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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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Table 1. Compare the results of multiple linear regression model to predict the enzyme activity 

 ��0�.Treatment ME RMSE R2 

���*  
Control 

0.009 0.004 0.70 

P. expansum 0.21 0.22 0.53 

����  ���+, 

Plant extract 
0.17 0.13 0.46 

� ��0�� Q��R - ����  ���+, 

Plant extract + Pathogen 
0.28 0.33 0.45 

  

                                           RMSE: Root Mean Square Error 

                                           ME: Mean Error 

                                           R2: Coefficent of Determination 
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Table 2. Compare the results of artificial neural network to predict the enzyme activity 
��0�. Treatment ME RMSE R2 

���*  
Control 

0.002 0.001 0.85 

P. expansum 
0.13 0.14 0.71 

����  ���+,  
Plant extract 

0.11 0.09 0.75 

� ��0�� Q��R - ����  ���+,  
Plant extract + Pathogen 

0.17 0.20 0.70 

  
                                           RMSE: Root Mean Square Error 

                                           ME: Mean Error 

                                           R2: Coefficent of Determination 
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Table 3. The features of neuro-fuzzy model to predict the amount of enzyme activity 

 ��0�.Treatment 
 0�'�" $'�-"

@��{= 
�'�4" 

 0��" ��,

@��{= 
 D����
�$�� ($�) �3��$ D�� 

���*  
Control 

3 80 gaussmf 
���.
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Hybrid 
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Weighted Average 

P. expansum 4 150 gaussmf 
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� 

Hybrid 
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Weighted Average 

����  ���+,  
Plant extract 

3 150 gaussmf 
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� 

Hybrid 
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Weighted Average 

���+, � ��0�� Q��R - ����   
Plant extract + Pathogen 

4 150 gaussmf 
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Hybrid 
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Weighted Average 
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Table 4. Evaluation of error criteria for ANFIS model on prediction of enzyme activity 
 ��0�.Treatment nRMSE RMSE R2 

���*  
Control 

0.002 0.001 0.89 

P. expansum 0.10 0.11 0.79 

����  ���+,  
Plant extract 

0.06 0.05 0.78 

� ��0�� Q��R - ����  ���+,  
Plant extract + Pathogen 

0.11 0.14 0.75 

                                                 RMSE: Root Mean Square Error 

                                                 R2: Coefficent of Determination 
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Fig. 2. Index relative improvement of linear regression models to predict the enzyme activity in four treatments
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Nutritional effects of apple trees on Cytospora canker severity (Cytospora cincta) in Semirom orchards 

 

A. HEIDARIAN���� and M. TADAYON NEJAD 

MSc. 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 Cytospora 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 

Mean low Temperature (monthly) (°C) Mean high Temperature (monthly) (°C) Annual precipitation (mm)             Year 
6.58 17.25 386.1 2014 
7.43 17.97 370.1 2015 
7.12 17.64 520.7 Average (2002-15) 
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Table 2. Characteristics of the soil in the experimental site 

Soil depth  Clay Silt Sand TNV OC  EC  
pH 

P K Zn Cu Mn Fe  Gypsum 

(cm)  (%)  (dS/m) (mg/L)  mg/100 

0-60 
 

55 37 8 55 1.03 
 

1.04 7.5 43 
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Table 3. Ranges of ohysical and chemical properties of the soils (0-60 cm) in the experimental trial site 
CaSO4 EC 

pH 
OC TNV  P (ava.) K (ava.)  Sand Silt Clay 

Orchards 
Depth 

mg/100 dS/m %  mg/kg  % cm 

9-15 0.4-1.2 7.4-7.8 0.33-1.77 18-38  1.8-33.3 170-956  19-86 32-50 35-57 Healthy 0-60 

9-20 0.51-1.1 7.3-7.8 0.56-2.11 25.5-50.5  2.2-33.2 300-750  11-29 32-38 27-37 Infected 0-60 
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Table 4. Concentration reference determined from leaf macro and micro nutrients contents at 90  

DAFB in Golden Delicious cultivar in healthy orchards 

Cu Zn Mn Fe  Mg Ca K P N 

mg/kg % 
11.13 16.87 27.04 88.12 0.96 2.06 1.37 0.17 1.89 
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Table 5. DOP and ΣDOP 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* 

Lab. no. ΣDOP 
DOP 

N 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 

429 277 -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 k -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 5.41 -6.76 36.656 6.52 8.76 

* :��?�;�S�V<;� �#)�;FW �:�6X !Y
� Q? 8��� Z_�
 !TS�	S q�<;�� +1  �;?�T��  	T1� 0;
  ���TY-�� ��T� C  �T��   ��T� h�T<� �N�   a�T	  0; �T7� 0��   `T�

)Bergmann 1992 .(A)|X ��� )k ( � (+)!�  � 
� "
C � ��
% � �Z/ � C � � !� A3YS �;�#) C!6
�� )� (A<;.  
*: 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 

% 

N0K0Ca0 1.07e 0.88c 0.69g 
N0K0Car 1.08e 0.82cd 2.88a 
N0KrCar 1.01e 1.25b 2.14c 
N0KrCa0 0.99e 1.22b 0.98ef 
N0K2rCar 1.03e 1.77a 2.09c 
N0K2r Ca0 0.97e 1.73a 1.03e 
NrK0Car 1.51d 0.84c 2.10c 
NrK0 Ca0 1.53d 0.77cd 1.30d 
NrKrCar 1.48d 1.23b 2.20bc 
NrKr Ca0 1.45d 1.23b 1.04e 
NrK2rCar 1.52d 1.69a 2.17bc 
NrK2r Ca0 1.50d 1.65a 0.87f 
N2rK0Car 1.56cd 0.76cd 2.30b 
N2rK0 Ca0 1.98a 0.68d 1.25d 
N2rKr Car 1.67bcd 1.25b 2.10c 
N2rKr Ca0 1.93ab 1.25b 1.07e 
N2rK2rCar 1.70abcd 1.72a 2.15bc 
N2rK2r Ca0 1.83abc 1.77a 1.10e 

LSD 0.2922 0.1484 0.1574 
CV(%) 12.33 6.99 5.74 

* :) 8�V< �� �?
oS�
C !��1) m��� �� ��  h�	V�; bc< �? m|V-; `_;�� 8�)0� q�<;��� %67) m|V-;
 �S�;�S �;?.  
*: 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* 

Treatments 

Final mean canker lesion size 

(mm2) 
 

The Area Under the Disease 

Progress Curve (AUDPC) 
 

Disease reduced (%) 

2013 2014 2013 2014 2013 2014 

N0K0Ca0 1551.00a 985.00a  1425 2301  0.00 0.00 
N0K0Car 1491.00ab 879.00ab  1373 2130  4.62 10.76 
N0KrCar 1139.00fg 537.67hij  1035 1589  26.58 45.41 
N0KrCa0 1180.00f 580.33ghi  1065 1558  23.90 41.08 
N0K2rCar 949.70h 360.33k  810 1120  38.77 63.42 
N0K2r Ca0 1092.00g 492.33ij  1036 1381  29.59 50.02 
NrK0Car 1358.00cd 778.67bcde  1323 1955  11.28 20.95 
NrK0Ca0 1376.00c 759.00cdef  1253 1911  12.42 22.94 
NrKrCar (recommended) 342.00k 159.67l  247 458  77.95 83.79 
NrKrCa0 355.30k 177.67l  261 480  77.09 81.96 
NrK2rCar 837.30ij 454.67jk  737 1118  46.27 53.84 
NrK2rCa0 882.00i 496.33ij  781 1192  43.13 49.61 
N2rK0Car 1440.00b 826.67bcd  1370 2107  5.01 16.07 
N2rK0Ca0 1473.00b 840.33bc  1345 2091  7.14 14.69 
N2rKrCar 1320.00d 722.00def  1225 1850  14.87 26.70 
N2rKrCa0 1350cd 750.33cdef  1250 1898  12.94 23.82 
N2rK2rCar 1250.00e 650.33fgh  1150 961  19.39 33.98 
N2rK2rCa0 1270.00e 670.33efg  1214 1880  14.87 31.95 
LSD 46.85 115.8  - -  - - 
CV(%) 12.46 11.29  - -  - - 

* :) 8�V< �� �?
oS�
C  �? m|V-; `_;�� 8�)0� q�<;�� !��1) m��� �� �� h�	V�; bc<� %67) m|V-;
 �S�;�S �;?.  
*: 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

in leaf of Golden Delic
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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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Table 1. Wheat genotyp reactions to leaf rust in 2015 to 2016 in 

Ahvaz station 

 
Wheat genotypes 2015 Wheat genotypes 2016 

1 Neyshabur 50S Neyshabur 50S 
2 Kavir 80S Kavir 90S 
3 Shirodei 10MS Shirodei 50S 
4 Shiraz 40MS Shiraz 50S 
5 Shahriar 80S Shahriar 70S 
6 Sistan 40MS Sistan 50S 
7 Sirvan 0 Sirvan 30S 
8 Star TMS Star 5MS 
9 Aflak 5MS Aflak 20R 
10 Roshan 60S Roshan 90S 
11 Chamran 30MS Chamran 50S 
12 Toos 70S Toos 60S 
13 Veerynak 60S Veerynak 70S 
14 Bahar 30MS Bahar 60S 
15 Bolany 80S Bolany 80S 
16 Bam 50S Bam 50S 
17 Inia 30S 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) 

+�,��U
 V���" 
S.O.V 

 
���C 	3���  

Degrees of Freedom 
+�2�," W��M" 

Sum of Squares 

+�2�," :�X���" 
Mean Square 

Year K�&  1 22503862.84 22503862.84** 

Stress 1.
 T)>�e.( 1 62384226.34 62384226.34** 

YS >�e.*K�& 1 8144218.84 8144218.84** 

Rep(YS) >�e. � K�& >��$ �'�e" 8 1916803.03 239600.38** 

Genotype "�D_
` 19 27525069.55 1448687.87** 

YG "�D_
`*K�& 19 19722392.41 1038020.65** 

SG "�D_
`*>�e. 19 13250524.25 697396.01** 

YSG "�D_
`*>�e.*K�& 19 5660097.75 297899.88** 

Error �X? 152 18340270.30 120659.67 

Total  239 179447465.3 
 

             ** )=.
 �$ �'$  uX&�        %** Significant at 1%A CV=11.08%  
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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) 

���Y  
NO 


������ �� ����  
Wheat genotypes 

"�X���	��� �,<>�Z :  
Mean grain yield (tha-1) 

	��� ��[� ��9 
1000 grain weight(g) 

1 Ofogh 3894.4a 33hi 

2 Aflak 3845.1ab 38c 

3 Bahar 3798.9abc 35fg 

4 Alvand 3738.1abcd 34gh 

5 Star 3708.3abcd 42b 

6 Neyshabur 3619.6abcd 37cde 

7 Sirvan 3593.9abcd 43a 

8 Veerynak 3535.6abcd 34ghi 

9 Sistan 3482.1abcde 38cd 

10 Chamran 3377.1abcde 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) 

 ,�] �����  
without leaf rust  

 �����  
under leaf rust  


������ �� ����  
Wheat genotypes 

"�X���	��� �,<>�Z : 

Mean grain yield 
(tha-1) 

 
	��� ��[� ��9  
1000 grain 
weight(g) 


������ �� ����  
Wheat genotypes 

"�X���	��� �,<>�Z : 

Mean grain yield 
(tha-1) 

	��� ��[� ��9  
1000grain 
weight(g) 

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 3334.3 31.7 
Ofogh 4245.1  35.3 Shiraz 3093.1 28.9 

