
1 6 Ï

2019 c 11 �

uÀ���ÆÆ�(g,�Æ�)
Journal of East China Normal University (Natural Science)

No. 6

Nov. 2019

©©©ÙÙÙ???ÒÒÒ: 1000-5641(2019)06-0132-08

ààà���???EEE¥¥¥~~~������ÔÔÔ«««aaaééé���ÚÚÚ¥¥¥¨̈̈
���ÎÎÎ111������KKK���

� X1,2, ê²°1,2,3, �¬)1,2, � Û1,2, e��4, Û ñ1,2

(1. uÀ���Æ )���¸�ÆÆ�, þ° 200241;

2. uÀ���Æ þ°½¢½z)�L§�)�¡E­:¢�¿, þ° 200241;

3. �ìÆ� )·��¸�ÆÆ�, S  �ì 245041;

4. þ°½;¾ý���¥% ¾x)Ô�£�, þ° 200336)

Á�: '�ïÄ
�ÌÆ!��ú!~)ú!®É	�>ÚÉ�Ö5 «�Ô9Ù�u

5 Ô � é � Ú ¥ ¨ �Î1 � � K �. ( J L ², �Ì Æ � ¨ Á �Î¹ 5 �ê (OAI) �

� +0.58, ³�Ç� 0%, äk�r�Úp�^; ��ú!~)úÚ®É	�>� OAI �©

O�−0.70!−0.64 Ú−0.16, ³�Ç©O� 82.46%!78.36% Ú 27.05%, Ù¥��úÚ~)

ú� OAI �þ�u−0.30, ���³�J; 5 «�Ô¥, É�Ö�³��^�r (OAI=−1.00,

ER=100.00%), �·Ü��°¨�Ô. �u5kÅÔ¥�azÜÔ�OAI �¥wÍ��

' (r=0.09, p < 0.05), ÍLa¥�üÍLa� OAI �¥wÍK�' (r=−0.09, p < 0.05). �

©�à�?E9¨Á�£��ÓuÐJø
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Abstract: This study tested the ovipositional response of Cx. pipiens pallens to five

species of plants and their volatiles: Acorus tatarinowii, Hydrocotyle vulgaris, Houttuynia

cordata Thunb, Myriophyllum aquaticum (Vell.) Verdc. and Mentha spicata. The results

showed that the oviposition activity index (OAI) value of Acorus tatarinowii was +0.58

with an effective repellency (ER) of 0%; Hence, Acorus tatarinowii can be considered as

an oviposition attractant/stimulant. The OAI of Hydrocotyle vulgaris, Houttuynia cordata

Thunb, and Myriophyllum aquaticum (Vell.) Verdc were measured as −0.70, −0.64 and

−0.16 with an ER of 82.46%, 78.36% and 27.05%, respectively. Among these, Hydro-

cotyle vulgaris and Houttuynia cordata Thunb can be considered as repellents/deterrents.

Meanwhile, the OAI of Mentha spicata was −1.00 with an ER of 100%, i.e., the strongest

inhibiting effect, and hence considered the most suitable plant for repelling mosquitos.

According to correlation analyses, there were significantly negative correlations between

benzenoids and OAI values (p < 0.05). Terpenes, especially monoterpenes, had a signifi-

cant positive correlation with OAI values (p < 0.05). This study provides a basis for the

synergetic development of river ecological restoration and mosquito control.

Keywords: phytochemicals; Culex pipiens pallens; ovipositional selection

0 Ú ó

¨Á´è;!�9¾!��9ÚÆk�;¾�Ì�DÂx0, Ø=¬Ö6<a)¹, E

¤�¬²Lã���, �î­%�ú¯èx. ý�`u£�, éuÿvk¼¢ý�Ú�Ô£

��¨x¾
ó, Ù���'����¨Á��. ,
, ¨Á���¡�X�«���]Ô:

àÁJ��þ¦^!E^��¨Á�)|�5[1-3], ¨Á«+(��E,5[4], ¨Á)�S5

�¢DCÉ[5], ±9�¸�UC[6]é¨Á)��Ä�Cz�)
K�. _¨ÏL�ÂzÆ!

Àú!Bú!>ú�&EÀJ�Î/, ¿ÏLáÂ�¸¥��«]
�¤Ù)·±Ï[3], Ï

dÀJÜ·��Î/é¨r�)�Ú�¹åX�'­���^, Ó�K�XDÂ�U, Ïd

ïÄ¨Á��Î/ÀJ1�U�¨Á��£mÿ#g´[7].

