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ABSTRACT

�,QYHVWLJDWLRQV�ZHUH�FRQGXFWHG�WR�GHWHUPLQH�WKH�LPSDFW�
RI�LQVHFW�SROOLQDWRUV�RQ�WKH�\LHOG�DQG�TXDOLW\�RI�FRZSHD�
SODQW� �Vigna unguiculata� �/��� :DOS���� 7KH� H[SHULPHQW�
ZDV� FDUULHG� RXW� DW� WKH� %LRORJLFDO� *DUGHQ� RI� )HGHUDO�
8QLYHUVLW\�:XNDUL��1LJHULD�ZLWKLQ�WKH������ZHW�VHDVRQ��
Two treatments were evaluated: T๛�� ,QVHFW� SROOLQDWLRQ�
LQFOXVLRQ�RSHQHG�SODQWV��FURSV�DOORZHG�WR�KDYH�DFFHVV�
WR� VHOI�� ZLQG�� DQG� LQVHFW� SROOLQDWLRQ�� DQG� 7: Insect 
SROOLQDWLRQ� H[FOXVLRQ�QHWWHG� SODQWV� �SORWV� ZHUH� QHWWHG�
ZLWK� V\QWKHWLF� Q\ORQ� QHWWLQJ� DQG� FURSV� UHVWULFWHG� IURP�
LQVHFW� SROOLQDWLRQ��� 7KH� WUHDWPHQWV� ZHUH� UDQGRPO\�
DVVLJQHG�WR�SORWV�LQ���UHSOLFDWHV��<LHOG�DQG�VHHG�TXDOLW\�
GDWD�ZHUH�FROOHFWHG��6WDWLVWLFDO�FRPSDULVRQV�ZHUH�PDGH�
between the treatments using Student’s t-test. The most 
FRPPRQ� LQVHFW� DVVRFLDWHG� ZLWK� FRZSHD� ÀRZHU� ZDV�
observed to be Apis mellifera L. with average number of 
�����SORW��7KLV�ZDV�IROORZHG�E\�Danaus plexippus L. and 
Eurema lisa Bois & Lec. each with an average count of 
�����SORW��7KH�OHDVW�DEXQGDQW��ZKLFK�PD\�EH�DGMXGJHG�
DFFLGHQWDO� YLVLWRUV�� ZHUH� Libellula luctuosa Bur and 
Aesha grandis�/��ZLWK�DYHUDJH�FRXQW�RI������SORW��:KLOH�
we observed no colour variation between the harvested 
VHHGV�RI�RSHQHG�DQG�QHWWHG�SODQWV��ZH�IRXQG�RXW�WKDW�
WKH�DEVHQFH�RI�LQVHFW�SROOLQDWRUV�ODUJHO\�DQG�VLJQL¿FDQWO\�
�WĮ������� LPSDFWHG� QHJDWLYHO\� RQ� WKH� \LHOG� DQG� WKH�
RWKHU� TXDOLWDWLYH� SDUDPHWHUV� DVVHVVHG�� 0DUJLQDO� EXW�
VLJQL¿FDQW�GLႇHUHQFHV�ZHUH�REVHUYHG�LQ�WKH�SUR[LPDWH�
FRPSRVLWLRQV� RI� WKH� JUDLQV� UHWULHYHG� IURP� WKH� RSHQHG�
YLV�j�YLV� QHWWHG� SODQWV�� &UXGH� ¿EUH� ��������������
PRLVWXUH���������������DQG�DVK�FRQWHQW��������������
ZHUH�VLJQL¿FDQWO\��WĮ�������KLJKHU�LQ�WKH�RSHQHG�FURSV�
DV� GHWHFWHG� E\� VWXGHQW¶V� W�WHVW�� ZKLOH� FUXGH� SURWHLQ�
��������������� OLSLGV���������������DQG�FDUERK\GUDWH�
��������������ZHUH�VLJQL¿FDQWO\��WĮ�������KLJKHU�LQ�WKH�
QHWWHG�SODQWV��7KH�VWXG\¶V�¿QGLQJV� LQGLFDWH� WKDW� LQVHFW�
SROOLQDWLRQ� VLJQL¿FDQWO\� EHQH¿WV� WKH� \LHOG� RI� FRZSHD�
JURZQ�LQ�:XNDUL��1LJHULD��5HVXOWV�RI�WKLV�VWXG\�UHLQIRUFH�
NQRZOHGJH�RQ�WKH�LPSRUWDQFH�RI�SROOLQDWLRQ�VHUYLFHV�LQ�
FURS� SURGXFWLRQ� E\� VKRZLQJ� WKH� VLJQL¿FDQFH� RI� LQVHFW�
SROOLQDWRUV�LQ�FURS�\LHOG�DQG�TXDOLW\�

Key words: Apis mellifera��&RZSHD��Danaus plexippus��
)ORZHU� YLVLWLQJ� LQVHFWV�� (QWRPRSKLO\�� 3ODQW�SROOLQDWRU�
UHODWLRQVKLS��3ROOLQDWLRQ�H[FOXVLRQ��3ROOLQDWLRQ�LQFOXVLRQ
 

INTRODUCTION

5HVHDUFK� HYLGHQFHV� KDYH� VKRZQ� WKDW�� HFRORJLFDO�
VHUYLFHV� VXFK� DV� SROOLQDWLRQ� HQKDQFH� FURS� SURGXFWLRQ�
�3DEOR�HW� DO��� �������*OREDO� IRRG�SURGXFWLRQ� LV� ODUJHO\�
SROOLQDWRU�GHSHQGHQW�DV�!�����RI�FURS�SODQWV�GHSHQG�
ODUJHO\�RQ�HQWRPRSKLO\��.OHLQ�HW�DO���������$L]HQ�HW�DO���

(ႇHFW�RI�LQVHFW�SROOLQDWRUV�RQ�FURS�\LHOG�DQG�TXDOLW\�RI�FRZSHD��Vigna unguiculata (L.) Walp.) in Wukari, 
Nigeria

(PPDQXHO�2NULNDWDï��+DNDQ�%R]GR÷DQð�DQG�7\RGRR�7HUNXODï
ï'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��)HGHUDO�8QLYHUVLW\�:XNDUL��30%�������1LJHULD�

ð'HSDUWPHQW�RI�3ODQW�DQG�$QLPDO�3URGXFWLRQ��.ÕUúHKLU�$KL�(YUDQ�8QLYHUVLW\���������.ÕUúHKLU��7XUNH\�
(PDLO��KDNDQ�ER]GRJDQ#DKLHYUDQ�HGX�WU

������2NULNDWD�HW�DO����������6RPH�FURSV�GHSHQG�ZKROO\�
RQ� LQVHFW� SROOLQDWRUV� WR� VHW� IUXLW�� ZKLOH� PDQ\� RWKHUV�
SURGXFH�ZHOO� RYHU� ����RI� WKHLU� SRWHQWLDO� \LHOG�ZLWKRXW�
DQLPDO� SROOLQDWRUV� �.OHLQ� HW� DO��� ������� 3ROOLQDWRUV� DUH�
LPSRUWDQW� LQ� LPSURYLQJ� WKH� JURZWK� DQG� \LHOG� RI� FURSV��
LQFOXGLQJ� FRZSHD� �/LQGVWU|P� HW� DO��� ������� ,QVHFW�
SROOLQDWRUV� QRW� RQO\� KHOS� PDLQWDLQ� \LHOGV� EXW� DOVR�
SURPRWH� JHQHWLF� YDULDELOLW\� DQG� UHGXFH� LQEUHHGLQJ�
GHSUHVVLRQ� LQ� FURSV�� DV� QRWHG� E\� 6WHLQ� HW� DO�� ��������
3ROOLQDWLRQ� LV� UHTXLUHG� WR� SURGXFH� TXDQWLWDWLYH� IRRG� LQ�
DJULFXOWXUDO� FURSV�� %RWK� DELRWLF� DQG� ELRWLF� IDFWRUV� DUH�
UHVSRQVLEOH� IRU� SROOLQDWLRQ�� $ELRWLF� SROOLQDWLRQ� RFFXUV�
with the involvement of non-living agents like wind and 
UDLQ�ZDWHU��2Q�WKH�RWKHU�KDQG��ELRWLF�SROOLQDWLRQ�RFFXUV�
through the involvement of living agents such as insects 
�HQWRPRSKLO\��DQG�ELUGV��RUQLWKRSKLO\����$PRQJ�DQLPDOV��
LQVHFWV� SOD\� D� FULWLFDO� UROH� LQ� SROOLQDWLRQ� �6KLYDQQD��
������� 'HFOLQLQJ� SROOLQDWRUV� FDQ� UHGXFH� JOREDO� IRRG�
SURGXFWLRQ�� &URSV� DUH� SROOLQDWHG� PRUH� HႈFLHQWO\� E\�
ZLOG�LQVHFWV��*DULEDOGL�HW�DO����������,Q�VRPH�FURSV��WKH�
RUGHU�/HSLGRSWHUD��FRPSULVLQJ�PDLQO\�1\PSKDOLGDH�DQG�
3LHULGDH�� KDV� EHHQ� UHSRUWHG� DV� WKH� PRVW� SURPLQHQW�
LQVHFW� SROOLQDWRUV�� IROORZHG� E\� +\PHQRSWHUD�� 'LSWHUD�
DQG�&ROHRSWHUD�ZHUH�UHSRUWHG�DV�OHVV�SURPLQHQW��'DV�
HW� DO��� �������*LYHQ� WKDW� EHHV� YLVLW�PRUH� WKDQ�����RI�
VWDSOH�FURSV�ZRUOGZLGH��WKH\�FDQ�EH�DGMXGJHG�WKH�PDLQ�
FRQWULEXWRUV�WR�SROOLQDWLRQ��.OHLQ�HW�DO���������.KDOLID�HW�
DO����������

&RZSHD� �Vigna unguiculata� /��� LV� SUHGRPLQDQWO\� VHOI�
SROOLQDWHG��EXW�LW�PDLQWDLQV�FHUWDLQ�ÀRUDO�FKDUDFWHULVWLFV��
VXFK�DV�H[WUDÀRUDO�QHFWDULHV�WKDW�DWWUDFW�LQVHFW�SROOLQDWRUV�
�3XUVHJORYH���������7KH�ÀRZHUV�RI�FRZSHD�DUH�ODUJHO\�
VHOI�IHUWLOL]LQJ� EHIRUH� RSHQLQJ� �FOHLVWRJDP\�� �$VLZH��
������� DQG� WKHLU�PRUSKRORJ\� IDYRUV� VHOI�SROOLQDWLRQ� DV�
the anthers are in direct contact with the stigmas (Ige 
HW� DO��� ������� +RZHYHU�� VRPH� $IULFDQ� FRXQWULHV� KDYH�
UHSRUWHG�VXEVWDQWLDO�FURVV�SROOLQDWLRQ��)DWRNXQ�DQG�1J��
������.RXDP�HW�DO����������

6KDUS�FKDQJHV�DQG�GHFOLQH�LQ�WKH�DVVHPEODJHV�RI�ÀRZHU�
YLVLWLQJ� LQVHFWV� LV�ZHOO� UHSRUWHG�JOREDOO\� �%DUWRPHXV�HW�
DO��� ������ 3DEOR� HW� DO��� ������� +HQFH�� LW� LV� LPSHUDWLYH�
WR�DVVHVV�WKH�LPSDFW�RI�LQVHFW�SROOLQDWRUV�RQ�FURS�\LHOG�
DQG�TXDOLW\�RI�FURSV��0RUH�VR��WKRXJK�WKH�LPSRUWDQFH�RI�
WKH�GLYHUVLW\�DQG�DEXQGDQFH�RI�SROOLQDWRUV�RQ�FURS�\LHOG�
KDYH� EHHQ� ZHOO� HVWDEOLVKHG� �%DUWRPHXV� HW� DO��� ������
'DLQHVH� HW� DO��� ������� WKH� FRQWULEXWLRQ� RI� SROOLQDWRU�
YLVLWV�WR�FRZSHD�\LHOG�DQG�\LHOG�UHODWHG�WUDLWV�KDYH�EHHQ�
IRXQG�WR�JLYH�GLVVLPLODU�UHVXOWV�LQ�VLPLODU�WULDOV��/D]DULGL�
HW� DO��� ������� 7KLV� IXUWKHU� MXVWL¿HV� WKH� LPSRUWDQFH� RI�
DVVHVVLQJ� FRZSHD�SROOLQDWRU� UHODWLRQVKLS� DQG� LPSDFW�
VHSDUDWHO\�LQ�HDFK�HQYLURQPHQW��)XUWKHUPRUH��ZKLOH�WKH�
PHDVXUHPHQW�RI�SROOLQDWLRQ�GHSHQGHQFH�ZLWK�DGHTXDWH�
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FRQWUROV�LV�QHFHVVDU\�WR�SURSHUO\�DFFRXQW�IRU�WKH�LPSDFW�
RI�HQWRPRSKLO\�RQ�FURS�TXDOLW\�DQG�\LHOG��¿HOG�VWXGLHV�
DLPHG� DW� PDQLSXODWLQJ� ÀRZHU� YLVLWDWLRQ� E\� LQVHFWV� WR�
DVVHVV� LWV� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� LPSDFW� RQ� FURS�
SHUIRUPDQFH�� SDUWLFXODUO\� LQ� FRZSHD�� DUH� UDUH�� 7KLV�
VWXG\�WKHUHIRUH�DLPV�WR�¿OO�WKHVH�UHVHDUFK�JDSV��

MATERIALS & METHODS

Study site and experimental description

7KH�H[SHULPHQW�ZDV�FRQGXFWHG�DW�WKH�%LRORJLFDO�*DUGHQ��
)HGHUDO�8QLYHUVLW\�:XNDUL��7DUDED�6WDWH��1LJHULD��ORFDWHG�
at 7.51°N 9.47°E longitude and 7.85°N 9.783°E latitude 
RI� WKH� 6RXWKHUQ� *XLQHD� 6DYDQQDK� (FRORJLFDO� =RQH�
RI�1LJHULD��ZLWKLQ�WKH�UDLQ\�VHDVRQ�RI�������7KH�VWXG\�
DUHD�H[SHULHQFHV�D�ZDUP�WURSLFDO�FOLPDWH�FKDUDFWHULVHG�
E\�ZHW�DQG�GU\�VHDVRQ��7KH�ZHW�VHDVRQ�VWDUWV�LQ�$SULO�
DQG�HQG�LQ�2FWREHU�ZLWK�SHDN�LQ�-XQH�DQG�6HSWHPEHU�
�2NULNDWD�HW�DO����������7KH�H[SHULPHQW�KRZHYHU�ODVWHG�
ZLWKLQ�WKH�PRQWKV�RI�0D\�WR�$XJXVW��������$�ODQG�ZDV�
PDSSHG�RXW�ZLWK�D�JURVV�SORW�VL]H����P�[����P������Pð��
DQG� QHW� SORW� VL]H� RI� ���P� [� ���P� ����Pð��� 7KH� ODQG�
ZDV�FOHDUHG��KDUURZHG�DQG�ULGJHG��7KH�FRZSHD�VHHGV�
�EURZQ�YDULHW\��ZHUH�VRZQ�DW�LQWHU�URZ�VSDFLQJ�RI���FP�
DQG�LQWUD�URZ�VSDFLQJ�RI���FP��+DOI�D�PHWUH�EXQG�ZDV�
SODFHG�EHWZHHQ�WUHDWPHQWV�

Experimental design and treatments evaluated

Two (2) treatments were evaluated:

T๛�� ,QVHFW� SROOLQDWLRQ� LQFOXVLRQ�RSHQHG� SODQWV� �FURSV�
DOORZHG� WR� KDYH� DFFHVV� WR� VHOI�� ZLQG� DQG� LQVHFW�
SROOLQDWLRQ��

T��,QVHFW�SROOLQDWLRQ�H[FOXVLRQ�QHWWHG�SODQWV��SORWV�ZHUH�
QHWWHG�ZLWK�V\QWKHWLF�Q\ORQ�QHWWLQJ��DQG�WKXV�WKH�FURSV�
ZHUH�UHVWULFWHG�IURP�LQVHFW�SROOLQDWLRQ��

7KH� WUHDWPHQWV� ZHUH� DUUDQJHG� LQ� D� FRPSOHWHO\�
UDQGRPL]HG�GHVLJQ��&5'��LQ���UHSOLFDWHV�LQ�ZKLFK�ZHHG�
control was carried out by hoe weeding till harvest and 
/DUDIRUFH� �/DPEGD�&\KDORWKULQ� ����� (&�� LQVHFWLFLGH�
ZDV�DSSOLHG�RQFH�D�ZHHN�DW� WKH� UDWH�RI����PO�/�XVLQJ�
D���OLWUHV�KDQGKHOG�VSUD\HU�GXULQJ�WKH�YHJHWDWLYH�VWDJH�
WR�FRQWURO�LQVHFW�SHVWV�ZKLFK�ZHUH�REVHUYHG�LQ�WKH�¿HOG��
+DUYHVWLQJ�ZDV�GRQH�ZKHQ� WKH�FURS�DWWDLQHG�PDWXULW\�
ZKLFK�LV�LQGLFDWHG�E\�GULHG��\HOORZ�EURZQ�FRORXUHG�SRGV��
3RGV�IURP�HDFK�SORW�ZHUH�KDUYHVWHG� LQWR�ZHOO� ODEHOOHG�
SRO\HWKHQH�EDJV�DQG�ZHUH� WDNHQ� WR� WKH� ODERUDWRU\� IRU�
further investigation. 