Veerynak 4153.4  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  42.4 Chamran 2935.3 35.3 

Chamran 2 3828.2  39.7 Veerynak 2917.9 30.4 
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 34.7 

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 25.5 

Shiraz 3368.7  36.3 Toos 2441.6 25.5 
Roshan 3221.7  40.2 Roshan 2108.8 32.1 
Shirodei 3036.8  38.6 Bolany 1902.9 23.1 
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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 = &�FW �?��
+)" #� N  ; TOL = Tolerance Index = R	1" �?�� ; STI = Stress Tolerance Index=  �?��
+)" #� R	1" ; MP = Mean Productivity= . �?��
hD�
���� \ ���  ; GMP = Geometric Mean Productivity =  . Z
hD�
 Z&�)� \
  ��Z�� ���  ; YSI = Yield 

Stability Index = �- �?����'�� $�e�	3  ; YI = Yield Index = $�e�	3 �?�� ; PYV = Percentage yield variations of each cultivar =  l" �ZI�$ Z

 �'�
t[� �� $�e�	3  
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Diet of the Long-eared Owl in Alborz, Esfahan and Hamedan provinces through  

pellet analysis with emphasis on rodents 
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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. 1. Signs of pellets and faeces, right) bellow pine trees in Mehr
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Fig. 3. A Long-eared Owl on a Cypress tree in Bahar, Hamedan province (photo by A. Khaleghizadeh)
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14 175 NA 54 0 4 3 76 0 0 120 0 
2	�� !$�<& 

No. of pellets 
Karaj 

17 175 160 66 0 4 3 87 0 0 
1 Quail, 

81 Sparrow 
0 

2	<> !$�<& 

No. of prey item 
Karaj 

5 160 NA 44 51 8 1 0 42 0 53 12 
2	�� !$�<& 

No. of pellets 
Esfahan 

5 160 165 52 58 8 1 0 46 0 

1 cf. White-eared 

Bulbul, 1 Myna 

or Starling, 

6 sparrow 

12 
2	<> !$�<& 

No. of prey item 
Esfahan 

1 216 NA 93 71 2 0 58 1 2 36 1 
2	�� !$�<& 

No. of pellets 
Hamedan 

1 Crocidura 216 258 113 75 2 0 65 1 2 
1 Budgriegar, 

15 sparrow 
1 

2	<> !$�<& 

No. of prey item 
Hamedan 

20 551 NA 191 122 14 4 134 43 2 211 13 
2	�� !$�<& 

No. of pellets 
Total 

22 551 583 231 1333 14 4 152 47 2 

1 Quail, 

1 Budgriegar, 

1 White-eared 

Bulbul, 1 Myna or 

Starling, 102 sparrow 

12 Coleoptera 
2	<> !$�<& 

No. of prey item 
Total 

 

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

  L�� 

Length  
Q�R# �7S 

Greater diameter  
T1�% �7S 

Lesser diameter  
��� 

Weight  
����U  
Title 

Karaj 

  N=55 N=54 N=46 N=75 &�
� ���6�  
No. of pellets 

  14.0 mm 10.3 mm 10.0 mm 0.2 g �V%��N  
Maximum 

  64.0 mm 25.5 mm 21.4 mm 4.9 g FS��N  
Minimum 

  33.09 mm 18.08 mm 14.92 mm 1.69 g W��
.  
Average 

Esfahan 

  N=71 N=82 N=82 N=55 &�
� ���6�  
No. of pellets 

  73.0 mm 28.0 mm 22.8 mm 5.0 g �V%��N  
Maximum 

  21.7 mm 14.3 mm 10.8 mm 0.9 g FS��N  
Minimum 

  38.9 mm 19.7 mm 16.3 mm 2.50 g W��
.  
Average 

Hamedan 

  N=32 N=121 N=128 N=40 &�
� ���6�  
No. of pellets 

  61.0 mm 51.9 mm 19.6 mm 4.3 g �V%��N  
Maximum 

  18.3 mm 10.7 mm 5.2 mm 0.6 g FS��N  
Minimum 

  33.9 mm 16.9 mm 12.7 mm 1.9 g W��
.  
Average 
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\�	OO� ��OO/��)$ � �OOK��$ ��OO<\�Q) ($) rOO
&�& 2OO�q�  �m� 

�A�! ( � !�� 
5$�$�� _��"-
� �/O� 2	<>�   ��O�  2O� V�O��) 

Microtus epiroticus !�� (Korpimaki, 1992) .2	�� 2<\�Q)  ���

b	�     ,�"O#$ 
Z�O� T�	O� �! ��O� ����  �/���O�!   �! 2O
.�&

T�#9ooo  9oo� �� t�x5$ . �]�. ,�"I�! 
&�<\�Q) 2*Q4) �!

!�� r\�[ 6��K�5 .525�	 E+) ($ ��    ,�O"I�! ?O#�& 2. 
���

  & rO��7& _��O"	. � 2>�D$ ]�.  BO
\�<� ?O#�    
5�O35$ ��O�

!�� 2"��� ���A� b	� �� ����   2O.     �O��! rO�[$ �O� 2O	��

�5!�� es�. ,$�$�5�"3K ��5�
� .  �O� ,���5��q�/nl   �OA�!

�5!�� r\�[ 2	<> .T� ��� Microtinae X�)  �$JO[ 67� _��&
 

 _�$�5!�� �N� . �"5�� T�9n/p�  �A�! ($  ��O� B��� ����*�

 �!2	�� ,��!  E
/-& $� ��
) !$! �O5 .  
c5�OI '�O)�   _
O)�!

 2. !�� �����/� ,$�$�� 25��Ll/�n  �A�! ($ E
/-& $� ���*�


OO)  !$!(Seckin and Coskun, 2006) . �! �
\�NOO�$ _
QOO3��

2	�� b	� ��� T�# 2�A�� �! ��� ����   ��O��nnl   �O&9ooq 

 2. !$! ,�-5nm % 2O	<> ($  �O��   �O5!�� 
�$�+OA T� )Yosef, 

2009 .( �,$��$ �!2	��  �N� ���($�! '�� b	� E�$( ($  ����

 ��(Khaleghizadeh et al., 2009)  2.  �! ,���O5��nn   �OA�!

 ($9lo "�$! !��� 2	���4 . �O�   :�O#$9l�    
��O#�4� 2O	<>

����   BO�$! !�O�� ��( r
.�& : ,���O5�� p/qp   �OA�!) �!

�-5 
��#�4� 25�� �Q#�(25�� �   EO
��� ���p/9m   � �OA�!

 ��O4� E
��� Tatera indica �/�p  �OA�!  2O
*� �   ,$�$�5�"O3K

_
)$�� '�) E)�� ��� 
��#�4� Nesokia indica 25�� �   ��O�

!��� ��-D � E
���  ($ �"	. t$�. �� �����I�  �A�! ($ E.

2	<> !$�<& 2	�� �! ��� B��� ��� ���5!�� .25�� E
��� ���

2�� es�.     s�O�� EO
��� y��O	"D$ ��5�O-5 
��#�4� 2. �$ 


(Gerbillus nanus)  
O)  �4O��� .(Khaleghizadeh et al., 2009) .

2	�� _
4�	� b	� ���    ,$�O�$ 2OQ*5 2# ($ ��� ����)  BO7&

!0� � ��5$ ��
-	�( ($ 2. !$! ,�-5 ��op  ���)� B#! 2� 2	<>

 �=��*& ,���5��lo % 2O	<> E. ($    
O) E
/O-& $� �O� ! �O5!$  �

25��    
S�O	"�$ T� ��O�)Microtus socialis ;q/9L (%  '�O) �

)Mus cf. abbotti ;9/�� (%X�) �&�25�� _ ���  �O5!�� ,���5�� 

(Obuch, 2011).  
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 ���"3)�� d4� ,��@A$ �! ($�! '�� �N� r\�[Cricetulus 

)�l/Ll(%'�OO) d4OO� ,$�OO	� �! �  �OO�Mus )�o/qL (% �! �

T� ]�OO.  �OO�Microtus )Lp/lq (% !�OO�) T��OO�� .( 2OO� %��OO"5

  � �OK��$ �
\�N�$ _
Q3�� �2
.�& %��"5 2
=� ]�. ($ ��)� B#!

  !�OO� �OO/��)�)Marti, 1976; Seckin and Coskun, 2006; 

Nistreanu, 2007; Yosef, 2009; Dziemian et al., 2012( .  %��O"5

  �!�O� �K��$ �0.�) 2*Q4) %��"5 2��-) ,��@A$ ($ ��)� B#! 2�

  BO#$(Romanowski and Żmihorski, 2008) .  EO�$( �!  y�O#�#$

 2�� ��0� ,���5��) ($ 6
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 �_
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3� �! ,$�J� .

E�$( �! 2	<> ��	S 67��       �^O�� 2O� 2O�� ��0O� ,���O5��

 ��4� E
��� !��(Khaleghizadeh et al., 2009) . %��"5 �{I��

2	<> �E�$(     y�&�O	S �O~�D 6��^OK �! ��O)� B#! 2� ���  ($

es�. 2�� �$�$! ,���5��    �"O3	� �
c5�OI '�) �45�	� �&

T� �  �OO�Mus �Cricetulus  �Microtus  �OO5!��) T��OO�� ( 2OO.

   R�O3+) �(���O-. 
~$�$ �! X�) ,���5�� �0� ��5� 2	�


)  �5��)Ziaie, 2008; Morowati et al., 2010.(  

 �! ,���5�K��2	  �O��  5�O)��
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O	. ��
O3� 
O5$�$��


) E
/-& !�5!$ . E. �!�o 2	�� ,��! ��5�K 25��  
��#�4� ��

 ,� 2O	� � ��    eO-x4� 2"O#$� ($ �O�   �O5!�� ,�5�O#.   ,�O
) ($

    
O"I�! eO-x4� �,���O5�K)Passer montanus ( �  eO-x4�


c5�I )Passer domesticus(  ,$�$�O�   _��O&  2O5��  � �O5!��po 

 �A�! ($  
O) E)�O� $� ,���5�K  �5�O� (Nistreanu, 2007) .  �O�

 �! ,���5�K ��~�D 6��^K %��"5 :�#$o/qo % 2O	�� ($   ��O�

 �! �]�.L/9p %2	�� ($   � ,��@OA$ ���q/�q % 2O	�� ($   ��O�
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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. BEHBOUDI���� 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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Fig. 1. The effect of millet and grain solid state substrates on 

the production of spores at 1% 

 
.���!  + ��/	� ��� ��� �
a�) ��1!  
�' >
� ��)  ^&��

 +��BZ!   �� �Z�  � *Z� Streptomyces griseus� S. purpurascens 

N0035 �thermotolerans  .S �K��&. * �&'�# . �ZB&^�   ' ' +�Z%&

c	�4
 �B#�� ��1! �   '��ZL�.y × �H�k�.y�× �H� �'  �Z� 

N�� ^&�� 4!  . ���"�:�  ^&��n� +��B!  8X �BC�
�   (Z!�"K

 ��� a�)�
 �K�B9�B!  ��?& EC� 0� �� *Z"�  �Z9:
�   '�Z�)Soares   

et al., 2007( .  

��K
4 9
[
�� #�) �' N�"� ��?! � *& '
( 8�K ' �K� 

4!  +� '�� *� �}V"K .��L N�"� *& '�    f�Z� *BZ!�%&� Z"c
 

�/�G �UK �' �P�'�*C  ��'� �Z- �U� Z�M� � Z
���  Bc"ZP �
  . 

?`
@  ^&�� ��?! %�/GG�  � K
  + �) ��� a�)
� 0&��i  �'�\B! 

