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Abstract 
The wheat thrips, Haplothrips tritici Kurd., is an important pest of wheat crop, Triticum aestivum L., in 

Ardabil region, northwestern Iran. Strip cropping of wheat and alfalfa, Medicago sativa L., is a suitable strategy 
for improving the effectiveness of biocontrol agents of the wheat thrips. In this research, population density of the 
wheat thrips, and species richness and abundance of its predators were studied in the strip cropping of wheat and 
alfalfa (three-year old) and the monoculture of wheat during field surveys from 2010 to 2011. Sampling from 
each of two wheat cropping systems was conducted from the stem elongation until ripening stages. Number of the 
wheat thrips and predators per plant were recorded in each sample date. The population density of the wheat 
thrips in the strip cropping of wheat-alfalfa was significantly lower than that of monoculture of wheat. Five 
species of predators were recorded in the monoculture of wheat and 15 species of predators were recorded in the 
strip cropping of wheat-alfalfa. The Shannon diversity index for predators in the strip cropping of wheat-alfalfa 
was significantly higher than that for monoculture of wheat. The Morisita-Horn index between two wheat 
cropping systems was calculated 0.842. The species richness and abundance of predators in the strip cropping of 
wheat-alfalfa were greater than the monoculture of wheat. Therefore, it can be concluded that the strip cropping 
of wheat-alfalfa increases the species diversity of the predators and reduces the population density of H. tritici. 
Quantifying the species richness and abundance of predators in the wheat fields is an important step in the 
management of the wheat thrips.  
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��
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��

ƱŚŤſźƸƃ�Żř�ƾĪƿ�źǀƳ�ƱŚŤſźƸƃ���ƪºǀŝŵŹř�ƱŚŤſř�ƽŚƷ
ƾƯ��śźƛ�Źŵ�ƶĩ�ŶƃŚŝ�Ʋƿř�ƱŚŤſř�����ŚºƿŹŵ�ŮƐºſ�Żř�ƕŚºƠţŹř

ÎÐÐÏ��ƾƿŚǀƟřźƜū�ƉźƗ��źŤƯ'ÖÒ�°ÐÔ��ƾƿŚºǀƟřźƜū�ƩƺƏ��



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèè���æ���ÎÐîç���������������������������������������������������������������������������������������������������������������ÒÎ 

'ÎÒ�°ÑÕ��ŵŹřŵ�Źřźƣ��ƵŶưƗ�šǇƺƈŰƯ��ƽ�ƶŤƃŚĩ���Źŵ�ƵŶºƃ
Ƹƃ�ƲƿřŜǀſ�ƹ�ƶŬƳƺƿ��ƺū��ƭŶƴĭ�ƱŚŤſź��ƾƴǀƯŻ��ƪƯŚºƃ�řŹ

ƾƯ�ƃƺŵ��ƶƤƐƴƯ�Ʋƿř�ŹŵŢƄƧ����ƭŶƴĭ�ŵŹŚĜſŚĩ�ƮƣŹŞƫŚƛŢǀ�
ŵŹřŵ��řƿ�ŽŹŵƹŻ��ǇŚºŝ�ŵźĪƬưƗ�ƶŝ�ƶūƺţ�Śŝ�ƮƣŹ�Ʋ����Ʊŵƺºŝ

�ƽřźŝ�ƾƿřƺƳŚƳ�śƺų�ŢǀƠǀĩ�ƹ�ƾĪƄų�Ƃƴţ�śƺų�ƪưŰţ
ƶƤƐƴƯ�Źŵ�ŢƄĩ��ƶǀƇƺţ�ƪǀŝŵŹř�ƽŢſř�ƵŶƃ���
ƶƀƿŚƤƯ�ƽ�ƹ�ƭŶƴĭ�žĜƿźţ�ŢǀƘưū�Ʈĩřźţ���ƕƺºƴţ�żǀƳ

ƶƳƺĭ�ƶƗŹżƯ�ƕƺƳ�ƹŵ�Źŵ�źĭŹŚĪƃ�ƽŚƷ�ƽ���ƪƯŚºƃ�ƭŶƴĭ�Î��
�ƭŶººƴĭ�ƽŹřƺººƳ�ŢººƄĩ�ƮººƣŹ��ŵŹŚĜººſŚĩ���ƶººŬƳƺƿ�ƹ��ƮººƣŹ

ƾƳřŶưƷ���ƹ�Ï��Ĩţ���ƶºŝ�ƭřŶºĩ�źƷ��ƭŶƴĭ�ƾŤƄĩ���ŢůŚºƀƯ
�ƾŞƿźƤţÏÍÍÍ�Ŷƃ�ƭŚŬƳř�ƖŝźƯźŤƯ��ƪĪƃ��Î�����Źŵ�ŹŚºĩ�Ʋƿř

�ƾŝƺų�ƝźƘƯ�ƶĩ�ƱŚŤſźƸƃ�Ʋƿř�ƞƬŤŴƯ�ƵŚĮƄƿƹŹ�ŢƄƷ
ĭ�ƾŝō�ƕŹřżƯ�ƪĩ�Żř�����Ŷºƃ�ŹřźºĪţ��ŶºƳŵƺŝ�ƶºƤƐƴƯ�ƭŶºƴ���Źŵ

�����ƽŹřƺºƳ�ŢºƄĩ��ƶºŬƳƺƿ�ƹ�ƭŶºƴĭ�ƽŹřƺƳ�ŢƄĩ�Śŝ�ƶƗŹżƯ
ŹřƺƳ�ƹŵ�Źŵ�ƶŬƳƺƿ��ƾƫƺƏ���ƉźƗ�Śŝ�ƭřŶĩ�źƷÒÍ���ƩƺºƏ�ƹ

ÏÍÍ�źŤƯ����ƶºƗŹżƯ�ƝźºƏ�ƹŵ�Źŵ�ƪŞƣ�ƩŚſ�ƶſ�Żř�ƽ���ƭŶºƴĭ
Ţƃřŵ�ŵƺūƹ��ƶƗŹżƯ�ƕƺƳ�ƹŵ�źƷ�Źŵ�ƽ�ƭŶƴĭ���ƭŶƴĭ�ŢƄĩ

ƶŝ�����ŹŸºŝ�ƂºƃŚě�Śºŝ�ƶƤƐƴƯ�Źŵ�ŪƿřŹ�ƁƹŹ���ƱřżºǀƯ�ƶºŝÎÍÍ�
�ŹŚŤƨƷ�Źŵ�ƭźĭƺƬǀĭƶưǀƳ�ƮŴƃ�žĜſ�ƹ���źºųřƹř�Źŵ�ƾŰƐſ

ŹƺƿźƸƃ�ƯƵŚ��ƶŝ��Ŷºƃ�ƭŚŬƳř�ƵżǀƿŚě�ŢƄĩ�šŹƺƇ����ŵƺºĩ�Żř
�ŹřŶƤƯ�ƶŝ�ƶţŻřÒÍ�Ŷƃ�ƵŵŚƠŤſř�ŹŚƸŝ�Źŵ�ŹŚŤĪƷ�Źŵ�ƭźĭƺƬǀĩ��

����źºƷ�ƪºƇřƺƟ�ƶºŝ�ŢŝƺƳ�ƶſ�Źŵ�ƕŹřżƯ�Ʋƿř�ƽŹŚǀŝōÎÏ��ŻƹŹ
Ĩƿ�Ŷƃ�ƭŚŬƳř�ŹŚŝ��������Ʋºƿř�Źŵ�ƶºƧ�Ţºſř�ƽŹƹōŵŚºƿ�ƶºŝ�ƭŻǇ

Ƨ�Żř�ƕŹřżƯƵźƄů�ŵźŝŹŚ�ƂƧ��Ŷºƿŵźĭ�śŚƴŤūř�ŚƷ����ƩŚºſ�Źŵ
�Ʃƹř�ƭƹŵ�ƹƢǀƤŰţ�Ʋƿř�ƽřźūř���Źŵ�źƷ��ƶºƗŹżƯ�ƕƺƳ�ƹŵ�Żř

ƶƳƺưƳ�Ŷůřƹ���ƶºţƺŝ�Ĩºƿ�ƽŹřŵźŝ�ƽ�����ƲǀºưŴţ�ŢºƸū�ƭŶºƴĭ
ƶƳƺĭ�ƹ�ƭŶƴĭ�žĜƿźţ�ƾƳřƹřźƟ����žĜƿźºţ�Ʋºƿř�źĭŹŚĪƃ�ƽŚƷ

Ŷºººƃ�ƵŵŚƠŤºººſř��ƶºººƗŹżƯ�ƕƺºººƳ�ƹŵ�źºººƷ�Źŵ�ƽ�ƭŶºººƴĭ��
ƶƳƺưƳ�ƽŹřŵźŝ�ƶƬůźƯ�Żř�ŚƷ�ƽ����ƶƣŚºſ�ƶºŝ�ƽŶºƃŹ����Śºţ�ƲŤºƟŹ

Ŷƃ�ƭŚŬƳř�ƭŶƴĭ�ƾĭŶǀſŹ��ƶƳƺưƳ�ŵřŶƘţ�ƽ���ƵŵŚƠŤºſř�Śŝ�ƭŻǇ
ƩƺƯźƟ�Żř�N = (1.96 / D)2 × (S / x)2��Ŷºƿŵźĭ�ƶŞſŚŰƯ���Źŵ
�ƶƐŝřŹ�ƲƿřN��ƶºƳƺưƳ�ŵřŶƘţ�ƽ����ŜºſŚƴƯS����ŹŚºǀƘƯ�ƝřźºŰƳř

Ƶŵřŵ�ƶººƳƺưƳ�Żř�ƪººƇŚů�ƽŚººƷ���ƶººǀƫƹř�ƽŹřŵźººŝx��ƲǀĮƳŚººǀƯ
Ƶŵřŵ�ƶƳƺưƳ�ƽŚƷ�ƶǀƫƹř�ƽŹřŵźŝ��ƹÖÓ�Î�ƾƯ�ƩƹŶū�ŵŶƗ��ŶƃŚŝ

(Hsu et al., 2001)��D����ƶºĩ�Ƶŵƺºŝ�ƂƿŚƯŻō�Ţƣŵ�ŮƐſ�żǀƳ
�ƩƺưƘƯ�ŹƺƏ�ƶŝ�Ʊō�ŹřŶƤƯÏÒ�Í���ƾºƯ�ƶºŤƟźĭ�źƔƳ�Źŵ���ŵƺºƃ

(Southwood & Henderson, 2000)���
�ƾƳřƹřźƟ�ƹ�ŵřŶƘţ�żǀƳ�ƹ�ƭŶƴĭ�žĜƿźţ�ŢǀƘưū�Ʈĩřźţ

ƶƳƺĭ���źºƷ�Źŵ�žĜƿźºţ�Ʋƿř�źĭŹŚĪƃ�ƽŚƷ����ƶºƗŹżƯ�ƕƺºƳ�ƹŵ
ƹŹ�ŢƄƷ�Źŵ�ƭŶƴĭ�ƲǀǀƘţ�źǀƳ�ƱŚŤſźƸƃ�Źŵ�ƞƬŤŴƯ�ƵŚĮƄƿ

ŶƳŶººƃ��ƶººŝ�ƵŚĮººƄƿƹŹ�źººƷ��Ŷººůřƹ�ƹ�ŹřźººĪţ�Ĩººƿ�ƱřƺººƴƗ
ƶƳƺưƳ����ƶºţƺŝ�Ĩºƿ�ƽŹřŵźºŝ�ƽ���ƭŶºƴĭ���Ŷºƃ�ƶºŤƟźĭ�źºƔƳ�Źŵ��
ƶƳƺưƳ�ƽŹřŵźŝ�ƶƬůźƯ�ŢƄƷ�ƾƏ�ŚƷ�ƽ���ƪƯŚºƃ�ƭŶƴĭ�ƽŶƃŹ

ƶƣŚſ�ƶŝ�ƶưĪģ��ƲŤƟŹ�ƽř���ƪºĭ��ƶƬŞƴºſ�ŹƺƸƓ��ƱŶƃ����ƾºƷŵ
ƽźǀƃ�ƪƿřƹř�ƽźǀƃ�źųřƹř��ƱŶƃ�ƽźǀưų��ƱŶƃ��ƹ�ƱŶºƃ�
�ƾĭŶǀºſŹ�����ŶƳŶºƃ�ƭŚºŬƳř(Zadoks et al., 1974)����źºƷ�Źŵ

ƶƳƺưƳ�ŢŝƺƳ��ŵřŶƘţ�ƽŹřŵźŝÎÍ��ƶºŝ�ƵŚǀĭ����Źŵ�ƾƟŵŚºƈţ�ŹƺºƏ
Ţưƀƣ��ƽŚƴŨŤſř�ƶŝ�ƾƄƿŚƯŻō�ƶƗŹżƯ�źƷ�ƞƬŤŴƯ�ƽŚƷ�Ūƴºě�

ƶǀƃŚů�Żř�źŤƯ�ƽ��Ŷºƃ�ƾſŹźŝ�ƶƗŹżƯ���ƶºŝ��Ʋºƿř����ƶºĩ�Ŝºǀţźţ
ƶţƺŝ���ƶºƳƺưƳ�ŢºŝƺƳ�źƷ�Źŵ�ƭŶƴĭ�ƽŚƷ�����Ţºĩźů�Śºŝ�ƽŹřŵźºŝ

�īřżĮƿŻ(Z)�ƗŹżƯ�Źŵ�źƷ�ƪƇřƺƟ�Śŝ��ƶÎÍ�Ʀƿ�ƭŶƣ��Źŵ�ŹŚŝ
Ţưƀƣ�ƶŝ�ƶƗŹżƯ�źƷ�ƞƬŤŴƯ�ƽŚƷ����śŚºŴŤƳř�ƾƟŵŚºƈţ�ŹƺƏ
ŶƳŶƃ���

żǀƳ�ƹ�ƭŶƴĭ�žĜƿźţ�ŢǀƘưū�Ʈĩřźţ��ƾƳřƹřźƟ�ƹ�ŵřŶƘţ
��ƶººƳƺĭ�Żř�ƭřŶººƧ�źººƷ���ƶººţƺŝ�Źŵ�źĭŹŚĪººƃ�ƽŚººƷ��ƽŚººƷ

Ɩưū�ƽŹƹō��ƵŶƃ�ŢƃřŵŵŚƿ�Śŝ��ƾţŚƈŴƄƯ�ƱŵźĩŶƴƳŚƯ���ƭŚºƳ
ƶƳƺưƳ�ŲƿŹŚţ��ƶƗŹżƯ��ƶºƬůźƯ�ƹ�ƽŹřŵźŝ�ƽ���ƽŶºƃŹ�ƭŶºƴĭ��

ŶƳŶƃ�ƁŹŚưƃ��Ʋƿř�ƩŚſ�Żř�Ĩƿ�źƷ�ƽřźŝ�ŹŚĩ��ƽŚƷÎÐÕÖ�
�ƹÎÐÖÍ�Ŷººƃ�ŹřźººĪţ��Ƶŵřŵ�Żř���ƽřźººŝ�ƶƬººƇŚů�ƽŚººƷ�Î��

ƶƀƿŚƤƯ�ƽ��ƶƗŹżƯ�ƕƺƳ�ƹŵ�Źŵ�ƭŶƴĭ�žĜƿźţ�ŢǀƘưū�Ʈĩřźţ�
�Ï�����ƶºƳƺĭ�Żř�ƭřŶºƧźƷ�ƾŞºƀƳ�ƾƳřƹřźƟ�ŶƇŹŵ�ƲǀǀƘţ���ƽŚºƷ

��źĭŹŚĪƃ�Ð���ƶŞºſŚŰƯ�ƽ�����ƱƺƳŚºƃ�ƕƺºƴţ�ƆųŚºƃ(H)��ƹ
�ƱƺƳŚƃ�ƾŤųřƺƴĪƿ�ƆųŚƃ(E)�ƶƳƺĭ�ƽřźŝ��źĭŹŚĪºƃ�ƽŚƷ�
�żǀƳ�ƹ��ƶƗŹżƯ�ƕƺƳ�ƹŵ�Źŵ�Ñ��ƶŞſŚŰƯ�ƽ�ŢƷŚŞƃ�ƆųŚƃ� �

��
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�ƪĪƃæ��ƶƤƐƴƯ�ƽ�ŝŵŹřǀƪ��(A)�ƶŬƳƺƿ�ƹ�ƭŶƴĭ�ƽŹřƺƳ�ŢƄĩ��(B)�Ĩţ�ŤƄĩƾ�ƭŶƴĭ���
Fig. 1. Ardabil region: (A) the strip cropping of wheat-alfalfa, (B) the monoculture of wheat. 

��
ƶƳƺĭ�ƕƺƴţ�ŚŤǀƀƿŹƺƯ�ƽř���ƱŹƺƷ(CMH)���ƶºƳƺĭ�ƽřźºŝ���ƽŚºƷ

ƶƗŹżƯ�ƕƺƳ�ƹŵ�Ʋǀŝ�Źŵ�źĭŹŚĪƃ�ƽ�Ŷƿŵźĭ�ƵŵŚƠŤſř�ƭŶƴĭ���
ƶŞſŚŰƯ�Źŵ�ƽ�����ƱƺƳŚºƃ�ƕƺºƴţ�ƆųŚºƃ��ƪºƯŚƗ�ƹŵ�Żř

�����ƶºƳƺĭ�Żř�ƭřŶºĩ�źºƷ�ƾºƳřƹřźƟ�ƹ�ƶºƳƺĭ�ŵřŶƘţ�ƾƬƇř���ƽŚºƷ
��Ŷºƃ�ƵŵŚƠŤºſř�ƶƗŹżƯ�źƷ�Źŵ�źĭŹŚĪƃ������źºŝ�ƆųŚºƃ�Ʋºƿř

�ƩƺƯźƟ�ŽŚſřH = -∑ pi ln (pi)��Ŷƃ�ƶŞſŚŰƯ�ºƧ�ƶ��Ʋºƿř�Źŵ
�ƶƐŝřŹpi����ƶºƳƺĭŹŵ�ƶºĩ�Ţºſř�ƽŵřźƟř�ŢŞƀƳ�ƽ�i��ƭř(ni / N)�

ŶººƳŹřŵ�ŵƺººūƹ�(Magurran, 2004)���Ʋººƿř�ŹřŶººƤƯ�ƶººģźƷ
Ʈĩ�ƆųŚƃ�ƾƯ�ƱŚƄƳ�ŶƃŚŝ�źţ���ƶºƳƺĭ�ŵřŶºƘţ�ƶĩ�ŶƷŵ���ƽŚºƷ

Ʈĩ�ƶƗŹżƯ�Źŵ�źĭŹŚĪƃ�ƶƳƺĭ�Żř�ƾĪƿ�ƾƳřƹřźƟ�ƹ�Ţſř�źţ��ŚƷ
ƶƳƺĭ�źƿŚſ�Śŝ�ƶƀƿŚƤƯ�Źŵ�Ƃǀŝ�ƾƬǀų�ŚƷ�Ţſř�źţ��ƪŝŚƤƯ�Źŵ��

źƷƂǀŝ�ƆųŚƃ�Ʋƿř�ŹřŶƤƯ�ƶģ�ƾƯ�ƱŚƄƳ�ŶƃŚŝ�źţ��ƶĩ�ŶƷŵ
ƶƳƺĭ�ŵřŶƘţ�����Ƃǀºŝ�ƶºƗŹżƯ�Źŵ�źĭŹŚĪºƃ�ƽŚºƷ����ƹ�Ţºſř�źºţ

Ʊō�ƾŞƀƳ�ƾƳřƹřźƟ�ľŚŞƿźƤţ�ŚƷ��ŢųřƺƴĪƿƾƯ�ŶƃŚŝ���
��ƕƺºƴţ�ƆųŚƃ�Żř�ƾƘŝŚţ�ƱƺƳŚƃ�ƾŤųřƺƴĪƿ�ƆųŚƃ

ƾƯ�ƶƳƺĭ�ŵřŶƘţ�ƹ�ƱƺƳŚƃ��ŶºƃŚŝ������ŽŚºſřźŝ�ƆųŚºƃ�Ʋºƿř
�ƩƺƯźƟE = H / lnS��Ŷƃ�ƶŞſŚŰƯ�ƶƧřŹ�Ʋƿř�Źŵ�ƶƐŝS��ŵřŶƘţ

ƾƯ�ƶƳƺưƳ�Źŵ�ƶƳƺĭ�ŶƃŚŝ�(Magurran, 2004)��ƶŝ��ƽŹƺºƏ���ƶºĩ
ƶƳƺĭ�ƕƺƴţ�ƶģ�źƷ�Ƃǀŝ�ƽř�Ʊō�ƾŞƀƳ�ƾƳřƹřźƟ�ƹ�źţ�ľŚŞƿźƤţ�ŚƷ�

ƾƯ�ƂƿřżƟř�ƾŤųřƺƴĪƿ�ƆųŚƃ��ŶƃŚŝ�ŢųřƺƴĪƿ�ŶŝŚƿ���
�Śŝ��ƩƺºƯźƟCMH = 2 ∑ (ai bi) / (da+db) × (Na × Nb)��

ŚŤǀƀƿŹƺƯ�ŢƷŚŞƃ�ƆųŚƃ���ƺƯ�ƭŶƴĭ�ƕŹřżƯ�Ʋǀŝ�ƱŹƺƷ�ŵŹ
�Ŷƃ�ƶŞſŚŰƯ�ƶƘƫŚƐƯ(Magurran, 2004)��ƶƐŝřŹ�Ʋƿř�Źŵ��Na�

�ƵŚǀĭ�Źŵ�ŵřźƟř�ƪĩ�ŵřŶƘţA��Nb��ƵŚǀĭ�Źŵ�ŵřźƟř�ƪĩ�ŵřŶƘţB��
ai��ŵřźººƟř�ŵřŶºƘţ�ƶººƳƺĭ�ƽ�i��ƵŚºǀĭ�Źŵ�ƭřA��bi��ŵřźººƟř�ŵřŶººƘţ

ƶƳƺĭ�ƽ�i��ƵŚǀĭ�Źŵ�ƭřB��da = ∑ ai
2 / Na

2��ƹdb = ∑ bi
2 / Nb

2�
ƾƯ�ŶƃŚŝ��ŚŤǀƀƿŹƺƯ�ŢƷŚŞƃ�ƆųŚƃ���ƱŹƺƷ��Śºţ�źƠƇ�Ʋǀŝ

Ţſř�źǀƜŤƯ�Ĩƿ��ƱŚƄƳ�źƠƇ�ŵŶƗ�ƵŶƴƷŵ����ŢƷŚŞºƃ�ŵƺºŞƳ�ƽ
ƶƳƺĭ�ƕƺƴţ�����ƶºƗŹżƯ�ƕƺºƳ�ƹŵ�Ʋǀºŝ�ŚƷźĭŹŚĪºƃ�ƽř�ƽ���ƭŶºƴĭ

��ƾºƯ�ƱŚºƄƳ�Ĩƿ�ŵŶƗ�ƹ�Ţſř�����ƶºƳƺĭ�Ŝºǀĩźţ�ƶºĩ�ŶºƷŵ��ƽř
��ƶºƗŹżƯ�ƕƺºƳ�ƹŵ�Ʋǀŝ�ŚƷźĭŹŚĪƃ�ƽ���ľǈƯŚºĩ�ƭŶºƴĭ���ƲºĮưƷ

Ţſř��źĮƿŵ�šŹŚŞƗ�ƶŝ�������Żř�ƆųŚºƃ�Ʋºƿř�ŹřŶºƤƯ�ƶºģźƷ
ĨƿŵżƳ�Ĩƿ�ƶŝ�źƠƇ�ƾƯ�źţ�ƃ���ƶºƳƺĭ�ƕƺºƴţ�ŢƷŚŞºƃ��ŵƺ��ƽř

ƷźĭŹŚĪƃŚ�Ƃǀŝ�ƭŶƴĭ�ƶƗŹżƯ�ƕƺƳ�ƹŵ�Ʋǀŝ�ƾƯ�źţ�ŵƺƃ����
��
ƶƿżŬţ�ƽ�ƽŹŚƯō��

ƆųŚººƃ�ƽŚººƷ��ƽřźººŝ�ƱƺƳŚººƃ�ƾŤųřƺººƴĪƿ�ƹ�ƕƺººƴţ
ƶƳƺĭ�ƶƗŹżƯ�ƕƺƳ�ƹŵ�Źŵ�źĭŹŚĪƃ�ƽŚƷ�ƽ��ƭŶºƴĭ����ŢºƄƷ�Źŵ

ƵŚĮƄƿƹŹ��ƶŝ�ŹřźĪţ�ƱřƺƴƗ���ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ���ŹřżºƟřExcel�
ŶƳŶƃ�ƶŞſŚŰƯ��Ƶŵřŵ�ǀƘưū�Ʈĩřźţ�ƽŚƷ��ƹ�ƭŶºƴĭ�žĜƿźţ�Ţ

ƆųŚƃ�ƽŚƷ�ơƺƟ���ƶºƗŹżƯ�ƕƺºƳ�ƹŵ�Źŵ�ƽ���ƹŵ�Źŵ�ƹ�ƭŶºƴĭ
ƶƿŚě�ŭźƏ�ŜƫŚƣ�Źŵ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƩŚſ�ƽ�ľǈƯŚĩ��Źŵ�ƾƟŵŚƈţ

ƶƿżŬţ�ŹřźĪţ�ŢƄƷ�ƽ��žƳŚƿŹřƹ�ºƿŵźĭŶ�����Ʋǀºŝ�šŚºƟǈŤųř
Ƶŵřŵ�ƲǀĮƳŚǀƯ������ŵŹƺºƯ�ƩŚºſ�ƹŵ�Źŵ�ƭŶºƴĭ�ƕŹřżºƯ�Ʋǀŝ�Źŵ�ŚƷ

���ƩŚºưŤůř�ŮƐºſ�Źŵ�ƾĩƺţ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�ƶƘƫŚƐƯÒ��
Ư�ŶƳŶƃ�ƶŞſŚŰ(SAS Institute, 1999)��ƶŞſŚŰƯ�ƽ��ƆųŚƃ

B A 



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèè���æ���ÎÐîç���������������������������������������������������������������������������������������������������������������ÒÐ 

ŚŤǀƀƿŹƺƯ�ŢƷŚŞƃ����ƶºƳƺĭ�ƽřźŝ�ƱŹƺƷ����Źŵ�źĭŹŚĪºƃ�ƽŚºƷ
��ƶºƗŹżƯ�ƕƺººƳ�ƹŵ�Ʋǀºŝ�ƽ��ƭŶººƴĭ�Śººŝ��ƵŵŚƠŤºſřƭźººƳ�Żř��ŹřżººƟř
EstimateS Win 8.20��ƭŚŬƳř�Ŷƃ(Colwell, 2006)���

��
ŦŰŝ�ƹ�ŪƿŚŤƳ��

�ƭŶƴĭ�žĜƿźţ�ŢǀƘưū�Ʈĩřźţ��
ƺƳ�ŢƄĩ�Źŵ�ƭŶƴĭ�žĜƿźţ�ŢǀƘưū�Ʈĩřźţ�ƭŶƴĭ�ƽŹř

Ĩţ�ƹ�ƶŬƳƺƿ�ƹ������ƾºƗřŹŻ�ƩŚºſ�Źŵ�ƭŶºƴĭ�ƾŤºƄĩÎÐÕÖ��ƹ
ÎÐÖÍ�ƾººƴƘƯ�ƝǈŤººųř�ŵřŵ�ƱŚººƄƳ�řŹ�ƽŹřŵ��ÓÔ�ÒF = ��� �

Ðdf = ���ÍÍÐÓ�ÍP = ����ƹŵ�źºƷ�Źŵ����ƶºƘƫŚƐƯ�ŵŹƺºƯ�ƩŚºſ��
����ƹ�ƭŶºƴĭ�ƽŹřƺºƳ�ŢºƄĩ�Źŵ�ƭŶƴĭ�žĜƿźţ�ŢǀƘưū�Ʈĩřźţ

Ĩţ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƶŬƳƺƿ�ƶŝ�ƭŶƴĭ�ƾŤƄĩ���ƾºƴƘƯ�ŹƺºƏ��ƽŹřŵ
Ʈĩ�ŵƺŝ�źţ���ƩƹŶūÎ�� 

 
ƭŶƴĭ�žĜƿźţ�ƽŚƷźĭŹŚĪƃ�ƾƳřƹřźƟ�ŶƇŹŵ��

ƶƳƺĭ�ƽŚƷ��źĭŹŚĪƃ���ƽŹřƺºƳ�ŢºƄĩ�Źŵ�ƭŶƴĭ�žĜƿźţ
Ĩţ�ƹ�ƶŬƳƺƿ�ƹ�ƭŶƴĭ��Źŵ�ƭŶƴĭ�ƾŤƄĩƶƤƐƴƯ�ƽ����ƱŚŤºſř�źºǀƳ

�ƪǀŝŵŹř�ƩƹŶū�ŹŵÏ�ƵŶƃ�ƶƿřŹř�ŶƳř����ƭŶºƴĭ�ƾŤºƄĩ�Ĩţ�Źŵ��
Ūƴě�ƶƳƺĭ�ƽ��Źŵ�ƶĩ�Ŷƿŵźĭ�ƵŶƷŚƄƯ�ƭŶƴĭ�žĜƿźţ�źĭŹŚĪƃ

Ʊō�Ʋǀººŝ��ŚººƷAeolothrips intermedius Bag.�Ƃǀººŝ��Ʋƿźººţ
�ƾƳřƹřźƟ�ŶƇŹŵ�ƾŞƀƳ�����ƶºƘƫŚƐƯ�ŵŹƺºƯ�ƩŚºſ�ƹŵ�źºƷ�Źŵ�řŹ

Ţººƃřŵ��ƶººƳƺĭ�ƾŞººƀƳ�ƾººƳřƹřźƟ�ŶººƇŹŵ��ƲǀººƴĤưƷ�ƽŚººƷ�
Haplothrips subtilissimus Hal.��ƹOrius niger (Wolf.)�

Śºººŝ�ƶºººƀƿŚƤƯ�Źŵ�Coccinella septempunctata (L.)��ƹ
Hippodamia convergens (G.-M.)�Ƃǀŝ��ŵƺºŝ�źţ����ƩƹŶºū

Ï����
ĩ�Źŵ�ƶººŬƳƺƿ�ƹ�ƭŶººƴĭ�ƽŹřƺººƳ�ŢººƄ��ÎÒ�ƶººƳƺĭ�ƽ�

�Ʊō�Ʋǀºŝ�Źŵ�ƶĩ�Ŷƿŵźĭ�ƵŶƷŚƄƯ�ƭŶƴĭ�žĜƿźţ�źĭŹŚĪƃ���ŚºƷ� �
A. intermedius�Ƃǀŝ��źƷ�Źŵ�řŹ�ƾŞƀƳ�ƾƳřƹřźƟ�ŶƇŹŵ�Ʋƿźţ

Ţƃřŵ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƩŚſ�ƹŵ����ƲǀƴĤưƷ���ƾºƳřƹřźƟ�ŶºƇŹŵ
�ƶºººƳƺĭ�ƾŞºººƀƳ��ƽŚºººƷH. subtilissimus���O. niger���� �

C. septempunctata�ƹ��Chrysoperla carnea (Steph.)��Źŵ

ƶƳƺĭ�źƿŚſ�Śŝ�ƶƀƿŚƤƯ�Ƃǀŝ�źĭŹŚĪƃ�ƽŚƷ�ŵƺŝ�źţ���ŢƄĩ�Źŵ
�ƶºººŬƳƺƿ�ƹ�ƭŶºººƴĭ�ƽŹřƺºººƳ��ƶºººƳƺĭ���źĭŹŚĪºººƃ�ƽŚºººƷ� �
Deraeocoris lutescens (Sch.)���Nabis pseudoferus Rem.��

Macrolophus sp.���Geocoris sp.���Orius minutus (L.)���� �
C. carnea��Propylea quatuordecimpunctata (L.)��

Malachius sp.��Lathrobium sp.��ƹEpisyrphus balteatus 

(De Geer)���ƴǀƿŚºě�ƾŞºƀƳ�ƾƳřƹřźƟƾ��ƴŤºƃřŵ��ƾºƫƹ�Ŷ�ǀºưƷ�Ʋ
Ĩţ�Źŵ�ŚƷźĭŹŚĪƃ��ŶƳŶºƄƳ�ƵŶƷŚƄƯ�ƭŶƴĭ�ƾŤƄĩ����ƩƹŶºū

Ï����
��
�ƩƹŶūÎ���ƲǀĮƳŚºǀƯ� (± SE)���ŢºǀƘưū�ƮĩřźºţH. tritici �

ƶŝ����ƵŚºǀĭ�Ĩºƿ�ƽřŻř�����ƹ�ƶºŬƳƺƿ�ƹ�ƭŶºƴĭ�ƽŹřƺºƳ�ŢºƄĩ�Źŵ
Ĩţ�ƴĭ�ƾŤƄĩ�ƾƗřŹŻ�ƩŚſ�Źŵ�ƭŶÎÐÕÖ��ƹÎÐÖÍ���

Table 1. Mean (± SE) population density of H. tritici 
per plant in the strip cropping of wheat-alfalfa and the 
monoculture of wheat in 2010 and 2011. 
 

Year Wheat cropping 
systems 

Population density 
of H. tritici per plant 

2010 

Monoculture of 
wheat 

13.91 � 3.06 a 

Strip cropping of 
wheat-alfalfa 

6.44 � 1.47 b 

2011 

Monoculture of 
wheat 

12.23 � 2.71 a 

Strip cropping of 
wheat-alfalfa 

7.58 � 1.72 b 

Means followed by different letters are significantly different (Tukey 
test; P ≤ 0.05). 