'LႇHUHQW�PHWKRGV�ZHUH� XVHG� WR�PRQLWRU� DQG� TXDQWLI\�
WKH� DEXQGDQFH� DQG� GLYHUVLW\� RI� LQVHFW� SROOLQDWRUV� LQ�
WKH� VWXG\� SORWV�� 7KLV� LQFOXGHV� VZHHS� QHWWLQJ�� YLVXDO�
REVHUYDWLRQ� DQG� KDQG� SLFNLQJ�� ,QVHFWV� ZHUH� VDPSOHG�
DW� WKH�DFWLYH�ÀRZHULQJ�VWDJH�RI� FRZSHD� �ZKLFK� ODVWHG�
�� ZHHNV�� ZLWKLQ� �����K� �� �����K�� 6SHFLPHQV� ZHUH�
LGHQWL¿HG� XVLQJ� DQ� LQVHFW� LGHQWL¿FDWLRQ� $SS� �3LFWXUH�
,QVHFW��DQG�ZHUH�IXUWKHU�FRQ¿UPHG�XVLQJ�6HHN�DSS�DQG�
*RRJOH�/HQV��0DQGHU¿HOG��������

Crop yield measurement

7KH�IROORZLQJ�TXDQWLWDWLYH�GDWD�ZHUH�FROOHFWHG��1XPEHU�
RI� SRGV�SORW�� QXPEHU� RI� SRGV�SODQW�� DQG� QXPEHU� RI�
VHHGV�SRG�

Quality assessment

7KH�IROORZLQJ�TXDOLWDWLYH�GDWD�ZHUH�FROOHFWHG�

���6HHG�VL]H� >VHHG� OHQJWK� �PP���DQG�GLDPHWHU� �PP�@��
9HUQLHU�FDOOLSHU�ZDV�XVHG�DQG�WKH�DYHUDJH�UHFRUG�RI�����
JUDLQV�SORW�ZDV�WDNHQ�

��� 6HHG� FRORXU�� +DQG� OHQV�� YLVXDO� REVHUYDWLRQ� DQG�
PLFURVFRSH�ZHUH�XVHG�WR�DVVHVV�WKH�VHHG�FRORXU�RI����
VHHGV�SORW�

3. 100-grains weight (g): 100 grains were randomly 
VHOHFWHG� IURP�ERWK�RSHQ�DQG�QHWWHG�SORWV��7KH\�ZHUH�
weighed and the average was recorded.

���*UDLQ�ZHLJKW� �NJ�KD���$OO� WKH�JUDLQV�KDUYHVWHG� IURP�
SORWV� SHU� WUHDWPHQWV� ZHUH� ZHLJKHG� DQG� WKH� DYHUDJH�
was recorded and converted to kgha-1. 

��� 3UR[LPDWH� FRPSRVLWLRQ�� 0RLVWXUH�� DVK�� FUXGH� OLSLG��
FUXGH�SURWHLQ��FUXGH�¿EHU��DQG�FDUERK\GUDWH�RI�VDPSOHV�
of harvested seeds were assessed using standard 
DQDO\WLFDO�PHWKRGV�DV�GHVFULEHG�E\�2NZX�DQG�0RUDK�
�������DQG�2NULNDWD�HW�DO���������

Data analysis

$OO�WKH�FROOHFWHG�GDWD��H[FHSW�IRU�WKH�VHHG�FRORXU��ZHUH�
VXEMHFWHG�WR�6WXGHQW¶V�W�WHVW�DQDO\VLV�WR�FRPSDUH�LQVHFW�
SROOLQDWLRQ�LQFOXVLRQ�IURP�H[FOXVLRQ�XVLQJ�6366�YHUVLRQ�
������ DQG� WKH� OHYHO� RI� VLJQL¿FDQFH� ZDV� SHJJHG� DW�
S �����

RESULTS

,QVHFWV�DVVRFLDWHG�ZLWK�ÀRZHUV�RI�FRZSHD

)ORZHULQJ�FRPPHQFHG�DW�ZHHN�HLJKW�����DIWHU�SODQWLQJ�
and actively lasted for 2 weeks.  Thirteen (13) insect 
VSHFLHV� ZHUH� UHWULHYHG�� ,Q� WKH� �VW� ZHHN� RI� ÀRZHULQJ��
Danaus plexippus� /��� Papilio demoleus� /��� Eurema 
lisa� %RLV� 	� /HF���Cercyonis pegala� )��� Apis mellifera 
/��� Eremnophila aureonotata� &��� Polistes carolina� /���
Meliponila ferruginea� &RFN��� Harmonia axyridis� 3���
Libellula luctuosa�%XU���DQG�Musca domestica L. were 
REVHUYHG��,Q�WKH�VHFRQG�ZHHN�RI�ÀRZHULQJ��Halyomorpha 
haly�6���Aeshna grandis L. and Camponotus�VS��ZHUH�
IXUWKHU�REVHUYHG�LQ�DGGLWLRQ�WR�WKH�VSHFLHV�UHFRUGHG�LQ�
week 1 (Table 1). The mean count shows that honey bee 
(A. mellifera��ZLWK�DYHUDJH�QXPEHU�RI������SORW�ZDV�WKH�
PRVW� DEXQGDQW� LQVHFW� DVVRFLDWHG�ZLWK� FRZSHD� ÀRZHU��
7KLV�ZDV�IROORZHG�E\�0RQDUFK�EXWWHUÀ\��D. plexippus) 
DQG�/LWWOH�\HOORZ�EXWWHUÀ\��E. lisa) with average number 
RI������SORW��7KH�OHDVW�DEXQGDQW��ZKLFK�DSSDUHQWO\�DUH�
DFFLGHQWDO�YLVLWRUV��ZHUH�WKH�%URZQ�KDZNHU��A. grandis) 
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and Window skimmer (L. luctuosa) each with a weekly 
PHDQ�FRXQW�RI������SORW��7DEOH����

Cowpea yield from open and netted plants

6WXGHQW¶V�W�WHVW�GHWHFWHG�VLJQL¿FDQW�GLႇHUHQFHV�LQ�\LHOG�
SDUDPHWHUV� EHWZHHQ� WKH� RSHQHG� DQG� QHWWHG� SODQWV��
1XPEHU� RI� SRGV� SHU� SORW�� QXPEHU� RI� SRGV� SHU� SODQW��
QXPEHU�RI�VHHGV�SHU�SRG��VHHG�ZHLJKW��DQG�VHHG�ZHLJKW�
�NJKDʛï�� ZHUH� VLJQL¿FDQWO\� �WĮ������� KLJKHU� LQ� LQVHFW�
SROOLQDWHG�SODQWV��7DEOH����

&RPSDULVRQ�RI�FRZSHD�VHHG�TXDOLW\�EHWZHHQ�
opened and netted crops

Though no variation was observed in the seed colour of 
WKH�VHHGV�KDUYHVWHG�IURP�SODQWV�LQ�RSHQHG�DQG�QHWWHG�
SORWV��VWXGHQW¶V� W�WHVW�VKRZHG�GLႇHUHQFHV�EHWZHHQ� WKH�
RSHQHG� DQG� QHWWHG� SODQWV� ZLWK� UHVSHFW� WR� WKH� VHHG�
SDUDPHWHUV�DVVHVVHG�ZLWK� WKH� LQVHFW�SROOLQDWHG�SODQWV�
EHLQJ�VLJQL¿FDQWO\��WD�������VXSHULRU��7DEOH����

Quality assessment in terms of proximate compo-
sition of cowpea seeds obtained from open and 

netted plants

:KLOH� WKH� GLႇHUHQFHV� LQ� SUR[LPDWH� FRQWHQWV� EHWZHHQ�
WKH� RSHQHG� DQG� QHWWHG� SODQWV� ZHUH� ODUJHO\� PDUJLQDO��
VWXGHQW¶V�W�WHVW�GHWHFWHG�VLJQL¿FDQW�GLႇHUHQFHV�EHWZHHQ�
WKHP��,QVHFW�SROOLQDWLRQ�UHVXOWHG�LQ�VLJQL¿FDQWO\��WĮ�������
KLJKHU� FUXGH� ¿EUH�� PRLVWXUH�� DQG� DVK� FRQWHQW�� 7KH�
QHWWHG� SODQWV� KDG� VLJQL¿FDQWO\� �WĮ������� KLJKHU� FUXGH�
SURWHLQ��OLSLGV��DQG�FDUERK\GUDWH��7DEOH����

DISCUSSION

$FWLYH� ÀRZHULQJ� FRPPHQFHG� DW� ZHHN� HLJKW� ���� DIWHU�
SODQWLQJ�DQG�ODVWHG�IRU���ZHHNV��,QVHFW�SROOLQDWRUV�SOD\�D�
FUXFLDO�UROH�LQ�WKH�SURGXFWLRQ�RI�SODQWV��LQFOXGLQJ�FRZSHD�
(V. unguiculata���&RZSHD� LV�SULPDULO\�D�VHOI�SROOLQDWLQJ�
FURS�� EXW� LW� FDQ� DOVR� EHQH¿W� IURP� LQVHFW� SROOLQDWLRQ��
7KLUWHHQ������LQVHFW�VSHFLHV�ZHUH�IRXQG�WR�EH�DVVRFLDWHG�
ZLWK� FRZSHD� ÀRZHUV� LQ� WKH� VWXG\� ORFDWLRQ�� 6RPH� RI�
which are D. plexippus��P. demoleus��A. mellifera��E. 
aureonotata�&���P. carolina��M. ferruginea��H. axyridis���
L. luctuosa��E. aureonotata��L. luctuosa��A. grandis��E. 
lisa and C. pegala. The most common insect associated 
ZLWK�FRZSHD�ÀRZHU�ZDV�KRQH\�EHH� �A. mellifera) with 
DYHUDJH�QXPEHU�RI������SORW��)LQGLQJV�IURP�WKH�VWXG\�DUH�
LQ�FRQVRQDQFH�ZLWK�WKH�UHSRUW�RI�6LQJK��������LQ�,QGLD�
ZKR� UHSRUWHG� KRQH\� EHHV� DPRQJ� WKH�PRVW� LPSRUWDQW�
ÀRZHU� YLVLWRUV� RI� VWUDZEHUU\��+RZHYHU��+RRSHU� �������
UHSRUWHG� WKDW� SROOLQDWLRQ� LV� FDUULHG� PDLQO\� E\� LQVHFWV�
RWKHU� WKDQ� EHHV� DQG� HVSHFLDOO\� E\� 'LSWHUDQV� ZKHQ� LW�
LV�FROG���,Q�RXU�VWXG\��WKH�OHDVW�DEXQGDQW�LQVHFWV�ZKLFK�
YLVLWHG� WKH� FRZSHD� ÀRZHUV�� ZKLFK� DSSDUHQWO\� ZHUH�
DFFLGHQWDO� YLVLWRUV��ZHUH�ZLGRZ� VNLPPHU� �L. luctuosa) 
and brown hawker (A. grandis) with average number 
RI� �����SORW�� ,QVHFW� SROOLQDWRUV� DUH� UHSRUWHG� WR� YDU\�
IURP�FURS�WR�FURS��RQH� ORFDWLRQ�WR�DQRWKHU��DQG�GXULQJ�
GLႇHUHQW�SDUWV�RI�WKH�\HDU��+RZHYHU��UHVHDUFK�HYLGHQFH�
are increasingly suggesting that honeybees are not 

