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Abstract 
Between 2010 and 2011, spatial distribution and fixed precision sequential sampling plans were determined 

for two aphids, Rhopalosiphum maidis F. and Schizaphis graminum R., in wheat fields in Badjgah countryside of 
Iranian Fars province. For this purpose, two fields of two hectares each were selected and sampled on weekly 
basis. Each sample consisted of 200 randomly selected wheat plants along with the total number of counted 
aphids. Based on RV, the best sample unit was four stems. This data was used to describe spatial distribution 
pattern of R. maidis and S. graminum by Taylor�s power law (TPL) and Iwao�s patchiness regression methods. 
The results indicated aggregated spatial distribution of aphids' populations in wheat fields, based on the 
mentioned methods. The TPL provided a better description of the aphids' spatial distribution. Since regression 
line slopes were not significantly different for S. graminum and R. maidis, the same Green model was proposed 
for both species. In this model, minimum numbers of samples were 20, 12 and 9 for precision levels of 0.15, 0.25 
and 0.3, respectively. Comparing Green and conventional methods in 0.15, 0.25 and 0.3 precision levels showed 
that the number of required samples were reduced 77.8 ± 1.05, 78.3 ± 0.91 and 81.4 ± 0.81 percent, respectively. 
Based on Wilson and Room's model, when the mean populations of aphids were 1.6, 3.86 and 5.62, the 
proportion of infestation in the field were 0.5, 0.75 and 0.85, respectively. Therefore, by increasing the infestation 
percentage of the samples, the number of required samples will be reduced.  
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ƘưūººǀƭŶººƴĭ�Ʋººſ�Ţ��Eurygaster integriceps Puton��
Afshari & Dastranj (2010)���ƱŚºĭźĭ�Źŵ�řźºŝƽ��ºưŴţǀ�Ʋ

ƘưūǀƶŤƃ�Ţ�ŚƷƽ��ƭŶƴĭ�ƶƃƺų�Afshari (2011)��ƕŹřżƯ�Źŵ
�ƱŚĭźĭ�ƭŶƴĭřźŝƽ�ưŴţǀƘưū�ƲǀŚƷźĭŹŚĪƃ�Ţƽ��ƶŤºƃ�ƮƸƯ��

ƹ�Shahrokhi & Amir-Maafi (2011a, 2011b)��ºƯřŹƹ�Źŵǀ�Żř�Ʋ
řƿƶƳƺưƳ�ƁƹŹ�Ʋ�Źřŵźŝƽ�ƵŵƺưƳ�ƵŵŚƠŤſř�ŶƳř.��



ƵźƄů�ƲưŬƳř�ƶƯŚƳ���Ʊřźƿř�ƾſŚƴƃèé���é���ÎÐîè������������������������������������������������������������������������������������������������������������������ÎÔ 

Śŝř�ŵƺūƹƿƫƺţ�Źŵ�Ʃƹř�ƶŞţŹ�ŽŹŚƟ�ƱŚŤſř�ƶĪƴǀ�ƭŶƴĭ�Ŷ
řƿ�ŵŹřŵ�řŹ�Ʊřź(Kherad, 2013)ƄƷƹĦě�ƱƺƴĩŚţ��ƾ�ƯŻ�Źŵǀ�ƶƴ

ƶƳƺưƳ�ƁƹŹ�Źřŵźŝƽ�ƶƫŚŞƳŵ�řƽ�Ƙưū�ŻřǀƶŤƃ�Ţ�ŚƷƽ���šǈºƛ
ř�Źŵƿ�Ţºſř�ƶŤƟźĮƳ�ƭŚŬƳř�ƱŚŤſř�Ʋ����ƂƷƹĦºě�Źŵ���źºƋŚů
ƺĮƫřƽ�ŻƺţƿŚƌƟ�Ɩƾƿ�ƶƳƺưƳ�ƹ�Źřŵźŝƽ��ƶºƫŚŞƳŵ�řƽ����Ţºƣŵ�Śºŝ

řźŝ�ŢŝŚŧƽ�Ƙưū�ƩźŤƴĩǀ��ƫƺºưƘƯ�ƶŤºƃ�Ţƾ����ƶŤºƃ�ƹ�ƭŶºƴĭ
ŝō�ƭŶƴĭ�ƕŹřżƯ�Źŵ�šŹŷ�īźŝƾ�ƵŚĮūŚŝ�ƶƤƐƴƯ�����Śºŝ�ƵřźºưƷ

ƺĮƫřƽ�ƶƳƺưƳ�Źřŵźŝƽ�ƶƬưūƹŵ�řƽ�(Wilson & Room, 1983)�
řźŝƽ�řƿƩŶƯ�Ʋ��ŚƷ��ŢƸū�ŹŚĩ�ŢƫƺƸſ���řŹřƿ�ƶƾƯ��ŵƺºƃ��

řŹř�šŚƗǈƏřƿƶ�ř�Źŵ�ƵŶƃƿƯ�ƂƷƹĦě�Ʋƾ�ŶƯ�Źŵ�ŶƳřƺţƿźƿ�Ţ
ƘưūǀŢ�ƶŤƃ�ŚƷƽ�ĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ƭŶƴĭǀŵź� 

��
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
ƶƳƺưƳ�Źřŵźŝƽ�Ƙưū�ŻřǀƶŤƃ�Ţ�ŚƷƽ�ƭŶƴĭ�ƶƃƺų��ƹŵ�

ƗřŹŻ�ƪƈƟ�ƹŵ�ƩƺƏ�Źŵ�ƶŤƠƷ�Źŵ�ŹŚŝƾ�ÎÐÕÖ��ƹÎÐÖÍ��Źŵ
����ŢºƟźĭ�ƭŚºŬƳř�ŽŹŚºƟ�ƱŚŤºſř�ƵŚĮūŚŝ�ƶƤƐƴƯ���ƶºŝ���ŹƺºƔƴƯ

ƶƳƺưƳ�Źřŵźŝƽ�Ƙưū�ŻřǀƶŤƃ�Ţ����ºŝō�ƭŶºƴĭ�ƶºƗŹżƯ�ƹŵ��ŚƷƾ��
źƷƿ��ŹŚºŤĪƷ�ƹŵ�ŢůŚƀƯ�ƶŝ�Ĩ��ƶºƧŻ�ºƿ���ƮºƣŹ�ƹŵ�ŢºƄĩ�ź
ƃǀŹŚƸŝ�ƹ�Żřź�ŶƳŵƺŝŶƃ�śŚŴŤƳř����řźŝƽ�Żř�ŝǀƲ��šŚƟō�Ʊŵźŝ

ř�ŹŵƿƷ�ƕŹřżƯ�Ʋǀưſ�Ģƾ�����ŢºƟźĮƳ�Źřźºƣ�ƵŵŚƠŤºſř�ŵŹƺºƯ��
ƶƳƺưƳ�Źřŵźŝƽ�ŵŹ�ƹƿŝŚƾ�ƘưūǀƶƳƺĭ�Ţ��ŚºƷƽ�S. graminum�

ƹ�R. maidis�řƹř�Żř�źƔƳ�ŵŹƺƯ�ƕŹřżƯ�Źŵƿ���ŵƹŹƹ�Śºŝ�ŹŚºƸŝ�ƪ
ƶŤƃ��ŻŚƛō�ŚƷ�Ŷƃţ�ƹƱō�Źƺƌů�ƱŚƯŻ�Ś��ř�Źŵ�ŚºƷ�ºƿ��ƕŹřżºƯ�Ʋ
�ƶƯřŵřƿŢƟŚ��ř�Źŵƿ�ƂƷƹĦě�Ʋ�ƺĮƫř�Żřƽ�ƶƳƺưƳ�Źřŵźŝƽ�ƹŹƽ�

Ŷƃ�ƵŵŚƠŤſř�źƐƣ�ƹŵ��ƾƴƘƿ��ƶºŝ���ƟŵŚºƈţ�ŹƺºƏƾ����ƶºţƺŝ�ŶºƇ
�ƭŶººƴĭ�ƶººƳƺưƳ�ŵřŶººƘţ���ƹ�śŚººŴŤƳř�ƶººƗŹżƯ�źººƐƣ�źººƷ�Żř
ƶŤƃ�ŚƷƽ�Ŷƃ�ƁŹŚưƃ�ƭŶƴĭ�ƶƣŚſ�Ūƴě�Źŵ�źƔƳ�ŵŹƺƯ����
��
ƘţǀǀƶƳƺưƳ�ŵřŶƘţ�Ʋ��

�řŶŤŝřƿ�ƶºƳƺưƳ�Ĩ��Źřŵźºŝƽ��ţŚƯŶºƤƯƾ����ŵřŶºƘţ�ƹ�ƭŚºŬƳř
�Ż�ƶººƐŝřŹ�Żř�ƵŵŚƠŤººſř�Śººŝ�ƭŻǇ�ƶººƳƺưƳººƿŶººƃ�ƶŞººſŚŰƯ�ź�� �

(Hsu et al., 2001)���

222 ).()(
m

S

D

Z
N


 �ƶƐŝřŹ�æ���������������������������������  

��ƶƐŝřŹ�Ʋƿř�ŹŵN���ƶƳƺưƳ�ŵřŶƘţD��ƶºƳƺưƳ�Ţƣŵ��Źřŵźºŝƽ��S�
ƶƳƺưƳ�ŹŚǀƘƯ�ƝřźŰƳř�ŚƷ�ƹ�m�ƶƳƺưƳ�ƲǀĮƳŚǀƯ��ŚƷ�Ţºſř��Zá/2��
ƶŝ�ƶƏƺŝźƯ�ƩƹŶū�Żř��ŢſŵƾƯ�Ŷƿō� 

��
ſŹźŝƾ�ŜſŚƴƯ�źţƿƶƳƺưƳ�Ŷůřƹ�Ʋ�ĭǀźƽ�ƶŤƃ�Żř�ŚƷƽ�ƭŶƴĭ��

ſŹźŝƾ�ŜſŚƴƯ�źţƿƶƳƺưƳ�Ŷůřƹ�Ʋ�ĭǀźƽźƏ�Żř��ƿ�ƹŵ�Ƣ
ƆųŚƃ�RV��Źřƹ�ºƿ�ŞºƀƳ�žƳŚƾ���ƹRNP�����ƆƫŚºų�Ţºƣŵ

ŞƀƳƾ��Ŷƃ�ƭŚŬƳř���ŹřŶƤƯRV�ƯǀƶƳƺưƳ�Ţƣŵ�Ʊřż��Źřŵźºŝƽ��ƹ
�ŹřŶƤƯRNP�řŹŚĩƾƿ��ºƯ�ƱŚƄƳ�řŹ�ƶƳƺưƳ�Ŷůřƹ�ƵŻřŶƳřƾ���ŶºƷŵ

(Ruesink, 1980)���

100
x

SE
RV �ƶƐŝřŹ�ç��������������������������������������  

)(

100

CsRV
RNP


 �ƶƐŝřŹ�è���������������������������������  

ƶƐŝřŹ�Źŵ�ŚƷƽ��ơƺƟSE��ŚºƐųƽ���ƹ�ŵŹřŶƳŚŤºſřx�Ư�ºǀĮƳŚǀ�Ʋ
Ƙưūǀ�ƹ�ƶŤƃ�ŢCs�ƝźƇ�ƱŚƯŻ���řźºŝ�ƵŶºƃƽ��ŚºſŚƴƃƾƿ��ƹ

ƶŤƃ�ƁŹŚưƃ��ƶƳƺưƳ�Ŷůřƹ�Źŵ�ŚƷ�Î��ŚţÒ�ƶƣŚſ���Ŝƀů�źŝ
Ư�ŢƗŚſƾ��ŶƃŚŝ(Ruesink, 1980)���

��
ŚƌƟ�Ƃƴĩřźě�ŵŹƹōźŝƾƿ�ƶŤƃ�ŚƷƽ�ƭŶƴĭ��

Ƃƴĩřźě�ƆųŚƃ 

ƱƺƳŚººƣ�ŽŚººſřźŝ�Taylor (1961)�ƹ�ƲǀĮƳŚººǀƯ�Ʋǀººŝ��
ƶƐŝřŹ��ƎǀŰƯ�Ʀƿ�Źŵ�ŢǀƘưū�žƳŚƿŹřƹ�bxaS 2��Źřźƣźŝ

�ƾºƯ�ŶººƃŚŝ��ř�Źŵººƿ��ƶºƐŝřŹ�ƲS2�Źřƹººƿ��žƳŚx�ƯººǀĮƳŚǀ��Ʋa�
ƶƳƺưƳ�ŹƺŤĩŚƟ�ĭǀźƽ��ƹb�řźŝ�ƶĩ�Ţſř�ƖưŬţ�ƆųŚƃƽ��źƷ
��ƵźºƄů�ƶƳƺĭ�����ºƯ�ƵźºƄů�Ʊō�ƅŚºų�ƹ�šƹŚºƠŤƯƾ��ŶºƃŚŝ��

ƶŝ��źƿŵŚƤƯ�ƶŞſŚŰƯ�ŹƺƔƴƯa��ƹb�ſźĭŹ�ƁƹŹ�ŻřǀƐų�Ʊƺƾ�
Ŷƃ�ƵŵŚƠŤſř��ř�Źŵƿ�žƳŚƿŹřƹ�ƮŤƿŹŚĮƫ�Ʋǀŝ�ƁƹŹ�Ʋ(Log s2)�

�ƶºŝ������ƲǀĮƳŚºǀƯ�ƮŤƿŹŚºĮƫ�ƹ�ƶŤºƀŝřƹ�źºǀƜŤƯ�ƱřƺºƴƗ�(Log x )�
ƶºººŝ����ƾƳƺǀºººſźĭŹ�ƶºººƐŝřŹ��ƪƤŤºººƀƯ�źºººǀƜŤƯ�ƱřƺºººƴƗ�� �

Log (s2) = Log (a) + bLog ( x )��ŹřźƣźŝŢſř���Ǝų�Ŝǀƃ



ÎÕ����������������������������������������������������������������ƱřŹŚƨưƷ�ƹ�ƺƬưſŚƣ�ƾƳŚƐƬſ��ƶƳƺưƳ�ƶƫŚŞƳŵ�ƽŹřŵźŝ�ƶŤƃ�Źřŵ�ƽŚƷ�Rhopalosiphum maidis�ƹ������

�ƾƳƺǀſźĭŹ�ƶƫŵŚƘƯ�Ʋƿř(b)�ƶŝ��ƽřźŝ�ƾƈųŚƃ�ƱřƺƴƗ��ƱŚºƄƳ
���ƶºŤƟźĭ�źºƔƳ�Źŵ�ƵźƄů�ŢǀƘưū�ƂƴƧřźě�ƾĮƳƺĮģ�Ʊŵřŵ

Ŷƃ��ƴĤưƷǀ�ƾºƴƘƯ�ƱƺƯŻō�Ʋ�Źřŵ�����ŜƿźºƋ�ƝǈŤºųř�Ʊŵƺºŝ
�ƱƺǀſźĭŹ�ƆųŚƃ�b���ŹřŶƤƯ�ƶŝ�ŢŞƀƳÎ��ƵŹŚƯō�ƦưƧ�ƶŝ

t = (slope � 1) / SEslope�Ŷƃ�ƭŚŬƳř��ř�Źŵƿ�ƶºƫŵŚƘƯ�Ʋ��slope�
ƹ�SEslope�ƶºººŝ�ţźţºººǀřźºººƋ�Ŝƿ�ŜTaylor�(b)�ŚºººƐų�ƹƽ�

ſźĭŹ�šǇŵŚƘƯ�Źŵ�Ʊō�ŵŹřŶƳŚŤſřǀƳƺƾ�Ưƾ��ŶƴºƃŚŝ����ŹřŶºƤƯt�
ƶŞſŚŰƯ��ŹřŶƤƯ�Śŝ�ƵŶƃ t�ƩƹŶūŚŝ��ƽŵřŻō�ƶūŹŵn � 1��ŵŹƺƯ

ŢƟźĭ�Źřźƣ�ƶƀƿŚƤƯ��īŹżŝ�šŹƺƇ�Źŵ�źţ����ŹřŶºƤƯ�Ʊŵƺºŝt�
ƶŞſŚŰƯ��ƶŝ�ŢŞƀƳ�ƵŶƃt�Żƺţ��ƩƹŶūƿ�ŚºƌƟ�Ɩƾƿ���Żř�ŢºƟō