 '�#)Ellaiah et al., 2002 .(  �'�: UV)
T &
0  a�) ��Z{"K *� Z
� 

�K�B9�B!  ��?& �EC 0� ���*" �9
��:  �&. *��K�K�B9�B! � EZC 

��� �BC� ���   IZ�BJK �K�� N�Z$&    �Z� �ZB& ��^  +�Z%& ' ' 

�B���: �BC�  ��� a�)
� ��1!  �K�B9�B! � �EZC  *Z& '  N�Z"� � 

*& ' +.�  )�H�H×�/� � �H�H ×�/h �' �n N�� VK
_ 4%# (

 4!  �'��) @/��.(  

-��K� .��� ����  "���*$�� ����� �	 : ��Z&.  &�ZK
   ��1Z! 

Streptomyces carpaticus UTS49 E9  . n�  ��ZK  �Z

�)  @Z��` 


���) 4� �& �K  *� ���K +�K. 4
c	� ��1!   >��Z#  *ZB��� 

 

a
b

c

0

2

4

6

8

10

12

wheat seed milet seed SCA

C
F

U
 (

L
og

)

treatment



+���3�	 " �4���% ���&� : ����� ��	
��
 ��

 
���� ��������� ��������� ��Streptomyces carpaticus UTS49   ����� �
� ! "... ��

4! . �' �K.��%
 �� *#� ��&. &�K
 Streptomyces carpaticus 

UTS49  N�$&  ����BC�   N�Z"� *Z& 'k�K�B9�B!  EZC�  �Z& �)
� 

�)f��� � ��-& �'� �B#�� ��1! �   *Z� 4?C& ��K >� .  E9

  � ' +.�  *& ''�� ) @/�h.(  

  

  

  

  

  

  

  

  

  
 R/;TS  �K�� ����BC� �S  
!���*& '   �Z� +.�  � N�"� ��Z&.  &�ZK
 

� ��-&�  ��1! Streptomyces carpaticus UTS49 �'  xw!G% 

Fig. 2. The effect of millet and grain solid substrates on 

viability and spores maintenance of Streptomyces carpaticus UTS 49 

at 5%. 
  


�� �	
��
� ����� "� M'�G�� C
� " ��
 "�D  -B� 

E"� " 
I��H  ����� FG����� 	
#� : :Z�   
Z!���  +�Z%& ' ' 

�KZZ� �ZZ&. **ZZ� �� Streptomyces carpaticus UTS49 ��� 

���BC�� P�Q �� �K��4
  Z%# �)�	&
    4Z?OK �ZS  +� *BZ� ' 

4!  .*& ' N�"� �  *Z& ' +.�   ��BZC�  (Z!�"K   �Z��   0Z� >� 

P�Q4
 %# �)�	&
  :� �B#��� �&'�� ) ]����.(  

�' ZZZ%��u9
 ZZZC&�B9@
 #�)�	&ZZZ%
 ���ZZZ}A ��B#�ZZZ� 

hydrogenans Streptomyces  �ZZZ)�	& �ZZZ� �� �'Meloidogyne 

incognita   ���Z) @Z��` ��p *�
    �Z\) >��Z# jZA��5�   iZJ)

)�U)�?� �HH �P�' (e�K � �  �Z
K ��f  :Z! N�'  >
Z� .  �G �

 .  �c��� �� 4A�! )Kaura et al., 2016.(  

i� :
"R Ruanpanun et al. (2011) +�%& �&' '  *Z#  *Z� �� 

Streptomyces sp. CMU-MH021 (?! >��#  5��Z\)  iZJ)  *Z� 

+ 0
K �/;; �P�' � >� 0�  e�K � �
K *�  + 0Z
K ��  �ZP�' �' 

*C��UK �� ���� )*� (
)�) �� + 0
K �/�� � �/;  �ZP�'   5��Z\)

iJ) � e�K  � �
K  ��f( �&�� . ���* Streptomyces avermitilis 

Manp (?!  >��Z#  �Z\)�5  iZJ)  *Z� K Z
+ 0 ��/�G  �ZP�' � 

 0� �> e�K  �  K
� ��f *� K Z
+ 0 G�/��  �ZP�'  ��Z�  4Z!  

)Jayakumar, 2009.(   

���

 +�N�� ������� ����� � 
�!�
� �� �
� 4 ����� 

���� �	
# �� ���G'# :^��B& >��K.� *&�J�� �  +�%& ' ' 

'����# ����BC� 
� 8X I�BJK jA�� >��# ���CQ �)�	& 

*%�� 
��� ��� *��� 
-&�� ��� 4!  .
!��� �� +�%& �' ' 

��	
) *& ' N�"� � �	� �� ��1!  ��B#�� �' *C��UK �� �����	
) 

*& ' +.�  � �	� �� ��1!  ��B#�� � SCA �S  ��B�� �� >��# 

' �c) iJ) �)�	& � �Q�� ]�� � ' �c) ]�� ��� *%�� ��
� 

4?C& *� ��	
) ���� *B� ' 4!  .�Q�� ��� ���� ��
� 

)]�p � +.� ��
� (�' ��	
) *& ' N�"� � �	� �� ��1!  ��B#�� 

>� 0�  +�%& ' ' )]��� ;( .  

�' 
%��u9 Kaura et al. (2016) 4a�c�  Z%#�)�	& ��Ua��
  

S. hydrogenans   �Z� �'�_  *Z&�J��  �  Z!���
  �Z&'�# . �ZB&�^ 

!���
  ' ' +�%&S. hydrogenans strainDH16 a���BK �
4  �Z�� 

+� K
 & �)� *� + �"A %#�)�	&
  �:	 �'�\B!  '�� � ��bA �� 

 ��:  �:  ���* jA��  0� �> ��� �
�� &
0 ��� 4! .  

"[	�
:  �' Z!���
 Kim et al. (2011)  �BZ! �: KK1024 

Streptomyces sampsonii  *Z�  + �Z"A � Z/
 .   @ZK �A  TZ��K �' 

]�B"# .�BC
 ��cK
 �� .SW)
�  ���*�� �� +.� ��*% & Z
0  @Z��` 

*��) �'�� 4!  a�)
� ��*% (?! ���  N �&  ��Z�   �Z�
� � �' 

B&
*$  0� �> 4K��UK �
�� �'  �Z� ��  *Z�	L  @ZK �A �
  0���Z	 .  

*�	� ���)�	& K
 '��.  

��'!���N�+� �6U � ��
I�"N ��� J����� 
�!�
�: 

^��B& :�  T
UV) +�%& ' ' *# 
&�K. *# EC��K�B9�B!  ��� 

����BC� �K�� 4%# �' ' �� 4?C& *� 
Ba�L *# ��� SCA 

4%# �' ' ��� ���` �0
&��# 
��""# ��)f�� *B� ' 4!  .

:��B�� �0
&��# ��""# *Uw"K *%�� _!�) ��	
) *& ' N�"� 

� �	� �� ��1!  ��B#�� '�� )���] y.(  

  

a a b
d

b c
d

e

0

2

4

6

8

10

12

after drying after 1 
month 
storage

after 3 
months 
storage

after 6 
months 
storage

C
F

U
 (

L
og

)
timeW.s S.s



�����
 " 7�%8    �	��# ��	 : �'�9: .���; (< ���
*; (<=>? ��

 �"��VS C&�1!�! �S 
 +� ��1! carpaticus UTS49 S. ��  �)�	& ]�B"#Meloidogyne javanica  �' _� �� ��-%��K.� 

Table 1. The effect of spore suspension of S.carpaticus UTS49 on Meloidogyne javanica in vitro 
J2 mortality (%) Egg hatch (%) Treatment 

70.33 a 23 b Streptomyces carpaticus UTS49 
11.6 b 83 a control 
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Table 2. The effect of millet and grain solid substrate containing Streptomyces carpaticus UTS49 on Meloidogyne javanica in vitro 

J2 mortality (%) Egg hatch (%) Treatment 

78 b 11.3 d Wheat seed 
84 a 16.6 b Milet seed 

71.3 b 23 b SCA 
11.6 c 83 a Control 
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Table 3. The effect of millet and grain solid substrate containing Streptomyces carpaticus UTS49 on Meloidogyne javanica in vivo 
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28.8 a 15 a 6.7 a 1.5 a 0.8 e 5.8 e 650 e 2.9 e 5114 e Wheat seed + S. carpaticus UTS49 
28.1 a 14.8 a 6.5 b 1.5 b 1 d 6.6 d 730 d 3.3 d 5900 d Milet seed + S. carpaticus UTS49 
27.5 b 14.2 b 6.2 c 1.2 c 1.4 c 10.4 c 1240 c 4.3 c 7360 c SCA + S. carpaticus UTS49 
26.5 b 13.9 b 5.8 d 1.1 d 1.8 b 11.5 b 1500 b 4.7 b 8000 b Spore of S. carpaticus UTS49 

19.1 c 8.2 c 4.6 e 0.7 e 2.6 a 29.4 a 3114 a 8.5 a 13912 a control 
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Table 4. The effect of millet and wheat grain solid substrate containing Streptomyces carpaticus UTS49  on colonization of tomato rhizosphare 

CFU Root colonization Trearment 

108 a  × 8.9 105 a  × 2.5 Wheat seed + S. carpaticus UTS49 
108 ab  × 6.5 105 b  × 1.2 Milet seed + S. carpaticus UTS49 
107c  × 1.2 104 c  × 5.5 SCA + S. carpaticus UTS49 
107 c  × 0.9 105 c  × 4.8 spore of S. carpaticus UTS49 

d 0 d 0 Control 
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Detection and phylogenetic analysis of Iranian Fig mosaic emaravirus isolates  

on the basis of the gene encoding Nucleocapsid protein (NP) 
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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. 
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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 

Sequenced isolates Infected samples Collected and Tested 

samples Region Province 

No     No               % No   

1  2               66.6  3  Varamin Tehran 
3  4               57.1  7  Jahrom 

Fars 
4  4               100  4  Estahban 
-  3               100  3  Iej 
-  3               100  3 Karft 
-  -                  -  3  Sirch Kerman 
1  2               28.5  7  Astara 

Gilan 
2  2               33.3  6  Lahijan 
2  7               77.7  9  Tonekabon Mazandaran 
1  3               60  5  Saveh Markazi 
-  -                  -  4  Zarch(Sarcheshmeh) Yazd 

14 30             55.5 54  Total 
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Table 2. Sequences of the primers used in amplification of FMV nucleocapsid protein 

Annealing region Expected size Nucleotide sequence of primer Primer name 

Nucleocapsid Protein 950  
5’ CCATGGCACCTAAGAGTAAGACTAC  3’ 

5’ CTCGAGAACATGAGCACTTGCAATC 3’ 

FMV-NP(Forward) 

FMV-NP(Reverse) 

  

+(�	( 3$ �!$�F* �!  �3���@ � 
=
Q$3�4 S�5/ !��� �� ��

�! ��(� 
�!�E�   ( }:]'4 $>]�{$ 6�43� �]�!�2    3$ x]? 
]E�

  6�]43� .�&($RT-PCR      ;��]�� �
]a�h"i$ ��]���3�j� �]�

FMV    �! I]#$ D]=	4 v�p�4 D�$ +@ ���!�� 
���!� ��(� �!


�C�� �� � ��
� �! ;���� IW�j 6!�� S@ ��$   ���]N"4 ���

+�$�� �! 
=�_�E��# ���� 
#���� ��� .   3$ �]2�! 
]i�� �!

