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ĪģǀƵŶ 

ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ��Xanthogaleruca luteolla (Muller) (Chrysomelidae: Coleoptera��ƮƸƯ�źţƿ�ºƯ�ƱƹŹŚƳ�ƱŚŤųŹŵ�ŢƟō�Ʋƾ�
ƫŚſ�ƶĩ�ŶƃŚŝǀŻ�šŹŚƀų�ƶƳŚƿŵŚƽ�ř�ƶŝƿŚƌƟ�Źŵ�ƱŚŤųŹŵ�Ʋƽ�źƸƃ�żŞſƽ�Ư�ŵŹřƹƾ�Ŷƴĩ��ƃ�ƩźŤƴĩǀưǀŚƾƿ�ƮƸƯ�Żř�źţƿƁƹŹ�Ʋ�ŚƷƽ�ŶƯƿźƿř�Ţƿ�ŢƟō�Ʋ

Ưƾ�ŶƃŚŝ��ƫŵ�ƶŝǀ�ŹŚŧō�ƪŻƿŹŚŝ�ƱŚ�ĩźţǀƃ�šŚŞǀưǀŚƾƿ����Żř�ƵŵŚƠŤſřŚƷ�Ƃĩ�ŢƟōƽ�ĭǀŚě�ƵŚƿƶ�ŹŚĪƷřŹƽ�ŜſŚƴƯ�ƹ�ƲƯř�řźŝƽ�ĩř�ƩźŤƴƿƯ�źƔƳ�ƶŝ�ŢƟō�Ʋƾ�
ŶſŹ��ř�Źŵƿưſ�ƂƷƹĦě�ƲǀſŚưţ�Ţƾ�ƿĭ�Ƃĩ�ƵźƄů�ĨǀƷŚƾ�Ŷūƿřŵ�ƱřƺƴƗ�ŢŰţ��Ŷƿ�ƱƺŝŚ�ƀƫƺƯřǀ�ƱƺEC10%�Ƹţ��ǀƲƛƹŹ�Żř�ƵŶƃ�ƶ�ŚƷƽ�ĭǀƷŚƾ��
ƹŹƽ�ŢƟźĭ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ�ƪƯŚĩ�ƵźƄů�ƹ�ƶſ�Ʋſ�ƹŹǇ��ƹŵ�Ʋſ�ƹŹǇ��ŚƯŻō�ŹŵƿŚƷ�Ƃƽ�ţŚƯŶƤƯƾ�ŢƔƬƛ��çå��Śţíå�

ĭŶƴƄĩ�ŶƇŹŵƾ�ŹŚĮƫ�ƪƇřƺƟ�ŽŚſř�źŝƿưŤƾ�ŶƯō�ŢſŶŝ��Ə�žĜſƾ�ŚƯŻōƿŻ�ƂƿŬƴſ�Ţƀƾ��ŢƔƬƛêå�ĭŶƴƄĩ�ŶƇŹŵƾ��LC50 )) 24��žě�ŢƗŚſ
ţ�Żřǀ�ŶƯō�ŢſŶŝ�ŹŚư��ŵŚƤƯƿź�LC50 24�ƃŚě�ƩƺƬŰƯ�Żř�žě�ŢƗŚſƾ�ƹŹƽ�ţźţ�ƶŝ�ƪƯŚĩ�ƵźƄů�ƹ�ƶſ�Ʋſ�ƹŹǇ��ƹŵ�Ʋſ�ƹŹǇ�ºǀ��ƩŵŚºƘƯ�Ŝêæêé��

ëçìç��ƹèîçí�ppm�ŵƺŝ��ƿŚƷ�ƶŤƟŚƽ�řƿřŵ�Żř�ƵŵŚƠŤſř�ƱŚĪƯř�ƂƷƹĦě�ƲƿŶƯ�Źŵ�ƱƺŝŚƿźƿŚƌƟ�Źŵ�ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ�Ţƽ�źƸƃ�żŞſƽ��ƱŚƄƳ�řŹ
ƯŶƷŵ�ƾ���

ƽŶǀƬƧ�ƱŚĭĥřƹ���Ʀſƺſ��ƱƺŝŚƿřŵ�īźŝ�ƱƹŹŚƳ�Źřƺų��
��

Abstract 
The elm leaf beetle, Xanthogaleruca luteolla (Muller) (Chrysomelidae: Coleoptera) is the most important pest of 

elm trees and causes severe damages on these trees every year. Chemical control is the major method to manage the 
pest. Because of deleterious effects of the chemical compounds, the use of plant based pesticides would be a safe and 
proper method for the pest control. In this study, the contact toxicity of a new botanical pesticide, named Dayabon 
(EC10%, botanical oils), was evaluated on 2rd instar larvae, 3rd instar larvae and adults. A preliminary experiment was 
conducted to find concentrations to cause 20 and 80 percent mortality. The bioassay was designed to determine LC50 

values of 24 h post treatments. LC50 was estimated to be 5154,   6272 and 3928 ppm on the 2rd instar larvae, 3rd instar 
larvae and adults, respectively. Findings of this study, indicated the possibility of practical use of Dayabon in 
management of elm leaf beetle in urban landscape.  
Key words: Dayabon, elm leaf beetle. 
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ƶƯŶƤƯ��

ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ�Xanthogaleruca luteola Müller ���ƹ�ƽƹŹǇ�ƪůřźƯ�Źŵ�ƶĩ�Ţſř�ƱƹŹŚƳ�ƱŚŤųŹŵ�ƮƸƯ�šŚƟō�Żř�ƾĪƿ
�ƶƿŸƜţ�ƱŚŝżǀƯ�ƽŚƷ�īźŝ�Żř�ƚƫŚŝƵŵźĩ����ŵƺºƃ�ƾºƯ�ƾĪƿĥƺºƫƺƿżǀƟ�šǇǈŤųř�ƹ�ŢųŹŵ�ũŚţ�ƾƬĪƃŶŝ�ŦƗŚŝ�ƹ�.(Arbab et al., 2001)�

ŦŰŝ�ƵŻƹźƯř�ŵŹřŵ�ŵƺūƹ�ƾƿŚǀưǀƃ�ƽŚƸƄĩ�ŢƟō�Żř�ƵŵŚƠŤſř�ƵŹŚŝŹŵ�ƽŹŚǀƀŝ�ƽŚƷ��Ƃĩ�ŢƟō�Ʋƿř�šřźƐų�ƲƿźŤưƸƯ�źŧř�ŚƷŌƺſ���ŚºƸƳō
Ţſř�źƄŝ�ŢƯǈſ�ƹ�ƮŤƀǀſƺĩř�źŝ�(Talebi Jahromi, 2007)������ƶºŝ�ƾƷŚºǀĭ�ƶºƿŚě�Śºŝ�šŚŞǀĩźţ�ƹ�ŚƷ�ƵŹŚƈƗ��ƶŤƃŸĭ�ƶƷŵ�ƶſ�ƩƺƏ�Źŵ�

�ƁƹŹ�ƱřƺƴƗ�ƲƿżĮƿŚū�ŢƟō�šřźƄů�ƩźŤƴĩ�ƽřźŝƶŤƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ��Ţºſř��Isman, 2006��������ŢºǀưƷř�ƮºƛŹ�ƾºƬƗ�ƱƺƴĩŚºţ
��Ţºſř�ƵŶºƃ�ƭŚŬƳř�Ʊō�ƽƹŹ�ƾƷŚǀĭ�ƽŚƷ�Ƃĩ�ŢƟō�źŧř�ƵŹŚŝŹŵ�ƾưĩ�šŚƘƫŚƐƯ��ƽźƸƃ�żŞſ�ƽŚƌƟ�Źŵ�ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ���Źŵ

��ŚŤſřŹ�ƲƿřJalali Sendi et al.(2010) �����ƁřƹŶºƴĭ�ƾºƄĩ�ƵźƄů�źŧřArtemisia annua L.����ƾºƐƣō�ƹSambucus ebulus L.���řŹ�ƽƹŹ
�Ʋººſ�ƽŚººƷƹŹǇĨººƿ��ƹƶººſ��ƱƹŹŚººƳ�ŹřƺººŴĭźŝ�Ĩººſƺſ�ƪººƯŚĩ�šřźººƄů�ƹ�ƵźǀƠººƃ��ŶººƳŵźĩ�ƾººſŹźŝ��ƲǀººƴĤưƷ�ƾººſŹźŝ�Źŵ� �
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.(2006)et alDefago ��ƾƄĩ�ƵźƄů�źŧř�ŲƬţ�ƱƺŤƿŻ�ƵŚǀĭ�ƵƺǀƯ�ƹ�īźŝ�ƵŹŚƈƗ�ƽř�ƶƿŸƜţŶƋ�ƹ�L.Melia azedarach ��ƽƹŹ���Ĩºſƺſ
ƾſŹźŝ�ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ţſř�ƵŶƃ���ƢǀƤŰţ�Ʋƿř�Źŵ��Ţǀưºſ�ƾƿřŹŚĩ�źŧř�ƾºſŚưţ�������ƱƺŝŚºƿřŵ�ƾƷŚºǀĭ�ŶºƿŶū�Ƃºĩ�ŢºƟō���ƱƺǀºƀƫƺƯř