ƘưŬţ�ƕƺƳƾ�ƹŚƀƯ�šŹƺƇ�Źŵ�ƹƽ�ř�Ʊŵƺŝ�ºƿ���ŹřŶºƤƯ�ƹŵ�Ʋ
Żƺţƿ�ŢƟō�ƖƟŵŚƈţƾ�ŵƺŝ�ŶƷřƺų� 

��
ĭŹ�ƍƺƐų�Ŝǀƃ�ƶƀƿŚƤƯƶŤƃ�ƹŵ�ŏŶŞƯ�Żř�ƉźƗ�ƹ�Ʊƺǀſź��

ř�ŹŵƿƂƷƹĦě�Ʋ���ƵŹŚƯō�ƹŵa�ƹb�źƷ�ƶŝ�ƍƺŝźƯŻř�Ʀƿ�
ƶŤƃ�ŚƷ���ƶºƐŝřŹ�Żř�ƵŵŚƠŤºſř�Śŝ��ŚºƷƽ�Ñ��ƹÒ�����ƶºƀƿŚƤƯ�ƮºƷ�Śºŝ

ŶƳŶƃ��ŵŹřƺƯ�Źŵƽ�ƾƴƘƯ�ƝǈŤųř�ƶĩ���Ŝǀºƃ�ƹŵ�Ʋǀŝ�ƽŹřŵ
�ƱƺǀſźĭŹ�ƎųƲƿř�ŞƳ�ƶƳƺĭ�ƹŵŵƺƶŝ���ůřźƏ�ŹƺƔƴƯƾ���ƩŶºƯ

ƶƳƺưƳ�ĭǀźƽ�ƶƫŚŞƳŵ�řƽƵŵřŵ���ŚƷƽ�����ƶŤºƃ�ƶºƳƺĭ�ƹŵ�ƶºŝ�ƍƺŝźƯ
ƠƬţººǀ�ƹ�ƢººƿźººƋ�Ĩƿ�ººƬĩ�Ƃƴĩřźººě�Ŝƾ�Ƙţǀººǀ�ƲººƃŶ� �

(Feng & Nowierski, 1992)���

)(/)( 22
21int 21  SESEt ercept  �ƶƐŝřŹ�Ñ���������  

)(/)( 22
21 21 bbslope SESEbbt  �ƶƐŝřŹ�Ò���������������  

ř�Źŵººƿ�ƶººƫŵŚƘƯ�Ʋá1��b1��á2�ƹ�b2�řźººƋƿ�ŜTaylor��ƹŵ�Źŵ
ƶŤƃ�ƶƳƺĭ���ƹSEá��ƹSEb�ŚƐųƽ�Ʊō�ŵŹřŶƳŚŤſř�Ư�ŚƷƾ�ŶƃŚŝ��

ŵŚººƤƯƿ�źt�ƶŞººſŚŰƯ��Śººŝ��ƵŶººƃt�ŵřŻō�ƶººūŹŵ�Śººŝ�ƩƹŶººūƽ�� �
(n1 + n2) � 2�ŚƤƯƿ�ƶƀƃŶ� 

��
ůřźƏƾ�ƶƳƺưƳ�ƩŶƯ�Źřŵźŝƽ�ƶƫŚŞƳŵ�řƽ��

���ƽŵŚƸƴººƄǀě�ƁƹŹ�Żř�ƵŵŚƠŤººſř�ŚººŝGreen (1970)��
Ʈǀưƈţ�ƍƺƐų�řźŝ�ƽźǀĭƽ���ŻŚºǀƳ�ŵŹƺƯ�ƶƳƺưƳ�ŵřŶƘţ�ƲǀǀƘţ

řŹřƿ�ƶƃŶ���Źŵ�ƁƹŹ�Ʋƿř����ŻŚºǀƳ�ŵŹƺºƯ�ƶƳƺưƳ�ŵřŶƘţ�ƪƣřŶů
Ţſŵ�ƽřźŝ�����ŢºŝŚŧ�Ţºƣŵ�ŮƐºſ�Ʀƿ�ƶŝ�ƾŝŚƿ(D)���Ǝºų�ƹ

ƶƳƺưƳ�Źŵ�ƞƣƺţ�ƶƫŚŞƳŵ�ƽźǀĭ�ƽř�ƶƐŝřŹ�Żř�ŢŝŚŧ�Ţƣŵ�Śŝ�ŚƷƽ�
�źƿŻŶƃ�ƶŞſŚŰƯ�(Barrigossi et al., 2003)���
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b 


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 �ƶƐŝřŹ�Ô�����������������  

�ơƺƟ�ƶƫŵŚƘƯ�Źŵn������ƲǀºưŴţ�ƽřźºŝ�ŻŚºǀƳ�ŵŹƺºƯ�ƶƳƺưƳ�ŵřŶƘţ
Ƙưū�ƲǀĮƳŚǀƯǀ���ŮƐºſ�ƎºſƺŤƯ�Śŝ�ƶƳƺưƳ�Ŷůřƹ�Źŵ�ŢƟō�Ţ
�ƩŵŚƘƯ�ƾŤƣŵDexp�ƾƯ�ŶƃŚŝ��x�ƯǀĮƳŚǀƘưū�Ʋǀ��Źŵ�ƶŤºƃ�Ţ
��ƶƳƺưƳ�Ŷůřƹá��ƹb��ƹ�ŹƺƬƿŚţ�ŜƿřźƋTn����ƾºƘưŬţ�ŵřŶºƘţ

��ºƳƺưƳ�Ʀºƿ�Źŵ�ŢƟōŠ�n���ƽŵŶºƗ������ƞºƣƺţ�Ǝºų�ƶºƧ�Ţºſř
ƶƳƺưƳ�ƶƫŚŞƳŵ�ƽźǀĭ��ƾºƯ�ƵŶǀƯŚƳ�ƽř��ŵƺºƃ�����ƹ�ƞºƣƺţ�ƍƺºƐų
ưƈţǀƮ�ĭǀźƽ��Ţƣŵ�ŭƺƐſ�Śŝæ�å��çÒ�å��ƹè�å���ƶŞºſŚŰƯ

ŵźĭ�ƮººſŹ�ƹººƿ�Ŷ(Wang & Shipp, 2001)���ƲǀººƴĤưƷ�
ººƴŰƴƯƾ�ŚººƷƽ�ƘţǀººǀƲ��ƵŶººƴƴĩƶººƳƺưƳ�ŵřŶººƘţ�ŚººƷƽ��Źŵ�ƭŻǇ
ƶƳƺưƳ�Źřŵźŝƽ�ƶƳƺưƳ�Źŵ�ƞƣƺţ�ƍƺƐų�ƹ�Źřŵźŝƽ��ƶºƫŚŞƳŵ�řƽ�

Ƶŵřŵ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷƽ��ƶºŝ��Ţºſŵ��ř�Źŵ�ƵŶºƯō�ºƿżŬţ�Ʋ�ºƿ�ƹ�ƶ
ƬŰţǀƭźƳ�Ǝſƺţ�ƪ��ŹřżƟřEXCEL�Ŷƃ�ƮſŹ� 

��
ƶƳƺưƳ�ŭźƏ�ƾŬƴſŹŚŞŤƗř�ƶƫŚŞƳŵ�ƽźǀĭ�ŢŝŚŧ�Ţƣŵ�Śŝ�ƽř��

ƶŝ�ŻŹř�ŹƺƔƴƯ�ºƿŝŚƾ���ƩŶºƯ�ŹŚºŞŤƗř��ŚºƷƽ��ƶºƳƺưƳ�ĭ�ºǀźƽ�
ƶƫŚŞƳŵ�řƽ���ŹřżºƟř�ƭźƳ�ŻřRVSP���Ŷºƃ�ƵŵŚƠŤºſř�(Naranjo & 

Hutchison, 1997)��řźŝƽ�ƭźƳ�Żř�ƵŵŚƠŤſř��ŹřżƟřRVSP�řŶŤŝř��
Ƶŵřŵ�ƪĩ�ŚƷƽ�Ɩưū�Źƹōƽ�Ư�ŽŚſřźŝ�ƕŹřżƯ�Żř�ƵŶƃ�ºǀĮƳŚǀ�Ʋ

Ƙưūǀ����ŶƳŶºƃ�ŜºţźƯ�ƶºƳƺưƳ�Ŷºůřƹ�Źŵ�ƵźƄů�Ţ����žĜºſ
ƯǀĮƳŚǀƲ��ƶŝ�ŚƷæÒ�ƀƤţ�Ƶƹźĭǀ�Ƶƹźĭ�źƷ�Żř�ƹ�ƮƿƯ�ĨǀĮƳŚǀ�Ʋ
ƶŝ��ŹƺƏƟŵŚƈţƾ��śŚŴŤƳřƃŶ��Ƶŵřŵ��ŚºƷƽ���ř�ƶºŝ�ƍƺºŝźƯ�ºƿ�Ʋ
ƯǀĮƳŚǀƲ�řźŝ��ŚƷƽ�ſŹźŝƾ��ƩŶƯ�ŹŚŞŤƗřGreen (1970)��ŵŹƺƯ

