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Abstract

F�r�ers	 i�	 �he	 �r��si�io���	 zo�e	 of	 �e�i�	 ���i�	 �h��	 ex�e�sive	 ��ss�v�	 �roppi��	 ���	 prior	
�o��o�	fer�i�iser	e�h���e	yie��	of	subseque��	��ize.	To	�ope	�i�h	��bour	shor���e��	f�r�ers	h�ve	
���p�e�	 fer�i�iser	pr���i�es	by	�ixi��	NPK-S�	���	ure�.	We	��ree�	�i�h	 f�r�ers	 �hrou�h	�	
S����eho��er	Le�r�i��	Group	�o	s�u�y	�hese	i��ov��io�s.	I�	�his	pro�ess	����	�e�ure	�rr���e�e��	
��s	��so	of	i��eres�	be��use	i�	�ffe��s	�o��-�er�	soi�	fer�i�i�y	�����e�e��.	Joi��	experi�e��s	
opened a path between farmers’ interpretations and scientific explanations of earthworm 
���ivi�ies.	The	prese��e	of	e�r�h�or�	��s�s	is	use�	by	f�r�ers	�s	��	i��i���or	for	soi�	he���h.	
F�r�ers	u��ers����	��s�s	�o	be	�	��i��	of	‘vi���i�’	i��i���i��	�oo�	�o��i�io�s	for	�rop	�ro��h.	
Cassava cultivars did not significantly change soil chemical properties. However, cassava 
cultivar, subsequent fertiliser treatment, and farmers’ management significantly affected maize 
�r�i�	yie��.	The	�u�rie��	up����e	r��ios	i��i���e�	�h��	P	��s	�he	��i�	�i�i�i��	�u�rie��.	Resu��s	
fro�	�	subseque��	po�	experi�e��	provi�e�	evi�e��e	�h��	�rbus�u��r	�y�orrhiz��	�sso�i��io�s	
may be part of the explanation for the farmers’ claim of beneficial effects of cassava. Farmers 
�ere	���o��e��e�b�e	�bou�	resi�u��	effe��s	of	fer�i�iser.	Co��o�	yie����	soi�	�he�i���	proper�ies��	
subsequent maize yield and nutrient uptake were significantly affected by land use types. The N 
:	P	r��ios	of	�u�rie��s	����e�	up	i��i���e�	�h��	P	��s	re���ive�y	�ore	�i�i�i��	i�	�he	e�usi-�o��o�-
�o��o�	 sys�e���	�here�s	N	��s	 re���ive�y	�ore	 �i�i�i��	 i�	 �he	 ��ss�v�-��ize-�o��o�	 sys�e�.	
This	resu��	is	�o�sis�e��	�i�h	�he	hypo�hesis	�h��	��ss�v�	i�proves	P	�u�ri�io�	of	�	subseque��	
�rop	 �hrou�h	 �y�orrhiz��	 ��rry-over	 effe��s.	 Co-rese�r�h	 ���ivi�ies	 �pp�re���y	 i�prove�	
bo�h	hu���	��pi���	(f�r�ers’	i��ivi�u��	���o��e��e	���	��p��i�y	bui��i��)	���	so�i��	��pi���	
(�roup	�y���i���	sp��e	for	i��ov��io���	i��er���io���	�e�o�i��io�	s��i��s��	i�prove�e��	of	�roppi��	
pr���i�e��	i�prove�e��	of	so�i��	re���io�ships��	���	i�for���io�	sh�ri��).	F�r�ers’	���o��e��e	
o�	�he	ro�e	of	N��	P	���	K	�u�rie��s	���	�rbus�u��r	�y�orrhiz��	fu��i	h��	bee�	hi�h�y	i�prove�.	
Wi�h	re��r�s	�o	����	�e�ure��	�he	prob�e�	�o	be	over�o�e	is	ho�	�o	�h���e	�u�u��	per�ep�io�s	
of	�ree	p����i��	�s	�	�over�	���i�	�o	����	o��ership��	si��e	��rofores�ry	is	�	po�e��i��	��ey	�o	soi�	
fer�i�i�y	��i��e����e.	For���	�ri��e�-�o��	����	use	ru�es��	i���u�i��	��op�io�	of	��rofores�ry	
�i�h	Gliricidia sepium	for	per���e��	y��	pro�u��io�	���	i�prove�	soi�	�����e�e��	pr���i�es	
�ere	�e�o�i��e�.	This	�o�u�e��	�pprove�	by	bo�h	����	o��ers	���	�i�r���	f�r�ers	�oes	�o�	
���er	�he	exis�i��	b�����e	of	po�er.

Keywords:	 F�r�er	 per�ep�io���	 i��i�e�ous	 ���o��e��e��	 ex�e�sive	 ��ss�v���	 e�r�h�or�	 ��s�s��	
�rbus�u��r	�y�orrhiz���	�rop	ro���io���	�u�rie��	up����e��	soi�	fer�i�i�y��	�o-rese�r�h��	����	�e�ure.



Dedicated to my late father Alassane Saïdou, my late grandmother Aminintou Bello, my 
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Donga regions.



Preface

Firs�	of	���	I	�ou��	�i��e	�o	be	�r��efu�	�o	A��i�h�y	Go�	�ho	h�s	�ive�	�e	s�re���h	���	�e��-
bei��	�o	�o�p�e�e	�his	�or��.

M��y	 peop�e	 �o��ribu�e�	 �o	 �his	 �or��.	 I�	 is	 i�possib�e	 �o	 �����o��e��e	 ���	 of	 you	
i��ivi�u���y.	I�	��se	I	�iss	ou�	your	���e��	p�e�se	���o�	�h��	I	��	very	�r��efu�.

I	 ��	 �h����fu�	 �o	Professors	Tho��s	W.	Kuyper	 ���	P�u�	Ri�h�r�s	�y	pro�o�ers	 ��	
W��e�i��e�	U�iversi�y	for	�heir	�o��i�uous	suppor�	���	per���e��	supervisio�.	They	����ys	
fou��	�i�e	�o	�is�uss	e��h	of	�y	���us�rip�s	�s	���y	�i�es	�s	�hey	require�.	I	re�e�ber	�h��	
P�u�	�f�er	revie�i��	�y	�h�p�ers	o�	e�r�h�or�s	���	�y�orrhiz�	su��es�e�	�o	�e	��ys	�o	�i���	
s�ie��is�s’	exp�����io�	���	f�r�ers’	i��erpre���io�.	You	�ere	of�e�	�b�e	�o	�ive	�e	�e�	i�si�h�s	
o�	v�rious	so�i��	issues.	Tho���	I	�ppre�i��e�	very	�u�h	your	i��eres�	i�	�y	�or����	���	your	
clever, constructive comments by going over the very first to the last draft of the manuscripts. 
During my stay in Wageningen, I learnt a lot from you in terms of scientific rigour. You also 
�o��ribu�e�	���	�e�o�i��e�	resour�es	for	�e	i�	or�er	�o	sh�re	�y	resu��s	o�	����	�e�ure	�i�h	
s�ie��is�s	��	�	sy�posiu�	i�	Mo��pe��ier.	Th����	you!	I	�ou��	�i��e	�o	ex�e��	�y	�r��i�u�e	�o	
Prof.	Dr.	Li�ber�	�russ��r�	�ho	��s	�ppoi��e�	��	�he	be�i��i��	of	�he	pro�e��	�o	be	�y	pro�o�er	
before	Tho�	be���e	perso���	professor.

I	 ��	 �eep�y	 �r��efu�	 �o	 �y	 pro�o�ers	 ��	 �he	 F��u��y	 of	A�ro�o�i�	 S�ie��es	 of	 �he	
U�iversi�y	of	Abo�ey	C���vi��	Prof.	Dr.	Ir.	D��sou	Kossou	���	Prof.	Dr.	V��e��i�	A�bo	���	
��so	�o	�he	�e�bers	of	�he	�or��i��	�roup	���	supervisio�	�o��i��ee��	Dr.	Ir.	Ri�ober�	Tossou��	
Dr.	Ir.	A��s��se	Azo��o��é��	Prof.	Dr.	Ir.	A���	Ah���hé�é��	Prof.	Dr.	Ir.	Pierre	A���hi��	Prof.	Dr.	
Je���e	Zou���ihe��po���	Dr.	Ir.	Si�p�i�e	D.	Vo�ouhè��	Dr.	Ir.	Ro�h	L.	Mo��bo��	Dr.	Ir.	Gu��ber�	
Gbèhou�ou��	R����ou	F�ss�ssi��	���	Ré�é	To�����ou.	Prof.	Kossou��	I	very	�u�h	�ppre�i��e�	
your	 i�pu�	 �uri��	 �he	 �esi��	 of	 �he	 �iffere��	 experi�e��s	 ���	 your	 ope��ess��	 �evo�io���	
�v�i��bi�i�y	���	si�p�i�i�y	�uri��	����	����ysis	���	your	he�pfu�	�o��e��s	o�	�he	���us�rip�s	
of	 �his	 �hesis.	 Prof.	A���	Ah���hé�é��	 I	 si��ere�y	 �ppre�i��e�	 your	 �o��ribu�io���	 espe�i���y	
�uri��	 �he	�e�o�i��io�	pro�ess	of	�ur�b�e	 �e�uri��	�rr���e�e��.	Despi�e	 �h��	you	�ere	�o�	�	
�e�ber	of	�y	supervisio�	�o��i��ee��	you	�ri�i����y	�o��e��e�	o�	���	�y	�r�f�s.	Dr.	Ri�ober�	
Tossou��	I	�ppre�i��e�	your	i�pu�	o�	�y	�r�f�s.

My	si��ere	�h����s	�o	�o	Prof.	Dr.	Ir.	�ri�e	A.	Si�si�.	You	��ve	�e	�he	oppor�u�i�y	�o	
���e��	�he	i��er���io���	�ourse	o�	soi�	����ysis	���	����	h����i��	��	W��e�i��e�	U�iversi�y	i�	
1996	�hi�h	���er	resu��e�	i�	�he	oppor�u�i�y	�o	pursue	�	M�s�er	of	S�ie��es	(MS�)	�e�ree	i�	
soi�	���	���er	i�	1998.	I	�ou��	�i��e	�o	express	�y	�ppre�i��io�	�o	Eri��	Fre�eri��s	for	provi�i��	
fu��s	 �hrou�h	 �	 Du��h	 pro�e��	 ��	 �he	 F��u��y	 of	A�ro�o�i�	 S�ie��es	 of	 �he	 U�iversi�y	 of	
Abo�ey	 C���vi��	 �hi�h	 e��b�e�	 �e	 �o	 ���e��	 �his	 i��er���io���	 �ourse.	 I	 �ou��	 ��so	 �i��e	 �o	
�����o��e��e	�y	�o��e��ues	of	�he	L�bor��ory	of	App�ie�	E�o�o�y��	espe�i���y	A�i	M���	for	



����i��	�he	�iffere��	��ps	i�	�his	�hesis��	Dr.	Ir.	M�r�e�	Houi���o��	Dr.	M���i�ou	Ou�orou��	Dr.	
Aris�i�e	A�o�ou	for	he�pi��	i�	i�e��ifyi��	�he	�iffere��	p����	s��p�es��	Aris�i�e	Tehou��	Dr.	Ir.	
D�ou��	 Is-H�q��	 I�ouss�	To��o��	 Di�ier	A�o�yiss���	 ��r�hé�é�y	 K�ss���	 Sévéri�	T�hibozo��	 Dr.	
Ar����	Gb���bo��hé��	Dr.	Ir.	V��e��i�	Ki��o�ihou��	A���r��h	S����y	���	Geor�e	Nobi�è	for	
�heir	suppor�.

I would like to express my appreciation to the members of the Scientific Coordination 
Co��i��ee	 of	 �he	 CoS	 Pro�e����	 Prof.	 Dr.	 Ir.	 Nie�s	 G.	 Rö�i����	 Prof.	 Dr.	 Ir.	Ar�o��	 v��	 Huis	
���	 Dr.	 Ir.	 Do�i�ique	 Hou���o��ou	 for	 �heir	 suppor�.	 My	 spe�i��	 �h����s	 �o	 �o	 Ms	 M�r�hy	
�ou�e�i����	CoS	se�re��ry	��	W��e�i��e�	U�iversi�y��	Ms	F��uber�e	Kou�o�y��	CoS	se�re��ry	��	
�he	U�iversi�y	of	Abo�ey	C���vi��	���	Je��	A��h��é	���	Norber�	Hou��ouvi��	CoS	���ou�����	
���	�river	respe��ive�y.	De�r	M�r�hy��	I	si��ere�y	�ppre�i��e�	your	suppor�	���	�o��ribu�io�	i�	
providing me materials (books, chemical, assistance) during my field work. I also appreciated 
the way you assisted the CoS PhD students with all administrative matters during the five 
ye�rs.

My	spe�i��	�r��i�u�e	�oes	 �o	Dr	Ir.	Gui���u�e	A����i��	he��	of	 �he	 ��bor��ory	of	soi�	
s�ie��e	of	�he	F��u��y	of	A�ro�o�i�	S�ie��es��	���	Louis	L����i	���	Dr.	Ir.	Moui�ou	A.	I�ué	
��	�he	L�bor��oire	�es	S�ie��es	�u	So���	E�u	e�	E�viro��e��	(LSSE)	of	�e�i�	N��io���	Rese�r�h	
I�s�i�u�e	 (INRA�)	 for	 provi�i��	�e	�ssis����e	 ���	 f��i�i�ies	 for	 s��p�e	 ����ysis	 �uri��	�y	
field work in Benin. I would like to express my appreciation to Prof. Dr. Ir. Mathurin C. Nago, 
for�er	 De��	 of	 F��u��y	 of	A�ro�o�i�	 S�ie��es��	 Prof.	 Dr.	 Ir.	 Eu�o�e	A�bossou��	Vi�e	 De��	
of	F��u��y	of	A�ro�o�i�	S�ie��es��	���	Dr.	Ir.	�o��ve��ure	Ahohe��o��	Pierre	Gbehou��	Dr.	Ir.	
P�s���	Hou����������	Prof.	Dr.	Ir.	�i�ou	G�u�hier��	Prof.	Dr.	Nes�or	Aho��	Dr.	E�is�be�h	Z���ou��	
Prof. Dr. Ir. Philippe Lalèyè, Prof. Dr. Ambaliou Sanni, Prof. Dr. Aminou Taofiki and Prof. Dr. 
Dr����e	K�ri�	for	�heir	suppor�.

I	 ��	 very	 �r��efu�	 �o	 o�her	 �e�bers	 of	 �he	 CoS	 �o�sor�iu�	 i�	 �he	 Ne�her����s	 ���	
Gh�����	espe�i���y	Prof.	Dr.	Ir.	P�u�	S�rui����	Prof.	Dr.	Ir.	Cees	Leeu�is��	Prof.	Dr.	Ke�	Gi��er��	Prof.	
Dr.	J��i�e	Ji��i�s��	Dr.	J.	Cobbi��h��	Dr.	M�r��	K.	Abe��oe��	Prof.	Dr.	�e�	Ahu�u��	Dr.	O�ur���u	
S���yi-D��so���	Prof.	Dr.	K���e	Offei	���	Prof.	Dr.	D��ie�	Obe��	Ofori	for	�heir	suppor�	���	
�o��ribu�io�	�o	�he	prese��	�hesis.

I	�ou��	�i��e	�o	�h����	Ar����	A�i�i��	Noë�	Ahou�����	Théophi�e	O��o��	Hervé	Aho�oup��è	
and Richard Hodomihou for assisting me with my field work and taking care of the experiments 
���	��bor��ory	�or��	�he�	I	��s	���y.	I�	��s	�	�re��	p�e�sure	�o	�or��	��o��si�e	E�i�e	P��o�ou��	
Ch�r�es	A����po��	Sori��o�	S��bié�i��	A�ber�	E�è�����	Deo	Gr��i�s	M.	J.	Hou��i	���	Ju�ius	K.D.	
O���ou��é	�ho	�ere	fe��o�	s�u�e��s	i�	�y	rese�r�h	pro�e��.

I	��	�h����fu�	�o	���	peop�e	��	�he	Soi�	Qu��i�y	�ep�r��e����	W��e�i��e�	U�iversi�y	for	
�he	suppor�	 �hey	��ve	�e	�uri��	�y	s��y	 i�	W��e�i��e�.	 I	�ou��	p�r�i�u��r�y	 �i��e	 �o	 �h����	
Es�her	v��	�e�	�ru�	���	Mi���e	v��	Ve��huize�	for	�heir	���i�is�r��ive	suppor�.	My	spe�i��	



�h����s	�o	�o	�y	PhD	�o��e��ues��	E��e�	Fes���	O��ir	A�ber�o���	Debby	Los��	Fre�ri���	O.	Ayu��e	���	
J��i��h�	Vi�e����zoo�	for	�he	�oo�	�i�es	�e	h��.	I	��	�r��efu�	�o	�o��e��ues	���	frie��s	��	�he	
Te�h�o�o�y	���	A�r�ri��	Deve�op�e��	(TAO)	�roup��	espe�i���y	Ms.	I��e	Ruis�h��	J��ob	v��	
E��e���	Dr.	Ir.	E��i�	Nui��e���	Dr.	Ir.	Kees	J��se���	Dr.	Ir.	H�rro	M�����	Dr.	Ir.	Co��y	A��e��i��ers��	
��o��	o�hers��	for	v��u�b�e	�is�ussio�s	���	i�si�h�s.	I	��	ex�re�e�y	�r��efu�	�o	Prof.	Dr.	Perri	
6	���	Prof.	Dr.	Ni���	Ti��ey	for	�heir	i��eres�	i�	�y	rese�r�h	���	�he	�e�ho�o�o�i���	�ppro��h	
�eve�ope�	i�	�he	prese��	�hesis.

I	 �����o��e��e	 �he	 suppor�	 ���	 �o�p��y	 of	 �y	 PhD	 s�u�e��	 �o��e��ues	 i�	 �e�i�	
Antonio Sinzogan, Pierre Vissoh and Afio Zannou. I would like to express my appreciation to 
�y	�o��e��ues	i�	Gh�����	S��ue�	A��ei-Nsi�h	for	sh�ri��	����	o�	��ss�v�	experi�e��s	���	����	
�e�ure��	Co�for�	Ku����ie	Free�����	Go��i�	Aye�or	���	E����ue�	N.A.	Dor�o���	for	�he	�oo�	
�i�es	�e	h�ve	h��.	My	spe�i��	�h����s	�o	�o	Suz���e	Ne�er�of��	her	husb���	Auber�	Ou���o	���	
so�	Ru�i	for	�heir	frie��ship	�uri��	�y	s��y	��	W��e�i��e�.

I	��	�h����fu�	�o	�he	rese�r�hers	of	�he	Ce��re	�e	Re�her�he	A�ri�o�e	Ce��re	S�vè	(CRA-
Ce��re/INRA�)	for	provi�i��	�e	�i�h	�	�o�for��b�e	�or��i��	e�viro��e��	���	suppor�	�uri��	
my field work. I appreciated the involvement of Valérien Agossou, Firmin Amadji, Esaïe Adjé, 
and Rafiou Maliki in the multi-stakeholder platform. I would like to thank the landowners of 
S�vè	�re���	spe�i���y	Joseph	A��èri�	���	�he	�o��u�i�y	of	�i�r���s	of	�oubouhou��	I�bo	Iyo��o	
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General introduction

Soi�	fer�i�i�y	�����e�e��	is	��	i��e�r��	p�r�	of	�roppi��	sys�e�s	�����e�e��	�i�h	i�s	p�r�i�u��r	
sp��i��	���	�e�por��	�h�r���eris�i�s.	S�oo�es	���	Tou��i�	(1998)	�e��io�e�	�h��	soi�	fer�i�i�y	
is	 �	 �y���i�	 �o��ep���	 �here	 �e�r����io�	 ���	 bui��-up	 of	 soi�	 ���	 si�u����eous�y	 o��ur	 ��	
�iffere��	s���es	over	sp��e	���	 �i�e.	There	�re	b�si����y	 ��o	��ys	 �o	 �oo��	 i��o	soi�	 fer�i�i�y	
�����e�e��;	i.e.,	�hrou�h	�he	h�r�	���	sof�	s�ie��e	�ppro��hes	(E��e�	���	S��o�o���	1997).	
The	‘h�r�’	s�ie��e	�ppro��h	uses	���	�e�er��es	fu����e����	or	 �e�h�i���	���o��e��e	o�	soi�	
fer�i�i�y	�����e�e��;	�here�s	�he	‘sof�’	s�ie��e	�ppro��h	uses	�	�o�bi���io�	of	experie��i��	
���	 re�i�ious-�u��ur��	 ���o��e��es	 (Deu��	 et al.��	 1998;	 �e	 J��er	 et al.,	 1999).	 So�eho���	
�hese	 ��o	 �ppro��hes	 �re	 u��erpi��e�	 by	 �iffere��	 vie�s	 o�	 �he	 ���ure	 of	 �e�h�o�o�y	 ���	
�he	�iffere��e	be��ee�	�h��	is	�e�h�o�o�i����y	fe�sib�e	���	so�i���y	���ep��b�e.	For	ex��p�e��	
�he�	rese�r�hi��	soi�	fer�i�i�y	�����e�e��	�e�h�o�o�y	�e	�ee�	�o	observe	�o�	�us�	o��y	�he	
�e�h�i���	�spe��	bu�	��so	f�r�ers’	or���is��io�	(��bour	�����e�e����	��r��e�	oppor�u�i�y��	����	
�e�ure��	e��.)	���	pr���i�es	(espe�i���y	�rop	�����e�e��).	Ho�ever��	proper	u��ers����i��	of	�he	
so�i��	or���is��io�	requires	��	����ysis	of	ho�	v�rious	���ors	or���ise	�he�se�ves	�o	�o�fro��	
prob�e�s	of	����	�e�r����io�	���	subseque��	�rop	yie��	�e�re�se.

Land degradation and poverty

L���	 �e�r����io�	 ���	 u�sus��i��b�e	 use	 of	 ���ur��	 resour�es	 �re	 �i�i�i��	 �he	 po�e��i��	 for	
��ri�u��ur��	�eve�op�e��	i�	sub-S�h�r��	Afri��.	L���	�e�r����io�	���	����e	�	�u�ber	of	for�s��	
i���u�i��	�u�rie��	�ep�e�io���	soi�	erosio���	s��i�is��io���	��ro�he�i���	po��u�io���	�e�r����io�	of	
ve�e���io�	fro�	over�r�zi��	���	�he	�u��i��	of	fores�s	for	f�r�����s	(S�herr	���	Y��ev��	2001).	
A��	�hese	for�s	of	�e�r����io�	��use	�	�e��i�e	i�	�he	pro�u��ive	��p��i�y	of	�he	������	re�u�i��	
����i��b�e	���	po�e��i��	yie��s.	A	�o�s����	 �he�e	i�	�i���oses	of	 �he	��uses	of	rur��	pover�y	
i�	 sub-S�h�r��	Afri��	 is	 �he	 po�e��i��	 or	 pre�i��e�	 f�i�ure	 of	 �he	 rur��	 resour�e	 b�se	 (������	
���er��	fores�s��	or	p�s�ure)	�o	sus��i�	rur��	peop�e’s	�ive�ihoo�s	(Woo�house��	2003).	Ho�ever��	
�he	 I��erA���e�y	Cou��i�	 (IAC)	 (2004)	 repor�e�	 �h��	Wes�	Afri��	h�s	 ���u���y	�����e�	 �o	
i��re�se	��ri�u��ur��	pro�u��io���	eve�	if	�his	h�s	bee�	�o	so�e	ex�e��	�o	�he	�e�ri�e��	of	soi�	
fer�i�i�y	res�or��io���	be��use	s����ho��er	f�r�ers	�e��	�o	pr���ise	�o�	ex�er���	i�pu�	��ri�u��ure.	
The	IAC	repor�	sho�s	�h��	 �uber	�rop	(e.g.��	��ss�v���	y����	e��.)	yie��s	h�ve	�ro��	�o�es��y	
i�	f�r�i��	sys�e�s	i�	�hi�h	�hey	�re	�he	pri��ip��	�o��o�i�ies.	Ho�ever��	�ere��	�rop	yie��s	
(maize, millet, sorghum, etc.) have grown significantly in the irrigated and commercial farming 
sys�e�s.

The	�o��i�ue�	 �hre��	 �o	Afri���	 ����	 resour�es	 is	 ex��erb��e�	by	 �he	�ee�	 �o	 re�u�e	
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pover�y	 (S���hez	 et al.��	 1997;	 S���hez��	 2002).	 S����ho��er	 f�r�ers	 i�	Afri��	 �ep�oy	 �heir	
o��	 �o�i�s	 �he�	 �����i��	 �heir	 ����.	 Their	 ���i�u�e	 �o	 soi�	 ���	 ����	 �����e�e��	 is	 p�r�	
of	 �heir	 �ive�ihoo�	 i�prove�e��	 s�r��e�ies.	A�	 ex��p�e	 is	 �he	 �r��e-off	 be��ee�	 shor�	 �er�	
so�u�io�s	(re�u�i��	�he	f���o�	perio�)	���	�o��	�er�	so�u�io�s	(i��re�si��	soi�	pro�u��ivi�y)	�s	
�o�u�e��e�	by	S�����é	(2003)	i�	M��i.	I�	f�����	�his	�u�hor	�e��io�s	��	i��re�se	of	pro�u��io�	
�uri��	�he	p�s�	�e���es	ob��i�e�	��i��y	by	i��re�si��	����	�re�	u��er	�u��iv��io�	���	�e�re�si��	
f���o�	perio�s.	I��ee���	�	ye�r	�i�h	f���o�	h�s	yie��	�i���	so	���o���i��	ou�	�	f���o�	ye�r	i�	f�vour	
of	�o��i�uous	�roppi��	r�ises	���re���e	ou�pu�	over	 �he	shor�	 �er�	o��y	 �o	 i��u�e	�	�e��i�e	
i�	 �he	 �o��er	 �er�.	Re�ovi��	 f���o�s	�i�hou�	 �orrespo��i��	�h���e	 i�	 soi�	�����e�e��	 is	
certainly not sustainable in the long term. Reversal of soil fertility depletion, and intensification 
(if fertilisers are available) and diversification of land use with high-value products, are some of 
the requirements identified by Sanchez and Leakey (1997) for increasing per capita agricultural 
pro�u��io�.	Never�he�ess��	i�	�eve�opi��	�ou��ries	�hese	hi�h-v��ue	pro�u��s	�re	of�e�	�ore	for	
�he	��r��e�	�h��	for	f�r�ers’	�o�su�p�io�.

��se�	 o�	 �u�rie��	 b�����e	 s�u�ies	 (S���i����	 1998;	 �i��r�b��	 et al.��	 2000;	 S���i��	
et al., 2002; Koning and Smaling, 2005) and on field observations across Africa (Sanchez et 
al.��	1997;	S���hez	���	J�����	2002)��	i�	is	�o���u�e�	�h��	soi�	fer�i�i�y	�ep�e�io�	i�	s����ho��er	
f�r�s	 is	�o�	i��re�si���y	 re�o��ise�	�s	 �he	��ey	bio-physi���	�o�s�r�i��	 for	�rop	pro�u��io�	
i�	Afri��.	S����ho��er	f�r�ers	re�ove�	��r�e	qu���i�ies	of	�u�rie��s	fro�	�heir	soi�s	�i�hou�	
applying sufficient quantities of manure or fertiliser to replenish the soil. Low fertility, however, 
�oes	�o�	s����	o�	i�s	o��.	I�	be�o��s	�o	�	�o�p�ex	of	�o�s�r�i��s.	If	�o�	i�here��	fer�i�i�y	is	�he	
i��ri�si�	Afri���	 bio-physi���	 �o�s�r�i����	 �he�	 �e�ure	 i�se�uri�y	 is	 �	 ���or	 so�i��	 �o�s�r�i����	
i�se�uri�y	of	f�r�	��bour	�ue	�o	be��er	oppor�u�i�ies	i�	�o��s	for	you��	�i�r���s	���	�����	of	
markets two major economic constraints, price of fertiliser a financial constraint, and dumping 
of	��ri�u��ur��	pro�u�e	by	�he	Europe��	U�io�	���	U�i�e�	S���es	of	A�eri��	�	���or	po�i�i���	
�o�s�r�i��.	Soi�	fer�i�i�y	is	��	i�por����	p�r�	of	�he	prob�e���	bu�	����o�	be	so�ve�	o�	i�s	o��.	
Dou�bi�	���	Si�ibé	(1999)	�i�e�	by	K���é	(2001:1)	�re	prob�b�y	�orre��	�o	s���e	�h��	“when a 
soil is poor, people cultivating it are also poor”��	bu�	�h��	quo�e	shou��	�o�	be	re��	�s	�	s���e�e��	
�bou�	��use	���	�o�seque��e.	Pover�y��	�ue	�o	so�io-e�o�o�i�	�o�s�r�i��s��	��y	be	��	i�por����	
��use	 of	 �he	 i��bi�i�y	 of	 f�r�ers	 �o	 ��i���i�	 soi�	 fer�i�i�y.	This	 is	 �hy	 �his	 �hesis	 �oo��s	 for	
��	i��er�is�ip�i��ry	�ppro��h	�o	so�u�io�s	���ressi��	soi�	fer�i�i�y	�����e�e��	���	issues	of	
institutions (specifically land tenancy).

I�	�e�i���	�u�rie��	�ep�e�io�	�ue	�o	hi�h	popu���io�	�e�si�y��	resu��i��	i�	�he	bre����o��	
of	 �he	 �r��i�io���	 ����	use	 sys�e�	 �hrou�h	 shor�e�i��	of	 �he	 f���o�	perio�	 (Hou��é��o�	 ���	
Go�����	1996;	S�ï�ou	et al.��	2003)	is	o�e	of	�he	��i�	��uses	of	�he	�e��i�e	of	soi�	pro�u��ivi�y	
(�rou�ers��	 1993;	 �er��r���	 1995;	 G�iser	 et al.��	 1997).	 Shor�e�i��	 f���o�	 ���	 �he	 �r��si�io�	
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�o��r�s	per���e��	�roppi��	sys�e�s	require	�	�h���e	i�	�he	�roppi��	sys�e�	(S�uerbor�	et 
al.��	 2000).	 The	 bre����o��	 of	 �he	 �r��i�io���	 sys�e�	 shou��	 ��so	 be	 u��ers�oo�	 i�	 �er�s	 of	
so�i��	f���ors��	i���u�i��	��bour	�v�i��bi�i�y.	As	��	ex��p�e��	Vissoh	et al.	(2006)	h�ve	sho��	
�h��	i�	sou�her�	�e�i�	��bour	�ur�e�	ou�	�o	be	�u�h	�ore	i�por����	for	�ee�s	�h��	poor	soi�	
fer�i�i�y	per	se.	M��y	f�r�i��	�e�isio�s	�re	�rive�	by	�he	�ee�	�o	op�i�ise	���o���io�	of	��bour	
(O���ou��é��	2005).	

O�e	of	 �he	re�so�s	behi��	�he	see�i��	i��bi�i�y	 �o	s�op	�u�rie��	�ep�e�io�	is	 �he	 �o�	
priori�y	�ive�	�o	�he	rur��	se��or	by	po�i�y	����ers	(S���hez	et al.��	1997).	Subsi�ies	o�	fer�i�iser	
pur�h�se	���	�is�ribu�io�	h�ve	bee�	�b���o�e�	�s	�	�o�seque��e	of	�he	s�ru��ur��	���us��e��	
pro�r��s��	���	�he	priv��e	se��or	h�s	bee�	e��our��e�	�o	����e	over	supp�y	sys�e�s.	�u�	�	��e�r	
�o�seque��e	of	s���e	�ise����e�e��	is	�he	�e�re�se	i�	�he	��ou��	of	fer�i�iser	use���	�ive�	i�s	
hi�h	pri�e	 (S�oo�es	���	Tou��i���	1998).	The	 �o�	���io���	priori�y	�ive�	 �o	 �he	 rur��	 se��or	
i�	Afri��	resu��s	i�	�����	of	�i�e�y	���ess	�o	�re�i�	���	i�pu���	�����	of	�i�e�y	i�for���io���	���	
i�effe��ive	ex�e�sio�	sys�e�s	(���i��e	���	De����o��	1995;	To�i�h	et al.��	1995;	S���hez	���	
J�����	2002).	Eve�	�here	�he	priv��e	se��or	supp�ies	�he	�e�ess�ry	i�pu�s	f�r�ers	�����	���ess	
�o	�re�i�	�o	buy	i�.	Hi�her	priori�y	�ee�s	�o	be	�ive�	�o	rur��	i�fr�s�ru��ure��	�o	po�i�y	rese�r�h	
���	po�i�y	�i��o�ue	(S���hez	���	J�����	2002)	�s	re�o��e��e�	by	�he	Soi�	Fer�i�i�y	I�i�i��ive	
(SFI)	(FAO��	1999).	

The	SFI	for	sub-S�h�r��	Afri��	��s	��u��he�	u��er	Wor��	�����	�e��ership.	The	Wor��	
�����	�ssu�es	 �h��	 soi�	 re�e�er��io�	 i�	Afri��	 shou��	be	u��er����e�	�s	�	pub�i�	 i�ves��e��.	
Therefore��	i�	���i�io�	�o	�e�h�o�o�i���	�spe��s��	SFI	�i��	�ee�	�o	���ress	po�i�y	issues	i�	or�er	
to ensure that farmers derive profits from the measures which they will be encouraged to 
��op�.	So�e	�r�ue��	ho�ever��	�h��	effe��ive�ess	is	�oub�fu���	�s	i�	re��i�s	u���e�r	�ho	ex����y	
�i��	p�y	�he	bi��	(Kee�ey	���	S�oo�es��	2000).	I�	�heir	����ysis��	�hese	�u�hors	hi�h�i�h�e�	�he	
lobbying aspects of scientific research, bureaucratic ambitions of international organisations, 
���	�he	ro�e	of	�he	fer�i�iser	i��us�ry.	I�	�he	�o��ex�	of	�he	SFI	pro�r��	i�	�e�i���	�or��shops	
h�ve	bee�	or���ise�	��	e��h	�ep�r��e��	 �eve�	���	��	���io���	 �eve�.	A	pro�e��	�o�u�e��	h�s	
bee�	�ri��e�	(MAEP��	2002)	bu�	�he	�over��e��	is	s�i��	�oo��i��	for	fu��i��.	This	���io���	soi�	
fer�i�i�y	�����e�e��	pro�r��	e�ph�sises	s�ie��e-b�se�	rese�r�h	���	ex�e�sio�	���ivi�ies	�i�h	
spe�i��	���e��io�	�o	��rofores�ry��	�o�pos���	�i�er��	fer�i�iser	���	�over	�rops��	�s	�e�h�o�o�ies	
�o	i�prove	�rop	yie��s.	The	�ppro��h	i��ores	f�r�er	i��i�e�ous	���o��e��e.	The	sof�	si�e	of	
�he	 ����	 (�e�ure��	 ��bour��	��r��e�	 oppor�u�i�ies��	 e��.)	 �re	 ��so	 i��ore�.	Co�seque���y��	 �he	SFI	
pro�r��	ru�s	�	ris��	�h��	i�	�i��	provi�e	resour�es	o��y	�o	�he	s�ie��is�s	���	ex�e�sio�	servi�es��	
to the detriment of farmers supposed to benefit from the project.
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Relevance of local innovation

Lo���	i��ov��io�	is	�he	pro�ess	�hrou�h	�hi�h	i��ivi�u��s	or	�roups	�is�over	or	�eve�op	�e�	
���	 be��er	 ��ys	 of	 �����i��	 resour�es��	 bui��i��	 o�	 ���	 exp���i��	 �he	 bou���ries	 of	 �heir	
i��i�e�ous	���o��e��e	(W��ers-��yer	���	v��	Ve��huize���	2005).	Pro�o�i��	�o���	i��ov��io�	
is	 �o	�ove	beyo��	 �he	 exis�i��	 i��ov��io�s	 f�r�ers	h�ve	�eve�ope���	usi��	 �heir	 i��i�e�ous	
���o��e��e	���	�re��ivi�y��	���	�o	�eve�op	�hese	i�e�s	fur�her	i�	�oi��	experi�e����io�.	I�	�he	
p�s���	rur��	�eve�op�e��	effor�s	usu���y	fo�use�	o�	�e�h�i���	 i��erve��io�s	re�yi��	o�	�he	use	
of	ex�er���	i�pu�s��	�hi�e	Wes�	Afri���	��ri�u��ure	��s	or���i�	by	�ef�u����	�o�	be��use	f�r�ers	
�is�i��e�	fer�i�iser	���	si�i��r	i�pu�s	(Aye�or	et al., 2004) but because of financial constraints 
���	�����	of	�v�i��bi�i�y	of	ex�er���	i�pu�s.	These	effor�s	�e�er���y	f�i�e�	�o	i�prove	�he	f�r�i��	
���	�ive�ihoo�	sys�e�s	of	�he	poor.	A	�oo�	ex��p�e	is	ve�ve�	be��	(Mucuna	sp.)	(Dou�h��i�e(Dou�h��i�e	
et al.��	2002).	F�r�ers �o�p��i� �h�� o�e ����o� e�� ��� �o� eve� se�� �he be��s�� �h�� i� is h�r�F�r�ers	�o�p��i�	�h��	o�e	����o�	e��	���	�o�	eve�	se��	�he	be��s��	�h��	i�	is	h�r�	
���	p�i�fu�	�o	i��orpor��e	�he	ve�e���ive	����er	i��o	�he	soi���	���	�h��	 �he	be��	o��upies	�he	
����	for	�he	�ho�e	�roppi��	se�so�	�uri��	�hi�h	�i�e	foo�	pro�u��io�	is	i�possib�e.	A�o�her	
ex��p�e	is	�he	use	of	�o�pos�	�o	i�prove	soi�	or���i�	����er	�o��e��.	F�r�ers	�o�p��i�	�h��	i�	
is hard and painful to transport the compost to the field, and that the raw materials (cow dung, 
crop residues, etc.) to produce sufficient quantities of compost are often not available for the 
�ho�e	ye�r.	

S�u�ies	 o�	 i��i�e�ous	 ���o��e��e	 (Ri�h�r�s��	 1985;	 P���u��	 et al.��	 1992;	 Rei�	 et al.��	
1996;	Si��i�oe��	1998;	Pr�i�	et al.��	1999;	W�r��e��i���	1999;	W��ers-��yer	���	v��	Ve��huize���	
2005)	e�ph�sise�	�h��	 ����-users	of�e�	h�ve	ex�e�sive	���o��e��e	of	 �he	 �o���	e�viro��e��.	
Despite the fact that these land management practices fit local cropping systems, they are not 
����ys	�ppropri��e��	be��use	f�r�ers	s�i��	�o�p��i�	of	soi�	 fer�i�i�y	�e��i�e	���	of	�rop	yie��	
�e�re�se.

Resource management and land tenure

Over	�i�e��	�he	vi���	ro�e	�h��	����	p��ys	i�	sus��i�i��	�ife	for	hu���	bei��s	h�s	�e�	so�ie�ies	
�o	 es��b�ish	 �rr���e�e��s	 �o��er�i��	 �he	 o��ership	 ���	 use	 of	 ������	 usu���y	 referre�	 �o	 �s	
land tenure. Tenure is an institution with its own dynamics defining the relationships between 
i��ivi�u��s	���	�heir	ri�h�s	���	ob�i���io�s	�i�h	respe��	�o	�o��ro�	���	use	of	����	(M��yo��	
and Houndékon, 2000; ECA/SDD, 2004). Matlon (1994) defined land tenure as the rules and 
pro�e�ures	�over�i��	�he	ri�h�s��	�u�ies��	�iber�ies��	���	exposure	of	i��ivi�u��s	���	�roups	i�	�he	
use	of	���	�o��ro�	over	����	���	���er.	L���	�e�ure	is	o�e	of	�he	�e��r��	f���ors	�e�er�i�i��	
foo�	se�uri�y	���	sus��i��b�e	�eve�op�e��.	U�equ��	���ess	�o	����	���	i�se�ure	����	�e�ure	
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h�ve	�	profou��	effe��	o�	�he	�ive�ihoo�s	of	s����ho��er	f�r�ers	i�	Afri��.	
Afri���	 �us�o��ry	 �e�uri��	 sys�e�s	 �re	 of�e�	 �h�r���erise�	 by	 �he	 i���ie��bi�i�y	 of	

����.	 No�e	 �h��	 �he	 �o��ep�	 of	 ‘�us�o��ry’	 ri�h�s	 so�e�i�es	 e�po�ers	 �er��i�	 �roups	 ���	
�eprives	o�her	�roups	���ess	�o	������	or	�r���s	���ess	o��y	o�	very	i���equ��e	�er�s.	I�	�he	
��se	 of	 �i�r���s	 i�	 �e�i���	 �he	 �us�o��ry	 �o�	 fu���io�s	 �s	 ��	 ex��usio�	 �e�h��is���	 eve�	
�hou�h	�his	see�s	�o�	�o	h�ve	bee�	�he	��se	i�	for�er	�i�es	(���y	�o��u�i�ies	��o��	�he	
Yorub�-spe���i��	peop�e	��ross	�he	s�v����h-fores�	�r��si�io�	of	�h��	is	�o��y	�es�er�	Ni�eri�	
���	�e��r��	�e�i�	�ere	�o��b�y	i���usive	of	�i�r���	���	refu�ee	�o��u�i�ies	i�	pre-�o�o�i��	
�i�es).	I�	is	i�por����	�o	e�ph�sise	�he	�y���i�	�h�r���er	of	�e�ure	�rr���e�e��s.	These	evo�ve	
i�	respo�se	�o	so�io-e�o�o�i�	�ir�u�s����es��	�hou�h	i�	so�e	��ses	�hey	���	be	froze�	�hrou�h	
i��-p����e�	�over��e��	i��erve��io�s	i�	�he	�us�o��ry	se��or.	The	evo�u�io�	of	�he	i�s�i�u�io�	
of	����	�e�ure	��y	��verse�y	�ffe��	soi�	fer�i�i�y.	I�	�he	��se	of	�he	�r��si�io���	zo�es	of	�e�i�	
���	Gh���	(A��ei-Nsi�h	e�	��.��	2006)	sy�bo�i�	sh�re�roppi��	���	��bour-for-����	�rr���e�e��s	
i�	Gh���	���	�e�i�	h�ve	�o��ribu�e�	�o��r�s	�he	evo�u�io�	of	i��ivi�u��is�i���	�o�ey-b�se���	
�e�uri��	�rr���e�e��s	�hi�h	h�ve	h��	�	�e���ive	effe��	o�	soi�	fer�i�i�y	��i��e����e.	A�o��	
for�es	�rivi��	�h���es	i�	����	�e�uri��	�rr���e�e��s��	�i�ou	(1993)	i��i���e�	�h���es	i�	so�i��	
or���is��io���	popu���io�	pressure	(����/��bour	r��io	�ffe��s	�he�her	�here	�re	sh�re�roppi��	or	
�o�e��ry	�rr���e�e��s)	���	e�o�o�i�	f���ors.	I�	is	��so	possib�e	�h��	�h���es	i�	����	�e�uri��	
sys�e�s	i��u�e	�h���es	i�	so�i��	or���is��io�	���	e�o�o�y.

Whi�e	so�e	e�o�o�i�	s�u�ies	���i�	�h��	i�	�he	��se	of	priv��e	proper�y��	����	se�uri�y	
is	 �	 ��ey	 f���or	 i�	 ���o�i��	pro�u�ers	 �o	 ob��i�	 �re�i�	 ���	 ���ess	 i��ov��io�	 (M��yo��	 ���	
Hou��é��o���	2000;	IAC��	2004)��	�his	re���io�	is	�ess	��e�r	�h��	su�h	�heories	su��es�.	I�	is	�r�ue�	
�h��	borro�i��	of	����	(�é��y��e	i�	Fre��h)��	�	pr���i�e	re���ive�y	�i�espre��	i�	���y	p�r�s	
of	�e�i���	is	�	serious	�hre��	�o	sus��i��b�e	����	use	(E�����	2001)	be��use	�his	pr���i�e	�oes	�o�	
�ive	�u�r���ees	�o	�he	����	user	�o	i�ves�	i�	�o��-�er�	����	�����e�e��	o�	����	be�o��i��	�o	
so�ebo�y	e�se.

R�pi�	popu���io�	�ro��h��	�i�espre��	pover�y��	persis�e��	foo�	i�se�uri�y	���	���r�i��	
r��es	 of	 e�viro��e����	 �e�r����io�	 h�ve	 fue��e�	 �	 �eb��e	 o�	 ����	 �e�ure	 sys�e�s	 ���	 ����	
refor�s	 i�	 Afri��.	 Ho�ever��	 �here	 see�s	 �o	 be	 �o	 �o�se�sus	 o�	 �he	 �ype	 of	 �e�ure	 �h��	
would yield greater security and efficiency in terms of agricultural productivity or natural 
resour�e	�����e�e��	(De	Zeeu���	1997).	Moreover��	�he	�����	of	��equ��e	����	re�u���io�	���	
���i�is�r��io�	h�s	bee�	�	�o�s�r�i��	 �o	 �he	 i�p�e�e����io�	of	�e�	 ����	po�i�ies.	Ye���	 i�	 �he	
�i�s�	of	�hese	u�reso�ve�	�o��roversies��	���y	Afri���	�ou��ries	h�ve	e�b�r��e�	o�	s���e-�e�	
����	refor�	pro�r��s	�i�e�	��	provi�i��	equi�y��	re�u�i��	pover�y��	fos�eri��	e�o�o�i�	�ro��h	
���	i�provi��	�he	�����e�e��	of	���ur��	resour�es.	Mos�	of	�hese	refor�s	h�ve	ye�	�o	bri��	
�bou�	�he	expe��e�	resu��s.	The	s���e’s	i�eo�o�y	(�he	����	be�o��s	�o	�he	perso�	�ho	�or��s	i�	–	
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�he	�heory	of	Lo���e)	���	h�ve	�	�e���ive	effe��	o�	�he	�i��i���ess	�o	�pp�y	�o��-�er�	f���o�i����	
be��use	bush-f���o�	��y	�he�	be�o�e	�o-���’s	����.	

The	 s���e	 �o�	 h�s	 of�e�	 s�eppe�	 �si�e	 or	 �ive�	 po�ers	 �o	 �e�e��r��ise�	 po�ers.	
A��i�is�r��ive	 �e�e��r��is��io�	 �ppe�rs	 �s	 ��	 oppor�u�i�y	 for	 �ore	 �e�o�r��i�	 for�s	 of	
localised resource management because it modifies the balance of power and creates new 
�o���	 �u�hori�ies	 e��o�e�	 �i�h	 �	 �e���	 �o�pe�e��e	 (Ribo���	 2002).	 �e��use	 of	 i�s	 po�i�i���	
nature, administrative decentralisation is not sufficient to ensure that elected representatives 
�re	���ou���b�e	 i�	 fro��	of	 �heir	e�e��ors.	 I�	Wes�	Afri���	Fre��h-spe���i��	�ou��ries��	�e�i�	
i���u�e���	 �he	 P���	 Fo��ier	 Rur��	 (PFR)	 (L�vi��e	 De�vi��e��	 2002�)	 h�s	 ���e�p�e�	 �o	 �ui�e	
����	refor�	bu�	r�ise�	�ore	ques�io�s	�h��	i�	��s�ers.	A���ysis	b�se�	o�	�	�u�ber	of	s�u�ies	
fo��o�i��-up	o�	�hese	PFRs	su��es�s	�h��	for	�iffere��	re�so�s��	su�h	PFRs	����o�	�urre���y	be	
considered a panacea (Lavigne Delville, 2002a). PFRs have difficulties to take into account the 
re��i�y	of	�o���	����	sys�e�s��	espe�i���y	�he	�h���e��es	�hey	r�ise	i�	�er�s	of	i�s�i�u�io�s.	They	
�is�or�	�he	subs����e	of	�o���	ri�h�s	�s	soo�	�s	�hey	�ry	�o	��p�ure	���	s��bi�ise	�he�	(for	ex��p�e	
�hey	�e�y	subsi�i�ry	ri�h�s	of	�o�e�).	Therefore	�here	is	�	�ee�	�o	exp�ore	�he	possibi�i�y	�o	
�re��e	�e�	�o���	i�s�i�u�io�s	re�u���ive	of	���ess	�o	����.	Su�h	i�s�i�u�io�	�i��	see��	�o	�u�r���ee	
ri�h�s	�o	bo�h	�i�r���s	���	����o��ers��	���	��	�he	s��e	�i�e	�re��e	i��e��ives	for	����	users	
�o	i�ves�	i�	�o��-�er�	soi�	fer�i�i�y	�����e�e��.	This	�hesis	�i��	exp�ore	so�e	of	�he	��ys	i�	
�hi�h	�e�h�o�o�y	���	be	i��ro�u�e�	�i�hi�	�e�uri��	fr��e�or��s	�pp�i��b�e	�o	�he	�r��si�io���	
zo�e	of	�e�i���	�here	fer�i�e	����	is	be�o�i��	s��r�e.	Foo�	ou�pu�	h�s	i��re�se�	bu�	�i�hou�	
�o�pe�s��i��	i�ves��e��	i�	soi�	fer�i�i�y	�����e�e��.

Relevance of soil fertility management technologies in smallholders’ farming 
systems of Benin

I�	 re�e��	 ye�rs	 �	 �u�ber	 of	 �e�h�o�o�ies	 h�ve	 bee�	 �eve�ope�	 �o	 i�prove	 �he	 pro�u��ive	
��p��i�y	 of	 �ropi���	 soi�s.	 These	 �e�h�o�o�ies	 h�ve	 bee�	 �es�e�	 ���	 ���e	 �v�i��b�e	 �o	 �he	
ex�e�sio�	 servi�es	 �hrou�h	 �	 �e�h�o-e�o�o�i�	 �ppro��h	 ���o��	 �s	 �r��sfer	 of	 �e�h�o�o�y	
(Vers�ee�	���	Kou�opo���	1990;	Hou��é��o�	et al.��	1998;	Vissoh	et al.��	1998;	F�oque���	1998;	
A�ou�o�é��	1999;	Dou�h��i�e	et al.��	2002).	These	�e�h�o�o�ies	i���u�e	�i�er��	fer�i�iser��	soi�	
or���i�	����er	i�prove�e��	(�o�pos���	f�r�y�r�	���ure��	�u��hi��	�i�h	�rop	resi�ue��	�over	
�rops��	��ro-fores�ry	e��.)��	���	�rop	ro���io�.