 +](�	(   ;��]]�� �S]]�5/ !�]�� �]]� �]]�FMV   3$ R]]� �
]]� �]�

6�43�  � $>�{$ ���RT-PCR �'( 
���!� ��(� �! . S�5/ !���

+(�	( D�$ �! 
4 ��     ;��]�� ���]# !�]�� 3$ 
]��( �($�*   ��]�

���	
� T
[o 3$ ���� �
&($ �$3:  
 

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  

et al., 2014). 
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Table 3. Accession numbers, hosts and origins of Fig mosaic emaravirus(FMV) isolates/strains analyzed in this study 

Host 
Isolate 

Name/strain 
Protein-ID 

Nucleotide Accession 

Numbers 

Origin (Number 

of isolates) 

Ficus carica Aust AQR59327 KU674950 Australia(1) 

F.carica CAN01 AEI98678 HQ703345 Canada(1) 

F.carica VA22, JA1, 

JA2, JA3,  

ES1,ES2, 

ES3, ES4,  

AS1,LA2, 

LA4,TO4,  

TO7,SA5 

- MG880766,MG880758,  

MG880759,MG880760, 

MG880754,MG880753, 

MG880755,MG880756, 

MG880757,MG880761, 

MG880762,MG880764, 

MG880765,MG880763 

Iran(14) 

F.carica GR10, IR-1 CAX21211, BAU20387 FM991954, LC002800 Italy(2) 

F.carica cv. Hourashi, F.carica cv. Hourashi, 

F.carica cv. Athenes, F.carica cv. King,  

F.carica cv. Lisa, F.carica cv. Panachee,  

F.carica cv. Violette de Sollies 

JS1, JF1,  

JTT-At, JTT-Ki,  

JTT-Li, JTT-Pa,  

JTT-Vi 

BAM13802, BAM13803, 

BAM13805, BAM13806,  

BAM13807, BAM13808,  

BAM13809 

AB697843, AB697844,  

AB697846, AB697847,  

AB697848, AB697849,  

AB697850 

Japan(7) 

F.carica SB1, SB2-2, 

SB2-3, SB2-4, 

SB2-5, SB2-6 

BAM13810, BAM13811,  

BAM13812, BAM13813,  

BAM13814,  BAM13815 

AB697851, AB697852,  

AB697853, AB697854,  

AB697855, AB697856 

Serbia(6) 
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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. 
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��� �(�� �M- �� ��� .�� ;��European mountain ash ring spot associated virus (EMARaV)(KJ439589)  6$�,/ +�outgroup !�� f�:"($��.  
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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Fig. 4. Phylogenetic tree constructed using amino acid sequences of FMV nucleocapsid protein coding region of 14 Iranian isolates in 

comparison with 17 related FMV isolates in NCBI. Genetic distance and Cut off are 1 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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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 φ29 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 U1, 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 U1 

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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(�� � 6��>�H�� �$ !�   J]+( ��]� �$($ 6�&' i�(� �� 7

N :    QD�]+ $�]:' !]'�	') ��]0� � 4( ]�;��( 7 �5'�]&' :DNA ladder mix 

(SMOBio, 1 Kb). 

Fig. 2. Electrophoresis pattern of PCR product from Nanovirus-

infected chickpea samples using Nanovirus specific primers. Name 

of  the host and province and non-infected chickpea were typed at the 

top of each lane, Marker: DNA ladder mix (SMOBio, 1 Kb). 

  

  
B�/ >C  4��]���"=D( A�-'� $�6((�  ]�g*
    4( �$�G"]+( �]� ��]� f

($ A��� 6�d�a ��RCA  !� ����2� (���! (�'(�
FBNYV . 2 /�]'
  � 6�]�>

(���H�� �$ !�    J]+( ��]� �$($ 6�]&' i�(� �� 7N :    QD�]+ $�]:' !]'�	'

)��0� � 4( ]�;��( 7  J]ol2 ���]� :Kit positive control 7 �5'�]&' :DNA 

ladder mix (SMOBio, 1 Kb). 

Fig. 3. Electrophoresis pattern of RCA product of 3 Iranian 

FBNYV isolates. Name of the host and isolate. None-infected 

chickpea typed at the top of each lane, Marker: DNA ladder mix 

(SMOBio, 1 Kb). 
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*�EdU1kb   �]� �$

$�� 
2 ����&2 i�(� . ��� !"��' i�(� �� �H�� �$ !�(�� � 6��>
2 /�'

 7J+(�5'�&' :DNA ladder mix (SMOBio, 1 Kb). 

Fig. 4. Electrophoresis pattern of RCA products digestion using 

AatII restriction enzyme of 3 Iranian FBNYV isolates. Name of the 

host and isolate typed at the top of the each lane, Marker: DNA 

ladder mix (SMOBio, 1 Kb). 
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Fig. 5. Electrophoresis pattern of PCR products of 8 

components of Iranian FBNYV isolate (ker-21) using specific 

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 

Refrence Size (bp) Sequence Primer 

Kumari et al., 2009 776 5’-ATTGTATTTGCTAATTTTA-3’ 

5’-TTCCCTTCTCCACCTTGT_3’ 
Nano_F103 

Nano_R101 
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Table 2. List of primer used in this study for detection of FBNYV 

Refrence Size(bp) Sequence Primer 

Grigoras et al., 2014 ~1000 5’-CGAAGCTTCGAGGAGTATGTTAATTACGG-3’ 

5’- TCGAAGCTTCGTGGAAAGTCGAAGAGCACT-3’ 
R-F 

R-R 
Grigoras et al., 2014 ~1000 5’-  CTGTTCTAGAACACAGAGTTTATGT -3’ 

5’-GTGTTCTAGAACAGCTTTAAGAGCA-3’ 
S-F 

S-R 
Grigoras et al., 2014 ~1000 5’- ATTGTCAACTGCAGTGAATTGGATAAATTA-3’ 

5’- GCAGTTGACAATCATACCGTCTTCGTATGT-3’ 
C-F 

C-R 
Grigoras et al., 2014 ~1000 5’-TTGCGTCAACACTGACCAGAACTCC-3’ 

5’-CAGTGTTGACGCAACTCTTCTCTTC-3’ 
M-F 

M-R 
Grigoras et al., 2014 ~1000 5’-TGGATCTCGAGTCTCAGTACTTGAAGAAGG-3’ 

5’-TGAGACTCGAGATCCAGGTTGAATGTCCTT-3’ 
N-F 

N-R 
Grigoras et al., 2014 ~1000 5’-GTCTGAATTCGTTGAAGAGTCTTCTCC-3’ 

5’- TCAACGAATTCAGACTTGTGTTCTTCA-3’ 
U1-F 

U1-R 
Grigoras et al., 2014 ~1000 5’- TATGAAGCTTTCGATGAGAGAATTG-3’ 

5’- TCGAAAGCTTCATACGCCTAATCGA-3’ 
U2-F 

U2-R 
Grigoras et al., 2014 ~1000 5’- GACTTGATTCAAAGGTCGATGAAG-3’ 

5’- CAAGCGTCTTYAAATGCTGCATAAC-3’ 

U4-F 

U4-R 
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Table 3. Percentage of amino acid and nucleotide sequence identity of 8 genomic DNA of Iranian FBNYV isolates in compare of  

other FBNYV 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) 

Iranian FBNYV Isolates FBNYV Isolates 

Genome component 

C-Ker-21 C-Lor-28 C-Lor-1 

Acc. 

number 
Country Host aa 

(%) 

nt 

(%) 

aa 

(%) 

nt 

(%) 

aa 

(%) 

Nt 

(%) 

87.0 94.7 85.9 94.4 85.6 94.3 KC979011 Azerbaijan V. faba 

DNA-C 

90.2 96.1 88.5 95.7 88.9 95.8 KC979002 Azerbaijan V. faba 

83.4 93.2 84.3 93.4 84.6 93.5 KC979021 Spain V. faba 

83.1 93.0 84.0 93.2 84.3 93.3 KC979029 Spain V. faba 

82.4 93.0 84.6 93.5 85.0 93.6 KC979037 Spain V. faba 

82.1 92.4 82.0 92.5 82.4 92.6 GQ274023 Morocco V. faba 

78.5 89.7 79.1 89.8 79.4 89.9 NC003559 Egypt V. faba 

77.9 89.5 79.1 89.7 79.4 89.8 AJ132179 Egypt V. faba 

81.4 92.4 81.7 92.4 82.0 92.5 KX431393 Tunisia V. faba 

82.1 92.7 81.7 92.5 82.0 92.6 KX431392 Tunisia V. faba 

82.1 92.6 81.7 92.4 82.0 92.5 KX431391 Tunisia V. faba 

81.4 92.4 81.7 92.4 82.0 92.5 KX431390 Tunisia V. faba 

81.4 92.6 83.0 93.0 83.3 93.1 KX431389 Tunisia V. faba 

77.9 91.4 78.1 91.5 78.4 91.6 KX431388 Syria V. faba 

76.5 91.2 78.1 91.5 78.4 91.6 KX431387 Syria V. faba 

78.8 90.4 74.4 89.2 74.4 89.4 KC979022 Spain V. faba 

DNA-M 

77.2 90.6 76.0 89.2 76.0 89.2 KC979038 Spain V. faba 

78.8 90.9 75.4 89.5 75.4 89.5 KC979030 Spain V. faba 

80.4 90.8 80.8 91.2 80.8 91.0 KC979003 Azerbaijan V. faba 

85.2 93.0 86.9 93.8 86.9 93.5 KC979018 Azerbaijan V. faba 

80.4 91.0 80.5 91.1 80.5 90.9 KC979012 Azerbaijan V. faba 

76.8 91.0 73.4 89.6 73.4 89.4 GQ274027 Morocco V. faba 

72.3 80.8 73.4 81.2 69.9 81.0 AF159705 Ethiopia V. faba 

65.9 82.4 62.3 80.6 62.3 80.4 NC_003562 Egypt V. faba 

63.0 82.2 60.1 80.4 60.1 80.2 AJ132182 Egypt V.faba 

69.5 84.9 65.5 83.4 65.5 83.2 Y11407 Syria V. faba 

61.1 83.2 58.1 82.3 58.1 82.1 KX431394 Syria V. faba 

61.7 83.3 58.8 82.4 58.8 82.2 KX431395 Syria V. faba 

77.2 90.3 76.4 89.0 76.4 89.0 KX431400 Tunisia V. faba 

75.6 89.8 74.8 88.9 74.8 89.1 KX431399 Tunisia V.faba 

78.5 90.5 77.3 89.1 77.3 89.1 KX431398 Tunisia V. faba 

76.8 90.3 75.7 88.9 75.7 88.9 KX431397 Tunisia V. faba 

75.9 89.4 75.6 88.4 75.6 88.4 KX431396 Tunisia V. faba 

94.0 97.9 98.7 99.4 98.7 99.5 AM493898 Iran Cicer arientinum 

DNA-N 

97.3 99.0 91.3 96.9 91.3 96.8 AM493901 Iran V. faba 

87.5 93.3 81.5 92.3 81.5 92.2 KC979004 Azerbaijan V. faba 

86.0 92.9 84.9 91.5 84.9 91.4 KC979013 Azerbaijan V. faba 

85.2 92.9 82.9 91.9 82.9 91.8 KC979023 Spain V. faba 

84.9 92.9 82.6 91.9 82.6 91.8 KC979031 Spain V. faba 

85.2 93.0 82.2 91.9 82.2 91.8 KC979039 Spain V. faba 

86.3 93.4 84.0 92.5 84.0 92.4 GQ274030 Morocco V. faba 

82.5 93.5 79.8 92.3 79.8 92.2 NC_003566 Egypt V. faba 

86.2 93.3 83.9 92.3 83.9 92.2 KX431403 Tunisia V. faba 

85.0 92.9 84.3 92.3 84.3 92.2 KX431404 Tunisia V. faba 

86.2 93.3 83.9 92.3 83.9 92.2 KX431405 Tunisia V.faba 

86.2 93.4 83.9 92.4 83.9 92.3 KX431406 Tunisia V. faba 

85.9 93.3 83.6 92.3 83.6 92.2 KX431407 Tunisia V. faba 
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82.3 93.2 78.3 91.0 78.3 90.9 KX431402 Syria V. faba 