�ŢºƟźĭ�Źřźƣ�ƵŵŚƠŤſř��Ƶŵřŵ��ŚºƷƽ��ŝŚºŴŤƳřƾ���Śºſ�Żř�ơƺºƟƿ�ź
Ƶŵřŵ��ƪƤŤƀƯ�ŚƷŶƳŵƺŝ�ř�ƹƿƵŵřŵ�Ʋ�ŻŹř�Źŵ�ŚƷƿŝŚƾ�ŚƷźŤƯřŹŚěƽ�



ƵźƄů�ƲưŬƳř�ƶƯŚƳ���Ʊřźƿř�ƾſŚƴƃèé���é���ÎÐîè������������������������������������������������������������������������������������������������������������������ÎÖ 

Taylor (1961)����ŶºƴŤƟźĮƳ�Źřźºƣ�ƵŵŚƠŤºſř�ŵŹƺƯ���ºƴĤưƷǀƲ��
����ƩŶºƯ�Źŵ�ƶºƳƺưƳ�ŵřŶºƘţ�ƂƷŚĩ�ŶƇŹŵGreen (1970)��Źŵ

ŚƤƯƿ�ƩƹřŶŤƯ�ƁƹŹ�Śŝ�ƶƀƶƳƺưƳ�Źřŵźŝƽ���ƶƐŝřŹÎ��Ư�ƶŞſŚŰ
řŹř�ƹƿ�ƶƃŶ���

��
ƺĮƫřƽ�ƶƳƺưƳ�Źřŵźŝƽ�ŚŝƿƯƺƴǀ�ƩŚ�ŵƺūƹ��ŵƺūƹ�ƭŶƗ���

ƶƳƺưƳ�ƽƺĮƫř�ƶǀƸţ�ƽřźŝ�Śŝ�ƽŹřŵźŝƿƯƺƴ�ºǀƩŚ���ƲǀºǀƘţ�ƹ
ƶƳƺưƳ�ƽŚƷŶůřƹ�ŢŞƀƳ�Ʋǀŝ�ƶƐŝřŹ��ƶŤƃ�ƽřŹřŵ�ƽŹřŵźŝP(I)�

���ŢºǀƘưū�ƲǀĮƳŚºǀƯ�Śºŝ�x�ƶºƫŵŚƘƯ�Żř���Wilson & Room 

(1983)�Ż�ŭźƃ�ƶŝƿŶƃ�ƵŵŚƠŤſř�ź���
1)11.)(1.(1)(


bxbxInxeIP  �ƶƐŝřŹ�Õ����������������  

�Ʊō�Źŵ�ƶƧá���ƹ�ŏŶºŞƯ�Żř�ƉźƗb�����ƱƺǀºſźĭŹ�Ǝºų�Ŝǀºƃ
�ƾƿŚưƳ�ƱƺƳŚƣTaylor (1961)�ƹ�x���ƶŤºƃ�ŢǀƘưū�ƲǀĮƳŚǀƯ

Źŵ�ƶƳƺưƳ�Ŷůřƹ�źƷ�Ư�ƽŹřŵźŝƾ�ŶƃŚŝ����
��

żŬţƿƬŰţ�ƹ�ƶǀƵŵřŵ�ƪ�ŚƷ��
ř�Źŵƿƶŝ��ƂƷƹĦě�Ʋ�żŬţ�ŹƺƔƴƯƿƬŰţ�ƹ�ƶǀŵřŵ�ƪ���Żř�ŚºƷ

ƭźƳ�ŹřżƟř�SAS��ƶŴƀƳ�Î�Ö���Excel�ƹ�RVSP�Ŷƃ�ƵŵŚƠŤſř���
��
ŚŤƳƿŪ��
ƘţǀǀƶƳƺưƳ�ŵřŶƘţ�Ʋ��

ř�ŹŵƿƶƳƺưƳ�ŢŝƺƳ�źƷ�Źŵ�ƂƷƹĦě�Ʋ��Źřŵźºŝƽ��ŵřŶºƘţ��
�ƶƐŝřŹ�Żř�ƵŵŚƠŤſř�Śŝ�ƭŻǇ�ƶƳƺưƳÎ��ƶŞſŚŰƯƃŶ��ŚƸƳ�Źŵ�ºƿ�Ţ

ƶƳƺưƳ�ƵŹƹŵ�ƩƺƏ�Źŵ�Źřŵźŝƽƶŝ���ŢŝŚŧ�ŹƺƏ��ƯǀĮƳŚǀ�Ʋ�ŵřŶºƘţ�
�Ţƣŵ�ŮƐſ�Źŵ�ƶƳƺưƳÐ�Í��źŝřźŝÎÍÍ�ŵƺŝ���

��
ſŹźŝƾ�ŜſŚƴƯ�źţƿƶƳƺưƳ�Ŷůřƹ�Ʋ�ĭǀźƽ�řźŝƽ�ƶŤƃ�ŚƷƽ�ƭŶƴĭ��

źƷƿŶůřƹ�Żř�Ĩ�ŚƷƽ�ƶƳƺưƳ�ĭǀźƽ�ŚƯŻō�ŵŹƺƯƿ��ƶºĩ�Ƃ
řŹřŵƽ�ƯǀƱřż�RV�Ʈĩ�ƹ�źţ�RNP�ŝǀƂ�źţƽ���ƶºŝ��ŵƺºŝ���ƱřƺºƴƗ

ŜſŚƴƯ�źţƿƶƳƺưƳ�Ŷůřƹ�Ʋ�ĭǀźƽ�Ŷƃ�śŚŴŤƳř�����ƶºŝ�ƶºūƺţŚŝ
ưƷřǀŝ�ŢǀƂ��źţRV��ŚºŤƳ�ŽŚºſřźŝ��ƿ�ƶºŝ�Ū��Ţºſŵ���Źŵ�ƵŶºƯō

�ƩƹŶūÎ��ŹŚƸģ�Ŷůřƹ�ƶŝ�ƶƣŚſ�ŜſŚƴƯ�ƱřƺƴƗ�źţƿ��Ŷºůřƹ�Ʋ
ƶƳƺưƳ�Źřŵźŝƽ�ƫƹ��Ŷƃ�śŚŴŤƳřƾ�ƫŵ�ƶŝǀ���ƩŶºƯ�Żř�ƵŵŚƠŤºſř�ƪ

�Ǝſƺţ�ƶƣŚſ�Ĩţ�źƿŚſƤƤŰƯǀ��ƲřƿƳ�ƩŶƯ�Ʋ�ºǀřŹř�ż�ºƿ�Żř�ƹ�ƶ
ƶƳƺưƳ�Źŵ�ƭŻǇ�ƶƳƺưƳ�ŵřŶƘţ�ƑŚŰƫ�Źřŵźŝƽ�����ŹŚºƸģ�ƩŶºƯ�Śºŝ

�ƶƣŚſ�żǀƳŚƤƯƿŶƃ�ƶƀ� 

��
ſŹźŝƾ�ƆųŚƃ�ŚƷƽ�Taylor��ƹIwao��

řźƋ�ƶŝ�ƶūƺţŚŝƿŞţ�Ŝǀǀ�ƶºŝ�Ʋ��Ţºſŵ����ƆųŚºƃ��ƵŶºƯō
Taylor (1961)��ƶŝ�ŢŞƀƳIwao (1977)��źºŤƸŝ�ƁŻřźŝƽ���Śºŝ

Ƶŵřŵ�ŚƷƽ���ŵřŵ�ƱŚºƄƳ�ƶƣŚſ�ŹŚƸģ�ƩŶƯ���ƩƹŶºūÏ����ŚºŤƳƿ�Ū
Ƶŵřŵ�ƁŻřźººŝ�ŚººƷƽ������ƆųŚººƃ�Śººŝ�ƶƣŚººſ�Ĩººţ�ƩŶººƯ� �

Taylor (1961)�Ƴǀ�ƩƹŶū�Źŵ�żÐ����Ţºſř�ƵŶºƃ�Ƶŵřŵ�ƱŚºƄƳ��
ŹŵƾţŹƺƇ��ŹřŶƤƯ�ƶƧb�īŹżŝ�ƦģƺƧ�Śƿ�ƽƹŚƀƯ��źţ���Żř�źºţ
Ʀƿ�ƶŝ�ŢƟō�ƾƿŚƌƟ�ƖƿŻƺţ��ŶƃŚŝ��ƾƟŵŚƈţ��ƾƘưŬţ�Ŝǀţźţ