A	 �e�er��	 observ��io�	 is	 �h��	 f�r�ers	 �o	 �o�	 ���ep�	 �hese	 i�prove�	 soi�	 fer�i�i�y	
�����e�e��	 �e�h�o�o�ies	 re��i�y��	 be��use	 s�ie��is�s	 h�ve	 over�oo��e�	 ��bour	 �o�s�r�i��s��	
financial constraints, lack of control over markets, tenure contracts, land scarcity, and the need 
�o	fore�o	h�rves�s��	e��.	A�é�bi�iA�é�bi�i	et al.	(2000) �o���u�e� �h�� �e�h�o�o�y �eve�op�e�� h�s bee�(2000)	�o���u�e�	�h��	�e�h�o�o�y	�eve�op�e��	h�s	bee�	
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ineffective and inefficient in the case of Benin for several reasons: 
•	 economic aspects:	 �he	 �e�h�o�o�i���	 p������e	 �urre���y	 i��ro�u�e�	 is	 expe�sive	 �i�h	

regard to advantages (profits) expected, the low and unpredictable agricultural produce 
pri�es	i�	�he	��r��e���	���	hi�h	oppor�u�i�y	�os�;

•	 u�s��b�e	politico-institutional context:	�he	freque��	�h���e	of	��ri�u��ur��	po�i�y	op�io�s	
(e.g.	e��	of	pro�e��s	of�e�	�i�hou�	suppor�	���io�)��	s�ru��ur��	���us��e����	e��.;

•	 i��o�p�e�e	 technology:	 �e�h�o�o�ies	 i��ro�u�e�	 (e.g.	 �over	 �rop��	 �o�pos���	 f�r�y�r�	
���ure��	e��.)	�re	so�e�i�es	i��o�p�e�e	�i�hou�	���o�p��yi��	�e�sure�e��s	su�h	�s	
i�pu�	equip�e��	���	i�prove�	��r��e�	oppor�u�i�ies	for	i��re�se�	��ri�u��ur��	ou�pu���	
e��.;

•	 u�f�vour�b�e	social context:	 �his	i���u�es	�he	i��i�er��y	of	���y	s����ho��er	f�r�ers��	
�hi�h	 ����es	 i�	 h�r�	 for	 �he�	 �o	 �ppre�i��e	 �e�h�o�o�y	 pri��ip�es	 or	 i�s�ru��io�s��	
���	 so�e�i�es	 ��u�e	 �o���	 ��bour	 shor���es��	 i�hibi�i��	 ��op�io�	 of	 ��bour-i��e�sive	
i�prove�	soi�	fer�i�i�y	�����e�e��	require�e��s;

•	 �o���	social divisions (especially between landowners and migrants) in the community, 
and the weak position of migrants with regard to land tenure:	�i�r���s	 �ee�	 �e�ure	
se�uri�y	i�	or�er	�o	i�ves�	i�	��ri�u��ure��	���	i�	p�r�i�u��r	�o	i�ves�	i�	effor�s	���	i�pu�s	
require�	�o	��op�	�ur�b�e	soi�	fer�i�i�y	�����e�e��	pr���i�es.
I�	 is	�o�	�e�er���y	 re�o��ise�	 �h��	 i�prove�	pr���i�es	�ee�	 �o	be	�esi��e�	�i�h	 �he	

p�r�i�ip��io�	 of	 f�r�ers��	 o�	 �he	 b�sis	 of	 �he	 �o�s�r�i��s	 �hi�h	 �hey	 �he�se�ves	 per�eive.	
Soi�	 fer�i�i�y	 �����e�e��	 �e����s	 �	 �o�	 of	 pr���i���	 s��i��s	 (Defoer��	 2000).	As	 soi�	 fer�i�i�y	
�����e�e��	 is	 bo�h	 �	 �e�h�i���	 ���	 so�i��	 issue��	 ‘hybri�’	 rese�r�h	 �e�ho�o�o�ies	 ��equ��e	
bo�h	��	�he	�eve�	of	exp�����io�	(i�	�er�s	of	��us��	�e�h��is�s)	���	i�	�er�s	of	�e��i��s	�o	
so�i��	���ors	(Perri	6��	2006)	�re	�ee�e�.	O�e	��y	i�	�hi�h	su�h	hybri�	rese�r�h	exp�����io�s	
���	be	�e�er��e�	is	�hrou�h	fu��y	i�vo�vi��	f�r�ers	i�	�he	rese�r�h	pro�ess��	���	�ivi��	�he�	
opportunities to influence the research agenda and methodologies to be used, under a general 
rubri�	 of	 �e�o�r��is��io�	 of	 s�ie��e.	The	 poi��	 �o	 be	 exp�ore�	 i�	 �his	 �hesis	 is	 soi�	 fer�i�i�y	
�����e�e��	�e�h�o�o�y��	i�	�he	e����	���	be	i��orpor��e�	�i�hi�	�o���	i�s�i�u�io���	fr��e�or��s.	
The	�e�h�o�o�y	�ee�s	�o	be	�orre���y	�esi��e�	(�he	b�si�	��us��	�e�h��is�s	�us�	be	u��ers�oo�	
according to scientific criteria) but at the same time people have to make sense of what is going 
o�	�hrou�h	�heir	o��	fr��e�or��	of	i�e�s.	The	��i��	of	p�r�i�ip��ory	rese�r�h	is	i��e��e�	�o�	
o��y	�o	bui��	upo�	�orre��	��us��	�e�h��is�s	bu�	��so	�o	bui��	�u�u��	u��ers����i��	be��ee�	
�e�h�o�o�is�s	 ���	 f�r�ers	�bou�	 �he	 ro�e	of	 �e�h�o�o�i���	 i��erve��io�s��	 �o	 e�sure	 �h��	 �hese	
i��erve��io�s	bi��	 �he�se�ves	 effe��ive�y	 �o	 e�er�e��	 �o���	 i�s�i�u�io�s��	 su�h	 �s	 ����	 �e�ure	
i�s�i�u�io�s.
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Soil fertility and soil biology

I�	 ���ur��	 e�osys�e�s��	 �he	 soi�	 f�u��	 p��ys	 ��	 i�por����	 ro�e	 i�	 �u�rie��	 �y��i��	 ���	 �he	
��i��e����e	of	soi�	he���h	(S���hez	et al.��	1989).	E�r�h�or�s��	�er�i�es	���	���s	�o��ribu�e	�o	
�he	��i��e����e	of	�	re���ive�y	hi�h	soi�	porosi�y	by	�i��i��	����eries.	E�r�h�or�	��s�s	��	�he	
soi�	surf��e	re�u���e	soi�	porosi�y��	�s	�	vo�u�e	of	voi�s	equiv��e��	�o	�h��	of	��s�s	is	�re��e�	
i�si�e	 �he	 soi�	 (�ir�����	 2004).	 E�r�h�or�s	 ��so	 �o��ribu�e	 �o	 soi�	 ���re���io�	 �hrou�h	 �he	
pro�u��io�	of	��s�s	(�����h�r�	et al.��	1997).	E�r�h�or�s	i��re�se	�he	���y	�o��e��	of	surf��e	
soi�	by	se�e��ive�y	bri��i��	up	soi�	ri�her	i�	���y	(�ir�����	2004).	E�r�h�or�s	���er	�he	pH	fro�	
s�i�h��y	��i�i�	�o	b�si���	��i��y	by	bri��i��	����iu�	�o	�he	surf��e.	They	e�ri�h	�he	soi�	�i�h	
or���i�	C��	�o���	N��	C���	M���	K	���	N�	�s	resu��	of	�i�es�i��	���eri��	���	f�e�es	���/or	s��iv�	i�	
�heir	�or��i��s	��	�he	surf��e.	I�	�e�er����	f�r�ers	per�eive	e�r�h�or�s	�s	��	i��i���or	of	soi�	
fer�i�i�y��	�o�	�e�ess�ri�y	�s	or���is�s	�h��	�re��e	or	��i���i�	soi�	fer�i�i�y	(Or�iz	et al.��	1999).

A��os�	���	�ropi���	�rops	�re	�y�orrhiz����	���	���y��	if	�o�	�os���	�re	(s�ro���y)	�epe��e��	
o�	���	respo�sib�e	�o	�rbus�u��r	�y�orrhiz�s	(C�r�oso	���	Kuyper��	2006).	The	�y�orrhiz��	
�sso�i��io�	 h�s	 re�eive�	 ���e��io�	 �s	 p�r�	 of	 ��	 i��re�si���y	 �e��-suppor�e�	 p�r��i��	 �h��	
�o�si�ers	 ��	 ���ive	 ���	 �iverse	 soi�	 bio�o�i���	 �o��u�i�y	 �s	 esse��i��	 for	 i��re�si��	 �he	
sus��i��bi�i�y	of	��ri�u��ur��	sys�e�s.	My�orrhiz�s	�re	�u��ifu���io���	(Ne�sh��	et al.��	1995)��	
po�e��i���y	i�provi��	physi���	soi�	qu��i�y	(�hrou�h	�he	ex�er���	hyph�e)��	�he�i���	soi�	qu��i�y	
(�hrou�h	e�h���e�	�u�rie��	up����e	of	i��obi�e	�u�rie��s��	espe�i���y	P��	bu�	��so	�i�ro�u�rie��s	
su�h	 �s	 Z�	 ���	 Cu)��	 ���	 bio�o�i���	 soi�	 qu��i�y	 (�hrou�h	 �he	 soi�	 foo�	 �eb)	 (C�r�oso	 ���	
Kuyper��	2006).

Improving processes of agricultural research: Convergence of Sciences (CoS) 
approach

The present study fits within a larger programme known as Convergence of Sciences: inclusive 
i��ov��io�	 �e�h�o�o�y	 pro�esses	 for	 i��e�r��e�	 soi�	 ���	 �rop	 �����e�e��	 (CoS)��	 oper��i��	
i�	�e�i���	Gh���	���	�he	Ne�her����s.	CoS	����es	off	fro�	�he	observ��io�	�h��	Wes�	Afri���	
farmers derive sub-optimal benefits from formal agricultural science (Hounkonnou et al.��	2006).	
Sever��	s�u�ies	(Ch��bers	���	Ghi��y����	1985;	Ch��bers	���	Ji��i�s��	1987;	Mi��i���o�	et al.��	
1989)	h�ve	re�o��ise�	�h��	�e�ivery	of	s�ie��e-b�se�	�e�h�o�o�ies	�o	e��-users	f�i�s	be��use	
no insufficient account is taken of human factors in technology use. Therefore, there has been 
��	i��eres�	i�	�h��	is	(i�	Du��h	����e�i�	�ir��es)	���o��	�s	�he	beta/gamma	�ppro��h	(Rö�i����	
2000;	 Gi��pie�ro��	 2003)	 �o	 ��ri�u��ur��	 s�ie��e.	 Beta	 s����s	 for	 �he	 ���ur��	 s�ie��es	 ���	
Gamma	for	�he	so�i��	s�ie��es.	To�e�her��	Beta	���	Gamma	s�ie��es	�re	be�o�i��	i��re�si���y	
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i�vo�ve�	i�	�he	i��er���ive	�esi��	of	�e�h�o�o�y��	f�r�i��	sys�e�s��	���o��e��e	sys�e�s��	���ur��	
resour�e	use	���	o�her	for�s	of	����	use	�e�o�i��io�	(Leeu�is��	1999).	

The	phi�osophy	of	CoS	is	b�se�	o�	�he	pri��ip�e	�h��	i��ov��io�	is	�he	e�er�e��	proper�y	
of	 �he	 i��er���io�	 ��o��	 �iffere��	 s����eho��ers	 i�	 ��ri�u��ur��	 �eve�op�e��.	 Co�ver�e��e	
shou��	 ����e	 p���e	 be��ee�	 ���ur��	 ���	 so�i��	 s�ie��e	 ���	 be��ee�	 so�ie���	 s����eho��ers	
(i���u�i��	f�r�ers)	���	s�ie��is�s	(Ne�er�of	et al.��	2004;	Hou���o��ou	et al.��	2006).	Therefore��	
CoS	�ries	�o	u��ers����	�he	�o��i�io�s	for	�e�h�o�o�i���	���	i�s�i�u�io���	i��ov��io�	(i�	�er�s	
of cost-effectiveness, persistence, and empowerment of resource-poor farmers). It aims firstly, 
�o	�e�er�i�e	 �he	 �ype	of	 rese�r�h	 require�	 ���	 �he	�e�ess�ry	po�i�i�����	 e�o�o�i�	 ���	 so�i��	
�o��i�io�s	for	su��ess��	���	�he�	�o	suppor�	�he	e�be��i��	of	�e�h�o�o�ies	�i�hi�	�ppropri��e	
organisational frameworks. Secondly, CoS seeks to provide pathways towards a more efficient 
���	effe��ive	�o�e�	for	��ri�u��ur��	 �e�h�o�o�y	�eve�op�e����	e.g.	 �hrou�h	�e�ho�o�o�y	���	
�urri�u�u�	�eve�op�e��.	The	CoS	pro�r���e	i���u�e�	�e�h�o�r�phi�	���	�i���os�i�	s�u�ies	
�o	����e	pre-����y�i���	�hoi�es	exp�i�i�	(Gi��pie�ro��	2003;	Rö�i��	et al.��	2004).	

Te�h�o�r�phi�	survey	exp�ores	�he	i��ov��io�	����s��pe��	by	�oo��i��	��	�he	�e�h�o�o�i���	
his�ories��	��r��e�s��	i�s�i�u�io�s��	fr��e�or��	�o��i�io�s��	s����eho��ers��	���	�o��ex�u��	f���ors	��	
bo�h	 ���ro	 ���	 �i�ro	 �eve�s	 (Ri�h�r�s��	 2001;	 Rö�i��	 et al.��	 2004;	 Pro�e�	 CoS��	 2004).	 The	
�o��ex�	of	�	�rop	or	�	po�i�y	is	i��i���e�	i�	or�er	�o	f��i�i���e	�he	�hoi�e	of	rese�r�h	�re�	or	
�he�e.	The	�hoi�e	for	�	rese�r�h	�re�	i�	�his	��y	is	���e	exp�i�i�.	The	�e�h�o�r�phi�	s�u�ies	
observe�	�h��	f�r�ers��	bo�h	i�	Gh���	���	�e�i���	�ere	usi��	ex�e�sive	��ss�v�	�roppi��	(���o��	
i�	Fre��h	 �s	 jachère manioc��	 �i�er���y	 ��ss�v�	 f���o�)	 �s	 s�r��e�y	 for	 res�ori��	 soi�	 fer�i�i�y.	
So�e	s�ie��is�s	�o�si�ere�	�his	���i�	i�p��usib�e��	so	i�	see�e�	i��eres�i��	�o	�i�	�eeper	i��o	
�	pr���i�e	f�r�ers	�o�si�ere�	effe��ive.	The	i���usio�	of	soi�	fer�i�i�y	�s	�	sub�e��	by	i�se�f	��s	
b�se�	o�	�he	�o���usio�	�h��	soi�	fer�i�i�y	��s	�	�o��i�	for	�hi�h	i��ov��io�s	�ere	require���	
independent of specific crops.

The	Wes�	Afri���	�o��ex�	require�	��refu�	�i���os�i�	s�u�ies	�o	be	�b�e	�o	�esi��	usefu�	
��ri�u��ur��	rese�r�h.	I�	or�er	�o	�rou��	rese�r�h	i�	f�r�ers’	oppor�u�i�ies	���	�ee�s��	e�ph�sis	
is	pu�	o�	�	pro�ess	�e�er�i�i��	rese�r�h	priori�ies	�i�h	�he	�o��u�i�y	of	f�r�ers.	To	�es�	�he	
v��i�i�y	of	 f�r�ers’	���i�s��	�e	��ree�	 �o	 i�ves�i���e	 �he	po�e��i��	of	ex�e�sive	��ss�v�	�rop	
ro���io�s	�s	�	�e��s	�o	res�ore	soi�	fer�i�i�y	���	��i���i�	��equ��e	�rop	yie��.	As	soi�	fer�i�i�y	
prob�e�s	����o�	o��y	be	so�ve�	b�se�	o�	�e�h�o�o�y��	�he	so�i��	�rr���e�e��s	���	i�s�i�u�io�s	
(e.g.	 ���p�e�	 ����-�e�ure	 �o��r���s��	 �e�	 ��r��e�i��	 �h���e�s��	 ���	 �ove�	 ��ys	 of	 �obi�isi��	
��bour)	�ere	��so	s�ru�i�ise�	�s	of	po�e��i��	i�por����e.	
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Context of the study and research process

The	prese��	PhD	s�u�y	���e�p�s	�o	re�o��ep�u��ise	bo�h	�he	prob�e�	of	soi�	fer�i�i�y	�e��i�e	���	
the solution to be applied. Mediation between indigenous and scientific knowledge in soil fertility 
�����e�e��	is	�ee�e�.	A�	�ppro��h	b�se�	o�	p�r�i�ip��ory	o�-f�r�	rese�r�h	���	experie��i��	
learning allows the development of more effective and efficient systems and approaches for 
participatory technology development. Developing and testing farmers’ theories using scientific 
�oo�s	(i.e.	�i���i��	i��erpre�ive	���	exp�����ory	���ou��s)	��s	�	���or	issue	of	�his	rese�r�h.	I� f�����I�	f�����	
�he	s�u�y	bui��s	o�	�	�e�ho�o�o�y	i�	�hi�h	���o��e��e	��quisi�io�	is	�o�i���e�	by	���	or���ise�or���ise�	
�rou��	 �he	 �eve�op�e��	 of	 re��is�	 proposi�io�s	 �i���i��	 �e�h��is�s��	 �o��ex�	 ���	 ou��o�es	
(P��so�	���	Ti��ey��	1997).	As	P��so�	&	Ti��ey	�r�ue��	o�e	of	�he	h�r�es�	��s��s	i�	�pp�ie�	s�ie��e	is	
developing sufficiently rich sets of context-mechanism-outcome configurations to merit scientific 
����	�o��e��io���	����ysis	���	�es�i��.	I�	�his	�hesis	�he	i�e�s	of	f�r�er-exper�s	h�ve	bee�	e����e�	
to help assemble testable context-mechanism-outcome configurations regarding soil fertility 
�����e�e��.	Therese�r�hpro�ess�o�prise�sever��s�eps:p����i���� i�p�e�e��i����������i��The	rese�r�h	pro�ess	�o�prise�	sever��	s�eps:	p����i����	i�p�e�e��i��	���	�����i��	
�o���bor��ive	 o�-f�r�	 experi�e��s��	 �o�i�ori��	 ���	 ev��u��io���	 ���	 ����ysis	 ���	 fee�b����.	

Planning
Tools and concepts were provided in order to explain to farmers scientific concepts such 
�s	 �re���e��	 (experi�e����	 v�ri�b�e)��	 rep�i���io�	 ���	 s���is�i���	 ����ysis.	 Rep�i���io�	 ��s	
exp��i�e�	�i�h	 refere��e	 �o	 soi�	�i�ro-v�ri�bi�i�y	�hi�h	 is	�e��	���o��	 �o	 f�r�ers.	Ho�ever��	
�e	 �i�	 �o�	 �us�	 �o	 �he	 experi�e��s	 �h��	 f�r�ers	 ����e���	 bu�	 e����e�	 i�	 �	 �ri�i���	 �i��o�ue��	
i�	 �hi�h	 f�r�ers	 ���	 rese�r�her	 �h���e��e�	 e��h	 o�her	 �o	 ��ree	 o�	 �	 se�	 of	 experi�e��s	
(�e�o�r��is��io�	 of	 s�ie��e).	 O�	 �he	 b�sis	 of	 �he	 ob�e��ives	 of	 �he	 ��ree�	 experi�e��s��	 �e	
�is�usse�	�i�hi�	�	s����eho��er	�e�r�i��	�roup	(SLG)��	for�e�	�f�er	�he	�i���os�i�	s�u�y	�h����	
ho�	 ���	 �he�	 �o	 ev��u��e	 �he	 �ri��s.	The	 SLG	 he�pe�	 �e�er�i�e	 experi�e����	 v�ri�b�es��	 �he	
number of replications, criteria for evaluating results, data to be collected and finally, farmers’ 
per�ep�io���	 ���o��e��e	 ���	 pre�i��io�s	 �o��er�i��	 �he	 �i��e�y	 ou��o�e	 of	 �he	 experi�e��.	

Implementing and managing the experiment (acting phase)
A	 ‘�o-oper��ive’	 o�-f�r�	 experi�e����	 pro�o�o�	 (�o-rese�r�h)	 ��s	 ��op�e�	 ���	
i�p�e�e��e�	 by	 �e�bers	 of	 �he	 SLG	 �s	 p����e�.	 The	 �os�	 of	 i�pu�s	 ��s	 �overe�	 by	 �he	
rese�r�her	 bu�	 �he	 �ee�i��	 ���	 h�rves�i��	 �ere	 u��er����e�	 by	 �he	 �e�bers	 of	 �he	 SLG.	
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Monitoring, evaluation and reviewing
��se�	o�	�he	rese�r�h	ob�e��ives��	�e	�oi���y	ev��u��e�	�he	resu��s	of	�he	�o-oper��ive	o�-f�r�	
experi�e��s.	F�r�ers’	���i�u�es	�o��r�s	���	per�ep�io�	�bou�	�he	perfor����e	of	�he	i��ov��io�	
�ere	�o��e��e�	���	����yse�	i�	or�er	�o	ev��u��e	�he�her	�hey	�i�	�h���e	�heir	�roppi��	sys�e�.	
Mo�i�ori��	���	ev��u��io�	�ere	��so	�e�h��is�s	for	bui��i��	�u�u��	���ou���bi�i�y	��o��	p�r��ers.

Analysis and feedback
A�	�he	e��	of	e��h	�o-oper��ive	o�-f�r�	experi�e����	�o���usio�s	�ere	�r���	���	�is�usse�	
�i�h	�he	�e�bers	of	�he	SLG.	A���ysis	i���u�e�	ques�io�s	re���e�	�o	�h��	h��	bee�	�e�r��	���	
further implication of the finding in term of improving farmers’ cropping system.

Description of the study area

The	s�u�y	��s	��rrie�	ou�	i�	�he	sub-prefe��ure	(‘Co��u�e’)	of	S�vè	�o���e�	i�	�he	�r��si�io���	
zo�e	of	�e�i�	be��ee�	7°42’	���	8°45’N	���	2°15’	���	2°45’E.	I�	is	�h�r���erise�	by	�	Gui�e�-
Su���	��i���e	�i�h	u�i�o���	r�i�f���.	The	r�i�y	se�so�	��s�s	fro�	Apri�	�o	O��ober.	The	���u��	
r�i�f���	is	�bou�	1100	��	(S�vè	�e��her	s���io���	1974-2004).	The	�ver��e	ye�r�y	�e�per��ure	is	
�bou�	27.5	°C	�i�h	�i���e	v�ri��io�	fro�	ye�r	�o	ye�r.	The	�re�	is	esse��i���y	�o�i���e�	by	�ropi���	
ferru�i�ous	soi�s	(Dubroeu�q��	1977)	ori�i����y	fro�	Pre���bri��	�rys����i�e	ro���s	(�r��i�e	���	
��eiss).	The	soi�s	�re	�eep	�i�hou�	���eri�e	���	of�e�	h�ve	�	so�e�h��	�oo�	i�here��	fer�i�i�y.	
The	 �o���	popu���io�	 is	�bou�	68��000	 i�h�bi����s.	Popu���io�	�e�si�y	�ver��e�	30	perso�s	���-2	
(INSAE��	2004).	Mi�r���s	�o�s�i�u�e	37%	of	�his	popu���io�.	Mi�r���s	s��r�e�	�o	es��b�ish	i�	�he	
�r��si�io���	zo�e	of	�e�i�	before	1960	�ue	�o	�he	i��ro�u��io�	by	�he	Fre��h	�o�o�i��	re�i�e	of	
�er��i�	��sh	�rops	(su�h	�s	�ob���o��	�o��o���	���	�rou���u�)	�h��	require�	i��e�se	��bour.	So�e	
�i�r���s	���e	fro�	��	i�fer�i�e	�ou���i�	re�io�	i�	�he	�or�h��	�here	����	��s	i�	shor�	supp�y.	
More	re�e���y��	so�e	�i�r���s	h�ve	s��r�e�	�o	�ove	i�	fro�	over-popu���e�	re�io�s	of	s���y	
soi�s	i�	�he	fores�	zo�e	�o	�he	sou�h.

Mi�r��io���	 �	 �ive�ihoo�	 i�prove�e��	 s�r��e�y��	 ���	 ��so	 be	 see�	 �s	 �	 soi�	 fer�i�i�y	
�����e�e��	s�r��e�y	i�	�hese	i�fer�i�e	�re�s	�here	soi�	fer�i�i�y	is	��	�����o��e��e�	prob�e�.	
I�	�o��ribu�es	�o	bo�h	�he	e�i�r��io�	���	�he	i��i�r��io�	zo�es.	I�	�he	zo�e	�here	�i�r���s	
o��e	�ive���	pressure	o�	����	re�u�es��	bu�	��bour	�v�i��bi�i�y	is	��so	re�u�e�.	If	�i�r���s	se��	
b����	re�i�����es��	 i�	 i�proves	�he	�e�f�re	of	 �he	re��i�i��	f��i�y	�e�bers.	I�	�he	zo�es	of	
i��i�r��io���	hi�her	popu���io�	�e�si�ies	�e��	�o	i��re�se�	pressure	o�	������	bu�	�here	is	��so	
i��re�se�	 ��bour	�v�i��bi�i�y.	Mi�r���s	h�ve	�o��ribu�e�	 �o	 �he	zo�e	of	 i��i�r��io�	 �hrou�h	
bri��i��	�i�h	�he�	�e�	see�s	���	�roppi��	pr���i�es��	su�h	�s	�o��o�	ro���e�	�i�h	�ere��s��	ri�e	
and yam cultivation in flooded zones, maize intercropped with sorghum, intensification of 
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�o��o�	pro�u��io���	e��.
Crop	 seque��es	 i�	 �he	 rese�r�h	 �re�	v�ry	 ���or�i��	 �o	 soi�	 �ype.	Four	 �ypes	of	 �rop	

seque��es	�ere	�e��io�e�	by	�he	f�r�ers:	(1)	y����	��ize	or	��ize/�rou���u���	�o�pe���	���	��s�	
�i�h	��ize/��ss�v�	or	��ss�v�/�rou���u�;	(2)	��ss�v���	��ize/�rou���u���	���	��s�	�i�h	��ize/
��ss�v�;	(3)	��ss�v�	or	e�usi	�e�o�	(Citrullus spp.	���	Lagenaria spp.)��	��ize/�rou���u�	or	
�o��o���	 �rou���u�/��ize	 or	 �o��o���	 ���	 ��s�	 �i�h	 ��ize/��ss�v�	 or	 e�usi	 �e�o�;	 (4)	 �o��o���	
��ize	or	��ize/�rou���u���	e�usi	�e�o�	or	�o��o���	���	��s�	�i�h	��ss�v�.	Af�er	�hree	ye�rs	of	
�roppi����	 �he	 i��i�e�ous	 popu���io�s	 usu���y	 p����	 ��she���	 �	 pere��i��	 �rop��	 o�	 exh�us�e�	
����.	Mi�r���s	�o	�o�	h�ve	�his	op�io�	si��e	�hey	�re	�o�	per�i��e�	�o	p����	pere��i��s��	be��use	
�his	�ou��	es��b�ish	����	o��ership	���i�s.	I��er�roppi��	is	�o��o��y	pr���ise�	by	�he	�o���	
popu���io�	�hrou�hou�	�he	�ho�e	�re�.	Three	i��er�roppi��	sys�e�s	�i�h	��ize	exis�:	(1)	�i�h	
�r�i�	�e�u�es��	(2)	�i�h	sor�hu�	���	(3)	�i�h	��ss�v�.

Aim and outline of the study

The	 s�u�y	 �i�e�	 ��	 �o��ribu�i��	 �o	 be��er	 �o���	 resour�e	 �����e�e��	 ���	 i�provi��	
f�r�ers’	 �����e�e��	 pr���i�es	 �i�h	 re��r�s	 �o	 soi�	 fer�i�i�y.	 I�	 �oes	 so	 by	 �i���i��	 f�r�ers’	
per�ep�io�s	 ���	 i��erpre���io�s	 of	 bio�o�i���	 pro�esses	 re���e�	 �o	 soi�-p����	 re���io�ships	
with explanations based on scientific theories. It also aimed to open a pathway for farmers 
�o	 �ppro��h	 soi�	 fer�i�i�y	 phe�o�e��	 �s	 evi�e��e	 of	 pro�esses	 �o	 be	 �����e�.	 This	 ����es	
�he�	 beyo��	 i��erpre���io�	 –	 �he	 �e�o�i��	 of	 si��s	 �h��	 so�e�hi��	 is	 ��iss.	 Ch�p�er	
2	 �e��s	 �i�h	 �he	 resu��s	 of	 �he	 �i���os�i�	 s�u�y	 �i�i��	 �o	 �e�er�i�e	 rese�r�h	 priori�ies	
�i�h	 �he	 �o��u�i�y	 of	 f�r�ers.	 Per�ep�io�s	 of	 f�r�ers	 o�	 �he	 ��uses	 ���	 �o�seque��es	
of	 ����	 �e�r����io�	 ���	 �orre��ive	 ���io�s	 for	 sus��i�i��	 soi�	 fer�i�i�y	 �ere	 s�u�ie�.

Ch�p�ers	3	-	5	�es�ribe	resu��s	of	 i��er���ive	rese�r�h	b�se�	o�	�o-oper��ive	o�-f�r�	
experi�e��s.	I�	�h�p�ers	3	e�r�h�or�	���ivi�ies	i�	ex�e�sive	��ss�v�	���	e�usi	�e�o�	�roppi��	
sys�e�s	 �re	 �es�ribe�.	 The	 �h�p�er	 reve��s	 �h��	 f�r�ers	 �re	 ���o��e��e�b�e	 o�	 �he	 ro�e	 of	
e�r�h�or�s.

Ch�p�er	4	�es�ribes	�y�orrhiz��	i��i�e��e	o�	��ss�v�	���	subseque��	��ize	i�	re���io�	
�o	�u�rie��(s)	�i�i�i��	�rop	pro�u��io�	i�	�	��ss�v�-��ize	ro���io�	sys�e�.	A	�u�rie��	b�����e	
��s	��so	���e	for	�he	��ize	�rop.	I�	�h�p�er	5	��	���e�p�	is	���e	�o	s�u�y	�he	effe��	of	f�r�ers’	
�i�er��	 fer�i�iser	�����e�e��	s�r��e�ies	���	 ����	use	 �ypes	o�	subseque��	��ize	yie��s	���	
�u�rie��	up����e.	I	ex��i�e	�he�her	���er���ive	fer�i�iser	�pp�i���io�	pr���i�es	�o	�o��o�	���	be	
��	���er���ive	�o	sus��i�	subseque��	��ize	yie��s	���	��hieve	b�����e�	p����	�u�ri�io�.	F�r�ers’	
per�ep�io�s	o�	�he	ro�e	of	ure�	���	NPK-S�	fer�i�iser��	���	���o��e��e	o�	�he	resi�u��	effe��	of	
previous	�o��o�	fer�i�iser	�re	�es�ribe�.
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Ch�p�er	6	ev��u��es	 �he	 re���ive	 i�p���	of	 �he	 �e�r�i��	���	 �he	�o-oper��ive	o�-f�r�	
experi�e����	pro�esses	i�	�er�s	of	��o	�i�e�sio�s	of	��pi���	(hu���	���	so�i��)	�i�h	re��r�s	
�o	 soi�	 fer�i�i�y	 �����e�e��.	 I	 ��so	 ����yse	 �he	 �i�i���io�s	 ���	 s�re���hs	 of	 �he	 �o-rese�r�h	
fr��e�or��	 i�	 �he	perspe��ive	of	 possib�e	 subseque��	 s���i��	up	of	CoS	���ivi�ies.	 I	 �is�uss	
ho�	 s�ie��is�s	 ���	 f�r�ers	 �ou��	 be��er	 i��er���	 for	 �oi��	 �e�r�i��	 ���	 �o-�o�s�ru��io�	 of	
���o��e��e.

L���	�e�ure	is	��	i�por����	sour�e	of	�e�sio�	over	����	use	be��ee�	����o��ers	���	
�i�r���	f�r�ers	i�	�he	�r��si�io���	zo�e	of	�e�i�.	I�	�h�p�er	7��	I	prese��	�he	evo�u�io�	of	�e�ure	
�rr���e�e��s	 ���	 �he	 f���ors	 �h��	 �i�i�ish	 �u�u��	 �rus�.	 I	 ��so	 prese��	 �he	 �e�ho�o�o�i���	
�ppro��h	use�	i�	�he	�e�o�i��io�	pro�ess	���	�he	��i�	ou��o�es	of	�he	�e�uri��	�rr���e�e��	
usi��	 �o��u�i�y-b�se�	 ���	 �u��i-s����eho��er	 p���for�s.	 Wi�h	 �he	 ���er���ive	 �rr���e�e��	
�e�o�i��e���	�re��	i�por����e	is	�ive�	�o	�o�i�ori��.	I�	�he	pro�ess��	s�ie��e	p��ys	�	po�e��i��	
ro�e	i�	i��re�si��	pro�u��ivi�y	of	�he	����	–	�evisi��	�i�-�i�	si�u��io�s	-	so	�h��	bo�h	p�r�ies	
(migrants and landowners) can profit from the new arrangements, and in monitoring.

In the final chapter (general discussion) I evaluate the main findings of the foregoing 
�h�p�ers	i�	�	bro��er	�o��ex�	���	su��es�	so�e	�ire��io�s	for	fur�her	rese�r�h.
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Chapter 2
Sustainable soil fertility management in Benin: learning from 
farmers

Abstract

The	per�ep�io�	of	f�r�ers	fro�	�he	A���or�	���	S�vè	zo�es	of	�e�i�	��s	s�u�ie�	�bou�	�he	
��uses	���	�o�seque��es	of	����	�e�r����io�	���	�orre��ive	���io�s	for	sus��i�i��	soi�	fer�i�i�y.	
Rese�r�h	�e�ho�s	i�	�his	�i���os�i�	s�u�y	i���u�e�	�roup	�is�ussio�s��	usi��	�o�-s�����r�ize���	
u�s�ru��ure�	 i��ervie�s	 ���	 p�r�i�ip���	 observ��io�s.	 F�r�����	 �e�r����io�	 �e��i��	 �o	
declining yields, and land tenure arrangements were identified as the main constraints on the 
sus��i��bi�i�y	 of	 ��ri�u��ure.	 I�	 bo�h	 re�io�s	 �he	 f�r�ers	 s���e�	 �h��	 ��i���i�	 �h���es	 (�ess	
���	�ore	 irre�u��r	 r�i�f���)��	 ru�	off��	erosio���	���	overexp�oi���io�	of	 f�r�����s	��use�	 ����	
�e�r����io�.	Soi�	fer�i�i�y	s���us	��s	�ssesse�	o�	�he	b�sis	of	�i�o�y�e�o�ous	�ee�s��	soi�	�ex�ure	
���	�o�our��	���	soi�	f�u��	(e�r�h�or�s	��s�i��	���ivi�y).	F�r�ers	h�ve	���p�e�	�heir	�roppi��	
sys�e�s	�o	 �he	 �o���	e�viro��e��	by	�eve�opi��	�r��i�io���	���	�e�	s�r��e�ies	���	���ivi�ies	
�h��	�ou��	�o��ribu�e	�o	��i���i�	or	e�h���e	�rop	pro�u��ivi�y.	These	s�r��e�ies	i���u�e	��i���	
manure, inorganic fertilizer, crop rotation, a five-year fallow, extensive cropping systems 
�i�h	 ��ss�v�	 or	 e�usi	 �e�o���	 ���	 e�i�r��io�.	 L���	 �e�ure	 �rr���e�e��s	 be��ee�	 �����or�s	
���	�i�r���s	�ffe��	s�r��e�ies	�h��	���	be	�pp�ie�	�o	��i���i�	soi�	fer�i�i�y.	The	i�por����e	of	
bui��i��	�u�u��	�rus�	���	�he	�ee�	�o	experi�e��	�i�h	�iffere��	����	�e�ure	�rr���e�e��s	�re	
i��i���e�.	A	fr��e�or��	for	i��er���ive	rese�r�h	�here	���o��e��e	is	�o��e��ive�y	�e�er��e�	is	
propose�	i�	or�er	�o	�es�	�he	effe��ive�ess	���	�pp�i��bi�i�y	of	so�e	of	�hese	�o���	i��ov��io�s	
�o�	ye�	�e��	u��ers�oo�	by	�o�ve��io���	s�ie��e.

Keywords:	soi�	�e�r����io���	i��i�e�ous	���o��e��e��	����	�e�ure	�rr���e�e����	so�i��	�i�e���
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Introduction

Wor���i�e��	soi�	fer�i�i�y	�e��i�e	h�s	be�o�e	�	���or	�o��er�	of	po�i�y	����ers	(Gr�y	���	Mor����	
2003).	The	Neo-M���husi��	�ssu�p�io�	is	�h��	soi�	fer�i�i�y	�e��i�e	is	��	i�evi��b�e	�o�seque��e	
of	popu���io�	�ro��h	���	�is�����e�e��	of	����	resour�es.	Ho�ever��	��	���er���ive	�ppro��h	
fro�	Neo-�oserupi��s	���i�s	 �h��	popu���io�	�ro��h	�ou����	u��er	�er��i�	�o��i�io�s��	 resu��	
i�	 �ess	 erosio���	 �ore	 fores�	 �over	 ���	 i��re�se�	 soi�	 fer�i�i�y	 (Tiffe�	 ���	 Mor�i�ore��	 1994;	
F�irhe��	���	Le��h��	1995;	Le��h	���	F�irhe����	2000�).	App�re���y��	�he	���ure	���	ex�e��	of	
����	�e�r����io�	�re	i�perfe���y	u��ers�oo�.	M��y	�e�h�o�o�i���	���	i�s�i�u�io���	i��ov��io�s	
�h��	���	so�ve	soi�	fer�i�i�y	�e�r����io�	h�ve	bee�	�eve�ope�	���	ye���	�hese	i��ov��io�s	�o	�o�	
�e�er���y	�ppe�r	�o	be	su��essfu�	(�io�	et al.��	1995;	F�oque���	1998;	Vers�ee�	et al.��	1998;	A�ohou	
���	Hou�yovi��	1999;	We��i���	et al.��	2000;	Dou�h��i�e	et al.��	2002).	The	�o���	peop�e	of�e�	
re�e��	propose�	�e�h�o�o�ies	�h��	h�ve	bee�	i�pose�	fro�	ou�si�e	���	�e�ivere�	�op-�o��.	The	
main reasons are a lack of fit between the proposed techniques and the local farming systems 
���	f�r�ers’	�ive�ihoo�	s�r��e�ies��	�i�i�e�	�v�i��bi�i�y	���	���essibi�i�y	of	ex�er���	i�pu�s��	�����	
of markets access, inappropriate land tenure conditions and finally, lack of participation by land-
users	i�	�esi��i��	���	i�p�e�e��i��	�e�h�o�o�ies.	I�s�e����	f�r�ers	��op�	�heir	o��	i��ivi�u��	
���	�o��e��ive	�ppro��hes	�h��	h�ve	i�	�he	p�s�	resu��e�	i�	sus��i��b�e	�ive�ihoo�	pr���i�es	(�io�	
et al.��	1995).	The	�h���e��e	is	 �o	�is�e�	���	�o	�e�r�	fro�	f�r�ers’	o��	���o��e��e.	There	is	
ample room for approaches that transcend the analytical dichotomy between scientific and 
i��i�e�ous	���o��e��e	i�	re���io�	�o	Wes�	Afri���	f�r�i��	sys�e�s	���	for	�	�o�ver�e��e	of	
for���	���	i�for���	s�ie��es	(Ri�h�r�s��	1985;	Le��h	���	F�irhe����	2000b).	

F�r�ers’	soi�	���o��e��e	offers	�	�iffere��	se�	of	�e�por��	���	sp��i��	s���es	�i�h	re��r�	
�o	 ����	 use��	 �hi�h	 h�s	 i�por����	 i�p�i���io�s	 for	 sus��i��b�e	 ��ri�u��ure	 (�rou�ers��	 1993;	
Sandor and Furbee, 1996). Local people have significant knowledge of soils and environments, 
��quire�	by	experie��es	 �h��	h�ve	bee�	 �es�e�	by	���y	�e�er��io�s	 �ivi��	��ose	 �o	 �he	 ����	
(Wi����erPri�s��	 2003).	 U��ers����i��	 f�r�ers’	 i��i�e�ous	 ���o��e��e	 ���	 pr���i�es	 o�	 soi�	
fer�i�i�y	 �����e�e��	 �e��s	 u��ers����i��	 �o���	 re��i�ies��	 �hi�h	 is	 �ru�i��	 for	 �he	 po�e��i��	
su��ess	or	f�i�ure	of	��y	�ype	of	��ri�u��ur���y-b�se�	�eve�op�e��	(Wi����erPri�s��	2003).

F�r�ers	 i�	 �he	A���or�	 re�io�	of	�e�i�	�re	 f��i��	soi�	�e�r����io�	 (A�e�bi�i	et al.��	
1999;	Mu��er��	2000).	Nu�rie��s	�re	�os�	�ue	�o	�he	re���ive�y	hi��y	re�ief	�i�h	s�opes	of	�bou�	
15%. Agricultural intensification reduces soil organic matter, which leads to nutrient depletion 
�hus	 �hre��e�i��	 �he	 sus��i��bi�i�y	of	 �he	 f�r�i��	 sys�e�s	 (S�ï�ou	et al.��	 2003).	 I�	�o��r�s���	
f�r�����s	i�	�he	S�vè	re�io�	�re	�ore	fer�i�e	���	�he	�roppi��	sys�e�s	�re	s�i��	b�se�	o�	shif�i��	
cultivation. Nowadays there is a large influx of migrants (Igue, 1983; Edja, 1996; LARES., 
2000;	Mu��er��	2000)	fro�	A���or�	���	�he	sou�her�	re�io�s	of	�he	�ou��ry	�here	f�r�ers	�re	



Chapter 2

20

ru��i��	���y	fro�	soi�	�e�r����io�	���	�u�rie��	�ep�e�io�.	Whi�e	�i�r��io�	��y	be	�	�ove�	
so�i��	s�r��e�y	�h��	re�e�ses	pressure	o�	�he	����	i�	o�e	�re���	i�	��y	si�u����eous�y	i��re�se	
pressure	o�	�he	����	���	o�	so�i��	re���io�ships	(i�se�ure	����	�e�ure)	e�se�here.	I�se�ure	����	
�e�ure	e��our��es	soi�-�i�i��	pr���i�es��	�hi�h	re�u�e	�he	�o��-�er�	pro�u��ivi�y	of	�he	����.	
Not much is known about the specific details of farmers’ knowledge in relation to key soil 
fer�i�i�y	�����e�e��	�e�isio�s.

The	prese��	�i���os�i�	s�u�y	is	��	e��ry	poi��	for	Co�ver�e��e	of	S�ie��es	pro�r���e	
(Rö�i��	et al.��	 2004)	 experi�e��i��	�i�h	 ��	 i��er���ive	 �ppro��h	�i�h	 f�r�ers	 �o	 ������e	 �he	
soi�	 fer�i�i�y	�ep�e�io�	prob�e�.	 I�	 �his	 pro�ess��	 �he	�eve�op�e��	of	 �	 sys�e���i�	bo��o�-up	
�ppro��h	for	i��ov��io�	�eve�op�e��	���	�isse�i���io�	is	o�e	of	�he	��i�	issues.	I�	fo��o�s	
o�	�he	�e�h�o�r�phi�	s�u�y	(Ri�h�r�s��	2001)	��rrie�	ou�	fro�	O��ober	�o	De�e�ber	2001	i�	
re���io�	�o	�o��o���	sor�hu�	���	�o�pe�	(Pro�e�	CoS��	2004).	

The	�i�	of	�his	�i���os�i�	s�u�y	is	�o	�es�ribe	���	�o�p�re	�he	A���or�	���	S�vè	re�io�s	
i�	�e�i�	i�	�er�s	of	(1)	f�r�ers’	per�ep�io�	���	���o��e��e	�bou�	��uses	���	�o�seque��es	of	
land degradation, (2) farmers’ criteria and approaches for soil classification and differentiation, 
(3)	 �orre��ive	 ���io�s	 for	 sus��i�i��	 soi�	 fer�i�i�y	 �����e�e��	 b�se�	 o�	 i��er���ive	 rese�r�h	
���	f�r�er	experi�e����io���	���	(4)	�	fr��e�or��	for	u��ers����i��	�he	so�i��	si�e	of	�he	����	
(tenure arrangements). At the end, the paper takes a reflexive stance, when it looks back at the 
�i���os�i�	s�u�y	���	�ri�i����y	�oo��s	��	�he	�hoi�es	�h��	h�ve	bee�	���e	�o	�rrive	��	�he	�ex�	
ph�se	of	rese�r�h.

Methodology

The study area

The	�i���os�i�	s�u�y	��s	��rrie�	ou�	i�	��o	re�io�s��	A���or�	���	S�vè

Atacora
The	A���or�	zo�e	is	�o�i���e�	by	�he	A���or�	�ou���i�s��	�i�h	���i�u�es	v�ryi��	fro�	400	�	
i�	�he	sou�h	�o	650	�	i�	�he	�or�h	(F�ure��	1977).	The	re�io�	is	��ose	�o	�he	S�he�i��	zo�e.	The	
��i���e	is	�ropi�����	of	�he	Gui�e�-Su���	�ype	�h�r���erize�	by	s�ro���y	�o��r�s�i��	se�so�s	�i�h	
�	si���e	r�i�y	se�so�	fro�	�i�-Apri�	�o	�i�-O��ober	fo��o�e�	by	�	�ry	se�so�	fro�	Nove�ber	�o	
M�r�h.	The	���u��	pre�ipi���io�	v�ries	fro�	1000	�o	1300	��	(N��i�i��ou	�e��her	s���io�).	The	
�ver��e	���u��	r�i�f���	over	�he	��s�	30	ye�rs	��s	so�e�h��	�o�er	�h��	�he	�o��-�er�	�ver��e.	
F�r�ers	���i�	�h��	�he	��i���e	is	�h���i��	(�ess	���	�ore	irre�u��r	r�i�f���).	�u�	�he	�v�i��b�e	
data do not permit to determine whether this is true or whether agricultural intensification leads 
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�o	�oss	of	soi�	or���i�	����er	���	�	�o�er	���er-ho��i��	��p��i�y��	�hi�h	h�s	si�i��r	effe��s	o�	
��ri�u��ur��	yie��s	�s	�	�rier	��i���e.	The	�ver��e	ye�r�y	�e�per��ure	is	�bou�	26.5	°C.	Mos�	
of the soils are tropical ferruginous soils (Faure, 1977) classified by FAO as Ferric Lixisols 
(FAO��	1990).	The	soi�s	�re	�i�i�e�	i�	�ep�h	by	�r�ve�	���	���eri�i�	for���io�s	���	�re	sufferi��	
fro�	�rus�i��	���	�o�p���io�.	Wi�h	fe�	ex�ep�io�s��	�he	soi�s	h�ve	�	�o�	i�here��	fer�i�i�y.	The	
ve�e���io�	is	ope�	s�v����h.	There	�re	��r�e	�iffere��es	i�	popu���io�	�e�si�y	�i�hi�	�he	�re�	(9	
i�h�bi����s	���–2	i�	��ssi��	i�	�he	sou�h	���i�s�	49	���	62	i�h�bi����s	���–2	i�	�ou��ou�bé	���	
Kob�i��	respe��ive�y)	(INSAE��	1994).	The	popu���io�	�o�sis�s	��r�e�y	of	f�r�ers	(92%).	Mos�	of	
�he	i��i�e�ous	popu���io�	be�o��s	�o	�he	Ditammari	e�h�i�	�roup.	O�her	���or	e�h�i�	�roups	
�re	�he	Yom	(i�	�he	sou�h)��	Berba	���	Waama	(i�	�he	�e��r��	zo�e)��	�he	Bariba	(i�	�he	�or�h-e�s�)	
���	�he	Peulh	(her�s�e�)��	�ho	�re	s����ere�	over	�he	e��ire	re�io�.	As	�	�o�seque��e	of	�he	
re���ive�y	�o�	i�here��	fer�i�i�y	���	�he	r��her	hi�h	popu���io�	pressure��	�he	re�io�	experie��es	�	
pressure	o�	�he	����	espe�i���y	i�	�he	hi��y	zo�es.	So	�he	A���or�	re�io�	is	��	e�i�r��io�	�re���	�i�h	
��i��y	you��er	peop�e	�e�vi��	for	�he	S�vè	re�io�.

Savè
The	 S�vè	 re�io�	 �oo	 is	 �h�r���erize�	 by	 �	 Gui�e�-Su���	 ��i���e	 �i�h	 ��	 u�i�o���	 r�i�f���	
�is�ribu�io�.	The	r�i�y	se�so�	is	fro�	Apri�	�o	O��ober.	The	�ver��e	���u��	r�i�f���	over	�he	
��s�	30	ye�rs	is	�bou�	1100	��	(S�vè	�e��her	s���io�).	The	�ver��e	ye�r�y	�e�per��ure	is	�bou�	
27.5	oC	�i�h	�i���e	v�ri��io�	fro�	ye�r	�o	ye�r.	Li��e	i�	�he	A���or�	re�io���	�he	�re�	is	esse��i���y	
�o�i���e�	 by	 �ropi���	 ferru�i�ous	 soi�s	 (Dubroeu�q��	 1977)��	 ori�i����y	 fro�	 Pre���bri��	
�rys����i�e	ro���s	(�r��i�e	���	��eiss).	I�	�o��r�s�	�i�h	�he	A���or�	re�io���	 �he	soi�s	�re	�eep	
�i�hou�	���eri�e	���	of�e�	h�ve	�	so�e�h��	hi�her	i�here��	fer�i�i�y.	L���	is	�o�	ye�	�	�i�i�i��	
f���or.	The	���ur��	ve�e���io�	is	of	 �he	�os�i�	sub-hu�i�	s�v����h	�ype.	Popu���io�	�e�si�y	
is	 �o�p�r�b�e	 �o	 �he	 o�e	 of	A���or���	 �i�h	 �bou�	 22	 i�h�bi����s	 ���–2	 (INSAE��	 1994).	 The	
i��i�e�ous	popu���io�	is	�o�pose�	of	�he	Tchabè	���	�he	Peulh.	Si��e	1975��	�here	h�s	bee�	
an influx in the region of migrants from Atacora and the Abomey Plateau. This has led to the 
e�er�e��e	of	 �e�	�o��u�i�ies	 i�	 �he	 �re�	 su�h	 �s	 �he	 Ditammari��	 Yom	 ���	 Waama	 (fro�	
A���or�)��	�he	Fon	(fro�	Abo�ey	p���e�u)	���	�he	Idatcha	fro�	D�ss�	Zou�è	���	G��zoué.

Research activities

The	�i���os�i�	s�u�y	��s	��rrie�	ou�	�uri��	�he	�roppi��	se�so�	(Ju�e	-	Nove�ber)	of	2002.	I�	
�o�prise�	��o	ph�ses��	��	exp�or��ory	survey	���	��	i�-�ep�h	survey	(Fi�.	1).	The	exp�or��ory	
survey	��s	��rrie�	ou�	i�	seve�	�is�ri��s:	�ou��ou�bé��	M��éri��	Ou���é	���	Kou���é	i�	�or�h-
�es�	�e�i�	(A���or�	re�io�)��	N’���i	���	T�h�ourou	i�	�i�-e�s�	�e�i�	(�he	sou�h	�or�ou	re�io�)	
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���	S�vè	i�	�he	sou�h-e�s�er�	of	�e�i�	(S�vè	re�io�).	They	�ere	se�e��e�	i�	��ose	�o���bor��io�	
�i�h	�he	v�rious	���ors	�h��	�re	���ive	i�	�hese	re�io�s	(ex�e�sio�	servi�e	CARDER��	NGOs	���	
R&D).	I�	�o�����	15	vi����es	(Fi�.	2)	�ere	s�u�ie�.	The	i��ro�u��io�	of	�he	rese�r�her	i�	e��h	
vi����e	��s	f��i�i���e�	by	�he	�o���	ex�e�sio�	servi�e	(CARDER)	���	�he	f�r�er	or���iz��io�	
(Groupe�e��	Vi����eois	-	GV).	The	se�e��io�	��s	b�se�	o�	���essibi�i�y��	�is����e	�o	�he	���or	
�e�rby	 �o����	 re�ev���e	of	 ����	�e�r����io�	prob�e�s��	���	 ����	 �e�ure.	The	 i�-�ep�h	survey	
��s	subseque���y	��rrie�	ou�	i�	seve�	vi����es:	T�h��o��	T�h��hou�-Cossi��	G���o��	M�����o���	
�oubouhou��	Ouo�hi	�e��r��	���	Ouo�hi	��re.	Their	se�e��io�	��s	b�se�	o�	���essibi�i�y��	f�r�er	
�v�i��bi�i�y	���	i��eres�	�o	�he	pro�e��	(�u��e�	fro�	�heir	p�r�i�ip��io�	i�	�he	�roup	�ee�i��s	���	
�he	�ri�i���	�i��o�ues	e����e�	�uri��	e��h	�ee�i��)��	re�ev���e	of	����	�e�r����io�	prob�e�s	���	
re���e�	soi�	fer�i�i�y	�����e�e��	s�r��e�ies	��op�e���	so�io-e�o�o�i�	���	�u��ur��	oppor�u�i�ies��	
���	����	�e�ure	�rr���e�e��s.

Fie��	���	p�r�i�ip���	observ��io�s	(�uri��	�r��se��	�����s)��	fo�use�	�roup	�is�ussio�s	
(����i��	 �e��er	 i��o	 ���ou��)��	 �o�-s�����r�ize�	 ���	 ��r�e�y	 u�s�ru��ure�	 i��ervie�s	 �i�h	
i��ivi�u��	 f�r�ers��	 f�r�er	 or���iz��io�s	 ���	 ��ey	 i�for����s	 (rese�r�hers��	 pro�e��	 �or��ers��	
represe����ives	 of	 NGOs��	 ���	 ex�e�sio�is�s)	 �ere	 use�	 i�	 ����	 �o��e��io�.	 I�	 S�vè	 re�io���	
����o��ers	���	se���ers	�ere	���e�	�o	�he	fo�us	�roups	i�	or�er	�o	�ssess	����	�e�ure	issues.