EC10%��ŽƺŤĜǀƫŚĩř�ƵŚǀĭ�žƳŚſř�Żř�ƵŶƃ�ƶǀƸţ���ƽƹŹ��ŵŹƺƯ�ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ�ƪƯŚĩ�ƵźƄů�ƹ�ƭƺſ�Ʋſ�ƹŹǇ��ƭƹŵ�Ʋſ�ƹŹǇ
ŢƟźĭ�Źřźƣ�ƾſŹźŝ���

��
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��

�ƲǀǀƘţLC50�Ƃĩ�ŢƟō�ƾſŚưţ�Ţǀưſ�ƾſŹźŝ�ƹ�ƽƹŹ�ƱƺŝŚƿřŵ�ƵźƄů���
�źǀƯ�ƹ�īźƯ�ƽřźŝ�ƭŻǇ�ŢƔƬƛ���ƾſŚưţ�Ţǀưſ�źŧř�ƾſŹźŝ�ƽřźŝÒå��ŢǀƘưū�Żř��LC50��Ŷƃ�ƶŞſŚŰƯ���ƂƿŚƯŻō�ƾƏ�ŹƺƔƴƯ�ƲƿŶŝ

�źǀƯ�ƹ�īźƯ�ƽřźŝ�ƭŻǇ�ŢƔƬƛ�ƾţŚƯŶƤƯ�ƽŚƷçå���ƹíå��ŶƯō�ŢſŶŝ�ŢǀƘưū�����ƪºƇřƺƟ�ŽŚºſř�źŝ�Ʊō�Ʋǀŝ�ŚƯ�ƽŚƷ�ŢƔƬƛ�žĜſ
Ŷƃ�ƾſŹźŝ�ƹ�ƶŞſŚŰƯ�ƾưŤƿŹŚĮƫ��ŚƯŻō�źƐƣ�Śŝ�ƽźŤě�ƝƹźƓ�Źŵ�ƂƿÒ��ƕŚƠţŹř�ƹÎ�Ñ�źŤƯ�ƾŤƳŚſ������ƭŚºŬƳř�ƱƹŹŚºƳ�īźºŝ�ƽƹŚºů�Ŷºƃ��

Ŷƃ�ƵŶƳŚƃƺě�ƽŹƺţ�Śŝ�ƶƿƺƸţ�ŹƺƔƴƯ�ƶŝ�ƽźŤě�śŹŵ�Żř�ƾŤưƀƣ���ƹ�ƵŶƳŻ�ŵřźƟř�ƁŹŚưƃ�ƹ�ƭŚŬƳř�ŢƔƬƛ�ŹŚƸģ�ƹ�ŹřźĪţ�ƶſ�Źŵ�ƂƿŚƯŻō
�Żř�žě�ƵŵźƯçÑ�ŢƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�ŢƗŚſ��ƲǀǀƘţ�ƽřźŝ�LC50������Żř�ŹřźºĪţ�źºƷ�Źŵ�ƪºƯŚĩ�šřźºƄů�ƹ�ƹŹǇ�ƽřźŝæå���ƵźºƄů
�Ŷƃ��ƵŵŚƠŤſř��Kim et al., 1999����ƂƿŚƯŻō�ƽŚƷ��ƾƿŚƯŵ�Ǝƿřźƃ�Źŵ�ŶƷŚƃ�Śŝ�ƵřźưƷ�źƔƳ�ŵŹƺƯçÒ��ƾŞƀƳ�ŢŝƺƏŹ�ƹ�ŽƺǀƀƬſ�ƶūŹŵ