��
ƆųŚƃ�ƽŚƷ����ƶºƳƺĭ�ƽřźºŝ�ƱƺƳŚºƃ�ƾŤųřƺƴĪƿ�ƹ�ƕƺƴţ���ƽŚºƷ
źĭŹŚĪƃ�ƭŶƴĭ�žĜƿźţ��

Ĩţ�Źŵ�ƆųŚƃ��ƭŶƴĭ�ƾŤƄĩ�ƽŚƷ��ƾŤųřƺƴĪƿ�ƹ�ƕƺƴţ
��ƶºƳƺĭ�ƽřźºŝ�ƱƺƳŚƃ������ƞºƬŤŴƯ�ƪºůřźƯ�Źŵ�źĭŹŚĪºƃ�ƽŚºƷ

�ƩŚºſ�Źŵ�ƭŶƴĭ�ƽŶƃŹ��ƽŚºƷ�ÎÐÕÖ��ƹÎÐÖÍ��ƪĪºƃ�Źŵ��Ï�
Ţſř�ƵŶƃ�ƶƿřŹř���ƶºƘƫŚƐƯ�ŵŹƺƯ�ƩŚſ�ƹŵ�źƷ�Źŵ����ƆųŚºƃ
�ƱƺƳŚººƃ�ƕƺººƴţƶººƬůźƯ�ŢƟźººƄǀě�Śººŝ�ƽ��Żř�ƭŶººƴĭ�ƽŶººƃŹ

ƶƬůźƯ�ƽ�ƶƣŚſ�ƶŝ�ƽŶƃŹ����ƽźǀºƃ�źºųřƹř�Śºţ�ƲŤƟŹ���ƱŶºƃ
��ƽźºǀưų�ƽŶºƃŹ�ƪůřźƯ�ƾƏ�ƾƫƹ�Ţƃřŵ�ƾƄƿřżƟř�ŶƳƹŹ�

ƭŶƴĭ�ƾĭŶǀſŹ�ƹ�ƱŶƃ��ŢƟŚƿ�ƂƷŚĩ�ƪĪƃ��Ï����Ʋºƿř�Źŵ� �
��
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��

�ƩƹŶūÏ���ƾŞƀƳ�ƾƳřƹřźƟ�ŶƇŹŵƶƳƺĭ�ƽŚƷ�źĭŹŚĪƃH. tritici �Ĩţ�ƹ�ƶŬƳƺƿ�ƹ�ƭŶƴĭ�ƽŹřƺƳ�ŢƄĩ�Źŵ�ƴĭ�ƾŤƄĩ�Źŵ�ƭŶƶƤƐƴƯ�ƽ�
źǀƳ���

Table 2. The percentage of relative abundance of predators of H. tritici in the strip cropping of wheat-alfalfa and the 
monoculture of wheat in Nir region.  

 

Order Family Species 
Monoculture of  

wheat 
Strip cropping of 

wheat-alfalfa 
2010 2011 2010 2011 

Hemiptera Miridae Deraeocoris lutescens (Sch.) - - 3.8 4.2 
  Macrolophus sp. - - 1.4 2.3 
 Geocoridae Geocoris sp. - - 3.8 3.3 
 Anthocoridae Orius minutus (L.) - - 4.8 3.7 
  Orius niger (Wolf.) 9.8 13.8 12.0 11.7 
 Nabidae Nabis pseudoferus Rem. - - 4.3 3.3 
Thysanoptera Aeolothripidae Aeolothrips intermedius Bag. 57.3 50.7 31.6 29.4 
 Phlaeothripidae Haplothrips subtilissimus Hal. 18.0 26.2 10.6 14.1 
Neuroptera Chrysopidae Chrysoperla carnea (Steph.) - - 6.2 7.9 
Coleoptera Coccinellidae Coccinella septempunctata (L.) 6.5 3.1 6.2 6.1 
  Hippodamia convergens (G.-M.) 8.2 6.2 4.8 5.2 
  Propylea quatuordecimpunctata (L.) - - 3.3 2.3 
 Malachiidae Malachius sp. - - 2.9 2.3 
 Staphylinidae Lathrobium sp. - - 2.9 1.9 
Diptera Syrphidae Episyrphus balteatus (De Geer) - - 1.4 2.3 
Total   100 100 100 100 

��
ƶººƳƺĭ�ƽřźººŝ�ƱƺƳŚººƃ�ƾŤųřƺººƴĪƿ�ƆųŚººƃ�ƕŹřżººƯ��ƽŚººƷ

��ƶƣŚººſ�ƶºŝ�ƽŶººƃŹ�ƪººůřźƯ�ƾººƏ�Źŵ�źĭŹŚĪºƃ��Śººţ�ƲŤººƟŹ
�ŵřŶƳ�ƱŚƄƳ�řŹ�ƾƳřŶƴģ�šƹŚƠţ�ƭŶƴĭ�ƾĭŶǀſŹ�ƪĪƃ��Ï����

ƆųŚƃ��ƶŬƳƺƿ�ƹ�ƭŶƴĭ�ƽŹřƺƳ�ŢƄĩ�Źŵ�ƽŚƷ�ƕƺƴţ�
�ƱƺƳŚƃ�ƾŤųřƺƴĪƿ�ƹƶƳƺĭ�ƽřźŝ���ƪºůřźƯ�Źŵ�źĭŹŚĪƃ�ƽŚƷ

�ƽŶƃŹ�ƞƬŤŴƯ��ƭŶºƴĭ�ƩŚºſ�Źŵ��ƽŚºƷ�ÎÐÕÖ��ƹÎÐÖÍ��Źŵ
ƪĪƃ��Ð�Ţſř�ƵŶƃ�ƶƿřŹř����ƕƺºƴţ�ƆųŚƃ�ƩŚſ�ƹŵ�źƷ�Źŵ

ƶººƬůźƯ�ŢƟźººƄǀě�Śººŝ�ƱƺƳŚººƃ�ƽ��Żř�ƭŶººƴĭ�ƵŚººǀĭ�ƽŶººƃŹ
ƶƬůźƯ�ƽ�ƶƣŚſ�ƶŝ�ƽŶƃŹ����ƽźǀºƃ�źºųřƹř�Śºţ�ƲŤƟŹ���ƱŶºƃ

�ƽźºǀưų�ƽŶƃŹ�ƪůřźƯ�ƾƏ��ƾƫƹ�Ţƃřŵ�ƾƄƿřżƟř�ŶƳƹŹ�
ŶǀſŹ�ƹ�ƱŶƃ�ŢƟŚƿ�ƂƷŚĩ�ƭŶƴĭ�ƾĭ��ƪĪƃÐ�����Ʋºƿř�Źŵ

ƶººƳƺĭ�ƽřźººŝ�ƱƺƳŚººƃ�ƾŤųřƺººƴĪƿ�ƆųŚººƃ�ƕŹřżººƯ��ƽŚººƷ
��ƶƣŚººſ�ƶºŝ�ƽŶººƃŹ�ƪººůřźƯ�ƾººƏ�Źŵ�źĭŹŚĪºƃ��Śººţ�ƲŤººƟŹ
�ŵřŶƳ�ƱŚƄƳ�řŹ�ƾƳřŶƴģ�šƹŚƠţ�ƭŶƴĭ�ƾĭŶǀſŹ�ƪĪƃ�Ð����

��ƱƺƳŚººƃ�ƕƺººƴţ�ƆųŚººƃ�źƿŵŚººƤƯ��ÐÏ�ÎÑF = ��� �
ÏÕ�,Ðdf = ���ÍÍÍÎ�ÍP = ���ƱƺƳŚºƃ�ƾŤųřƺƴĪƿ�ƆųŚƃ�ƹ�
�ÑÖ�ÖF = ��ÏÕ�,Ðdf = ���ÍÍÍÏ�ÍP = ���ƶºƳƺĭ�ƽřźŝ���ƽŚºƷ