Fie��	 observ��io�s	 �ere	 use�	 �o	 supp�e�e��	 ���	 v��i���e	 �he	 ����	 �o��e��e�	 ���	 �he	
i�for���io�	���here�	�uri��	�he	�roup	�is�ussio�s.	Duri��	�he	�r��se��	�����s��	�he	�iffere��	soi�	
types identified by the farmers were sampled (0–20 cm). Also weeds and plant parts used by the 
local people as indicators of soil fertility were collected. They were identified at the National 
Herb�riu�	of	 �he	U�iversi�y	 of	Abo�ey-C���vi	 i�	Co�o�ou.	The soi� s��p�es �ere ����yse�The	 soi�	 s��p�es	 �ere	 ����yse�	
by	 �he	L�bor��oire	�es	S�ie��es	�u	So���	E�u	e�	E�viro��e�e��	(LSSE/INRA�)	 i�	Co�o�ou.	
A���yses	 i���u�e�	 p�r�i��e	 size	 �is�ribu�io�	 (by	 sieve	 ���	 pipe��e	 �e�ho�	 �f�er	 re�ov��	 of	
or���i�	����er��	��rbo���es	���	iro�	oxi�es)��	pH-H2O	(usi��	�	���ss	e�e��ro�e	i�	1:2.5	v/v	soi�	
io�)��	or���i�	��rbo�	(W�����ey-��������	�e�	oxi���io�	pro�e�ure)��	���	 �o���	�i�ro�e�	 (K�e���h�	
�e�ho�).	The	resu��s	of	�he	����ysis	�ere	prese��e�	��	�	fee�b����	sessio�	i�	�he	vi����es	i�	or�er	�o	
s�re���he�	�o�����s	�i�h	f�r�ers	for	�he	�o��i�u��io�	of	�he	rese�r�h	pro�r���e.

Results

Farmers’ soil classification and inherent soil fertility assessment

I�	�he	A���or�	���	S�vè	re�io�s	so�e	�o���	soi�	���es	refer	�o	�he	�ex�ure.	The	���es	kubirgu	
i�	 Di�����ri��	 biyalic	 i�	 �i��i��	 kagniga	 i�	 �uf��è	 ���	 ilè ignin	 i�	T�h�bè	 ���	 �i�er���y	 �e��	
s���y	soi�.	I�	�he	A���or�	re�io�	��so	�he	�r�ve�	�o��e��	(>	2	��)	is	use�	�s	�ri�erio�	for	soi�	
classification. The names fatan’fa	i�	Di�����ri��	sage	���	whanga	i�	�i��i��	kuluri	i�	L���	���	
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Figure 1.	Di��r��	sho�i��	�he	rese�r�h	pro�ess.
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tèyassikum	i�	�uf��è	���	�i�er���y	�e��	�r�ve�y	soi�.	Mos�	of	�he	soi�	�ex�ures	�ssesse�	by	�he	
f�r�ers	��ose�y	��ree	�i�h	�hose	of	�he	I��er���io���	Soi�	S�ie��e	So�ie�y	(ISSS)	(T�b�e	1).	

I�	bo�h	�re�s��	f�r�ers’	i��i���ors	for	�ssessi��	�	he���hy	or	fer�i�e	soi�	�re	��i��y	b�se�	
o�:	

1. Occurrence of specific dicotyledonous weeds;Occurrence of specific dicotyledonous weeds; 
2.	 Soi� �ex�ure ��� hy�ro�o�i��� qu��i�y;Soi�	�ex�ure	���	hy�ro�o�i���	qu��i�y;
3.	 Soi� �or���bi�i�y;Soi�	�or���bi�i�y;	
4.	 Soi� f�u���� espe�i���y e�r�h�or�s.Soi�	f�u����	espe�i���y	e�r�h�or�s.	

These	i��i���ors	�re	use�	by	f�r�ers	�o	����e	�e�isio�s	o�	�h��	�o	�ro�	���	o�	�he	�ype	of	soi�	

Figure 2.	M�p	of	 �he	repub�i�	of	�e�i�	�i�h	 �he	�is�ri��s	 (h���he�;	���es	 i�	��pi���	 �e��ers)	���	 �he	
vi����es	(s����	�e��ers)	�here	�he	�i���os�i�	s�u�y	��s	��rrie�	ou�.
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fertility management required. In the cultivated fields, farmers assess soil nutrient status on the 
b�sis	of	�rop	beh�viour	(�ro��h	���	�eve�op�e��)	���	�e�f	�o�our.	I�	bo�h	re�io�s	�hey	�r�ue	
that pale and yellowish plants reflect some ‘food’ (nutrient) deficiencies. Farmers in the Savè 
re�io�	��so	use	v�ri��io�s	i�	soi�	�o�our	�s	��	i��i���or	of	�e��i�i��	fer�i�i�y.	Su�h	�	�h���e	i�	
�o�our	����ys	o��urs	o�	�he	ilè dudu	soi�s��	�hi�h	be�o�e	�ess	��r��	�f�er	�o��i�uous	�roppi��.	

The	 soi�	 ev��u��io�s	 by	 f�r�ers	 �ere	 �o�p�re�	 �i�h	 �he	 resu��s	 of	 soi�	 �he�i���	
����yses	(T�b�e	1).	The	soi�s	i�	bo�h	re�io�s	�re	�os��y	��i�	�o	�eu�r��:	pH-H2O	r���i��	fro�	

Table 1.	 Se�e��e�	 physi���	 ���	 �he�i���	 proper�ies	 (0	 –	 20	 ��)	 ���	 fer�i�i�y	 i��i���io�	 of	 �he	 soi�s	
���e�	by	�he	f�r�ers	(i�	i���i�s)	i�	�he	A���or�	���	S�vè	re�io�s��	�e�i�.	The	�o���	����u��e	is	p���e�	
i�	p�re��heses.
Soi�	���e/
����u��e

ISSS	�ex�ure P�r�i��e	size	(<	2	��)
(%)

Gr�ve�	
(>	2��)	
(%)

Fer�i�i�y	
i��i���io�

pH	
(H2O)

To���	N	
(�	���-1)

Or�.	C
(�	���-1)

C��y Si�� S���
Fatan’fa 
(Di�����ri)

Very	�r�ve��y	
s���y	�o�� 7.8 26.1 66.1 64.5 F�ir�y	

fer�i�e 5.9 1.2 9.9
Fagnan’fa	
(Di�����ri)

Gr�ve��y	s���y	
�o�� 8.8 28.4 62.8 43.0 Fer�i�e 6.4 1.2 13.8

Kubirgu	
(Di�����ri)

Gr�ve��y	s���y	
�o�� 6.9 28.1 64.9 33.3 Me�io�re 5.9 0.6 6.6

S��e	
(�i��i)

Very	�r�ve��y	
s���y	�o�� 8.6 20.5 70.8 58.0 F�ir�y	

fer�i�e 6.2 0.9 9.5
P�hu�	
(�i��i) Si��	�o�� 14.9 57.7 27.4 2.2 Fer�i�e 6.0 1.3 15.6
�iy��i�	
(�i��i) S���y	�o�� 7.0 22.4 70.5 18.7 Me�io�re 5.6 0.6 5.2
Whanga
(�i��i)

Very	�r�ve��y	
s���y	�o�� 10.2 34.6 55.3 63.1 F�ir�y	

fer�i�e 5.5 0.8 10.2
Kagniga	
(�uf��è) Lo��y	s��� 4.8 11.5 83.8 1.4 F�ir�y	

fer�i�e 5.7 0.3 2.7
Petaka 
(�uf��è)

Gr�ve��y	s���y	
���y	�o�� 23.6 18.2 58.2 42.0 F�ir�y	

fer�i�e 6.0 0.6 5.8
Tèyassikum	
(�uf��è)

Very	�r�ve��y	
�o��y	s��� 8.8 9.0 82.2 56.3 Fer�i�e 5.6 1.3 9.8

Tèkpê têkun	
(�uf��è) Lo��y	s��� 6.1 11.6 82.3 1.4 Very	

fer�i�e 6.2 0.9 8.9
Katchika 
(L���) S���y	�o�� 16.5 7.4 76.1 2.5 F�ir�y	

fer�i�e 5.0 0.4 3.9
Kangniga 
(L���) S���y	�o�� 11.4 9.1 79.5 0.9 Fer�i�e 5.5 0.6 5.8
Puturi 
(L���)

Gr�ve��y	
�o��y	s��� 6.5 11.9 81.6 32.8 Very	

fer�i�e 7.1 1.2 7.5
Kuluri 
(L���)

Very	�r�ve��y	
�o��y	s��� 7.5 8.8 83.7 57.1 F�ir�y	

fer�i�e 5.4 0.3 2.8
Kpankpandè 
(L���) S���y	�o�� 13.4 8.0 78.6 2.0 Me�io�re 5.2 0.1 0.6
Ilè dudu 
(T�h�bè) Lo��y	s���y 7.6 11.4 81.0 0.9 Fer�i�e 5.8 0.8 8.1
Ilè kpukpa 
(T�h�bè) Lo��y	s���y 6.7 11.1 82.2 1.7 Very	

fer�i�e 5.7 0.7 7.1
Ilè ignin	
(T�h�bè) Lo��y	s���y 5.6 7.5 87.8 0.8 F�ir�y	

fer�i�e 6.0 1.2 11.9
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5	�o	7.1.	The	�os�	fer�i�e	soi�s	�o���u�e�	fro�	hi�h	�o��e��s	of	�o���	�i�ro�e�	���	soi�	or���i�	
����er	�ere	�he	fagnan’fa	(�hi�h	i�	Di�����ri	�i�er���y	�e��s	soi�	�i�hou�	s�o�es	���	e�sy	�o	
�or��)��	pahun	(i�	�i��i)��	tèyassikun	(i�	�uf��è)��	puturi	(i�	L���)	���	�he	ilè dudu	(i�	T�h�bè).	
O�	�he	o�her	h�����	�he	poores�	soi�s	�ere	kubirgu	(i�	Di�����ri)��	biyalic	(i�	�i��i)��	kagniga	
(i�	�uf��è)��	kpankpandè	(i�	L���)	���	ilè kpukpa	(i�	T�h�bè).	The	resu��s	fro�	soi�	����yses	
�ere	�os��y	si�i��r	�o	�he	soi�	fer�i�i�y	ev��u��io�s	by	�he	f�r�ers	ex�ep�	for	�he	r����i��	���e	
i�	S�vè	�here	�he	ilè kpukpa	��s	suppose�	�o	be	�	fer�i�e	soi�.	This	�o��r�s�i��	resu��	��y	be	
explained by the fact that this soil was sampled in a one year old fallow field invaded by spear 
�r�ss	(Imperata cylindrica)��	�hi�h	is	��	i��i���or	of	soi�	�e�r����io�.

I�	bo�h	re�io�s	�he	�r�ss	spe�ies	Andropogon gayanus,	���	�he	�i�o�y�e�o�ous	spe�ies	
Indigofera secundiflora	 (i�	A���or�)	 ���	 Chromolaena odorata	 (i�	 S�vè)	 �re	 re�o��ize�	 �s	
i��i���ors	of	fer�i�e	soi���	�here�s	Hyptis spp.��	Striga hermonthica	���	Spermacoce filifolia	(i�	
A���or�)��	i��i���e	i�fer�i�e	soi�s.	The	�bu�����e	of	�i��h	�ee�	(Striga hermonthica)	i�	A���or�	
re�io�	or	spe�r	�r�ss	 (Imperata cylindrica)	 i�	S�vè	 (eve�	o�	 fer�i�e	 soi�s)	 for�e�	 f�r�ers	 �o	
�b���o�	�heir	����	(Vissoh	et al.��	2004).

Cropping systems

Crop	 seque��es	v�ry	 ���or�i��	 �o	 re�io�	 ���	 soi�	 �ype.	L���	 fresh�y	 ��e�re�	 fro�	 fores�	 is	
cropped for up to four years. In Atacora the first crops grown are: yam, or cotton followed in	
�he	se�o��	ye�r	by	�rou���u�;	��ize/sor�hu�	or	�o�pe�.	I�	�he	�hir�	ye�r	�rou���u�	is	�ro��	
or	�he	����	is	�ef�	f���o�	(�os��y	o�	s���y	���y	soi�s).	Fi����y��	i�	�he	four�h	ye�r	��ize/sor�hu�	
or	��ss�v�	is	�ro��.	I�	�he	S�vè	re�io���	four	�ypes	of	�rop	seque��es	�ere	�e��io�e�	by	�he	
f�r�ers:	(1)	y��	-	��ize	or	��ize/�rou���u�	–	�o�pe�	-	��ize/��ss�v�	or	��ss�v�/�rou���u���	
(2)	��ss�v�	-	��ize/�rou���u�	-	��ize/��ss�v���	(3)	��ss�v�	or	e�usi	�e�o�	(Citrullus spp. ���	
Lagenaria spp.)	-	��ize/�rou���u�	or	�o��o�	-	�rou���u�/��ize	or	�o��o�	-	��ize/��ss�v�	or	
e�usi	�e�o���	(4)	�o��o�	-	��ize	or	��ize/�rou���u�	-	e�usi	�e�o�	or	�o��o�	–	��ss�v�.	Af�er	
�hree	ye�rs	of	�roppi����	�he	i��i�e�ous	popu���io�s	�os��y	p����	��she�	�rees.	Su�h	�	pr���i�e	
��y	be	re���e�	�o	�he	����	�e�ure	�rr���e�e��	�s	p����i��	�rees	of�e�	�e��s	��yi��	�	���i�	o�	
�he	����.	

The local population in both regions practises intercropping. The field is managed on 
�he	b�sis	of	�he	f�r�er’s	s��i����	i.e.��	f�r�ers’	���o��e��e	�bou�	�he	perfor����e	of	�he	p����	���	
�he	soi�.	There	�re	�hree	i��er�roppi��	sys�e�s	�i�h	��ize:	(1)	��ize	�i�h	�r�i�	�e�u�es��	(2)	
��ize	�i�h	sor�hu���	���	(3)	��ize	�i�h	��ss�v�.	F�r�ers	���o�	�he	�iffere��e	be��ee�	��ize	
���	�r�i�	�e�u�e	roo�s	bu�	�hey	�o	�o�	�����h	i�por����e	�o	�he	�e�u�e	roo�s��	i.e.��	�hey	�o	�o�	
know the connection between roots, root nodules and nitrogen fixation. However, farmers claim 
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�h��	�e�u�es	i�	�he	ro���io�	sys�e�	e�h���e	soi�	fer�i�i�y.	
So�e	of	�he	re�so�s	for	i��er�roppi��	re���e	�o	�he	sus��i��bi�i�y	of	�he	�roppi��	sys�e�.	

Ho�ever��	so�io-e�o�o�i�	re�so�s	���	�rive	i��er�roppi��	pr���i�es	�oo.	M�r��e���	foo�	se�uri�y	
and the need for cash money influence a farmer’s decision whether he/she will intercrop maize 
�i�h	sor�hu���	�i�h	�e�u�es	or	�i�h	��ss�v�.	If	��ize	is	i��er�roppe�	�i�h	sor�hu�	or	��ss�v���	
maize is sown first and harvested earlier than the companion crop, allowing the sorghum or 
��ss�v�	p����s	�o	�eve�op.	O�	�he	o�her	h�����	��ize	���	�e�u�es	�re	so��	���os�	��	�he	s��e	
�i�e	bu�	��	�iffere��	�e�si�ies	b�se�	o�	f�r�er’s	ob�e��ives.	I�	bo�h	re�io�s��	�o��o�	is	�os��y	
�o�o-�roppe�	���	 �he	subseque��	�rop	 is	����ys	��ize	or	��ize/sor�hu�.	I�	 �his	�roppi��	
pattern the subsequent cereals benefit from the residual effect of inorganic fertilizer applied to 
�o��o�	(150	���	h�–1	of	NPK-S�	14-23-14-5-1	p�us	50	���	h�–1	of	ure�	�s	re�o��e��e�	by	�he	
ex�e�sio�	servi�e).	

I�	 �he	A���or�	 re�io�	 f���o�	 ����	 is	 r�re	be��use	of	 �he	s�ro��	pressure	o�	 �he	 ����.	
�u�	i�	�he	S�vè	re�io���	�	f���o�	perio�	of	3	�o	5	ye�rs	is	observe�.	The	sor�hu�	s�over	���	�he	
�o��o�	s�����s	�re	bur��	�here�s	�he	�e�ves	���	�he	roo�s	of	�o�pe�	�re	�ef�	�o	�e�o�pose	i�	�he	
soil. Groundnut, bambara groundnut, soybean and egusi melon residues are left in the field and 
i��orpor��e�	i�	�he	soi�	�uri��	ri��i��.	I�	�he	�ry	se�so���	her�s�e�	�re	���o�e�	�o	�r�ze	�heir	
cattle in the maize and sorghum fields where part of the stover is consumed. Such practice can 
be considered as a net nutrient loss because the cattle do not spend the night in the field and so 
�o	�o�	fer�i�ize	�he	soi�	�i�h	�heir	�u��.	

I�	A���or���	�o�e�	o�	�heir	i��ivi�u��	or	�o��e��ive	f�r�s	of�e�	�ro�	�r�i�	�e�u�es��	
ex�ep�	�rou���u�.	For	ex��p�e	i�	M��éri��	�o�e�	�ro�	�r�i�	�e�u�es	o�	36%	of	�he	f�r�i��	
�re�	 �here�s	 o��y	 10%	 is	 use�	 for	 �his	 purpose	 by	 �e�	 (CARDER	 M��éri��	 2001).	 These	
f�r�����s	�re	�os��y	h���e�	over	by	�he	�o�e�’s	husb���s	���	usu���y	�o�sis�	of	�e�r��e�	
soils. From field observations it became clear that men do the physically hard work such as 
�ou��i����	ri��i��	���	����	��e�ri��.	 	So�i����	 i�or���i�	fer�i�izer	�pp�i���io�	i�	 �he	��se	of	
�o��o�	���	��ize��	�o�	�u��	���	house	��s�e	�r��spor���io���	�ee�i��	���	h�rves�i��	�re	�o�e	
by	�o�e�.

The	���or	prob�e�s	f��i��	�he	f�r�i��	sys�e�	i�	�he	A���or�	re�io�	�s	�is�e�	by	�he	
f�r�ers	 �re	 �he	 r�pi�	 �e��i�e	 of	 soi�	 fer�i�i�y��	 �ee�s	 ���	 �i��h	 �ee�	 (Striga hermonthica)	
i�fes���io���	 �he	hi�h	�os�	of	 i�or���i�	 fer�i�izers	 (200	F	CFA1	per	���	 for	bo�h	NPK-S�	���	
urea), and finally the increasing unpredictability of the rainfall. However, a decreased water-
ho��i��	��p��i�y	of	�he	soi���	�ue	�o	�oss	of	soi�	or���i�	����er��	��y	h�ve	��use�	�he	prob�e�	
of	��	�pp�re���y	�o�er	���er	�v�i��bi�i�y.	The	f�r�ers	i�	�he	S�vè	re�io�	�e��io�e�	�s	���or	
�o�s�r�i��s	��r��e�	ou��e�	-	�hi�h	h�s	�o	�o	�i�h	�he	�o�	pri�es	f�r�ers	re�eive	for	�heir	pro�u�e	

	11000 F CFA = € 1.54
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-	����	�e�ure	(�e��io�e�	by	�he	se���ers)��	�e�re�se	of	soi�	fer�i�i�y	espe�i���y	for	�he	Ilè ignin	
soi�s��	���	�he	hi�h	�os�	of	i�or���i�	fer�i�izers.	

Farmers’ strategies for crop production and soil fertility maintenance

F�r�ers	�ope	�i�h	�oss	of	soi�	fer�i�i�y	by	i�p�e�e��i��	v�rious	pr���i�es	(T�b�e	2).	I�	�o�����	
11 strategies were identified in the Atacora region while only six were recorded in Savè. In the 
A���or�	re�io���	�he	s�r��e�ies	�os�	preferre���	bo�h	by	�e�	���	�o�e�	�re	i�or���i�	fer�i�izer	
�o�bi�e�	 �i�h	 or���i�	 resi�ues��	 i�or���i�	 fer�i�izer	 ��o�e��	 �o��o�	 ro���e�	 �i�h	 ��ize	 p�us	
i�or���i�	fer�i�izer	(50	���	h�–1	of	bo�h	NPK-S�	���	ure�)	�pp�ie�	�o	�he	��ize��	���	�r�i�	�e�u�es	
ro���e�	�i�h	�ere��s.	O��y	f�r�ers	o�i��	oxe�	�pp�ie�	�o�	�u��.	�e��use	of	 �r��spor���io�	
prob�e�s��	f�r�ers	�o	�o�	use	�����e	�u��	fro�	�he	her�s�e���	�ho	�os��y	�ive	iso���e�	fro�	
�he	vi����es.	I�	S�vè	re�io���	�he	i��i�e�ous	f�r�ers	���	se���ers	preferre�	i�or���i�	fer�i�izer��	
ex�e�sive	��ss�v�	�roppi��	sys�e�s��	���	�rop	ro���io�.	Ex�e�sive	��ss�v�	�roppi��	is	���o��	
i�	Fre��h	�s	‘���hère	���io�’��	�i�er���y	�e��i��	��ss�v�	f���o�.	S�ri���y	spe���i��	su�h	sys�e�s	
�re	�o�	�o�si�ere�	f���o�s	�s	�rops	�re	s�i��	�ro����	bu�	�his	r��her	ex�e�sive	pr���i�e	�e��s	�o	�	
�u�h	s�o�er	�e�r����io�	of	�he	soi�.	I�	bo�h	re�io�s��	�he	Peu�h	peop�e	h�ve	�	ro���io���	sys�e�	
that allows a good distribution of animal manure on the fields surrounding the farm-house. 
So�e	of	�he	pr���i�es	�re	o����	i.e.��	p�sse�	o�	fro�	�e�er��io�	�o	�e�er��io���	�i��e	���ur��	f���o���	
�he	use	of	househo��	��s�e��	�rop	ro���io�	���	ex�e�sive	��ss�v�	�roppi��.	O�her	s�r��e�ies	h�ve	
bee�	i��ro�u�e�	by	�he	ex�e�sio�	servi�e	���	�re	�e���	�i��e	i�or���i�	fer�i�izer	���	�o��o�	ro���e�	
�i�h	��ize.	

S�r��e�ies	�o	��i���i�	soi�	fer�i�i�y	��y	�o�	o��y	i�vo�ve	biophysi���	i��erve��io�s.	If	
the productivity of the land cannot be sufficiently increased, pressure can be put off the land 
by	�i�r��io�.	E�i�r��io�	is	�	s�r��e�y	use�	by	�he	you��er	�e�er��io�.	The	o��er	�e�er��io�	
�e�er���y	 �e�i�es	 �o	 s��y��	 ���	 �pp�ies	 househo��	 ��s�e��	 ��i���	 ���ure��	 or	 �	 �o�bi���io�	
of	 i�or���i�	 fer�i�izer	 ���	 ��i���	 ���ure	 or	 househo��	 ��s�e	 �	 ��y	 of	 i�provi��	 soi�	
pro�u��ivi�y.	P����i��	e�usi	�e�o�	���	 i��orpor��i��	 �e�u�e	resi�ues	�re	s�r��e�ies	use�	by	
�o�e�.	Ex�e�sive	�roppi��	�i�h	��ss�v�	or	e�usi	�e�o���	�he	�pp�i���io�	of	househo��	��s�e��		
and ridging/mounding are indigenous strategies. Some of the strategies are area specific. For 
example, the use of animal manure or household waste is specific to the Atacora region and 
ex�e�sive	�roppi��	of	e�usi	�e�o�	���	��ss�v�	is	fou��	i�	�he	S�vè	bu�	�o�	i�	A���or�.	Ho�ever��	
ex�e�sive	��ss�v�	�roppi��	is	��so	�	s�r��e�y	e�p�oye�	i�	p�r�s	of	Gh���	(A��ei-Nsi�h	et al.��	
2004).	The	�iffere��e	be��ee�	A���or�	���	�he	S�vè	re�io�	i�	�er�s	of	s�r��e�ies	�o��er�i��	
��i���	���ure	is	�u��ur��.	The	T�h�bè	peop�e	re�o��ize	�he	effe��ive�ess	of	��i���	���ure	bu�	
so�i���y	�hey	�o	�o�	����	�o	be	�o�fuse�	�i�h	�he	Peulh	(Fulani	i�	�he	�o���	�i��e��).	Co��e��i��	
�o�	�u��	is	see�	�s	use�ess	���	�u��ur���y	�o�-���ep��b�e.	�e��use	�he	soi�s	i�	S�vè	re�io�	�re	
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�ore	fer�i�e��	�he	�i�r���s	fro�	A���or�	�b���o�	�he	use	of	�o�	�u��.
F�r�ers	 fro�	 A���or�	 re�io�	 be�ieve	 �h��	 ��i���e��	 espe�i���y	 r�i�f�����	 is	 �he	 �os�	

i�por����	f���or	�ffe��i��	soi�	 fer�i�i�y	�����e�e����	 fo��o�e�	by	�i�e�y	p�ou�hi����	�ee�i��	
���	�re�i�.	F�r�ers’	���ess	 �o	 �he	ex�e�sio�	servi�e	 (provi�i��	 i�for���io�	���	���o��e��e)	
may also improve soil fertility management. On the other hand, the major constraints identified 
i�	S�vè	re�io�	�ere	�re�i���	�i�e�y	�ee�i��	���	����	�e�ure	(�e��io�e�	by	�he	se���ers).	

Land tenure arrangement in the Savè region

The	 resu��	 fro�	 �he	exp�or��ory	survey	�o�e	 i�	 �he	S�vè	 re�io�	sho�e�	 �h��	 �he	per�e����e	
�i�r���s	i�	T�h�ourou	���	S�vè	�ere	28	���	37��	respe��ive�y.	Mos�	�i�r���s	be�o��e�	�o	�he	
fo��o�i��	e�h�i�	�roups:	Di�����ri	���	Yo�	fro�	A���or�	re�io���	Fo�	fro�	Abo�ey	p���e�u	
���	I����h�	fro�	D�ss�-Zou�è	���	G��zoué.	The	�i�r���s��	espe�i���y	 �he	you�hs	 -	be��use	
�heir	f��hers	�re	s�i��	��ive	���	use	�he	����	–	�f�er	h�vi��	bee�	�o�fro��e�	�i�h	soi�	�e�r����io�	
�e�ve	�he	vi����e	for	be��er	�ivi��	�o��i�io�s	i�	��	�re�	�here	�he	soi�s	�re	�ore	fer�i�e.

Two categories of migrants can be distinguished. The first category comprises those 
who have settled in the area and who once a year return to their native village to fulfil ritual 
�u�ies.	The	se�o��	���e�ory	�o�sis�s	of	you��	peop�e	�ho	�o�e	�e�por�ri�y	�o	�he	re�io�	���	
work as seasonal labourers for the indigenous and for migrants of this first category. After the 
se�so�	�hey	re�ur�	ho�e	�i�h	�o�ey	���	pur�h�se�	�oo�s	�i��e	�o�or	bi��e��	bi�y��e	���	r��io	/	
��sse��e	re�or�er.

I�	�he	p�s�	�here	�ere	�o	s�ri��	����	�e�ure	�rr���e�e��s	be��ee�	es��b�ishe�	�i�r���s	
���	����o��ers.	Af�er	o�e	or	��o	ye�rs	�or��i��	for	��	i��i�e�ous	f�r�er��	�he	�i�r���s	�ishi��	
�o	s��y	i�	�he	vi����e	�ou��	��quire	����	fro�	�he	����o��ers	(represe��e�	by	�he	Bale	�i�er���y	
�e��i��	‘f��her	of	�he	����’).	L���	is	��quire�	i�	�	�r��i�io���	��y	���	�o�sis�s	of	ex�h���i��	
�if�s	 ���	 ����i��	 �	 �o��ribu�io�	 �o	 �he	 �ere�o�ies	 �s	 he��	 by	 �he	 ����o��er.	 I�	 �he	 p�s�	 �	
�e�ber	of	�he	Bale’s	f��i�y	�i�	su�h	�r��s���io�s.	A	��r�e	�u�ber	of	i��i�r���	vi����es	h�ve	
bee�	es��b�ishe�	i�	�h��	��y.	No����ys	�he	�u�bers	of	i��i�r���	vi����es	is	i��re�si��	���	�he	
����	�e�ure	�rr���e�e��	h�s	�h���e�.	

Si��e	1999��	o��y	�he	‘Co�i�é	�e	Ges�io�	�es	Terres’	i�	Ouo�hi	�e��r��	vi����e��	�hi�h	��s	
�re��e�	by	�he	vi����e	�eve�op�e��	�sso�i��io�	(ADESVO)��	is	�u�horize�	�o	�rr���e	�o��r���s	
�i�h	 �i�r���s.	This	 �o��i��ee	 repor�s	 �o	 �he	 vi����e	 �eve�op�e��	 �sso�i��io�	 i���u�i��	 �he	
Bale	�ho	is	��so	�he	�hief	of	�he	vi����e.	Af�er	�he	h�rves���	�he	�i�r���s	p�y	�	subs����i��	re��	
for land use. Over a period of five years, the rent in Boubouhou had been increased from F CFA 
2000	�o	10��000	per	he���re	per	ye�r	���i�s�	��	i��re�se	fro�	F	CFA	2000	�o	6000	i�	Ouo�hi	
��re.	The	re����	�hi�h	�oes	�o�	�epe��	o�	�he	���u��	yie��	ob��i�e�	fro�	�he	������	h�s	�o	be	p�i���	
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o�her�ise	�he	�e����	is	evi��e�	fro�	�he	����.	The	�o�seque��es	of	�his	�re	overuse	(�o	�e�	�ore	
profit from the land) and, hence, land degradation. The terms of the contract do not allow the 
se���er	�o	p����	�rees.	P����i��	�rees	is	see�	�s	�	for�	of	����	�ppropri��io�.	Mos�	of	�he	se���ers	
h�ve	�heir	f�r�s	o�	�he	��r�i���	����	 ilè ignin	�hi�h	����o�	be	�roppe�	for	�ore	�h��	four	
ye�rs.	Whe�	i�	�o�es	�o	�e�ve	�he	����	f���o���	�he	����o��ers	p����	��she���	�hi�h	preve��s	�he	
se���er	�o	�o�e	b����	o�	�hese	����s.	As	�	resu����	�os�	of	�he	�i�r���s	of	Ouo�hi	��re	h�ve	�heir	
f�r�s	f�r	���y	(4	–	8	���	�is����e)	fro�	�he	vi����e.

Discussion

Farmer’s soil classification versus classification based on soil science criteria

Farmers’ criteria for soil classification are more user-oriented and based on the (potential) fertility 
���	 o�	 physi���	 proper�ies	 �h��	 �ffe��	 �or���bi�i�y.	 The	 �os�	 i�por����	 �o���	 �ri�eri�	 for	 soi�	
classification, as applied by farmers, are based on colour and texture. These criteria are similar to 
�ri�eri�	use�	e�se�here	i�	Wes���	Ce��r��	���	Sou�her�	Afri��	�s	observe�	by	De	S�ee�hui�se�	Pi�ers	
(1995)��	Mur�ir�	���	Mu����uri	(1998)	���	Ishi��	et al.	(2001).	Soi� �o�our provi�es qu��i���iveSoi�	�o�our	provi�es	qu��i���ive	
i�for���io�	�bou�	�o��e��.	The ��r��er �he soi�s�� �he �ore or���i� ����er �hey �o���i� ��� �he �oreThe	��r��er	�he	soi�s��	�he	�ore	or���i�	����er	�hey	�o���i�	���	�he	�ore	
fer�i�e	�hey	�re.	Li�h�-�o�oure�	(bro��ish)	soi�s	�o���i�	�ess	or���i�	����er	���	�re��	�herefore��	�ess	
fer�i�e.	Su�h	observ��io�s	���e	by	f�r�ers	�re	i�	��ree�e��	�i�h	resu��s	of	soi�	�he�i���	����ysis.	
L���	ev��u��io�	by	f�r�ers	is	�o�	o��y	re���e�	�o	�he�i���	soi�	fer�i�i�y	bu�	��so	�o	soi�	�ex�ure	
(physical aspects of soil fertility). Farmers define soil texture by the soil’s water-holding capacity, 
�hi�h	is	re���e�	�o	soi�	or���i�	����er	�o��e��.	I��ee���	soi�	ri�h	i�	or���i�	����er	h�s	hi�her	���er-
ho��i��	��p��i�y��	���	 �hus	h�s	be��er	 �ex�ur��	�h�r���eris�i�s.	The	per�ep�io�	of	 soi�	 �ex�ure	by	
f�r�ers	of	A���or�	���	S�vè	re�io�s	is	si�i��r.

From this study it has been learned that farmers are well aware of the beneficial effect 
of	e�r�h�or�s	i�	�he	�����e�e��	of	�he	��ro-e�osys�e�.	The	�bu�����e	of	e�r�h�or�	��s�s	is	
use�	�s	soi�	fer�i�i�y	i��i���or	i�	bo�h	re�io�s.	I�	f�����	e�r�h�or�s	posi�ive�y	�ffe��	soi�	fer�i�i�y	
by	 ��i���i�i��	 soi�	 s�ru��ure��	 by	 e�h���i��	 �he	 soi�	 �i�ro�e�	 �i�er��iz��io���	 ���	 by	 bri��i��	
b����	�o	�he	surf��e��	�hrou�h	�heir	��s�s��	�u�rie��s	�h��	�ou��	h�ve	o�her�ise	�e��he�	(He�ro�	���	
�russ��r���	1997).	A��s	���	�er�i�es	��y	��so	h�ve	�	posi�ive	effe��	o�	soi�	fer�i�i�y��	bu�	f�r�ers	�i�	
�o�	�e��io�	���s��	�here�s	�er�i�es	�ere	v��ue�	�e���ive�y	�s	�es�royers	of	�rops.

Farmers’ strategies for crop production and soil fertility maintenance

F�r�ers	of	bo�h	re�io�s	h�ve	�eve�ope�	���/or	i�heri�e�	�o�p�ex	f�r�i��	sys�e�s	�h��	h�ve	
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he�pe�	�he�	�o	�ee�	�heir	subsis�e��e	�ee�s.	For	i�s����e��	f�r�i��	sys�e�s	i�	�hi�h	��i���	
manure is used have allowed the farmers to improve resource use efficiency. Farmers in 
�he	A���or�	 re�io�	�r�ue	 �h��	 ��i���	���ure	�o�bi�e�	�i�h	 i�or���i�	 fer�i�izer	 is	 �he	�os�	
effe��ive	��y	of	��i���i�i��	soi�	fer�i�i�y	���	i�provi��	yie��.	Su�h	�	s�r��e�y	is	of�e�	����e�	
i��e�r��e�	p����	�u�rie��	�����e�e��	(J��sse���	1993).

The	ex�e�sive	��ss�v�	�roppi��	sys�e���	�hi�h	is	���i�e�	by	f�r�ers	i�	S�vè	re�io�	�s	�	
system that regenerates soil fertility, also has a financial risk minimization function. Harvesting 
is flexible in time, i.e.��	roo�s	�re	h�rves�e�	�he�	�here	is	�	�ee�	for	��sh��	�e�vi��	�he	��ss�v�	
for about 18–24 months in the field. Farmers attribute soil improvement by extensive cassava 
�roppi��	�o	�he	�bi�i�y	of	�he	��ss�v�	�o	for�	�	�e�se	���opy	�h��	pro�e��s	�he	soi�	fro�	�he	
i�p���	of	�he	so��r	r��i��io�	���	r�i�.	I�s	hi�h	�i��er	pro�u��io�	(espe�i���y	if	�he	�i��er	is	ri�h	
i�	N��	P	or	K)��	�he�	�e�o�posi��	�o�e�her	�i�h	�he	roo�s	�ef�	u�h�rves�e���	�o��ribu�es	�o	�he	
re�e�er��io�	of	soi�	fer�i�i�y.	This	phe�o�e�o�	is	�o�	�e��	u��ers�oo���	be��use	�o�ve��io���	
s�ie��e	�o�si�ers	�h��	��ss�v�	�	�u�rie��-�ep�e�i��	�rop	(Si�ves�re��	1987;	Si�o�pu�	et al.��	1992)	
�he�	h�rves�e�	�f�er	6-9	�o��hs.	So	i�	is	i�por����	�o	�es���	�o�e�her	�i�h	f�r�ers��	�he	v��i�i�y	
of	�heir	���i�.	Su�h	�es�s	shou��	i���u�e	s�u�ies	�bou�	�he	ro�e	of	�iffere��	��ss�v�	�u��iv�rs��	�he	
����i�u�e	of	�he	effe����	���	�he	possib�e	�e�h��is�s	i�vo�ve�.	Ex�e�sive	�roppi��	��y	�e��	
�o�er	�u�rie��	ex�r���io�.	C�ss�v�	roo�i��	p���er�s	���/or	�y�orrhiz��	�sso�i��io�	��y	�e��	�o	
e�h���e�	phosphorus-�v�i��bi�i�y��	���	�	f�vour�b�e	�i�ro��i���e	��y	i��re�ses	soi�	bio�o�i���	
activity. The system should be part of further scientific investigations to test which cassava 
landraces have this beneficial effect and on what types of soils.

Li��e	���	�e�bers	of	 �he	Cu�urbi���e�e��	�reepi��	e�usi	�e�o�	�u��iv�rs	�ro��	 i�	 �he	
S�vè	 re�io�	 pro�u�e	 �	 �o�	 of	 bio��ss	 �h��	 �overs	 ���	 pro�e��s	 �he	 soi�	 ���i�s�	 �he	 �e���ive	
effe��	 of	 so��r	 r��i��io�	 ���	 ru�off.	 As	 �i�h	 ex�e�sive	 ��ss�v�	 �roppi����	 �he	 f�vour�b�e	
�i�ro��i���e	��y	s�i�u���e	soi�	 f�u��	���ivi�y��	espe�i���y	of	e�r�h�or�s.	 If	soi�	�ois�ure	 is	
�o�	 �i�i�i��	e�usi	 �e�ves	�e�o�pose	r�pi��y	���	 i�prove	soi�	 fer�i�i�y.	The	po�e��i��	 ro�e	of	
e�usi	�e�o�	 i�	e�h���i��	soi�	 fer�i�i�y	h�s	�ever	bee�	 i�ves�i���e�	by	�o�ve��io���	s�ie��e.	
Fur�her	 i�ves�i���io�s	 �re	�ee�e�	 �o	 �es�	�hi�h	e�usi	 ����r��es	��y	 re�e�er��e	 soi�	 fer�i�i�y	
efficiently. Such research should explicitly include earthworms. Farmers associate the presence 
of	e�r�h�or�s	�i�h	fer�i�e	soi�s��	�hi�e	��	�he	s��e	�i�e	over�oo��i��	�	possib�e	��us��	ro�e	of	
e�r�h�or�s	i�	�he	��i��e����e	of	soi�	fer�i�i�y.	

The	�iffere��es	i�	soi�	fer�i�i�y	�����e�e��	s�r��e�ies	r����i��	be��ee�	�he	vi����es	���	
re�io�s	�re	��r�e.	This	��y	be	�ue	�o	�iffere��es	i�	pressure	o�	f�r�����s��	e�h�i�	�iffere��es��	
�u��ur��	 �iffere��es��	 �iffere��es	 i�	 soi�	 qu��i�y��	 i�	 r�i�f���	 or	 i�	 ��ro�o�i�	 pr���i�es.	 For	
ex��p�e��	 �he	 ��ro-��i���i�	 �o��i�io�s	 i�	 �he	A���or�	 re�io�	 �o	 �o�	 ���o�	 �he	 �u��iv��io�	 of	
��ss�v�	 ���	 e�usi��	 ���	 �he	 soi�s	 i�	 �he	S�vè	 re�io�	 �re	 r��her	 fer�i�e.	The	�iffere��e	 i�	 soi�	
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fertility management strategies between the Atacora and Savè region reflects the differential 
�ee�s	 for	 soi�	 fer�i�i�y	 �����e�e����	 �he	 �iffere��	 �v�i��bi�i�ies	 of	 ��i���s	 espe�i���y	 oxe���	
resour�e	 �v�i��bi�i�y��	 ���	 �r��i�io�.	These	 �iffere��es	 �e��	 �o	 �iffere��es	 i�	 pressure	 o�	 �he	
����	���	�o	�iffere��	so�u�io�s.	A�	�	hi�her	�eve���	ho�ever��	�hese	so�u�io�s	�re	i��er�o��e��e���	
�s	e�i�r��io�	 fro�	A���or�	 re�ieves	 �o���	pressure	bu�	 i��re�ses	pressure	o�	 �he	 ����	 i�	 �he	
S�vè	re�io�.	So�u�io�s	i�	S�vè	�hrou�h	�e�ure	�rr���e�e��s	��y	�e��	�o	�iffere��	op�io�s	for	
�i�r���s��	���	you��	�i�r���s	�o�e	�s	se�so���	��bourers	fro�	A���or�	�o	S�vè��	�here�s	�he	
money earned with their labour flows from Savè to Atacora.

Land tenure arrangements: a prisoner’s dilemma?

It is not easy to find a neutral language for describing the effects of land tenure arrangements on 
soi�	fer�i�i�y	�����e�e��.	Are	�����or�s	‘for�i��’	�he	i��i�r���	se���ers	�o	�i�e	�he	soi�s?	Are	
migrants trying to maximize ‘immediate profit’ while disregarding long-term sustainability? Or 
is	�he	i��re�si��	�o�e��riz��io�	of	��ri�u��ure	�e��i��	�o	�	si�u��io�	�h��	���	bes�	be	�es�ribe�	�s	
prisoner’s dilemma, where both parties act rationally in the short run, even if the final outcome 
is	soi�	�e�r����io�?	I�	his	�r�i��e	‘The	�r��e�y	of	�he	�o��o�s’	H�r�i�	(1968)	hi�h�i�h�e�	�he	
i�por����e	of	priso�er’s	�i�e���	i�	����	�����e�e��.	 	H�r�i�	refers	�o	�	si�i��r	si�u��io���	
i.e., individuals maximizing their own short-term benefit even at the expense of the long-term 
�o��o�	�oo�.	Ho�ever��	 �his	 �r��e�y	o��y	o��urs	u��er	�	�u�ber	of	�ssu�p�io�s	 �h��	��y	
�o�	per��i�	i�	our	��se.	H�r�i�’s	�r��e�y	of	�he	�o��o�s’	�ssu�es	��	��o�is�i�	so�ie�y��	�here	
���	i��ivi�u��s	p��y	sy��e�ri���	s�r��e�ies��	���	�here	�here	�re	�o	i�s�i�u�io�s	�o	re�u���e	�o-
operation and conflict. Under these conditions Hardin’s solution, i.e.��	priv��e	proper�y	of	�he	
������	��y	be	�he	o��y	so�u�io�.	I�	��ses	�here	�here	�re	i�s�i�u�io�s	�i��e	�e�ure	�rr���e�e��s��	
eve�	 if	 �hese	 i�s�i�u�io�s	 �re	 �e���	 or	 �sy��e�ri�����	 �	 ��r�er	 r���e	 of	 so�u�io�s	 is	 possib�e.	
�u�	 i�	 is	 i�por����	 �o	 e�ph�size	 �h��	 ��here��s	 of	 �he	 �eo-�oserupi��	 vie�	 �h��	 i��re�se�	
popu���io�s	���	��so	i�prove	�he	fer�i�i�y	of	 �he	������	�e��io�	�he	i�por����e	of	se�uri�y	 i�	
�e�ure	 �rr���e�e��s	 �s	 �	 �e�ess�ry	 �o��i�io�s	 (Tiffe�	 ���	 Mor�i�ore��	 1994	 ;	 F�irhe��	 ���	
Le��h��	1995).	

I�	�he	S�vè	re�io���	�here	is	�	b�si�	�sy��e�ry	be��use	of	proper�y	ri�h�s	o�	�he	������	so	
po�er	re���io�s	e��er	�he	i��er���io�.	The	bes�	��y	ou�	of	�he	priso�er’s	�i�e���	is	�hrou�h	�he	
bui��-up	of	�u�u��	�rus�.	So	i�	is	i�por����	�o	u��ers����	�he	f���ors	e�h���e	or	�i�i�ish	�u�u��	
�rus�	(see	A��ei-Nsi�h	et al.��	2004).	�o�h	p�r�ies	�re	��so	he�ero�e�eous	���	e��h	��y	h�ve	�	
variety of potentially conflicting interests. Seasonal migrants may be different from migrants 
who finally settle in the village and return only once a year to their original village to participate 
i�	�he	���u��	ri�u��s.	O��er	�����or�s	�i�h	sh�re-�roppi��	�rr���e�e��s	��y	be	�iffere��	fro�	
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their younger fellows who prefer financial arrangements. And finally, there is a socio-economic 
�y���is���	 �here	 �o�e��riz��io�	 of	 ��ri�u��ure	 is	 of	 i��re�si��	 i�por����e:	 �h���es	 fro�	
subsis�e��e	��ri�u��ure	�o	��sh-�rop	��ri�u��ure��	exp���i��	��r��e�s	�ue	�o	be��er	�r��spor���io�	
f��i�i�ies��	���	he��e	�i�i�ishe�	�o��ro�	by	pro�u�ers	over	pri�es	��	�o���	��r��e�s.

�o�h	 �iversi�y	 ���	 �y���is�	 �ffe��	 �he	 sp��e	 �h��	 is	 �v�i��b�e	 for	 experi�e����io�	
��o��	f�r�ers	���	f�r�er	�roups	for	���er���ive	�rr���e�e��s.	Do	����-for-��bour	�r��s���io�s	
(share cropping) enhance mutual trust more efficiently than land-for-money transactions? If 
so, does the change in arrangements reflect a loss of trust? But is it possible to go back to the 
o��er	�rr���e�e��s	or	�re	�hese	irre�riev�b�y	�os�?	Does	peop�e’s	�i��i���ess	�o	e����e	i�	�ove�	
�rr���e�e��s	�e���e�	�heir	posi�io�	�i�hi�	�heir	�roup?	Shou��	su�h	��ree�e��s	�herefore	be	
h����e�	�o��e��ive�y	o�	�	�o��u�i�y	p���for�	or	shou��	sp��e	for	�e�o�i��io�	be	sou�h�	��o��	
i��ivi�u��	vi����ers	�i�hou�	�he	ris��	of	�roup	pressure?	G��e	�heory	su��es�s	�h��	i��re�ses	i�	
�roup	size	re�u�e	�he	�i��e�ihoo�	of	����i��	s��b�e	�rr���e�e��s��	�s	f�i�ure	�o	�o�p�y	�i�h	�he	
negotiated arrangements could take place both between and within groups. And finally, to what 
extent is the situation in Savè region context-specific and to what extent are global processes 
important? Considering similarities between conflicts about tenure arrangements in this study 
���	i�	�he	s�u�y	i�	Gh���	(A��ei-Nsi�h	et al.��	2004)��	�his	ques�io�	is	re�ev���	�s	�e��.

Where�s	 �he	�i���os�i�	 s�u�y	 i�se�f	h�s	�o�	provi�e�	��s�ers	 �o	 �hese	ques�io�s��	 �he	
s�u�y	�i�	sho�	ho�	�u�h	soi�	fer�i�i�y	issues	�re	e�be��e�	i�	�e�ure	�rr���e�e��s��	���	ho�	
�hese	�re	e�be��e�	i�	�	vi����e	or	�or��	of	po�er	���	�rus�.	The	�i���os�i�	s�u�y	h�s	��	�e�s�	
clarified that a rough approach, which attributes ‘guilt’ to immigrant settlers or landlords and 
for	�hi�h	�	�o��u�i�y-�i�e	p���for�	provi�es	�he	o��y	��y	ou�	of	�his	�i�e�����	ru�s	�	ris��	
of	f�i�ure.	I�	is	��e�r	�h��	experi�e��s	i�	�he	so�i��	�o��i�	of	�e�ure	�rr���e�e��s	h�ve	�o	be	��	
i�por����	e�e�e��	of	�he	�ex�	rese�r�h	ph�se.

Reflections on the diagnostic study as an entry point for understanding farmers’ practices 
and attitudes towards sustainable soil fertility management

Wh��	 �iffere��e	 �oes	 �his	 �i���os�i�	 s�u�y	 ����e?	 Does	 �	 �i���os�i�	 s�u�y	 h�ve	 �o	 s��r�	 by	
�ssessi��	���	of	�he	vi����e	prob�e�s	or	f�r�i��	�o�s�r�i��s	�hi�e	���o�i��	�h��	�o�	���	of	�hese	
�ou��	be	s�u�ie�	or	reso�ve�?	This	ques�io�	r�ises	�he	prob�e�	of	b�����rou��	���o��e��e	���	
�is�ip�i��ry	spe�i��iz��io�	�ee�e�	for	�	�i���os�i�	s�u�y.	Ho�ever��	�	�i���os�i�	s�u�y	shou��	
����e	�hese	i�p�i�i�	�o�si�er��io�s	exp�i�i�.	I�	re�rospe����	i�	is	��e�r	�h��	�he	�i���os�i�	s�u�y	
�e�	�o	�h���es.	T���ib�e	resu��s	of	�his	�ppro��h	�ere	(1)	�he	��y	vi����es	�ere	se�e��e���	(2)	
�he	s�r��e�ies	�h��	�ere	��op�e�	�o	i�vo�ve	f�r�ers	i�	�he	rese�r�h	pro�ess��	(3)	�he	i��er���io�s	
between farmers and scientists and the ways farmers challenged us to accept their findings, 
(4)	�he	��ree�e��	�h��	���e	up	for	�he	�o��i�u��io�	of	�he	s�u�y��	���	(5)	�he	i�p�i���io�s	of	



Sustainable soil fertility management 

35

the results of this diagnostic study to fine-tune the final research proposal. More importantly, 
the diagnostic study has led to the identification of new research areas that were not taken 
i��o	���ou��	i�	��	e�r�ier	ph�se.	Wi�hou�	i�	�e	�ou��	h�ve	�isse�	f�r�ers’	���o��e��e	�bou�	
�he	 i�por����e	 of	 e�r�h�or�	 ���ivi�y	 ���	 of	 �i��er	 �e�o�posi�io�	 re���e�	 �o	 soi�	 fer�i�i�y	
re�e�er��io�.	We	�ou��	��so	h�ve	over�oo��e�	�he	�o��e��io�s	be��ee�	����o��ers	���	se���ers��	
����	�e�ure	�rr���e�e��s	���	soi�	fer�i�i�y	�����e�e��.

Fif�ee�	vi����es	�ere	visi�e�	�s	p�r�	of	�he	�i���os�i�	s�u�y��	bu�	o��y	seve�	�ere	se�e��e�	
for	�he	i�-�ep�h	s�u�y	���	�hree	for	�he	�o��i�u��io�	of	�he	rese�r�h	pro�r���e.	S��r�i��	�i�h	
�	��r�er	�u�ber	of	vi����es	���	subseque���y	zoo�i��	i�	��ve	�he	oppor�u�i�y	�o	h�ve	�	�i�e	
overvie���	�hi�h	��y	�o�	h�ve	o��urre�	h��	�he	�i���os�i�	s�u�y	bee�	��rrie�	ou�	i�	o�e	vi����e	
only. How representative are the seven villages that were finally selected for the in-depth 
s�u�y?	A�	�his	s���e	�e	���	o��y	s���e	�h��	�ere	�hese	vi����es	�h��	sho�e�	�os�	i��eres�	i�	�he	
pro�e��.

The	 �i���os�i�	 s�u�y	 h�s	 �e�	 �o	 �	 fr��e�or��	 for	 ��	 effe��ive	 i��er���ive	 rese�r�h	
�ppro��h	(Fi�.	1)	o�	soi�	fer�i�i�y	�����e�e��.	This	�ppro��h	is	��	���er���ive	�o	�he	�op-�o��	
�ppro��h	�h��	h�s	of�e�	�e�	�o	f�i�ure	of	i��ro�u�e�	soi�	fer�i�i�y	�����e�e��	i��ov��io�s.	I�s�e��	
of	��op�i��	ex�er����y	�esi��e�	�e�h�o�o�ies��	our	�ppro��h	i��e��s	�o	e�h���e	�	�oi��	�e�r�i��	
pro�ess	�here	�e	 �e�r�	fro�	�he	f�r�ers	���	 i�	re�ur�	f�r�ers	 �e�r�	fro�	us.	�o�h	f�r�ers	
���	rese�r�hers	h�ve	�he	�h���e	�o	�h���e��e	e��h	o�her	i�	or�er	�o	�eve�op	i��ov��io�s	�h��	
�re	effe��ive	fro�	�	�e�h�i���	poi��	of	vie�	���	�h��	��so	�re	so�i���y	���	�u��ur���y	���ep��b�e.	
The	rese�r�h	��e���	for	�he	subseque��	ph�se	of	experi�e����io�	is	�he�	‘�e�o�i��e�’	�i�h	�he	
f�r�ers.	

