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Abstract 

Sequential sampling plans of rose-grain aphid, Metopolophium dirhodum (Walker) were developed 
in wheat fields of Jalilabad region of Varamin, Iran. The aphid population was weekly sampled during 
2000-2001. Each sample included 50 wheat stems, which were chosen randomly and the number of 
aphids was counted. This data was used to describe spatial distribution pattern of M. dirhodum by 
Taylor�s power law (TPL) and Iwao�s patchiness regression methods. The results indicated aggregated 
dispersion pattern of rose-grain aphid population in wheat fields, based on both methods. The TPL 
provided a better description of the aphid�s spatial distribution. Estimates of two mentioned models led to 
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development of sequential sampling plans, using Green and Kuno methods at precision levels of D = 0.20 
and D = 0.30 in terms of confidence interval, respectively. In both sequential sampling plans, the higher 
sample size obtained as population density decreased and it decreased when precision level increased 
from 0.30 to 0.20. The required sample size for the estimation of mean aphid density was approximately 
identical at 0.8 and 8 aphids per tiller in both Green�s and Kuno�s plans. Green�s plan was more efficient 
than Kuno�s model for both lower (≤ 0.8 per tiller) and higher (≥ 8 per tiller) aphid densities due to its 
small sample size required and less time needed for sampling. Kuno�s model required fewer samples at 
the intermediate density range (0.8-8 aphids per tiller) and is considered more effective than Green�s plan 
at this aphids' density range. However, Kuno�s model is not recommended when low aphid population 
density exists because it requires enormous samples of aphids. 
Key words: Metopolophium dirhodum, spatial distribution, sequential sampling plan, wheat  
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ƶŤººƃ�ŢººǀƘưū�ƽ�ƭŶººƴĭ�ƾƫƺººưƘƯ��(Rondani)�Schizaphis graminum��ƹ�ƶŤººƃ�ƽ�ŪƳźººŝ�īźººŝ��

Rhopalosiphum padi (L.)��ŢººƫŚƿř�ƭŶººƴĭ�ƕŹřżººƯ�Źŵ��ŦººƗŚŝ�ŚººĪƿźƯō�ƽŚººţƺĩřŵ�ƹ�ƺƷřŶººƿō�ƽŚººƷ
ƶƟźƇ�ƶƳƺưƳ�ƱŚƯŻ�Źŵ�ƾƿƺū��Ţſř�ƵŶƃ�ƽŹřŵźŝ(Elliot et al., 2003)��ƴĤưƷǀƶƳƺưƳ�ŭźƏ�Ʋ���ƽŹřŵźºŝ
ƶƫŚŞƳŵ�ŝ�ƽř�ƶƶƬǀſƹ�ƽ�Shepard (1976)��Ǝſƺţ�ƹ�Śƿƺſ�šŚƟō�ƽřźŝFoster et al. (1982)���ƭźºĩ�ƽřźŝ
ƄƿŹƶ�ƽ�ƶƳƺưƳ�ƱŚƯŻ�ƂƷŚĩ�ŜŞſ�ƹ�ƵŵŚƠŤſř�šŹŷ�Ŷƃ�ƽŹřŵźŝ���

�Żř�ƤŰţǀƭŚŬƳř�šŚƤ�ƶƳƺưƳ�Śŝ�ƶƐŝřŹ�Źŵ�ƵŶƃ�Źřŵźŝƽ�ƶƫŚŞƳŵ�řƽ���ºƯ�ŹƺºƄĩ�Źŵƾ����ºſŹźŝ�ƶºŝ�Ʊřƺºţƾ�
ŚƌƟ�Ƃƴĩřźě��Ʈĩřźţƾƿ�ƶƳƺưƳ�ƹ�Źřŵźŝƽ�ƶƫŚŞƳŵ�řƽ�ƶŤƃ��ŚºƷƽ��ƶºƃƺų�ƽ���ƶºƤƐƴƯ�Źŵ�ƭŶºƴĭ�ƽ��ƱŚºĭźĭ� �



ÔÏ                                                      ƾƟŚƘƯźǀƯř�ƹ�ƾųźƷŚƃ��ƶƳƺưƳ�ƶƫŚŞƳŵ�ƽŹřŵźŝ�ƶŤƃ�ƽř��ƽ�����

(Afshari & Dastranj, 2010)�ŵźĩ�ƵŹŚƃř��ř�Śŝƿŝ�ƩŚů�Ʋǀ�ƂƷƹĦºě�źŤƄ��ŚºƷƽ��ƭŚºŬƳř��ř�Źŵ�ƵŶºƃ�ºƿ�Ʊřź
�ººƯ�ƭŶººƴĭ�Ʋººſ�ƶººŝ�ƍƺººŝźƯƾ�ŶººƃŚŝ��Amir-Maafi (1997)�ƺººĮƫřƽ�ƶººƳƺưƳ��ƶººƫŚŞƳŵ�ƽŹřŵźººŝ�ƹ�ƽř� �

�Amir-Maafi et al. (2007)�ŚƷƺĮƫřƽ�ƶƳƺưƳ��Źřŵźºŝƽ��ƶºƫŚŞƳŵ�řƽ��ƹ�ƩŚºǀƯƺƴǀŝ���ƲǀºǀƘţ�ƽřźºŝ�řŹ���Ʈĩřźºţ
�������ƞºƬŤŴƯ�ƢƏŚºƴƯ�ƭŶºƴĭ�ƕŹřżºƯ�Źŵ�ƭŶºƴĭ�Ʋºſ�ƪƯŚĩ�šřźƄů�ŢǀƘưū�řŹř�ŹƺºƄƧ�ºƿ�Ƶŵźºĩ�ƶ��ŶºƳř�� �

Moin-Namini (1999)�ƶƨŞƃ�ƽƺĮƫř�ƽ�řźŝ�řŹ�ŢŞƣřźƯƽ���ºſŹźŝ�ƭŶºƴĭ�Ʋſ�ƾŝŚƿŵŹƾ���Ţºſř�Ƶŵźºĩ��
ƴĤưƷǀ�ƲMohiseni et al. (2009a, 2009b)�ƶƳƺưƳ�ƶƫŚŞƳŵ�ƽźǀĭ�����ƶºŝ�řŹ�ŢºŝŚŧ�Ţºƣŵ�Śºŝ�ƽř�ţźţ�ºǀ��Śºŝ�Ŝ

ƵźƄů�Źƺţ�ƹ�ŹŵŚĩ�Żř�ƵŵŚƠŤſř��ƭŶƴĭ�ƕŹřżƯ�Źŵ�ŹŵŚƯ�Ʋſ�ŢǀƘưū�ƲǀưŴţ�ƽřźŝ�ƽźǀĭ�ŵźºūƹźŝ�Ʈƿŵ�
Ƶŵřŵ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ŶƳř����
Ʋƿř�ƶŝ�ƶūƺţ�Śŝ��ƶƴǀƯŻ�Źŵ�ƾƳƹŶƯ�ƢǀƤŰţ�ƱƺƴĩŚţ�ƶĩ�ƽ�ƶƳƺưƳ�ƁƹŹ�ƶŤƃ�ŢǀƘưū�Żř�ƽŹřŵźŝ�ƽ�

ƭŶƴĭ���������ƹ�ƾƿŚºƌƟ�ƖºƿŻƺţ�ƽƺºĮƫř�ƂƷƹĦºě�Ʋºƿř�Źŵ�řŸºƫ��Ţºſř�ƶŤƟźĮƳ�ƭŚŬƳř�Ʊřźƿř�Źŵ�űźſ�ƪĭ
ƶƳƺưƳ�ƶƫŚŞƳŵ�ƽŹřŵźŝ��ƶŤƃ�Ʋƿř�ƽřŢƸū�Śěƿĭ�ƕŹřżƯ�Źŵ�Ʊō�ŢǀƘưū�Ƃ���ƶºƤƐƴƯ�ƾºŝō�ƭŶºƴ�ƽ���ƲǀºƯřŹƹ
řŹřƿŢſř�ƵŶƃ�ƶ��ƴĤưƷǀƲ��ƁƹŹ�ƹŵƶƳƺưƳ�Źřŵźŝƽ��ƶºƫŚŞƳŵ�řƽ��Green (1970)��ƹKuno (1969)���ƽřźºŝ

ƶŤƃ�ŢǀƘưū�ƾŝŚƿŵŹ�ƽM. dirhodum �ŚƤƯ�ŵŹƺƯƿƶŤƟźĭ�Źřźƣ�ƶƀ�ŶƳř� ��
��

ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
ƶƳƺưƳ�ŹƺƔƴƯ�ƶŝ�Żř�ƽŹřŵźŝ�ƶŤƃ�ŢǀƘưū�ƽ�ƭŶƴĭ���űźſ�ƪĭ��ƶºƗŹżƯ�Ĩƿ�ƽ���ºŝō�ƭŶºƴĭƾ��ºƣŹ�Ʈ

ƹŶƸƯƽ��ƶƤƐƴƯ�ƩƹřŶŤƯ�ƮƣŹ��ƶƤƐƴƯ�Źŵ�ŹŚŤĪƷ�ƶſ�ƾŞƿźƤţ�ŢůŚƀƯ�ƶŝ�ƽ�ƪǀƬū��ŵŚŝō�śŚŴŤƳř�ƲǀƯřŹƹ
�ƾƗřŹŻ�ƪƈƟ�ƹŵ�ƾƏ�ƹ�ŶƃÎÐÔÖ��ƹÎÐÕÍ��ŢºƟźĭ�Źřźƣ�ƽŹřŵźŝŹŚƯō�ŵŹƺƯ���ƶºƳƺưƳ��ƽŹřŵźºŝ����Śºŝ�ŚºƷ