Ò�tÓÒ��ƽŹƺƳ�Ǝƿřźƃ�ƹ�ŶƇŹŵæÓ��ƹ�ƾƿŚƴƃƹŹ�ŢƗŚſí�ŢƟźĭ�ƭŚŬƳř�ƾƨƿŹŚţ�ŢƗŚſ����źƿŵŚƤƯLC50��ƂƿŚƯŻō�ŵŹƺƯ�šřźƄů�ƽřźŝ
ŢƔƬƛ�Źŵ��Ʋǀŝ�źǀƯ�ƹ�īźƯ�ƶĩ�ƾƿŚƷíå��çå�������ŹřżºƟř�ƭźºƳ�Żř�ƵŵŚƠŤºſř�Śºŝ�ŶƴŤºƃřŵ�řŹ�ŶƇŹŵSAS 6.12���ƁƹŹ�ƶºŝ�ƹFinney, 1971)��

Ŷƃ�ƶŞſŚŰƯ���ƪƯŚĩ�šřźƄů�ƽřźŝè�ç�ƵŻƹŹ�ŢƔƬƛ��ƽŚƷèååå��Ñååå��Òååå��Óåååppm���ƹŵ�Ʋſ�ƹŹǇ�ƽřźŝ���Ñååå��Òååå��
Óååå��ìååå�ppm�ƹ��ƽřźŝƹŹǇ�ƶſ�Ʋſ�Òååå��Óååå��ìååå��ƹíååå��ppm��ŢƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ���Źŵ�šřźƄů�ŹřźĪţ�źƷ�Źŵ

�īźŝ�ƽƹŚů�ƽźŤě�ƝƹźƓ�ƱƹŹŵŶƃ�ƾƃŚě��ƩƺƬŰƯ��Ŷƃ�ƝźƈƯ�ƩƺƬŰƯ�Żř�źŤǀƫ�ƾƬǀƯ�ƮǀƳ�ƹ�Ĩƿ�ƾƃŚě�ƩƺƬŰƯ�ŹŚŝ�źƷ�Źŵ���
��

ŦŰŝ�ƹ�ŪƿŚŤƳ��
�ƲǀǀƘţLC50��ƱƺŝŚƿřŵ�Ƃĩ�ŢƟō�ƾſŚưţ�Ţǀưſ�ƾſŹźŝ�ƹ��

�Ţǀưſ���ƽƹŹ�ƾºƃŚě�ƩƺºƬŰƯ�Śŝ�ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ�ƪƯŚĩ�ƵźƄů�ƹ�ƭƺſ�Ʋſ�ƹŹǇ��ƭƹŵ�Ʋſ�ƹŹǇ�ƽƹŹ�ƱƺŝŚƿřŵ�ƾſŚưţ
ŢƔƬƛ�Śŝ��ƵźƄů�ƱŶŝ�ƹ�īźŝ�ŮƐſ�ŢƟźĭ�Źřźƣ�ƾŝŚƿŻŹř�ŵŹƺƯ�ƞƬŤŴƯ�ƽŚƷ��ŹřŶƤƯ�LC50����ƱƺŝŚºƿřŵ�Ƃĩ�ŢƟōÏÑ����Żř�žºě�ŢƗŚºſ

�Ŝǀţźţ�ƶŝ�ƪƯŚĩ�ƵźƄů�ƹ�ƭƺſ�Ʋſ�ƹŹǇ��ƭƹŵ�Ʋſ�ƹŹǇ�ƽřźŝ�ŵźŝŹŚĩÒæÒÑ��Óçìç��èîçí�ƾě�ƾě�ƭř��ŶºƯō�ŢſŶŝ�����ŵƹŶºů�ƶºƀƿŚƤƯ
�ƱŚƴǀưƏřîÒ��źƿŵŚƤƯ�ŶƇŹŵLC50������ƹŹǇ�ƶºŝ�ŢŞºƀƳ�ƪºƯŚĩ�ƵźºƄů�ƶƬůźƯ�ƶĩ�ŶƷŵ�ƾƯ�ƱŚƄƳ�ƪƯŚĩ�ƵźƄů�ƹ�ƹŹǇ�ƽřźŝ�ƵŶƃ�ƶŞſŚŰƯ