ŶƷřƺų�Ţųřƺƴƨƿ�Śƿ�ŵƺŝ��ŹřŶƤƯ�a������ƶºƳƺưƳ�ƵŻřŶºƳř�ƶºŝ�żºǀƳ
�ŵŹřŵ�ƾĮŤººƀŝ(Southwood, 1978; Tsai et al., 2000)��
ŚŤƳ�ƶŝ�ƶūƺţŚŝƿ�ƩƹŶū�ŪÑ��ŚƤƯ�ƱƺƯŻō�Źŵƿ��ƆųŚºƃ�ƶƀb�

�ŵŶƗ�Śŝ�Ʀƿ�ŻƺţƿŚƌƟ�Ɩƾƿ�ƶŤƃ�ƘưŬţ�ŚƷƾ�ƶŝ�ŶƯō�Ţſŵ���
��

��ƭŚºƣŹř�Ʋǀŝ�ƱƺǀſźĭŹ�Ǝų�Ŝǀƃ�ƽŹŚƯō�ƶƀƿŚƤƯ��ƭŶºƴĭ�ƹŵ�ƹ
ƶŤƃ�R. maidis�ƹ�S. graminum�ƶƣŚſ�ŹŚƸģ�Ŷůřƹ�Źŵ��

ƶŝ���ƾºƴƘƯ�ƝǈŤºųř�ŵƺūƹ�ƾſŹźŝ�ŹƺƔƴƯ���ƹŵ�Ʋǀºŝ�Źřŵ
ƭŶƴĭ�ƮƣŹ�����ŢºƟźĭ�ƭŚºŬƳř�ƱƺǀºſźĭŹ�Ǝų�Ŝǀƃ�ƶƀƿŚƤƯ��
�ŹřŶƤƯt�����ƭŶºƴĭ�ƶŤºƃ�ƹŵ�ƽřźºŝ�Żřźǀºƃ�ƹ�ŹŚƸŝ�ƮƣŹ�ƹŵ�Ʋǀŝ�� �

R. maidis�ƹ�S. graminum�ƶººŝ��ŜººǀţźţÐÖ�Í��ƹÖÒ�Î�
ƶŝ�Ʈĩ�ƶĩ�ŶƯō�Ţſŵ�ŹřŶƤƯ�Żř�źţ�t���ŵƺºŝ�ƩƹŶºū����ƲǀºƴĤưƷ

�ƶƀƿŚƤƯ��ƭŚºŬƳř�żǀƳ�ƶŤƃ�ƹŵ�ƲǀŞƳƺǀſźĭŹ�Ǝų�Ŝǀƃ�ƽŹŚƯō
��ŹřŶºƤƯ�ƹ�ŢƟźĭt������Śºŝ�źºŝřźŝ�Ǝºų�ŜǀºƃÒÕ�Í����ƶºĩ�Ŷºƃ

ƱŚƄƳ�ƾƴƘƯ�ƝǈŤųř�ŵƺūƹ�ƭŶƗ�ƵŶƴƷŵ�Ʋƿř�Ʋǀŝ�Źřŵ��ƶŤƃ�ƹŵ
ƾƯ�ŶƃŚŝ��ƾƯ�ƲƿřźŝŚƴŝ�ƆųŚƃ�Ʊřƺţ�ƽŚƷ�Taylor (1961)��řŹ

ƶŝ�ƶŤƃ�ƹŵ�Ʋƿř�ƽřźŝ�ŵƺưƳ�ƶŞſŚŰƯ�ŚŬĪƿ�šŹƺƇ����Ʋºƿř�źŝ
ŽŚſř��ÒÕ�Íln(á) = ��ƹÐÎ�Îb = �ƶŝ�ŶƯō�Ţſŵ���
��



ÏÍ����������������������������������������������������������������ƱřŹŚƨưƷ�ƹ�ƺƬưſŚƣ�ƾƳŚƐƬſ��ƶƳƺưƳ�ƶƫŚŞƳŵ�ƽŹřŵźŝ�ƶŤƃ�Źřŵ�ƽŚƷ�Rhopalosiphum maidis�ƹ������

��

�ƩƹŶūÎ��ŚŤƳƿƫŚƳō�Ūǀ�żRV*��ƹRNP**�ƶŤƃ�ŚƷƽ�Rhopalosiphum maidis�ƹ�Schizaphis graminum�Źŵ�ƵŚĮūŚŝ�ƭŶƴĭ�ƕŹřżƯ���
Table 1. Results of RV* and RNP** analysis for Rhopalosiphum maidis and Schizaphis graminum aphids in wheat fields 

of Badjgah. 
 

Analysis Aphid Cultivar 1 stems 2 stems 3 stems 4 stems 5 stems 

RV* 
S. graminum 

Shiraz 46.5 a 32.1 b 25.5 c 22 de 19.5 e 
Bahar 41.1 a 29.8 b 23.4 c 20.3 de 18 e 

R. maidis 
Shiraz 46.5 a 35.8 b 28.9 c 24.6 d 21.5 d 
Bahar 45.9 a 35.1 b 29.7 c 26.6 d 23.6 e 

RNP** 
S. graminum 

Shiraz 4.9 a 4.8 b 4.6 b 4.2 c 4 c 
Bahar 5 a 4.8 b 4.6 b 4.3 c 4.1 d 

R. maidi 
Shiraz 4.9 a 4.7 b 4.4 bc 4.2 cd 4 d 
Bahar 4.7 a 4.3 b 4 c 3.7 d 3.4 d 

 Means within a row followed by the same letter are not significantly different at the 5% confidence level according to Duncan�s studentized range test. 
 *RV: Relative variation 
 **RNP: Relative net precision 

��
�ƩƹŶººūÏ��ƵŹŚººƯō���ƱƺǀººſźĭŹ�ƽŚººƷ(± SE)��ƾƿŚººưƳ�ƱƺƳŚººƣ�Taylor�ƾƳƺǀººſźĭŹ�ƁƹŹ�ƹ�Iwao��ƶŤººƃ�ŢººǀƘưū�ƽŚººƷ�� �

Rhopalosiphum maidis�ƹ�Schizaphis graminum�ƶƣŚſ�ŹŚƸģ�ƶƳƺưƳ�Ŷůřƹ�Źŵ�ƾŝō�ƭŶƴĭ�ƕŹřżƯ�Źŵ���
Table 2. Taylor's power law and Iwao's patchiness regression statistics (± SE) of Rhopalosiphum maidis and Schizaphis 

graminum aphids in wheat fields in four stems sample unit. 
 

Iwao's patchiness regression  Taylor's Power law 
R2 MSE ȕ Į  R2 MSE b ln(á) N 

0.56 3.76 2.09 ± 0.082 1.81 ± 0.145  0.91 0.03 1.34 ± 0.024 0.59 ± 0.008 501 

��
�ƩƹŶūÐ��ƵŹŚƯō��ƽŚƷ(± SE)�ƾƿŚưƳ�ƱƺƳŚƣ�Taylor��ŢǀƘưū�ƶŤºƃ��ƽŚºƷ�Rhopalosiphum maidis�ƹ�Schizaphis graminum��Źŵ

ƶƣŚſ�Ĩţ�ƶƳƺưƳ�Ŷůřƹ�Źŵ�ƾŝō�ƭŶƴĭ�ƕŹřżƯ���
Table 3. Taylor's power law statistics (± SE) of Rhopalosiphum maidis and Schizaphis graminum aphids in wheat fields 

in one stem sample unit. 
 

Taylor's Power law 
R2 MSE b ln(á) n 

0.62 0.1 1.05 ± 0.09 1.06 ± 0.12 158 

��
�ƩƹŶºū�Ñ���ƵŹŚºƯō��ŚºƷƽ��ºſźĭŹǀƳƺƾ���ŚºưƳ�ƱƺƳŚºƣ�ƾƿTaylor��řźºŝƽ��ºưŴţǀ�Ʋ��ŢºǀƘưū�ƶŤºƃ��ƽŚºƷ�Rhopalosiphum maidis�ƹ�� �

Schizaphis graminum��Źŵ�ƮƣŹ�ƹŵ)�ƃǀŹŚƸŝ�ƹ�Żřź(���
Table 4. Taylor's power law regression statistics for estimating Rhopalosiphum maidis and Schizaphis graminum 

populations in two cultivars (Shiraz and Bahar). 
 

Range t MSE N R2 b ± SE Loga ± SE Cultivar Aphid 
0.03-5.06 12** 0.02 87 0.96 1.29 ± 0.024 0.53 ± 0.015 Shiraz 

R. maidis 0.04-3.43 7.04** 0.04 78 0.90 1.31 ± 0.044 0.59 ± 0.023 Bahar 
0.03-5.06 13.30** 0.02 165 0.94 1.32 ± 0.024 0.55 ± 0.013 Shiraz & Bahar 

         
0.04-4.58 17.50** 0.02 164 0.93 1.35 ± 0.02 0.57 ± 0.01 Shiraz 

S. graminum 0.3-3.05 2.85** 0.33 172 0.92 1.18 ± 0.063 0.64 ± 0.015 Bahar 
0.04-4.58 14.10** 0.28 336 0.89 1.34 ± 0.024 0.59 ± 0.008 Shiraz & Bahar 

         

0.03-5.06 17.2** 0.03 501 0.91 1.31 ± 0.18 0.58 ± 0.008 Shiraz & Bahar 
R. maidis +  
S. graminum 

��
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��

ƺĮƫřƽ�ƶƳƺưƳ�ĭǀźƽ�ƶƫŚŞƳŵ�řƽ��ŢŝŚŧ�Ţƣŵ�Śŝ��
ř�ƶŝ�ƶūƺţŚŝƿƵŵřŵ�ƶĪƴ��ŚƷƽ��ƂƷƹĦě�Żř�ƪƇŚů�źƋŚů
�ŚººƷźŤƯřŹŚě�Śººŝƽ�ººſźĭŹ�ƁƹŹǀƳƺƾ�Taylor (1961)�Źŵ��

ŚƤƯƿ��ƁƹŹ�Śººŝ�ƶºƀIwao (1977)��źººŤƸŝ�ƁŻřźººŝƽ��ƱŚººƄƳ
��ƩŶººƯ�Żř��ŶºƳŵřŵGreen (1970)��řźºŝƽ�ººůřźƏƾ�ŚƸƫŶººƯƽ�

ƶƳƺưƳ�ĭǀźƽ�ƶƫŚŞƳŵ�řƽ�řźŝ�ŢŝŚŧ�Ţƣŵ�Śŝƽ��ƶƳƺĭ�ƹŵ�ƕƺưŬƯ
ƶŤƃ�R. maidis�ƹ�S. graminum���Ţºƣŵ�ŮƐſ�ƶſ�ŹŵÎ�Í��
ÏÒ�Í��ƹÐ�Í��ƵŵŚƠŤſřƹ�ƩŶƯ��ƽŚºƷ���ƶºƏƺŝźƯ�řźºŝƽ���Ŷºůřƹ

�ƹ�ƶƣŚſ�ŹŚƸģ�ƶƳƺưƳƿ��Ŷºƃ�ƮſŹ�ƶƣŚſ�Ĩ���ƪĪºƃÎ�����Śºŝ
ř�Żř�ƵŵŚƠŤſřƿƯ�ƍƺƐų�Ʋƾ�Ƙưū�Ʈĩřźţ�Ʊřƺţǀ��Śºŝ�řŹ�ƶŤƃ�Ţ

���Ƙţ�źºƔƳ�ŵŹƺºƯ�Ţºƣŵ�ŮƐſ�Źŵ�ƲĪưƯ�ƶƳƺưƳ�ƪƣřŶů�ǀºǀ�Ʋ
ŵźĩ��ſŹźŝ�Śŝƾ�Ư��ƞƣƺţ�ƍƺƐųƾ���Śºŝ�ƶĩ�Ŷƃ�ƶūƺŤƯ�Ʊřƺţ
řżƟřƿ�Ţƣŵ�ŹřŶƤƯ�Ƃ�ƂƷŚĩ�D����Ƴ�ŵŹƺºƯ�ƶƳƺưƳ�ŵřŶƘţ�ºǀ�ŻŚ
řżƟřƿƯ�Ƃƾ�ƿ�ŶŝŚ��ƪĪƃÎ����

ƶƳƺưƳ�ŭźƏ�ƾŬƴſŹŚŞŤƗř�ƶƫŚŞƳŵ�ƽźǀĭ�ƽř�ŢŝŚŧ�Ţƣŵ�Śŝ��
ŹŚŞŤƗř�Ŭƴſƾ���ƩŶºƯGreen (1970)���Ŷºůřƹ�Źŵ�ŹŚºƸģ�

Şƃ�Żř�ƵŵŚƠŤſř�Śŝ�ƭŶƴĭ�ƶƣŚſǀƶ��ŻŚºſƽ�żŬţ�ƹ�ºƿƬŰţ�ƹ�ƶ�ºǀ�ƪ
ÎÒ�Ƶŵřŵ�Żř�ƶƗƺưŬƯ��ŚƷ�ƭźƳ�Ĩưĩ�Śŝ��ŹřżƟřRVSP��Śŝ��ÒÍÍ�

ƶƳƺưƳ�ŹŚŝ�ĭǀźƽ��ŵŶŬƯ�Śū�ŚŝƿżĮƿƴƾ���Śŝ�ƹ�ƶƗƺưŬƯ�źƷ�Żř
Ţƣŵ��ŚºƷƽ�ÎÒ�Í���ÏÒ�Í��ƹÐ�Í���ŢºƟźĭ�ƭŚºŬƳř��Ư�ºǀĮƳŚǀ�Ʋ

Ƴ�ŵŹƺƯ�ƶƳƺưƳ�ŵřŶƘţǀřźŝ�ŻŚƽ��Ţºſŵ��ºƿŝŚƾ���Ţºƣŵ�ƶºŝ��ŚºƷƽ�
ÎÒ�Í���ÏÒ�Í��ƹÐ�Í�řźººŝƽ�ƶŤººƃ�ŚººƷƽ�R. maidis +  

S. graminum�ƶººŝ�ţźţººǀ�ŜÎÏÑ���ƪƣřŶººůÐÑ��źŨĩřŶººů�ƹ
ÐÔÕ���ÒÕ���ƪƣřŶůÎÐ�ƹ��źŨĩřŶůÏÓÑ���ƹÐÒ���ƪƣřŶůÖ�

�źŨĩřŶů�ƹÎÒÕ���ŵƺŝ��ƩƹŶūÒ����
���ƩŶºƯ�Źŵ�ƶºƳƺưƳ�ŵřŶƘţ�ƂƷŚĩ�ŹřŶƤƯGreen (1970)�

��ƶºƳƺưƳ�ƩƹřŶºŤƯ�ƁƹŹ�Śŝ�ƶƀƿŚƤƯ�Źŵ����ƩƹŶºū�Źŵ�ƽźºǀĭÓ�� �
��

��
�ƩƹŶººūÒ��ŚººŤƳƿŞººƃ�Ūǀƶ���ŹřżººƟř�ƭźººƳ�Ǝººſƺţ�įŻŚººſRVSP��Ţººƣŵ�ŭƺƐººſ�įřźººŝÎÒ�Í��ÏÒ�Í��ƹÐ�Í��įřźººŝƶŤººƃ�ŚººƷ�ƽ� �

Rhopalosiphum maidis�ƹ�Schizaphis graminum�Źŵ�ƵŚĮūŚŝ�ƭŶƴĭ�ƕŹřżƯ���
Table 4: Results of validation by the software RVSP at three fixed precision levels of 0.1, 0.25 and 0.30 for 

Rhopalosiphum maidis and Schizaphis graminum aphids�in wheat field of Badjgah. 
 