ƶŤƃ�ŹřźƤŤſř�ƹ�ƾƗřŹŻ�ƪƈƟ�ƕƹźƃ�ŢƟŚƿ�ƶƯřŵř�ƩƺƈŰƯ�Ţƃřŵźŝ�ƱŚƯŻ�Śţ�ƹ�ŻŚƛō�ŚƷ����ƶºŝ�ƶºūƺţ�Śŝ��
ƱŚƯŻ�ŝź�ƶƳƺưƳ�Ʊŵƺŝ�Źřŵźŝƽ�Ź�šřźƄů�ƁŹŚưƃ�ƹƿƶŤƃ�ŶƴƳŚƯ�ż�ř�Źŵ��ŚƷƿƤŰţ�ƲǀƶƳƺưƳ�Żř�Ƣ�ƽ��īŹżŝ

��Żř�źŤƄǀŝÐÍ�ƶƳƺưƳ��ƺĮƫř�Śŝ�ƶŤƠƷ�źƷ�ƹ�Ŷƃ�ƵŵŚƠŤſřƽ�Ż�Ţĩźůƿ�ŵřŶƘţ�ħřżĮÒÍ��ƶƣŚºſ�ƽ���ƭŶºƴĭ
�ƶƳƺưƳ�Ŷůřƹ�ƽŹřŵźŝ��ƶŝ�Ţưƀƣ�ƹ�śŚŴŤƳř�ƾƟŵŚƈţ�ŹƺƏ�ŚƷƽ�ƶŤƃ�ƶŝ�Ƶŵƺƫō�ƽ����Źŵ�ƶƣŚºſ�źºƷ�ºƿ�Ĩ

ƶƫƺƫ�ƽ�ŚƯŻōƿ��ŶƳŶºƃ�Ƶŵřŵ�Źřźºƣ�Ƃ����ƶŤºƃ�ŵřŶºƘţ���ŚºƷ��ƵŹƺºě����ƪºƯŚĩ�šřźºƄů�ƹ�ŚºƷ�����Żř�ƵŵŚƠŤºſř�Śºŝ
źŤſřƿƺ�ƯǀŚƯŻō�Źŵ�ęƺĪſƹźĪƿƤŰţ�ƂŴŝ�ƵŚĮƄǀ�ƩƹŶºū�Źŵ�ŪƿŚŤƳ�ƹ�ƁŹŚưƃ�ƭŶƴĭ�Ʋſ�šŚƤ��ŚºƷƽ�

Ŷƃ�ŢŞŧ�ƶƏƺŝźƯ����



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèæ���æ���ÎÐîå����������������������������������������������������������������������ÔÐ 

ƶŤƃ�ŢǀƘưū�ƾƿŚƌƟ�ƖƿŻƺţ�ƽƺĮƫř�ƲǀǀƘţ�ƽřźŝ�ƽ��ƭŶºƴĭ�����űźºſ�ƪºĭ����ƾƳƺǀºſźĭŹ�ƁƹŹ�Żř
��ƾƿŚºưƳ�ƱƺƳŚºƣ��Taylor (1961)��ƁƹŹ�ƹIwao (1977)��Ŷºƃ�ƵŵŚƠŤººſř����ƪººǀƬŰţ�ƹ�ƶºƿżŬţ�ŪƿŚººŤƳ�Żř

ƾƿŚƌƟ�ƖƿŻƺţ�ƽƺĮƫř�ƱƺǀſźĭŹ��ƽřźŝřŹřƿƶ�ƽ�ƺĮƫřƽ�ƶƳƺưƳ�ƶƫŚŞƳŵ�ƽŹřŵźŝ��ƽř�ƲǀǀƘţ�ƹ���ƞºƣƺţ�Ǝºų
ƶƳƺưƳ�Ŷƃ�ƵŵŚƠŤſř�ƽŹřŵźŝ���ŹƺƔƴƯ�Ʋƿř�ƽřźŝ�ƽŚƷźŤƯřŹŚě�ƾƳƺǀſźĭŹTaylor (1961)��ƹIwao (1977)�

ƶŝ�ƶǀƸţ�ƽřźŝ�Ŝǀţźţ�ƽ�ƩŶƯ�ŚƷƽ�ƶƳƺưƳ�ƁƹŹ�ƶŝ�ƽŹřŵźŝ��Green (1970)�ƹ�Kuno (1969)��Źŵ�Ɛºſƺŭ�
�Ţƣŵ�ƩƺŞƣ�ƪŝŚƣÐÍ�Í�D =��ƹÏÍ�Í�D =�ŚƴŞƯ�źŝƽ��ƵŻŚºŝ�ƽ�ưƏřǀ��ƱŚºƴ(Confidence interval)���ŵŹƺºƯ

�ŶƴŤƟźĭ�Źřźƣ�ƵŵŚƠŤſř(Southwood, 1978; Hutchison et al., 1988)��żŬţƿƶ�ƽ�ſźĭŹǀƳƺƾ��ƵŵŚƠŤſř�Śŝ
ƭźƳ�Żř��ŹřżƟřSAS�řźŝ�ƹƩŶƯ�ƁŻ�ƪĪƃ�ƮſŹ�ƹ�ŚƷ��ŚƷ ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ��ŹřżƟřExcel�Ŷƃ�ƭŚŬƳř���

ƶƫŵŚƘƯ�Źŵ�ƽ�Green (1970)��ln(Tn) = ln(D2 / á) / (b - 2) + [((b -1) / (b - 2)) × ln(n)]źŤƯřŹŚě���
Į�ŶŞƯ�Żř�ƉźƗŏ�ƹ�b��Ǝų�Ŝǀƃ�ƱƺǀſźĭŹ�ƱƺƳŚºƣ�ƩŶƯ����ƾƿŚºưƳTaylor (1961)��D0���ŮƐºſ��Ţºƣŵ

ŢŝŚŧ�ƹ�ƲǀƘƯ�źƔƳ�ŵŹƺƯ�ŚƴŞƯ�źŝƽ�ƵŻŚŝ�ƽ�ưƏřǀ�ƱŚƴ�n�ƹ�ƶƳƺưƳ�ŵřŶƘţ�Tn���ƶºƬůźƯ�ƾºƘưŬţ�ƾƳřƹřźƟ�ƽ�
�ƁŹŚưƃ�ŵŹƺƯ�ƽŶƃŹƾƯ�ŶƴƃŚŝ���ƶºƫŵŚƘƯ�Źŵ�ƽ�Kuno (1969)��Tn = (á + 1) / [(D2 - ((â - 1) / n))]��

źŤƯřŹŚě�Į�ŶŞƯ�Żř�ƉźƗŏ��ƹȕ�ƩŶƯ�Ǝų�Ŝǀƃ�Iwao (1977)��D0��ŮƐſ�ŢºŝŚŧ�ƹ�ƲǀƘƯ�Ţƣŵ���ŵŹƺºƯ
ŚƴŞƯ�źŝ�źƔƳƽ�ƵŻŚŝ�ƽ�řưƏǀ�ƱŚƴ�n����ƹ�ƶºƳƺưƳ�ŵřŶºƘţTn����ƶºƬůźƯ�ƾºƘưŬţ�ƾºƳřƹřźƟ�ƽ����ŵŹƺºƯ�ƽŶºƃŹ
�ƁŹŚưƃƾƯ�ŶƴƃŚŝ���

��
�ŪƿŚŤƳ��

�ƾƿŚƌƟ�ƖƿŻƺţ�ƽƺĮƫř 

ƶŤƃ�ŢǀƘưū�ƮƧřźţ�ƾſŹźŝ�Ʋƿř�Źŵ�ƽ�ƭŶƴĭ�ƶƴƯřŵ�űźſ�ƪĭ���Ʋǀºŝ�ƽřÍÏ�Í���ŚºţÎÕ�ÏÍ���ŵŶºƗ
Ţƃřŵ�ƶƣŚſ�źƷ�Źŵ�ƶŤƃ���ƩƹŶūÎ���ƱƺǀºſźĭŹ�ƽŚƷźŤƯřŹŚě��ƱƺƳŚºƣ����ƾƿŚºưƳTaylor (1961)�ƁƹŹ�ƹ�

�ƾƳƺǀſźĭŹIwao (1977)�ƶŤƃ�ƽ�ƭŶƴĭ��ŝō�ƭŶƴĭ�ƕŹřżƯ�Źŵ�řŹ�űźſ�ƪĭƾ��ƹŶºƸƯ�ƮƣŹƽ���ƲǀºƯřŹƹ�Źŵ
ƾƯ�ƱŚƄƳ�ŶƷŵ��ƴƘƯ�ƝǈŤųř�ŵƺūƹ�ƭŶƗ�ƶŝ�ƶūƺţ�Śŝƾ�ŝ�Źřŵǀƃ�Ʋǀ�ŜſźĭŹ�ƎųǀƩŚſ�ƹŵ�Ʊƺ��źƷ�Źŵ�
�ƁƹŹ�ƹŵTaylor (1961)���ÍÖÎ�Í��tÒÕÍ�Î�b1 = ��ÎÎÎ�Í��tÑÒÐ�Îb2 = ��ÎÏdf = ��ÕÒ�Ít = ��

ÑÎÐ�Íp =��ƹ�Iwao (1977)��ÖÖÎ�Í��tÐÏÕ�Ïb1 = ��ÒÖÍ�Î��tÔÏÕ�Ðb2 = ��ÎÏdf = ��ÍÖ�Î�t = ��
ÏÖÓ�Íp =��Ƶŵřŵ�ŚƷƽ�řźŝ�ƩŚſ�ƹŵƽ�ƶŞſŚŰƯ�ƽ�ƃǀŜ�Ţſř�ƵŶƃ�ƵŵŚƠŤſř�Ŷůřƹ�Ǝų����



ÔÑ                                                      ƾƟŚƘƯźǀƯř�ƹ�ƾųźƷŚƃ��ƶƳƺưƳ�ƶƫŚŞƳŵ�ƽŹřŵźŝ�ƶŤƃ�ƽř��ƽ�����

�ƩƹŶūÎ��ƵŹŚƯō��ƱƺǀſźĭŹ�ƽŚƷ(± SE)�ƱƺƳŚƣ���ƾƿŚưƳTaylor���ƾƳƺǀºſźĭŹ�ƁƹŹ�ƹIwao���ŢºǀƘưū
ƶŤƃ�ƽ�ƭŶƴĭ��Ŷƴĭ�ƕŹřżƯ�Źŵ�űźſ�ƪĭƾŝō�ƭ���

Table 1. Taylor�s Power law and Iwao�s patchiness regression statistics (± SE) of�rose-grain 
aphid in wheat fields. 