ƭŶƴĭ�ƽŹřƺƳ�ŢƄĩ�Źŵ�źĭŹŚĪƃ���Ĩºţ�ƹ�ƶºŬƳƺƿ�ƹ���ƾŤºƄĩ

�ƩŚſ�ƹŵ�ƾƏ�ƭŶƴĭÎÐÕÖ��ƹÎÐÖÍ�ƾƴƘƯ�ƝǈŤųř��řŹ�ƽŹřŵ
�ŶƳŵřŵ�ƱŚƄƳ��ƩƹŶūÐ������ƶºƘƫŚƐƯ�ŵŹƺºƯ�ƩŚºſ�ƹŵ�źƷ�Źŵ��

ƤƯŚŵƿƆųŚƃ�ź��ƽŚºƷ����ƱƺƳŚºƃ�ƾŤųřƺºƴĪƿ�ƹ�ƕƺºƴţ���ƽřźºŝ
ƶƳƺĭ�ŹřƺƳ�ŢƄĩ�Źŵ�ƭŶƴĭ�žĜƿźţ�źĭŹŚĪƃ�ƽŚƷ�ƹ�ƭŶƴĭ�ƽ

Ĩţ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƶŬƳƺƿ�ƶŝ�ƭŶƴĭ�ƾŤƄĩ���ƾºƴƘƯ�ŹƺºƏ��ƽŹřŵ
Ƃǀŝ��ŵƺŝ�źţ��ƩƹŶūÐ����

��ƶºƳƺĭ�ƕƺºƴţ�ŢƷŚŞƃ�ƆųŚƃ�ŹřŶƤƯ��ŚŤǀºƀƿŹƺƯ�ƽř�
�ƶƳƺĭ�ƽřźŝ�ƱŹƺƷ�������ƽŹřƺºƳ�ŢºƄĩ�Ʋǀºŝ�Źŵ�źĭŹŚĪºƃ�ƽŚºƷ

Ĩţ�ƹ�ƶŬƳƺƿ�ƹ�ƭŶƴĭ��ƭŶƴĭ�ƾŤƄĩÕÑÏ�Í���ƶŞºſŚŰƯ�ºƃŶ��
ƾƯ�ƱŚƄƳ�ƶŬǀŤƳ�Ʋƿř���ƶºƳƺĭ�ƾºƳřƹřźƟ�ƹ�ŵřŶƘţ�ƶĩ�ŶƷŵ��ƽŚºƷ�

�ƹ�ƶŬƳƺƿ�ƹ�ƭŶƴĭ�ƽŹřƺƳ�ŢƄĩ�Źŵ�ƭŶƴĭ�žĜƿźţ�źĭŹŚĪƃ
Ĩţ�ŶƴŤƀǀƳ�ƲĮưƷ�ƭŶƴĭ�ƾŤƄĩ���

��
ŦŰŝ��

�źƋŚů�ƂƷƹĦě�Źŵ�ƆŴƄƯƃ�ƶĩ�Ŷ�ŢǀƘưū�Ʈĩřźţ
��ƶºƀƿŚƤƯ�Źŵ�ƶŬƳƺƿ�ƹ�ƭŶƴĭ�ƽŹřƺƳ�ŢƄĩ�Źŵ�ƭŶƴĭ�žĜƿźţ

Ĩţ�Śŝ�ƶŝ�ƭŶƴĭ�ƾŤƄĩ�ƾƴƘƯ�ŹƺƏ��Ʈºĩ�ƽŹřŵ���źºţ�Ţºſř����Ʋºƿř
ƾƯ�ƱŚƄƳ�ƶŬǀŤƳ���Źŵ�ƶºŬƳƺƿ�ƹ�ƭŶºƴĭ�ƽŹřƺƳ�ŢƄĩ�ƶĩ�ŶƷŵ�� �
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Fig. 2. The Shannon diversity and evenness indices for predators of H. tritici at eight growth stages of wheat in the 
monoculture of wheat in (A) 2010 and (B) 2011. 
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Fig. 3. The Shannon diversity and evenness indices for predators of H. tritici at eight growth stages of wheat in the strip 
cropping of wheat-alfalfa in (A) 2010 and (B) 2011. 
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Ư�ƭŶƴĭ�žĜƿźţ�ŢǀƘưū�ƂƷŚĩŒŢſř�źŧ���Żř�ƪƇŚů�ŪƿŚŤƳ

�Źŵ�ƱƺƳŚƃ�ƕƺƴţ�ƆųŚƃ�źƷ�ƶºƗŹżƯ�ƕƺƳ�ƹŵ��ƽ��Źŵ�ƭŶºƴĭ
��ƶºƘƫŚƐƯ�ŵŹƺºƯ�ƩŚſ�ƹŵ�����ƶºƳƺĭ�ƕƺºƴţ�ƶºĩ�ŵřŵ�ƱŚºƄƳ���ƽŚºƷ

�����Ƃǀºŝ�ƶºŬƳƺƿ�ƹ�ƭŶºƴĭ�ƽŹřƺºƳ�ŢºƄĩ�Źŵ�źĭŹŚĪƃ���Żř�źºţ
Ĩţ�ŵƺŝ�ƭŶƴĭ�ƾŤƄĩ��ěŪƴ�ƶƳƺĭ�ƽ���ƭŶºƴĭ�žĜƿźţ�źĭŹŚĪƃ

Ĩţ�Źŵ���ƹ�ƭŶºƴĭ�ƾŤƄĩÎÒ��ƶºƳƺĭ�ƽ��Źŵ�źĭŹŚĪºƃ���ŢºƄĩ

ƶŬƳƺƿ�ƹ�ƭŶƴĭ�ƽŹřƺƳ�����ƩƹŶºūÏ������ƆųŚºƃ�ƶºĩŚŬƳōŻř
�ƶºƳƺĭ�ŵřŶƘţ�ƪƯŚƗ�ƹŵ�ƶŝ�ƱƺƳŚƃ�ƕƺƴţ�����źºƷ�ƾºƳřƹřźƟ�ƹ�ŚºƷ

ƭřŶĩ��ŻřƱō�ŚƷ��ŵŹřŵ�ƾĮŤºƀŝ�����ǇŚºŝ�ƪºǀƫŵ��ƲƿřźŝŚºƴŝ��ƺºŝŵ�Ʊ
����ƶºŬƳƺƿ�ƹ�ƭŶºƴĭ�ƽŹřƺºƳ�ŢƄĩ�Źŵ�ƱƺƳŚƃ�ƕƺƴţ�ƆųŚƃ
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Table 3. Mean (± SE) Shannon diversity and evenness indices for predators of H. tritici in the strip cropping of wheat-
alfalfa and the monoculture of wheat in 2010 and 2011. 