Number of sample (D) in simulation model Mean 
population 

M
ean

obs  

N
um

ber of data Lower Higher Mean Lower Higher Mean    

0.3 0.25 0.15 0.3 0.25 0.15 0.3 0.25 0.15 0.3 0.25 0.15 0.3 0.25 0.15 0.3 0.25 0.15 0.3 0.25 0.15 
148 236 518 27 71 200 79 134 378 0.48 0.34 0.19 0.24 0.19 0.13 0.35 0.28 0.17 0.32 0.30 0.28 0.28 1 
103 135 317 23 41 155 50 82 227 0.45 0.33 0.19 0.27 0.23 0.14 0.35 0.28 0.16 0.61 0.59 0.58 0.58 2 
61 100 228 19 37 138 38 64 178 0.46 0.33 0.17 0.15 0.13 0.09 0.27 0.21 0.13 0.85 0.80 0.80 0.79 3 
72 106 205 14 30 107 32 53 145 0.49 0.36 0.19 0.23 0.20 0.14 0.36 0.28 0.17 1.15 1.10 1.07 1.03 4 
59 70 168 13 26 91 29 47 131 0.43 0.28 0.15 0.16 0.15 0.09 0.26 0.21 0.12 1.24 1.24 1.22 1.02 5 
41 61 149 14 25 86 25 42 117 0.39 0.27 0.15 0.16 0.14 0.10 0.26 0.20 0.12 1.47 1.46 1.43 1.40 6 
43 66 158 11 21 74 24 40 112 0.56 0.37 0.21 0.17 0.15 0.10 0.34 0.27 0.16 1.68 1.62 1.54 1.52 7 
48 66 164 9 15 70 24 39 109 0.62 0.46 0.23 0.19 0.19 0.13 0.37 0.29 0.18 1.78 1.71 1.61 1.56 8 
42 57 133 10 22 70 22 36 101 0.46 0.36 0.19 0.19 0.17 0.11 0.31 025 0.19 1.89 1.82 1.78 1.73 9 
51 62 140 9 18 61 22 36 97 0.60 0.41 0.23 0.21 0.18 0.14 0.38 0.30 0.18 2.03 1.95 1.88 1.90 10 
39 58 125 9 16 51 19 31 84 0.53 0.39 0.21 0.18 0.17 0.13 0.36 0.28 0.17 2.41 2.35 2.32 2.31 11 
24 34 76 9 12 40 12 20 54 0.55 0.41 0.20 0.15 0.17 0.12 0.32 0.26 0.16 4.44 4.25 4.22 4.10 12 
19 29 66 9 12 31 11 18 50 61 0.38 0.20 0.13 0.15 0.11 0.30 0.25 0.15 4.89 4.76 4.73 4.58 13 
18 22 57 9 12 37 10 16 46 0.42 0.29 0.15 0.11 0.09 0.08 0.22 0.18 0.11 5.29 5.37 5.26 5.20 14 
10 16 42 9 12 26 9 13 34 0.37 0.29 0.14 0.06 0.05 0.08 0.19 0.16 0.10 8.14 8.08 8.11 8.14 15 

51.86 

74.52 

169.73 

12.93 

24.66 

82.46 

27.06 

44.72 

124.2 

0.48 

0.35 

0.18 

0.17 

0.15 

0.11 

0.30 

0.23 

0.14 

2.54 

2.48 

2.45 

2.42 

M
ean 

��
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�ƪĪƃÎ��ƶƳƺưƳ�Źřŵźŝƽ�ŚŞƳŵ��ƶºƫ�řƽ��������ƩŶºƯ�Żř�ƵŵŚƠŤºſř�Śºŝ�ŢºŝŚŧ�Ţºƣŵ�ŚºŝGreen��řźºŝƽ��ºưŴţǀƲ��Ƙưū�ƕƺºưŬƯ�ºǀ�ƶºƳƺĭ�ƹŵ�Ţ�
Rhopalosiphum maidis�ƹ�Schizaphis graminum����Ţºƣŵ�ŮƐºſ�ƶſ�Źŵ�ƭŶƴĭ�ƶƗŹżƯ�ŹŵÎ�Í��ÏÒ�Í��ƹÐ�Í��(a)��Źŵ

ƶƣŚſ�ŹŚƸģ�ƩŶƯ��(b)��Źŵ�ƩŶƯƿƶƣŚſ�Ĩ���
Fig. 1. Comparison fixed-precision sequential sampling by using Green model for estimating total population of two 

Rhopalosiphum maidis and Schizaphis graminum species in wheat field at three fixed precision levels of  0.1, 
0.25 and 0.30. (a) in four stems sample unit, (b) in one stem sample unit. 

��
Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ��ƱŚưƷ���ºƯ�ƵŶƷŚºƄƯ�ƶĩ�ŹƺƏƾ����ŵƺºƃ

��ƩŶººƯ�Źŵ�ƶººƳƺưƳ�ƂƷŚººĩ�ŶººƇŹŵGreen (1970)�řźººŝƽ�
ƶƳƺưƳ�ĭ�ºǀźƽ�Ƙưū�Żř�ºǀ���ƶŤºƃ�ƹŵ�ƕƺºưŬƯ�ŢR. maidis��ƹ� �

S. graminum�ŝǀ�Żř�ƂÔÔ�Ŷƃ�ŵŹƹōźŝ�ŶƇŹŵ.��
��

�ƩŚǀƯƺƴƿŚŝ�ƽŹřŵźŝ�ƶƳƺưƳ�ƽƺĮƫř�ŵƺūƹ��ŵƺūƹ�ƭŶƗ���
ǇŚŝ�ƱŚƯŻ�Źŵ�Ƙưū�ƱŵƺŝǀƶŤƃ�Ţ��Ʊō�ƁŹŚưºƃ�ŚƷ���ŚºƷ

ƀŝǀŢƣƹ�ŹŚ�ĭǀŢƣŚƏ�ƹ�ź��ºƯ�ŚſźƟƾ����ŶºƃŚŝ�řŸºƫ��ƶºŝ���ŹƺºƔƴƯ
ĭŵŚſƾ�żƷ�ƂƷŚĩ�ƹ�ŹŚĩƿƶƴ���ƶºƳƺưƳ�Żř��ƂƷƹĦºě��Źřŵźºŝƽ�

ŚŝƿƯƺƴǀ�ƩŚ��ƵŵŚƠŤſřƹ�ƴŰƴƯƾ�ŚƷƽ�Ƶŵřŵ�ƶŝ�ƍƺŝźƯ��ŚºƷƽ�ĭ�ºǀ�ƵŚ
��Ư�ƶºŝ�ŢŞºƀƳ�ƶŤƃ�ƶŝ�Ƶŵƺƫō�ƭŶƴĭ�ºǀĮƳŚǀƘưū�Ʋ�ºǀ�Źŵ�Ʊō�Ţ

ƶƳƺưƳ�Ŷůřƹ�Źřŵźŝƽ��żǀƳ�ƮſŹƃ�Ŷ�ƪĪƃÏ���ƱŚưƷ��ƶĩ�ƶƳƺĭ
ƵŶƷŚƄƯ�Ưƾ�ŵƺƃ��ƶƣŚſ�ŢŞƀƳ��ŚºƷƽ�����Śºŝ�ƶºƗŹżƯ�Źŵ�Ƶŵƺºƫō

řżƟřƿŝ��ƶŤƃ�Ʈĩřźţ�ƂǀƂ�Ư�źţƾ��ŵƺƃţŶƯ�Żř�ŶƘŝ��ŚƯřƾř��ƿ�Ʋ
ĉŶƳƹŹ�řżƟřƿƄƾ���Ʈºĩ�ŢƗźºſ�Śŝ��źºţƽ���ƾºƯ�šŹƺºƇ��ŵźºǀĭ��
řźŝŚƴŝƿƲ��ƴŰƴƯƾ��ƫƹř�ƪºůřźƯ�Źŵ�ƶƏƺŝźƯ�ºǀ��ĭŵƺºƫō�ƶºĩ�ƶƾ�

Ư�ơŚƠţřƾ�řŹřŵ�ŶŤƟřƽ�ƃǀŻ�ŜƿŵŚƽ���ţŶºƯ�Żř�žºě�ƹ�Ţſřƾ�
řżƟř�ŚŝƿƯ�ƂǀƘưū�Ʈĩřźţ�Ʊřżǀ�ºƃ��Ţǀ�ºƴŰƴƯ�Ŝƾ���ƂƷŚºĩ
ƾƯ�ŶŝŚƿ�ŚƸƳ�Źŵ�ƹƿƤƟř�Ţƾ�Ưƾ�ƺƃŵ�����ƪĪºƃ�ƶºŝ�ƶūƺţ�ŚŝÏ��

ººƯŻƳŚƾ�Ư�ƶººĩººǀĮƳŚǀƘưū�ƲººǀƶŤººƃ�Ţ�ŚººƷƽ�R. maidis�ƹ�� �
S. graminum��Ó�Î��ÕÓ�Ð��ƹÓÏ�Ò���ƶºƳƺưƳ�Ŷůřƹ�Źŵ�ŵŶƗ

ƶŝ��ŶƃŚŝ�ţźţǀŜ�ÒÍ��ÔÒ��ƹÕÒ�ƶţƺŝ�ŶƇŹŵ��ŚºƷƽ���Źŵ�ƭŶºƴĭ
ŵƺŝ�ŶƴƷřƺų�Ƶŵƺƫō�ƶƗŹżƯ��ŝ�ƶƐŝřŹǀ���ŵŹƺºƯ�ƶºƳƺưƳ�ŵřŶƘţ�Ʋ

Ƴǀřźŝ�ŻŚƽ�Ƙưū�Ʈĩřźţ�ƶƘƫŚƐƯǀ���ŢŞºƀƳ�ƹ�ƶŤºƃ�ƶƳƺĭ�ƹŵ�Ţ
ƶţƺŝ�ŚƷƽ�Ƴ�ƶƗŹżƯ�Źŵ�ƵŵƺƫōǀſŹźŝ�ŵŹƺƯ�żƾ����ŢºƟźĭ�Źřźºƣ
��ƪƨƃÐ���řżƟř�Śŝƿĭŵƺƫō�ŶƇŹŵ�Ƃƾ�ĭǀ��Źŵ�ŵƺºūƺƯ�ƱŚƷŚ

ƶƳƺưƳ�ŵřŶƘţ��ƶƗŹżƯ��ŚºƷƽ��Ƴ�ŵŹƺºƯ�ºǀ�ºưŴţ�Źŵ�ŻŚǀ��Ʈĩřźºţ�Ʋ
Ƙưū�ºǀ�źŝ�ƶŤºƃ�Ţ���ƩŶºƯ�ŽŚºſřWilson & Room (1983)�

�ƂƷŚĩƿŢſř�ƶŤƟŚ��ř�ŽŚſř�źŝƿƯŚĮƴƷ��ƩŶƯ�Ʋƾ��ƶĩ�ÕÒ�Í�
ƶţƺŝ��ŚºƷƽ�����ƶºƳƺĭ�ƹŵ�ƶºŝ�ƭŶºƴĭS. graminum�ƹ�R. maidi�
ĭŵƺƫōƾ����Ţºƣŵ�ŭƺƐºſ�Źŵ�ƭŻǇ�ƶƳƺưƳ�ŵřŶƘţ��ŶƴƷŵ�ƱŚƄƳ
ÎÒ�Í��ÏÒ��Í�ƹÐ�Í��ƶŝ�ţźţǀ�ŜÑÑ��ÎÓ��ƹÖ���ŶºƷřƺų�ŵŶƗ
�ŵƺŝ�ƪĪƃÐ����
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ŦŰŝ��

ƶŤƃ�ƶĩŚŬƳōŻř����ĭ�ƮºƸƯ�šŚºƟō�ƶºƬưū�Żř�ŚƷ�ºǀ��ƭŶºƴĭ�ƵŚ
Ư�śƺƀŰƯƾ�řźŝŚƴŝ��ŶƳƺƃƿƲ��ſŹźŝ�ƹ�ƶƘƫŚƐƯƾ�ƁƹŹ�ŚƷƽ�

ƶƳƺưƳ�ĭǀź�ƽ�ŜſŚƴƯ�śŚŴŤƳř�źţƿ�Ʋ��řŹř�ƹ�ƶºƳƺưƳ�Ŷºůřƹ�ºƿƶ�
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ƩŶƯ�ŚƷƽ�ƶƳƺưƳ�ĭǀźƽ�ƶŝ����ƶºƯŚƳźŝ�Źŵ�ƵŵŚƠŤºſř�ŹƺºƔƴƯ��ŚºƷƽ�
ěǀƂ�ƷŚĭōƾ�řƿƟō�ƲŚźƯř�šƽ��ºƀŝǀ�ŹƹźºƋ�ŹŚƽ��ºƯƾ��ŶºƃŚŝ��

ƴĤưƷǀƲ��ŝ�ŹŵǀƂ�ƶƯŚƳźŝ�źţ�ŚƷƽ��ŶºƯƿźƿƠƬţ�Ţǀ�ºƤƾ���šŚºƟō

(IPM)ƶƳƺưƳ���Źřŵźŝƽ�ŚƷƾƿ�����ƹ�ƶºƳƺưƳ�ŵřŶºƘţ�ƪƣřŶºů�Śŝ�ƶĩ
Ʈĩ�ƱŚƯŻ��źºţƽ���ºƯ�ƭŚºŬƳřƾ��ưƷř�Żř�ŶƳƺºƃ�ºǀ�ºŝ�ŢǀƂ��źºţƽ�

�ŶƳŹřŵŹƺųźŝ(Pedigo & Buntin, 1993)����
��
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��

�ƪĪƃÏ��ŝ�ƶƐŝřŹǀƶţƺŝ�ŢŞƀƳ�Ʋ�ŚƷƽ���Ư�ƹ�Ƶŵƺºƫō�ƭŶºƴĭ�ºǀĮƳŚǀ�Ʋ�ƶŤºƃ��ƽŚºƷ�Rhopalosiphum maidis�ƹ�Schizaphis graminum�
�ƩŶƯ�ŽŚſřźŝWilson & Room���

Fig. 2. Relation between the proportion of infected wheat plants and the mean number of Rhopalosiphum maidis and 
Schizaphis graminum aphids based on Wilson and Room's model. 
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�ƪĪƃÐ��Ƴ�ŵŹƺƯ�ƶƳƺưƳ�ŵřŶƘţǀřźŝ�ŻŚƽ�ưŴţǀƘưū�Ʈĩřźţ�Ʋ�ºǀ�Ţ�ƶŤºƃ��ƽŚºƷ�Rhopalosiphum maidis�ƹ�Schizaphis graminum�
ƹŹƽ��Ţƣŵ�ŭƺƐſ�Śŝ�ƭŶƴĭÎÒ�Í��ÏÒ�Í��ƹÐ�Í��ƵŚĮūŚŝ�ƕŹřżƯ�Źŵ�ƩŶƯ�ŽŚſřźŝWilson & Room���

Fig. 3. Number of required samples for estimating the population density of Rhopalosiphum maidis and Schizaphis 
graminum on wheat at precision levels of 0.15, 0.25 and 0.3 in the fields of Badjgah based on Wilson and 
Room's model. 
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�ƩƹŶūÓ���ƶƳƺưƳ�ŵřŶƘţ�ƂƷŚĩƶŤƃ��ƽŚºƷ�Rhopalosiphum maidis�ƹ�Schizaphis graminum��ŹŵƁƹŹ�Green����Śºŝ�ƶºƀƿŚƤƯ�Źŵ
ƩƹřŶŤƯ�ƁƹŹ�ƶƳƺưƳ�Źřŵźŝƽ�ƵŚĮūŚŝ�ƭŶƴĭ�ƕŹřżƯŹŵ���

Table 6. Reducing the amount of sample number of Rhopalosiphum maidis and Schizaphis graminum in Green�s method 
comparing to conventional method in wheat fields of Badjgah. 

 
Reduction of sample number Green Conventional method Precision 

level Mean Higher Lower Mean Higher Lower Mean Higher Lower 
77.8 ± 1.05 88.2 56.7 53.2 ± 1.9 84 31 604.6 ± 57.3 2712.8 83.3 0.15 
78.3 ± 0.91 95.1 59.9 42.6 ± 1.8 85 7 217.4 ± 20.6 976.6 29.9 0.25 
81.4 ± 0.81 96.4 64.7 24.2 ± 0.8 34 4 151.1 ± 14.3 678.2 20.8 0.3 

��
Ƙưū�ƶƘƫŚƐƯ�ŹŵǀƩŶƯ��šřźƄů�Ţ�ŚƷƽ�ƶƳƺưƳ�ĭǀźƽ�

ƶƫŚŞƳŵ�řƽ�ƫŵ�ƶŝǀżƷ��ǇŚŝ�Ţƣŵ�ƪƿŚě�ƶƴǀƿƲ�ưƈţ�ƹ�źţǀƮ�ĭǀźƽ�
źſƿƖ�Śū��źţƿŞſŚƴƯ�ƵŚĮƾ��ŶƳŹřŵ(Pedigo & Buntin, 1993; 

Naranjo & Hutchison, 1997; Tsai et al., 2000;
� 

Mohiseni et al., 2009a)��ƁƹŹ�ſźĭŹǀƳƺƾ�Taylor (1961)�
řźŝƽ�ƘţǀǀůřźƏ�ƹ�Ƃƴĩřźě�ƕƺƳ�Ʋƾ��ƶºƳƺưƳ�ƁƹŹ��Źřŵźºŝƽ�
ƀŝǀŹŚƽ�Ţſř�ƵŶƃ�ƵŵŚƠŤſř�šřźƄů�Żř�ƶƧ��ºƯƾ���ƶºŝ�Ʊřƺºţ�

��šŚºƤǀƤŰţO�Rourke & Hutchison (2003)�ƹŹƽ���šŚºƟō
�šŹŷ�Sule et al. (2012)�ƹŹƽ�ºººƀěǀƹ�šŚºººŞĩźƯ�ƪ�
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