The main issue raised in this diagnostic study was how to find a common framework in 
�hi�h	f�r�ers’	per�ep�io�	�o�ver�es	�i�h	�heories	of	�o�ve��io���	s�ie��e	�bou�	�he	ex�e�sive	
��ss�v�	���	e�usi	�e�o�	�roppi��	sys�e�s.	I�	or�er	�o	�es�	�he	v��i�i�y	of	f�r�ers’	���i�s��	�e	
��ree�	 �o	 i�ves�i���e	 �he	po�e��i��	of	ex�e�sive	e�usi	�e�o�	���	��ss�v�	�rop	 ro���io�s	�s	�	
�e��s	�o	res�ore	soi�	fer�i�i�y	���	��i���i�	��equ��e	�rop	yie��s.	For	�he	�oi��	�e�r�i��	pro�ess��	
�e	ex�h���e�	���o��e��e	�bou�	sy�bio�i�	re���io�ships	be��ee�	p����	���	�i�ro-or���is�s��	
espe�i���y	�y�orrhiz��	�sso�i��io�s	�i�h	��ss�v�	roo�s	�h��	i�prove	�u�rie��	���	���er	up����e��	
and rhizobia (nitrogen-fixing bacteria) that form nodules on legume roots. Fresh groundnut roots 
and fine cassava roots were shown during a group meeting. Specific emphasis was placed on 
�he	���ive	roo�	�o�u�es	�h��	�he�	severe�	exhibi�	�	re�	�o�our	�i��e	b�oo�.	F�r�ers	�ere	�i��i��	
(and curious) to have a specific study on mycorrhizal relationships of cassava, which could 
i�prove	�he	supp�y	of	phosphorus	–	�	���or	�i�i�i��	�u�rie��	-	�o	�he	subseque��	��ize	�rop.	
Furthermore, farmers will become owners of the research findings. Evidently, such an approach 
is	�os��y	i�	�er�s	of	�i�e	���	requires	�h��	�he	rese�r�h	�e��	s��y	�s	��ose	�s	possib�e	�o	�he	
f�r�ers’	�o��u�i�y.	This	is	eve�	�ore	i�por����	i�	vie�	of	�he	�ee�	�o	e����e	i�	�is�ussio�s	
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���	experi�e��s	�i�h	���er���ive	�e�ure	�rr���e�e��s.
The	�ex�	s�ep	e�visio�e�	�o�sis�s	i�	�he	�esi��	of	�	�o��u�i�y	b�se�	rese�r�h	�o��i��ee	

i���u�i��	f�r�er	i��ov��ors.	Su�h	�	rese�r�h	�o��i��ee	�i��	be	b�se�	o�	f�r�ers’	free	�hoi�e	
i�p�yi��	 �h��	 f�r�ers	 i��eres�e�	 i�	 �he	 rese�r�h	 ���ivi�ies	 ��y	 �e�iber��e�y	 �oi�	 �he	 �roup.	
This	 s�r��e�y��	�hi�h	 �voi�s	�is�ri�i���io�	��o��	vi����ers��	 u��oub�e��y	��y	prese��	 so�e	
�is��v�����es	�i�h	�	��r�e	�roup.	So	f�r�ers	�i��	be	i�vo�ve�	i�	�he	rese�r�h	pro�ess	�o	��hieve	
�	be��er	�isse�i���io�	of	�e�h�o�o�y.	I�	su�h	�	�o��i��ee	�he	�o��ep�	of	�e�o�r��iz��io�	of	
s�ie��e	���	be	����e�	serious�y	�he�	f�r�ers	���	rese�r�hers	e����e	i�	rese�r�h	�is�ussio�s	
o�	��	equ��	b�sis.	Su�h	�	sys�e�	usi��	��	i��er���ive	�ppro��h	�i�s	�o	bui��	�o���	��p��i�y.	I�	
�his	 rese�r�h	pro�ess��	���o��e��e	 is	�e�er��e�	 �hrou�h	bui��i��	o�	 f�r�ers’	experie��es	���	
�hrou�h	�e�r�i��	by	�oi��.	The	f�r�ers	�re	�ove�	���	�ove	�he�se�ves	�o��r�s	�he	�e��re	
of	�he	rese�r�h	pro�ess.	Ho�ever��	�s	i��i���e�	�bove��	�ei�her	�he	s�ie��is�s	�re	��r�i���ize�	i�	
�h��	pro�ess.	

The	p�r�i�ip��io�	 �eve�	 (16	 -	79	p�r�i�ip���s	 �s	 sho��	 i�	T�b�e	2)	 i�	 �he	�o��u�i�y	
�ee�i��s��	 �he	 �ive�i�ess	 of	 �he	 �eb��e	 ���	 �he	 ��y	 �h��	 f�r�ers	 �efe��e�	 �heir	 ���i�s	 �re	
i��i���ors	of	�heir	i��eres�	i�	�he	�e�	�ppro��h	experi�e��e�.	This	h�s	bee�	f��i�i���e�	by	�he	
��y	 �he	 rese�r�her	��s	 	 i��ro�u�e�	 i�	 �he	�o��u�i�y	by	 �he	 �o���	ex�e�sio�	��e����	viz.��	 �s	
s�u�e��	�o�i��	�o	�e�r�i��	fro�	�he�.	

In the specific context of land tenure, we may start with a joint understanding that present 
�rr���e�e��s	�re	u�f�vour�b�e	for	�he	se���ers	���	��so	u�f�vour�b�e	for	�he	ori�i���	i�h�bi����s��	
be��use	����	resour�es	�re	�e�r��i��.	There	is	�	�ee�	�o	exp�ore	possibi�i�ies	of	�re��i��	�e�	
�e�ure	 �rr���e�e��s	 be��ee�	 ����o��ers	 ���	 se���ers.	 I�	 is	 ��	 ope�	 ques�io�	 �he�her	 su�h	
�rr���e�e��s	 shou��	 be	 �is�usse�	 ���	 �e�o�i��e�	 ��o��	 i��ivi�u��s	 or	 �i�hi�	 �o��u�i�y-
�i�e	p���for�s.	The	�ri�i���	issues	�h��	�ffe��	sus��i��b�e	����	resour�es	�����e�e��	�us�	be	
���here�.	Tes�i��	���er���ive	�e�ure	�rr���e�e��s	��y	u��i���e�y	be	�s	 i�por����	�s	�ire���y	
�es�i��	���er���ive	soi�	fer�i�i�y	�����e�e��	s�r��e�ies.	

Conclusions

F�r�ers	 h�ve	 i�si�h�s	 ���	 ���p�ive	 s��i��s	 �h��	 �re	 b�se�	 o�	 ye�rs	 of	 experie��e.	This	 bo�y	
of	 ���o��e��e	 ���	 �e�r�i��	 ��p�bi�i�y	 h�s	 of�e�	 bee�	 ���u�u���e�	 ���	 �o��u�i���e�	 over	
generations. In the Atacora and Savè regions of Benin, soil names used by farmers reflect soil 
�o�our��	�ex�ure��	�o�rse�ess��	���	hy�ro�o�i���	qu��i�ies	or	soi�	�or���bi�i�y.	The	��i�	purpose	of	
the indigenous soil classification is to indicate farmers the type of soil management required. 
Mos��y��	soi�	fer�i�i�y	ev��u��io�	by	f�r�ers	��ve	si�i��r	resu��s	�s	soi�	�he�i���	����ysis.

Soi�	�e�r����io�	 is	o�e	of	 �he	���or	prob�e�s	f��i��	 f�r�ers	 i�	 �he	 re�io�s	s�u�ie�.	
They	�ope	�i�h	soi�	fer�i�i�y	�e�r����io�	by	�eve�opi��	���er���ive	s�r��e�ies	�h��	i���u�e	�he	
use	 of	 or���i�	 resi�ues��	 i�or���i�	 fer�i�izer��	 �rop	 ro���io���	 ���	 ex�e�sive	 ��ss�v�	 ���	 e�usi	
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�e�o�	(Citrullus spp.	��� Lagenaria	spp.)	�roppi��	sys�e�s.	These	��o	�roppi��	sys�e�s	�re	
�o�	�e��	u��ers�oo���	be��use	�o�ve��io���	s�ie��e	�o�si�ers	�h��	��ss�v�	�o��ribu�es	s�ro���y	
�o	�u�rie��	�ep�e�io�	�hi�e	e�usi	�e�o�	h�s	�ever	bee�	ob�e��	of	rese�r�h.	Their	�o��ribu�io�	
in soil fertility regeneration should be part of further scientific investigations, involving all 
s����eho��ers	i�	�he	rese�r�h	pro�ess.

Drive�	by	 ����	�e�r����io�	e�se�here��	 f�r�ers	 fro�	A���or�	���	 �he	 sou�her�	 re�io�s	
of	 �e�i�	 �i�r��e	 �o	 S�vè	 re�io�.	 L���o��ers	 �h�r�e	 �he	 �i�r���s	 re��	 for	 ����	 use	 ���	 �s	 �	
�o�seque��e	�hese	�i�r���s	�o	�o�	i�ves�	i�	�o��-�er�	soi�	fer�i�i�y	�����e�e��	pr���i�es.	The	
s�u�y	h�s	sho��	ho�	�u�h	soi�	fer�i�i�y	issues	�re	e�be��e�	i�	�e�ure	�rr���e�e��s��	���	ho�	
�hese	�re	e�be��e�	i�	�	vi����e	or	�or��	of	po�er	���	�rus�.	The	es��b�ish�e��	of	�	p���for�	for	
�e�o�i��io�	��o��	�he	s����eho��ers	��y	�o�e	up	�i�h	sus��i��b�e	����	�e�ure	�rr���e�e��s	�h��	
����e	i��o	���ou��	�he	i��eres�s	of	bo�h	�he	����o��ers	���	�he	�i�r���	se���ers.	I�	��y	e��our��e	
�he	�i�r���s	�o	i�ves�	i�	�o��-�er�	soi�	fer�i�i�y	�����e�e��.
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Abstract

F�r�ers’	per�ep�io�s	�bou�	e�r�h�or�	���ivi�ies	�ere	s�u�ie�	i�	��o	vi����es	i�	�he	�r��si�io���	
zo�e	of	�e�i�.	Ouo�hi	Ce��r��	is	i�h�bi�e�	by	T�h�bè	(Yorub�	sub�roup)	���	�hey	usu���y	o��	
������	�hi�e	Ouo�hi	G�re	is	i�h�bi�e�	by	�i�r���s	fro�	A���or�	���	�he	sou�h��	�ho	��i��y	�e�se	
����	fro�	�he	ori�i���	 ����o��ers.	T�o	experi�e��s	 i�vo�vi��	f�r�ers	 i�	ex�e�sive	��ss�v�	
�u��iv��io�	(v�rie�ies	o�o��bo��	�ou���é	���	�e�	86052)	���	i�	e�usi	�e�o�	(v�rie�ies	b����	u�b�	
���	Cô�e	�’Ivoire)��	�o�pe�	���	��ize	�u��iv��io�	�ere	�esi��e�	�o	ope�	�	p��h	be��ee�	f�r�er	
interpretations based on signs and scientific explanations of earthworm casting activities. The 
rese�r�h	 fur�her�ore	 i���u�e�	 �roup	 �is�ussio�s	 (�	 s����eho��er	 �e�r�i��-�roup	 foru�)	 ���	
�	 survey	�here	91	 i��ivi�u��	 f�r�ers	�ere	 i��ervie�e�	usi��	��	ope�-e��e�	ques�io���ire.	
A��os�	���	f�r�ers	�ere	���re	of	e�r�h�or�s��	���e�	�o����y	idjèlè	(soi�	e��er).	N��ives	���	
migrants were equally knowledgeable, but there were significant gender differences in terms of 
per�ep�io�	o�	e�r�h�or�s.	The	prese��e	of	e�r�h�or�	��s�s	is	use�	by	f�r�ers	�s	��	i��i���or	
for	soi�	he���h.	F�r�ers	i��erpre�e�	��s�s	�o	be	�	��i��	of	vi���i�	(ora	/	udja)	i��i���i��	�oo�	
�o��i�io�s	for	�rop	�u�ri�io�.	C�s�	�eposi�io�	��s	hi�hes�	(8-15	�	h�-1)	i�	�he	poores�	soi�	(��ss�v�	
fields) and lowest in the egusi fields (4-7 t ha-1). Within cassava fields casting was significantly 
hi�her	�i�h	v�rie�y	�e�	�h��	�i�h	o�o��bo	���	�ou���é.	No	�orre���io�	��s	fou��	be��ee�	soi�	
chemical properties and cast biomass. Casts showed significantly higher concentrations of total 
N��	�v�i��b�e	P��	���	ex�h���e�b�e	K+��	C�2+	���	M�2+	�h��	�he	�opsoi�.	F�r�er	i�vo�ve�e��	i�	
the research activity served to increase their interest in the beneficial effects of earthworms in 
re���io�	�o	�rop	���	soi�	fer�i�i�y	�����e�e��.

Keywords: E�r�h�or�	��s�s;	soi�	fer�i�i�y
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Introduction

U��i�	re�e���y��	�he	i�e�s	of	Afri���	f�r�ers	�bou�	soi�	fer�i�i�y	���	�rop	�����e�e��	h�ve	bee�	
u��eres�i���e�	by	s�ie��is�s��	e.�.��	�i�h	respe��	 �o	i��er�roppi��	�o	�i�i�ize	ris��s	(Ri�h�r�s��	
1985)��	soi�	���	���er	�o�serv��io�	�o	i�prove	�rop	pro�u��io�	(Rei�	et al.��	1996)��	or	�he	pre�isio�	
���	�e��i�s	�ive�	by	�o���	peop�e	�he�	���ssifyi��	�heir	soi�s	(�ir�i��h����	2003;	Ou����er	
���	M�r�i���	2003;	S�ï�ou	et al.��	2004).	This	���o��e��e	���	be	�o�si�ere�	�s	�ix�ure	of	be�iefs��	
supers�i�io�s	���	pr���i���	experie��e	(Or�iz	et al.��	1999).	I�	is	�o�	����ys	��e�r	�he�her	�o���	
i�e�s	 �bou�	 soi�-�rop	 i��er���io�s	 shou��	 be	 re��r�e�	 �s	 be�iefs��	 ���	 �re��e�	 i��erpre���ive�y	
(�u�h	�s��	s�y��	���hropo�o�is�s	�re��	�i��h�r�f�	be�iefs)	or	�he�her	�hey	�re	�o	be	u��ers�oo�	�s	
e�piri����y-b�se�	exp�����ory	u��ers����i��s	�o�p�r�b�e	�i�h	���ou��s	offere�	by	s�ie��e.	
O�e	�ppro��h	is	�o	pi���	���	�hoose��	e�ph�sizi��	�he	bi�s	of	�o���	���o��e��e	�o�p��ib�e	�i�h	
s�ie��e��	���	i��ori��	�he	res�	(or	�re��i��	i�	�s	prob�e���i�	supers�i�io�).

A different recent trend is to find ways of usefully linking interpretative and explanatory 
�ppro��hes.	Me�ho�o�o�i����y��	�his	requires	bo�h	�	sou��	re��eri��	of	�o���	���o��e��e	(�h��	
is	�he	���o��e��e	or	be�ief��	���	ho�	is	i�	�is�ribu�e�	�i�hi�	�he	popu���io�?)	���	�	�e��s	�o	�i���	
�hese	�o���	i�e�s	�o	�	s�ie��e-b�se�	exp�����ory	fr��e�or��.	The	prese��	p�per	�ssesses	f�r�er	
per�ep�io�	�bou�	e�r�h�or�	���ivi�y	�s	�	f���or	i�	soi�	fer�i�i�y.	We	�i��	sho�	�h��	f�r�ers	h�ve	
�i�espre��	���o��e��e	of	e�r�h�or�	���ivi�y��	���	�h��	�hey	�orre���y	re��r�	��s�s	�s	��	i��i���or	
of	soi�	fer�i�i�y.	�y	�esi��i��	����y�i���	i��erve��io�s	i�vo�vi��	f�r�er	p�r�i�ip��io�	�he	ex�e��	
to which this belief fits with science-based explanations can be assessed. Farmer interest is 
�hereby	e����e�	i�	�eve�opi��	e�h���e�	u��ers����i��	of	phe�o�e��	��re��y	re�o��ize�	i�	
�o���	�hou�h�.	A	p��h��y	is	ope�e�	for	f�r�ers	�o	�ppro��h	soi�	fer�i�i�y	phe�o�e��	�s	evi�e��e	
of	pro�esses	�o	be	�����e�.	A��re�ess	of	si��s	is	shif�e�	�o��r�s	���o��e��e	of	�e�h��is�s.

A	 �i���os�i�	 s�u�y	 ��rrie�	 ou�	 i�	 �he	 A���or�	 re�io�	 ���	 �he	 �r��si�io���	 zo�es	 of	
�e�i�	reve��e�	�	r���e	of	���er���ive	�o���	pr���i�es.	I�for����s	���i�e�	�h��	�hese	pr���i�es	
res�ore	soi�	fer�i�i�y	���	e�h���e	�rop	pro�u��io�	(S�ï�ou	et al.��	2004).	F�r�ers	su��es�e�	�h��	
ex�e�sive	��ss�v�	(Manihot esculenta)	or	e�usi	�e�o�	(Citrullus spp. ���	Lagenaria spp.)	i�	
�he	ro���io�	sys�e�	i�prove	�he	soi�	�he�	i�	h�s	be�o�e	�e�r��e�.	Ex�e�sive	��ss�v�	�roppi��	
is	���o��	i�	Fre��h	�s	jachère manioc��	�i�er���y	��ss�v�	f���o�.	S�ri���y	spe���i��	su�h	sys�e�s	
�re	�o�	f���o�s��	�s	�rops	�re	s�i��	�ro��	for	��	�e�s�	12	–	24	�o��hs��	bu�	�he	ex�e�sive	pr���i�e	
�e��s	�o	�	�u�h	s�o�er	�i�i��	of	�he	soi�	(Ho�e�er��	1991��	2002).	The	shrub-�i��e	��ss�v�	p����	
–	so�e	v�rie�ies	�ore	�h��	o�hers	–	pro�u�es	f�ir�y	�bu�����	�e�f	�i��er.	The	�r���i��	�u��iv�rs	
of	 e�usi	 �e�o�	 pro�u�e	 �	 hi�h	 ve�e���ive	 bio��ss	 �h��	 �overs	 �he	 soi�.	 F�r�ers	 �r�ue	 �h��	
u��er	ex�e�sive	��ss�v�	���	e�usi	�e�o���	soi�s	�re	be��er	pro�e��e�	���i�s�	so��r	r��i��io�.	As	
�	�o�seque��e��	�hese	soi�s	h�ve	�	�o�er	soi�	�e�per��ure	���	hi�her	re�e��io�	of	soi�	�ois�ure.	
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�o�h	f���ors	�e��	�o	pro�o�e	�he	bui��	up	of	e�r�h�or�	popu���io�s.	Ho�ever��	i�	is	�o�	��e�r	
�h��	f�r�ers	see	�his	�o��e��io�.	F�r�ers	per�eive	e�r�h�or�s	�s	��	i��i���or	of	soi�	fer�i�i�y��	
�o�	�s	or���is�s	�re��i��	or	��i���i�i��	soi�	fer�i�i�y	(Or�iz	et al.,	1999).

We	�re	f��e�	�i�h	�	�h���e��e	�o	s�i�u���e	�o���	�hou�h�	�o	�eve�op	�	�ore	pro�essu��	
���ou��	of	 �he	phe�o�e��	 i�	ques�io�.	A	s��r�i��	poi��	 is	 �o	���ress	�	�o��roversy	be��ee�	
f�r�ers	���	s�ie��is�s.	There	is	�pp�re���y	�	�is�rep���y	be��ee�	for���	rese�r�h��	�hi�h	h�s	
so�e�i�es	 ���i�e�	 �h��	 ��ss�v�	 �ep�e�es	 �he	 soi�	 (Si�ves�re��	 1987;	 IITA��	 1990;	 Si�o�pu�	 et 
al.��	1992)��	���	f�r�ers’	�o�io�s	 �h��	ex�e�sive	��ss�v�	�roppi��	���	��i���i�	or	res�ore	soi�	
fer�i�i�y	(Hi�vi��	1990;	S�ï�ou	et al.��	2004;	A��ei-Nsi�h	et al.��	2004).	This	�is�rep���y	offers	
�	fo�us	�rou��	�hi�h	�e	�i�h�	expe��	�o	e����e	bo�h	�he	i��eres�	of	f�r�ers	���	s�ie��is�s.	
Here	�e	�es�ribe	�or��	�i���i��	f�r�ers’	per�ep�io�s	�bou�	��ss�v�	���	e�usi	�e�o�	���	soi�	
fer�i�i�y	�o	����ysis	of	�he	po�e��i��	��us��	ro�es	of	e�r�h�or�s	(��s�i��	���ivi�y��	��s�	���	�opsoi�	
�u�rie��	�o��e��r��io���	���	��ou��s	of	�u�rie��s	�eposi�e�	i�	surf��e	��s�s).	The	s�u�y	is	b�se�	
o�	�he	fo��o�i��	four	ob�e��ives:	(1)	�o	u��ers����	f�r�ers’	be�iefs	���	per�ep�io�s	(�u��ur��	
acceptance) of earthworms, (2) to relate these beliefs and perceptions to scientific explanation, 
(3)	�o	se�	up	�oi��	experi�e��s	�o	serve	�s	�	��y	of	�i���i��	bo�h	for�s	of	���o��e��e��	���	(4)	�o	
use farmer engagement with the results of the field experiments as a route to develop their own 
i�prove�	soi�	���	�rop	�����e�e��	pr���i�es.	

We	hypo�hesize�	�h��:	(1)	�iffere��	so�i��	�roups	of	f�r�ers	(�i�r���s	versus	���ives��	
men versus women, older versus young men) might differ in their knowledge of beneficial 
effe��s	of	e�r�h�or�s	i�	�he	�iffere��	�roppi��	sys�e�s;	(2)	e�r�h�or�	���ivi�y	�ssesse�	�hrou�h	
surf��e	��s�	�eposi�io�	�ou��	be	hi�her	i�	�ore	fer�i�e	soi�s	���	u��er	�rop	�u��iv�rs	of	��ss�v�	
���	e�usi	�e�o�	�h��	be��er	pro�e��	�he	soi�;	(3)	�he	re���ive	i�por����e	of	e�r�h�or�	��s�s	�i��	

be	��r�er	i�	�ess	fer�i�e	soi�s.

Materials and Methods

 Study sites	
The study was carried out in farmers’ fields at Ouoghi Central and Ouoghi Gare villages (3 
���	�is����	fro�	e��h	o�her)	i�	�he	�r��si�io���	��ro-e�o�o�i���	zo�e	of	�e�i�.	Ouo�hi	Ce��r��	
is	i�h�bi�e�	by	i��i�e�ous	T�h�bè	peop�e	(Yorub�	sub�roup)	���	Ouo�hi	G�re	(�	se���e�e��	
�o���e�	��o��	�	�or�h-sou�h	r�i���y	�i�e)	by	�i�r���s	fro�	A���or�-Do���	���	Abo�ey	p���e�u	
(S�ï�ou	et al.��	2004��	2006).	The	�re�	 is	 �o���e�	�rou��	8°07’N	���	2°33’E	��	��	���i�u�e	of	
�bou�	200	�	�.s.�.	The	�re�	h�s	�	Gui�e�-Su��� ��i���e �i�h � u�i�o��� r�i�f��� p���er�. TheGui�e�-Su��� ��i���e �i�h � u�i�o��� r�i�f��� p���er�. The	��i���e	�i�h	�	u�i�o���	r�i�f���	p���er�.	The	
�ver��e	ye�r�y	r�i�f���	���	�e�per��ure	�re	1100	��	���	27.5°C��	respe��ive�y.	R�i�f���	��	�he	
si�e	��s�s	fro�	Apri�	�o	�i�-Nove�ber.	



Earthworm activities in extensive cassava and egusi melon cropping systems

43

The	soi�	is	esse��i���y	�o�i���e�	by	�ropi���	ferru�i�ous	soi�s	(Dubroeu�q��	1977)	fro�	
Precambrian crystalline rocks (granite and gneiss), classified as Ferric Lixisol (FAO, 1990). The 
surf��e	(0	-	20	��)	soi�	proper�ies	of	�he	e�usi	�e�o�	experi�e����	si�e	��	�he	be�i��i��	of	�he	
s�u�y	�re:	pH(C�C�2)	(4.9);	�o���	N	(0.5	�/���);	P-�r�y	1	(14.5	��/���);	ex�h���e�b�e	K+	(0.23	
��o�/���);	2%	���y��	7%	si��	���	87%	s���	�hi�h	�e��s	�o	�	s���y	�ex�ure.	Those	of	ex�e�sive	
cassava fields ranged: pH(CaCl2)	(5.6-5.8);	�o���	N	(0.7-0.9	�/���);	P-�r�y	1	(10.6-19.1	��/���);	
ex�h���e�b�e	K+	(0.18-0.22	��o�/���);	5-8%	���y��	5-6%	si��	���	86-90%	s���	�hi�h	�e��	��so	
�o	�	s���y	�ex�ure.

Survey approach
F�r�ers	�ere	fu��	p�r�i�ip���s	i�	�he	rese�r�h	r��her	�h��	��	ob�e��	of	s�u�y.	Af�er	�	�i���os�i�	
s�u�y	 (S�ï�ou	e�	��.��	2004)��	 s����eho��er	 �e�r�i��	�roups	of	 respe��ive�y	31	���	10	�e�bers	
i�	Ouo�hi	Ce��r��	���	Ouo�hi	G�re	�ere	for�e�	o�	�	vo�u���ry	b�sis	i�	Febru�ry	2003.	The	
�roup	��s	bui��	o�	�he	exis�i��	�o��o�	pro�u�er	�roup	(Groupe�e��	�es	Pro�u��eurs	�e	Co�o���	
GPC)	���	�he	�roup	��s	�o�pose�	by	you�h	���	e��ers	���	�he	�o���	ex�e�sio�	��e��	p��yi��	
the role of facilitator. It was difficult to involve the women because they felt uncomfortable 
�o	be	i�	�he	s��e	�roup	�i�h	�he	�e�	���	��so	be��use	of	he�vy	�or���o��.	These	s����eho��er	
�e�r�i��	�roups	serve�	�s	�	foru�	for	i��er���io�	���	���o��e��e	ex�h���e	be��ee�	f�r�ers	
���	be��ee�	 f�r�ers	 ���	 rese�r�hers.	Too�s	use�	 for	���o��e��e	ex�h���e	 i���u�e�	pho�os��	
�r�phs	���	�es�rip�io�s	of	bio�o�i���	pro�esses	(�u�rie��	�y��i��	�hrou�h	e�r�h�or�	��s�s)	i�	
e�osys�e�s.	The	purpose	of	for�i��	su�h	�	�roup	��s	�o	bui��	f�r�ers’	��p��i�y	���	s�re���he�	
their self-confidence. The groups were also important because they were treated as client 
stakeholder groups for better or more relevant agro-scientific research. 

I�	Nove�ber	2003��	�	for���	survey	�i�h	i��ivi�u��	f�r�ers	��s	��rrie�	ou�	usi��	��	
ope�-e��e�	ques�io���ire	i���u�i��	r����i��	exer�ises.	I�	or�er	�o	see	�he�her	�he	�roup	�o	�hi�h	
respo��e��s	be�o��e�	�ffe��e�	per�ep�io�s	���	be�iefs��	respo�ses	fro�	���ives	���	�i�r���s��	
���es	���	fe���es��	���	o��er	���	you��er	���e	f�r�ers	�ere	�re��e�	sep�r��e�y.	I�	�o�����	91	
perso�s	(51	���ives	���	40	�i�r���s)	�ere	i��ervie�e�.	They	�ere	se�e��e�	�i�h	�he	he�p	of	�he	
�o���	ex�e�sio�	��e��.	As	�i�h	�he	s����eho��er	�e�r�i��	�roups��	f�r�ers’	per�ep�io�s	of	�he	ro�e	
of earthworms, surface cast abundance and weight in the fields, and factors underlying their 
�bu�����e	�ere	�ssesse�.	F�r�ers	�ere	�s��e�	�o	r����	�iffere��	�rops	�i�h	re��r�	�o	e�r�h�or�	
�bu�����e.	Cri�eri�	use�	by	f�r�ers	�ere	��i��y	b�se�	o�	�he	�bi�i�y	of	�he	�iffere��	���opy	
�rops	�o	�over	�he	soi���	�o	�re��e	sh��e	���	�o	�o�serve	soi�	�ois�ure.

A	fee�b����	sessio�	be��ee�	�he	�e�r�i��	�roups	���	vi����ers	��s	or���ize�	i�	Febru�ry	
2004	�he�	����	�ere	�ssesse�	���	����yze�.	This	i��er���ive	se��io�	�i�h	f�r�ers	�i�e�	�o	�i���	
traditional knowledge/beliefs concerning earthworms with the results of the field experiment, 
and to provide possible explanations for divergence in perception/beliefs and field results.
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Field experiment
An experiment was set up in order to link farmers’ perceptions on earthworms with field results. 
E�r�h�or�	���ivi�y	��s	�ssesse�	by	�e�suri��	surf��e	��s�	pro�u��io�.	We	�i�	�o�	 i�e��ify	
earthworm species. Cassava fields were selected together with the stakeholder learning group 
�e�bers	i�	Febru�ry	2003	�f�er	��	exp�or��ory	�our	i�	bo�h	vi����es.	The	��i�	se�e��io�	�ri�eri�	
�ere:	f�r�ers’	���e�����e	��	�he	s����eho��ers	�e�r�i��	�roup	�ee�i��s��	prep�re��ess	of	e��h	
farmer not only to make a small portion of the field available for the establishment of the on-
f�r�	experi�e��	bu�	��so	�o	�����e	�he	f�r�s	�s	�e�ess�ry	���	�o	p�r�i�ip��e	i�	����	�o��e��io���	
si�i��ri�y	of	�he	����	(�ex�ure	���	�o�or)��	���	�he	�u��iv�rs	�ro��.	

The	��ss�v�	sys�e�	is	�u��i-���u��.	I�	�he	�re���	��ss�v�	is	�ro��	by	���ive	���	�i�r���	
f�r�ers	��	�he	e��	of	�he	ro���io�	i�	or�er	�o	���o�	�he	soi�	�o	re�e�er��e	i�s	ori�i���	fer�i�i�y.	
Three	��ss�v�	�u��iv�rs	�re	�ro��	i�	�he	�re�:	o�o��bo	(�	�o���	����r��e)��	�ou���é	(�	f�s�	�ro�i��	
�u��iv�r	i��ro�u�e�	fro�	Cô�e	�’Ivoire)��	���	�e�	86052	(��	i�prove�	���	hi�h	yie��i��	�u��iv�r	
i��ro�u�e�	by	rese�r�hers).	�e�	86052	h�s	�	�e�se	���opy	(�he	�e��	v��ue	of	���opy	�i��e�er	
is	1.2	�	i�	Ju�y	�he�	�he	��xi�u�	r�i�f���	 is	re�is�ere�)��	�hi�e	�ou���é	���	o�o��bo	h�ve	
�	r��her	ope�	���opy	(�he	�e��	v��ue	of	���opy	�i��e�er	is	0.7	�	for	bo�h	�u��iv�rs	i�	Ju�y).	
�e�	86052	��s	i��ro�u�e�	i�	�he	�re�	by	�	��ss�v�	pro�e��	fu��e�	by	�he	�e�i�	�over��e��.	
This	pro�e��	�i�e�	�o	i��re�se	��ss�v�	pro�u��io�	��	f�r�er	�eve�	by	i��ro�u�i��	hi�h	yie��i��	
�u��iv�rs��	 �o	 i�prove	��ss�v�	yie��	 i�	 f�r�er’s	 �o��i�io���	 �o	 i�prove	 �he	qu��i�y	of	 ��ss�v�	
products, to satisfy the national and international demands for cassava products, and finally, 
�o	 ���evi��e	 pover�y	 (MAEP��	 1999).	 The	 pro�e��	 re�o��e��e�	 �o	 f�r�ers	 �o	 �pp�y	 �i�er��	
fer�i�izer	(100	���	ure�	h�-1	ure���	100	���	�rip�e	superphosph��e	h�-1	���	200	���	po��ssiu�	su�f��e	
h�-1)	i�	or�er	�o	sus��i�	�he	pro�u��io�	���	�o	�ou��erb�����e	�he	�e���ive	�u�rie��	bu��e�.	The	
introduction of this new landrace did not take sufficiently into account whether it fitted local 
�o��i�io�s	���/or	��s	���ep��b�e	�o	f�r�ers.

The	 experi�e��	 ��s	 se�	 up	 i�	 �	 �o�p�e�e�y	 r���o�ize�	 b�o���	 �esi��	 �i�h	 ��ss�v�	
�u��iv�rs	�s	 �re���e��s.	For	e��h	��ss�v�	�u��iv�r��	six	f�r�ers	(�hree	���ives��	 �hree	�i�r���s)	
were selected. There were three replicates per farmer. Cassava fields were 6-18 months old. 
In each farmer’s field, plots of 30 m2	(6	�	x	5	�)	�ere	�e�i�i�e�	i�	�he	�e��er	�o	�voi�	e��e	
effe��s.	

The egusi melon system is annual. It is sown soon after the first rains. It has a cropping 
�y��e	of	3	�o	4	�o��hs.	The	�e�ves	�over	�he	soi�	2	�o��hs	�f�er	so�i��.	The	pre�e�i��	�rops	
�u��iv��e�	�re	��ize��	sor�hu���	�o��o�	or	�r�i�	�e�u�es	���	�he	subseque��	�rops	�re	��ize��	
��ss�v�	or	sor�hu�.	The	experi�e��	��s	��rrie�	ou�	���or�i��	 �o	�	�o�p�e�e�y	r���o�ize�	
block design with four replications and five treatments consisting of three egusi melon species 



Earthworm activities in extensive cassava and egusi melon cropping systems

45

���	 ��o	 fur�her	 �rops:	 Citrullus colocynthis	 (e�usi	 b��)��	 C. lanatus	 (e�usi	 Cô�e	 �’Ivoire)��	
Lagenaria siceraria	 (e�usi	u�b�)��	Vigna unguiculata	 (�o�pe�	�u��iv�r	T���)	 ���	Zea mays	
(maize cultivar TZB). The maize field was used for comparative purposes, while cowpea 
was used because by fixing atmospheric nitrogen it improves soil fertility, which could affect 
e�r�h�or�	���ivi�y.	F�r�ers	su��es�e�	�o	i���u�e	�o�pe�	���	��ize	i�	�he	�esi��	�s	p�r�	of	
the local crop management practices but the main concern here was the egusi melon fields. 
The	experi�e��	s��r�e�	i�	Apri�	2003	�he�	e�usi	b����	e�usi	Cô�e	�’Ivoire	���	�o�pe�	�ere	
so��	��	�	�e�si�y	of	62��500	p����s	h�-1	���	e�usi	u�b�	���	��ize	��	25��000	p����s	h�-1.	The	
��r�e	�iffere��e	i�	p����i��	�e�si�ies	be��ee�	e�usi	�e�o�	�u��iv�rs	is	��i��y	b�se�	o�	p����	
physio�o�y.	F�r�ers	s���e�	�h��	�he�	e�usi	u�b���	�hi�h	h�s	�u�h	bi��er	frui�s	�h��	�he	o�her	
e�usi	�e�o�s��	is	p����e�	��ose	�o�e�her��	i�	�e���ive�y	�ffe��s	yie��.

Measurement of earthworm surface casting
The	s����i��	��ss	of	e�r�h�or�	�r��u��r	(�ore	�o��o�)	���	�ubu��r	��s�s	�h��	h��	���u�u���e�	
��	 �he	 soi�	 surf��e	��s	 �ou��e�	 ���	 �o��e��e�	 i�	 four	 sub-p�o�s	 of	 0.25	 �2	 (0.5	 �	x	 0.5	 �)	
�e�i�i�e�	r���o��y	i�	e��h	p�o�	of	30	�2	of	��ss�v�	or	e�usi	�e�o�.	The	pro�u��io�	r��e	of	
��s�s	��s	es�i���e�	fro�	02	Ju�e	�o	28	O��ober	���	09	Ju�e	�o	24	Ju�y	for	�he	��ss�v�	���	
e�usi	�e�o�	experi�e����	respe��ive�y.	A��	surf��e	��s�s	�ere	�o��e��e�	���	�ou��e�	fro�	e��h	
sub-plot every two weeks. Casts were dried firstly at ambient air and then at 40oC	�o	�	�o�s����	
�ei�h�	i�	��	e�e��ri�	ove�	i�	�he	��bor��ory.	The	�ry	��s�s	�ere	sieve�	�hrou�h	�	2	��	sieve	
i�	or�er	�o	re�ove	p����	���eri��	���	s�o�es	���	�ei�he�.	C�s�	���eri��	��s	poo�e�	per	p�o�	��	
�he	e��	of	e��h	s��p�i��	perio�	for	�he�i���	����ysis.	Fro�	15	Ju�y	�o	15	Au�us�	�he	��ss�v�	
fields were disturbed by weeding.

Nu�rie��	 �o��e��r��io�s	of	 ��s�s	�ere	�o�p�re�	�i�h	 �hose	of	 �he	u��er�yi��	 �opsoi�	
(0-10	��	�ep�h)	��	�he	e��	of	�he	r�i�y	se�so�	(Nove�ber)	for	��ss�v�	���	��	�he	e��	of	�he	
�roppi��	�y��e	(Au�us�)	for	e�usi	�e�o�.	Che�i���	����yses	�ere	perfor�e�	i�	�he	L�bor��ory	
of	Soi�	S�ie��es	of	�he	F��u��é	�es	S�ie��es	A�ro�o�iques	of	�he	U�iversi�y	of	Abo�ey	C���vi	
���	��	�he	L�bor��oire	�es	S�ie��es	�u	So���	E�u	e�	E�viro��e�e��	of	�e�i�	N��io���	Rese�r�h	
I�s�i�u�e	(LSSE/INRA�).	Soi�	���	��s�s	�ere	����yze�	for	pH(C�C�2)	(1:2.5	v/v	soi�	so�u�io�)��	
�o���	N	(K�e���h�	�i�es�io�	i�	�	�ix�ure	of	H2SO4-se�e�iu�	fo��o�e�	by	�is�i����io�	���	�i�r��io�)��	
�v�i��b�e	P	(�r�y	1)��	ex�h���e�b�e	���io�s	(�i�h	1	N	���o�iu�	��e���e	��	pH	7;	�he���	K	��s	
determined by flame photometer, and Ca and Mg by Atomic Absorption Spectrophotometry). 

Statistical analysis
D���	�ere	����yze�	i�	SAS	v	8.1.	Soi�	���	��s�	�he�i���	proper�ies	���	��ou��	of	�u�rie��s	
�eposi�e�	 �ere	 sub�e��e�	 �o	 ����ysis	 of	 v�ri���e	 ���	 �e��s	 �ere	 �o�p�re�	 usi��	 S�u�e��	
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Ne����-Keu�s	�es�.	The	�u�ber	of	��s�s	per	u�i�	of	surf��e	���	�u�u���ive	��s�	��ss	�ere	
��	�r��sfor�e�	�o	s��isfy	�he	�o��i�io�s	of	�or���	�is�ribu�io�	of	����	before	����ysis.	Nu�rie��	
e�ri�h�e��	 i�	 ��s�s	 �s	 �	 fu���io�	 of	 soi�	 proper�ies	 ��s	 ����u���e�.	 Differe��es	 be��ee�	
�he	 �is�ribu�io�	 of	 respo�ses	 �ere	 �e�er�i�e�	 by	 �he	 Chi-squ�re	 �es�	 �f�er	 �roupi��	 si�i��r	
responses. Because informants were limited to give only one answer, the answers given reflect 
f�r�ers’	�o��ep�io�s	of	�he	�os�	i�por����	ro�e	(���	�o�	�he	v�rie�y	of	ro�es)	�h��	e�r�h�or�s	
p��y.	Mi�i��b	13	sof���re	��s	use�	�o	�o�p�e�e	�he	����ysis.

Results

Farmers’ perception and knowledge on earthworms and factors underlying casting activity
A��os�	 ���	 f�r�ers	 �ere	 ���o��e��e�b�e	 �bou�	 e�r�h�or�s.	 They	 �re	 �o����y	 ���e�	 idjèlè	
(�hi�h	�i�er���y	�e��s	soi�	e��er).	E�r�h�or�	��s�s	�re	�o�si�ere�	�s	vi���i�	(ora	or	udja)	i.e.	
fer�i�izer	be��use	�hey	�re	ri�her	�h��	�he	�opsoi�.	The	f�r�ers	�o�si�ere�	surf��e	��s�s	�s	�	soi�	
fer�i�i�y	 i��i���or	 (T�b�e	1).	Sever��	 f�r�ers	 repor�e�	 �he	 i�por����e	of	e�r�h�or�s	 i�	 �i��er	
�e�o�posi�io�.	A	fe�	o�her	f�r�ers	per�eive�	e�r�h�or�s	�s	sour�e	of	hu���	foo�	i�fe��io�	���	
/	or	�s	roo�	herbivores.	The	per�ep�io�s	of	�he	f�r�ers	of	�he	ro�e	of	e�r�h�or�s	�re	su���rize�	
i��o	�hree	���e�ories:	(1)	posi�ive	(soi�	fer�i�i�y	i��i���or	or	i�prover��	�i��er	�e�o�poser	���	p����	
resi�ues	burro�er)��	(2)	�e���ive	(�rop	roo�s	fee�er	���	sour�e	of	i�fe��io�)	���	(3)	i��iffere��	
(�o	opi�io�).	N��ives	���	�i�r���s	�i�	�o�	h�ve	�iffere��	(P	=	0.23)	per�ep�io�s	or	be�iefs	o�	
the role of earthworms. Gender differences in perception were significant (P	=	0.01).	Fe���e	
f�r�ers	�ppe�re�	�o	be	�ess	���o��e��e�b�e	o�	�he	ro�e	of	e�r�h�or�s	�h��	���e	f�r�ers.	E��er	
���	you��er	���es	h��	si�i��r	(P	=	0.45)	per�ep�io�s	o�	�he	ro�e	of	e�r�h�or�s.

T�b�e	2	prese��s	 �he	 r����i��	���e	by	 f�r�ers	o�	 �he	 i��e�si�y	of	e�r�h�or�	��s�i��	
activity in cassava, egusi melon, cowpea and maize fields. Most natives (except young males) 
reported that earthworm activity was highest in cassava fields, while migrants mentioned intense 
casting activity in egusi melon fields. Both native and migrant groups mentioned lowest casting 
activity in maize fields.
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Table 1.	 (�)	 Re���ive	 �is�ribu�io�	 (%)	 ���or�i��	 �o	 �he	 so�i��	 �roups	 of	 f�r�ers’	 respo�ses	 o�	 �he	 ro�e	 of	

e�r�h�or�s	 ���	 (b)	 Chi-squ�re	 �es�	 �e�er�i�i��	 �he	 �eve�	 of	 si��ifi����e	 by	 �roupi��	 f�r�ers’	 respo�ses.	

(Sy�bo�s	for	si��ifi����e	�eve�s:	**	P	<	0.01��	�s	�o�	si��ifi����).	

N��ives Mi�r���s To���3)(�)	Ro�e	of	e�r�h�or�	

O��er2)

(�	=	181))

You��

(�	=	20)	

Wo�e�

(�	=	13)

O��er

(�	=	14)	

You��

(�	=	16)	

Wo�e�

(�	=	10)	

Me�

(�	=	68)	

Wo�e�

(�	=	23)	

Soil health improvement 

(Positive effect) 

Soi�	fer�i�i�y	i��i���or	 28 60 23 57 44 30 47 26

Co��ribu�e	�o	�i��er	

�e�o�posi�io�	

17 10 8 7 6 10 10 9

�ury	p����	resi�ues	 11 5 0 7 12 0 9 0

(Negative effect) 

Crop	roo�s	herbivores	 11 5 8 14 25 20 13 13

C�use	i�fe��io�	 6 10 15 7 6 10 16 13

No opinion 28 10 46 7 6 30 13 39

(b)	Leve�4)	of	

si��ifi����e	�e�er�i�e�	

by	Chi-squ�re	�es�	

Chi-

squ�re

P-�eve�

N��ives	vs	�i�r���s	 2.941	�s	 0.230		

O��ers	vs	you��	���es	 1.612	�s	 0.447		

Me�	vs	�o�e�	 8.971** 0.011	

1)	�	=	Nu�ber	of	respo��e��s		
2) Peop�e	of	50	ye�rs	o��	up��r�	�re	r���e�	�i�hi�	�he	�roup	of	o��er��	o�her�ise	r���e�	i�	�he	�roup	of	you��	
3)	To���	for	�e�	is	�he	su�	of	respo�ses	of	o��er	���	you��	be�o��	�o	���ives	���	�i�r���s	�roups	���	�o���	for	�o�e�	is	�he	

su�	of	respo�ses	of	���ives	���	�i�r���s	�o�e�		
4)	 Leve�	 of	 si��ifi����e	 �es�e�	 by	 �roupi��	 f�r�ers’	 respo�ses	 i��o:	 (1)	 soi�	 he���h	 i�prove�e��	 (soi�	 fer�i�i�y	 i��i���or��	

�o��ribu�io�	�o	�i��er	�e�o�posi�io���	bury	p����	resi�ues)��	(2)	�e���ive	effe��	(�es�roy	�rop	roo�s��	C�use	i�fe��io�)��	���	(3)	�o	

opi�io�	
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The	���ori�y	of	�i�r���s	���	���ives	per�eive�	r�i�f���	or	soi�	�ois�ure	�s	�he	��i�	f���or	
u��er�yi��	e�r�h�or�	��s�i��	���ivi�y	(T�b�e	3).	Hi�h	soi�	fer�i�i�y	s���us	���	�i��er	�bu�����e	
�ere	o�her	 �ess	 i�por����	 f���ors	 �is�e�.	So�e	f�r�ers	���ribu�e�	��s�i��	���ivi�y	 �o	�ivi�i�y.	
O��y	�	fe�	f�r�ers	(��i��y	�o�e�)	��ve	�o	opi�io�.	The	�iffere��	f���ors	u��er�yi��	��s�i��	
���ivi�y	�is�e�	by	�he	f�r�ers	�ere	�roupe�	�s:	(1)	e�o�o�i���	f���ors	(r�i�f���/soi�	hu�i�i�y��	soi�	
fer�i�i�y	���	�i��er	�bu�����e)	���	(2)	�ivi�i�y	(spiri�u��	f���ors).	This	se�o��	�roupi��	�o���i�s	
��s�ers	�h��	��ou��	s�ri���y	�o	h�vi��	�o	opi�io�;	�his	is	be��use	i�	�o��o�	�i�h	���y	p�r�s	
of	rur��	Afri����	i�exp�i��b�e	phe�o�e��	�re	�ssi��e�	�o	�he	re���	of	�ivi�e	��us��i�y.	��se�	o�	
this grouping, a Chi-square test showed no significant differences in beliefs/perceptions between 
���ives	���	�i�r���s	(P	=	0.21)	o�	�he	f���ors	u��er�yi��	e�r�h�or�	��s�i��	���ivi�y.	Ge��er	
differences in perception were moderately significant (P	=	0.1).	There	��s	��so	�	�o�er��e�y	
significant difference (P	=	0.09)	be��ee�	o��er	���	you��er	���es	 i�	per�ep�io�s	or	be�iefs	
�o��er�i��	f���ors	u��er�yi��	e�r�h�or�	��s�i��	���ivi�y.

Earthworm surface cast biomass and distribution
The earthworm casts in the cassava, egusi melon, cowpea and maize fields comprised two 
�is�i���	�ypes:	s����	�r��u��r	���	�ubu��r.	The	�r��u��r	��s�s	�ere	�bu�����	���	fou��	i�	���	
fields whereas no more than two tubular casts were counted per field during each period of 
�e�sure�e��.	For	�h��	re�so���	�he	����er	h�ve	bee�	�ixe�	�i�h	�he	�r��u��r	��s�s.

The average number of casts per square meter and the total cast mass in the various fields 
�re	prese��e�	i�	T�b�e	4.	The	�ver��e	���	�o���	�u�ber	of	��s�s	���	��s�	��ss	i�	�he	�e�	���	
Bouaké fields were significantly (P < 0.05) higher than in the odongbo fields. Cast abundance 
and cast mass were significantly (r = 0.638 and 0.518 respectively, n = 18; P	=	0.004	���	0.028)	

Table 2. Ranking order of the intensity of earthworm casting activity according to different farmers’ 

social groups in different cropping systems. Casting activity ranked based on the relative importance 

as perceived the older of the natives groups. 1 = Highest and 4 = lowest 

Natives Migrants Fields

Older

(n = 181)

Young

(n = 20) 

Women 

(n = 13) 

Older

(n = 14) 

Young

(n = 16) 

Women 

(n = 10) 

Cassava 1 3 1 2 2 2

Egusi melon 2 1 2 1 1 1

Cowpea 3 2 2 3 3 2

Maize 4 4 4 4 4 4
1) n = Number of respondents 
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Table 3.	(�)	Re���ive	�is�ribu�io�	(%)	���or�i��	�o	�he	so�i��	�roups	of	f�r�ers’	respo�ses	o�	f���ors	u��er�yi��	

e�r�h�or�	 ��s�i��	 ���ivi�y	 ���	 (b)	 Chi-squ�re	 �es�	 �e�er�i�i��	 �he	 �eve�	 of	 si��ifi����e	 by	 �roupi��	 f�r�ers’	

respo�ses.	(Sy�bo�s	for	si��ifi����e	�eve�s:	† P	<	0.1��	�s	�o�	si��ifi����).	

N��ives Mi�r���s To���3)(�)	F���ors	pro�o�i��	

e�r�h�or�	�bu�����e	 O��er2)

(�	=	181))

You��

(�	=	20)

Wo�e�

(�	=	13)

O��er

(�	=	14)	

You��

(�	=	16)	

Wo�e�	

(�	=	10)	

Me�

(�	=	68)

Wo�e�

(�	=	23)

Ecological factors 

Soi�	fer�i�i�y	s���us	 6 5 8 21 19 20 12 13

R�i�f���/soi�	�ois�ure	 67 75 54 50 69 50 66 52

Foo�/�i��er	�bu�����e	 6 10 8 14 12 10 10 9

Divinity

Spiri�u��	f���or/Go�	 22 0 15 7 0 10 7 13

No	opi�io�	 0 10 15 7 0 10 4 13

(b)	Leve�4)	of	

si��ifi����e

�e�er�i�e�	by	Chi-

squ�re	�es�	

Chi-

squ�re

P-�eve�

N��ives	vs	�i�r���s	 1.59	�s	 0.21

O��ers	vs	you��	���es	 2.841† 0.09

Me�	vs	�o�e�	 2.708† 0.1
1)	�	=	Nu�ber	of	respo��e��s		
2) Peop�e	of	50	ye�rs	o��	up��r�	�re	r���e�	�i�hi�	�he	�roup	of	o��er��	o�her�ise	r���e�	i�	�he	�roup	of	you��	
3)	To���	for	�e�	is	�he	su�	of	respo�ses	of	o��er	���	you��	be�o��	�o	���ives	���	�i�r���s	�roups	���	�o���	for	�o�e�	is	�he	

su�	of	respo�ses	of	���ives	���	�i�r���s	�o�e�		
4)	Leve�	of	si��ifi����e	�es�e�	by	�roupi��	f�r�ers’	respo�ses	i��o:	(1)	e�o�o�i���	f���ors	(i�here��	soi�	fer�i�i�y��	soi�	

�ois�ure/r�i�f�����	foo�/�i��er	�bu�����e)	���	(2)	�ivi�i�y	(spiri�u��	f���ors��	�o	opi�io�)	
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�orre���e�	�i�h	��ss�v�	���opy	�over.	I�	�he	se�o��	experi�e����	�he	�o�es�	�u�bers	���	��ss	
of casts were observed in egusi baa fields and the highest in maize and cowpea fields (Table 4). 
The	fo��o�i��	r����i��	or�er	for	��s�	��ss	��s	fou��:	��ss�v�	>	��ize	>	�o�pe�	>	e�usi	�e�o�.	
N��ive	f�r�ers	r����e�	��ss�v�	hi�hes���	���	�he	�i�r���s	r����e�	e�usi	hi�hes�.	I�	�e�er����	�he	
farmer ranking order did not fully reflect the results of field experiment.

Table 4.	Me��	v��ues	(	s�����r�	error)	of	e�r�h�or�	��s�s	�u�ber	per	squ�re	�e�er	���	��s�	�ei�h�	(�	h�-1)

fro�	Ju�e-Ju�y	i�	�he	ex�e�sive	��ss�v���	e�usi	�e�o���	�o�pe�	���	��ize	fie��s	���	fro�	Au�us�-O��ober	i�	

�he	 ex�e�sive	 ��ss�v�	 fie��s.	 The	 v��ues	 �ere	 ��(�+1)	 �r��sfor�e�	 before	 ����ysis	 of	 v�ri���e.	 Fi�ures	 i�	

p�re��heses	 �re	 �he	 ori�i���	 v��ues.	 I�	 �	 �o�u����	 �e��s	 fo��o�e�	 by	 �he	 s��e	 �e��er	 �re	 �o�	 si��ifi�����y	

�iffere��	 (P	>	0.05)	 (Ne����-Keu�s	 �es�).	 (Sy�bo�s	 for	 si��ifi����e	 �eve�s:	 * P	<	0.05��	 ** P	<	0.01��	�s	�o�	

si��ifi����).

Ju�e-Ju�y	 Au�us�-O��ober	Fie��s

Nu�ber	 Wei�h� Nu�ber	 Wei�h�

Over���	�e��	

�u�ber	

Cu�u���ive	

�ei�h�

(a) Cassava  

O�o��bo	 1.6	±	0.07	b	

(38.6)

0.7	±	0.08	

(3.8)

1.7	±	0.07	b

(57.6)

0.7	±	0.08	b	

(4.0)

1.7	±	0.06	b	

(48.1)

0.9	±	0.08	b

(7.8)

�ou���é 1.9	±	0.08	�	

(78.4)

0.8	±	0.05	

(5.9)

2.0	±	0.05	�

(95.6)

0.8	±	0.02	�	

(5.5)

1.9	±	0.06	�	

(87.0)

1.1	±	0.03	�

(11.4)

�e�	86052	 2.0	±	0.14	�	

(126.8)

0.9	±	0.1	

(8.3)

2.0	±	0.05	�

(99.4)

0.9	±	0.08	�	

(6.7)

2.0	±	0.09	�	

(113.1)

1.2	±	0.07	�

(15.0)

P >	F 0.04* 0.14	�s	 0.01** 0.05* 0.02* 0.02*

(b) Egusi-

cowpea-maize  

��� 1.6	±	0.05	

(44.5)

0.7	±	0.03	b	

(4.2)

Cô�e	�’Ivoire	 1.8	±	0.08	

(63.2)

0.9	±	0.05	�b	

(6.7)

U�b� 1.8	±	0.07	

(61.6)

0.8	±0.01	�b	

(5.9)

M�ize 2.0	±	0.08	

(93.5)

1.1	±	0.05	�	

(10.5)

Co�pe� 1.8	±	0.2	

(74.8)

1.0	±	0.1			�	

(8.5)

P	>	F 0.26	�s	 0.01**
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Earthworm cast and topsoil chemical properties
E�r�h�or�	��s�s	pH(C�C�2) and nutrient concentrations were significantly (P <	0.001)	hi�her	
than those from the underlying topsoil (Table 5). In the cassava fields, cast : topsoil ratios were 
1.3-2.4	for	�o���	N��	1.5-2.5	for	ex�h���e�b�e	K+��	1.6-2.9	for	C�2+��	���	1.9-2.4	for	M�2+	(T�b�e	
6�).	I�	�he	e�usi-�o�pe�-��ize	experi�e����	�he	��s�	:	�opsoi�	r��ios	�ere	��so	i��re�se�.	I�	�he	
cowpea field cast : topsoil ratios for total N and exchangeable K+	�ere	hi�her	�h��	i�	�he	e�usi	
and maize fields (Table 6b). The underlying topsoil chemical properties were not significantly 
�orre���e�	�i�h	��s�	��ss.

Table 5.	Three	��y	ANOVA	(F-v��ues)	of	e�r�h�or�	��s�	���	�opsoi�	pH	���	�u�rie��	�o��e��r��io�	

re��r�i��	(�)	sour�e	of	���eri��	(�o�po�e��)��	��ss�v�	�u��iv�r	���	f�r�ers	v�ri�bi�i�y	���	(b)	sour�e	of	

���eri��	(�o�po�e��)��	fie��	�ypes��	���	b�o�s.	(Sy�bo�s	for	si��ifi����e	�eve�s:		* P	<	0.05	;	**	P	<	0.01;	
*** P	<	0.001;	�s	�o�	si��ifi����).	

F-v��uesSour�es	of	v�ri��io�	 �f

pHC�C�2 To���	N	 P-�r�y1	 Ex�h.	K	 Ex�h.	C�	 Ex�h.	M�	

(a) Cassava 

Co�po�e��1) 1 49.41*** 33.50*** 3.42	�s	 50.93*** 49.71*** 185.37***

Cu��iv�rs 2 5.44* 4.97** 8.66* 3.78	�s	 0.09	�s	 0.40	�s	

F�r�ers	v�ri�bi�i�y	 5 1.54	�s	 1.22	�s	 2.10	�s	 2.26	�s	 1.00	�s	 2.98	�s	

F�r�ers*�u��iv�rs	 10 1.37	�s	 2.34	�s	 2.84	�s	 3.48* 1.80	�s	 8.72**

F�r�ers*�o�po�e��	 5 0.21	�s	 0.83	�s	 0.84	�s	 0.97	�s	 2.00	�s	 2.74	�s	

Cu��iv�rs*�o�po�e��	 2 7.14* 4.67* 5.22* 1.04	�s	 2.27	�s	 1.32	�s	

CV	(%)	 3.3 28.4 25.5 23.7 28.4 14.6

(b) Egusi-cowpea-maize 

Co�po�e��1) 1 93.01*** 7.57* 12.31*** 20.78*** 88.96*** 40.40***

Tre���e��s	 4 12.89*** 3.62* 0.94	�s	 3.04	�s	 8.68*** 1.34	�s	

��o�s 3 4.01* 2.08	�s	 4.87* 2.71	�s	 2.80	�s	 1.40	�s	

��o�s*�re���e��s 12 3.15* 1.53	�s	 3.27* 0.67	�s	 3.16* 1.50	�s	

��o�s*�o�po�e��	 3 0.96	�s	 1.27	�s	 4.17* 0.19	�s	 0.77	�s	 0.11	�s	

Tre���e��s*�o�po�e��	 4 3.26	�s	 2.11	�s	 4.38* 1.08	�s	 0.57	�s	 0.32	�s	

CV	(%)	 3.13 38.1 15.4 43.5 14.4 29.5
1)Topsoi�	versus	��s�	
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Figure 1	.	Re���io�ships	be��ee�	��s�	���	soi�	�o��e��r��io�	(��s�	e�ri�h�e��)	for	(�)	�o���	N��	(b)	P-�r�y	1��	

(�)	 ex�h���e�b�e	 K+��	 (�)	 ex�h���e�b�e	 C�2+��	 ���	 (e)	 ex�h���e�b�e	 M�2+.	 Me��	 of	 ��ss�v�	 �u��iv�rs	

o�o��bo��	�ou���é	���	�e�	86052.	**	P	<	0.01��	�s	�o�	si��ifi����.	
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Figure 2.	Re���io�ships	be��ee�	��s�	���	soi�	�o��e��r��io�	(��s�	e�ri�h�e��)	for	(�)	�o���	N��	(b)	P-

�r�y	1��	(�)	ex�h���e�b�e	K+��	(�)	ex�h���e�b�e	C�2+��	���	(e)	ex�h���e�b�e	C�2+.	Me��	of	e�usi	baa��

e�usi ugba ���	e�usi	Cô�e	�'Ivoire.	*	P	<	0.05��	�s	�o�	si��ifi����.	
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Fig. 1 and 2 show cast enrichment as a function of soil properties. In the cassava fields 
(Fi�.	1�-e)��	 ��s�	 e�ri�h�e��	�i�h	 �o���	N	���	C�2+ was highest in the fields with the lowest 
fer�i�i�y.	Av�i��b�e	P	���	ex�h���e�b�e	M�2+	�o��e��	of	�he	��s�s	s���e�	�i�e�r�y	�i�h	�v�i��b�e	
P	 ���	 ex�h���e�b�e	M�2+ in the topsoil, indicating no specific enrichment in the casts as a 
fu���io�	of	soi�	fer�i�i�y.	Ex�h���e�b�e	K+	sho�e�	��	i��er�e�i��e	beh�vior.	Ho�ever��	i�	�he	
second experiment (Fig. 2a-e) cast enrichment in the egusi field was highest for available P 
�hi�e	�o	��s�	e�ri�h�e��	��s	re�is�ere�	for	ex�h���e�b�e	C�2+.	To���	N��	ex�h���e�b�e	K+	���	
ex�h���e�b�e	M�2+	sho�e�	i��er�e�i��e	beh�vior.	There were significant differences (P	<	0.05)	
i�	��s�	pH(C�C�2) between the Ben and Bouaké and odongbo fields (Table 6a). Total N in casts 
was significantly higher in the Ben and odongbo fields. There were no significant differences 
between the cassava fields in P-Bray 1, exchangeable K+��	C�2+	���	M�2+	�o��e��r��io�	i�	�he	
casts. pH values in the egusi baa and egusi Côte d’Ivoire fields were significantly (P	<	0.05)	
higher than in the egusi ugba field (Table 6b). Total N and exchangeable K+	i�	�he	��s�s	fro�	�he	
cowpea fields were 50-100% higher than in the casts from the egusi and maize field, although 
the difference was not significant. 

Amount of nutrients deposited in the casts
In the Ben fields, significantly (P	<	0.05)	hi�her	 �o���	N��	ex�h���e�b�e	C�2+	���	M�2+	�ere	
recycled through the casts compared with the odongbo and Bouaké fields (Table 7a). No 
significant difference between the fields was registered for P-Bray 1 and exchangeable K+.	I�	
�he	se�o��	experi�e��	(T�b�e	7b)��	�he	��ou��	of	�o���	N	���	ex�h���e�b�e	K+	re�y��e�	�hrou�h	
casts in the cowpea fields were higher than those in egusi melon and maize fields. Most P was 
recycled through casts in maize fields. There were no significant differences between the fields 
i�	�he	��ou��	of	ex�h���e�b�e	C�2+	���	M�2+	re�y��e�.

Discussion

Farmers’ perception on earthworm casting activity
F�r�ers’	per�ep�io�s	���	���o��e��e	�bou�	e�r�h�or�s	���	�heir	��s�i��	���ivi�y	��s	�epe��e��	
o�	�e��er��	bu�	�o�	o�	 �he	�is�i���io�	be��ee�	���ives	���	�i�r���s	 (T�b�e	1).	Mos�	 f�r�ers	
�o�si�ere�	��	�bu�����e	of	��s�s	�s	��	i��i���or	for	fer�i�e	soi�s.	�ir���	et al.	(2003�)	repor�e�	
si�i��r	 per�ep�io�s	 �i�h	 f�r�ers	 i�	 sou�her�	 C��eroo���	 �ho	 o�	 �he	 b�sis	 of	 prese��e	 of	
earthworm casts determine if the land is ready for cropping. Beneficial effects of earthworm 
�s	�e��io�e�	by	f�r�ers	i�	our	s�u�y	�re�	�ere	��so	repor�e�	by	Or�iz	et al.	(1999)	i�	�	survey	
�o��u��e�	 i�	Co��o��	 I��i���	Peru	 ���	Mexi�o.	 I�	 sou�her�	C��eroo���	�ir���	et al.	 (2003�)	
repor�e�	 �h��	 hi�h	 �eve�s	 of	 surf��e	 ��s�i��	 �ere	 �sso�i��e�	 �i�h	 �	 s�ro��	 be�ief	 i�	 posi�ive	
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yie��	effe��s	fro�	e�r�h�or�s.	Li��e	i�	our	s�u�y	�re���	�ir���	et al.	(2003�)	repor�e�	�h��	so�e	
C��eroo�i��	f�r�ers	be�ieve�	�h��	e�r�h�or�s	��use	�rop	�����e.	�e��use	e�r�h�or�s	�ive	
off	�e��	p����	p�r�s��	�o�su�i��	�yi��	or	�e��	p����s	��y	su��es�	�h��	�hey	�re	respo�sib�e	for	
�he	�e��h	of	�he	p����.	Or�iz	et al.	(1999)	��so	repor�e�	�h��	so�e	Mexi���	f�r�ers	�o�si�ere�	
e�r�h�or�s	�o	be	h�r�fu�.	

Table 7.	 Me��	 v��ues	 (	 s�����r�	 errors)	 of	 �he	 ��ou��s	 of	 �u�rie��s	 �eposi�e�	 i�	 surf��e	 ��s�s	 i�	 (�)	

ex�e�sive	��ss�v�	���	(b)	�o�pe���	��ize	���	e�usi	�e�o�	fie��s	(���	h�-1).	I�	�	�o�u����	�e��s	fo��o�e�	by	

�he	 s��e	 �e��er	 �re	�o�	 si��ifi�����y	�iffere��	 (P	>	0.05)	 (Ne����-Keu�s	 �es�).	 (Sy�bo�s	 for	 si��ifi����e	

�eve�s: † P	<	0.1;	* P	<	0.05	;	**	P	<	0.01;	�s	�o�	si��ifi����).	

Fie��s To���	N	 Av�i��b�e	P	 K+ C�2+ M�2+

(a) Cassava 

O�o��bo 13.3	±	2.7	b	 0.2	±	0.1	 1.7	±	0.3	 5.4	±	0.8	b	 3.1	±	0.5	b	

�ou���é 13.2	±	1.2	b	 0.4	±	0.1	 2.5	±	0.4	 7.8	±	1.2	�b	 5.1	±	0.6	�b	

�e�	86052	 25.0	±	4.0	�	 0.3	±	0.1	 3.6	±	0.7	 13.0	±	2.9	�	 6.4	±	0.8	�	

P	>	F 0.03* 0.34	�s	 0.08† 0.03* 0.02*

(b) Egusi-cowpea 

��� 4.5	±	0.7	b	 0.1	±	0.0	b	 1.0	±	0.1	�	 1.8	±	0.2	 1.1	±	0.2	

U�b� 7.1	±	0.7	�b	 0.2	±	0.0	�b	 0.9	±	0.1	�	 2.0	±	0.1	 1.4	±	0.1	

Cô�e	�’Ivoire	 11.9	±	1.5	�b	 0.2	±	0.0	�b	 1.5	±	0.4	b�	 3.0	±	0.6	 2.0	±	0.5	

M�ize 15.9	±	3.0	�b	 0.3	±	0.0	�	 1.9	±	0.3	�b	 4.8	±	1.4	 3.1	±	1.0	

Co�pe� 17.6	±	5.8	�	 0.2	±	0.1	�b	 2.4	±	0.1	�	 4.4	±	1.0	 2.6	±	0.5	

P >	F	 0.048* 0.011* 0.001** 0.11	�s	 0.21	�s	

The ecological factors identified by the farmers in this study (Table 3) comprised 
extrinsic factors (not influenced by farmers, such as rainfall) and intrinsic factors (influenced by 
f�r�ers).	The	i��ri�si�	f���ors	�re	�ire���y	(foo�	qu��i�y)	or	i��ire���y	(sh��e��	�ois�ure)	�ffe��i��	
e�r�h�or�s.	There	��s	�	�e��e��y	for	���ives	���	�i�r���s	�o	�oo��	�iffere���y	��	ex�ri�si�	���	
i��ri�si�	f���ors.	Mi�r���s	�e��io�e�	soi�	fer�i�i�y	s���us	�ore	of�e�	�h��	���ives	i�	exp��i�i��	
�iffere��es	i�	e�r�h�or�	���ivi�y.	A	possib�e	exp�����io�	is	�h��	���ives	h�ve	�ore	fer�i�e	���	
�ore	pro�u��ive	soi�s	�h��	�he	soi�s	use�	by	�i�r���s	(so	�here	is	�ess	s�i�u�us	�o	exp�����ory	
i�quiry).	I�	f�����	i�	�he	�re���	���ives	re��	����	�o	�he	�i�r���	f�r�ers	���	o��y	�ess	pro�u��ive	
����s	�re	re��e�	(S�ï�ou	et al.��	2006).	Divi�e	���io�	i�	exp��i�i��	e�r�h�or�	��s�i��	���ivi�y	
��s	�ore	of�e�	�e��io�e�	by	e��er	�h��	by	you��er	���es.	This	is	perh�ps	�o	be	���ou��e�	for	
i�	�er�s	of	you��	f�r�ers	�e�er���y	h�vi��	�ore	e�u���io���	���	�ore	exposure	�o	exp�����ory	
re�so�i����	bu�	perh�ps	��so	�h��	�he	you��	(�i��e	�i�r���s)	h�ve	�he	�ess	�oo�	������	so	�ee�	�o	be	
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�ore	exp�i�i�	�bou�	re�so�s	for	fer�i�i�y.	As	�o�e�	�bove��	�ivi�e	���io�	is	������ou��	�o	h�vi��	
–	or	�ee�i��	-	�o	o�her	exp�����io�.	N��ives	���	�i�r���s	�e�er���y	sh�re�	�heir	per�ep�io�s	o�	
e�r�h�or�	���ivi�ies	i�	�he	v�rious	�roppi��	sys�e�s.	This	si�i��ri�y	is	prob�b�y	��so	�ue	�o	�he	
�e�r�ess	of	�he	��o	vi����es��	be��use	i��er���io�	be��ee�	bo�h	�roups	i��u�es	�o��o�	h�bi�s	
���	experie��es	(S�ï�ou	et al.,	2006).	

Field experiments 
Significant differences were found between the cumulative cast biomasses in the Ben compared 
to the odongbo fields. The sum of cast masses were lower than data obtained by Norgrove and 
H�user	(2000)��	�ho	repor�e�	30	�o	35	�	h�-1	i�	��risi�vi�u��ur��	sys�e�s	i�	Ce��r��	C��eroo���	
bu�	�u�h	hi�her	�h��	�he	qu���i�y	of	2.6	�o	5.7	�	h�-1	�eposi�e�	�i�hi�	5	�o��hs	o�	U��iso�	i�	
Sou�h	E�s�	Ni�eri�	 (He�ro�	���	�russ��r���	1997)	���	5.9	 �	h�-1	 �f�er	 ��o	ye�rs	 repor�e�	by	
K���e��e	(2004)	i�	s��sh	���	bur�	��ri�u��ure	i�	Sou�her�	C��eroo�.	Our	��xi�u�	is	15	�	
h�-1 in cassava fields after 5 months sampling, and 4.2 to 6.7 t ha-1	i�	e�usi	�e�o���	10.5	�	h�-1	
i�	��ize	���	8.5	�	h�-1 in cowpea fields for 2 months sampling. The higher earthworm activity 
in the cowpea than in the egusi melon fields may be explained by the higher quality of cowpea 
�e�f	�i��er	�o�p�re�	�o	�h��	of	e�usi	�e�o�	(C/N	of	14	���i�s�	27-37;	S�ï�ou	et al.��	u�pub�ishe�).	
In the more intensive cropping systems (maize field) earthworm activity was high, possibly 
re���e�	�o	�he	qu���i�y	of	�i��er	�h��	is	���e�	�o	�he	soi�	�uri��	�ee�i��.	�u�	�i�h	�ore	�ee�i��	
�here	�ou��	��so	be	�ess	sh��e	���	�ess	�ois�ure��	f���ors	�h��	�ou��	re�u�e	e�r�h�or�	���ivi�y.	
L�ve��e	���	P�sh��i	(1989)��	�or��i��	i�	�he	Peruvi��	A��zo���	fou��	�h��	i�	�r��i�io���	��ss�v�	
���	hi�h	i�pu�	��ize	sys�e�s	e�r�h�or�	bio��sses	�ere	42	���	13%	of	�h��	i�	fores�	f���o�.	
Our results with cast production and cast nutrient concentration in the cassava and maize fields 
�ere	qui�e	��ose	�o	�hose	repor�e�	by	Nor�rove	et al.	(1998).

As	 repor�e�	 by	 He�ro�	 ���	 �russ��r�	 (1997)��	 Nor�rove	 e�	 ��.	 (1998)��	 H�user	 ���	
As������	(1998)��	Nor�rove	���	H�user	(2000)��	���	K���e��e	(2004)��	��s�s	�ere	ri�her	i�	
�o���	N��	ex�h���e�b�e	K+��	C�2+	���	M�2+	�o��e��r��io�	 �h��	 �he	 �opsoi�.	C�s�s	 fro�	�o�pe�	
fields showed higher total N and exchangeable K+	�o��e��r��io�	�h��	��s�s	fro�	�he	re��i�i��	
fields. This effect is mainly due to the higher N and K concentrations in cowpea leaf litter 
�o�p�re�	�i�h	�he	e�usi	�e�o�	(33.1	���	16.5	�	���-1	respe��ive�y	���i�s�	10.0-16.3	���	6.7-9.8	
�	���-1	respe��ive�y;	S�ï�ou	e�	��.��	u�pub�ishe�).	Re���io�ships	be��ee�	�he	qu��i�y	of	�i��er	���	
e�r�h�or�	���ivi�y	���	��s�	ri�h�ess	�ere	��so	repor�e�	by	Cor�ez	���	�ou�hé	(1992)��	Ti��	e�	
��.	(1997)�� Cor�ez (1998)�� �ro�� (2000)�� L�ve��e e� ��. (2001) ��� �ir��� e� ��. (2003b).(1997)��	Cor�ez	(1998)��	�ro��	(2000)��	L�ve��e	e�	��.	(2001) ��� �ir��� e� ��. (2003b).(2001)	���	�ir���	e�	��.	(2003b).(2003b).	

Whi�e	��s�s	�ere	�e�er���y	ri�her	i�	�u�rie��s	�h��	�he	�opsoi���	�he	�e�ree	of	e�ri�h�e��	
�s	�	fu���io�	of	i�here��	soi�	fer�i�i�y	��s	v�ri�b�e.	Su�h	�	re���io�ship	h�s	of�e�	bee�	�epi��e�	by	
�	�r�ph	�h��	p�o�s	�he	��s�	:	�op	soi�	r��io	�s	�	fu���io�	of	�he	�o��e��r��io�	of	�he	soi�	(H�user	���	
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Asawalam, 1998; Norgrove and Hauser, 2000). However, in such plots a significantly negative 
po�er	fu���io�	resu��s	if	��s�	e�ri�h�e��	is	i��epe��e��	of	soi�	proper�ies.	I�	is	�herefore	�ore	
i��u�i���i��	�o	p�o�	�opsoi�	versus	��s�	proper�ies.	These	p�o�s	(Fi�s.	1	���	2)	sho�e�	�o��r�s�i��	
effe��s	be��ee�	�he	��ss�v�	sys�e�	���	�he	e�usi	�e�o�-��ize-�o�pe�	sys�e�.	I�	�he	��ss�v�	
sys�e�s	��s�	e�ri�h�e��	��s	s�ro��er	i�	poorer	soi�s	for	�o���	N	���	C�2+	�o��e��r��io���	�hi�e	
P-�r�y	1	���	ex�h���e�b�e	M�2+	�o��e��r��io�s	i�	��s�s	s���e�	���os�	�i�e�r�y	�i�h	�h��	i�	�he	
�opsoi�.	I�	�he	e�usi	�e�o�	sys�e���	��s�	e�ri�h�e��	��s	s�ro��es�	i�	poorer	soi�s	for	P-�r�y	1��	
�hi�e	C�2+	�o��e��r��io�	s���e�	���os�	�i�e�r�y	�i�h	�h��	i�	�he	�opsoi�.	These	resu��s	�i�h	�he	
egusi melon fields may be dependent upon initial soil condition (Hauser and Asawalam, 1998). 
I�	�e�er����	�he	resu��s	of	�he	��o	experi�e��s	�ere	�o�p�r�b�e	�o	�hose	repor�e�	by	L��	���	
De	V�ees�h�u�er	 (1982)��	H�user	 (1993)	���	H�user	���	As������	(1998)	 i�	 shor�	 f���o�s	
and cropped fields on Alfisol in South Western Nigeria and by Norgrove and Hauser (2000) in 
�	17	ye�rs	o��	Terminalia ivorensis	(������	�f�r�)	p������io�	i�	�he	Mb����yo	fores�	reserve	i�	
sou�her�	C��eroo�.	

Concentration of total N in the casts, except for casts in cowpea fields, was lower than 
1.24	�o	3.09	��	�-1	repor�e�	by	Nor�rove	e�	��.	(1998)	���	�h��	2.34	�o	3.36	��	�-1	repor�e�	by	
Nor�rove	���	H�user	(2000).	This	�iffere��e	is	�i��e�y	re���e�	�o	�he	��ou��	of	�e�u�es	(���	
he��e	�e�u�e	�e�f	�i��er)	i�	�he	�roppi��	sys�e�.	Ex�h���e�b�e	K+	��s	�u�h	hi�her	�h��	0.069	
�o	0.142	��	�-1	repor�e�	by	Nor�rove	���	H�user	(2000)	���	si�i��r	�o	0.18	�o	0.27	��	�-1	���	
0.12	�o	0.19	��	�-1	repor�e�	by	Nor�rove	e�	��.	(1998)	i�	Chro�o��e��	(Si���ee�)	(bush	���	
se�o���ry	fores�	respe��ive�y).	Co��e��r��io�s	of	ex�h���e�b�e	C�2+	���	M�2+	i�	�he	��s�s	���	
topsoil in the cassava fields were higher than those of egusi-maize-cowpea experiment. Because 
��ss�v�	is	���o��	�o	�o�er��e	�o�	C�	��ou��s	i�	�he	roo�	e�viro��e��	be��er	�h��	�os�	o�her	
�rops	(Nor���	e�	��.��	1995)��	�e	����o�	exp��i�	�hese	hi�her	��ou��s.	The	C�2+	�o��e��r��io�	
in the casts in cassava fields was similar to the 0.67 to 1.19 mg g-1	repor�e�	by	Nor�rove	���	
H�user	(2000)	bu�	�o�er	�h��	3.85	�o	4.38	��	�-1	���	2.44	�o	5.46	��	�-1	repor�e�	by	Nor�rove	
e�	 ��.	 (1998)	 i�	 Chro�o��e��	 ���	 se�o���ry	 fores�	 respe��ive�y.	Those	 �o��e��r��io�s	 fro�	
egusi-maize-cowpea fields were much lower than those reported by Norgrove et al. (1998) and 
Nor�rove	���	H�user	(2000).	M�2+	�o��e��r��io�	i�	�he	e�usi-��ize-�o�pe�	experi�e��	��s	
similar to the figures of 0.195 to 0.292 mg g-1	 repor�e�	by	Nor�rove	���	H�user	(2000)	���	
�u�h	�o�er	�h��	0.64	�o	0.83	���	0.51	�o	0.73	��	�-1	repor�e�	by	Nor�rove	e�	��.	(1998)	i�	
Chro�o��e��	���	se�o���ry	fores�	respe��ive�y.

Linking farmers’ perceptions and beliefs with results of field experiment
F�r�ers	�orre���e�	e�r�h�or�s	�i�h	soi�	fer�i�i�y.	They	�ere	��so	���re	of	�he	hi�her	�u�rie��	
�o��e��r��io�	i�	�he	��s�s	�o�p�re�	�i�h	�he	�opsoi�.	Ho�ever��	�heir	�er�i�o�o�y	of	e�r�h�or�	
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casts as a kind of vitamin did not necessarily reflect knowledge of a causal role for earthworms 
i�	e�h���i��	soi�	fer�i�i�y.	Th��	��us��	ro�e	��y	be	i�por����	for	subseque��	�is�overy	�e�r�i��.	
The	 �o��r���s	 �o	 experi�e��	 �o�e�her	 �i�h	 f�r�ers	 h�ve	 bee�	 su��essfu�	 ���	 provi�e�	 ri�h	
experie��e	for	bo�h	rese�r�hers	���	f�r�ers	i�	�er�s	of	���o��e��e	ex�h���e.	They	��so	��ve	
farmers more self-confidence. In meetings they had the opportunity to explain their perceptions 
�f�er	�hi�h	�he	rese�r�her	provi�e�	���i�io���	i�for���io�	���	exp�����io�	fro�	for���	s�ie��e.	
Exp�����io�s	by	f�r�ers	�ere	����e�	serious�y	by	s�ie��is�s��	�hi�e	�he	i�pu�	fro�	s�ie��e	��s	
taken seriously by farmers. Farmers’ interest in the beneficial effects of earthworms was 
�herefore	i��re�se�	���	�his	�ou��	be	re�ev���	�he�	i�	�o�es	�o	i�provi��	�heir	soi�	fer�i�i�y	���	
�roppi��	�����e�e��	pr���i�es.	

Conclusion

F�r�ers	i�	�he	�r��si�io���	zo�e	of	�e�i���	�i��e	�os�	o�her	f�r�ers	i�	Afri����	�re	���o��e��e�b�e	
o�	 �he	 ro�e	 of	 e�r�h�or�s	 ���	 �heir	 ��s�s	 �ue	 �o	 �heir	 ���ivi�y	 �s	 i��i���or	 of	 soi�	 fer�i�i�y.	
Farmers ranked casting intensity in fields with different crops mainly on the basis of ground 
�over	 (sh��i��)	 by	 �he	 p����	 �e�ves.	 F�r�ers	 ��so	 repor�e�	 �h��	 e�r�h�or�s	 p��y	 �	 ro�e	 i�	
�i��er	�e�o�posi�io�.	�u�	�here	��s	so�e�i�es	�	�is�o��ep�io�	�h��	e�r�h�or�s	�re	h�r�fu�	
be��use	 �hey	 �re	 suppose�	 �o	 �����e	 �rop	 roo�s��	 �	 �is�o��ep�io�	 �h��	 �ppe�rs	 �o	 re���e	 �o	
�heir	observ��io�	of	e�r�h�or�s	fee�i��	o�	�e��	roo�s.	F�r�ers	��so	per�eive�	��s�s	�s	�	��i��	
of	vi���i�	be��use	 ��s�s	 �re	 ri�her	 i�	�u�rie��	 �h��	 �he	u��er�yi��	 �opsoi�	 (0-10	��	�ep�h)��	
espe�i���y	�he�	�he	�opsoi�	is	re���ive�y	poor.

The	 p�r�i�ip��ory	 �ppro��h	 ��s	 �	 ri�h	 experie��e	 for	 bo�h	 rese�r�hers	 ���	 f�r�ers.	
Most farmers confided that they have never been involved in research on earthworms before. 
I��ee���	�he	s����eho��er	�e�r�i��	�roup	��s	see�	by	�he�	�s	�	�e�r�i��	sp��e	�here	�hey	h��	
��	oppor�u�i�y	�o	ex�h���e	���o��e��e	�i�h	�he	rese�r�hers	���	��so	�o	�e�r�	fro�	i��ivi�u��	
experiences about biological processes. It has increased farmers’ self-confidence. It formed a 
�oo�	b�sis	for	�he	�o��i�u��io�	of	�he	rese�r�h	pro�r����	�oi���y	��ree�	upo�	by	f�r�ers	���	
s�ie��is�s��	�hi�h	�i�s	 �o	�e�er�i�e	 �he	 subseque��	�rop	 respo�se	�f�er	ex�e�sive	��ss�v�	or	
e�usi	�e�o�.	
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Chapter 4
Differential effect of cassava cultivars on subsequent maize yield 
through carry-over effects of arbuscular mycorrhiza

Abstract

I�	h�s	of�e�	bee�	���e�e�	�h��	��ss�v�	p����i��	�ep�e�es	soi�s	of	fer�i�i�y.	F�r�ers	i�	�e��r��	�e�i�	
make an opposite claim. According to them, planting a field with cassava prior to planting maize 
i�proves	soi�	fer�i�i�y.	We	i�ves�i���e�	o�-f�r�	���	i�	po�	experi�e��s	�he	�iffere��i��	effe��	of	
�hree	��ss�v�	�u��iv�rs	(o�o��bo��	�e�	86052	���	�ou���é).	We	��so	�es�e�	�he�her	�	�ose	of	100	
���	h�-1	NPK-S�	14-23-14-5-1	fer�i�iser	�pp�ie�	�o	subseque���y	p����e�	��ize	i�proves	p����	
perfor����e	���	�ffe��s	i��i�e��e	of	�rbus�u��r	�y�orrhiz��	fu��i	(AMF).	C�ss�v�	�u��iv�r��	
soil depth and farmer management all significantly affected the number of AMF spores in soil. 
Spore abundance was significantly negatively correlated with pH (H2O)��	P-�r�y1	���	�o���	N.	
The cassava cultivars did not change significantly soil chemical properties. However, cassava 
cultivar, fertiliser, and farmers’ management affected significantly maize grain yield. Fertiliser 
application significantly increased maize yield with 50% compared with the unfertilised field. 
Cassava cultivar and farmers’ management significantly affected uptake of N, P and K, whereas 
fertiliser treatment significantly affected only N and P uptake. Visual inspection of maize leaves 
in the field suggested both P and N limitation. N:P ratio of maize indicated that P was the main 
�i�i�i��	�u�rie��.	I�	�o��r�s���	N	��s	�os�	�i�i�i��	i�	�he	po�	experi�e��.	�o�h	prior	p����i��	of	
cassava cultivars and fertiliser significantly affected maize root and shoot production in pots. 
Fr���io���	�o�o�is��io�	of	��ize	roo�s	by	AMF	r���e�	fro�	23	�o	38%.	Nei�her	�u��iv�r	���	
fer�i�iser��	�or	 f�r�er	�����e�e����	 �ffe��e�	��ize	 roo�	 �e���h	�o�o�ise�	by	AMF.	Fr���io���	
maize root colonisation by AMF was marginally significantly correlated with root fresh weight, 
shoo���	���	N��	P��	���	K	�o��e��	of	�he	shoo�.

Keywords:	ex�e�sive	��ss�v���	soi�	fer�i�i�y��	�rbus�u��r	�y�orrhiz���	yie��	i�prove�e����	�u�rie��	
up����e��	�e�i�.
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Introduction

Nu�erous	rur��	�eve�op�e��	pro�e��s	h�ve	bee�	�esi��e�	���	��rrie�	ou�	i�	�he	�ropi�s	�i�h	�he	
i��e��io�	of	i��re�si��	��ri�u��ur��	pro�u��io�.	Co�si�er�b�e	�e�h�i���	���	e�o�o�i�	resour�es	
h�ve	bee�	u�i�ise���	bu�	�he	resu��s	��hieve�	r�re�y	�ppro��he�	�he	pro�u��io�	i��re�ses	ori�i����y	
expe��e�	(Ho��o���ou��	1999;	Dou�h��i�e	et al.��	2002).	I�	h�s	bee�	�r�ue�	�h��	�his	f�i�ure	is��	
to a significant degree, due to the lack of understanding of the ways that local farmers manage 
�o���	��ro-e�osys�e�s��	�s	�e��	�s	�is�pp�i���io�	of	 �e�h�o�o�ies	by	u��i���e	users	 (���io�o	
et al.��	1998;	S���hez	���	J�����	2002).	M��y	�e�h�o�o�ies	�i�	�o�	���ress	f�r�ers’	�ee�s	���	
prob�e�s.	They	��so	f�i�e�	�o	i��e�r��e	�e��	�i�h	i��i�e�ous	���o��e��e	���	po�e��i��	so�u�io�s	
��re��y	�v�i��b�e	�o	f�r�ers.	A	��ey	issue	is	�herefore	�o	����e	�	proper	experi�e����	�ssess�e��	
of	so�e	of	�he	���i�s	of	i��i�e�ous	���o��e��e.	

A	�i���os�i�	s�u�y	��rrie�	ou�	i�	�he	A���or�	re�io�	���	�he	�r��si�io���	zo�e	of	�e�i�	
(S�ï�ou	 et al.��	 2004)	 reve��e�	 �h��	 f�r�ers	 h��	 �eve�ope�	 sever��	 ���er���ive	 pr���i�es	 �o	
e�h���e	�rop	pro�u��io�.	F�r�ers	���i�e�	�h��	ex�e�sive	��ss�v�	�roppi��	sys�e�s��	���o��	i�	
Fre��h	�s	 jachère manioc	(��ss�v�	f���o�)	i�prove	�he	soi�.	S�ri���y	spe���i����	su�h	sys�e�s	
�re	�o�	f���o�s��	�s	�rops	(��ss�v�)	�re	�ro��	for	18-24	�o��hs.	I�	ex�e�sive	��ss�v�	sys�e�s	
earthworm activity is intense (Chapter 3) leading to efficient recycling of nutrients through 
�heir	��s�s.	This	 i��e�se	bio�o�i���	���ivi�y	�ou��	�o��ribu�e	 �o	 �he	e�h���e�e��	of	yie��s	of	
su��ee�i��	�rops��	�s	repor�e�	by	H�user	et al.	(1997)��	Nor�rove	���	H�user	(1999)��	���	�ir���	
et al.	(2003�).	I��i�e�ous	pr���i�es	b�se�	o�	soi�	bio�o�i���	���ivi�y	provi�e	fe�sib�e	���er���ive	
����	use	s�r��e�ies	i�	�he	�o��ex�	of	��i���i�i��	soi�	fer�i�i�y	(or	re�u�i��	soi�	fer�i�i�y	�osses)	
�hrou�h	 �o�-ex�er���-i�pu�	 �e�h�o�o�ies	 �i�hi�	 �he	 prev�i�i��	 so�io-e�o�o�i�	 ���	 �u��ur��	
se��i��.

Whi�e	 f�r�ers	 be�ieve	 ���	 ���i�	 �h��	 ��ss�v�	 �ou��	 �o��ribu�e	 �o	 ��i���i�i��	 soi�	
fer�i�i�y	 (Hi�vi��	 1990;	 S�ï�ou	 et al.��	 2004;	 A��ei-Nsi�h	 et al.��	 2004)��	 �o�ve��io���	 for���	
rese�r�h	 h�s	 so�e�i�es	 s���e�	 �h��	 ��ss�v�	 �ep�e�es	 �he	 soi�	 (Si�ves�re��	 1987;	 IITA��	 1990;	
Si�o�pu�	 et al.��	 1992).	 Ho�ever��	 ���i�s	 �h��	 ��ss�v�	 is	 �	 soi�	 �i�er	 see�	 p�r��y	 b�se�	 o�	
observ��io�s	�h��	��ss�v�	�ro�s	o�	�he	poores�	soi�s.	This	�i�h�	be	�	��se	i�	�hi�h	�orre���io�	
is	�o�	�	�oo�	�ui�e	�o	��use.	A�	���er���ive	exp�����io�	�ou��	be	�h��	��ss�v�	is	�ro��	o�	su�h	
soi�s	 be��use	 i�	 �o�er��es	 (���	 subseque���y	 ex�r���s)	 �o�er	 ��ou��s	 of	 �u�rie��s	 �h��	 �os�	
other crops (Howeler, 2002). By itself, the contrast between scientific claims and farmers’ 
u��ers����i��	�eri�s	i�ves�i���io�.	The	�bi�i�y	of	��ss�v�	�o	�ro�	o�	poor	soi�s	is	�ue	�o	�he	
f���	�h��	��ss�v�	is	hi�h�y	�y�o�rophi���	�epe��i��	o�	i�s	�bi�i�y	�o	for�	�rbus�u��r	�y�orrhiz�	
(AM)	(K���	et al.��	1980;	H�b�e	���	�y�pp���h���i��	1994;	F��bo��	et al.��	1998;	Ho�e�er��	2002;	
S����i	���	Oso�ubi��	2002;	C�r�oso	���	Kuyper��	2006).	The	�bi�i�y	of	AM	fu��i	�o	i��re�se	
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up����e	of	re���ive�y	i��obi�e	�u�rie��s��	i�	p�r�i�u��r	P	���	sever��	�i�ro�u�rie��s��	���	�r��sfer	
these to the plant in exchange for carbon is the most recognised beneficial effect of mycorrhizal 
associations. Mycorrhizal associations have a number of further beneficial effects on plants, 
su�h	�s	i�prove�	���er	re���io�s��	espe�i���y	u��er	�o��i�io�s	of	�u�rie��	s�ress	(Gueye	et al.��	
1992; Augé, 2001). Beneficial effects of AM fungi on cassava might further translate into 
posi�ive	effe��s	of	��ss�v�	o�	�	subseque��	�rop.	This	is	�he	�ub	of	�he	���i�	by	f�r�ers.

The	��r�er	pro�e��	of	�hi�h	�his	s�u�y	is	�	p�r�	�i�s	�o	�i�����	i�	�	�o��o�	fr��e�or����	
f�r�ers’	�o�io�s	�i�h	�heories	of	�o�ve��io���	s�ie��e.	I�	�his	��se��	our	fo�us	is	o�	�he	po�e��i��	
of extensive cassava systems to enhance yields of a subsequent crop. More specifically, the 
prese��	s�u�y	�i�e�	�o:	(1)	�ssess	soi�	�he�i���	proper�ies	i�	ex�e�sive	��ss�v�	�roppi��	sys�e�s	
�i�h	�iffere��	��ss�v�	�u��iv�rs��	(2)	�ssess	�y�orrhiz��	���ivi�y	i�	�iffere��	��ss�v�	�u��iv�rs��	
(3)	 �ssess	 �u�rie��	 up����e	 ���	 yie��	 of	 subseque��	 ��ize	 �f�er	 p����i��	 �iffere��	 ��ss�v�	
�u��iv�rs��	���	(4)	s�u�y	�y�orrhiz��	i��i�e��e	o�	�he	subseque��	��ize	�rop.	O�e	�spe��	of	�he	
�e�ho�o�o�y	of	�he	Co�ver�e��e	of	S�ie��es	Pro�r���e	(Rö�i��	et al.��	2004;	Hou���o��ou	
et al.,	2006)	is	�o	�o���e	poi��s	of	�o�ver�e��e	be��ee�	f�r�ers’	���o��e��e	���	�o�ve��io���	
s�ie��e��	 ���	 be��ee�	 ���ur��	 ���	 so�i��	 s�ie��es��	 �hi�h	 ���	 be	 use�	 �s	 fr��e�or��s	 �i�hi�	
which to introduce to and discuss with farmers basic scientific concepts. Here we have sought 
�o	e����e	�i�h	f�r�ers	�rou��	�he	�he�e	of	�y�orrhiz��	�sso�i��io�s.	The	b�si�	i�e�	is	�o	����e	
scientific experimentation transparent to farmers, and to engage farmers in such experimental 
���ivi�y.	I�	��s	i�	or�er	�o	���o�	f�r�ers	�o	for�	�	��e�rer	vie�	of	�he	����i�u�e	of	�he	effe��s	of	
e�h���e�	bio�o�i���	���ivi�y	o�	�rop	yie��	�h��	�e	��so	�pp�ie�	�	�i�i�u�	NPK-S�	fer�i�iser��	
�o	e�h���e	visibi�i�y	of	effe��s	���	����e	�o�p�riso�s	��e�rer.	Ho�ever��	�he	s�u�y	��s	�o�	�	
�ri��	or	�e�o�s�r��io�	of	NPK-S�	effe��ive�ess	�s	su�h.

Material and Methods

Study site
The study was carried out in farmers’ fields at Ouoghi central (8°07’ N, 2°33’ E) in the 
�r��si�io���	 ��ro-e�o�o�i���	 zo�e	 of	 �e�i�.	 The	 �re�	 is	 ��	 ��	 ���i�u�e	 of	 �bou�	 200	 �	 �.s.�.	
I�	h�s	�	Gui�e�-Su���	��i���e	�i�h	�	u�i�o���	 r�i�f���	p���er�.	Aver��e	���u��	 r�i�f���	���	
�e�per��ure	�re	1100	��	���	27.5°C��	respe��ive�y.	R�i�f���	��	�he	si�e	��s�s	fro�	Apri�	�o	�i�-
Nove�ber.	The	soi�	is	�o�i���e�	by	�ropi���	ferru�i�ous	soi�s	(Dubroeu�q��	1977)	�erive�	fro�	
Precambrian crystalline rocks (granite and gneiss) of the African Basement Complex, classified 
�s	Ferri�	Lixiso�	(FAO��	1990).	
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Farmer participation in the research activities
Af�er	�he	�i���os�i�	s�u�y	(��rrie�	ou�	fro�	Apri�	�o	De�e�ber	2002)	�	s����eho��er	�e�r�i��	
���	rese�r�h	�roup	(SLG)	for	���o��e��e	ex�h���e	��s	es��b�ishe�	i�	�he	vi����e.	I�s�i�u�io���	
development is a key aspect of creating a level playing field for assessing farmer and scientific 
���o��e��e	���i�s��	���	i�	����i��	s�ie��e	‘visib�e’	�o	f�r�ers.	The	foru�	i�vo�ve�	o�	�ver��e	
15	f�r�er	i��ov��ors	���	�he	�o���	ex�e�sio�	��e��.	They	�e�	��i�e	�	�o��h	�o	�is�uss	issues	
re���e�	 �o	 �he	 experi�e��s	 o�	 soi�	 fer�i�i�y	 �����e�e��	 pr���i�es.	 F�r�ers	 i��eres�e�	 i�	 �he	
rese�r�h	���ivi�ies	e��ere�	�he	�roup	of	�heir	o��	vo�i�io�.	The	�i�	of	�he	SLG	��s	�o	e�h���e	
�	 �oi��	 �e�r�i��	 pro�ess	 (i.e.	 rese�r�hers	 ���	 f�r�ers	 e����i��	 i�	 �u�u��	 �e�r�i��	 ���	 i�	
�is�ussio�s	o�	 ��	 equ��	b�sis)	�hi�h	 shou��	 �o��ribu�e	 �o	�e�o�r��is��io�	of	 s�ie��e.	Su�h	
��	 ���io�-orie��e�	 �e�ho�o�o�y��	 usi��	 ��	 i��er���ive	 �ppro��h��	 h�s	 �s	 i�s	 ��r�e�	 �o	 e�h���e	
f�r�ers’	���o��e��e	o�	�he	pro�esses	�o��ribu�i��	�o	p����	�u�ri�io�.	The	i�s�i�u�io�	for�e�	for	
�his	pro�e��	��s	��	ho���	bu�	���	be	�o�p�re�	�o	f�r�er	���o��e��e	for���io�	pro�esses	u��er	
�he	�ore	�e�er��	��be�	of	F�r�er	Fie��	S�hoo�s.	

I�	�he	spiri�	of	�e�o�r��is��io�	of	s�ie��e	�he	rese�r�h	��e���	���	����	�o	be	�o��e��e�	
�ere	 ‘�e�o�i��e�’	 �i�h	 f�r�ers.	 We	 �e�i�e�	 �o	 ��so	 use	 f�r�ers’	 �ri�eri�	 �o	 ev��u��e	 �he	
effe��ive�ess	of	��	i��ov��io�.	These	�ri�eri�	i���u�e�	�o�our	of	p����	�e�ves	(ye��o�	�e�ves	���	
purp�ish	�e�f	�is�o�or��io�s	su��es�i��	�u�ri�io���	�o�s�r�i��s	–	�o�e	�h��	f�r�ers	�i�	�o�	�s�ribe	
yellow colours to N deficiency and purplish discolouration to P deficiency), cob size, and grain 
yie��.	I�	�he	�r��i�io���	�roppi��	sys�e���	�he	s�over	is	�ei�her	re�ove�	�or	bur��	�he�	��e�ri��	
the field for the next crop. Because such practices do not lead to nutrient depletion, only maize 
�r�i�	yie��	��s	�e�er�i�e�.	F�r�ers	�ere	i�vo�ve�	i�	soi�	s��p�i��	���	roo�	�o��e��io�	for	�he	
�ssess�e��	of	�y�orrhiz��	i��i�e��e	i�	�he	��bor��ory.	The	rese�r�h	pro�ess	e��e�	i�	�	fee�b����	
se��io���	�he�	�he	resu��s	of	�he	experi�e��	(�rop	perfor����e��	soi�	�he�i���	proper�ies��	�u�rie��	
up����e	by	�he	�rop��	���	�y�orrhiz��	i��i�e��e)	�ere	prese��e�	�o	f�r�ers	���	�is�usse�.

�efore	�he	experi�e��	��s	s��r�e�	�e	�s��e�	�he	f�r�ers	�o	r����	�hree	�iffere��	��ss�v�	
v�rie�ies	re��r�i��	�heir	po�e��i��	�o	r�ise	yie��s	of	su��ee�i��	��ize.	The	s�ori��	�e�ho�	��s	
�esi��e�	�o	r����	yie��	perfor����e	b�se�	o�	f�r�ers’	per�ep�io�s.	The	�hree	��ss�v�	�u��iv�rs	
identified were: odongbo (a local landrace), Ben 86052 (an improved fast-growing and high-
yie��i��	����r��e	i��ro�u�e�	by	�he	ex�e�sio�	servi�e)	���	�ou���é	(�	�o���	����r��e	i��ro�u�e�	
fro�	Cô�e	�’Ivoire	�hrou�h	f�r�ers’	�e��or��s).

Experimental set up
The	s�u�y	�o�prise�	��	o�-f�r�	experi�e��	u��er	f�r�ers’	�o��i�io�s	���	�	po�	experi�e��	
carried out with the SLG members in the village. The fields had been cultivated since 1999 
���or�i��	 �o	 �o���	 �roppi��	 pr���i�es	 (S�ï�ou	 et al.��	 2004).	 C�ss�v�	 ��s	 p����e�	 i�	 2002��	
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i��er�roppe�	 �i�h	 ��ize	 or	 e�usi	 �e�o�	 or	 �o�pe�.	Af�er	 h�rves�i��	 �he	 �rop��	 ��ss�v�	 ��s	
monocropped for a further year. In these fields the study on earthworm activity was also 
u��er����e�	 (Ch�p�er	3).	The	experi�e����	�esi��	��s	�	�o�p�e�e�y	 r���o�ise�	b�o�	�esi��	
with three cassava cultivars as treatments. For each treatment, four farmers’ fields were 
selected, leading to 12 plots in all. As in the traditional cropping system field variation is very 
i�por����	i�	�er�s	of	�i�rov�ri�bi�i�y��	��bour	�����e�e����	f�r�er	�o�pe�e��e	or	s��i����	�e	�i�	
not consider the fields of different farmers as true replicates. Because cassava fine roots do not 
exp�ore	�ore	�h��	40	��	of	soi�	�ep�h	(S�ï�ou��	u�pub�ishe�)��	soi�	s��p�es	�ere	�o��e��e�	��	
0-10��	10-20��	���	20-40	��	�ep�h��	��	�pproxi���e�y	5	�o	8	��	of	�he	��ss�v�	s�e�	for	�he	s�u�y	
of	AMF	i��i�e��e.

We	��so	�es�e�	�he�her	�	�i�i���	�ose	of	100	���	h�-1	of	NPK-S�	14-23-14-5-1	fer�i�iser	
(14	���	N��	10	���	P	���	11.5	���	K	h�-1)	�pp�ie�	�o	�he	subseque��	��ize	�rop	i�prove�	p����	
perfor����e	 ���	 �ffe��e�	 �y�orrhiz��	 i��i�e��e.	 Af�er	 h�rves�i��	 ��ss�v�	 ���	 �o��e��i��	
fine roots for the assessment of AM colonisation, each field was split into fertilised and non-
fer�i�ise�	sub-p�o�s.	The	experi�e��	�o�prise�	24	sub-p�o�s.	E��h	sub-p�o�	��s	45.5	�2	(7	�	x	
6.5	�).	Soi�	s��p�es	�ere	�o��e��e�	��	�	�ep�h	of	0-20	��	for	�he�i���	����ysis	���	for	�he	po�	
experi�e��	before	so�i��	��ize.	A�	e�r�y	���uri��	(3	�o��hs	�y��e)	��ize	�u��iv�r��	DMR-
SRW��	provi�e�	by	�he	ex�e�sio�	servi�e��	��s	so��	o�	Ju�y	2004	���	fer�i�iser	��s	�pp�ie�	�hree	
�ee��s	 �f�er	 so�i��.	 P�ou�hi����	 so�i��	 ���	 �ee�i��	 �ere	 �o�e	 by	 e��h	 i��ivi�u��	 f�r�er.	
The	rese�r�her	provi�e�	��ize	see�	���	�i�er��	fer�i�iser.	H�rves�	���	�e�er�i���io�	of	yie��	
p�r��e�ers	�ere	�o�e	�o�e�her	�i�h	�he	�e�bers	of	�he	SLG.

Cob	 �i��h	 ��s	 �e�sure�	 ��	 �he	 b�se	 of	 �he	 �ob.	 I�	 is	 �he	 p�r�	 �here	 �he	 ��ize	 �ob	
is	 �u�h	 �hi���er	 �h��	 �he	 superior	 p�r�.	 Cob	 �e���h	 ��s	 �e�sure�	 fro�	 �he	 �ob	 b�se	 �o	 �he	
last grains on the top. The measurements were carried out on 8 randomly selected, fully filled 
cobs because farmers do not take account of non-filled cobs. As sampling of fine roots for the 
�ssess�e��	of	AMF	�o�o�is��io�	is	�es�ru��ive��	���	�hus	�i�h�	�e��	�o	�o�ere�	��ize	yie��s��	
AMF	roo�	�o�o�is��io�	i�	��ize	��s	�o�	�ssesse�	i�	�he	p����s	of	�he	o�-f�r�	experi�e��	bu�	i�	
�he	p����s	of	�he	po�	experi�e��.

The	 SLG	 ��s	 ��so	 i�vo�ve�	 i�	 ��rryi��	 ou�	 �he	 po�	 experi�e��.	 Soi�	 s��p�es	 �ere	
�rushe�	�o	p�ss	�hrou�h	�	2	��	sieve.	Por�io�s	of	3	���	�ir-�rie�	soi�	�ere	�r��sferre�	i��o	3	
litre plastic pots. The field capacity of the soil varied between 29-38 %. It was kept at field 
��p��i�y	by	re�u��r	���er	supp�y	�i�h	�is�i��e�	���er	�he�	���er	s�ress	o��urre�.	The	po�s	�ere	
watered with a quantity of water equivalent to1/9 of the field capacity (100-125 ml of distilled 
���er).	12	��ys	�f�er	so�i��	�	qu���i�y	of	115	��	of	NPK-S�	fer�i�iser	(equiv��e��	�o	100	���	
h�-1)	��s	�pp�ie�	�o	e��h	fer�i�ise�	po�.	M�ize	��s	so��	��	4	��	�ep�h	�i�h	3	see�s	per	ho�e.	10	
��ys	�f�er	so�i����	o��y	2	p����s	�ere	�ef�	per	po�.	The	h�rves�	��s	�o�e	30	��ys	�f�er	so�i��.	
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Af�er	��shi��	�he	roo�s	over	�	0.5	��	sieve��	fresh	�ei�h�	of	shoo�s	��s	�e�er�i�e�.	The	fresh	
roo�s	�ere	se��	�o	�he	��bor��ory	���	s�ore�	i�	�	fri��e.	Roo�	s��p�es	�ere	��ep�	i�	�he	fri��e	
for	�hree	��ys.	Shoo�	s��p�es	�ere	�rie�	��	70°C	u��i�	�o�s����	�ei�h�	���	�he�	�ry	�ei�h�	��s	
�e�er�i�e�.

Soil and plant analysis
Soi�	 ���	p����	 �he�i���	 ����yses	�ere	perfor�e�	 i�	 �he	L�bor��ory	of	Soi�	S�ie��es	of	 �he	
F��u��é	�es	S�ie��es	A�ro�o�iques	of	�he	U�iversi�y	of	Abo�ey	C���vi	���	��	�he	L�bor��oire	
�es	 S�ie��es	 �u	 So���	 E�u	 e�	 E�viro��e�e��	 of	 �e�i�	 N��io���	 Rese�r�h	 I�s�i�u�e	 (LSSE/
INRA�).	Soi�	����yses	�ere	��rrie�	ou�	o�	pH	(H2O)	(usi��	�	���ss	e�e��ro�e	i�	1:2.5	v/v	soi�	
so�u�io�)��	�o���	N	(K�e���h�	�i�es�io�	i�	�	�ix�ure	of	H2SO4-Se�e�iu�	fo��o�e�	by	�is�i����io�	
���	�i�r��io�)��	�v�i��b�e	P	(�r�y	1	�e�ho�)��	ex�h���e�b�e	K+	(�i�h	1	N	���o�iu�	��e���e	��	pH	
7��	�f�er	�hi�h	K	��s	�e�er�i�e�	by	��o�i�	�bsorp�io�	spe��ropho�o�e�ry)��	NO3

--N	���	NH4
+-N	

i�	1M	KC�	ex�r���	(NO3
--N	�f�er	���i��	M�O	���	�is�i��i��	�he	�ix�ure	fo��o�e�	by	�i�r��io�;	

NH4
+-N	by	���i��	�o	�he	pre�e�i��	�ix�ure	Dev�r��	���oy	�f�er	�hi�h	�he	�e�	�ix�ure	��s	

�is�i��e�	fo��o�e�	by	�i�r��io�).
To���	N	 i�	 �he	p����	��s	����yse�	by	�e�	�i�es�io�	 i�	�	�ix�ure	of	H2SO4-Se�e�iu�	

fo��o�e�	by	�is�i����io�	���	�i�r��io���	K	��s	�e�sure�	by	��o�i�	�bsorp�io�	spe��ropho�o�e�ry.	
Determination of P included two steps, dry ashing a plant sample in a muffle furnace at 550°C 
for	4	h	���	���heri��	�he	resi�ues	i�	1N	HNO3	i�vo�vi��	�	perio�	of	he��i��.	P	��s	subseque���y	
�e�sure�	�o�ori�e�ri����y	by	���o�iu�	�o�yb���e	�i�h	�s�orbi�	��i�	��	�	��ve�e���h	of	660	
��.

Assessment of AMF incidence
�o�h	spore	�u�bers	���	roo�	�o�o�is��io�	by	AMF	�ere	�o�si�ere�	�s	i��i���ors	of	�y�orrhiz��	
i��i�e��e	(O��ue�e��	2000;	C�r�oso	et al.��	2003).	Spore	ex�r���io�	��s	�o�e	by	�e�-sievi��	
(�ru��re��	et al., 1996). The procedure was repeated until clear floating liquid was obtained. 
Spores	�o��e��e�	�ere	�ou��e�	i�	�	�ri��i�e	Pe�ri	�ish	u��er	�	s�ereo�i�ros�ope	��	x	40	(S�e�i	
DRC Zeiss). Only apparently healthy spores were counted. Spores were not identified.

Fi�e	roo�s	�ere	��e�re�	���	b�e��he�	(su��essive�y	�i�h	10%	KOH	i�	�	���er	b��h	��	
90°C for 30 minutes, rinsed with water, and finally with 10% H2O2)	���	s��i�e�	�i�h	0.03%	
�/v	Ch�or�zo�	b�����	E	i�	�	����o��y�ero�	so�u�io�	(1:1:1	����i�	��i���	��y�ero�	���	�is�i��e�	���er)	
(�ru��re��	et al.��	1996).	The	propor�io�	of	roo�	�e���h	�o�o�ise�	by	AMF	��s	�e�er�i�e�	by	�he	
�ri��i�e	i��erse��io�	�e�ho�	(Giov���e��i	���	Mosse��	1980).
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Statistical analysis
S���is�i���	 ����yses	 �ere	 perfor�e�	 usi��	 �he	 SAS	 v	 8.1	 p������e.	 Soi�	 �he�i���	 proper�ies	
���	 fr���io���	 AM	 �o�o�is��io�	 of	 ��ss�v�	 roo�s	 �ere	 sub�e��e�	 �o	 �	 ��o-��y	 ����ysis	 of	
v�ri���e	(ANOVA)	�i�h	��ss�v�	�u��iv�r	���	f�r�er	(�����e�e��)	�s	f���ors.	Spore	�u�bers	
of	AMF	i�	�he	soi�	�ere	��-�r��sfor�e�	�o	�ee�	ANOVA	�ssu�p�io�s.	The	�u�bers	of	AMF	
spores	 �ere	 sub�e��e�	 �o	 �hree-��y	ANOVA��	 �i�h	 ��ss�v�	 �u��iv�r��	 soi�	 �ep�h��	 ���	 f�r�er	
(�����e�e��)	 �s	 ��i�	 f���ors.	 M�ize	 yie��	 p�r��e�ers	 (�ob	 �e���h	 ���	 �i��h	 ���	 �r�i�	
yie��)��	�u�rie��	�o��e��r��io���	�u�rie��	�o��e��	of	�he	�r�i���	���	����	of	po�	experi�e��	�ere	
��so	 sub�e��e�	 �o	 �	 �hree-��y	ANOVA	 �i�h	 pre�e�i��	 ��ss�v�	 �u��iv�r��	 fer�i�iser	 �re���e����	
���	f�r�er	(�����e�e��)	�s	��i�	f���ors.	Fr���io���	AM	roo�	�o�o�is��io�	����	�ere	�r�si�e	
squ�re	 roo�	 �r��sfor�e�	 �o	 �ee�	 �he	 �ssu�p�io�s	 for	ANOVA.	The	 S�u�e��	 Ne����-Keu�s	
�es�	��s	perfor�e�	�o	�o�p�re	�iffere��es	i�	�e��s	��o��	�re���e��s.	Pe�rso�’s	�orre���io�	
coefficients were calculated between fractional root colonisation of maize, and soil properties, 
root weight, shoot weight and nutrient uptake. All significance levels were set at P	<	0.05.

Results

Farmers’ perceptions of the performance of the different cassava cultivars in enhancing the 
yield of succeeding crops.
R����i��	�o�e	�i�h	�e�bers	of	�he	SLG	sho�e�	�h��	f�r�ers	(�	=	15)	�ere	of	�he	opi�io�	�h��	
yie��	of	�he	subseque��	��ize	�rop	�i��	be	bes�	e�h���e�	by	prior	�roppi��	�i�h	o�o��bo	���	
�e�s�	�f�er	prior	p����i��	�i�h	�ou���é.	F�r�ers	��so	���i�e�	�h��	o�o��bo	�ou��	yie��	�ore	
�h��	�e�	86052	���	�ou���é.	Their	prefere��es	 for	o�o��bo	�re	exp��i�e�	by	 �he	 f���s	 �h��	
it stays in the field for a long period (at least 18 months) without rotting and that it produces 
�ore	�e�f	�i��er;	�e�	86052	���	�ou���é	�re	�o�	resis����	�o	ro�.	�e�	86052	���	�ou���é	�re	f�s�	
growing cultivars; they are in the field for a shorter period (6 to18 months) before harvesting 
���	�o�seque���y	pro�u�e	�ess	�i��er.	O�o��bo	is	�he	�u��iv�r	use�	by	�os�	f�r�ers	i�	�he	�re�;	
�herefore	�bu�����	s�����s	�re	�v�i��b�e	for	p����i��	(��ss�v�	is	ve�e���ive�y	prop����e�	fro�	
s�e�	�u��i��s).	�e�	86052	 is	�	 f�s�	�ro�i��	�u��iv�r	pro�o�e�	by	 �he	ex�e�sio�	servi�e	���	
�he	 ‘Pro�e�	�e	Déve�oppe�e��	�es	R��i�es	e�	Tuber�u�es’	 (PDRT)	�i�h	�e�ivery	of	p����i��	
���eri��	offere�	�s	p�r�	of	�	�re�i�	p������e.	�ou���é	(�o����y	���e�	oni gbese duro demi, �i�.	
‘�re�i�or	��i�s	i�	or�er	�o	h�ve	your	�o�ey’)	is	��so	�	f�s�	�ro�i��	�u��iv�r	i��ro�u�e�	fro�	
Cô�e	�’Ivoire	�i�hi�	f�r�ers’	�e��or��s	���	��i��y	use�	�o	�u�r���ee	househo��	foo�	se�uri�y.

Soil chemical properties and distribution of AMF spores in the extensive cassava cropping 
systems.
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Soi�	pH	(H2O)	��s	�rou��	�eu�r��i�y.	Soi�s	of	�he	p�o�s	p����e�	�i�h	�he	v�rious	��ss�v�	�u��iv�rs	
varied significantly in pH (H2O)	�hi�e	�o���	N��	NH4

+-N��	NO3
--N��	�v�i��b�e	P��	���	ex�h���e�b�e	K+	

did not vary (Table 1A). There were significant differences between farmers (i.e.	be��ee�	�he	p�o�s	

Table 1.	 (A)	 T�o-��y	 ANOVA	 (F-v��ues)	 re��r�i��	 pre�e�i��	 ��ss�v�	 �u��iv�rs	 ���	 f�r�ers’	
�����e�e��	pr���i�es.	Fi�ures	i�	p�re��heses	�re	prob�bi�i�y	of	F-v��ues.	(�)	Me��	v��ues	(±	s�����r�	
error��	�	=	4)	of	soi�	(0-20	��)	�he�i���	proper�ies	�f�er	h�rves�i��	�he	�iffere��	��ss�v�	�u��iv�r.	I�	�	
column, means followed by the same letter are not significantly different (P	>	0.05)	(Ne����-Keu�s	
test). (Symbols for significance levels: *	P < 0.05; ns not significant).
(A)
Source of 
variation

�f pH	(H2O) P-�r�y1	 N-�o��� Ex�h.	K+	 NH4
+-N	 NO3

--N	

Cu��iv�r 2
9.18*

(0.015)
3.28	�s
(0.109)

2.11	�s
(0.203)

1.81	�s
(0.243)

0.08	�s
(0.921)

0.70	�s
(0.533)

F�r�ers’	
�����e�e��

3
6.98*

(0.022)
4.78*

(0.049)
4.81*

(0.049)
2.47	�s
(0.160)

0.18	�s
(0.908)

1.71	�s
(0.263)

(�)	
Cultivar

pH	(H2O)
P-�r�y1	
(��	���-1)

N-�o���
(�	���-1)

Ex�h.	K+	
(��o�	���-1)

NH4
+-N	

(��	���-1)
NO3

--N	
(��	���-1)

O�o��bo 6.7	±	0.1	� 10.9	±	2.1	 1.3	±	0.0	 0.2	±	0.0	 5.4	±	0.5	 5.3	±	0.2	

�e�	86052 6.3	±	0.0	b 7.0	±	0.4		 1.1	±	0.1	 0.1	±	0.0	 5.4	±	0.4	 5.4	±	0.3	

�ou���é 6.4	±	0.1	b 10.3	±	2.2	 1.2	±	0.1	 0.1	±	0.0	 5.6	±	0.2	 5.8	±	0.5

Table 2.Three-��y	ANOVA	(F-v��ues)	of	�rbus�u��r	�y�orrhiz��	fu����	(AMF)	spores	i�	�he	�iffere��	
soi�	��yers	(0-10��	10-20	���	20-40	��)	re��r�i��	��ss�v�	�u��iv�r��	soi�	�ep�hs	���	f�r�ers’	�����e�e��	
pr���i�es.	 The	 v��ues	 �ere	 ���ur��	 �o�(�+1)	 �r��sfor�e�	 before	 ����ysis	 of	 v�ri���e.	 (Sy�bo�s	 for	
significance levels :	**	P	<	0.01;	***	P < 0.001; ns not significant).
Sour�e	of	v�ri��io� �f AMF	spores

F-v��ues P	>	F
Cu��iv�r 2 24.63*** <	0.0001
Dep�hs 2 26.82*** <	0.0001
F�r�ers’	�����e�e�� 3 14.06*** 0.0003
Cu��iv�r*Dep�hs 4 2.31	�s 0.117
F�r�ers*Cu��iv�r 6 5.52** 0.006
F�r�ers*Dep�hs 6 1.39	�s 0.295
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and Bouaké fields (Fig. 1). With Ben 86052 and odongbo spore abundance decreased significantly 
from the top layer to the deeper layer while no significant change was noticed with Bouaké.

Spore	�bu�����e	of	AMF	i�	�he	0-20	��	soi�	��yer	(�o�bi�i��	�u�bers	for	�ep�hs	0-10	
and 10-20 cm) were significantly negatively correlated with pH (H2O)	(r	=	–0.86��	P	=	0.000��	�	
=	12)��	�v�i��b�e	P	(r	=	–0.795��	P	=	0.002��	�	=	12)��	���	�o���	N	(r	=	–0.833��	P	=	0.001��	�	=	12).	
Fractional root colonisation was neither significantly different between cassava cultivars (Fig. 
2)	�or	�orre���e�	�i�h	soi�	p�r��e�ers.

Performance of the subsequent maize crop 
Three-way ANOVA of cob size and grain yield indicated significant effects of the three factors 
(��ss�v�	�u��iv�r��	fer�i�iser	�re���e��	���	f�r�ers’	�����e�e��)��	�here�s	�he	i��er���io�	be��ee�	

�hey	f�r�e�)	�i�h	re��r�	�o	pH	(H2O)��	�o���	N	���	ex�h���e�b�e	K+.	pH	(H2O)	��s	s�i�h��y	hi�her	
i�	�he	soi�s	p����e�	�o	o�o��bo	�o�p�re�	�i�h	soi�s	p����e�	�o	�e�	86052	���	�ou���é	(T�b�e	1�).

Different types of AMF spores were observed in the different soil profiles, but spores were 
not identified to AM fungal species. Table 2 presents results of the three-way ANOVA regarding 
cassava cultivar, soil depth, and farmers’ management. All three factors affected significantly 
spore	�bu�����e	of	AMF.	The	i��er���io�	be��ee�	��ss�v�	�u��iv�r	���	f�r�ers’	�����e�e��	��s	
significant. Spore abundance in the Ben 86052 fields was significantly higher than that in odongbo 

Figure 1.	Nu�ber	of	spores	of	�rbus�u��r	�y�orrhiz��	fu��i	re��r�i��	soi�	�ep�h	���	pre�e�i��	��ss�v�	
�u��iv�r.
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Figure 2.	 Fr���io���	 ��ss�v�	 roo�	 �e���h	 �o�o�is��io�	by	�rbus�u��r	�y�orrhiz��	 fu��i.	Ver�i���	 b�rs	
denote standard errors. Bars of the same types labelled with the same letter are not significantly different 
��	P	>	0.05	(Ne����-Keu�s	�es�).

farmers’ management and fertiliser treatment was marginally significant for cob width and 
grain yield (Table 3A). Grain yield and cob size were highest in the odongbo fields, consistent 
with farmers’ claim. In the unfertilised fields cob length and width in the odongbo fields were 
significantly higher than those in the Bouaké and Ben 86052 fields (Table 3B). Grain yield in 
the odongbo fields was 50% higher (but only marginally significant) than in both Ben 86052 and 
Bouaké fields. In the fertilised fields grain yield significantly increased both in the odongbo and 
Bouaké fields, compared with the Ben 86052 field. The fertiliser treatment significantly increased 
overall grain yield with 50%. Based on the overall mean for unfertilised and fertilised fields, maize 
grain yields were significantly higher in the odongbo field than in Bouaké and Ben 86052 fields.

Three-way ANOVA of nutrient concentrations of grain indicated significant effects of prior 
��ss�v�	�u��iv�r	o�	K	�o��e��r��io���	subseque��	fer�i�is��io�	�re���e��	o�	N	���	K	�o��e��r��io�	
and farmers’ management on K concentration. There were no significant interactions between 
�hese	 f���ors	 (T�b�e	4A).	Nei�her	 ��ss�v�	 �u��iv�r	�or	 subseque��	 fer�i�is��io�	 �re���e��	�or	
v�ri��io�	be��ee�	f�r�ers	�ffe��e�	P	�o��e��r��io�.	Three-��y	ANOVA	of	�u�rie��	(N��	P	���	
K) content of the grain indicated significant effects of fertilisation, preceding cassava cultivar 
���	f�r�ers’	�����e�e��	(T�b�e	4A).	Me��	v��ues	of	�u�rie��	�o��e��r��io�	���	�o��e��	of	
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�he	�r�i�	re��r�i��	pre�e�i��	��ss�v�	�u��iv�r	���	fer�i�iser	�re���e��	�re	prese��e�	i�	T�b�e	
4B. In the unfertilised treatment, K concentration in the odongbo field was significantly 
higher than that of Ben 86052 and Bouaké fields. Fertiliser treatment significantly increased 
N	�o��e��	of	 �he	�r�i�	�i�h	80%	i�	 �he	p�o�s	�here	o�o��bo	��s	�he	prior	��ss�v�	�u��iv�r��	
�hi�e	K	�o��e��	of	�he	�r�i�	i�	�he	fer�i�ise�	p�o�	��s	70%	hi�her	i�	o�o��bo	p�o�s	�o�p�re�	
�i�h	p�o�s	�i�h	�e�	86052.	Moreover��	K	�o��e��	of	��ize	�r�i�	i�	 �he	u�fer�i�ise�	o�o��bo	

Table 3.	 (A)	 Three-��y	 ANOVA	 (F-v��ues)	 of	 �he	 �ob	 �e���h��	 �ob	 �i��h	 ���	 ��ize	 �r�i�	 yie��s	
re��r�i��	pre�e�i��	��ss�v�	�u��iv�r��	fer�i�iser	�re���e��s	���	f�r�ers’	�����e�e��	pr���i�es.	Fi�ures	
i�	p�re��heses	�re	prob�bi�i�y	of	F-v��ues.	(�)	Me��	v��ues	(±	s�����r�	error��	�	=	4)	of	subseque��	��ize	
�ob	�e���h	���	�i��h	���	�r�i�	yie��	re��r�i��	��ss�v�	�u��iv�r	���	NPK-S�	fer�i�iser	�re���e��s.	I�	�	
column, means followed by the same letter are not significantly different (P	>	0.05)	(Ne����-Keu�s	
test). (Symbols for significance levels: †	P	<	0.1	;	*	P	<	0.05	;	**	P < 0.01 ; ns not significant).
(A)	
Source of variation

�f
F-v��ues	of	�ob	size F-v��ues	of	�r�i�	

yie��Cob	�e���h Cob	�i��h
Cu��iv�r 2 18.25**	(0.0028) 7.07*	(0.0264) 23.88**	(0.0014)
Fer�i�iser	�re���e��s 1 20.61**	(0.0039) 14.95**	(0.0083) 39.09**	(0.0008)
F�r�ers’	�����e�e�� 3 2.12	�s	(0.1989) 0.63	�s	(0.6219) 19.99**	(0.0016)
Cu��iv�r*Fer�i�iser 2 2.60	�s	(0.1535) 3.66†	(0.0912) 2.95	�s	(0.1280)
F�r�ers*Cu��iv�r 6 1.87	�s	(0.2328) 0.97	�s	(0.5131) 3.20†	(0.0913)
F�r�ers*Fer�i�iser 3 0.37	�s	(0.7758) 4.87*	(0.0476) 7.84*	(0.0169)

(�)	
Fertiliser treatments

C�ss�v�	
�u��iv�rs

M�ize	�ob	size		(��)	 M�ize	�r�i�	yie��
(�	DM	h�-1)Cob	�e���h Cob	�i��h

U�fer�i�ise� O�o��bo 14.3	±	1.0	� 14.6	±	0.1	� 0.9	±	0.1	
�e�	85052 9.7	±	0.2			b 13.3	±	0.3	b 0.6	±	0.1	
�ou���é 11.6	±	0.6	b 13.5	±	0.3	b 0.6	±	0.1	
P >	F 0.0113** 0.0058** 0.0686†

Fer�i�ise� O�o��bo 15.0	±	1.0	 14.6	±	0.4	 1.3	±	0.3	�
�e�	85052 12.7	±	0.6	 14.2	±	0.3	 0.8	±	0.2	b
�ou���é 14.4	±	0.2	 14.6	±	0.2	 1.2	±	0.3	�
P	>	F 0.1057	�s 0.5761	�s 0.0186*
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Table 4.	(A)	Three-��y	ANOVA	(F-v��ues)	of	N��	P	���	K	�o��e��r��io�	���	�o��e��	i�	�he	subseque��	
��ize	�r�i�	re��r�i��	pre�e�i��	��ss�v�	�u��iv�r��	fer�i�iser	�re���e��s	���	f�r�ers’	�����e�e��	pr���i�es.	
Fi�ures	 i�	 p�re��heses	 �re	 prob�bi�i�y	 of	 F-v��ues.	 (�)	 Me��	 v��ues	 (±	 s�����r�	 error��	 �	 =	 4)	 of	 N��	 P	
���	K	�o��e��r��io�	���	�o��e��	i�	�he	subseque��	��ize	�r�i�	re��r�i��	��ss�v�	�u��iv�r	���	NPK-S�	
fertiliser treatment. In a column, means followed by the same letter are not significantly different (P	>	0.05)	
(Newman-Keuls test). (Symbols for significance levels : †	P	<	0.1	;	*	P	<	0.05	;	**	P	<	0.01	;	***	P	<	0.0001	
; ns not significant).
(A)	
Source of variation

�f F-v��ue	for	�r�i�	�u�rie��	
�o��e��r��io�

F-v��ues	for	�u�rie��	up����e	by	�r�i�

N P K N P K

Cu��iv�r 2 3.65†

(0.0917)
1.25	�s
(0.3521)

6.28*

(0.0338)
14.19**

(0.0053)
8.74*

(0.0167)
20.90**

(0.0020)

Fer�i�iser	�re���e��s 1 45.39***

(0.0005)
0.12	�s
(0.7406)

166.53***

(<	0.0001)
47.88**

(0.0005)
9.45*

(0.0218)
127.89***

(<.0001)

F�r�ers’	
�����e�e��

3 4.59†

(0.0537)
0.13	�s
(0.9402)

5.35*

(0.0393)
14.50**

(0.0037)
4.94*

(0.0464)
21.48**

(0.0013)

Cu��iv�r*Fer�i�iser 2 1.67	�s
(0.2650)

0.73	�s
(0.5183)

2.30	�s
(0.1811)

1.94	�s
(0.2241)

1.45	�s
(0.3067)

1.28	�s
(0.3449)

F�r�ers*Cu��iv�r 6 1.63	�s
(0.2836)

0.80	�s
(0	.6014)

0.32	�s
(0.9060)

1.40	�s
(0.3452)

1.30	�s
(0.3785)

1.72	�s
(0.2631)

F�r�ers*Fer�i�iser 3 0.66	�s
(0.6035)

0.79	�s
(0.5420)

3.31†

(0.0987)
3.71†

(0.0805)
1.20	�s
(0.3863)

9.64*

(0.0104)

(�)	
Fertiliser 
treatments

C�ss�v�	
�u��iv�r

Nu�rie��	�o��e��r��io�	i�	�he	�r�i�
(�	���-1)

Nu�rie��	up����e	by	�r�i�	
(���	h�-1)

N P K N P K

U�fer�i�ise� O�o��bo 12.6	±	0.5	 6.1	±	0.7	 3.6	±	0.2	� 11.9	±	2.2	 5.9	±	1.3	 3.4	±	0.7	�

�e�	86052	 12.3	±	1.0	 5.6	±	1.1	 2.3	±	0.2	b 7.1	±	1.9		 3.0	±	0.5	 1.2	±	0.2	b

�ou���é 12.2	±	0.8	 4.9	±	0.3	 2.7	±	0.2	b 7.8	±	0.7	 3.1	±	0.4	 1.7	±	0.2	b

P	>	F 0.8693	�s 0.5573	�s 0.0170* 0.1234	�s 0.0729† 0.0189*

Fer�i�ise� O�o��bo 16.6	±	0.3	 6.8	±	0.9 5.6	±	0.4 21.6	±	4.1	� 8.9	±	2.1	 7.5	±	1.8	�

�e�	86052 14.8	±	0.8	 4.6	±	0.1	 5.3	±	0.4	 11.8	±	2.8	b 3.6	±	0.7	 4.3	±	1.1	b

�ou���é 14.3	±	0.6	 6.0	±	1.1	 5.2	±	0.4	 16.8	±	3.2	�b 7.0	±	1.9	 6.1	±	1.2	�b

P	>	F 0.0800†	 0.3146	�s 0.2474	�s 0.0116* 0.0634† 0.0198**
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p�o�s	 ��s	 ���os�	 �oub�e	 �h��	 of	 u�fer�i�ise�	 �ou���é	 ���	 �e�	 86052	 p�o�s.	 P	 �o��e��	 of	 �he	
grain was marginally significant in both fertilised and unfertilised treatments. The interaction 
between farmers’ management and subsequent fertilisation was significant for K content.
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These data suggest that maize production in the field experiment was phosphorus limited. 
Fer�i�iser	 i��re�se�	�r�i�	yie��.	P-�o��e��r��io�s	�i�	�o�	 �h���e��	bu�	 �hose	of	N	���	K	�i���	
su��es�i��	�uxury	up����e.	Visu��	observ��io�s	i��i���e�	bo�h	purp�ish-re��ish	�e�ves	(i��i���ive	
of P deficiency) and yellowish leaves (indicative of N deficiency) (Table 5). However, the members 
of	�he	SLG	���ribu�e�	�he	ye��o�ish	�o�our	of	�he	�e�ves	�o	�rou�h�	i�s�e��	of	�o	�u�rie��	shor���e.	
This	���ribu�io�	see�s	re�ev���	be��use	�	perio�	of	�rou�h�	��s	re�is�ere�	�uri��	�he	��ize	p����	
�ro��h	ph�se.	F�r�ers	i��i���e�	�o	h�ve	�o	exp�����io�	for	�hese	purp�ish-re��ish	�is�o�our��io�.	
Fer�i�iser	�re���e��	(for	ye��o�ish	�e�ves)	���	f�r�ers’	�����e�e��	(for	bo�h	�e�f	�is�o�our��io�s)	
showed significant effects on the proportion of plants presenting these symptoms. The highest 
numbers of plants presenting these characteristics were observed in the unfertilised field.

Maize performance in the pot experiment
Roo�	���	shoo�	fresh	�ei�h�	of	��ize	�ro��	i�	po�s	�o���i�i��	soi�s	fro�	�he	�iffere��	prior	
cassava cultivar plots were significantly affected by cassava cultivar and farmer management. 
Shoot weight, but not root weight was also significantly affected by fertilisation treatment. The 
interactions were not significant (Table 6). Root and shoot dry weight were significantly higher 
�here	o�o��bo	��s	�he	prior	��ss�v�	�u��iv�r��	�o�sis�e��	�i�h	�he	���i�	���e	by	f�r�ers	(Fi�.	
3).	Fr���io���	�y�orrhiz��	�o�o�is��io�	of	��ize	roo�s	r���e�	fro�	23	�o	38%.	Nei�her	�u��iv�r	
�or	fer�i�is��io�	�or	f�r�er	�����e�e��	�ffe��e�	��ize	roo�	�e���h	�o�o�ise�	by	AMF	(T�b�e	6).

Three-way ANOVA of nutrient concentration of maize shoots showed significant 
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Figure 3.	 Po�	 experi�e��:	 (A)	 ��ize	 fresh	 roo�	 ���	 (�)	 shoo�	 �ei�h�	 re��r�i��	 pre�e�i��	 ��ss�v�	
�u��iv�r	���	NPK-S�	fer�i�iser	�re���e��.	Ver�i���	b�rs	�e�o�e	s�����r�	errors.	��rs	of	�he	s��e	�ypes	
labelled with the same letter are not significantly different at P	>	0.05	(Ne����-Keu�s	�es�).
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Table 7.	(A)	Three-��y	ANOVA	(F-v��ues)	of	N��	P	���	K	�o��e��r��io�	���	�o��e��	i�	�he	��ize	shoo�	�ro��	i�	

po�s	 re��r�i��	 pre�e�i��	 ��ss�v�	 �u��iv�r��	 fer�i�iser	 �re���e��s	 ���	 f�r�ers’	 �����e�e��	 pr���i�es.	 Fi�ures	 i�	

p�re��heses	�re	prob�bi�i�y	of	F-v��ues.	(�)	Me��	v��ues	(	s�����r�	error��	�	=	4)	of	N��	P	���	K	�o��e��r��io�	���	

�o��e��	i�	��ize	shoo�	�ro��	i�	po�s	re��r�i��	pre�e�i��	��ss�v�	�u��iv�r	���	NPK-S�	fer�i�iser	�re���e��s.	I�	�	

�o�u����	 �e��s	 fo��o�e�	 by	 �he	 s��e	 �e��er	 �re	 �o�	 si��ifi�����y	 �iffere��	 (P	 >	 0.05)	 (Ne����-Keu�s	 �es�).	

(Sy�bo�s	for	si��ifi����e	�eve�s	:	† P	<	0.1	;	* P	<	0.05	;	**	P	<	0.01;	*** P	<	0.0001		;	�s	�o�	si��ifi����).	

Nu�rie��	�o��e��r��io� Nu�rie��	up����e	(A)

Source of variation 

�f

N P K N P K

Cu��iv�r 2 0.58	�s	

(0.5888)	

3.86†

(0.0838)	

28.03***

(0.0009)	

18.18**

(0.0028)	

38.75***

(0.0004)	

50.25***

(0.0002)	

Fer�i�iser	�re���e��s	 1 15.69**

(0.0074)	

130.98***

(<	0.0001)	

16.29**

(0.0068)	

17.26**

(0.0060)	

70.22***

(0.0002)	

5.38†

(0.0594)	

F�r�ers’	
�����e�e��

3 2.39	�s	

(0.1724)	

2.40	�s	

(0.1669)	

2.81	�s	

(0.1301)	

4.20†

(0.0638)	

12.06**

(0.0060)	

7.51*

(0.0187)	

Cu��iv�r*Fer�i�iser 2 1.03	�s	

(0.4126)	

4.93†

(0.0542)	

0.55	�s	

(0.6025)	

1.29	�s	

(0.3414)	

0.47	�s	

(0.6451)	

0.26	�s	

(0.7828)	

F�r�ers*Cu��iv�r	 6 0.95	�s	

(0.5223)	

4.62*

(0.0424)	

28.25***

(0.0004)	

1.62	�s	

(0.2871)	

2.03	�s	

(0.2053)	

1.80	�s	

(0.2461)	

F�r�ers*Fer�i�iser	 3 1.56	�s	

(0.2947)	

2.72	�s	

(0.1372)	

1.55	�s	

(0.2958)	

1.68	�s	

(0.2701)	

2.99	�s	

(0.1175)	

1.29	�s	

(0.3603)	

Nu�rie��	�o��e��r��io�	(%)	 Nu�rie��	up����e	(��	po�-1)(�)

Fertiliser

treatments

C�ss�v�	

�u��iv�r N P K N P K

O�o��bo	 1.1 	0.0		 0.2 	0.0		 3.7 	0.1		 26.4 	4.6	�	 5.1 	1.5	�	 89.3 	17.1	�	

�e� 1.2 	0.1		 0.1 	0.0		 3.3 	0.5		 14.2 	3.8	b	 1.6 	0.5	b	 36.2 	5.3		b	

�ou���é 1.2 	0.0		 0.1 	0.0		 2.9 	0.2		 16.8 	0.7	b	 2.1 	0.3	b	 42.9 	2.7		b	

U�fer�i�ise�

P	>	F	 0.3988	�s	 0.0535† 0.4302	�s	 0.0375* 0.0190* 0.0057**

O�o��bo	 1.3 	0.1		 0.3 	0.0		 3.4 	0.1		 41.3 	6.2	�	 8.7 	1.2	�	 105.6		13.4	�

�e� 1.2 	0.1		 0.3 	0.0		 2.9 	0.4		 19.9 	4.2	b	 4.3 	0.6	b	 43.7 	4.2				b	

�ou���é 1.3 	0.0		 0.3 	0.0		 2.8 	0.2		 25.8 	0.9	b	 5.4 	0.6	b	 54.3 	5.3				b	

Fer�i�ise�

P >	F	 0.5014	�s	 0.9866	�s	 0.4277	�s	 0.0196* 0.0018** 0.0015**
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effe��s	of	prior	��ss�v�	�u��iv�r	(for	K)	���	fer�i�iser	�re���e��	(for	N��	P	���	K)��	�hi�e	f�r�ers’	
management did not significantly affect nutrient concentration in the maize shoot (Table 7A). The 
interaction between farmers’ management and preceding cassava cultivar was significant for P 
and K concentration. ANOVA of nutrient content in the maize shoot indicated significant effects 
of	�he	prior	��ss�v�	�u��iv�r	(for	N��	P	���	K)��	fer�i�is��io�	�re���e��s	(for	N	���	P)	���	f�r�ers’	
management (for P and K). The interaction was not significant (Table 7A). The largest amounts 
of	�u�rie��s	�ere	����e�	up	�he�	�he	prior	��ss�v�	�u��iv�r	��s	o�o��bo��	bo�h	i�	�he	fer�i�ise�	
���	u�fer�i�ise�	�o��i�io�	(T�b�e	7�).	The	��r�er	effe��	of	fer�i�is��io�	o�	P	�o��e��r��io�	�h��	
o�	 N	 �o��e��r��io�	 ���	 �he	 r��her	 �o�	 N:P	 r��io	 of	 ��ize	 shoo�s	 (�rou��	 5	 i�	 �os�	 ��ses)	
�ou��	su��es�	�h��	�i�ro�e�	��s	�ore	�i��e�y	�i�i�i��	�h��	phosphorus	i�	�he	po�	experi�e��.	

Fractional maize root colonisation by AMF was marginally significantly correlated with 
roo�	fresh	�ei�h���	shoo�	�ry	�ei�h���	���	shoo�	N��	P	���	K	�o��e��	i�	�he	��ize	shoo�.	I�	�he	
fer�i�ise�	po�s��	 �he	�orre���io�s	be��ee�	fr���io���	��ize	�o�o�is��io�	���	p����	perfor����e	
were not significant (Table 8).

Discussion

Experimenting with farmers
Joint experimentation with farmers is sometimes considered difficult, because farmers are 
�hou�h�	 u��i��e�y	 �o	 �r�sp	 �he	 s���is�i���	 issues	 surrou��i��	 experi�e����io�.	 Rese�r�her-
managed experiments in farmer’s fields are for that reason sometimes preferred because 
rep�i���io�	 is	 be��er	 ��hieve�.	 I�	 our	 ��se��	 �e	 �i�	 �o�	 e��ou��er	 prob�e�s	 i�	 exp��i�i��	
�he	 issue	of	 v�ri�bi�i�y	 (���	he��e	 �he	�ee�	 for	 rep�i���io�)	 �o	 f�r�ers.	�u�	 eve�	�he�	 �his	
issue	is	reso�ve���	�r��s���i��	�his	i�	��	experi�e����	se�	up	is	�o�	����ys	e�sy.	M��y	f�r�ers	
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h�ve	 o��y	 �	 s����	 �re�	 o�	 �hi�h	 �o	 �u��iv��e	 �	 �u�ber	 of	 �rops��	 ���	 i�	 is	 of�e�	 pr���i����y	
impossible to replicate experiments in different fields with equivalent previous histories, etc. 
By replication within a farmers’ field one becomes guilty of pseudo-replication. So the usual 
��y	�o	so�ve	�his	issue	is	by	�re��i��	i��ivi�u��	f�r�ers	�s	rep�i���es��	�ver��i��	ou�	�iffere��es	
i�	 f�r�ers’	 pr���i�es	 ���	 i�	 si�e	 �o��i�io�s.	 Su�h	 �	 pr���i�e	 �oes	 �o�	 ����h	 �i�h	 f�r�ers’	
u��ers����i��	 of	 v�ri�bi�i�y.	 F�r�ers	 ���o�	 �h��	 �hey	 �re	 i��ivi�u���y	 �iffere��	 i�	 �heir	
pr���i�es��	 ���	 �re	 �hus	 �o	 rep�i���es	 i�	 �he	 s���is�i���	 se�se.	 Due	 �o	 �iffere��es	 be��ee�	
f�r�ers	 ���	 �heir	 pr���i�es��	 i��er���io�	 �er�s	 be��ee�	 f�r�er	 pr���i�es	 ���	 �re���e��s	 ���	
be	hi�h�y	re�ev���	fro�	�he	f�r�ers’	perspe��ive��	bu�	�is�ppe�r	fro�	si�h�	 i�	�	�o�ve��io���	
����ysis	of	v�ri���e.	For	our	�oi��	experi�e����io�	�e	�herefore	�e�i�e�	�o�	�o	�re��	f�r�ers	
as replicates. We therefore had an unreplicated design and we tested for significant sources 
of	 v�ri��io�	 ���i�s�	 �he	 hi�hes�	 i��er���io�	 �er�.	 This	 pro�e�ure��	 �hi�e	 ���i��e��y	 �e��i��	
�o	 �oss	 of	 s���is�i���	 po�er��	 �oes	 �us�i�e	 �o	 f�r�ers’	 per�ep�io�s	 of	 �he	 ��y	 i�	 �hi�h	 �heir	
individual practices and general treatments fit in a larger framework. The analyses in the 
prese��	 s�u�y	 su��es�	 �h��	 f�r�er-�o-f�r�er	 �iffere��e	 is	 ��	 i�por����	 sour�e	 of	 v�ri��io�.	
For	 �he	 subseque��	 S�u�e��	 Ne����-Keu�s	 �es���	 �e	 �i�	 �ver��e	 ou�	 �iffere��es	 be��ee�	
�iffere��	 f�r�er	 pr���i�es��	 eve�	 �hou�h	 �his	 e���i�e�	 �oss	 o�	 i�for���io�	 i�	 our	 ����	 se�.

Soil chemical properties
Ex�r����b�e	P	(6.9	-	10.9	��	���-1) in the cassava fields was equal to and lower than the 8 - 11 
��	���-1	���	10	-	25	��	���-1	repor�e�	by	A�bo	(1999)	i�	�o��ro�	p�o�s	���	p�o�s	re�eivi��	�u��h	
respe��ive�y.	The	hi�her	�v�i��b�e	P	���	ex�h���e�b�e	K+ found in the odongbo field may explain 
why subsequent maize yield was higher than in the Ben 86052 and Bouaké fields. The soil 
�he�i���	proper�ies	�i�	�o�	����h	�i�h	�he	i��e�si�y	of	e�r�h�or�	��s�i��	���ivi�y	(�e�	86052	
> Bouaké > odongbo; Chapter 3). The differences in soil data from the same fields reported in 
�his	s�u�y	���	�he	s�u�y	o�	e�r�h�or�	��s�i��	���ivi�y	�ou��	be	�ue	�o	�iffere��es	i�	s��p�i��	
�ep�h	(0-20	��	i�	�he	prese��	s�u�y	���i�s�	0-10	��	i�	�he	s�u�y	of	e�r�h�or�	��s�i��	���ivi�y).

Are	 soi�	 �he�i���	 proper�ies	 i�prove�	 �f�er	 ex�e�sive	 ��ss�v�?	 We	 ���i�	 �h��	 �he	
prese��	s�u�y	�oes	�o�	provi�e	�	�ire��	��s�er	�o	�his	ques�io�.	I�	f�����	�e	�es�e�	�iffere��i��	
effe��s	of	��ss�v�	�u��iv�rs��	�o�	effe��s	of	��ss�v�	per	se.	We	�o�e�	�iffere��i��	effe��s	of	�he	
v�rious	 ��ss�v�	 �u��iv�rs.	 F�r�ers	 be�ieve	 �h��	 �he	 subseque��	 �rop	 yie��	 i�prove�e��	 is	
�ue	�o	�he	po�e��i��	of	��ss�v�	�o	pro�u�e	hi�h	��ou��s	of	�e�f	�i��er	�hi�h	o�	�e�o�posi��	
i�proves	 soi�	 qu��i�y.	 Fur�her�ore��	 A��ei-Nsi�h	 (2006)	 i�	 �he	 fores�/s�v����h	 �r��si�io���	
��ro-e�o�o�i���	zo�e	of	Gh���	�o�e�	�h��	�he	�o���	f�r�ers	provi�e�	�he	s��e	re�so�	�s	�o	�hy	
��ss�v�-��ize	is	�he	�os�	preferre�	ro���io�	��o��	�he	���ives.	The	�e�fy	bio��ss��	�hi�h	is	
N-ri�h	���	�e�o�poses	r�pi��y��	 is	re�ur�e�	i��o	�he	soi�	 i�	�he	for�	of	�ree�	���ure	before	
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�he	subseque��	�rop	is	p����e�.	Ho�ever��	�he	s�u�y	by	A��ei-Nsi�h	(2006)	��s	u��er����e�	i�	
r��her	fer�i�e	soi�s	(�o	�u��e	fro�	��ss�v�	yie��s	���	�i�ro�e�	ex�r���e�	–	�o	P	�e�sure�e��s	
�ere	provi�e�)	�here	�rop	�ro��h	is	usu���y	N-�i�i�e�.	I�	�he	�r��si�io���	zo�e	of	�e�i�	�i�h	
ferru�i�ous	soi�s	P	is	�ore	of�e�	�he	�i�i�i��	�u�rie��.

I�	�	si�i��r	s�u�y	��rrie�	ou�	i�	�he	�r��si�io���	zo�e	of	�e�i���	E�è���	(2005)	fou��	i�	
�issue	����ysis	of	�iffere��	��ss�v�	�u��iv�rs	(s�����	���	�uber)	re���ive�y	hi�h	��ou��s	of	N	���	
K	(37-65	���	N	h�-1	���	90-132	���	K	h�-1)	�hi�e	�he	��ou��	of	P	ex�r���s	��s	�ore	�o�es�	
(4-7	���	P	h�-1).	These	����	su��es�	 �h��	��ss�v�	ex�r���s	 re���ive�y	 �ess	P	 �h��	N��	�hi�h	���	
�o��ribu�e	�o	be��er	P	�u�ri�io�	for	�he	subseque��	�ere����	espe�i���y	�he�	P	is	��re��y	�i�i�i��.	
As	 �he	 �u�rie��s	 i�	 �he	 �ops	 �re	 re�ur�e�	 (�he�	 �hey	 �re	 �o�	 use�	 �s	 p����i��	 ���eri����	 �he	
�ops	 �re	 bur�e�	 �uri��	 ����	 prep�r��io�	 ���	 �he	 �sh	 re�ur�e�	 �o	 �he	 soi�)��	 ���u��	 ex�r���io�	
�ou��	be	subs����i���y	�o�er.	Ho�e�er	(2002)	repor�e�	for	u�fer�i�ise�	12	�o��hs	o��	��ss�v�	
hi�h	N	���	K	�bsorp�io�	by	�ops	���	�he	�ubers	(69	���	30	���	h�-1	N��	���	34	���	55	���	h�-

1	K	respe��ive�y)	�hi�e	 �he	��ou��s	of	P	�ere	rou�h�y	7.5	���	h�-1	 for	bo�h	 �ops	���	 �ubers.

Maize yields after extensive cassava cropping with different cassava cultivars
The subsequent maize grain yield in the unfertilised cassava fields ranged between 0.6 - 0.9 t 
DM	h�-1.	The	re���ive�y	�o�	�r�i�	yie��s	�ou��	h�ve	bee�	i��u�e�	by	�rou�h�	�hi�h	o��urre�	
�uri��	 �he	 ��sse��i��	 perio�	 i�	 Sep�e�ber.	 Ho�ever��	 �he	 yie��	 is	 si�i��r	 �o	 �he	 yie��	 (0.7	 -	
1.1	 �	 DM	 h�-1)	 repor�e�	 by	 Hou��������	 (2000)	 o�	 �e�r��e�	 ‘�erre	 �e	 b�rre’	 soi�s	 (fur�her	
sou�h)	�he�	�u�u��	�u��h	��s	�pp�ie�	o�	surf��e	soi�	�o�e�her	�i�h	�iffere��	sour�es	of	P.	
The	yie��	is	��so	si�i��r	�o	0.6	-	1.0	�	DM	h�-1	repor�e�	by	Hi�vi	(1990)	i�	�	��ss�v�-��ize	
ro���io�	sys�e�	i�	�he	sou�h	of	�e�i�.	I�	�he	�o���i�y	of	A�ou��o�	i�	�e��r��	�e�i�	�i�h	�he	
s��e	soi�	 �ype	�s	our	 s�u�y	�re���	��ize	 fo��o�i��	��ss�v�	perfor�e�	�s	�e��	�s	 subseque��	
��ize	�f�er	���ey	�roppi��	�i�h	Acacia auriculiformis	���	Cajanus cajan	(1.0	���	1.1	�	DM	
h�-1	respe��ive�y��	A�bo��	1999).	I�	or�er	�o	���o�	�he�her	�he	ex�e�sive	��ss�v�	�roppi��	sys�e�	
perfor�s��	���	�ou��	be	use���	�s	��	���er���ive	�rop	�����e�e��	s�r��e�y��	�he	�e�er��	�re��	of	
��ize	�r�i�	yie��	shou��	be	�o�p�re�	�i�h	o�her	�roppi��	sys�e�s	su�h	�s	�o��i�uous	��ize��	
�o�pe�	–	��ize	or	��ize	–	soybe��	ro���io�.	IITA	(1997)	repor�e�	0.7	�	h�-1	of	��ize	�r�i�	
yie��	i�	�	��ize-��ize	ro���io�	sys�e�	�i�h	�o	���i�io���	fer�i�iser	i�pu���	�hi�e	��ize	�rops	
planted after five different soybean varieties yielded 1.2 – 1.4 t ha-1��	�epe��i��	o�	�he	soybe��	
�u��iv�r	use�.	M�ize	�r�i�	yie��	i�	our	s�u�y	��s	�o�p�r�b�e	�i�h	�he	0.7	�	h�-1	���	0.9	�	h�-1	
repor�e�	by	C�rs��y	et al.	(1999)	i�	�r�ss	f���o�	-	��ize	���	�o�pe�	–	��ize	ro���io�	sys�e�s	
respe��ive�y.	Our	����	su��es�	�h��	��ss�v�	�oes	�o�	�ep�e�e	�he	soi���	���	�h��	�u�i�ious	�hoi�e	
of	��ss�v�	�u��iv�rs	 i�	ex�e�sive	�roppi��	sys�e�s	��y	be	usefu�	 i�	��i���i�i��	re�so��b�e	
yie��s.	Ho�ever��	��ss�v�	�oes	ex�r���	subs����i��	��ou��s	of	K	���	�he	�o��-�er�	sus��i��bi�i�y	
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of	 �he	 ��ss�v�	 –	 ��ize	 sys�e�	 i�	 soi�s��	 �here	 K	 poo�s	 �re	 s������	 ��rr���	 fur�her	 s�u�y.
Fer�i�isers	(�hi�h	���y��	if	�o�	�os���	f�r�ers	i�	Ouo�hi	����o�	�ffor�)	i��re�se	yie��s	

�i�h	50%.	These	resu��s	�re	f�r	�o�er	�h��	0.9-3.6	�	DM	h�-1	repor�e�	by	A�bo	(1999)	i�	�	�o��-
�er�	experi�e��	(1991-1996)	i�	A�ou��o�	re�io�	�i�h	ye�r�y	i�pu�	of	90	���	N	h�-1��	39	���	P	
h�-1	���	75	���	K	h�-1��	�hi�e	�	�o�er	��ou��	of	N��	P	���	K	��s	�pp�ie�	i�	�his	s�u�y.	Our	��ize	
grain yields in the fertilised field are close to 1.4 t DM ha-1	�e�sure�	by	S�ï�ou	et al.	(2003)	
o�	�e�r��e�	‘�erre	�e	b�rre’	of	sou�her�	�e�i�	�i�h	fer�i�iser	i�pu�	of	60	���	N	h�-1��	43	���	P	h�-1	
���	50	���	K	h�-1.

C�ss�v���	�	s�ro���y	�y�orrhiz�-�epe��e��	p������	is	he�vi�y	�o�o�ise�	by	AMF��	�hi�h	
��y	�obi�ise	�ore	P	 �h��	o�her�ise	 is	�o�	e�si�y	�v�i��b�e	 �o	 �he	p����.	Sever��	pre�i�i��ry	
i��i���io�s	 poi��	 �o��r�s	 �	 ro�e	 for	 prior	 ��ss�v�	 i�	 ���evi��i��	 P	 s�ress	 i�	 �hese	 soi�s.	The	
N:P	r��ios	of	��ize	�r�i�	(cf ��so	S�ï�ou	et al.��	2003)	i��i���e�	�h��	phosphorus	is	�he	��i�	
limiting nutrient. Visual inspection of leaf discolourations yielded mixed results. In the field, 
�he	fer�i�is��io�	experi�e��	sho�e�	i��re�se�	�i�ro�e�	�o��e��r��io�	i�	�r�i���	bu�	�o	�h���es	
in phosphorus (Table 4), suggesting that the phosphorus use efficiency did not change, while 
�i�ro�e�	��s	 ����e�	up	 i�	 �uxury	��ou��s.	Ho�ever��	 �he	po�	experi�e��	(T�b�e	7)	su��es�e�	
�h��	N	��s	�os�	 �i�i�i��.	These	 resu��s	�re	possib�y	�ue	 �o	be��er	���eri��	�o��i�io�	 i�	 �he	
pot experiment, shorter time duration of experimentation (30 days against 90 days for the field 
experiment) and higher root biomass in the pot experiment compared with plants in the field.

AMF and maize yield and nutrient uptake.
No significant differences were observed between fractional AM colonisation of maize in 
soi�s	fro�	�he	�iffere��	��ss�v�	�u��iv�rs.	A��i�io�	of	�i�i�u�	fer�i�iser	��so	�i�	�o�	�h���e	
fr���io���	 roo�	 �o�o�is��io�.	 Ho�ever��	 i�	 �he	 �o�-fer�i�ise�	 po�s	 fr���io���	 roo�	 �o�o�is��io�	
was significantly correlated with plant biomass and the uptake of the major nutrients N, P and 
K.	 I�	 is	 �i��e�y	 �h��	�y�orrhiz��	 ��rry-over	 effe��s	 of	 �he	previous	 �rop��	 ���	 /	 or	 �iffere��es	
in previous management directly contributed to the mycorrhizal benefit that maize derived. 
Hi�h	�y�orrhiz��	i�o�u�u�	��	�he	s��r�	of	�he	�ro�i��	se�so�	h�s	���or	effe��s	o�	�he	�ro��h	
���	phosphorus	up����e	of	�ere��s	���	�e�u�es	(Mi��er��	2000;	Goss	���	De	V�re��es��	2002).	
These	 resu��s	 su��es���	 �herefore��	 �h��	 �he	 bui��-up	 of	 AMF	 i�o�u�u�	 by	 prior	 ��ss�v�	 is	
beneficial to the nutrition and productivity of subsequent maize. Mycorrhizal associations 
��y	be	��	i�por����	p�r�	of	�he	exp�����io�	of	�hy	f�r�ers	���i�	ex�e�sive	��ss�v�	�roppi��	
sys�e�s	i�prove	�he	subseque��	�rop	yie��.	S���i���S���i���	et al.	(1999)	���	Osu��e	et al.	(2003)(2003)	
repor�e�	 si�i��r	 resu��s	 �i�h	 soybe��.	 These	 �u�hors	 �e�o�s�r��e�	 �h��	 AM	 �o�o�is��io�	
in maize benefited from previously grown soybean plants and that the beneficial effects 
cannot be solely due to increased nitrogen availability after growing N-fixing legumes. 
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From a long-term perspective, the benefits provided by mycorrhizal associations to crops 
are based on their efficacy in mining nutrients. Therefore, the contribution of mycorrhizas to 
�rop	yie��	i�prove�e��	shou��	�o�	be	����e�	�s	�	���i�	�h��	�y�orrhiz��	fu��i	���	be	�o�si�ere�	
biofer�i�isers.	�u�	i�	�roppi��	sys�e�s	�here	hyph�e	of	AMF	���	e���r�e	�he	vo�u�e	of	soi�	
exp�ore�	���	exp�oi�e�	 for	�u�rie��s��	AMF	���	e���r�e	�rop	pro�u��ivi�y.	 I�	 �he	��se	of	 �he	
central zone of Benin, apart from the series of learning exercises on biological nitrogen fixation 
���	AM	 sy�bioses	 (S�ï�ou	 et al.��	 2004)��	 f�r�ers	 �re	 �o�	 ye�	 �o�vi��e�	 �bou�	 �y�orrhiz��	
symbioses. They also lack the (financial) means to obtain mycorrhizal inoculum. As for 
s�ie��is�s��	 �hey	 ��y	 �o�	 ����ys	 �ppre�i��e	 �he	 �ee�	 for	 �����i��	 �y�orrhiz��	 �sso�i��io�s.	
Possib�y	for	�h��	re�so���	S���i���	et al.	(1999)	���i�e�	�h��	AMF	�ou��	be	�he	�os�	i�por����	
u���ppe�	 poor�y	 u��ers�oo�	 resour�e	 for	 �u�rie��	 ��quisi�io�	 ���	 p����	 �ro��h	 i�	 �ropi���	
��ri�u��ure.

As	�he	f�r�ers	�o	�o�	�o��i�uous�y	�u��iv��e	o�	��y	pie�e	of	����	�o	�he	s��e	�ypes	of	
�rop	-	�	pr���i�e	�h��	�e��s	�o	�e��i�e	of	AMF	i��i�e��e	or	�ou��	se�e��	for	�ess	�u�u��is�i�	fu��i	
(C�r�oso	���	Kuyper��	2006)	-	�his	���u��	�ype	of	����	use	�e	�es�ribe	��y	be	sus��i��b�e	i�	�he	
�o��ex�	of	s����ho��er	f�r�i��	sys�e�s.	Therefore��	�he	�����e�e��	of	�roppi��	sys�e�s	�h��	
benefit indigenous mycorrhizal inoculum may be a direct route towards sustainable soil fertility 
��i��e����e	u��er	prev�i�i��	�o���	�o��i�io�s	 i�	 �he	�e��r��	zo�e	of	�e�i�.	A�	 �he	fee�b����	
sessio�	i�	�he	vi����e��	pho�os	of	spores	of	AMF	i�	�he	soi�	���	hyph�e	���	o�her	�y�orrhiz��	
s�ru��ures	i�	�he	p����	roo�s	�ere	sho��	�o	f�r�ers.	The	�o��ribu�io�	of	�y�orrhiz��	�sso�i��io�s	
i�	�u�rie����	espe�i���y	P��	up����e	��s	�is�usse�	�i�h	�he	�e�bers	of	�he	SLG.	F�r�ers	��ree�	
�o	 ����	 �y�orrhiz�s	 a fun n’kin oko lodjè��	 �hi�h	 �i�er���y	 �e��s	 p����	 foo�	 provi�er	 i�	 �he	
�o���	����u��e	(T�h�bè��	�	�i��e��	of	Yorub�).	As	�e	�re	�e��i��	�i�h	peop�e	�ho	s�i��	be�ieve	i�	
�ivi�e	or	super���ur��	��uses	of	soi�	fer�i�i�y	(cf	Ch�p�er	3)��	fur�her	�e�r�i��	sessio�s	�ee�	�o	
be organised in order to explore with farmers the nature and significance of evidence regarding 
�y�orrhiz�s	o�	yie��	i�prove�e��.	

Conclusion 

The	s�u�y	provi�es	evi�e��e	 �h��	��ize	yie��	 i�prove�e��	�f�er	prior	p����i��	of	ex�e�sive	
��ss�v�	 –	 so�e�hi��	 f�r�ers	 i�	 �he	 �r��si�io���	 zo�e	 of	 �e�i�	 ���i�	 –	 ��y	 be	 �ue	 �o	 �he	
e�h���e�e��	of	AMF	�u�u��is�i�	sy�bioses.	Never�he�ess��	�he	prese��	s�u�y	�i�	�o�	provi�e	
�	 �o�p�e�e	 ��s�er	 �o	 �he	 ques�io�	 �he�her	 soi�	 �he�i���	 proper�ies	 �re	 i�prove�	 by	 prior	
ex�e�sive	��ss�v�	p����i��.	Ho�ever��	�e	h�ve	�o�e�	i�por����	�iffere��i��	effe��s	�sso�i��e�	
�i�h	 �he	 v�rious	 ��ss�v�	 �u��iv�rs.	 I�	 see�s	 possib�e	 �hese	 resu��s	 ��y	 h�ve	 ��	 i�por����	
i�p�i���io�	for	�he	u��ers����i��	of	�he	fu���io�i��	of	ex�e�sive	��ss�v�	i�	�r��i�io���	�roppi��	
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systems. Implementing a joint learning process to further explore and research the beneficial 
effe��	of	AMF	i�	�u�rie��	up����e	i�	p����	yie��	i�prove�e��	�i�h�	be	re�ev�����	�herefore��	i�	
or�er	 �o	 shif�	 f�r�ers’	 soi�	 fer�i�i�y	�����e�e��	 �o��r�s	 �	�ore	 sus��i��b�e	bio�o�i���	 ����	
�����e�e��	 �ppro��h	 i���u�i��	 �he	 use	 of	 �y�orrhiz��	 p����s	 i�	 �he	 �roppi��	 sys�e�.	 A	
second-order objective of the present piece of research has been fulfilled within the framework 
of	�he	Co�ver�e��e	of	S�ie��es	Pro�r���e	–	���e�y	�o	sho�	�h��	�here�s	f�r�er	opi�io�s	���	
i��erpre���io�s	����o�	be	�re��e�	�s	����	�o��er�i��	�roppi��	pro�esses	�hey	���	�ever�he�ess	
be usefully woven into a well-controlled scientific research design as relevant pointers towards 
hypo�heses	�h��	he�p	u��over	hi�her�o	u����o��	f���s	���	pro�esses.	
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Abstract

F�r�ers’	 ���o��e��e	 ���	 per�ep�io�s	 �o��er�i��	 �he	 ro�e	 of	 �iffere��	 �u�rie��s	 i�	 �i�er��	
fer�i�iser	�ere	�ssesse�	i�	�e��r��	�e�i���	���	four	o�-f�r�	experi�e��s	i�	f�r�ers’	�o��i�io�s	
ex��i�e�	 �he�her	 ����-use	 �ypes	 ���	 fer�i�iser	 �re���e��s	 for	 prior	 �o��o�	 �ou��	 sus��i�	
subseque��	��ize	�rop	yie��s	���	��hieve	b�����e�	�u�ri�io�.	The	�re���e��s	�o�sis�e�	of	four	
prior	����	use	�ypes��	i.e.	before	p����i��	��ize	(e�usi	�e�o�-�o��o�-�o��o���	�o��o�-��ize-�o��o���	
��ss�v�-��ize-�o��o�	���	�rou���u�-��ize-�o��o�)	i���u�i����	for	e��h��	four	rep�i���io�s	of	�hree	
fer�i�iser	�re���e��s	(f�r�er	fer�i�iser	�pp�i���io�	pr���i�es):	re�o��e��e�	pr���i�e	[150	���	h�-1	
of	�o�p�ex	14-23-14	(NPK)	p�us	5S-1�	25	��ys	�f�er	so�i��	���	50	���	h�-1	of	ure�	40	��ys	�f�er	
so�i��]��	NPK-S�	�ixe�	�i�h	ure�	(�he	re�o��e��e�	��ou��	of	NPK-S�	���	ure�	�re	�ixe�	
�he�	�pp�ie�	40	��ys	�f�er	so�i��)	���	re�u�e�	NPK-S�	�ose	(re�o��e��e�	pr���i�e��	bu�	�he	
��ou��	of	NPK-S�	is	re�u�e�	�o	100	���	h�-1).	F�r�ers	���ribu�e	p����	�ro��h	���	�eve�op�e��	
�o	fer�i�iser��	bu�	�o	�o�	�iffere��i��e	�he	effe��s	of	�he	v�rious	�u�rie��s	(N��	P��	K).	Fur�her�ore��	
�hey	�re	���o��e��e�b�e	�bou�	fer�i�iser’s	resi�u��	effe��.	L����	of	��bour	���	�ee�	�o	��xi�ise	
i��o�e	i�	�he	shor�	�er�	for�e	f�r�ers	�o	���p�	�e�h�o�o�y	�o	�o���	e�viro��e����	�o��i�io�s.	
Prior cotton yields, subsequent maize yields and nutrient uptake were not significantly affected 
by fertiliser treatments. P-Bray 1 before planting the subsequent maize was significantly affected 
by	fer�i�is��io�	�re���e��s	�hi�e	pH	(���er)��	�o���	N��	ex�h���e�b�e	K+��	NH4-N	���	NO3-N	�ere	
not  affected. Land use types had a significant effect on cotton yield, soil chemical properties, 
subseque��	��ize	yie��s	���	�u�rie��	up����e.	The	�o�es�	yie��	���	�u�rie��	up����e	�ere	re�is�ere�	
i�	�he	�rou���u�-��ize-�o��o�	����	use	su��essio�	���	�he	hi�hes�	i�	�he	e�usi	�e�o�-�o��o�-
�o��o�	su��essio�.	The	i�por����e	of	�o-oper��io�	be��ee�	f�r�ers	���	s�ie��is�s	i�	�he	�esi��	
���	exe�u�io�	of	experi�e��s	is	s�resse�.

Keywords:	 F�r�er	 per�ep�io���	 �rop	 ro���io���	 �e�h�o�o�y	 ���p���io���	 soi�	 fer�i�i�y��	 yie��	
��i��e����e��	�u�rie��	b�����e.
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Introduction

A�ri�u��ur��	pro�u��io�	is	for	�he	���ori�y	of	�he	Wes�	Afri���	rur��	popu���io�	�he	���or	sour�e	
of	i��o�e	i�	�	rur��	�ive�ihoo�	por�fo�io	�h��	of�e�	i���u�es	o�her	���ivi�ies.	Pro�u��io�	i��re�ses	
�re	s�i��	��r�e�y	b�se�	o�	�he	exp��sio�	of	�u��iv��e�	����	r��her	�h��	o�	i��re�se�	pro�u��ivi�y	
of	�he	����	�urre���y	u��er	�u��iv��io�	(S�hreurs	et al.��	2002).	Co��i�uous	�u��iv��io�	�i�hou�	
��equ��e	 rep�e�ish�e��	 of	 �he	 ���ur��	 resour�e	 b�se	 �e��s	 �o	 soi�	 �e�r����io�	 ���	 �u�rie��	
�ep�e�io���	���	is	�	serious	�hre��	�o	sus��i�e�	��ri�u��ur��	pro�u��ivi�y.	Rese�r�h	i�	sub-S�h�r��	
Afri��	�o��y	fo�uses	o�	�he	�o�bi�e�	�pp�i���io�	of	or���i�	resi�ues	���	�i�er��	fer�i�isers	�s	
�	��y	�o	�rres�	o��oi��	soi�	fer�i�i�y	�e��i�e	(J��sse���	1993;	V����u�e	et al.��	2001;	I�u�for	et 
al.��	2002;	S�hreurs	et al.��	2002;	P���e	et al.��	2003).	There	is	�i�espre��	re�o��i�io�	�h��	�ei�her	
�e�ho�	 ��o�e	 �i��	 be	 su��essfu���	 i�	 ���y	 ��ses.	 Te�h�o�o�ies	 �sso�i��e�	 �i�h	 �he	 ‘Gree�	
Revo�u�io�’	�h��	re�y	pure�y	o�	subs����i��	use	of	�i�er��	fer�i�iser	h�ve	f�i�e�	�o	����e	ho��	i�	
Afri��	(Gi��er��	2002)	�ue	�o	prob�e�s	re���e�	�o	�he	�os�	���	�v�i��bi�i�y	of	i�pu�s.

A��ess	�o	�i�er��	fer�i�isers	i�	rur��	�re�s	h�s	bee�	�o�si�er�b�y	�ffe��e�	by	i��ro�u��io�	of	
s�ru��ur��	���us��e��	pro�r��s	requiri��	�iber��is��io�	of	i�pu�	�e�ivery	servi�es	(A�é�bi�i	et al.��	
2000;	V����u�e	���	Gi��er��	2006).	Su�h	e�o�o�i�	refor�	pro�r��s	h�ve	he�pe�	�o	s��bi�ise	�he	
e�o�o�y	of	�os�	of	�he	Afri���	�ou��ries	(Orr��	2000).	They	e�ph�sise	�iber��is��io�	of	��ri�u��ur��	
��r��e�i����	���	e�br��e	�o�	o��y	ques�io�s	of	pri�i��	po�i�y��	subsi�ies	���	ex�h���e	r��es	bu�	��so	
����	for	�	r��i���	i��re�se	i�	�he	ro�e	of	�he	priv��e	se��or	i�	��ri�u��ure	(Shepher���	1989).	I�	�he	
bro��er	�o��ex�	of	s�ru��ur��	���us��e��	po�i�y��	�over��e��s	�re	�o��i��e�	�o	re�u�e	�he	subsi�y	
o�	fer�i�iser	�s	�	propor�io�	of	�he	e�o�o�i�	�os�	���	�s	�	sh�re	of	�over��e��	expe��i�ure.	I�	
�e�i���	pro�ressive	re�u��io�	i�	fer�i�iser	subsi�y	���	�he	�ev��u��io�	of	�he	CFA	Fr���	by	50%	
(�he	�o��o�	�urre��y	for	fr���opho�e	Wes�	Afri���	�ou��ries	suppor�e�	by	Fr���e)	i�	J��u�ry	
1994	i�pose�	�u�h	hi�her	fer�i�iser	�os�s	o�	s����ho��ers	(A�é�bi�i	et al.��	2000).	The	resu��	��s	
�	sh�rp	i��re�se	i�	�os�s	of	��sh	�rop	pro�u��io���	espe�i���y	�o��o�.	A�	�he	s��e	�i�e	�ev��u��io�	
of	 �he	CFA	Fr���	 r�ise�	 i�por�e�	 f�r�	i�pu�	�os�s.	Co��o�	pri�es	 i��re�se���	bu�	 �his	h�s	bee�	
insufficient to compensate for the increased fertiliser prices (Sahel and West Africa Club, 2005; 
�e����i�se�	et al.��	2006).	F�r�ers	�o�	h��	s�ro��er	i��e��ives	�o	��refu��y	�e�er�i�e	�heir	us��e	
of	�i�er��	fer�i�iser��	���	�his	�ppe�rs	�o	h�ve	�ui�e�	���p���io�	of	�i�er��	fer�i�iser	�e�h�o�o�y.	

The incentive to use fertiliser more cost-effectively fits into a larger context for change 
�i�hi�	f�r�i��	sys�e�s	i�	�e��r��	�e�i�	i�	re�e��	�e���es.	L���	is	�o�	�ore	freque���y	�roppe���	
i�	respo�se	�o	�	r���e	of	ex�er���	�rivers.	Perh�ps	�he	�os�	i�por����	of	�hese	�rivers	is	�he	
migration flux in central Benin (Saïdou et al.��	2004��	2006).	Co��o�	pro�u��io�	h�s	exp���e�.	
Inputs (especially mineral fertiliser delivered as credit), efficient agricultural extension service, 
���	�e��	or���ise�	�o��er�i��is��io�	�h���e�s	h�ve	e�h���e�	pro�u��io�.	Fer�i�iser	is	��i��y	
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use�	for	�o��o���	�he	�ou��ry’s	��i�	expor�	�rop.	The	�v�i��bi�i�y	of	fer�i�isers	i�	�o��o�-�ro�i��	
�re�s	si�u����eous�y	���o�s	�i�i�e�	fer�i�iser	use	o�	foo�	�rops��	espe�i���y	��ize.	F�r�ers	��so	
ro���e	�o��o�	�i�h	��ize	i�	or�er	�o	e�h���e	�ere��	pro�u��io�	�hrou�h	�he	resi�u��	effe��	of	
previous	fer�i�iser	(S�ï�ou	et al.��	2004).	Su�h	pr���i�e	i��i���e�	�he	���o��e��e	possesse�	by	
f�r�ers	�o��er�i��	resi�u��	effe��s	of	fer�i�isers.

F�r�ers	 i�	 �he	Wes�	Afri���	�o��o�	be��	 (Fo��	et al.��	2000;	�e����i�se�	et al.��	2006)	
–	���	�e�i�	is	�o	ex�ep�io�	–	�ppe�r	�o	be	s��i��e�	i�	���p�i��	fer�i�iser	�pp�i���io�	pr���i�es.	
I�s�e��	of	fo��o�i��	�he	re�o��e��e�	pr���i�e��	�hey	s�i�h��y	re�u�e	�he	��ou��	of	NPK-S�	
(A�é�bi�i	et al.��	2000)	or	�ix	NPK-S�	���	ure�	fer�i�iser	(E�o���	2003;	S�ï�ou	et al.��	2004).	
These modified fertiliser application practices were introduced by migrants in order to make 
more profit from the land they rent (Saïdou et al.��	2006).	N��ive	 f�r�ers	h�ve	�opie�	 �hese	
pr���i�es.	The	pr���i�es	 �re	�ui�e�	by	 e�o�o�i�	 i��e��ives;	 bo�h	 �he	�ee�	 �o	 re�u�e	 ��bour	
i�pu�s	 (i.e.	 �o	 re�u�e	 ��bour	 �os�s	 i�	 �he	 ��se	 of	 �ixi��	 fer�i�isers)	 ���	 �he	 �ee�	 �o	 re�u�e	
��sh	ou���ys	(fer�i�iser	i�pu�	is	�e�ivere�	�s	�re�i�	so	f�r�ers	re�u�e	�he	qu���i�y	of	fer�i�iser	
use�	���	i��re�se	��r�i�s	�he�	�hey	se��	�heir	�o��o�).	�e��use	�i�ro�e�	is	e�si�y	�os�	u��er	
�ropi���	�o��i�io�s	(Pieri��	1989;	Oi��eh��	2003)	�hrou�h	vo���i�is��io�	���	�e��hi��	�hese	�ove�	
pr���i�es	–	�hi�e	he�pi��	e�se	��bour	���	��sh	shor���es	–	��y	h�ve	��verse	effe��s	i�	�er�s	
of	subseque��	foo�	�rop	yie��s.	

Are	 �hese	 i��ov��io�s	 i�	 fer�i�iser	use	�is�ress	���p���io�s	�i�h	�e���ive	 �o��er	 �er�	
�o�seque��es��	 or	 h�ve	 f�r�ers	 �is�overe�	 so�e	 �e�ui�e�y	 �ore	 effe��ive	 ��ys	 �o	 ����e	
bes�	use	of	�i�i�e�	i�pu�	supp�ies?	Soi�	s�ie��is�s	��y	be	�e�p�e�	�o	�ssu�e	�he	for�er.	�u�	
��ri�u��ur��	s�ie��e	h�s	repe��e��y	f�i�e�	�o	u��ers����	�he	���ure	of	rur��	peop�e’s	���o��e��e	
(S�oo�es	���	Tho�pso���	1994).	For	���y��	�h��	rur��	peop�e	���o�	is	�ssu�e�	�o	be	‘pri�i�ive’	
and ‘unscientific’ (Pretty, 1995), and so formal research and extension must transform what 
�hey	 ���o���	 i�	 or�er	 for	 �o��u�i�ies	 �o	 �eve�op.	 A	 �iffere��	 �ppro��h	 �ssu�es	 �h��	 �o���	
��ri�u��ur��	���o��e��e	is	�	v��u�b�e	���	u��er-u�i�ise�	resour�e��	���	effor�s	shou��	be	���e	
�o	i��orpor��e	i�	i��o	�eve�op�e��	���ivi�ies.	The	over���	�e�ho�o�o�y	of	�he	Co�ver�e��e	of	
S�ie��es	pro�e����	of	�hi�h	�his	s�u�y	is	�	p�r���	see��s	be��er	i��e�r��io�	of	vi�b�e	�o���	���o��e��e	
���	s�ie��e-b�se�	�e�h�o�o�y	(Hou���o��ou	et al.,	2006).	A	��ey	issue	for	�he	�ppro��h	is	�o	
����e	�	proper	experi�e����	�ssess�e��	of	so�e	of	�he	���i�s	b�se�	o�	f�r�ers’	���o��e��e	
���	�e�h�o�o�y	���p���io�.

U��ers����i��	 f�r�ers’	 pr���i�es	 ���	 �he	 �o�i�	 u��er�yi��	 �he�	 is	 usefu�	 i�	 re-
orie����io�	of	rese�r�h	i�	or�er	�o	�o�e	up	�i�h	�e�	pr���i�es	�h��	�re	���p�e�	�o	�he	�o�s�r�i��s	
Afri���	s����ho��ers	f��e.	We	i�ves�i���e�	�he	ex�e��	�o	�hi�h	f�r�ers’	���o��e��e	of	�u�rie��	
�����e�e��	pr���i�es	i�	�o��o�-b�se�	f�r�i��	sys�e�s	���	sus��i�	yie��s	of	�	subseque��	��ize	
�rop.	F�r�ers’	���p�ive	��p��i�y	is	of	i��eres�	i�	or�er	�o	�u��e��	i��i�e�ous	so�u�io�s	�o	soi�	
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fer�i�i�y	�����e�e��.	The	prese��	rese�r�h	��so	i��e��s	�o	sho�	ho�	s�ie��is�s	���	effe��ive�y	
experi�e��	�i�h	f�r�ers	���	i�prove	�he	���o��e��e	of	bo�h	p�r�ies.	The	rese�r�h	pro�ess	��s	
��rrie�	ou�	usi��	��	 i��er���ive	�ppro��h	 �h��	 s�resse�	experie��i��	 ���	�o���bor��ive	 �e�r�i��	
and knowledge exchange within a stakeholder learning group (SLG). Specifically, the research 
�i�e�:	(i)	�o	�ssess	f�r�ers’	per�ep�io�s	���	���o��e��e	of	�he	ro�e	���	resi�u��	effe��s	of	ure�	���	
NPK	fer�i�isers	(ii)	�o	�ssess	�he	effe��	of	fer�i�iser	�re���e��s	���	����	use	�ypes	o�	soi�	�he�i���	
properties before planting a subsequent maize crop; and finally (iii) to determine the response of 
�o��o�	���	�	subseque��	��ize	�rop	�o	fer�i�iser	�pp�i���io�	���or�i��	bo�h	�o	re�o��e��e�	���	
f�r�ers’	���u��	pr���i�es.

Material and methods

Study site
The study was carried out in farmers’ fields at Ouoghi central village (8°07’ N, 2°33’ E) in the 
�r��si�io���	��ro-e�o�o�i���	zo�e	of	�e�i�.	The	�re�	is	��	��	���i�u�e	of	�bou�	200	�	�.s.�.	I�	h�s	�	
Gui�e�-Su���	��i���e	�i�h	�	u�i�o���	r�i�f���	p���er�.	Aver��e	���u��	r�i�f���	���	�e�per��ure	
�re	1100	��	���	27.5°C��	respe��ive�y.	R�i�f���	��	�he	si�e	��s�s	fro�	Apri�	�o	�i�-Nove�ber.	
The	soi�	is	�o�i���e�	by	�ropi���	ferru�i�ous	soi�s	(Dubroeu�q��	1977)	�erive�	fro�	Pre���bri��	
crystalline rocks (granite and gneiss), and classified as Ferric Lixisol (FAO, 1990). Soil particle 
size	���	�he�i���	proper�ies	��	�he	be�i��i��	of	�he	experi�e��	�re	prese��e�	i�	T�b�e	1.	The	
�os�	 i�por����	 �rops	�re	��ize��	y����	�o�pe���	 �o��o���	 ���	�rou���u�.	Co��o�	pro�u��io�	 is	
suppor�e�	by	�	�re�i�	s�he�e	for	�i�er��	fer�i�isers	���	pes�i�i�es��	���	�	�over��e��-re�u���e�	
��r��e�	for	se��i��	�he	pro�u�e.	The	�o���	popu���io�	of	�he	�is�ri��	��ou��s	�o	67��753	i�h�bi����s.	
The	�ver��e	popu���io�	�e�si�y	is	�bou�	30	i�h�bi����	���-2	(INSAE��	2003).	Mi�r���s	�o�s�i�u�e	
37%	of	�he	�o���	popu���io�.
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Farmers’ participation in the research activities
Af�er	 �	 �i���os�i�	 s�u�y	 ��s	 u��er����e�	 (S�ï�ou	 et al.��	 2004)��	 s����eho��er	 �e�r�i��	 �roups	
(SLG)	 for	���o��e��e	ex�h���e	�ere	es��b�ishe�	 i�	 �he	vi����es	of	Ouo�hi	Ce��r����	Ouo�hi	
G�re	���	�oubouhou.	Ouo�hi	Ce��r��	is	�o�pose�	ex��usive�y	of	���ive	T�h�bè	peop�e	(sub-
Yorub�	�roup)��	�hi�e	Ouo�hi	G�re	���	�oubouhou	�re	��i��y	�o�pose�	of	�i�r���s	 fro�	
A���or�-Do���	(�or�her�	�e�i�)	���	�he	Abo�ey	p���e�u	(sou�her�	�e�i�)��	�ho	h�ve	e�i�r��e�	
be��use	of	soi�	�e�r����io�	i�	�heir	ho�e	vi����es.	The	foru�	�o�sis�e�	of	20	f�r�er	i��ov��ors	
pro�u�i��	�o��o�	(6	i�	Ouo�hi	G�re	���	14	i�	Ouo�hi	Ce��r��)	���	�he	�o���	ex�e�sio�	��e��.	
A�	�he	s��e	�i�e	�roup	�is�ussio�s	�i�h	�o��o�	pro�u�ers	�ere	or���ise�	i�	�oubouhou.	The	
SLG	�e�	��i�e	�	�o��h	�o	�is�uss	issues	re���e�	�o	�he	experi�e��.	Dis�ussio�s	�ere	he��	�i�h	
�he	�roup	i�	�oubouhou	�bou�	f�r�ers’	per�ep�io�s	�o��er�i��	�u�rie��	i�	�i�er��	fer�i�iser	���	
�he	ro�e	of	�i�er��	fer�i�isers.	F�r�ers	e��ere�	bo�h	�roups	of	�heir	o��	vo�i�io���	�o	��xi�ise	
�h���es	�hey	�ou��	h�ve	�	�e�ui�e	i��eres�	i�	rese�r�h	���ivi�ies.	

The	 �i�	of	 for�i��	 �he	SLG	��s	 �o	 e�h���e	 �	 �oi��	 �e�r�i��	pro�ess	�hereby	bo�h	
rese�r�her	���	f�r�ers	�ou��	�e�r�	fro�	e��h	o�her	���	e����e	i�	�is�ussio�s	o�	��	equ��	b�sis	
(�e�o�r��is��io�	of	s�ie��e).	Su�h	�	rese�r�h	�e�ho���	usi��	��	i��er���ive	�ppro��h��	�i�s	�o	
e�h���e	f�r�ers’	���	s�ie��is�s’	���o��e��e	o�	pro�esses	�o��ribu�i��	�o	p����	�u�ri�io�.	The	
rese�r�h	 ��e���	 ���	 ����	 �o	 be	 �o��e��e�	 �ere	 ‘�e�o�i��e�’	 (�o��e��ive�y	 ��ree�	 upo�)	 �i�h	
f�r�ers.	 I�	 �he	e����	�e	��so	�e�i�e�	 �o	use	f�r�ers’	�ri�eri�	 �o	ev��u��e	 �he	effe��ive�ess	of	
�he	pr���i�es.	These	�ri�eri�	 i���u�e	�o�our	of	p����	 �e�ves	(�ree�	�e�ves	i��i���i��	�he	�e��-
bei��	of	�he	p����;	ye��o�	�e�ves	���	�e�f	�is�o�or��io�	su��es�i��	�u�ri�io���	�o�s�r�i��s)��	�ob	
size��	���	�r�i�	yie��.	As	�	surro���e	of	�ob	size	�e	�e�sure�	�ob	�e���h	���	�ir�u�fere��e	
(�i��h).	I�	���i�io�	�o	�r�i�	yie����	yie��	of	s�over	(�e�ves	���	s�e�)��	���	soi�	���	p����	�u�rie��	
�o��e��r��io�	 �ere	 ��so	 �e�sure���	 o�	 �	 b�sis	 propose�	 by	 �he	 rese�r�her.	 The	 s�over	 ��s	
�e�sure�	�o	�ssess	�he	�u�rie��	b�����e.

F�r�ers	 �ere	 i�vo�ve�	 i�	 soi�	 s��p�i��	 ���	 yie��	 �e�sure�e��s.	 The	 rese�r�h	
pro�ess	���e	�o	�	�o���usio�	i�	�	fee�b����	sessio�	�here	�he	resu��s	of	�he	experi�e��	(�rop	
perfor����e��	soi�	�he�i���	proper�ies	���	�u�rie��	up����e)	�ere	prese��e�.

Experimental set up
The	o�-f�r�	experi�e��	u��er	f�r�ers’	�o��i�io�	��s	�oi���y	��rrie�	ou�	�i�h	�he	SLG	�e�bers.	
The fields had been cultivated since 1998 according to local cropping practices (Saïdou et al.��	
2004).	As	�he	f�r�ers	�ou��	�o�	re�e�ber	�i�h	pre�isio�	�he	�iffere��	�roppi��	seque��es	si��e	
the period of first cultivation, we considered land use types over the two previous years i.e.	
2000 and 2001. Four fields (belonging to two migrants and two native farmers) were selected 
�i�h	re��r�	�o	previous	����	use	�ypes	(LUT)��	i.e.,	�he	�roppi��	seque��es	�i�e�y	pr���ise�	i�	
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the area. Each field represented a specific cropping sequence before planting maize: 
(1)	e�usi	�e�o�-�o��o�-�o��o�	(se�e��e�	i�	Ouo�hi	G�re);
(2)	�o��o�-��ize-�o��o�	(se�e��e�	i�	Ouo�hi	Ce��r��);
(3)	��ss�v�-��ize-�o��o�	(se�e��e�	i�	Ouo�hi	G�re);	
(4)	�rou���u�-��ize-�o��o�	(se�e��e�	i�	Ouo�hi	Ce��r��).

P����i����	�ee�i����	h�rves�i��	���	freque��y	of	�ee�i��	oper��io�s	�ere	�ef�	up	�o	e��h	
f�r�er.	The	 rese�r�her	provi�e�	o��y	��ize	see�.	The	�o��o�	��s	so�e	p����e�	 i�	Ju�y	2002	
and harvested on January 2003. For each field (corresponding to a cropping sequence), the 
experi�e��	��s	se�	up	���or�i��	�o	�	�o�p�e�e�y	r���o�ise�	b�o�	�esi��	�i�h	�hree	�re���e��s	
�o�sis�i��	of	f�r�ers’	fer�i�iser	�pp�i���io�	pr���i�es.	E��h	�re���e��	��s	rep�i���e�	four	�i�es	
(pseu�o-rep�i���io���	i.e. replication within a field). There was no replication of fields, because 
it was difficult to find fields with the same history and management type for comparison. We 
decided not to include a non-fertilised field as control because farmers consider such a control 
irrelevant, knowing already that a beneficial effect of fertilisers was certain to occur. Certain 
farmers even claimed that the cotton plant might not produce fibre without fertiliser and would 
f�i�	 �o	resis�	pes�	�������.	Abs��i�i��	fro�	fer�i�iser	use	 is	�o�	��vise�	��	���	by	 �he	ex�e�sio�	
servi�e	���	��so	is	�o�	pr���ise�	i�	�he	�re�.	We	�oo��	�he	re�o��e��e�	fer�i�iser	�pp�i���io�	�s	
�he	refere��e	pr���i�e.	The	�hree	�re���e��s	�ere:
(1)	re�o��e��e�	pr���i�e��	150	���	h�-1	of	14-23-14-5-1	(NPK-S�)	�pp�ie�	�o	�o��o�	25	��ys	

�f�er	so�i��	(DAS)	���	50	���	h�-1	of	ure�	�pp�ie�	40	DAS;	�he	��ou��	of	���ro�u�rie��s	
�pp�ie�	�ere:	51	���	N	h�-1��	15.2	���	P	h�-1	���	17.4	���	K	h�-1;

(2)	NPK-S�	�ixe�	�i�h	ure�	(�he	re�o��e��e�	��ou��s	of	NPK-S�	���	ure�	�ere	�ixe�	���	
�he�	bo�h	�pp�ie�	40	DAS);

(3)	Re�u�e�	��ou��	of	NPK-S�	(100	���	h�-1)	25	DAS	���	50	���	h�-1	of	ure�	�pp�ie�	40	DAS;	
�he	��ou��	of	���ro�u�rie��s	�pp�ie�	�ere:	44	���	N	h�-1��	10.1	���	P	h�-1	���	11.6	���	K	

	 h�-1.
P�o�	 size	��s	100	�2	 (10	�	x	10	�);	 �he	h�rves�	�re�	��s	64	�2	 (8	�	x	8	�).	The	

prior cotton plant spacing was 0.2 m x 0.8 m with two plants per hole. Cotton fibre and stalks 
�ere	�ssesse�	���	sub-s��p�es	�ere	�o��e��e�	���	�ei�he�.	Dry	����er	��s	�e�er�i�e�	�f�er	
�ryi��	��	60°C	for	48	h	���	�he�i���	����ysis	��s	perfor�e�	o�	bo�h	���eri��s.	Co�posi�e	soi�	
samples were collected at a depth of 0-20 cm in each field at the beginning of the experiment, 
i.e.	before	p����i��	�he	�o��o�.	Soi�	s��p�es	�ere	���i�	�o��e��e�	i�	e��h	sub-p�o�	��	�	�ep�h	of	
0-20	��	before	subseque��	p����i��	�i�h	��ize.	The	s��p�i��	��s	�o�e	��o��	�he	�ops	of	�he	
ri��es	���e	for	��ize	p����i��.

The	subseque��	��ize	�rop	��s	�u��iv��e�	i�	���or����e	�i�h	f�r�ers’	pr���i�es��	i.e.��	
�i�hou�	 fur�her	 fer�i�iser	 i�pu�.	See�s	of	 ��	e�r�y	���uri��	 (3	�o��hs	�y��e)	��ize	�u��iv�r��	
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DMR-SRW��	provi�e�	by	�he	ex�e�sio�	servi�e��	�ere	so��	i�	M�y	2004	���or�i��	�o	f�r�ers’	
pr���i�es.	P����	sp��i��	��s	0.7	�	x	0.8	�	�i�h	2	�o	3	p����s	per	ho�e.	M�ize	��s	h�rves�e�	��	
physio�o�i���	���uri�y	i�	Au�us�	2004.	Assess�e��	of	yie��	p�r��e�ers	(�e�sure�e��	of	�ob	
size��	�ob	�i��h��	�r�i�	���	s�over	�ei�h�)	��s	�o�e	�o�e�her	�i�h	�he	�ppropri��e	SLG	�e�ber.	
Weights were recorded in the field with a hanging scale. Samples of straw plus husk, and 8 
�obs	�ere	r���o��y	se�e��e���	�ei�he�	���	�he	�ry	����er	��s	�e�er�i�e�	�f�er	ove�	�ryi��	��	
60°C	for	48	h	�o	�	�o�s����	�ei�h�.	The�	see�s	�ere	re�ove�	fro�	�he	�obs	���	�he	�r�i�	yie��	
es�i���e�.	These	s��p�es	�ere	�rou��	i�	�	s��i��ess	s�ee�	�i��	i�	or�er	�o	perfor�	����ysis	of	
���ro�u�rie��s.	Cob	�i��e�er	��s	�e�sure�	��	�he	b�se	of	�he	�ob.	I�	is	�he	p�r�	�here	�he	�ob	
is	�u�h	�hi���er	�h��	�he	superior	p�r�.	Cob	�e���h	��s	�e�sure�	fro�	�he	�ob	b�se	�o	�he	��s�	
ring of grains around the cob top. The measurements were carried out in the field on 6 randomly 
selected fully filled cobs because farmers normally do not consider the non-filled cob.

Soil and plant analysis
Soi�	���	p����	�he�i���	����yses	�ere	perfor�e�	i�	�he	L�bor��ory	of	Soi�	S�ie��es	of	�he	F��u��é	
�es	S�ie��es	A�ro�o�iques	of	�he	U�iversi�y	of	Abo�ey	C���vi	���	�i�ro�e�	�o��e��r��io�	i�	
�he	soi�	���	p����	�issue	��	�he	L�bor��oire	�es	S�ie��es	�u	So���	E�u	e�	E�viro��e�e��	of	�e�i�	
N��io���	Rese�r�h	I�s�i�u�e	(LSSE/INRA�).	Soi�	����yses	�ere	��rrie�	ou�	o�	pH	(H2O)	(usi��	
�	���ss	e�e��ro�e	i�	1:2.5	v/v	soi�	so�u�io�)��	�o���	N	(K�e���h�	�i�es�io�	i�	�	�ix�ure	of	H2SO4-
Se�e�iu�	fo��o�e�	by	�is�i����io�	���	�i�r��io�)��	�v�i��b�e	P	(�r�y	1	�e�ho�)��	ex�h���e�b�e	K+	
(with 1 N ammonium acetate at pH 7, after which K was determined by flame photometer), 
NO3

--N	���	NH4
+-N	i�	1M	KC�	ex�r���	(NO3

--N	�f�er	���i��	M�O	���	�is�i��i��	�he	�ix�ure	
fo��o�e�	by	�i�r��io�;	NH4

+-N	by	���i��	�o	�he	pre�e�i��	�ix�ure	Dev�r��	���oy	�f�er	�hi�h	�he	
�e�	�ix�ure	��s	�is�i��e�	fo��o�e�	by	�i�r��io�).

To���	 N	 i�	 �he	 p����	 �issue	 ��s	 ����yse�	 by	 �e�	 �i�es�io�	 i�	 �	 �ix�ure	 of	 H2SO4-
Selenium followed by distillation and titration. K was measured in the extract by flame 
photometer. Determination of P included two steps, dry ashing a plant sample in a muffle 
fur���e	��	550°C	for	4	h	���	���heri��	�he	resi�ues	i�	1N	HNO3	i�vo�vi��	�	perio�	of	he��i��.	
P	��s	subseque���y	�e�sure�	�o�ori�e�ri����y	by	���o�iu�	�o�yb���e	�i�h	�s�orbi�	��i�	��	
�	��ve�e���h	of	660	��.

Statistical analysis
S���is�i���	����yses	�ere	perfor�e�	usi��	�he	SAS	v	8.1	p������e.	Soi�	�he�i���	proper�ies��	yie��	
p�r��e�ers	(�ob	�e���h	���	�i��h��	�r�i�	yie��	���	s�over	��ss)��	���ro�u�rie��	�o��e��r��io�	
i�	�he	p����	�issue��	���	�u�rie��	up����e��	�ere	sub�e��e�	�o	�es�e�	����ysis	of	v�ri���e	(����ysis	
based on an hierarchical classification model) (Cochran, 1967) regarding land use types and 
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fer�i�iser	�re���e��s.	This	����ysis	��s	perfor�e�	fo��o�i��	�he	GLM	pro�e�ure.	Su�h	�es�e�	
�esi��s	�rise	i�	si�u��io�s	�here	rep�i���e	�e�sure�e��s	�re	���e	o�	�he	s��e	experi�e����	
unit. They superficially resemble randomised blocks designs but require alternative methods of 
����ysis	be��use	�he	�eve�s	of	�he	se�o��	f���or	(i�	�his	��se	�roppi��	seque��e	before	p����i��	
��ize)	�re	�o�	�o��o�	�o	���	�re���e��s.	The	S�u�e��	Ne����-Keu�s	�es�	��s	perfor�e�	�o	
compare differences in means among treatments and also among land use types. All significance 
�eve�s	�ere	se�	��	P	<	0.05.

Results

Farmers’ perception and knowledge concerning the role of NPK-SB and urea fertiliser and 
their residual effects
There is no specific local name to designate the NPK-SB and urea fertiliser apart from their 
�o��er�i��	���es.	F�r�ers	�o�p�re�	NPK-S�	�o	wassa wassa��	�	 �o���	�ous�ous	���e	�i�h	
y��	�hips	be��use	of	i�s	�shy	���	re��ish	�o�our	���	�r��u�e	for�.	They	s���e�	�h��	�he	NPK-
S�	�o��ribu�es	�o	�o��o�	�ro��h	���	�h��	i�	���o�s	�he	�o��o�	p����	�o	�eve�op	�	�o�	of	br���hes.	
Mos�	of	 �he	f�r�ers	�i�	�o�	���o�	�h��	NPK-S�	is	�	�o�pou��	fer�i�iser	�o���i�i��	�i�ro�e���	
phosphorus��	po��ssiu���	su�phur	���	boro�.	Quo�i��	�he	�or�s	of	o�e	f�r�er:	“We saw most of 
the time on the fertiliser bag NPKSB 14-23-14-5-1 but we did not know the specific meaning of 
that formula and the extension agent never explained to us the meaning.”	A��or�i��	�o	f�r�ers��	
NPK-S�	fer�i�iser	�f�er	�pp�i���io�	�o	�o��o�	re��i�s	i�	�he	soi�	���	�	su��ee�i��	foo�	�rop	��y	
benefit from it. 

F�r�ers	 �o�p�re�	 �he	 ure�	 �i�h	 s���	 be��use	 of	 i�s	 �hi�e	 �o�our	 ���	 i�s	 hy�ros�opi�	
�h�r���eris�i�s	 (ure�	 �isso�ves	 r�pi��y	 �o�p�re�	 �i�h	 NPK-S�).	 F�r�ers	 ��so	 ���i�e�	 �h��	
�o��o�	p����s	be�o�e	s�or�he�	�he�	�he	ure�	is	�pp�ie�	very	��ose	�o	�he	p����	roo�s.	A��or�i��	
�o	 f�r�ers��	 �his	 fer�i�iser	�o��ribu�es	 �o	p����	he���h	 if	 r�i�	 is	p�e��ifu���	eve�	�he�	�o��o�	���	
��ize	 p����s	 ��re��y	 h�ve	 ��r��	 �ree�	 �e�ves.	 I�	 ��so	 �o��ribu�es	 �o	 �o��o�	 ��psu�e	 for���io�	
���	 �herefore	 �o	 yie��	 e�h���e�e��.	 Fi����y��	 f�r�ers’	 �ere	 ���re	 �h��	 �he	 �i�er��	 fer�i�isers	
contribute to the development of weeds in both cotton and subsequent maize fields compared to 
a non-fertilised field.

Effect of land use types and fertiliser application practices on soil chemical properties	
Apart from P-Bray 1, soil chemical properties before planting the maize crop were significantly 
(0.01	<	P < 0.05) affected by the land use types (Table 2a). Soil pH was significantly (P	<	0.05)	
higher in the egusi melon-cotton-cotton field than that of cotton-maize-cotton field (Table 2b). 
Total N was significantly (P	 <	 0.05)	 hi�her	 i�	 �he	 ��ss�v�-��ize-�o��o�	 ���	 �o��o�-��ize-
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cotton fields compared to the egusi melon-cotton-cotton field. Exchangeable K+	i�	�he	�o��o�-
maize-cotton field was significantly (P	<	0.01)	hi�her	 �o�p�re�	 �o	 �h��	 of	 �rou���u�-��ize-
cotton, cassava-maize-cotton and egusi melon-cotton-cotton fields. Both NH4-N	 ���	 NO3-N	
concentrations in the soil were significantly (P < 0.01) lower in the groundnut-maize-cotton field 
�h��	i�	�he	o�her	����	use	�ypes.

Fertiliser treatments had a significant effect (P	<	0.01)	o��y	o�	P-�r�y	1	(T�b�e	2�).	P-
Bray 1 differed significantly (P < 0.01) only in the groundnut-maize-cotton land use field. Plots 
of	�he	re�o��e��e�	pr���i�e	sho�e�	hi�hes�	���	�hose	of	�he	re�u�e�	NPK-S�	�ose	�o�es�	P-
Bray 1. In the other fields the reduction of the NPK-SB dose practice showed somewhat lower 
soil P, but differences were not significant.

Effects of land use types and fertiliser treatments on cotton yields
The cotton fibre plus seed yield and stalk mass were significantly (P	 <	 0.05	 ���	 P	 <	 0.01	
respectively) affected by land use types. Fertiliser treatments did not affect the cotton fibre and 
seed yield and stalk mass (Table 3). The cotton fibre and seed yield and stalk mass regarding the 
four	����	use	�ypes	���	fer�i�iser	�re���e��s	�re	prese��e�	i�	Fi�.	1.	The	over���	�e��s	re��r�i��	
the land use types indicated that cotton fibre and seed mass in the egusi melon-cotton-cotton field 
was almost 1.5 times higher than that in the cassava-maize-cotton field. 

Cotton fibre and seed mass ranged between 1.2 to 2.0 t DM ha-1	for	���	 �hree	fer�i�iser	
�re���e��s.	S�����	��ss	fo��o�e�	�	si�i��r	�re��.	The	qu���i�y	of	s�����	r���e�	be��ee�	3.1	�o	5.4	
�	DM	h�-1��	3.1	�o	5.7	�	DM	h�-1	���	4.0	�o	6.2	�	DM	h�-1	for	�he	re�o��e��e���	NPK-S�	�ixe�	
�i�h	ure�	���	re�u��io�	of	NPK-S�	pr���i�es	respe��ive�y.	Aver��e	s�����	��ss	i�	�he	�rou���u�-
maize-cotton field was significantly (P < 0.01) lower than in the other fields.
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R	=	Re�o��e��e�	fer�i�iser	�pp�i���io�	pr���i�es;	M	=	NPK-S�	�ixe�	�i�h	ure�	pr���i�e;	

Re�.	=	Re�u��io�	of	NPK-S�	�ose	p�us	ure�	(sp�i�	�s	re�o��e��e�	pr���i�e).

Figure 1. (A) Cotton fibre and seed and (B) stalk yields regarding fertiliser treatments and land use 
�ypes.	Ver�i���	b�rs	�e�o�e	s�����r�	errors.
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Effect of land use types and fertiliser treatments on the succeeding maize crop and nutrient 
uptake
T�b�e	4�	prese��s	�he	resu��s	of	�he	�es�e�	ANOVA	of	subseque��	��ize	re��r�i��	����	use	�ypes	
and fertiliser treatments. Maize grain and stover yields were significantly (P	<	0.0001)	�ffe��e�	
by land use types whereas fertiliser treatments did not have a significant (P	>	0.05)	effe��	o�	yie��.	
Cob length was significantly (P < 0.0001) lower in the groundnut-maize-cotton field than in the 
other three fields (Table 4b). Cob width in the egusi melon-cotton-cotton field was significantly 
(P < 0.0001) higher than that in the other fields, of which the groundnut-maize-cotton system was 
eve�	�o�er	�h��	�he	��o	o�her	sys�e�s	(�o��o�-��ize-�o��o�	���	��ss�v�-��ize-�o��o�).	

Fi�.	2	sho�s	�he	�e��	v��ues	of	�he	subseque��	��ize	�r�i�	���	s�over	yie��s	re��r�i��	
fer�i�iser	�re���e��	���	����	use	�ype.	Gr�i�	yie��s	r���e�	be��ee�	0.3	�o	2.5	�	DM	h�-1	for	���	
fertiliser treatments. Grain yields were highest in the egusi-cotton-cotton field (2.3 t DM ha-1)	���	
lowest in the groundnut-maize-cotton field (0.3 t DM ha-1)��	�o�sis�e��	�i�h	����	o�	�ob	�e���h	���	
�ob	�i��h��	���	����	o�	NH4-N	���	NO3-N	�v�i��bi�i�y	��	�he	s��r�	of	�he	��ize	�ro��h��	�hi�h	���	
showed lowest values in the groundnut-maize-cotton field. Maize stover showed the same pattern 
of being highest in the egusi-cotton-cotton field and lowest in the groundnut-maize-cotton field. 

T�b�e	 5�	 prese��s	 �he	 resu��s	 of	 �he	 �es�e�	 ANOVA	 for	 �r�i�	 ���	 s�over	 �u�rie��	
concentration and the total nutrient uptake. Again, land use type significantly affected nutrient 
�o��e��r��io�s	of	��ize	�r�i�	(N��	P��	K)	���	s�over	(P��	K)	���	 �o���	�u�rie��	up����e	(N��	P��	K).	
Fertiliser treatment was never a significant source of variation. The implication is that farmers 
����e	�	r��io���	�hoi�e	by	�ixi��	or	re�u�i��	�he	��ou��	of	fer�i�iser��	be��use	�he	re�o��e��e�	
practice is not more profitable for the farmers than the alternatives. Nutrient analysis of the grains 
(Table 5b) indicated that the nitrogen concentration in the groundnut-maize-cotton field was 
significantly lower than that of the other fields, while phosphorus concentration was significantly 
lower in the egusi-cotton-maize field than in the other fields, and potassium concentration was 
significantly higher in the cassava-maize-cotton field than in the others. Total nitrogen uptake 
was highest in the egusi-cotton-cotton field and lowest in the groundnut-maize-cotton field, 
�o�sis�e��	�i�h	����	o�	�r�i�	yie��.	To���	phosphorus	up����e	���	po��ssiu�	�ere	��so	 �o�es�	
in the groundnut-maize-cotton field. The N : P ratios of nutrients taken up indicated that P was 
relatively more limiting in the egusi-cotton-cotton field (N : P = 7.6), whereas N was relatively 
more limiting in the cassava-maize-cotton field (N : P = 4.3). 
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R	=	Re�o��e��e�	fer�i�iser	�pp�i���io�	pr���i�es;	M	=	NPK-S�	�ixe�	�i�h	ure�	pr���i�e;	

Re�.	=	Re�u��io�	of	NPK-S�	�ose	p�us	ure�	(sp�i�	�s	re�o��e��e�	pr���i�e).

Figure 2.	(A)	Subseque��	��ize	�r�i�	���	(�)	s�over	yie��s	re��r�i��	fer�i�iser	�re���e��s��	����	
use	�ypes.	Ver�i���	b�rs	�e�o�e	s�����r�	errors.
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Discussion and Conclusion

Farmers’ knowledge of deficiency symptoms and workings of fertilisers
Farmers’ knowledge, as defined by Van der Bliek and Van Veldhuizen (1993), refers to ideas, 
experie��es��	 pr���i�es��	 i�for���io�	 �e�er��e�	 �o����y��	 or	 if	 �e�er��e�	 e�se�here��	 �r��sfor�e�	
�o����y	���	i��orpor��e�	i�	�o���	��ys	of	u��ers����i��.	I�	i��orpor��es	�o���	�e�h�o�o�ies	bu�	
��so	 �u��ur����	 so�i��	 ���	 e�o�o�i�	 �spe��s.	Throu�h	 �u��iv��i��	 �o��o�	 (�	 �rop	 supp�ie�	 �i�h	
fer�i�iser	 i�pu�s)	 f�r�ers	h�ve	be�o�e	���re	of	bo�h	�ire��	 ���	 resi�u��	 effe��s	of	 fer�i�isers.	
K�o��e��e	of	resi�u��	effe��s	�rises	�hrou�h	�u��iv��i��	��ize	�f�er	�o��o�.	Quo�i��	�he	�or�s	of	
o�e	f�r�er:	“When fertiliser, especially NPK-SB, is applied, cotton plants do not use the entire 
amount and part is still in the soil. For a better utilisation of the remaining fertiliser, we prefer to 
cultivate food crops, especially maize, which is a nutrient-demanding crop”.	This	�rop	ro���io�	
sys�e�	��s	��so	�e��io�e�	by	�e����i�se�	et al.	(2006)	i�	�he	M��i��	�o��o�	zo�e��	���	i�	���	be	
re��r�e�	�s	�	s�r��e�y	�eve�ope�	by	�o���	f�r�ers	�o	sus��i�	�r�i�	pro�u��io�	���	i�prove	foo�	
self-sufficiency. Farmers are aware of the beneficial effect of prior fertilisers on cotton to cereal 
�rops.	Never�he�ess��	�heir	���o��e��e	o�	��rry-over	effe��s	of	fer�i�iser	i�	�he	soi�	is	s�i��	�i�i�e�.	
Duri��	�he	�iffere��	�e�r�i��	�roup	�is�ussio�s	i�	���e	ou�	�h��	pro�esses	su�h	�s	�e��hi��	of	
�i�r��e	���	K	�ere	u����o��.	F�r�ers	�i�	�o�	����e	�	�iffere��e	be��ee�	resi�u��	effe��s	of	NPK-
S�	���	�h��	of	ure�.	Le�r�i��	�roup	�ee�i��s	provi�e�	��	i��er���ive	foru�	�here	�he	rese�r�her	
���	f�r�ers	ex�h���e�	���o��e��e	���	�e�r��	fro�	e��h	o�her.	The	ro�e	���	p��h��y	of	e��h	
�u�rie��	�o���i�e�	i�	bo�h	NPK-S�	���	ure�	��s	exp��i�e�	�o	f�r�ers	by	�he	rese�r�her.