¨ÁäkÕA��N)�Æ, AO´ÙµÉ5�A�, (�
¨Á—¾�N—�Ì�m

�p�^: Ïé�Ì!á É�!¾�N���u�Ú;¾�k�DÂ�[8]. BúXÚ3

ù
L§¥åXÌ��^[9]: g,�¸¥�¡�zÆ&E���u5kÅÔ�¨ÁBúX

Ú¥�í�(Ü�xKÜ�, �BúÉN ²��Â, ù
zÜÔ�BúÉN£O�, ÏL

�M)èí�, ¿�)�A�1�[10], ¨ÁÏLzÆ&E��¤Ù«SÚ«m��69�

g,�¸��p�^[11]. ¨ÁBúXÚéÙ�Î/ÀJ1��N�Xã 1¤«, 3_¨�

Îc, l)¸¥ÑuÑ��u5kÅÔ�_¨BúÉN�^, U
±“í-.”(“Push-pull”)�

ª[12]áÚ½ü½_¨�Î.

¢½à�£n¥, �Ô��à�)�?E���­�Ãã, Ø=UÀzYN¥�À/

Ô, �UO\YN�)Ôõ�5, ¦¢½à�¡ECg,^�, JpÙgÀUå. �duY

)�Ô�«��¨ÁJøÑE|¤¿ø;U'Ó , ��O\
à��)¨Á��U5[13];

Ó�du�ÔU
Ü¤¿ÑuÑ�þ��u5kÅÔ�, 
ù
�Ô�u5Ô�äkqI

;�5!�¸lÐ!´)Ôü)!²L�Ãp!é�qI)ÔÃB�^!Ø´�)|�5



134 uÀ���ÆÆ�(g,�Æ�) 2019 c

�`:, �UO�zÆàÁJ, Cc5É�2�'5[14-15]. �©± 5 «à�)�?E¥~^

��Ô: ÌÆ!��ú!~)ú!®É	�>ÚÉ�Ö[16]�ïÄé�, ïÄCg,^�e

ù 5 «�Ô9Ù�u5¤©é_¨�Î1��K�, çÀÑé¨ÁkáÚ½°;�^��u

5¤©, ��Ô
¨ÁÚpJÚ°;J�ïuJøë��â[3], �à�£n9¨Á�£��

ÓuÐJønØ| .

ã 1 ¨ÁBúXÚ3�ÎÀJ1�¥�N�[12]

Fig. 1 Oviposition site selection behavior of the mosquito olfactory system

1 á���{

1.1 øÁ)Ô

�Ô: �ÌÆ!��ú!~)ú!®É	�>ÚÉ�Ö.

&Á: �Ú¥¨.

1.2 �Ô«a9Ù�u5¤©é¨Á�Î1��K�

æ^¨áÁ� (�ã 2 ), 200 cm(L)×180 cm(W )×150 cm(H), � 3 �²1|, z|©O«

k 5 «�Ô9Ã�Ô�ß²Y� (L 66 cm×W 44 cm×H 40 cm), Y�¥�k 0.05 m3 �øÅ

Y, Y�¥�Ô¦^M�����½, �¿må� 20 cm, �Ý�� 40¿/m2. z�¨áS�

\ 12 �Ó1g�áÉ 1—2 d ���_¨, É
d�xàJø, Ïmr± 5% Ä:0Y��%


, �\¨á 2∼4 d �O�Y�S��Î�þ�¨Îêþ.

ã 2 ¤¨�ÎÁ�C�

Fig. 2 Apparatus for oviposition response testing of adult mosquitoes

æ^���Ô� (SPME) Eâ(Üí�ÚÌ/�Ì (GC/MS) �{é�Ô�¡¥��u
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5Ô�?1J�!©l!�½[17]. ØÓ�Ô�À� 2¿, z¿�Ô}�¤Ù�¡ 3—4¡ (�

�Y) ¿¡­ (�L 1 ). �¡}à¤�� 0.5 cm ���, �\ 20 mL º��¬´¥, �µ\9.

æ^ CORNING PC-420D.\9��, 40 ◦C eý9 10 min, ,��\�¬´\9 30 min. æ

^² 250 ◦C ¹z�¤����Ô�n�ÞÔ� 5 min, Ô��¤�, ���\ GC-MS ?��

¥©Û.

LLL 1 ���ÔÔÔmmm­­­

Tab. 1 Fresh weight of plants

�Ô m­/g

�ÌÆ 2.947

��ú 2.913

~)ú 2.315

®É	�> 2.587

É�Ö 2.027

1.3 êâ©Û�{

�ÎÀJ5: �Î�A´±éì|9¢�|¥¨Î�êþ��ÿþÄ:�[18] . ¨Á�Î¹

5�ê (Oviposition activity index, OAI) Uª 1 O�[19].

OAI =
NT − NC

NT + NC
, (1)

ª¥, NT �Á�Y�¥¨Î (r) �êþ, ü ��; NC ��xéì|Y�¥¨Î (r) �êþ,

ü ��.

OAI ���3−1 � +1 �m, OAI ��, L²¢�|¥¨Îêþ�õ, ¢�|äkÚp�

^; ��, OAI �K, L²¢�|äk�Î³��^. Ù¥, � OAI> +0.3, ¢�|�@�´Úp

Ô; OAI6 −0.3, K�³�Ô[19].

³��^^³��Ç (Effective repellency, ER) 5O� (�ª 2). ER ���, `²Ù³�

¨Á�Î�J�Ð.

ER% =
NC − NT

NC
× 100. (2)

�u5kÅÔ��½: olf6ÚÌã¥��¸²�Ì×£����A��Ìã, ²O�

Å�ÌêâXÚu¢ (NIST08.L Ú RTLPEST3.L), (Ü�3�m9�'©z]�, (½Ù8á.

3%@È©��e, |^¸¡È8�z{O��¤©3o�uÔ¥��éz©¹þ[20].

¦^ SPSS19.0 ^�éÁ�êâ?1�'5©Û, wÍ5Y² α=0.05.

2 (J�?Ø

2.1 �Ô«aé�Ú¥¨�ÎÀJ5�K�

5 �¢�|¥, �Ú¥¨áÉ_¨��Î�¹ (�L 2) L², �Ú¥¨3ØÓ�Ô^�e�

Îêþ��ÌÆ> ®É	�>> ~)ú > ��ú >É�Ö. Ù¥, 3 |²1�¥É�Ö|�Î

êþþ�0. �ÌÆ� OAI �� +0.58, �u 0.3, �À��Ú¥¨�Î�ÚpÔ. Ù{ 4 «�Ô

� OAI þ�u 0, �~)ú (−0.64)!��ú (−0.70) ÚÉ�Ö (−1.00) � OAI �þ�u−0.3,

�À�³�Ô, Ù¥É�Ö�³�5�r, ³��Çp� 100%. �Öáõc)ú��Ô, ´�«

äkA«�^d�����Ô[21], ®kïÄò�Ö��<ó�/��, uyÙé¹5�Úo�
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��p�ØÇ�p� 95.62%Ú 67.45%, ézÆI�þ (Chemical oxygen demand, COD) Úo

� (Total nitrogen, TN) �k�Ð�Àz�J, �|F5�Ð, U^|LÁ[22-23], Ïd3À/à

���Ô?E¥���Ä¦^É�Ö, Q�±ÀzY�, q���°¨��J.

LLL 2 ���ÚÚÚ¥¥¥¨̈̈333ØØØÓÓÓ���ÔÔÔ^̂̂���eee������ÎÎÎ���AAA

Tab. 2 Ovipositional response of Culex pipiens pallens to five different plants

�Ô �Îê* OAI ER

�ÌÆ 465.00±164.59 +0.58 0

��ú 21.40±13.38 −0.70 82.46%

~)ú 26.40±20.53 −0.64 78.36%

®É	�> 89.00±37.88 −0.16 27.05%

É�Ö 0.00±0.00 −1.00 100.00%

5: *�Îê�²þ�± IO�, êþ n = 5

2.2 �Ô¥�u5kÅÔ�¤©

í�ÚÌ©Û¥, zÜÔ��Uì£:�p$k�6ÑÚÌÎ, Î§´�­��©lë

ê. 3Ø�Ä�é¹þ (Relative contents, RC) 9��Ý (Match quality, MQ) p$��¹e,

(JL²: 5 «�Ô�©lÑ��u5kÅÔ (�L 3 Úã 3 )êþ©O��ÌÆ 124 «!��

ú 65 «!~)ú150 «!®É	�>132 «ÚÉ�Ö89 «. duzÆÔ�$�é¹þÚ$��

Ý¬K�zÜÔ�½(J�O(Ý, ��ïÄÀ��é¹þ3 0.01%±þ, ��Ý�u 85% �

�u5Ô�?1©Û, (J��ÌÆ 62 «!��ú 30 «!~)ú 77 «!®É	�> 69 «!É

�Ö 60 «, �Ô��u5kÅÔÌ�«a�|a!¦a!Ua!Ña!�a!�a!óG�

g!�a!�a!ÍLaÚÙ¦La (�L 3).

LLL 3 5 «««���ÔÔÔ���uuuÔÔÔ¥¥¥ÌÌÌ���¤¤¤©©©������ééé¹¹¹þþþ999��� OAI ���������'''555

Tab. 3 Relative composition of major chemical components from volatiles of the five plants and

its correlation with OAI values

�u5kÅÔ«a

zÜÔ��é¹þ

�ÌÆa/% ��úa/% ~)úa/%
®É	

É�Öa/%

�'

�>a/%
Xê

|a 0.67 - 0.02 4.12 0.18 0.60

¦a 0.51 - 0.17 3.28 - 0.87

Ua 2.41 0.02 28.04 - 6.82 −0.30

Ña 0.43 - 5.94 2.04 25.07 −0.40

�a 0.09 - - 1.87 - 0.78

�a 1.68 - 4.07 2.17 - 0.56

óG�g 1.03 26.76 0.24 27.00 - 0.50

Ù¦Lg 13.03 20.61 12.38 18.93 1.70 0.30

�a 0.41 0.12 0.39 3.13 - 0.90∗

�a - - - 0.18 - 0.35

ÍLa üÍL 1.53 5.77 3.13 - 45.15 −0.90∗

��ÍL 32.68 42.98 33.24 - 20.20 −0.20

�O 34.21 48.75 36.37 - 65.35 −0.90∗

5: a L« 5 «�Ô¥z«Ì�zÜÔ¤©��é¹þ; *�3 0.05 Y²þwÍ�'
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5: a �ÌÆ Acorus tatarinowii ; b ��ú Hydrocotyle vulgaris; c ~)ú Houttuynia cordata Thunb;

d ®É	�> Myriophyllum aquaticum (Vell.) Verdc; e É�Ö Mentha spicata

ã 3 5 «�Ôolf6

Fig. 3 Total ion current of five plants

5 «�Ô��u5¤©¥, Ø®É	�>	, Ñ±dLa�Ì, �é¹þ� 34.21%�

65.35%, Ù¥É�Ö�dLa¹þwÍpuÙ¦ 4 «�Ô (p < 0.01), Ì�¤©�üÍLa�m

^Í�L (RC=34.59%, MQ=94%),�ÌÆ!��úÚ~)ú¥�ÍLa¤©±��ÍLa�

Ì. É�Ö¥�¹k�´L���Ñ (RC=24.53%, MQ=96%) Ú��U (3.24%, MQ=98%), ù


zÜÔé¨ÎÚ¨räk�r��k�^Ú�âC�^[21] . �ÌÆ��uÔ¥Ø�a	, Ù

¦a¤©þkuÑ, �é¹þ���¤©´��Ía� 1-�ÆL (RC=14.91%, MQ=99%) Ú β-

7Ü�L (RC=8.08%, MQ=97%). ��ú¥ 1,7-�`Ä-7-(4-`Ä-3-ÑLÄ)-n�����é

¹þ��, Ùg´��Ía�Lg, |a!¦a!Ña!�a!�aÚ�a�uÑ. ~)ú¥

Ua¹þwÍpuÙ¦�Ô (p < 0.01), Ì�� α-thU (RC=17.6%, MQ=91%) Ú"äM/"
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�hU (RC=4.01%, MQ=93%). ®É	�>¥�uÑÍLaÚUa¤©, �óG�g��

é¹þ�p, 'X����� (RC=2.03%), Ùé¨Á��Î1�äk�f�Úp�^[24] , Ù

|a!¦a!�aÚ�a��é¹þwÍpuÙ¦�Ô (p < 0.01), |aÌ��)7�o¯

| (RC=1.57%, MQ=99%)Ú`Ä-11 D�`|(RC=1.34%, MQ=99%), ¦aÌ�´ 2,4-�Ò

¶Ä�¦ (RC=3.28%, MQ=97%), �aÌ�´E-15-�� (RC=1.87%, MQ=99%), �aÌ�

´ 1->�Ä-2-�Ä� (RC=1.29, MQ=89%)Úþo`� (RC=0.88%, MQ=93%).

2.3 �u5kÅÔé�Ú¥¨�ÎÀJ5�K�

3�ïÄ¥, �â�'5©Û (�L 3), dLazÜÔ� OAI �¥wÍK�''X, �ü

ÍLa�¥wÍK�', `²ÍLaé¨Á�Î�³��JÌ��ûuüÍLa¤©�¹þ,


 Matasyoh�[25]ïÄw«�þ�u5¤©�àr¨�^Ì�´duÙ��Ía�p¹þ. �

azÜÔé¨Ák�p��kÇ, Ó�é¤¨�Îäk�½�³��^[26] , 
3�ïÄ¥, �z

ÜÔ� OAI �¥wÍ��''X (p < 0.05), =�azÜÔé�Ú¥¨��Îk�½�Úp½

e-�^, �U´du�Ô¥�a�uÔ�|¤9�é¹þ��É, ¦�·Ü��azÜÔL

yÑ�½�Úp5. É�ÖJ�Ñ�zÆÔ�Ì�´dLa!ÑaÚUa, � Govindarajan�

ïÄ[21]�C, �ù 3 «�u5¤©3ØÓ�ßÝeé¨rþk�k�^. Perry�uy¹k`Ä

Ú¯Äáó���| ('XZ�¯|Ú¶�`|) �YNUáÚ~)�D9�¨[27] . éuó��

�����|, 'X�8�Ñ�|!�o���|Ú�n�"�|, 3 0.001j Ú 0.01j ßÝ�

éx«�¨ÚD9�¨þkª;�^, 
ZÄM��éùü«¨ÁkÚp�^. �ïÄ3��

úÚ~)ú¥uy
y7M¤© (©O� 0.02%!1.46%), y7M´��ÍLU, �þ�3ut

ya�Ô��uÔ¥, �~�uÙ¦�a�Ô, U
Úpe'æU¨�Î[28]. 5 «�Ô¥=uÿ

Ñü«�a, ©O�®É	�>¥���Ú�ÌÆ¥��8�, 
�aé~)_¨äkÚp�

^[26], 
�aÔ�=3®É	�>¥ÿÑ.

®k�þ�ïÄ��ØÓ«�Ô, $�Ó«�Ô3ØÓ�/n �U
º�ÑØÓ��u

Ô[21,25], �ØÓ�¨ÁÑE/¥�Ô�uÔ�(�ÚzÆE,Ý�Ø�Ó, ¨Á�âù
&E

ÀJ�Î/, ¦+k
¤©3�«�Ô¥ÊH�3, �duÙ|¤¤©Ú'~�Cz, ¦�¨Á

�)ØÓ��"[29]. Ó«�Ô�uÔ�3ØÓ�ßÝeé¨Á�K��k�O, 'X 3-`ÄH

déu�ð¥¨3 0.01 µg/L �ßÝeäkü½�^, 
3 1 µg/L 9 10 µg/L �ßÝeäkÚp

J�^[30]. $�3ØÓ�ïÄ¥, k
(J�U¬�pgñ, 'X 4-`¦3�qßÝeéD9�

¨Q�U´e-Ôq�U´³�Ô[24,31].

3 ( Ø

(1) �Ú¥¨3ØÓ�Ô«�^�e, Ù�ÎêþüS��ÌÆ> ®É	�> > ~)

ú > ��ú >É�Ö, Ù¥, �ÌÆ� OAI �� +0.58, �À�ÚpÔ, 
~)ú (−0.64)!�

�ú (−0.70) ÚÉ�Ö (−1.00)� OAI �þ�u−0.3, �À�³�Ô, Ù¥É�Ö�³��^�

r, 3à�?E¥«�É�Ö°¨�J�Ð.

(2) 5 « � Ô ¥ � © l Ñ � � u 5 k Å Ôêþ ��Ì Æ62 « ! � � ú 30 « ! ~ )

ú 77 «!®É	�> 69 «!É�Ö 60 «. Ù¥, É�Ö�dLa¹þwÍpuÙ¦ 4 «�

Ô (p< 0.01), Ì�¤©�üÍLa�m^Í�L (RC=34.59%, MQ=94%), �¹k�´L��

�Ñ (RC=24.53%, MQ=96%)Ú��U (3.24%, MQ=98%), ´É�Ö³�5�r�Ì��Ï.

�ÌÆ!��úÚ~)ú¥�ÍLa¤©±��ÍLa�Ì. 5 «�Ô¥, =3�ÌÆÚ®É	

�>¥uÿÑ�azÜÔ, é�Ú¥¨äkÚp�Î�^.

(3) OAI ���azÜÔ¥wÍ��'(r=0.90, p< 0.05), �dLa¥�üdLa¥wÍ

K�' (r=–0.90, p< 0.05).
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