 
Taylor�s Power law��  Iwao�s patchiness regression��

n Ln (á) b MSE�� r2  á â MSE r2 

16 
1.734 ± 
0.172 

1.454 ± 
0.079* 

0.418�� 0.959��  3.087 ± 
1.697��

2.305 ± 
0.310* 

36.449 0.797��

*: Significantly different from 1 (p < 0.05).    n: number of data sets.  

��
�ƁƹŹ�ŹŵTaylor (1961)��ƱƺƯŻō�ŪƿŚŤƳt�ƾƟŵŚƈţ�ƉźƟ�ŵŹ�Śŝ��Ƃƴĩřźě�Ʊŵƺŝ ��ƾºƘưŬţ�ƖƿŻƺţ
ƶƗŹżƯ�Źŵ�řŹ�ƶŤƃ�ƽ��ŵřŵ�ƱŚƄƳ�ƭŶƴĭ�ÔÎ�Ò�=�t���ÍÒ�ÍP < ���Įƿŵ�šŹŚŞƗ�ƶŝ��ƽŚºƷźŤƯřŹŚě�ŹřŶƤƯ�źb�

ƶŝ�ƾƴƘƯ�ŹƺƏ�īŹżŝ�Źřŵ��Żř�źţÎ�ƱŚƄƳ�ƶĩ�Ŷƃ�ŵŹƹōźŝ�ƵŶƴƷŵ�ƽ�ƶŤƃ�ƾƘưŬţ�ƖƿŻƺţ�ƽ�ƭŶƴĭ���űźſ�ƪĭ
ŵƺŝ���ƾƳƺǀſźĭŹ�ƁƹŹ�Źŵ�ƲǀƴĤưƷIwao (1977)��źŤƯřŹŚě�ŹřŶƤƯâ�ƶŝ�ƾƴƘƯ�ŹƺƏ��īŹżºŝ�Źřŵ���Żř�źºţÎ�
�ŵƺŝ�ÏÍÐ�Ñ�=�t���ÍÒ�ÍP < ��ƾƫƹ��Į�ƾƴƘƯ�šƹŚƠţ��ŢƃřŶƳ�źƠƇ�Śŝ�ƽŹřŵ�Î = Į�����ŢºƫŚů�Ʋºƿř�ƶĩ

ƘưŬţ�ƖƿŻƺţƾ�ƾƯ�ƱŚƄƳ�řŹ�ŶƷŵ����
��

�ƽƺĮƫřƶƳƺưƳ��ƶƫŚŞƳŵ�ƽŹřŵźŝ�ƽř�ŢŝŚŧ�Ţƣŵ�Śŝ���
ƾƿŚƌƟ�ƖƿŻƺţ�ƽƺĮƫř�ƱƺǀſźĭŹ�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ŪƿŚŤƳ�Żř��ƽřźŝřŹřƿƶ�ƽ��ƶºƳƺưƳ�ŭźƏ���ƽŹřŵźºŝ