DOZD\V�WKH�PRVW�HႈFLHQW�RU�HႇHFWLYH�SROOLQDWRUV��*UDVV�
HW�DO����������LQFOXGLQJ�LQ�OHJXPH�FURSV�ZKHUH�WKH\�DUH�
DPRQJ� WKH�PRVW� IUHTXHQW� ÀRZHU� YLVLWRUV� �0DU]LQ]LJ�HW�
DO���������

The seed yield data obtained revealed that seed set 
ZDV�VLJQL¿FDQWO\��WĮ�������ORZHU�XQGHU�LQVHFW�H[FOXVLRQ��
7KH�PHDQ�����JUDLQV�VHHG�ZHLJKW��J��ZDV������������
DQG� ����������� LQ� LQVHFW� SROOLQDWLRQ� LQFOXVLRQ� DQG�
LQVHFW� SROOLQDWLRQ� H[FOXVLRQ� WUHDWPHQWV�� UHVSHFWLYHO\��
2XU� DVVHVVPHQW� DOVR� UHYHDOHG� WKDW� JUDLQ� ZHLJKW� �NJ�
KD�� ZDV� VLJQL¿FDQWO\� �WĮ������� KLJKHU� LQ� WKH� RSHQHG�
WKDQ� LQ� WKH� QHWWHG� FRZSHD� SODQWV�� 7KH� FRPSDUDWLYHO\�
ORZHU� \LHOG� SHUIRUPDQFH� LQ� FURSV� WKDW� ZHUH� H[FOXGHG�
IURP� LQVHFW� SROOLQDWLRQ� FDQ� EH� DWWULEXWHG� WR� ODFN� RI�
visitation by insects which are known to be largely 
HႈFLHQW�SROOLQDWRUV��,EDUUD�3HUH]�HW�DO����������$QRWKHU�
H[SODQDWLRQ� FRXOG� EH� WKDW� FRPPRQ� EHDQ� ÀRZHUV� GR�
not activate well without insect visits. Therefore fewer 
SROOHQ�JUDLQV�FRQWDFW�VWLJPDV�RI�VHOI�SROOLQDWHG�ÀRZHUV�
IRU�IHUWLOL]DWLRQ��$V�WKH�LQVHFWV�IRUDJH��WKH\�PRYH�VKDNH�
ÀRZHUV� ZKLFK� LQFUHDVHV� SROOHQ�VWLJPD� FRQWDFW� DQG�
DXJPHQW�IHUWLOL]DWLRQ��0DLQNHWH�HW�DO����������:KLOH�RXU�
UHVXOWV�FRQIRUP�ZLWK�WKH�¿QGLQJV�RI�.XPDU�DQG�-DLVZDO�
������� ZKR� RSLQHG� WKDW� LQVHFW� SROOLQDWRUV� LQFUHDVHV�
WKH� \LHOG� SHUIRUPDQFH� RI� Coriandrum sativum� /��� LW�
FRQWUDVWV�WKH�¿QGLQJV�RI�)UHH��������ZKR�VKRZHG�WKDW�
RQO\�PRGHUDWH�\LHOG�EHQH¿WV� LV�DWWULEXWDEOH� WR�FRZSHD�
YLVLWHG�E\�LQVHFW�SROOLQDWRUV��

3ROOLQDWRUV�HQVXUH�SROOHQ�JUDLQ�GLVSHUVDO�ZKLFK�LV�D�NH\�
VWHS�RI�IUXLW�DQG�VHHG�IRUPDWLRQ��7KH�FRQWDFW�RI�SROOHQ�
JUDLQV�DQG�VWLJPD�OHDGV�¿UVWO\�WR�IHUWLOL]DWLRQ�DQG�WKHQ�WR�
VHHG�IRUPDWLRQ��DQG�DX[LQV�V\QWKHVL]HG�LQ�VHHGV�FRQWURO�
FHOO�GLYLVLRQ�UHVXOWLQJ�LQ�JURZWK��.XPDU�HW�DO����������%HH�
VSHFLHV�IURP�YDULRXV�IDPLOLHV�DUH�UHSRUWHG�ZRUOGZLGH�DV�
FRZSHD�PDMRU� LQVHFW�SROOLQDWRUV� �'LQJKD�HW�DO����������
,Q�DGGLWLRQ��VSHFLHV�RI� IDPLO\�1RFWXLGDH��3LHULGDH�DQG�
9HVSLGDH�KDYH�EHHQ�PHQWLRQHG�DV�HႇHFWLYH�SROOLQDWRUV�
�'LQJKD�HW�DO����������7KLV�LV�FRQ¿UPHG�E\�RXU�¿QGLQJV�

-XQTXHLUD� DQG�$XJXVWR� ������� RSLQHG� WKDW� SRRU� VHHG�
TXDOLW\� FRXOG� EH� DV� D� UHVXOW� RI� SROOLQDWLRQ� GH¿FLW�� :H�
UHFRUGHG� DERXW� ���� LQFUHDVH� LQ� WKH� GLDPHWHU� RI� WKH�
FRZSHD�VHHGV�XQGHU�LQVHFW�SROOLQDWLRQ�LQFOXVLRQ��0RUH�
VR�� RXU� DVVHVVPHQW� DOVR� UHYHDOHG� WKDW� VHHG� OHQJWK�
�PP��DQG�����JUDLQV�ZHLJKW�ZHUH�VLJQL¿FDQWO\��WĮ�������
KLJKHU�LQ�WKH�RSHQHG�WKDQ�LQ�WKH�QHWWHG�FRZSHD�SODQWV��
7KHVH� LQFUHDVH� LQ� WKH�TXDOLWLHV�RI�FRZSHD�VHHGV�IURP�
RSHQHG� FURSV� LV� DQ� LQGLFDWLRQ� RI� LPSURYHG� VHHG� \LHOG�
EURXJKW�DERXW�E\�SROOLQDWLQJ�LQVHFWV��'RXND�HW�DO����������
2XU�REVHUYDWLRQV�LQ�WKLV�UHVSHFW�DUH�QRW�LQ�FRQVRQDQFH�
with those of Bhowmik et al. (2017) at West Bengal 
which revealed that the diameter of C. sativum seed 
ZDV�LQFUHDVHG�LQ�RSHQHG�LQVHFW�SROOLQDWLRQ��2XU�¿QGLQJV�
KRZHYHU�� FRUURERUDWHV� WKDW� RI� 3DLNDUD� DQG� 3DLNDUD�
�������ZKR�REVHUYHG�PD[LPXP�VHHG�VL]H�LQ�WRWDO�RSHQ��
DQG�PLQLPXP�VHHG�VL]H�LQ�WRWDO�FORVHG�WUHDWPHQW�LQ�WKHLU�
study on C. sativum�DW�&KKDWWLVJDUK��:KLOH�SRG�ZHLJKW�
ZDV�QRW�DႇHFWHG��'LQJKD�HW�DO����������QXPEHU�RI�VHHGV�
SHU�SRG��ZHLJKW�RI�VHHGV�SHU�SRG�DQG�SRG�OHQJWK�ZHUH�
UHSRUWHG� WR� EH� UHGXFHG� ZKHQ� FURSV� ZHUH� FRYHUHG� WR�
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SUHYHQW�LQVHFW�YLVLWDWLRQ��)RKRXR�HW�DO���������0XVD�HW�
DO����������7KHVH�¿QGLQJV�DUH�VLPLODU�WR�RXUV�

2SHQ�SROOLQDWHG�FURS�YDULHWLHV�DUH�NQRZQ�WR�EH�LQKHUHQWO\�
genetically variable. Colour shades of fruits and seeds 
KDYH� EHHQ� UHSRUWHG� WR� YDU\� DW� YDU\LQJ� GHJUHHV� LQ�
UHODWLRQ� WR�ZKHWKHU�D�SODQW�ZDV�H[SRVHG� WR�SROOLQDWLRQ�
LQWHUYHQWLRQ�E\� LQVHFWV�RU�QRW� �+DOGHU�HW�DO��� ������� ,Q�
RXU�VWXG\�KRZHYHU��QR�VXFK�FRORXU�VKDGH�YDULDWLRQ�ZDV�
GHWHFWHG�� 7KLV� SHUKDSV�� PD\� EH� EHFDXVH� FRZSHD� LV�
SUHGRPLQDQWO\�D�VHOI�SROOLQDWHG�FURS����������

:KLOH�FUXGH�¿EUH��PRLVWXUH��DVK�FRQWHQW�ZHUH�VLJQL¿FDQWO\�
�WĮ�������KLJKHU�LQ�WKH�RSHQHG�FRZSHD�FURSV�H[SRVHG�
WR�LQVHFW�SROOLQDWLRQ��ZH�REVHUYHG�FUXGH�SURWHLQ��OLSLGV��
DQG� FDUERK\GUDWH� WR� EH� VLJQL¿FDQWO\� �WĮ������� KLJKHU�
LQ� WKH� QHWWHG� SODQWV�ZKLFK�ZHUH� H[FOXGHG� IURP� LQVHFW�
SROOLQDWLRQ��+RZHYHU��LW�LV�LQWHUHVWLQJ�WKDW�WKH�GLႇHUHQFHV��
DOWKRXJK�VLJQL¿FDQW��WĮ��������ZHUH�PDUJLQDO��)LQGLQJV�
IURP� WKH� SUHVHQW� VWXGLHV� DUH� QRW� LQ� FRQVRQDQFH� ZLWK�
REVHUYDWLRQV� RI� 7RQL� HW� DO�� �������� ZKR� UHSRUWHG� KLJK�
OLSLGV�FRPSRVLWLRQ�LQ�SROOLQDWRU�GHSHQGHQW�FURSV��0RUH�
VR��WKH�UHVXOWV�RI�WKH�SUHVHQW�VWXG\�DOVR�FRQWUDGLFW�WKH�
UHSRUW�RI�:DQJ�DQG�'LQJ���������ZKR�IRXQG�WKDW�LQVHFW�
SROOLQDWRUV�LQGXFH�PRUH�WKDQ�����RI�PDFURQXWULHQWV�VXFK�
DV�SURWHLQ�DQG�¿EUH��,Q�HQWRPRSKLORXV�FURSV��DGHTXDWH�
SROOLQDWLRQ�RIWHQ�OHDGV�WR�SURGXFH�ZLWK�HQKDQFHG�TXDOLW\�
�$QGHUVRQ�HW� DO��� �������$EVHQFH�RI� LQVHFW� SROOLQDWRUV�
KDV�JHQHUDOO\�EHHQ�OLQNHG�WR�GHFUHDVH�FURS�\LHOG�DQG��
DOVR�TXDOLW\