ŶƃŚŝ�ƾƯ�źţ�ŽŚƀů��ƩƹŶūæƹç����ƾƴƘƯ�ƝǈŤųř�ƮƷ�Śŝ�ƶĩ�ŵřŵ�ƱŚƄƳ��ƪƯŚĩ�ƵźƄů�ƹ�ƶſ�Ʋſ�ƹŹǇ�Ţǀŝƹźě�ƍƺƐų�Ŝǀƃ�ƶƀƿŚƤƯ
��ŶƴŤºƀƷ�ƽŻřƺƯ�ƮƷ�Śŝ�Ţǀŝƹźě�ƍƺƐų�ƶŬǀŤƳŹŵ��ŶƳŹřŶƳ�ƽŹřŵ�÷2 = 0.001, df = 1, p = 0.979��������ƍƺºƐų�Ŝǀºƃ�ƶºƀƿŚƤƯ�ƲǀºƴĤưƷ

ŶƳŹřŶƳ�ƽŹřŵ�ƾƴƘƯ�ƝǈŤųř�ƮƷ�Śŝ�ƶĩ�ŵřŵ�ƱŚƄƳ��ƪƯŚĩ�ƵźƄů�ƹ�ƹŵ�Ʋſ�ƹŹǇ�Ţǀŝƹźě��ŶƴŤƀƷ�ƽŻřƺƯ�ƮƷ�Śŝ�Ţǀŝƹźě�ƍƺƐų�ƹ�÷2 = 

0.027, df = 1, p = 0.870�� 
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�ƩƹŶūæ���źƿŵŚƤƯLC50��ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ�ƪƯŚĩ�šřźƄů�ƹ�ƹŹǇ�ƽƹŹ�ƱƺŝŚƿřŵ�ƾƷŚǀĭ�Ƃĩ�ŢƟō�ƽřźŝ�ƵŶƃ�ƶŞſŚŰƯ� 

Table 1. The LC50 values  of botanical insecticide, Dayabon, on larvae and adults of elm leaf beetle. 

 
Stage Formulation N  ÷2  (df) P- value Slope ± SE LC50  

(ppm) 
95% confidence 
limits (ppm) 

 2rd instar larvae Dayabon 120 2.149 (2) 0.341 6.375 ± 1.400 5154 (4639 - 5635) 

3rd instar larvae Dayabon 120 0.563 (2) 0.754 7.943 ± 1.679 6272 (5787 - 6747) 

Adult Dayabon 120 0.528 (2) 0.767 5.409 ± 1.142 3928 (3422 - 4355) 

��
ƩƹŶū�ç���źƿŵŚƤƯ�ƶƀƿŚƤƯ�LC50���Ţǀưºſ�ƶŞſŚŰƯ�Ǝſƺţ�ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ�ƪƯŚĩ�šřźƄů�ƹ�ƹŹǇ�ƽƹŹ�ƱƺŝŚƿřŵ�Ƃĩ�ŢƟō
ƾŞƀƳ� 

Table2. Comparison of LC50 values between larvae and adults of the elm leaf beetle by relative median potency. 
 

Stage RMP 
(LC50A / LC50B) 

95% confidence limits 
Lower Upper 

2rd instar larvae /Adult 1.226 0.496 2.236 

3rd instar larvae /Adult 2.121 1.294 3.890 

3rd instar larvae /  2rd instar 
larvae 

1.095 0.383 
 

2.070 

                  RMP: Relative Median Potency�  
 

 
 

�ƪĪƃæ��Ǝſƺţ�ƱƹŹŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ�ƪƯŚĩ�šřźƄů�ƹ�ƹŹǇ�źǀƯ�ƹ�īźƯ�Ţǀŝƹźě�ƶƿżŬţ��ƱƺŝŚƿřŵ�Ƃĩ�ŢƟō� 

Fig. 1. Probit analysis of mortality in larvae and adults of Xanthogaleruca luteola treated by Dayabon. 
NED refer to normalized equivalent deviation. 
 

ƱƺŝŚƿřŵ�Ƃĩ�ŢƟō�ƂƷƹĦě�Ʋƿř�Źŵ�ƱŶŝ�ƹ�īźŝ�ŮƐſ�ƽƹŹ�ƵźƄů��Ŷƃ�ƾƃŚě�ƩƺƬŰƯ����ƁƹŹ�Ʋºƿř�śŚŴŤƳř�ŢƬƗ��ƶºŝ��źƏŚºų
�Śŝ�ƵźƄů�ŽŚưţ�žƳŚƃ�ƂƿřżƟřƩƺƬŰƯ�ƾƯŶƃŚŝ��ƶƬůźƯ��ƵŶƯō�Ţſŵ�ƶŝ�ŪƿŚŤƳ�ŽŚſř�źŝ��ƪƯŚĩ�ƵźƄů���ƶºŝ�ŢŞƀƳ��ƹ�ƭƹŵ�Ʋºſ�ƹŹǇ
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ƭƺſ�Śƀů�ƲƿźŤƄǀŝſ�ƶŝ�řŹ�ŢǀƱƺŝŚƿřŵ�Ƃĩ�ŢƟō�ƃřŵŢ��ƾƯ����źŤºƄǀŝ�ƶºŝ�řŹ�ƱƺŝŚºƿřŵ�ƶŝ�ƪƯŚĩ�šřźƄů�Ʊŵƺŝ�źţ�ŽŚƀů�ŢƬƗ�Ʊřƺţ
ŵřŵ�ŢŞƀƳ���ƵźƄů�ƾŤƀƿŻ�źĮƿŵ�ƪůřźƯ�ƶŝ�ŢŞƀƳ�ŚƸƳō�ħźŰţ�Ʊŵƺŝ��ƾſŹźŝ�Źŵ�ƁřƹŶƴĭ�ƾƄĩ�ƵźƄů�źŧř��Ĩſƺſ�ƽƹŹ��ƾƐƣō�ƹ

�ƱƹŹŚƳ�ŹřƺŴĭźŝ�ƽŚƷ�ŢƔƬƛ�Źŵæ��ê��ƹæå��ŶƇŹŵƾƷŚĮƄƿŚƯŻō�Ǝƿřźƃ�Źŵ��ŚºƷŹŚưǀţ�ƶǀƬĩ�Źŵ�Ĩƿ�Ʋſ�ƹŹǇ��æåå����šŚºƠƬţ�ŶºƇŹŵ
�ƲǀƴĤưƷ��Ŷƃ�ƵŶƷŚƄƯ�ƭƺſ�Ʋſ�ƽŚƷƹŹǇ�ƽƹŹ�źǀŧŚţ�ƲƿźŤưĩ�ŚƯř�ŢƃřŵƁřƹŶƴĭ�ƵŹŚƈƗ���ƲǀĮƳŚºǀƯ�Śŝèç�îæ���ŶºƇŹŵ���ƶºŝ�ŢŞºƀƳ

ƾƐƣō��ææ�ìì�ŶƇŹŵ���ƽźŤƄǀŝ�źǀŧŚţŚƳ�ŹřƺŴĭźŝ�Ĩſƺſ�ƹŹǇ�źǀƯ�ƹ�īźƯ�Źŵ��Ţºſř�ƶŤºƃřŵ��ƱƹŹ�(Jalali Sendi et al., 2010) ����Śºŝ
��ŵŹřŵ�ŵƺºūƹ�ƮƫŚºſ�ƾƷŚǀĭ�ƽŚƷ�Ƃĩ�ŢƟō�Żř�ƵŵŚƠŤſř�ƹ�Ŷǀƫƺţ�šŹƹźƋ��šŚƟō�ƩźŤƴĩ�ƽřźŝ�ƾƿŚǀưǀƃ�ƭƺưſ�šřźƌƯ�ƶŝ�ƶūƺţ����řŸºƫ
�ƭŚŬƳř�ƽźƸƃ�żŞſ�ƽŚƌƟ�ƮƸƯ�šŚƟō�ƩźŤƴĩ�ƽřźŝ�ƾƷŚǀĭ�ƽŚƷ�Ƃĩ�ŢƟō�ŵźŝŹŚĩ�ƵŹŚŝŹŵ�ƭŻǇ�šŚƘƫŚƐƯ�ƶĩ�ŵƺƃ�ƾƯ�ŵŚƸƴƄǀě�ƹ��ƵŶƃ

ŶƳƺƃ�ƵŵŚƠŤſř�ƹ�ƾƟźƘƯ�ƾƿŚǀưǀƃ�ƽŚƷ�Ƃĩ�ŢƟō�ƽřźŝ�źƐų�ƾŝ�ƹ�ŜſŚƴƯ�ƽŚƷ�ƲƿżĮƿŚū���
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