ƶƫŚŞƳŵ��ƽř�ƲǀǀƘţ�ƹƶƳƺưƳ�ƞƣƺţ�Ǝų��Ŷƃ�ƵŵŚƠŤſř�ƽŹřŵźŝ���ŹƺƔƴƯ�Ʋƿř�ƽřźŝ��ƽŚºƷźŤƯřŹŚěƁƹŹ��ƽŚºƷ�
�ƾƳƺǀſźĭŹTaylor (1961)��ƁƹŹ�ƹIwao (1977)�ƶŝ�ƶǀƸţ�ƽřźŝ�Ŝǀţźţ�ƽ�ƩŶƯ�ƽŚƷ�Green (1970)�ƹ�
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Fig. 1. Comparison of Green's and Kuno's sequential sampling plans to estimate the rose-grain 
aphid population density at precision levels of D = 0.20 and D = 0.30. 
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źŝŚƴŝ�řƿƶƳƺưƳ�Ʋ��Źŵ�ƽŹřŵźŝ�Ţƣŵ�ŮƐſÏÍ�Í�D =�źě�ŶƷřƺų�ƶƴƿżƷ�����Źŵ�ƩŚºŨƯ�ƽřźºŝ�řźºƿŻ��ŵƺŝ
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�Ţƣŵ�ŮƐſ�ÐÍ�Í�D =���ƵŻřŶƳř�ƽ���ƶºŝ�Ŝǀţźţ�ƶŝ�ơƺƟ�ƩŶƯ�ƹŵ�Źŵ�ƶƳƺưƳÓÍ��ƹÓÐ��ƶƣŚºſ�ƽ���ƭŶºƴĭ
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ƶƀƿŚƤƯ�ƽ��ƩŶƯ�ƶĩ�ŵřŵ�ƱŚƄƳ�ƁƹŹ�ƹŵGreen (1970)�ƱƺƳŚƣ�ƽŚƷźŤƯřŹŚě�ŽŚſř�źŝ�ƶĩ���ƾƿŚưƳ
Taylor (1961)�Ʈĩřźţ�Źŵ��ƵŶƃ�ƶŤųŚſ�ǇŚŝ�ƹ�ƲǀƿŚě�ƽŚƷŵřŶƘţ�ƶŝ�ŢǀƘưū�ƽ ƶƳƺưƳ��ŻŚǀƳ�ƽźŤưĩ�ƽŚƷ
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ƶƟźƇ�ƪǀƫŵ�ƶŝ�ƹ�ƶŤƃřŵ�ƶƳƺưƳ�ƱŚƯŻ�Źŵ�źŤƄǀŝ�ƾƿƺū�ŜſŚƴƯ�ƶŤƃ�ŢǀƘưū�ƾŝŚƿŵŹ�ƽřźŝ��ƽŹřŵźŝ���źºţ
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ŦŰŝ��
ſźĭŹ�ƁƹŹ�ƹŵ�ƾƳƺǀTaylor (1961)��ƹIwao (1977)����ºůřźƏ�ƹ�ƂƴƧřźºě�ƕƺºƳ�ƲǀǀƘţ�ƽřźŝƾ�

ƶƳƺưƳ�ƁƹŹ�ƵŶƃ�ƵŵŚƠŤſř�šřźƄů�Żř�ƽŹŚǀƀŝ�ƽŹřŵźŝ�ŶƳř��ƶŝ�źƔƳ�Hutchison et al. (1988)���ƹŵ�źƷ
ƾƯ�ơƺƟ�ƾƳƺǀſźĭŹ�ƁƹŹ�Ʈĩřźţ�Źŵ�řŹ�šřźƄů�ŢǀƘưū�Ƃƴĩřźě�ƽŚƷźŤƯřŹŚě�ŶƴƳřƺţ��ƞƬŤŴƯ�ƽŚƷ

řŹř�ŢǀƘưūƿŶƴƷŵ�ƶ��ţ�Ʋƿř�Źŵ���ƲǀºǀŞţ�ŜƿźºƋ�ƽŵŶºƗ�ŹřŶƤƯ�ƶŝ�ƶūƺţ�Śŝ��ƢǀƤŰ��ÖÒÖ�Ír2 = ��Źŵ��
�ƁƹŹ�ƕƺưŬƯTaylor (1961)��ƾƿŚƌƟ�ƖƿŻƺţ�ƽƺĮƫř�ƲǀǀƘţ�ƽřźŝƶŤƃ�ƽ�ƭŶƴĭ���ŜſŚƴƯ�űźſ�ƪĭ���źºţ

�ƁƹŹ�ŻřIwao (1977)��ÔÖÔ�Ír2 = ��ŪƿŚŤƳ�Śŝ�ƶĩ�ŵƺŝ�Elliot & Kieckhefer (1986)�Ţƃřŵ�ŢƤŝŚƐƯ���Ʋƿř
ƾƿŚƌƟ�ƖƿŻƺţ�ƾſŹźŝ�Źŵ�ƲǀƤƤŰƯ�ƶŤƃ�Żř�ƶƳƺĭ�ŹŚƸģ��ƪƯŚºƃ�šǈƛ�ƽŚƷ�Sitobion avenae (Fabricius)��

Rhopalosiphum maidis (Fitch)��R. padi��ƹS. graminum������ƱƺƳŚºƣ�ƶºĩ�ŶƳŶǀºſŹ�ƶºŬǀŤƳ�Ʋºƿř�ƶŝ���ƾƿŚºưƳ� �
Taylor (1961)�ƁƹŹ�Żř�źŤƸŝ�Iwao (1977)ƶƐŝřŹ���ƽ�ƾƯ�ƱŚƄƳ�řŹ�žƳŚƿŹřƹ�ƹ�ƲǀĮƳŚǀƯ�Ʋǀŝ�ŶƷŵ���ŪƿŚŤƳ

Ż�Źŵ�ƲǀƤƤŰƯ�źƿŚſƶƴǀƯ�ƽ��ƾƿŚƌƟ�ƖƿŻƺţ�ƾſŹźŝƶŤƃ�ŚƷƽ�S. avenae��S. graminum��M. dirhodum�
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���ºŝ�ŢºǀƘưū�ƲǀĮƳŚºǀƯ�ƹƶ ���ƩŶºƯ�Śºŝ�ƾŝƺºų�Taylor (1961)����Ţºſř�ƞǀºƇƺţ�ƪºŝŚƣ(Dean, 1973;  