CONCLUSION

:H� DVVHVVHG� WKH� LPSDFW� RI� ÀRZHU�YLVLWLQJ� LQVHFWV� WR�
\LHOG�DQG�TXDOLW\�RI�FRZSHD��)LQGLQJV�IURP�WKH�SUHVHQW�
VWXG\�UHYHDOHG�WKDW�LQVHFW�SROOLQDWLRQ�RႇHUV�D�VLJQL¿FDQW�
EHQH¿W� WR� WKH� \LHOG� DQG� TXDOLW\� RI� FRZSHDV� JURZQ� LQ�
:XNDUL�� 1LJHULD�� 7KH� VWXG\� VXJJHVWV� WKDW� VXVWDLQDEOH�
FURS� \LHOG� LV� SRVVLEOH� DPRQJ� VPDOOKROGHU� IDUPHUV� LQ�
WKH� VWXG\� DUHD� E\� PD[LPL]LQJ� SROOLQDWLRQ� VHUYLFHV��
and conversely that income losses can be avoided 
E\� IDUPLQJ� SUDFWLFHV� WKDW� UHGXFH� ULVN� WR� SROOLQDWRU�
SRSXODWLRQV��VXFK�DV�H[FHVVLYH�VSUD\LQJ�RI�SHVWLFLGHV��
+RZHYHU��PRUH�LQIRUPDWLRQ�LV�QHHGHG�RQ�ZKLFK�VSHFLHV�
DUH�WKH�PRVW�LPSRUWDQW�SROOLQDWRU�RI�FRZSHD�FURSV�DQG�
ZKLFK�VSHFL¿F�¿HOG�PDUJLQ�SODQWV�DUH�PRUH�LPSRUWDQW�LQ�
VXSSRUWLQJ�WKHP�
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%HH� SROOLQDWLRQ� LQFUHDVHV� \LHOG� TXDQWLW\� DQG� TXDOLW\�
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TABLES

Common name* 6FLHQWL¿F�QDPH Order Family Number/plot
0RQDUFK�EXWWHUÀ\ Danaus plexippus L. /HSLGRSWHUD� 1\PSKDOLGDH 4.00
/LPH�EXWWHUÀ\ Papilio demoleus L. /HSLGRSWHUD� 3DSLOLRQLGDH 1.50

/LWWOH�\HOORZ�EXWWHUÀ\ Eurema lisa Bois & Lec. /HSLGRSWHUD� Pieridae 4.00
&RPPRQ�ZRRG�Q\PSK� Cercyonis pegala�)� /HSLGRSWHUD� 1\PSKDOLGDH 3.50

Honey bee Apis mellifera L. +\PHQRSWHUD� $SLGDH 6.00
7KUHDG�ZDLVW�ZDVS Eremnophila aureonotata C. +\PHQRSWHUD� 6SKHFLGDH 3.50
5HG�SDSHU�ZDVS Polistes carolina L. +\PHQRSWHUD� 9HVSLGDH 3.00

Stingless bee Meliponila ferruginea Cock. +\PHQRSWHUD� $SLGDH 3.50
Lady beetle Harmonia axyridis P. &ROHRSWHUD� Coccinellidae 2.50

Widow skimmer Libellula luctuosa Bur. 2GRQDWD Libelludidae 1.00
+RXVHÀ\ Musca domestica L. 'LSWHUD� Muscidae 3.50

Brown hawker Aeshna grandis L. 2GRQDWD� Aeshnidae 1.00
&DUSHQWHU�DQW Camponotus�VS� +\PHQRSWHUD� )RUPLFLGDH 3.00

Table 1��,QVHFWV�DVVRFLDWHG�ZLWK�FRZSHD�LQ�WKH�VWXG\�DUHD�>� �,QVHFWV�REVHUYHG�UHWULHYHG�IURP�RSHQHG�SORWV�GXULQJ�
WKH���ZHHNV�DFWLYH�ÀRZHULQJ�SHULRG�RI�FRZSHD@�

Variables Opened plants Netted plants 0HDQ�GLႇHUHQFH t-value p-value
1XPEHU�RI�SRGV�SHU�SORW ����������� ����������� ���������� 17.53 �����

1XPEHU�RI�SRGV�SHU��SODQWV ���������� ���������� ��������� 7.22 �����
1XPEHU�RI�VHHGV�SHU�SRG ���������� ���������� ��������� 5.43 �����

6HHG�ZHLJKW��NJ�KD� ����������� ����������� ���������� 9.62 �����

Parameter Opened plants Netted plants 0HDQ�GLႇHUHQFH t-value p-value
100 grains weight (g) ���������� ���������� ��������� 6.51 �����

Seed length (mm) ��������� ��������� ��������� 3.54 �����
Diameter of seed (mm) ��������� ��������� ��������� 3.12 �����
6HHG�ZHLJKW��NJ�KD� ����������� ����������� ���������� 9.62 �����

Treatment Opened plants Netted plants 0HDQ�GLႇHUHQFH t-value p-value
&UXGH�¿EUH���� ��������� ��������� ��������� 15.32 �����
0RLVWXUH���� ��������� ��������� ��������� 17.35 �����

&UXGH�SURWHLQ���� ���������� ���������� ���������� -10.2 �����
$VK���� ��������� ��������� ��������� 20.32 �����
/LSLGV���� ��������� ��������� ���������� -6.55 �����

&DUERK\GUDWH���� ���������� ���������� ���������� -4.62 �����

Table 2��<LHOG�FRPSDULVRQ�EHWZHHQ�RSHQHG�DQG�QHWWHG�FRZSHD�>5HVXOWV�SUHVHQWHG�DV�PHDQ���VWDQGDUG�HUURU��� �
6LJQL¿FDQWO\�GLႇHUHQW��3������@�

Table 3��&RPSDUDWLYH�DVVHVVPHQW�RI�FRZSHD�VHHG�TXDOLW\�IURP�RSHQHG�DQG�QHWWHG�FURSV�>5HVXOWV�SUHVHQWHG�DV�
PHDQ���VWDQGDUG�HUURU��� �6LJQL¿FDQWO\�GLႇHUHQW��3������@�

Table 4��&RPSDULQJ�WKH�SUR[LPDWH�FRPSRVLWLRQ�RI�FRZSHD�VHHGV�REWDLQHG�IURP�RSHQHG�DQG�QHWWHG�SODQWV�>5HVXOWV�
SUHVHQWHG�DV�PHDQ���VWDQGDUG�HUURU��� �6LJQL¿FDQWO\�GLႇHUHQW��3�������@�


