damaged. Nymphs and adult of the bugs inject salivary glands enzymes by piercing-sucking mouthparts into the grains,
which degrade glutens, reduce dough and bread wheat quality. Grain damage percentage is calculated by the both numerical and weighing
methods. In this research, an experiment was conducted to compare the relationship between these two methods. We measured 225 damaged
wheat grain samples delivered from Arak (n = 30 x 3), Ghazvin (n = 20x 3) and Lorestan (n = 25x 3). A digital scale with 0.1 mg precision
was used to weigh kernels. For these samples, the number and weight of damaged and undamaged grains were recorded. In general,
undamaged kernels with an average weight of 34 mg were heavier than damaged ones with average weight of 30 mg. Although, there was a
significant difference between the numerical and the weight values, a significant positive correlation (r = 0.98; P <0.0001) was detected
between the two methods. By using the equation y = 0.8374x + 0.02, where x and y are the numerical and weight values, respectively, we are
able to convert values from a given method to another one. However, the weighing method is advantageous in terms of simplicity and speed.

Key words: Damaged kernel, Eurygaster integriceps, wheat.
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Table 1. Comparison between the weight of undamaged and damaged wheat kernels, and numerical and weight damage percentages.

s o . . §'L.a
Rtdncaad T t-value df P
Kernel type Mean + SE
03y 30.1+£0.25
z oo - Damaged (n=210)
‘ . g
(p A ) als 05 3192 2276 0.002
Kernel weight (mg) L 34.7+0.25
Undamaged (n=225)
LRI WP 3.28 £0.25
- Numerical % (n=210)
2o A3 8258 209  <0.001
Damaged % sl 277022
(n=210)

Weight %
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