Kieckhefer, 1975; Kring & Gilstrap, 1983; Ekbom, 1985; Ward et al., 1986;� 

Elliot & Kieckhefer, 1986, 1987; Feng & Nowierski, 1992)��ưƷ�ºƴĤǀ�ƲEkbom (1985)��Źŵ
ƶŤƃ�ƾƿŚƌƟ�ƖƿŻƺţ�ƾſŹźŝ�ƽ�R. padi�Źŵ����ƆǀŴºƄţ�ŜºſŚƴƯ�řŹ�ƁƹŹ�ƹŵ�źƷ�Ŷŗƺſ�šǈƛ�ƕŹřżƯ

�źŤƯřŹŚě�ŵŚƿŻ�šřźǀǀƜţ�ƪǀƫŵ�ƶŝ�ƾƫƹ�ŵřŵá��ƩŚºſ�Źŵ���ºƬŤŴƯ�ƽŚºƷ�ƁƹŹ��ƞTaylor (1961)���ƽřźºŝ�řŹ
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ŚŤƳ�ŽŚſř�źŝƿř�ŪƿƤŰţ�Ʋǀ�ƩŶƯ��ƢGreen (1970)�Ʈĩřźţ�Źŵ��ŢŞƀƳ�ŢǀƘưū�ƽǇŚŝ�ƹ�ƲǀƿŚě�ƽŚƷ
�ƩŶƯ�ƶŝKuno (1969)�ŵřŶƘţ�ƶŝ ƶƳƺưƳ��ƶƟźºƇ�ƪǀƫŵ�ƶŝ�ƹ�Ţƃřŵ�ŻŚǀƳ�ƽźŤưĩ�ƽŚƷ����Źŵ�źŤºƄǀŝ�ƾƿƺºū

ƶƳƺưƳ�ƱŚƯŻ�ŹřŵźŝŜſŚƴƯ�ƶŤƃ�ŢǀƘưū�ƾŝŚƿŵŹ�ƽřźŝ��ƽ���ŵƺºŝ�źºţ��Hutchison et al. (1988)���Źŵ�żºǀƳ
ƶƳƺưƳ�ƶŤƃ�ŢǀƘưū�Żř�ƽŹřŵźŝ�ƽ�A. pisum�ƶŬƳƺƿ�ƕŹřżƯ�Źŵ�ƽ�ƶŬǀŤƳ�ƶŝ�ŚĪƿźƯō�ƽ�ŶƳŶǀſŹ�ƾƸŝŚƄƯ���

�ƵŻřŶººƳř�Źŵ�šƹŚºƠţ�ƽ��ƶºƳƺưƳ�ƽ���ƩŶººƯ�ƹŵ�Źŵ�ŢººǀƘưū�ƲǀĮƳŚºǀƯ�ƲǀººưŴţ�ƽřźºŝ�ŻŚººǀƳ�ŵŹƺººƯ� �
Green (1970)��ƹKuno (1969)�Ƴ��ƲǀĮƳŚºǀƯ�ƾƳƺǀºſźĭŹ�ƩŶƯ�šƹŚƠţ�Żř�ƾƃŚ�������ŭźºƏ�ƹŵ�žƳŚºƿŹřƹ

ƾƯ��ŶƃŚŝ��ƪĪƃÏ���Hutchison et al. (1988)����������ƩŶºƯ�Ʈºĩ�ŹŚǀºƀŝ�šƹŚºƠţ�ƾºŤů�ƶºĩ�ŶºƳŵřŵ�ƱŚºƄƳ
žƳŚƿŹřƹ����ƾƯ�ƲǀĮƳŚǀƯ�ƶƳƺưƳ�ŵřŶƘţ�ƲǀưŴţ�Źŵ�ŶƳřƺţ�ƽ�Ʈĩřźţ�Źŵ�ƭŻǇ����ºţ�ŢºǀƘưū�ƲǀƿŚºě�ƽŚƷŐ�źǀŧ
ŵŹřŸĮŝ����

Ʋƿř�ƶŝ�źƔƳ�ƾţǇƺƈŰƯ�Żř�ƭŶƴĭ�ƶƧ��ľŚŤŞºƀƳ�ŶƯōŹŵ�ƶĩ�Ţſř�������ŶºƿŚƗ�ŮƐºſ�Ŷºůřƹ�Źŵ�řŹ�ƾºưĩ
ƾƯ�ƱřŻŹƹŚƄĩ�ƶŤƃ�ƱŚǀƜƏ�šŹƺƇ�Źŵ�ƹ�Ŷƴĩ�ŶŝŚƿ�ƂƷŚĩ�ŢƗźſ�ƶŝ�Ţſř�ƲĪưƯ�ƩƺƈŰƯ�ŵƺſ�ŚƷ��

źŝŚƴŝ�ƶŤƃ�ƾƤǀƠƬţ�ŢƿźƿŶƯ�Źŵ�Ʋƿř�Ʈĩ�ƹ�ƵŵŚſ�ƾƃƹŹ�Żř�Ţſř�ƭŻǇ�ƭŶƴĭ�ƽŚƷ�żƷƿ��ƵŵŚƠŤºſř�ƶƴ�ŵƺºưƳ��
ƺĮƫř�ƶƳƺưƳ�ƽŚƷ�ƶƫŚŞƳŵ�ƽŹřŵźŝ�Śě�ƽřźŝ�ƽřƿ�Śǀºƀŝ�Ƃ�����ƵŻřŶºƳř�řźºƿŻ��ŶƴŤºƀƷ�ŜºſŚƴƯ�šŚºƟō�Żř�ƽŹ�ƽ�
ƶƳƺưƳ�ƽ�ƶƳƺưƳ�ƱŚƯŻ�ƶŬǀŤƳ�Źŵ�ƹ�ƭŻǇ���ƾºƯ�ƪƣřŶºů�ƶŝ�źƔƳ�ŵŹƺƯ�Ţƣŵ�ŮƐſ�Źŵ�řŹ�ƽŹřŵźŝ���ŶƴƳŚºſŹ

(Bechinski et al., 1983; Maiteki & Lamb, 1987; Mukerji et al., 1988)����
ř�ƶŝ�ƶūƺţ�ŚŝƿƲ�ƠƬţ�ŢƿźƿŶƯ�Źŵ�ƶĩǀƤƾ�šŚƟō���Ţƣŵ�ŮƐſÏÒ�Í�D =��ŢƸū�ưŴţǀƘưū�Ʋǀ�Ţ

Ƈƺţ�šŚƟōǀƯ�ƶƾ�ŵŵźĭ�(Southwood, 1978)ŭźƏ���ƶƳƺưƳ�ƽŚƷ�ƶƫŚŞƳŵ�ƽŹřŵźŝ�ƶŝ�ƽř�Ţſŵ���Ʋºƿř�Źŵ�ƵŶƯō
�Ţƣŵ�ŮƐſ�Źŵ�ƶƘƫŚƐƯÐÍ�Í�D =�ŚƴŞƯ�źŝƽ�ƵŻŚŝ�ƽ�ưƏřǀƱŚƴ��ÎÒ�Í�D =����ƽŚºƴŞƯ�źºŝ�ƘƯ�įŚºƐų�ºǀ�ŹŚ

ƯǀĮƳŚǀƘưū�ƲǀŢ�ƾƯ���ƶƯŚƳźŝ�Źŵ�ŶƴƳřƺţ�Śě�ƽŚƷƿƶŤƃ�Ƃ�ƽ�ƭŶƴĭ�������ŚƠŤºſř�ŵŹƺºƯ�űźºſ�ƪºĭ��Źřźºƣ�Ƶŵ
ŶƳźǀĭ��ƶƳƺưƳ�ƁƹŹ�Żř�ƵŵŚƠŤſř�ƶƫŚŞƳŵ�ƽŹřŵźŝ�ƶƯŚƳźŝ�Źŵ�ƽř��ƽŚƷIPM�ƾƯ�ŦƗŚŝ��ƁƹŹ�ƶºĩ�ŵƺƃ���ƽŚºƷ

�ƱŚƯŻ�Źŵ�ƎƤƟ�ŢƟō�ƩźŤƴĩŻŚǀƳ�ŶƳźǀĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�����ƶºŝ�Ĩºƿĥƺƫƺǀŝ�ƩźŤƴĩ�ƪƯřƺƗ��ƩŚŨƯ�ƽřźŝ
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Fig. 2. Comparison of variance-mean regression model of Taylor and Iwao for M. dirhodum.  
��

ƲǀǀŞţ�ŭźƏ�ƶƳƺưƳ�ƽŚƷ�ƶƫŚŞƳŵ�ƽŹřŵźŝ��ƽř�ƶºƳƺĭ�ƶŝ�šǈƛ�Źŵ�ƽ����ƩƺºƈŰƯ�ƕƺºƳ��ƶŤºƃ��ƹ�ƮºƣŹ��
ƶƤƐƴƯ�ƽ�řŵ�ƾĮŤƀŝ�ƾƿŚǀƟřźƜūŵŹ��Ţſř�ƭŻǇ�ƹř�ºƿ�ƩŶºƯ�Ʋ���ŚºƷ����ƞºƬŤŴƯ�ƢƏŚºƴƯ�ƹ�šǇƺºƈŰƯ�Źŵ

�ƾƿŚǀƟřźƜūſŹźŝ�ŵŹƺƯƾ�ĭ�Źřźƣǀ�ŶƳź(Elliot et al., 2003)��źŝŚƴŝ��ƾºƯ�ŵŚƸƴƄǀě�Ʋƿř���ŭźºƏ�ŵƺºƃ���ƽŚºƷ
ƶƳƺưƳ�ƶƫŚŞƳŵ�ƽŹřŵźŝ�ƶŤƃ�ƽřźŝ�ƽř�řźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ƹ�ƶǀƸţ�ŹƺƄĩ�ƽŻŹƹŚƄĩ�ƮƸƯ�šǇƺƈŰƯ�ƽŚƷ�Ź
ŶƳźǀĭ���
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