82.0 93.2 78.0 91.0 78.0 90.9 KX431401 Syria V. faba 

95.0 98.4 97.4 99.0 96.7 98.8 KC979000 Azerbaijan V. faba 

DNA-R 

95.0 98.5 97.4 99.1 96.7 98.9 KC979009 Azerbaijan V. faba 

90.7 97.1 91.7 97.3 92.4 97.5 KC979019 Spain V. faba 

91.4 97.3 92.4 97.5 93.0 97.7 KC979027 Spain V. faba 

91.4 97.3 92.4 97.5 93.0 97.7 KC979035 Spain V. faba 

98.3 99.3 98.0 99.1 98.7 99.3 HE663168 Ethiopia V. faba 

92.0 97.4 93.7 97.5 93.7 97.5 GQ274025 Morocco V. faba 

89.4 96.2 89.4 96.0 89.4 96.0 NC_003560 Egypt V. faba 

88.4 96.1 88.1 95.9 88.1 95.9 AJ132180 Egypt V. faba 

90.1 96.4 90.1 96.2 90.1 96.2 Y11407 Syria V. faba 

90.3 96.5 90.6 96.2 90.6 96.2 KX431380 Syria V. faba 

89.9 96.4 90.3 96.1 90.3 96.1 KX431381 Syria V. faba 

90.7 97.0 91.7 97.2 92.4 97.4 KX431382 Tunisia V. faba 

89.1 96.6 90.1 97.0 90.7 97.2 KX431383 Tunisia V. faba 

86.8 95.9 87.7 95.8 87.7 95.8 KX431384 Tunisia V. faba 

90.0 96.7 91.0 97.1 91.7 97.3 KX431385 Tunisia V. faba 

89.7 96.8 90.7 97.0 91.4 97.2 KX431386 Tunisia V. faba 

92.7 96.6 98.1 99.2 98.1 99.1 AM493899 Iran Cicer arietinum 

DNA-S 

93.9 97.6 87.3 94.8 87.3 94.7 AM493900 Iran V. faba 

90.2 95.6 89.9 95.6 89.9 95.5 KC979001 Azerbaijan V. faba 

77.0 90.3 72.8 87.8 72.8 87.9 KC979010 Azerbaijan V. faba 

88.3 92.2 81.5 89.1 81.0 89.3 GQ371215 Azerbaijan V. faba 

88.5 92.3 81.2 88.9 81.3 89.0 GQ351600 Azerbaijan Lens culinaris 

77.3 90.4 72.5 87.9 72.5 87.8 KC979020 Spain V. faba 

77.3 90.4 72.5 87.9 72.5 87.8 KC979028 Spain V. faba 

76.9 89.9 72.1 87.5 72.1 87.4 KC979036 Spain V. faba 

87.0 93.2 85.6 91.7 85.4 91.6 DQ830990 Spain V. faba 

75.5 89.7 70.4 87.3 70.4 87.2 HE663169 Ethiopia V. faba 

76.7 90.2 71.9 87.6 71.9 87.7 GQ274028 Morocco V. faba 

78.0 90.4 73.9 88.3 73.9 88.2 NC_003563 Egypt V. faba 

77.7 90.5 73.9 88.4 73.9 88.3 AJ132183 Egypt V. faba 

78.8 90.3 74.0 88.1 74.0 88.0 Y11408 Syria V. faba 

73,9 87.4 70.4 85.6 70.4 85.5 KX431408 Syria V. faba 

75.5 88.1 72.0 86.3 72.0 86.2 KX431409 Syria V. faba 

77.9 90.5 72.8 88.0 72.8 87.9 KX431410 Tunisia V. faba 

76.9 90.2 71.8 87.7 71.8 87.6 KX431411 Tunisia V. faba 

77.9 90.3 72.8 87.8 72.8 87.7 KX431412 Tunisia V. faba 

76.9 90.0 71.8 87.5 71.8 87.5 KX431413 Tunisia V. faba 

78.2 90.4 73.1 87.9 73.1 87.8 KX431414 Tunisia V. faba 

95.1 98.2 95.1 98.2 95.1 98.3 KC979005 Azerbaijan V. faba 

DNA-U1 

75.8 89.8 76.5 89.9 76.8 89.8 KC979014 Azerbaijan V. faba 

76.8 89.6 76.1 89.1 75.5 89.2 KC979024 Spain V. faba 

76.5 89.5 75.8 89.0 75.2 89.1 KC979032 Spain V. faba 

76.1 89.8 75.5 89.3 74.8 89.4 KC979040 Spain V. faba 

72.5 88.8 72.5 88.9 72.9 88.8 HE663170 Ethiopia V. faba 

70.3 88.1 70.3 87.8 69.6 87.9 GQ274026 Morocco V. faba 

68.3 87.1 68.6 87.4 69.3 87.1 NC_003561 Egypt V. faba 

68.3 87.1 68.6 87.4 69.3 87.1 AJ132181 Egypt V. faba 

73.2 87.8 73.9 87.9 73.9 87.8 Y11406 Syria V. faba 

72.5 87.2 73.9 87.5 73.9 87.4 KX431415 Syria V. faba 

71.6 87.0 72.5 87.3 72.5 87.2 KX431416 Syria V. faba 

76.8 89.8 75.8 89.3 75.2 89.4 KX431417 Tunisia V. faba 

74.5 89.3 73.9 88.8 73.2 88.9 KX431418 Tunisia V. faba 

72.5 88.8 72.9 89.1 73.5 88.8 KX431419 Tunisia V. faba 

75.2 89.4 74.5 88.9 73.9 89.0 KX431420 Tunisia V. faba 

74.8 89.4 74.2 88.9 73.5 89.0 KX431421 Tunisia V. faba 

91.9 97.2 91.6 97.1 91.6 97.1 KC979006 Azerbaijan V. faba DNA-U2 
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81.9 92.6 80.6 92.3 80.6 92.3 KC979015 Azerbaijan V. faba 

78.9 91.7 78.3 91.4 77.9 91.4 KC979025 Spain V. faba 

78.2 91.5 77.9 91.3 77.5 91.3 KC979033 Spain V. faba 

79.9 92.0 79.5 91.7 79.2 91.7 KC979041 Spain V. faba 

89.6 96.4 88.3 95.9 89.0 96.1 HE663171 Ethiopia V. faba 

77.5 90.6 77.3 90.4 77.6 90.6 GQ274029 Morocco V. faba 

59.7 79.3 58.9 79.0 59.2 79.0 NC_003564 Egypt V. faba 

60.1 79.4 58.9 79.1 59.2 79.1 AJ132184 Egypt V. faba 

69.1 85.7 69.5 85.6 69.1 85.4 Y11409 Syria V. faba 

73.2 87.8 73.2 87.6 73.2 87.5 KX431422 Syria V. faba 

78.9 90.9 78.5 90.6 77.5 90.4 KX431423 Syria V. faba 

78.5 91.4 77.9 91.1 77.2 90.9 KX431424 Tunisia V. faba 

79.8 91.2 79.5 90.9 78.5 90.7 KX431425 Tunisia V. faba 

73.2 87.9 73.2 87.7 73.2 87.6 KX431426 Tunisia V. faba 

78.1 90.6 76.8 90.3 76.1 90.1 KX431427 Tunisia V. faba 

80.5 91.4 80.2 91.1 79.2 90.9 KX431428 Tunisia V. faba 

96.1 98.4 98.4 99.2 98.4 99.1 KC979007 Azerbaijan V. faba 

DNA-U4 

87.5 93.7 88.4 93.5 88.4 93.4 KC979016 Azerbaijan V. faba 

92.5 96.3 93.5 96.5 93.5 96.6 KC979017 Azerbaijan V. faba 

79.4 89.4 78.2 89.3 78.2 89.4 KC979034 Spain V. faba 

79.4 89.3 78.2 89.2 78.2 89.3 KC979042 Spain V. faba 

79.4 89.3 78.2 89.2 78.2 89.3 KC979026 Spain V. faba 

77.8 88.3 78.2 87.9 78.2 88.0 GQ274024 Morocco V. faba 

68.6 83.3 67.8 83.1 67.8 83.2 NC_024457 Egypt V. faba 

69.0 83.3 67.8 83.1 67.8 83.2 AJ749902 Egypt V. faba 

72.5 84.3 70.7 84.1 70.7 84.2 AJ749903 Syria V. faba 

72.9 86.1 71.3 85.9 71.3 86.0 KX431429 Syria V. faba 

74.2 86.3 72.6 86.1 72.6 86.2 KX431430 Syria V. faba 

79.4 89.3 77.9 89.1 77.9 89.0 KX431431 Tunisia V. faba 

79.4 89.2 77.9 89.0 77.9 88.9 KX431432 Tunisia V. faba 

79.4 89.2 77.9 89.0 77.9 88.9 KX431433 Tunisia V. faba 

79.4 88.9 77.9 88.7 77.9 88.6 KX431434 Tunisia V. faba 

79.4 89.4 77.9 89.2 77.9 89.1 KX431435 Tunisia V. faba 
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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 MEGA6 program .Numbers on the branches indicate bootstrap percentage. In Phylogenetic analysis Banana 

bunchy top virus (BBTV) were used as outgroup. 

  

DNA_S  

 

I 

II 

  

DNA_R  

 

I 

II 

  

DNA_C  

 

I 

II 

  

DNA_U1  

 

I 

II 

  

DNA_M  

 

I 

II 

  

DNA_U4  

 

I 

II 

  

DNA_U2  

 

I 

II 

 

I 

II 

DNA_N 

  




��7�� � 9��$    
���� 
�� : �(�:; ���7/ +< ����=/ +<>?@ ��

 b���]C  k�":2 ��EdU �4(�'( !]�(�� /�'j     ;��]�� 
]'(��( ��]�

 �$�2 J��� �$�43U��  
Table 4- Genomic Fragments size of Iranian isolates of Faba 

bean necrotic yellows virus 

Isolate Component Size of DNA (nts) 

Chickpea-Lor-1, 

Chickpea-Lor-28, 

Chickpea-Ker-21 

R 1003 

S 1005 

C 993 

M 992 

N 987 

U1 987 

U2 987 

U4 989 
  

 m$(�* !<��-2�  i� � �
'�~+( 4( !�(��  9@(�]2 4( !�(��

      4( 6� Y�]-"'( Y�]	"1( � �5��]=� �]� �]�'� $��4 J��o� �5'�&'

2 �?��( z�,� !� 9@(�2
 ���� .  !]�(�� M]�( �M�( �� ��30   �]�

   
D�]	E2 �]
* �5'���	' J+( M=	2(type common) FBNYV 

  �]��� �?��( 
��a z�,� � 9@(�2 �$)(Grigoras et al., 2014 .