 
Year Wheat cropping systems Shannon diversity index Shannon evenness index 

2010 
Monoculture of wheat 1.25 � 0.15 b 0.79 � 0.02 b 

Strip cropping of wheat-alfalfa 1.96 � 0.12 a 0.90 � 0.01 a 

2011 
Monoculture of wheat 1.21 � 0.09 b 0.77 � 0.02 b 

Strip cropping of wheatalfalfa 1.91 � 0.17 a 0.89 � 0.01 a 
Means followed by different letters in each column are significantly different (Tukey test; P ≤ 0.05). 
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ƶƳƺĭ���ƭŶºƴĭ�ƽŹřƺƳ�ŢƄĩ�Ʋǀŝ�ƭŶƴĭ�žĜƿźţ�źĭŹŚĪƃ�ƽŚƷ

Ĩţ�ƹ�ƶŬƳƺƿ�ƹ��ƭŶƴĭ�ƾŤƄĩ�żǀƳƾƯ�ƱŚƄƳ�ŶƘţ�ƶĩ�ŶƷŵ�ƹ�ŵř
ƶƳƺĭ�ƾƳřƹřźƟ�������ƕƺºƳ�ƹŵ�Źŵ�ƭŶºƴĭ�žĜƿźºţ�źĭŹŚĪºƃ�ƽŚºƷ

ƶƗŹżƯ��ƽŶƴŤƀǀƳ�ƲĮưƷ�ƭŶƴĭ���
�Ƶŵźºĭ�Żř�ƶƿŸƜţ��ƪºĭ�ƽ������ƾƿřŹŚºĩ�ƂƿřżºƟř�ŦºƗŚŝ�ŚºƷ

�źĭŹŚĪºƃ��ƭŶºƴĭ�žĜƿźºţ�ƽŚƷ��ƾºƯ���ŵƺºƃ(Lewis, 1997; 

Malschi, 2003; Fathi et al., 2005)������ƵŚºǀĭ�ŢºƄĩ�řŸºƫ
ƪĭ��ƶºƗŹżƯ�ŹŚƴĩ�Źŵ�ƶŬƳƺƿ�źǀƔƳ�ƶƫŚſŶƴģ�Źřŵ�ƽ���ºŝ�ƭŶºƴĭ�Ś

ƾƯ�ŚƷźĭŹŚĪƃ�Ʋƿř�ƽřźŝ�Ƶŵźĭ�ƖŞƴƯ�ƲǀƯŐţ�Źŵ�ŶƳřƺţ���ŜƬū
ƒƠů���ŢƿŚưůƶƳƺĭ�ƕƺƴţ�ƂƿřżƟř�ƹ��ƽřƱō����ƂƷŚºĩ�ƹ�ŚºƷ

��ŶººƃŚŝ�ƶŤººƃřŵ�ƾººưƸƯ�ƂººƤƳ�ƭŶººƴĭ�žĜƿźººţ�ŢººǀƘưū��
Southwood & Henderson (2000)�����ƶºĩ�ŶºƳŵźĩ�ƁŹřżºĭ

ƾĭĦƿƹ����ƱŚºŝżǀƯ�ƱŚºƷŚǀĭ�ƽŚƷŹŵ���ƶºƳƺĭ�ƕƺºƴţ���ƱŚƴưºƃŵ�ƽř
�ƾƘǀŞƏŶƴŤƀƷ�źŧƺƯ��Solaymannejadian (2009)���ƁŹřżºĭ

�Źŵ�ƶŬƳƺƿ�ŢƄĩ�Śŝ�ŻřƺƷř�śƺƴū�źĪƄǀƳ�ƕŹřżƯ�Źŵ�ƶĩ�ŵźĩ
ƶǀƃŚů�ƽ��Ʋƿř�ƕŹřżºƯ�������ƾºƘǀŞƏ�ƱŚƴưºƃŵ�ƕƺºƴţ�ƆųŚºƃ
ƶƣŚſ�ƶŝ�źĪƄǀƳ�ƽŚƷŹřƺų�ƾƴƘƯ�ŹƺƏ��ŶƇŹŵ�ƹ�ƂƿřżƟř�ƽŹřŵ
ƶƣŚſ�ƶƣŚſ�ƶŝ�Ƶŵƺƫō�ƽŚƷ���ƶºŝ�żºǀƳ�ŚƷŹřƺų���ƾºƴƘƯ�ŹƺºƏ��ƽŹřŵ

�ƂƷŚĩƾƯ�ŶŝŚƿ��Huusela & Vasarainen (2000)��żºĭ�ƁŹř
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ƶƯŚƳźŝ���ƭŚºŬƳř�šŚƟō�ƾƤǀƠƬţ�ŢƿźƿŶƯ�ƽŚƷ�ƵŶºƃ���Żř�Ţºſř
�Ƶźºǀţ�ƶŝ�ƢƬƘŤƯ�ƱŚƷŚǀĭ�ŢƄĩ�ƽ�Fabaceae����ƵŶºƃ�ƵŵŚƠŤºſř

Ţſř�(Agrawal, 2000; Southwood & Henderson, 2000)��
Ƃǀě��ƲƿřŻř�ƶƘƫŚƐƯ�ƶƴǀƯŻ�Źŵ�ƽř�ƽ�����ƹ�ƭŶºƴĭ�ƽŹřƺºƳ�ŢºƄĩ

�ƶŬƳƺƿ�ŵƺºŝ�ƶŤƟźĮƳ�šŹƺƇ���ƾºƫƹ�ƾƳŚºƷŚǀĭ����ŹŶŞºƃ�źºǀƔƳ
ŶǀƠſ��Trifolium repens L.��żƯźƣ�ŹŶŞƃ��T. Pratense L.��

�ƾººĩǇ�ŹŶŞººƃ��T. Incarnatum L.���ƾººĩźĩ�ƁŚººƯ�ƹ��� �
Vicia villosa Roth��ƴţ�ƂƿřżƟř�ƽřźŝƶƳƺĭ�ƕƺ���ƱŚƴưºƃŵ�ƽř
ƶƯŚƳźŝ�Źŵ�ƾƘǀŞƏ�����Żř�ƾºųźŝ�šŚºƟō�ƾºƤǀƠƬţ�ŢƿźƿŶƯ�ƽŚƷ

��ƾººƗřŹŻ�ƱŚººƷŚǀĭ�ŵŹƺººƯ�ƵŵŚƠŤººſř�ƶººŤƟźĭ�Źřźººƣ�ŶººƳŵƺŝ�
(Theunissen et al., 1995; Smith et al., 1996)����ŪƿŚºŤƳ

������ƹ�ƭŶºƴĭ�ƽŹřƺºƳ�ŢºƄĩ�ƶºĩ�ŵřŵ�ƱŚºƄƳ�źƋŚů�šŚƤǀƤŰţ
�ƹ�ƕƺƴţ�ƂƿřżƟř�ŦƗŚŝ�ƶŬƳƺƿƾƳřƹřźƟ�ƶƳƺĭ���źĭŹŚĪºƃ�ƽŚƷ
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�ƭŶƴĭ�ƕŹřżƯ�Źŵ�ƭŶƴĭ�žĜƿźţ�ƾŝōŶǀƠƯ�ŶƃŚŝ����
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