 ��]]EdU 6�,@�]]*n  !]]�(�� �$ /�]]'j !]]'��FBNYV  ��]]&@ 4(

!� 6�%����p� /�'   ��]�FBNYV-[AZ;12]  �FBNYV-[AZ;13.5] 

��� m$(�* M

E* �'( . !]�(��      ���]� i]� �$ 6�]%����p� ��]�

!�(�� M
� W-"<2    !]'�
2���` ��]�)  �]_2 � !���]+ ((  i]� 4

!"��� �(�U �5�$ m�c 4( 9@(�2 � �
'�~+( � m�c �'( .  ���]G*

  !]�(�� 
]=
"'j ���G* 4( 9
� ��@N2 !�(�� �$ 
=
"'j   ��]�


2 �5��=� �� 9@(�2 � �
'�~+(     W].2 !�]F�� !]=
D�1 �$ ����

 ��,* 6�%����p� !�(�� �$ ��($�� !'�	'xvv    J]+( �$�]� �]"2. 

��)�! ��p�����EdU m$)DNA-S  �DNA-N(   6�]% ا2-��>! *�

FBNYV-[AZ;12]    �]]�( !]]�(�� �]]� $�]]�4 J��o]]� �5'�]]&'6 ا

FBNYV-[IR;1] ) 6�"]+�D   ��"]&D(Acc. No. AM493899 and 

Acc. No. AM493898) (  !]]]]�(�� !]]]]=
D�1 �$ $�]]]]�  

FBNYV-[AZ;13.5]     6(�]]�( !]]�(�� �]]� (� J��o]]� M��"]]&
�

FBNYV-[IR;2] )��&'�2�@) ( Acc. No. AM493900�Acc. No. 

AM493901 ( J]]]�($)Grigoras et al., 2014 .( J]]]`�$


�(4��o* ��� WF�1 4( b��d* m$(�* ��
*�s�@�' ��EdU /�'j 

� !�(��   
'(��(FBNYV ) W=�� (  ��3]0 !@ J+( 6� �5'�&'

 !EdU ��(DNA-S)  ��EdU �)C  �U1( !�(��   $��]2 
'(��( ���

�]]� (� J��o]]� M��"]]&
� >]]
' b]]
-.* M]]�( �$ !]]ED�d2  !]]�(��

FBNYV-[AZ;12]    W-"]<2 ���]� i� �$ � !"�($ 6�%����p� 4(

) ����II (!"��� �(�U     !]EdU �]2( �]'((DNA-N)    !]�(�� !]+ �$

 �$ �� (� J��o� M��"&
� 
'(��(�(��( !�(� ]' 
FBNYV-[IR;1] 

� FBNYV-[IR;2] )B'�,� � �6(��q	� �$($ ��� �&",2 ��&' ( !"�($

 ���� �$ W-"<2 ������4 i� W
=&* �I �$($ (�  �'() W=��.(  

 ��EdU)R �M �U2  �U4 ( �$�     �$ �]� �]� 
]'(��( !�(��

 6�]]]%����p� !]]]�(��FBNYV-[AZ;12]  �FBNYV-[AZ;13.5] 

  ���]� �$ ������4 i� �$ � !"�($ J���&2I   !]"��� �(�]U   �]'(

) W=]]�� .(�$�]]@ A�(>]]� 6(��]]=	� � V�(��]]5��� (!]]@ �]]' 

�H�]]]	"1( (�]]�� !]]]]]FBNYV-[AZ:13.5] *]]]
D�]]]	E2 � 
  

(type common) FBNYV �$ !]]-d,2 �$]]��]� ( � �>]]`]]� 6(�]

]]2
 �]]��� )(Grigoras et al., 2014 D�]]1�$
 !]]@  J]]`�$


�(4��]]o* �]]�� ]]+�*
]]2 ��]]� )]]�d2 m3]]` ��]]� Q
  �]]���

!� ��c� ��EdU !=)S �C  �U1 (�
�"&� (�� �]� (� J��o� M ]� !

FBNYV-[AZ;12] ��]]EdU �)R �M �U2  �U4( �$ � (��]]� !

(�]]'(�
  (�� �$ �]]� �]]�]]����p� !� 6�]]%FBNYV-[AZ;12]  �

FBNYV-[AZ;13.5]  !EdU � !"�($ J���&2N  (�� !]+ �$ ]� !

(�'(�
 +��� $��2
 ( �$�-.* M
� b
 �"]&�   �$ �]� (� J��o]� M

(���( !� ]'(�
 FBNYV-[IR;1]  �FBNYV-[IR;2]   �$ � !"]�($

�4 i�  ���]� 4( �����I   !]"��� �(�]U  �]'(.     S�],* $�]�� J]�0

(�� �$ ��EdU ]�!  �]�� (� ]'(�
  ]2 (�
    �? S�]U� !]� 6(�]* ]� ��

��]]]��'� (reassortment) $($ Jo]]]<' .Q]]]� ��]]]e1  6�]]]24

(���! ���  k�":2�=
 ? 4(
��� 9 ���   ��]��' S�]U��  �

@�*�]]'
o
 (recombination) 2 �$]]
(�� 6�]]�! �]]�� ��]]+��
 

��F�_` * �$
�� � ]�;��  �]��  �]�U�$ Geminiviridae * � ]
 ��

��'�]]'��� ��Nanoviridae  ]2
  �]��� .    :]&* !]� !]��* �]�
 �

�$�]]]]D�
 ( �$]]� 6(�(Makkouk et al., 2002) �-2 �$� �]]� !]]<

���p�� 6�%)Grigoras et al., 2009 ( ],} Q� �
   J]&@ !-��]+ M

( �$ $�:'�2 6(�
 ,} 6(�*
"' M
!% � ]
��   !]@ $�]	'  �H�]	"1( 

(���! ��� G�":2
 � 4(�$�4 ;��� ( �$ 3U�� �$�2 J���� 6(�

 (�]� � $�($ $����  "]+$
��
   E]X� !]�
 5'�]5} J
   W]2�=*

oc
]]E
E* �
]]
]]&,2 Mr �]]�(�� �]]� 6� ��]]o*�( � ;��]]�! �]]�� 

���p��' 6�%
!'�	' /�%'( !� 4� �($��� ��� �
2 �"&
 ����.  



%���67� � &'� �"� : �����
�	��  
�� 
������ ����� �� �����
��� ���� ����  !�� 
 %���� �� ��"# �� ���$ ��� �� ��

Refrences 

 

ALAVINEJAD, E., S. A. A. BEHJATNIA, K. IZADPANAH 

and M. MASOUMI, 2011. Molecular detection of Faba 

bean necrotic yellows virus in legume fields of some 

North, North West and South provinces of Iran. The 7th 

National Biotechnology Congress of I. R. Iran. 6 pp. 

(in Persian with English summary). 

ANONYMOUS, 2015. Statistical annual report of Iranian 

agricultural crops (in Persian). 

ARONSON, M. N., A. D. MEYER, J. GYRGYEY, L. 

KATUL, H. J. VETTEN, B. GRONENBORN and T. 

TIMCHENKO, 2000. Clink, a nanovirus-encoded 

protein, binds both pRB and SKP1. Journal of 

Virology, No. 74: 2967-2972. 

BABIN, M., V. ORTIZ, S. CASTRO and J. ROMERO, 2000. 

First detection of faba bean necrotic yellows virus in 

Spain. Plant Dis, No.84: 707. 

FAOSTAT, 2014. Prunus production: National Agricultural 

statistics Service, USDA. 

FRANZ, A., K. M. MAKKOUK and H. J. VETTEN, 1995. 

Faba bean necrotic yellows virus naturally infects 

Phaseolus bean and cowpea in the coastal area of Syria. 

Journal of Phytopathology, No. 143(5):319-320. 

FRANZ, A., K. M. MAKKOUK, L. KATUL and H. J. 

VETTEN, 1996. Monoclonal antibodies for the 

detection and differentiation of faba bean necrotic 

yellows virus isolates. Ann Appl Biol., No.128: 255-

268. 

FRANZ, A., K. M. MAKKOUK and H. J. VETTEN, 1998. 

Acquisition, retention and transmission of faba bean 

necrotic yellows virus by two of its aphid vectors, 

Aphis craccivora (Koch) and Acyrthosiphon pisum 

(Harris). Journal of Phytopathology, NO. 146(7): 347-

355. 

FRANZ, A., F. VAN DER WILK, M. VERBEEK, A. M. 

DULLEMANS and J. F. J. M. VAN DEN HEUVEL, 

1999. Faba bean necrotic yellows virus (genus 

Nanovirus) requires a helper factor for its aphid 

transmission. Virology, NO. 262: 210–219. 

GRONENBORN, B. 2004. Nanoviruses: genome 

organization and protein function. Veterinary 

Microbiology, NO. 98: 103- 109. 

GRIGORAS, I., A. L. GINZO, D. P. MARTIN, A. 

VARSANI, J. ROMERO, V. A. CH. MAMMADO,  

I. M. HUSEYNOVA, J. A. ALIYEV, A. KHEYR-

POUR, H. HUSS, H. ZIEBELL, T. TIMCHENKO, H. 

J. VETTEN, and B. GRONENBORN, 2014. Genome 

diversity and evidence of recombination and 

reassortment in nanoviruses from Europe. Journal of 

General Virology, NO.95:1178–1191. 

GRIGORAS, I., T. TIMCHENKO, L. KATUL, A. GRANDE 

-PEREZ, H. J. VETTEN and B. GRONENBORN, 

2009. Reconstitution of authentic nanovirus from 

multiple cloned DNAs. Journal of Virology .NO.83: 

10778-10787. 

HORN, N. M., K. M. MAKKOUK, S. G. KUMARI, J. F. 

VAN DEN HEUVEL and D. V. R. REDDY, 1995. 

Survey of chickpea (Cicer arietinum L.) for chickpea 

stunt disease and associated viruses in Syria, Turkey 

and Lebanon. Phytopathologia Mediterranea, NO. 34: 

192–198. 

KATUL, L., H. J. VETTEN, E. MAISS, K. M. MAKKOUK, 

D. E. LESEMANN and R. CASPER, 1993. 

Charecteristics and serology of virus-like particles 

associated with faba bean necrotic yellows. Annals of 

Applied Biology, NO. 123: 629– 647. 

KOONIN, E. V. and T. V. ILYINA, 1992. Geminivirus 

replication proteins are related to prokaryotic plasmid 

rolling circle DNA replication initiator proteins. 

Journal of General Virology, NO. 73(10):2763-2766. 

KUMARI, S. G., N. ATTAR, E. MUSTAFAYEV and Z. 

AKPAROV, 2009. First report of faba bean necrotic 

yellows virus affecting legume crops in Azerbaijan. 

Plant Disease, NO. 93: 1220. 

MAKKOUK, K. M., S. G. KUMARI and R. AL-DAOUD, 

1992. Survey of viruses affecting lentil (Lens culinaris 

Med.) in Syria. Phytopathologia Mediterranea, 

NO.31(3): 188-190. 

MAKKOUK, K. M., Y. FAZLALI, S. G. KUMARI and S. 

FARZADFAR, 2002. First record of Beet western 

yellows virus, Chickpea chlorotic dwarf virus, Faba 

bean necrotic yellows virus and Soybean dwarf virus 

infecting chickpea and lentil crops in Iran. Plant 




��7�� � 9��$    
���� 
�� : �(�:; ���7/ +< ����=/ +<>?@ ��

Pathology, NO. 51: 387-387. 

MAKKOUK, K. M., L. RIZKALLAH, M. MADKOUR, M. 

EL-SHERBEENY, S. G. KUMARI, A. W. AMRITI 

and M. B. SOHL, 1994. Survey of faba bean (V. faba 

L.) for viruses in Egypt. Phytopathologia Mediterranea, 

NO. 33(3): 207-211. 

MAKKOUK, K. M., B. M. MUHAMMAD and R. JONENS, 

1998a. First Record of Faba Bean Necrotic Yellows 

Virus and Beet Western Yellows Luteovirus Affecting 

Lentil and Chickpea in Pakistan. Plant disease of APS. 

Journals. NO. 5:591. 

MAKKOUK, K. M., L. KATUL, S. G. KUMARI and H. J. 

VETTEN, 1998b. Characterization and control of faba 

bean necrotic yellows nanovirus affecting legume 

crops in west Asia and North Africa. In: Proceedings of 

the Eighth Turkish Phytopathological Congress, 21-25 

September, 1998. Turkey: Ankara University. NO. 

210-217. 

MAKKOUK, K. and S. KUMARI, 2009. Epidemiology and 

integrated management of persistently transmitted 

aphid-borne viruses of legume and cereal crops in West 

Asia and North Africa Virus Research Vol.141 (2), 

Pages, 29-218. 

MANSOURPOUR, M., A. MASSAH, A. AHOONMANESH 

and M. R. LAK, 2010. Detection and determination of 

certain molecular properties of Faba bean necrotic 

yellows virus in central and western provinces of Iran. 

19th Iranian Plant Protection Congress, Karaj, Iran, p 

769, (in Persian with English summary). 

NAJAR, A., K. M. MAKKOUK and S. G. KUMARI, 2000. 

First record of faba bean necrotic yellows virus and 

beet western yellows virus infecting faba bean in 

Tunisia. Plant Disease, NO. 84(9):1046. 

PARSA, M. and A. BAGHERI, 2008. Pulses. Jahad 

Daneshgahi Publication. 522p.(in Persian). 
SAITOU, N. and M. NEI, 1987. The neighbour-joining 

method: A new method for reconstructing phylogenetic 

trees. Molecular Biology and Evolution. NO.4: 406-

425. 
TAMURA, K., G. STECHER, D. PETERSON, A. FILIPSKI 

and S. KUMAR, 2013. MEGA6: Molecular 

evolutionary genetics analysis version 6.0. Molecular 

Biology and Evolution. NO.30(12): 2725-2729. 

TIMCHENKO, T., L. KATUL, Y. SANO, F. DE 

KOUCHKOVSKY, H. J. VETTEN and B. 

GRONENBORN, 2000. The master Rep concept in 

nanovirus replication: identification of missing genome 

components and potential for natural genetic 

reassortment. Virology, NO. 274: 189-195. 

VAFAEI, S. H., N. AZADBAKHT, N. SHAHRAEEN and 

N. HAJI, 2008. Survey virus disease of chickpea and 

lentil in province of Lorestan. 18th Iranian Plant 

Protection Congress, Hamedan, Iran.525. (In Persian 

with English summary). 

  



%���67� � &'� �"� : �����
�	��  
�� 
������ ����� �� �����
��� ���� ����  !�� 
 %���� �� ��"# �� ���$ ��� �� ��

 



                                                                                                                             ����� ���	
�          ���
��
�  

                                                                                                                        ��� ��� ���	� ��  ����������  

  

�� ������	� 
���� ��
�
����� �Habrobracon hebetor  ���� ���� ��� ����� ����� ����� �� ���� �����
�  �!�"�	 
  

	#$� �%&��'���() *�+� ��� , 
��'
����
 ��#� ���� ����� �-  

�    !
"�" #� ��$%& ��'()*& ���
()*& �
+�,-��
� ����� .�&�/ �0���(1 �
2
34 5��67 � 8�% �9*��" ��:()*&� 9*��*;  

<   ��
()*&� ��(% 
+�,-��
� ��=
=>" #?@�7� ��=
=>" 9�70�@� �0���(% A���" � B0�7�� 9*��"� 9*��*  

)��"��& D�E��: G	�� ������" ;�H/ D�B� :7&*&� �I��( 

./���  

 ����'$?� �����$��	
� �*�� &*�7 #� 9��,
7 B��H/ � 
��@�6� �6)�7 
2
34 9�6	�&
��
� #K�	'7 0* ��� �K�L$7 � M��" 
��    9��,
7

&�*& N�3"�* .D@�/ �
?P" � Q�& �& 
"�3
%�" G
6R 
��@�6� 
7 �P�* *� 
	�7 S=) ���
T�$�0*��/ ���$�� ��� �6��	) .D@�/ ��U�V #2W�X7 �&  ���

�&�7 
����� ��/ ��� �
T�$�0*Habrobracon hebetor 7 ���)* ������ Y�% Z7�� 9��,
7 �� [3"�7 ����� #�
9� 0* ��� 8*�\$@* �*�� &*�7 � ��)* ��  �� ��


����� �& 
�&*�� B��  #��4�& A6@Y E��� �*�] 
@��� &��7 Z+� . #� �&�W� ��)* ����^ �^�_� ������� Y�% �`� G@ ��^ Z7�� ����	
"

�)&�� �
+
)�+7 #7�a �� ��)* � ������ Y�% . �
T�$�0*��/ �*�� 
��66% !�� G��$(
� 0* ���^ �^�_� � �`� G@ ��^ #% &*& 9�() A��$)

�)&�� �*&��`�� .� ��-@ 9�70 ��7 �b) 0* ��
%�" ��)* G
� ���3)0 [@�" ����	
" 0* 
+� c�\$)* �" ��)
+
)�+7 (
627 de$`* ����	
" ���@ ��  �*&

E�*& &��� .#>�*� 
@��� �& G
6f	�  �����	
" �9*,:� geV [@�" h�$\7 �����	
" 0* ��� 8*�\$@* ��3
%�" 0* 
��) ��*�	�  G@ ��^ ��

� ��^ �^�_� ���)* ������ Y�% �`�  ���� �� #?��=7 �& ��3)0 !�� �& *� ��*& 
627 de$`* �&�W� ��)*)Q�/ �*�� (�)&*& 9�().  A��$) i�@* ��

 !
1�" 
��@�6� #6
70 �& 
�
	j" ��Ke4* � �U�V k
=>")��3
1�" ( [�*�� �& ��3)0 
�*��1 S�*,�* 9�j7* �
T�$�0*��/ ��3)0 !�� �& �l�7


7 m�*�� 
2
34 &&��. 

�0��  1�!1��(2:  ���)*����
� 9�@� Y�
/ �A6@ ������ Y�% �
��
	
� ��� �Habrobracon hebetor.  
 

Olfactory responses of parasitoid wasp Habrobracon hebetor to volatile compounds  

of host insect and pomegranate fruit under laboratory conditions 
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1
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1
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2
  

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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Y�nnn1 ��nnn)* ��nnn����Ectomyelois ceratoniae Zeller 

(Lepidoptera: Pyralidae) o� �E��  mn�7     �n� ��3+n(` � ��n
7

5
@� 
)��,
7 #67*&�   
n7 �n
)& �@*�@ �&  �n��� )Al-Izzi et al., 

1985 .( ��
')* �Y*&�� ���)* �#$?/ ��7�` #� ���(V G�* � ��3%�7

    
n7 &�*� ���n?` �n
)& �& !
n@  �n6% )Warner et al., 1990; 

Shakeri, 1993; Vetter et al., 1997; Mehrnejad, 2002(   

m�7 9*�6K #� �       En@* ��n� #$`�6n� 9*�n�* �& ��n)* E�� G��"  

(Shakeri, 1993) .p�$3?) 
2
34 9�6	�&  q�n� �& 
W�2�    ��n)* ��n�

 �n)�*& &��� 9*��* )Kishani-Farahani et al., 2010; Poorjavad 

et al., 2012; Saadat et al., 2014; Nobakht et al., 2015.(  ��3)0
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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. 

Choice time (S) Treatments Expriment no. 

110.04±19.04a Larvae 
1 

124.32±16.9a Faeces 

116.20±15.28a Larvae 
2 

143.07±23.54a Infested pomegranate 

60.20±5.45 a Larvae 
3 

111.23±19.45 b pomegranate with mechanical damages 

97.69±17.30a Faeces 
4 

96. 9±11.7a Infested pomegranate 

86.88±13.86 a Faeces 
5 

137.75±19.04 b pomegranate with mechanical damages 

66.35±17.9 a Infested pomegranate 
6 

119.29±12.82 b pomegranate with mechanical damages 
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∗ Means in a cell followed by the same letters are not significantly different (P< 0.05; Tukey-HSD) 
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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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Comparison of durability of Mentha longifolia (Lamiaceae) essential oil and  

its nanoemulsion against Ephestia kuehniella (Lep.: Pyralidae) 
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1- PhD. Student & Associate Professor, Respevtively; Department of Plant protection, Faculty of Agriculture Science, University of 

Lorestan, Khorramabad, Iran; 2. Assistant Professor, Pesticide Research Department, Iranian Research Institute of Plant  

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

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 µl/l air of oil have been used to control larva and eggs, respectively. Nanoemulsion concentrations were studied at 122.2-1111.1 µl/l air 

for larvicide experiment and 81.4-114.8 µl/l air for ovicidal stage. PT50 value at 1111.1 µl/l air as a larvicide for nanoemulsion and oil was 

estimated about 15.18 and 3.69 days, respectively. This value, at 92.6 µl/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 PT50 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. 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 LC50 (µl/l) 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 

  
 R�+(QP  ��&�8>LC50 !� a;" ��� N)�1* ���M 0�
=2�>*�)�) � #)�G N)�1* 
=ED" <
	1 &�� ��G  

Table 2. LC50 values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella egg 

Compound LC50 (µl/l) 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 72.2 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 5th instar larva 
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Fig. 4. Probit of mortality of Mentha longifolia oil and its nanoemulsion effects on Ephestia Kuhniella egg 
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Table 3. Comparison of estimated LC50 for fumigant toxicity of Mentha longifolia oil and  

its nanoemulsion on different stages of Ephestia kuehniella at different concentrations 

Stages Exposure time (day) LC50 (µl/l) (NEO2) LC50 (µl/l) (EO3) RMP1 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. PT50 values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella 5th instar larva 

Concentration 

(µl/l) 
compounds 

PT50 

(day) 
Chi-square n df Intercept slope±SE P-value Confidence limit 95% 

         Lower Upper 

1111.1  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 
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Fig. 5. Durability for fumigant toxicity of Mentha longifolia essential oil and its nanoemulsion 

of oil with controls on Ephestia kuehniella larva at LC50 and LC80 
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Fig. 6. Durability for fumigant toxicity of Mentha longifolia essential oil and its nanoemulsion  
with controls on Ephestia kuehniella egg at LC50 and LC80 
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Table 5. PT50 values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella egg 

Concentration 

(µl/l) 
compounds 

PT50  

(day) 
Chi-square n df Intercept slope±SE P-value 

Confidence limit 

95% 

         Lower Upper 

92.6  14.44 1.04 300 4 6.19±0.87 -5.34±0.76 0.90 13.49 15.57 

 Nanoemulsion          

75.03           

  12.60 0.28 300 4 5.03±0.81 -4.55±0.73 0.99 11.49 13.63 

92.6 Essential oil 2.58 0.01 150 1 1.14±0.22 -2.78±0.44 0.91 2.10 3.16 

 

 R�+(6P �8>� #=PT50 1��� �& ��� #X1�9>
 	1
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Table 6. Comparison of PT50 of fumigant toxicity of Mentha longifolia oil and nanoemulsion of oil on different stages of Ephestia kuehniella 

Stages PT50 (day) (EO2) PT50 (day) (NEO3) RMP1 
95% Confidence 

limits 

Larva 3.69 15.18 4.04 2.56-7.74 

egg 2.58 14.44 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. MOHAGHEGH���� 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 × 3), Ghazvin (n = 20× 3) and Lorestan (n = 25× 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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"M)& Q2 63� "�   9g() F�$� ���(INSO-104, 2012) .  C
g$n	�

 Cg( �K�& �& 3) X
� aA/�&  g�&3    C'g�� C
g� 3)  ;g( )� 


  9gg() �&�gg	M 6�gg
� F�gg$� 
�)�M�ggM W)�ggU(Dizlek, 2010) .

6��  6)/
- /
M 6)��.	� � Tm��/Y %   C
g� C
-�g+A) �Y   �g!� 

C( �K�& "M)& 
�&3     
g��B- T�g;P Qg��P �R )� �� �&�g	M  �gM)  

(El-Haramein et al., 1984; Canhilal et al., 2005) .�� �-) 3) 
U

C( 6)/
- 6���$��s>   �g! )� "M)& 
�&3Z %    5��=g> Qg��P Sg�


gg-  �gg$M)&(Critchley, 1998) . �
I�gg! "gg� t�gg��- ��ggBA�O- �&

C(       
A�g	B- Cg( &��g- �& "gq �F�g$� LM)& 9
J
2 �& 
�&3

 Cg( ���( �& "q � F�$�      �";g(�+- 
�gK) 5�� �F�g$� ��g�

9() �&�E �K�& )Every, 1992; Karababa and Ozan, 1998; 

Askarianzadeh, 1999; Bahrami et al., 2003; Ghannadha and. 

Ayeeneh, 2003; Dizlek, 2017.(   9g() u�O- T)�( C�) 6�$2)

 �&�ggE � 
ggM3� �ggK �& �ggM�� � 6)/gg
- �& 
!��ggJ! �gg�� "gg2

C(   Cg�) �)�� 
H(�> T�;M& "� X��s> C�) v&�)& &��� 
�&3

9() X(�>.  

  

��
$� 2�
  

 3)"M�	M 3) a��� C( F�$� ���     /g2�- "g( "g� \�B'- �&3

 �& [P)� ���U6�'() "� 6�'(�A � C��/P �])�) ���    g
!�!�_ �

Y_  �YZ �� "
�! 
-�� �w.� "M�	M .LM�	M �� 3)  �
-���K

 LM�	M "( &)�B! &�U "��M "��_ "� ��� "'��� 
-�� ���b   "2

 &)�B! x�E�	V-YYZ �-� 9(& "� "M�	M .	M C�) "gM�    t�g��- �g�

"A�	+- "�  T�( �& "M��)�� �������  �gM&�� . "gM�	M 3)   ��g�

�&   "gggM)& � ]�ggg��U )�ggg'�) �
ggg-��    F�ggg$� �ggg
y ��ggg�  

 "gM)& a
.J! "� z0( )��   Cg( ��g�    � 5��	g� SA�g( � �&3  

�� 9�)&&�� ."M)& C
$n	� &�� ���     ��3)�g! ag	2 "g� ���g�  

Sartorius TE214S (Goettingen, Germany)   agg� 9ggP& �gg�

�& �� 9;I � C�3�! F�� F�)/�.  

 Cg( LM)& {��B! \��O-  "gM)& ��&3     Qg+- �& "g2 9g() �)

 L�=k!  "g.A |(� �& "2 �&�� ����> }M� ���- L.A �)�)& �C(

M
��
( LO*M a� ~)�)& /   �9g() C( L�=k! Q+- 6�	� "2 }M�

�gg-  �gg���)Kretovich, 1944; Paulian and Popov, 1980; 

Javahery, 1995; Critchley, 1998 .( �&�ggE � 
ggM3� �ggK�&

"M)& "� ��&3 C( ��� 6� 63� � &)�B! 3)  
!�!     ��g	V- "g� �g�

"M)& 63� � &)�B! C( � SA�( ��� �&3 �-� 9(& "�.  

 �&�E � 
M3� ����K�& LO�)� C

B! �)��C(   3) 
g�&3


c',;	� ���-� L�/V!�  5��Pearson �   �)/g�) F�gM � SAS 
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�� �&�J'() .�& C
� ���-� L,��*- "M)&  Cg( � SA�( ���  3) �&3

 6�-3�t       �gK�& � �&�gE �gK�& C
g� ���g-� L,��*- �)�� �

C( 
M3�  3) �
�&3paired t-test �� �&�J'() . 9() �2h "� F3�

"A�	+- "2 &�� SP� ��wH1- �P�� F�$� 
�K) ���. 
  

?�@�� A"� �  

C( 
M3� � �&�E �K�& C
� LO�)�   � ��gP �9;e- 
�&3


$B-  �)&(r = 0.98; P < 0.0001)  9(���-� . Q.�� �cM�
�  C�)

���� 
- "O�)� ."M�	M �& C( 
M)�)�� 
(��� &��- ���   
g�&3

"M)& &�� �K�& 9J� �! �JK a�&/M D&��+- �& �'1
� ��.  

  

  
  

  

  

  

  

  
   B+8:C C( �M3� � ~&�E �K�& 6�
- �c',;	� "M)& ��&3 F�$� ~��.  

     Fig. 1. Correlation between numerical and weight damage 

percentage in wheat kernels. 

"M)& C
� ���-� L,��*-  Cg( � SA�( ���   T��g� �& �&3� 

9() ��� �&)& 6�1M ."�   "gM)& 
�2��gb     63� �g� SA�g( ��g��d 


�
-     "gM)& "g� 9;g,M F�g�   Cg( ��g�    63� C
cM�g
- �g� �&3�_ 


�
- C
c$( F��  �gM&�� �! .   Cg( �gK�& &����g�   �& �& 
g�&3

    "g� �&�g;M 6�g,.� �c��g.� �� 
M3� � �&�E 5��  ���gb   "g2

3� 6�-t 9J�  ��g�(paired sample t-test)     5�� �& Cg�) C
g�


$B- ���J!  &)& 6�1M )� ��)&)P<0.001) ( T����.(   &����g�

  Cg( �gK�&       3) �'g1
� 
g	2 ��)�g	� �&�gE 5�� �& 
g�&3

 9g() 
M3� 5�� �& 6� &����� .   
g(��� �& &��g- Cg�)   ��g�

 ~��ggg
R � �gggU�&�-(Mardoukhi and Heidari, 1993)  �

& C
$n	� 9g() ��� ����1- ��P�-m() � aA/� )Dizlek and 

Islamoğlu, 2010( .   �ggK�& C
gg� 
ggOU 6�
gg(��� LggA&�B- 

Cggg(  "ggg� 
gggM3� � �&�gggE 5�� �& �& 
ggg�&3  ���gggK  

y = 0.8374x + 0.02 "� �-� 9(& . 6� �& "2x   � �&�gE �K�&

y C( 
M3� �K�& 9() 
�&3.  

    C
g
B! ��g$;- 6)�cg1��s> ��BA�O- �& "2 �&�E �K�&

C( "'U�$� 5�� �9() �&�� 
�&3 9() 5��=> &��- � ��� .

      /g2)�- �& )� 6� &����g2 �
gM3� 5�� 9A��g( &�g�� C�) ��

9() �&�	M Q
�,! ����
( � ���U .     &�g�� �g� /g
M "g
2�! �&

6� 9��;� � 5�� �& C�) L,��*-  5�� ��c��.� �� �� �&�E

 Q��P 9() ��� 6�
� �!&�	'E)(Dizlek and Islamoğlu, 2010).  
  

 D�
':C C( � SA�( LM)& 63� L,��*- C( �M3� � ~&�E �K�& � F�$� D&3 ��&3.  
Table 1. Comparison between the weight of undamaged and damaged wheat kernels, and numerical and weight damage percentages. 

P df t-value ��E���#  
Mean ± SE  

���	 F�&G�  
Kernel type  

  

0.002 227.6 3.192 

30.1 ± 0.25 
(n=210) 

C( �&3  
Damaged   ���	 H��)�/�# �$�( 

Kernel weight (mg) 34.7 ± 0.25 
(n=225) 

SA�(  
Undamaged 

<0.001 209 8.258 

3.28 ± 0.25 
(n=210)  

~&�E �K�&  
Numerical %  �� 
�
	 ��	�  

Damaged % 2.77 ± 0.22 
(n=210) 

�M3� �K�&  
Weight %  

  

y = 0.8374x + 0.02

r = 0.98

n = 225

0

5

10

15

20

25

0 10 20 30

W
ei

g
h

t 
d

a
m

a
g

e 
p

er
ce

n
ta

g
e

Numerical damage percentage



 !"# �
������ ��(")���� � :�� ���� � �	
� 
�
	 ����
 �����
� ���	 
	 ��	�  ���� �
�� ���Eurygaster integriceps ���

 � 
ggM3� �ggK�& 6�gg
- "gg,��*- �& ��P�-mgg() � aggA/�&

C( �&�E  
�&3)"M)& C( ���  3) �&3�  �!Z �K�& (  Xg� �&

 "2 �$'����& F�$� SP�     3) �g'	2 ��)�g	� 
gM3� �gK�& &�����

9() �&�E �K�& 6)/
- .�&)& 3) �&�J'() �� "p)�) ��� 6� D��  ��

)��=n  ( LA&�B-y = 0.878x - 0.0328 "�    �g-� 9g(&)x   �gK�&

 � �&�Ey C( 
M3� �K�& 
�&3) ( Q.�Y .(  

  

  

  

  

  

  

  
 B+8KC  ~&�E �K�& 6�
- �c',;	�C( �M3� �   "gM)& �g�&3   ~�g�

 F�$�)�&)&  3) ��Dizlek and Islamoğlu, 2010.(  
Fig. 2. Correlation between numerical and weight damage 

percentage in wheat kernels (data from Dizlek and Islamoğlu, 2010). 

  


- "lRm- "2 "M�cM�	�      "��g1- ��
g,� "gA&�B- Cg�) &��

 QK�R LA&�B-9() �j�R X��s> 3) .  9g�)& "��! ���� "';A)

���J! 3) 
U�� 
- ��        9g
BP�- C
g� ���gJ!  ;g( "g� �gM)�!

"M�	M 
B
;b  ���U /2)�- 3) ��)&��) �gj�R LBA�O- (  �g�)�� �&

C( ����K�& S
l$! "M)& �& 
�&3     ��cg1��-3� �& Qg-�2 ��g�

)��P�-m() � aA/�& LBA�O- ( �g��� . Sg�-  6� �g!  �&)& "g2   ��g�

   Cg( ����gK�& C
cM�g
- ��$;-�� ���&�� 6)�c1��s>   
g�&3

�&)& 3) �j�R X��s> �& ".M� T�R �&��     �&�J'g() 
�gK) ��g�

9() ���.  


$B- ���J! &��� �� C( �K�& �)&   "gM)& 
g�&3    6�g
- �g�


$B- � ��P 9;e- 
c',;	� �
M3� � �&�E 5��   C
g� ��)&

9�)& &��� 5�� �& C�) .�&����2 �l$- 3) C�)���$�   �gK �&


- 
M3� "� �M)�! C( �&�E �K�& �cM�
� 
��U ���� 
�&3 . 3)

�gg� Q��gg;! 6�gg.-) ��gg� LggA&�B- 3) �&�J'gg() �gg� 
gg��b  3) agg�

5�� C( ��� &�)& &��� �c�& 5�� "� 
�&3 .  �& "g2 �VM� 3)

      9;g,M "g� �3�g
M &��g- 6�g-3 � 9A��( f�+A "� 
M3� 5��

     �g��U /g2)�- �& 
g�)��) Qg-)�E 3) ��g'	2 9P�   ����
g( �

C( &����� ��K 
- 
�&3    �& �g� 5�� Cg�) 3) �&�J'g() �&�� 

9() XH� 6�$
	b) ���&�� &�)�- C'�)& �lM. 

  

�
�LE��M�  
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(� C���
 ) 3)
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