In the field, maize plants with leaves presenting purple reddish colours (an indicator for 
P deficiency) were observed. According to the farmers, leaf discolourations are signs that appear 
�here	soi�s	�re	“�e���”	or	“�ire�”.	The	SLG	�e�bers	re�o��ise�	�h��	p����	�e�ves	prese��i��	
this discolouration are not healthy, and they attributed the sign to “food” (nutrient) deficiencies. 
F�r�ers��	i�	�his	i�s����e��	see�	�o	be	o�	�he	ver�e	of	�	v��i�	exp�����io�.	Croppi��	sys�e�s	�i�h	
egusi melon may induce greater P-deficiency than cropping systems with cassava. The role 
that cassava plays in ameliorating P-deficiency is possibly to be explained through mycorrhizal 
��rry-over	effe��s	(cf	Ch�p�er	4).	F�r�ers’	exp�����io�s	�ere	�ess	i�si�h�fu�	 i�	��o�her	��se.	
I�	 �he	 �rou���u�-��ize-�o��o�	 sys�e�	 ��ize	 �e�ves	 so�e�i�es	 prese��e�	 ye��o�ish	 �o�ours	
(a probable indicator for N deficiency). Farmers attributed this sign to drought, because they 
�o�si�ere�	 �h��	 �he	p����s	�ere	he���hy.	Wi��e�	 �e�ves	�o	eve��u���y	be�o�e	ye��o���	���	by	
assimilating yellow leaves to drought and not to N deficiency farmers could miss the correct 
�e�h��is�	for	u��ers����i��	 �he	u��er-perfor����e	of	��ize.	 I�	o�her	�or�s��	�o�	���	si��s	
poi��	f�r�ers	i�	�he	�ire��io�	of	�	�orre��	u��ers����i��	of	�e�h��is�.	SLG	�e�r�i��	�roups	



Effects of farmers’ fertilisers application practices and land use types

103

prove�	�o	be	�	foru�	i�	�hi�h	so�e	�spe��s	of	f�r�er	���o��e��e	�o��er�i��	soi�	fer�i�i�y	�ou��	
be	�ive�	re�o��i�io�	���	o�her	�spe��s	�h���e��e�.

Technology adaptation and farmers’ rationality
F�r�ers	 i�	 �he	 �e��re	 of	 �e�i�	 h�ve	 �iverse	 soi�	 fer�i�i�y	 �����e�e��	 pr���i�es	 (S�ï�ou	 et 
al.��	 2004).	They	 h�ve	 ���p�e�	 �he	 �e�h�o�o�i���	 p������e	 ���o�p��yi��	 �o��o�.	We��i���We��i���	 et 
al.	(2000) ���e si�i��r observ��io�s �bou� �o��o� f�r�i�� sys�e�s i� �or�her� �e�i�. There(2000)	���e	si�i��r	observ��io�s	�bou�	�o��o�	f�r�i��	sys�e�s	i�	�or�her�	�e�i�.	There	
�oo	�i�er��	fer�i�iser	is	�pp�ie�	i�	�oses	�h��	�re	�e�er���y	(�e��)	be�o�	�he	r��e	re�o��e��e�	
by	 �he	 ex�e�sio�	 servi�e.	 F�r�ers	 (�e�iber��e�y)	 u��er-es�i���e	 �he	 surf��e	 �re�	 i�	 or�er	 �o	
�pp�y	�ess	fer�i�iser	be��use	i�	is	�e�ivere�	o�	�re�i���	���	�he	po�e��i��	yie��	i��re�se	��y	�o�	
be	�or�h	�he	���i�io���	�eb�.	F�r�ers	��so	�pp�re���y	�hi���	�h��	����i��	�ore	fer�i�iser	o�	�re�i�	
���	s�ore	i���	���	�he�	�pp�yi��	i�	�ire���y	o�	��ize��	�oes	�o�	p�y	off	ei�her	�ue	�o	�he	re���ive�y	
�o�	s��e	pri�e	of	s��p�e	�ere��	�rops	or	res�ri��e�	�o���	��r��e�s	for	s��p�e	foo�s.	Fur�her�ore��	
the fact that lowering the NPK-SB dose did not significantly affect yield in our study, shows 
�h��	�his	s�r��e�y	is	perfe���y	r��io���.	Nex�	�o	�o�eri��	�he	��ou��	of	NPK-S���	f�r�ers	��so	
prefer	�o	�ix	NPK-S�	���	ure�.	F�r�ers’	�hoi�e	here	is	b�se�	o�	re�u�e�	��bour	for	fer�i�iser	
�pp�i���io�	 ���	 re�u�e�	 �ee�i��.	 F�r�ers	 ���i�e�	 �h��	 he�vy	 supp�y	 of	 �i�er��	 fer�i�iser	
�e��s	�o	��	i��re�se�	require�e��	for	�ee�i��.	Fi��i��	��bourers	for	�ee�i��	is	�	�o�s�r�i����	
be��use	��bourers	�e�er���y	prefer	p�ou�hi��	�o	�ee�i��.	Quo�i��	�he	�or�s	of	�	f�r�er	fro�	
�oubouhou:	“Supplying fertiliser twice on the same field as recommended by the extension 
agent is a waste of time. I produce food crops and cash crops, and these fields have to be weeded 
in the same period. It is not easy to find labourers, especially most of the seasonal migrants 
prefer ploughing rather than weeding because the former (work) is better paid”.	The	 s��e	
���i�	h�s	��so	bee�	repor�e�	by	Gr�y	���	Mor���	(2003)	i�	sou�h-�es�er�	�ur��i��	F�so	���	by	
O���ou��é	(2005)	i�	�he	�e��re	���	sou�h	�e�i�.	These	�u�hors	s���e�	�h��	�ee�s	�re	�he	pri��ry	
reason for farmers to leave their fields in fallow.

App�re���y��	f�r�ers	�re	�ui�e�	by	bo�h	i�s�ru�e����	���	s�r��e�i�	r��io���i�y	(H�ber��s��	
1984;	1987)��	��o	of	�he	�hree	��ys	of	bei��	effe��ive	(Rö�i��	���	M��r�eve����	1999).	I�s�ru�e����	
r��io���i�y	 �e��s	 �i�h	 ��use	 ���	 effe��	 re���io�ships	 ���	 �heir	 i�s�ru�e����	 ���ipu���io�	
�hrou�h	�e�h�iques	i�	servi�e	of	re��hi��	�ive�	�o��s	su�h	�s	be��er	�i�e	�����e�e��.	I�	�i�s	
��	�o��ro�	over	�he	biophysi���	e�viro��e��	b�se�	o�	p�s�	su��ess.	S�r��e�i�	r��io���i�y	�ssu�es	
�h��	o�e	is	f��e�	�i�h	o�her	s�r��e�i�	i��e��io���	���ors.	V�rious	s�r��e�i�	i��e��io�s	-	e.g.	�rop	
diversification (i.e.	ris��	�i�i�is��io�	�hrou�h	pro�u�i��	bo�h	foo�	�rops	���	��sh	�rops	�uri��	
the same period), reduction of input, prevention of infestation by weeds, and finally profit 
��xi�is��io�	-��	�re	���	��ey	e�e�e��s	for	i��ov��io�	��op�io�	or	���p���io�.

Crop	 ro���io�	 ��s	 observe�	 �s	 �	 �o���	 s�r��e�y	 of	 soi�	 fer�i�i�y	 ���	 �roppi��	 sys�e�	
�����e�e��	(S�ï�ou	et al.��	2004).	Crop	ro���io�s	�re	�	�e��r��	�o�po�e��	i�	�he	�eve�op�e��	
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of	resour�e-�o�servi��	f�r�i����	�i�h	op�i���	use	of	�rops	�h��	�o��ribu�e	�o	soi�	fer�i�i�y	���	
re�u�e	pes�	�����e	(Pre��y��	1995).	Ge�er���y��	f�r�ers’	�e�isio�s	i�	�er�	of	�rop	�o	be	�ro��	
�re	 �ui�e�	 by	 so�io-e�o�o�i�	 �ri�eri�	 (��r��e�	 pri�es	 �uri��	 �he	 prior	 ��ri�u��ur��	 se�so���	
��bour	�o�s�r�i��s��	foo�	h�bi�s��	�u��ur��	require�e��s��	e��.)	���	�o�	by	�he	perspe��ive	of	soi�	
fer�i�i�y	i�prove�e��.	Crops	h�vi��	hi�h	e�o�o�i�	i�por����e	(e.g.,	�o��o�)	�herefore	�ppe�r	
freque���y	 i�	 �he	 ro���io�	 seque��e.	 Co��o�	 ��so	 h�s	 �	 posi�ive	 effe��	 o�	 �he	 soi�	 �ue	 �o	 �he	
resi�u��	effe��	of	fer�i�iser.	I�	�r��i�io���	�roppi��	sys�e�s	of	�e��r��	�e�i�	�uber	�rops��	�ere��	
�rops��	�r�i�	�e�u�es��	e�usi	�e�o���	���	�o��o�	�re	ro���e�	���or�i��	�o	f�r�ers’	s��i��.	Le�u�es	
in the rotation system can increase soil fertility through their nitrogen-fixing capacity. But 
o��y	�e�u�es	�i�h	hi�h	bio��ss	(i.e.	�o�	h�rves�	i��ex)	�re	effe��ive	i�	�er�s	of	soi�	fer�i�i�y	
i�prove�e����	�hi�e	�hose	pro�u�i��	hi�h	h�rves��b�e	pro�u�e	(i.e.	hi�h	h�rves�	i��ex)	�e��	�o	
deplete the soil because a large amount of nitrogen fixed is removed from the system through 
h�rves�i��	 of	 �r�i�s	 (Gi��er	 ���	 C��is�h��	 1995;	 V����u�e	 ���	 Gi��er��	 2006).	 Prior	 ��ss�v�	
���	 possib�y	 i�prove	 su��ee�i��	 �rop	 yie��s	 ei�her	 by	 i�s	 re���ive�y	 �o�	 �u�rie��	 ex�r���io�	
or	by	i�s	�bi�i�y	 �o	for�	sy�bio�i�	�sso�i��io�s	�i�h	�rbus�u��r	�y�orrhiz��	fu��i	(Ho�e�er��	
2002;	S����i	���	Oso�ubi,	2002).	Hi�h	�y�orrhiz��	i�o�u�u�	po�e��i��	��	�he	s��r�	of	�he	�ex�	
cropping season might have major beneficial effects on P-uptake and growth of the subsequent 
�rop	(Goss	���	De	V�re��es��	2002).

Ge�er���y	 �e�h�o�o�y	 ���p���io�	 is	 �or����y	 pre�e�e�	 by	 f�r�ers’	 experi�e����io�.	
�u�	f�r�er	experi�e��s	��y	be	�sso�i��e�	�i�h	ris��s��	���	�herefore	o��y	�	�i�ori�y	of	f�r�ers	
re�u��r�y	e����e	i�	su�h	experi�e����io�.	Ho�ever��	�f�er	�	�e�	�e�h�ique	h�s	bee�	su��essfu��y	
�rie���	i�	�ou��	��so	be�o�e	�	fe�sib�e	so�u�io�	for	�ei�hbouri��	f�r�ers.	Te�h�o�o�y	���p���io�	
re��r�i��	fer�i�iser	�pp�i���io�	pr���i�es	 (�ixi��	of	NPK-S�	���	ure�)	 is	�i�e�y	��op�e�	 i�	
�he	ho�e	vi����es	of	�i�r���s.	N��ive	f�r�ers	h�ve	subseque���y	�e�r�e�	fro�	�i�r���s.	This	
pr���i�e	is	�o�	be�o�i��	�i�e�y	��op�e�	���	�ixi��	is	espe�i���y	i�por����	�he�	�he	fer�i�iser	
is	�e�ivere�	very	���e.	I�	f�����	�he	i�pu���	�����e�	by	�he	f�r�ers’	or���is��io�	i�	�o���bor��io�	
�i�h	i�pu�	��r��e�i��	�o�p��ies��	is	of�e�	�e�ivere�	�o	f�r�ers	�f�er	�he	re�o��e��e�	perio�	of	
�pp�i���io�	h�s	expire�.	The	�ove�	pr���i�e	of	�ixi��	NPK-S�	���	ure�	�oes	�ei�her	��verse�y	
�ffe��	 �o��o�	 yie��	 (by	 �o�p�riso�	 �i�h	 s�����r�	 re�o��e����io�s)	 ���	 subseque��	 ��ize	
yie��.	

Agronomic effectiveness
No�	���	�u�rie��s	�re	����e�	up	by	�he	�ro�i��	�rop.	Those	re��i�i��	��y	ei�her	s��y	i�	�he	soi�	
���	resu��	i�	��rry-over	effe��s	�o	�he	�ex�	�rop	or	be	�os�	by	�e��hi��	or	ru�	off	��use�	by	r�i�f���.	
The	re���ive	i�por����e	of	�u�rie��	�osses	�epe��s	o�	�he	re���io�ships	be��ee�	�rop	�ro��h��	
�u�rie��	�y���i�s��	���	���er	�y���i�s.	Fer�i�iser	sp�i��i����	�s	re�o��e��e�	by	�he	ex�e�sio�	
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servi�e��	is	�	s�r��e�y	�o	re�u�e	�u�rie��	�oss��	�o�p�re�	�o	f�r�ers’	pr���i�e	�o	�ix	NPK-S�	���	
ure�.	I�	bo�h	��ses��	fer�i�iser	N	���	be	�os�	�o	�he	���osphere	�hrou�h	���o�i�	vo���i�is��io���	
espe�i���y	�he�	�he	fer�i�iser	ho�es	�re	�o�	��ose�.	Ni�r��e-N	is	��so	sub�e��	�o	�e��hi��.	The	
ris��	for	�i�r��e	 �e��hi��	is	�u�h	�ore	i�por����	 i�	�re�s	�i�h	hi�her	r�i�f���	 i��e�si�ies	���	
�o�er	���er	s�or��e	��p��i�y	(s���y	�ex�ure).	Ti�i��	of	N	�pp�i���io�	���	be	��ro�o�i����y	
re�ev���	i�	�his	e�viro��e��.	�o�h	N	fr���io�s	(NH4-N	���	NO3-N)	i�	�he	soi�	before	p����i��	
maize were not different regarding the fertiliser application practices. We expected a significant 
�iffere��e	be��ee�	�he	sp�i��i��	pr���i�e	���	�he	�ixi��	pr���i�e��	bu�	su�h	��	effe��	��s	�ei�her	
�is�overe�	i�	�o��o�	or	i�	��ize	yie��.

Apart from the groundnut-maize-cotton field, the subsequent maize grain yields were 
re�so��b�y	�oo�	be��use	�hey	�ere	r��her	��ose	�o	�he	��xi�u�	yie��	(4	�o	6	�	h�-1)	�h��	�he	
DMR	�u��iv�rs	���	re��h	o�-s���io�	u��er	�o��ro��e�	�o��i�io�s.	M�ize	i�	�he	�rou���u�-��ize-
cotton had small and poorly filled cobs, and was short. This low performance was possibly the 
resu��	of	i���equ��e	�����e�e��	by	�he	f�r�er.	Wi�h	�he	ex�ep�io�	of	�he	�rou���u�-��ize-
cotton field, grain yields were higher than 1.3 t ha-1	of	�r�i�	fou��	i�	ex�e�sive	��ss�v�	�u��iv�rs	
o�o��bo	ro���e�	�i�h	��ize	�i�h	�	�i�i�u�	supp�y	of	NPK-S�	(100	���	h�-1)	(cf	Ch�p�er	4).	
These	����er	resu��s	�ere	�ffe��e�	by	�rou�h�	be��use	i�	�h��	s�u�y��	subseque��	��ize	��s	so��	
���e	i�	�he	�ourse	of	�he	�roppi��	perio�	�here�s	i�	our	prese��	s�u�y	��ize	��s	so��	��	�he	
�o��e��e�e��	of	�he	r�i�y	se�so�.	Our	resu��s	�orrobor��e	resu��s	of	�	�o��-�er�	experi�e��	
��rrie�	ou�	fro�	1995	�o	1999	(CRA-CF��	2000)	o�	�o��o�-��ize	ro���io�	by	�he	�e�i�	�o��o�	
rese�r�h	i�s�i�u�e	i�	Ap��houé	(Sou�h-E�s�	�e�i�)	o�	ferru�i�ous	soi�.	I�	��s	fou��	�here	�h��	
�o��o�	 yie��	 r���e�	 be��ee�	 0.24	 ���	 2.15	 �.	 h�-1	 ���	 subseque��	 ��ize	 �r�i�	 yie��	 r���e�	
be��ee�	0.38	���	2.28	�	h�-1.

The	over���	�ver��e	propor�io�s	N:P:K	�ere	7.6:1:3.3��	5.4:1:3.1��	4.3:1:2.7	���	4.6:1:2.6	
for	 e�usi	 �e�o�-�o��o�-�o��o���	 �o��o�-��ize-�o��o���	 ��ss�v�-��ize-�o��o�	 ���	 �rou���u�-
maize-cotton fields respectively which are comparable to the 5.1:1:3.6 ratio found by Saïdou et 
al.	(2003)	for	�o���	����	��ize	�u��iv�rs	o�	ferr��i�i�	soi�	i�	sou�her�	�e�i�.	J��sse�J��sse�	et al.	(1994)(1994)	
i��i���e�	��	op�i�u�	N:P:K	r��io	of	7.8:1:5	for	hybri�	��ize.	Our	N:P	r��ios	su��es�	ei�her	
�iffere��es	be��ee�	�o���	��ize	���	hybri�	��ize��	or	�o��i�io�s	�ere	N	��s	�ore	�i�i�i��	or	P	
was less a constraint. The low N:P ratio in the cassava-maize-cotton field is consistent with the 
hypo�hesis	�h��	�he	prior	��ss�v�	h��	i��re�se�	P-�v�i��bi�i�y	i�	�he	sys�e�	(cf	Ch�p�er	4).

Implications for research and extension
The findings were extensively discussed in the feedback session after completing the chemical 
����yses	i�	�he	��bor��ory.	F�r�ers	�i�	�o�	�oo��	��	s�over	pro�u��io�	bu�	��	�r�i�	yie��.	The	s�over	
��s	 i��ro�u�e�	 i�	 �he	experi�e��	by	 �he	 rese�r�her	 for	 �he	�ssess�e��	of	�u�rie��	b�����es.	
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The	experi�e��s	���e	��e�r	�h��	i�	�he	�o��ex�	of	�e�h�o�o�y	�eve�op�e����	i�s	��op�io�	���	
���p���io�	by	f�r�ers	�us�	be	����e�	i��o	���ou��	by	rese�r�hers	���	ex�e�sio�is�s.	Fer�i�iser	
re�o��e����io�s	 for	 �o��o�	 i�	 �e�i�	 �re	 ���e	 o�	 �he	 b�sis	 of	 b�����e�	 pr���i�es	 b�se�	 o�	
�u�rie��	respo�se	�u��i-�o���io�	experi�e��s.	He��efor�h��	rese�r�hers	�ee�	�o	����e	i��o	���ou��	
�he	�iversi�y	i�	�he	����	use	sys�e�	���	�o�s�r�i��s	(��bour��	�re�i���	�v�i��bi�i�y	o�	�he	��r��e�)	
i�	or�er	�o	�o�e	up	�i�h	r��io���	fer�i�iser	re�o��e����io�s.	I�	��y	��so	be	�e�ess�ry	�o	�ssess	
nutrient stocks in the soil in order to make fertiliser recommendations tailored for the specific 
requirements of each field. It is also important to learn from farmers’ practices. This can be 
�o�e	effe��ive�y	by	usi��	��	i��er���ive	�ppro��h��	�s	sho��	by	�he	prese��	����	fro�	i�vo�vi��	
f�r�ers	i�	�he	rese�r�h	pro�ess.	The	i��er���ive	�ppro��h	is	espe�i���y	re�ev���	�here	��ie��s	
of	 p�r�i�ip��ory	 rese�r�h	 �re	 ��r�i���ize�	 �i�hi�	 ���io���	 po�i�i���	 �ife��	 �s	 is	 freque���y	 �he	
��se	(A���or��	1990).	The	i��er���ive	�ppro��h	��op�e�	i�	�he	prese��	��se	s�u�y	is	��	ex��p�e	
i��us�r��i��	�he	shif�	fro�	fu���io���	p�r�i�ip��io�	b�se�	o�	�	�o��r���u��	�ppro��h	�o	�	�ore	
�o��e�i��	�o�e	of	p�r�i�ip��io�	(�i��s��	1989).	

In order to make mineral fertiliser use more profitable to farmers, the recommendations 
shou��	�o�	fo�us	o�	fer�i�is��io�	�s	�	pr���i�e	 i�	 iso���io�	bu�	shou��	 ����e	���ou��	of	f�r�er	
�����e�e��	s��i��s��	se�so���i�y��	��bour	�v�i��bi�i�y��	fer�i�iser	�v�i��bi�i�y	���	f�r�ers’	ob�e��ives.	
Ho�ever��	�o	sus��i�	b�����e�	�u�ri�io���	�e�sures	��y	��so	be	�ee�e�	�o	i�prove	�u�rie��	use	
efficiency by promoting crop residue management, i.e.	�e�vi��	resi�ues	�s	�u��h	or	p�ou�hi��	
�he�	 i��o	 �he	 soi�	 i�	 or�er	 �o	 i�prove	 soi�	 or���i�	 ����er	 �o��e��	 ���	 �hereby	 i�prove	 �he	
efficiency of the mineral fertiliser. As farmers’ knowledge on the role of individual nutrients in 
�i�er��	fer�i�isers	is	�i�i�e���	i�	is	i�por����	�o	�eve�op	�	s�r��e�y	�o	�o�ver�e	s�ie��is�s’	�heories	
���	f�r�ers’	i�e�s	���	pr���i�es	for	be��er	�u�rie��	�����e�e��.	I�	f�����	�o-oper��io�	be��ee�	
f�r�ers	���	rese�r�hers	 i�p�ies	 �h��	bo�h	si�es	shou��	re�u��r�y	���	��refu��y	 �is�e�	 �o	e��h	
o�her.	I�	is	�	��ey	�h���e��e	�o	�re��e	i�s�i�u�io���	fr��e�or��s	�i�hi�	�hi�h	�his	�u�u��	�is�e�i��	
���	�e�r�i��	���	be	fos�ere�.	
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Abstract

F�r�er	p�r�i�ip��ory	rese�r�h	��vo���es	i�vo�ve�e��	of	f�r�ers	�s	�o���bor��ors	or	��	�e�s�	�s	
�oi��	�e�isio�	����ers	i�	�he	rese�r�h	pro�ess.	I�	pr���i�e��	 �here	is	�	 �����	of	ex��p�es	�here	
farmers are fully involved in scientific research, i.e.	 f�r�ers	h�vi��	�	�ire��	ro�e	 i�	rese�r�h	
�e�ho�o�o�y	���	experi�e����io�.	Co-rese�r�h	by	f�r�ers	���	s�ie��is�s	��s	i�p�e�e��e�	i�	
�he	fr��e�or��	of	�he	Co�ver�e��e	of	S�ie��es	(CoS)	pro�r��	�s	��	�ppro��h	�o	suppor�i��	�he	
pro�ess	of	�o-�o�s�ru��io�	of	���o��e��e.	The	purpose of �his s�u�y is �o ex��i�e �he i�p���purpose	of	�his	s�u�y	is	�o	ex��i�e	�he	i�p���	
of	�he	s����eho��er	�e�r�i��	�roup	(SLG)��	i�	�er�s	of	��o	�i�e�sio�s	of	sus��i��b�e	�ive�ihoo�	
����ysis	 (hu���	���	 so�i��	 ��pi���). The �o-rese�r�h ��s ��rrie� ou� i� Ouo�hi �e��r�� ���.	The	�o-rese�r�h	��s	 ��rrie�	ou�	 i�	Ouo�hi	 �e��r��	 ���	
Ouo�hi	 G�re��	 ��o	 vi����es	 �o���e�	 i�	 �he	 �r��si�io���	 ��ro-e�o�o�i���	 zo�e	 of	 �e�i�.	 The	
over��� �ppro��h ��s � �iffere��e �esi��. The ev��u��io� ��s ��rrie� ou� by ��o rese�r�hersver���	�ppro��h	��s	�	�iffere��e	�esi��. The ev��u��io� ��s ��rrie� ou� by ��o rese�r�hers.	The	ev��u��io�	��s	��rrie�	ou�	by	��o	rese�r�hers	
�ho	�i�	�o�	p�r�i�ip��e	i�	�he	�o-experi�e����	���ivi�y.	The	pro�ess	of	ev��u��io�	�o�prise�	
��	 exp�or��ory	 ph�se	 ���	 ��	 i�-�ep�h	 survey.	 The	 rese�r�h	 �e�ho�	 �uri��	 �he	 exp�or��ory	
ph�se	 ��s	 �roup	 �is�ussio�.	 Survey	 �e�ho�s	 use�	 �ere	 ��	 ope�-e��e�	 ques�io���ire	 ���	
scoring. Elements of both capitals, which are meaningful to the respondents, were first elicited.Elements of both capitals, which are meaningful to the respondents, were first elicited. 
Respo��e��s	�ere	�he�	�s��e�	�o	s�ore	�heir	per�ep�io�	of	�he	‘before’	���	‘�f�er’	si�u��io�	o�	�	
scale of 0 - 5, for each of the elements identified. The co-research was perceived as a learning.	The	�o-rese�r�h	��s	per�eive�	�s	�	�e�r�i��	
e�viro��e��	�here	���o��e��e	o�	����	�����e�e��	��s	ex�h���e�.	The	pro�ess	��s	i�er��ive��	
�i�h	��	o��oi��	fee�b����	�hi�h	���o�e�	��	���p���io�	of	rese�r�h	�e�ho�o�o�y.	F�r�ers	���	
rese�r�hers	 e����e�	 i�	 �	 �ri�i���	 �i��o�ue	 (�e�o�r��is��io�	of	 s�ie��e).	 73%	 of	 �he	 f�r�ers	
i��ervie�e�	���i�e�	 �h��	 �hey	p�r�i�ip��e�	 i�	 �he	SLG	i�	or�er	 �o	 i�prove	 �heir	���o��e��e.	
The	�o-rese�r�h	���ivi�ies	h�ve	i�prove�	bo�h	hu���	��pi���	(f�r�ers’	i��ivi�u��	���o��e��e	
���	��p��i�y	bui��i��)	���	so�i��	��pi���	(�roup	�y���i�s��	sp��e	for	 i��ov��io���	 i��er���io���	
�e�o�i��io�	 s��i��s��	 i�prove�e��	 of	 �roppi��	 pr���i�e��	 i�prove�e��	 of	 so�i��	 re���io�ships��	
���	i�for���io�	sh�ri��).	F�r�ers’	���o��e��e	o�	�he	sep�r��e	ro�es	of	N��	P	���	K	�u�rie��s	
���	of	�y�orhiz��	�sso�i��io�s	h�s	bee�	�re���y	i�prove�.	The	�o-rese�r�h	h�s	e�ri�he�	�he	
p�r�i�ip��ory	�ppro��h	by	pro�o�i��	�o-�o�s�ru��io�	of	���o��e��e.

Keywords:	 Co-rese�r�h��	 so�i��	 ��pi�����	 hu���	 ��pi�����	 �o-�o�s�ru��io�	 of	 ���o��e��e��	
�e�o�r��is��io�	of	s�ie��e��	�e�i�

Chapter 6
Collaborative research by scientists and farmers on soil fertility: 
evaluating a cooperative experiment
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Introduction

Scientific research has not been very efficient in answering the need to improve production on 
�	sus��i��b�e	b�sis.	So�e	su��es�	�his	is	�ue	�o	�	��rro�	professio���	visio�	(Lee��	2002).	Ri�h	
sour�es	of	���o��e��e	���u�u���e�	�i�hi�	f�r�i��	�o��u�i�ies	h�ve	�oo	�o��	bee�	�e��e��e�.	
More	���e��io�	shou��	be	p�i�	�o	f�r�ers’	���o��e��e	���	�he	r��io���es	�hey	use	�o	�e�i�e	o�	
��op�io�	 or	 re�e��io�	 of	 i��ov��io�s.	 To	 i��e�r��e	 f�r�ers’	 ���o��e��e	 ���	 �o	 respo��	 �ore	
efficiently to farmers’ needs, participatory research has become widely applied (Tripp, 2006). 
This	�ppro��h	h�s	bee�	propose�	�s	��	���er���ive	for	��	u�su��essfu�	rese�r�h	�ppro��h	b�se�	o�	
�	�i�e�r	vie�	of	�he	i��ov��io�	pro�ess��	�e�er���y	��be��e�	�r��sfer	of	�e�h�o�o�y	(ToT)	(Ro�ers��	
1995;	Dou�h��i�e	et al., 2003). It seems well established that the ToT approach is deficient in 
i�provi��	�he	�e��-bei��	of	resour�e-poor	f�r�ers	(C��r����	1995;	Dou�h��i�e��	2002).	The	�i�e�r	
vie�	of	s�ie��e	�oes	�o�	�o�e�	�he	�o�p�exi�y	���	�he	�iversi�y	of	f�r�i��	sys�e�s.	I�	�he	ToT	
�o�e���	�he	rese�r�h	�e�ho�s	�re	��r�e�y	�o��ro��e�	by	s�ie��is�s	�i�h	�i���e	refere��e	�o	f�r�er	
fee�b����	�uri��	�he	�ourse	of	rese�r�h	(Dou�h��i�e	et al.��	2003).	I�	�he	�o��ex�	of	��ri�u��ure	
�he	���er���ive	p�r�i�ip��ory	�ppro��h	re�o��ises	�u��ip�e	sour�es	of	i��ov��io�	(Rö�i����	2003	
Dou�h��i�e	et al.��	2001).

Farmer participatory research (with more user-oriented, flexible methods and a different, 
�i�er	se�	of	�ssu�p�io�s	�bou�	�ho	�o��ribu�es	 �o	 rese�r�h)	h�s	 re�eive�	 i��re�se�	���e��io�	
���	 re�o��i�io�	 si��e	 �he	 ‘F�r�er	 Firs�’	 �eb��e	 (Ch��bers	 et al.��	 1989)	 ���	 p�r�i�ip��ory	
technology development concepts (Jiggins and De Zeeuw, 1992) were first introduced in 
�he	 ���e	1980s.	A��ep����e	of	 �he	 i�por����	 ro�e	 �h��	 f�r�ers	 ���	p��y��	 if	 �ive�	�	 �h���e��	 i�	
��ri�u��ur��	rese�r�h��	�eve�op�e��	���	ex�e�sio�	h�s	�ro��	�o�si�er�b�y.	I�	�ppro��hes	su�h	
�s	o�-f�r�	���	f�r�i��	sys�e�s	rese�r�h��	f�r�ers	�re	of�e�	�o�si�ere�	�s	rese�r�h	sub�e��s	or	
p�ssive	�o�po�e��s	of	�he	sys�e�	u��er	i�ves�i���io�	(V��	�e	F�ier�	���	�r�u���	1999)��	�hi�e	�he	
p�r�i�ip��ory	rese�r�h	�ppro��h	��vo���es	i�vo�ve�e��	of	f�r�ers	�s	�o���bor��ors��	or	��	�e�s�	�s	
�oi��	�e�isio�	����ers��	��	���	s���es	of	�he	pro�ess.	This	���	be	see�	�s	�	�e�	�ppro��h	�o	�oi��	
s�ie��e	for	�eve�op�e��.	Rese�r�h	for	�eve�op�e��	requires	�	�i��i���ess	�o	e����e	�i�h	�o�-
professionally generated scientific knowledge and a preparedness to engage in discussion on 
��	equ��	b�sis	�i�h	s����eho��ers	(�e�o�r��is��io�	of	s�ie��e).	I�	f�����	�oi��	�e�r�i��	pro�esses	
e�po�er	���	�h���e��e	bo�h	rese�r�hers	���	f�r�ers	�o	ex�e��	�heir	���o��e��e	���	���io�	i��o	
�e�	�re�s	(H������	et al.��	1999).	This	is	p�r�i�u��r�y	i�por����	for	�he	u��ers����i��	of	�he	
�o�p�exi�y	of	�o���	soi�	fer�i�i�y	�����e�e��	�e�h�o�o�ies.	Of	p�r�i�u��r	�o��er�	is	�he�her	�his	
�ype	of	p�r�i�ip��ory	rese�r�h	���	�e�er��e	�i�e�y	�pp�i��b�e	�e�ho�s��	or	�he�her	resu��s	�i��	be	
site-specific and limited in impact.

The	 �or��	 �es�ribe�	 here	 pro�ee�s	 u��er	 �he	 �ssu�p�io�	 �h��	 for	 rese�r�h	 ���	
�eve�op�e��	�o	h�ve	�re��er	i�p���	o�	s����ho��er	f�r�ers	i�	�eve�opi��	�ou��ries	�here	is	�	
need to develop active participatory approaches to ‘democratised’ science. It should be clarified 
�h��	�his	is	�	�hir�	��y	be��ee�	professio���ise�	posi�ivis�i�	s�ie��e	o�	�he	o�e	h�����	���	�he	
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bro��er	 re��hes	of	p�r�i�ip��io�	o�	 �he	o�her.	So�e	propo�e��s	of	p�r�i�ip��io�	�re	 i�e��is�s	
and cultural determinists, influenced by the powerful turn in the social sciences at the end of 
�he	20�h	�e��ury	�o��r�s	hu���is�i�	u��ers����i��	(cf.	Kuper��	2001).	Here��	ho�ever��	�he	�i�	
is	�o	�eve�op	�	re��is�	���ou��	(cf.	P��so�	���	Ti��ey��	1997)	of	f�r�er	���o��e��e��	i�	�hi�h	�	
�is�i���io�	is	��i���i�e�	be��ee�	ob�e��ive�y	�rou��e�	���o��e��e	���	opi�io�	or	be�ief.

In practice, there is a lack of examples where farmers are fully involved in scientific 
rese�r�h	u��er	re��is�	�ssu�p�io�s��	i.e. f�r�ers	h�vi��	�	�ire��	ro�e	i�	rese�r�h	�e�ho�o�o�y	���	
experi�e��	�esi��e�	�o	u��over	��us��	�e�h��is�s.	Co-rese�r�h	by	s����eho��er	�e�r�i��	�roup	
(SLG	–	�ore	���ur��e�y	�es�ribe�	�s	s����eho��er	rese�r�h	���	�e�r�i��	�roup)	���	s�ie��is�s	
��s	i�p�e�e��e�	i�	�he	fr��e�or��	of	�he	Co�ver�e��e	of	S�ie��es	(CoS)	pro�r��	(Rö�i��	et 
al.��	2004;	Hou���o��ou	et al.��	2006)	�s	�	p�r�i�ip��ory	�ppro��h	suppor�i��	‘�o-�o�s�ru��io�	
of	 ���o��e��e’	 for	 e�h���i��	 f�r�ers’	 e�po�er�e��	 ���	 ���p�ive	 ��p��i�y.	The	purpose	of	
�his	s�u�y	is	�o	ex��i�e	�he	i�p���	of	�he	�o-rese�r�h	i�	�er�s	of	��o	�i�e�sio�s	(hu���	���	
so�i��	��pi���).	Hu���	��pi���	is	�i�e�y	re�o��ise�	by	e�o�o�is�s	���	o�hers	�s	�he	pro�u��	of	
i�ves��e��	i�	�he	��p��i�y	of	�he	i��ivi�u����	e.g.	expe��i�ure	o�	e�u���io�.	So�i��	��pi���	�i��	
be used here as short-hand for the kind of investment in cooperative scientific capacity the CoS 
pro�e��	u��er����es	of	sus��i��b�e	�ive�ihoo�	����ysis	�s	per�eive�	f�r�ers	si��e	�hey	���e��e�	
SLG.	The	s�u�y	prese��s	resu��s	of	�	se�f-ev��u��io�	by	f�r�ers��	f��i�i���e�	���	�o�er��e�	by	
��o	i��epe��e��	so�i��	s�ie��is�s��	of	�he	�e�r�i��	���	�o-�o�s�ru��io�	of	���o��e��e	pro�esses	
i�	re���io�	�i�h	soi�	fer�i�i�y	�e�h�o�o�y	�eve�op�e��.	The	u��i���e	�i�	of	�he	s�u�y	is	�o	�o�e	
up	�i�h	 ‘be��er	 s�ie��e’	 �o	�o��ribu�e	 �o	 i�provi��	 f�r�ers’	�roppi��	���	 ����	�����e�e��	
pr���i�es.

Research-extension-farmers linkage and innovation process in Benin: strengths and 
weaknesses

As	i�	�os�	of	�he	�eve�opi��	�ou��ries��	�he	i��ov��io�	pro�ess	i�	�e�i�	h�s	evo�ve�	fro�	�he	
ToT	 �ppro��h	 �o	 f�r�er	 p�r�i�ip��ory	 rese�r�h.	 The	 rese�r�h	 ���	 �eve�op�e��	 (R&D)	 �e��	
serves	 �s	 �i���	 be��ee�	 for���	 rese�r�h	 ���	 f�r�ers.	 The	 ro�es	 of	 �e��	 �e�bers	 �o�sis�	 i�	
�es�i��	�hrou�h	o�-f�r�	experi�e��	i�	f�r�er	�o��i�io�s	i�prove�	�e�h�o�o�ies	�or��e�	ou�	i�	
�he	rese�r�h	s���io�	u��er	�o��ro��e�	�o��i�io�s.	The	shif�	of	e�ph�sis	�o��r�s	�he	re��i�ies	of	
f�r�i��	���	of	f�r�	f��i�ies	h�s	pro�resse�	u��er	v�rious	��be�s	or	b���ers��	i���u�i��	f�r�i��	
sys�e�s	rese�r�h	(FSR)��	R�pi�	Rur��	Appr�is��	(RRA)��	f�r�er	p�r�i�ip��ory	rese�r�h	(FPR)	���	
Approche Participative Niveau Village	 (APNV)(Nou��i���	2003).	A��	of	 �hese	�ppro��hes	�i�	
�o	�e�	��oser	�o	�he	f�r�i��	re��i�ies��	bu�	�o	�o�	����ys	i�vo�ve	f�r�ers	�o	�	���or	�e�ree.	The	
�or��	is	of�e�	‘rese�r�her-�rive�’	���	�e�er��es	i�si�h�s	o��y	�i�hi�	�he	rese�r�her’s	���e�ories	
of	 �hou�h�.	 O��ership	 of	 ���o��e��e	 by	 f�r�ers	 �hrou�h	 �heir	 p�r�i�ip��io�	 i�	 �e�h�o�o�y	
�eve�op�e��	���	���p���io�	is	�����i��	�i�h	�he	R&D	i�	�e�i���	�hi�h	i�	p�r�	exp��i�s	�he	�e���	
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�o�iv��io�	of	f�r�ers	�o	��op�	i�prove�	�e�h�o�o�ies.	U��i�	re�e���y��	i�	or�er	�o	i�prove	f�r�er	
i�vo�ve�e��	i�	�he	rese�r�h	pro�ess��	��	e��h	re�io���	��ri�u��ur��	rese�r�h	�e��re	(CRRA)��	�he	
Comité Régional de Recherche Développement	(CRRD)	��s	i�s�i�u�io���ise�.	This	foru�	�ee�s	
o��e	�	ye�r	���	�o�prises	���	 ���ors	 i��eres�e�	 i�	��ri�u��ur��	 rese�r�h	 (f�r�ers��	 rese�r�hers��	
�r��ers��	NGOs��	f�r�er	or���is��io�s��	u�iversi�y	���	�eve�op�e��	pro�e��s).	I�	�his	foru���	�he	
��i�	resu��s	of	experi�e��s	��rrie�	ou�	by	rese�r�hers	�re	prese��e�	���	rese�r�h	pro�r��s	for	
�he	�o�i��	�roppi��	se�so�	�re	�is�usse�.	As	�	pre�u�e	�o	�he	CRRD	�ee�i����	�he	rese�r�hers	
�is�uss	i�	�	fee�b����	sessio�	i�	�he	vi����e	�he	��i�	resu��s	of	�he	experi�e��.	F�r�er	poi��s	of	
vie�	�re	suppose�	�o	be	����e�	i��o	���ou��	���	prese��e�	��	�he	CRRD	foru���	bu�	�his	�spe��	
is	 of�e�	 �e��e��e�.	 The	 fo��o�i��	 s�ep	 before	 �	 rese�r�h	 resu��	 is	 i��ro�u�e�	 �o	 ex�e�sio�	 is	
to organise a scientific workshop (atelier scientifique)	 �o�prisi��	 o��y	 rese�r�hers	 fro�	 �he	
u�iversi�y	���	�he	rese�r�h	i�s�i�u�e.	F�r�ers	�re	�o�	represe��e�	be��use	�his	�e�h�i���	foru�	
discusses only the scientific significance of the research output. The dominant spirit is that of 
professio���	peer	revie���	�o�	f�r�er	re�ev���e.

Usu���y��	 �he	 rese�r�h	 ��e���	 ���	 �e�h�o�o�ies	 i��ro�u�e�	 �re	 �o�	 �o��e��ive�y	 ��ree�	
upo�	�i�h	f�r�ers.	I��ee���	i�	�he	�ove	�o��r�s	�ivi��	�ore	pro�i�e��e	�o	f�r�ers’	��e�����	
�he	APNV	 �ppro��h	 ��s	 i��ro�u�e�	 i�	 ex�e�sio�	 ���	 R&D	 servi�es.	This	 �e��y	 i��ro�u�e�	
�ppro��h	be�i�s	�i�h	�	��ob��	(vi����e)	�i���osis	i�	�hi�h	f�r�ers	�u�o-����yse	�heir	si�u��io�	
by	expressi��	prob�e�s	�hey	f��e	���	�heir	expe����io�	i�	�er�	of	��ri�u��ur��	�e�h�o�o�y	�o	be	
i��ro�u�e�.	Duri��	�he	�i���os�i�	ph�se��	f�r�ers’	expe����io�s	i�	�er�	of	�e�h�o�o�ies	�re	of�e�	
�rive�	by	rese�r�hers	�o��r�s	�he	�v�i��b�e	s�ie��e-b�se�	�e�h�o�o�ies.	I�	�he	��se	of	soi�	fer�i�i�y	
�����e�e����	�over	�rops��	��rofores�ry��	�i�er��	fer�i�isers	���	�o�pos�	�re	�e�h�o�o�ies	propose�.	
Ap�r�	fro�	�i�er��	fer�i�isers	�h��	so�e	f�r�ers	�pp�y	�o	��sh	�rops��	�hese	�e�h�o�o�i���	p������es	
do not fit with their cropping system. The locally applied technologies are usually ignored. The 
�i���os�i�	ph�se	i�vo�ves	�o���	NGOs��	f�r�ers’	or���is��io�s	��	�is�ri��	�eve�	(UCP)	���	so�e	
re�i�ious	s�ru��ures.	I�	�oes	�o�	s�u�y	i�-�ep�h	���	of	�he	f�r�ers’	prob�e�s;	o��y	rese�r�h�b�e	
prob�e�s	�re	������e�.	Prob�e�s	of	i�fr�s�ru��ure	(ro��s��	hospi���s��	s�or��e	f��i�i�y��	e��.)��	�e�ure	
se�uri�y	for	�i�r���s��	���	��r��e�	oppor�u�i�y	�re	�e��e��e�.	I�vo�ve�e��	of	��ey	s����eho��er	i�	
�he	rese�r�h	pro�ess	is	�����i��.	I�	�his	pro�ess��	s�ie��is�s	or	rese�r�hers	�re	�r�i�e�	�o	�pp�y	�	
s�����r�	re�u��io�is�	perspe��ive��	�hi�h	��rro�s	�o��	�	se�	of	i��er-�i���e�	prob�e�s	�o	�he	poi��	
�here	o�e	issue	���	be	iso���e�	for	����ysis	���	reso�u�io�.	Whi�e	�his	is	f�ir	e�ou�h��	�he	prob�e�	
is	�h��	�here	is	�o	�e��s	�o	�o	b����	�o	�he	�eve�	of	�he	ori�i���	(�u��i-�i�e�sio���)	prob�e�	f��e�	
by	f�r�ers��	���	�o	ex��i�e	�h��	�o��ribu�io�	�he	propose�	so�u�io�	����es.	F�r�ers	h�ve	�i���e	�o	
s�y	i�	for�u���i��	�he	rese�r�h	��e�����	ex�ep�	�uri��	�he	o�-si�e	�i���osis	(F�oque�	���	Mo��bo��	
2000).	Eve�	�he���	i�for���io�	provisio�	��s	�sy��e�ri�	���	rese�r�hers	�ere	i�	�	posi�io�	�o	
influence diagnostic results in order to fit in their own priorities. This brings out clearly that 
�here	is	�	po�er	re���io�ship	be��ee�	rese�r�hers	���	f�r�ers	�o	�he	f�r�ers’	�isf�vour	(Nou��i���	
2003).	Su�h	si�u��io�s	����	 for	 �he	�eve�op�e��	of	�e�	for�	of	p�r�i�ip��ory	 rese�r�h	�here	
farmers are able to influence the research agenda to achieve applications of new knowledge in 
�o�for�i�y	�i�h	�heir	o��	�ive�ihoo�	ob�e��ives.	I�	�his	�e�	for�	of	�o���bor��io���	f�r�ers	���	
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rese�r�hers	ou�h���	i�e���y��	�o	�is�uss	o�	��	equ��	b�sis	(�e�o�r��is��io�	of	s�ie��e).

Methodology

Research sites

The	 o�-f�r�	 ���	 �e�r�i��	 exer�ise	 �ere	 ��rrie�	 ou�	 i�	 �he	 vi����es	 of	 Ouo�hi	 Ce��r��	 ���	

Ouo�hi	G�re.	The	�re�	is	�o���e�	i�	�he	sub-prefe��ure	of	S�vè	i�	�he	�r��si�io���	��ro-e�o�o�i���	

zo�e	of	�e�i�	be��ee�	7°42’���	8°45’N	���	2°15’���	2°45’E.	The	�re�	is	�h�r���erise�	by	�	

Gui�e�-Su���	��i���e	�i�h	�	u�i�o���	r�i�f���	�is�ribu�io�.	The	r�i�y	se�so�	��s�s	fro�	Apri�	

�o	O��ober.	The	���u��	r�i�f���	 i�	 �he	 ��s�	 �hir�y	ye�rs	(1974-2004)	 is	�bou�	1100	��	(S�vè	

�e��her	s���io�).	The	�re�	is	esse��i���y	�o�i���e�	by	�ropi���	ferru�i�ous	soi�s	(Dubroeu�q��	

1977)	ori�i����y	fro�	Pre���bri��	�rys����i�e	ro���s	(�r��i�e	���	��eiss).	The	soi�s	�re	�eep	

�i�hou�	���eri�e	���	of�e�	h�ve	�	so�e�h��	�oo�	i�here��	fer�i�i�y.	The	�o���	popu���io�	of	bo�h	

vi����es	 is	3��912	 i�h�bi����s	�i�h	400	househo��s	 (INSAE��	2004).	The	 i��i�e�ous	popu���io�	

�re	�o�pose�	of	Tchabè	(Yoruba	sub-�roup)	���	�he	her�s�e�	Peulh (Fulani).	I�	���i�io�	�o	

migrants from Atacora-Donga (in the north), there has been since 1975 an influx of migrants 

fro�	�he	Abo�ey	P���e�u	(i�	�he	sou�h).	This	h�s	�e�	�o	�he	e�er�e��e	of	�e�	�o��u�i�ies	i�	

�he	�re�	for�e�	by	�roups	su�h	�s	�he	Ditammari��	Yom	���	Waama	(fro�	A���or�-Do���)��	�he	

Fon	 (fro�	�he	Abo�ey	P���e�u)	���	�he	Idatcha	 (fro�	D�ss�-Zou�è	���	G��zoué).	Sever��	

f�r�er	or���is��io�s	�re	fou��	i�	bo�h	vi����es	bu�	o��y	�he	Groupement des Producteurs de 

Coton	(GPC)	���	�he	�o�e�’s	or���is��io�	(Groupement des Femmes)	(GF)	�re	i�vo�ve�	i�	

��ri�u��ur��	���ivi�ies.	The	you�hs	�re	i�vo�ve�	i�	off-f�r�	���ivi�ies	�hi�h	provi�e	���i�io���	

financial resource. Projet de Développement de l’Elevage	(PDE	III)��	Projet de Développement 

des Racines et Tubercules	 (PDRT)��	 ex�e�sio�	 servi�e	 (CeCPA)��	 Centre Béninois pour le 

Développement Economique et Social	 (CE�EDES-NGO)	 ���	 �he	 Co�ver�e��e	 of	 S�ie��es	

(CoS)	pro�r���e	�re	i�s�i�u�io�s	i��erve�i��	i�	bo�h	vi����es	by	provi�i��	ex�e�sio�	servi�es	

for	f�r�ers.	

Research process
The	ev��u��io�	��s	��rrie�	ou�	fro�	Apri�	�o	De�e�ber	2005��	i.e. ��	�he	e��	of	�he	�o-rese�r�h	
���	�e�r�i��	ph�ses	of	�he	CoS	i��erve��io�.	To	e�sure	�re��er	re�i�bi�i�y	of	�ssess�e����	��o	
ou�si�ers	 (�i�h	 b�����rou��s	 i�	 so�i��	 s�ie��e)��	 �ho	 �ere	 �o�	 i�vo�ve�	 i�	 �he	 CoS	 pro�e����	
��rrie�	ou�	�he	survey.	They	h�ve	bee�	i�vo�ve�	i�	�he	�ri�i��	up	of	�he	ev��u��io�	propos��	
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���	 �ere	 i��ro�u�e�	 �o	 �he	 �o��u�i�y	 by	 �he	 CoS	 rese�r�h	 �e��.	 The	 ev��u��io�	 pro�ess	
�o�prise�	�hree	ph�ses:	�	�i�er��ure	revie���	��	exp�or��ory	ph�se	���	�	survey.	The	�i�er��ure	
revie�	�sse�b�e�	se�o���ry	����	���	i�for���io�	o�	�he	his�ory	of	�he	p�r�i�ip��ory	�e�h�o�o�y	
�eve�op�e��	�ppro��h	i�	�e�i�.	Dis�ussio�	�i�h	��ey	i�for����s	(rese�r�hers��	pro�e��	�or��ers��	
represe����ives	 of	 NGOs��	 ex�e�sio�is�s��	 ���	 �e�bers	 of	 f�r�er	 or���is��io�s)	 ��s	 ��so	
or���ise�.	

The	exp�or��ory	ph�se	��ve	��	overvie�	of	�he	�o-rese�r�h	���ivi�ies	u��er����e�.	The	
rese�r�h	�e�ho�	��s	��i��y	�roup	�is�ussio�	���	 re����	 �e�h�ique.	This	��s	usefu�	 for	 �he	
�ri�i��	up	of	�he	�he����is�	���	�he	ques�io���ire	for	�he	survey	ph�se.	The	over���	�ppro��h	
use�	��s	�	�iffere��e	�esi��	(before	���	�f�er	�he	�o-rese�r�h	���ivi�ies):	�e�ber	of	�he	SLG	
re����e�	�h��	 �hey	���e�	before	���	��	�f�er	 �he	�o-rese�r�h	���ivi�ies	o�	e�r�h�or�	��s�i��	
���ivi�y��	 �u�rie��	 �y��i����	 soi�	 he���h��	 p����	 he���h��	 ro�e	 of	 i��ivi�u��	 �u�rie��s	 i�	 �i�er��	
fer�i�iser��	resi�u��	effe��	of	�i�er��	fer�i�iser��	���	p����	roo�i��	sys�e�s.	

The	i�-�ep�h	s�u�y	��s	��rrie�	ou�	fro�	Au�us�	�o	De�e�ber	2005.	A	sus��i��b�e	rur��	
�ive�ihoo�s	fr��e�or��	(S�oo�es��	1998;	DFID��	2001)	��s	use�	�o	ev��u��e	�he	re���ive	i�p���	
of	�he	�o-rese�r�h	o�	�he	SLG	�e�bers’	�ive�ihoo�.	The	sus��i��b�e	�ive�ihoo�	fr��e�or��	��s	
constructed around the identification of five capital assets that individuals can access, augment, 
and manage in the interplay of need and opportunity to sustain their livelihoods. These five 
kinds of capital asset are natural capital (natural resource stocks from which resource flows 
�re	 �erive���	 i���u�i��	 ������	 ���er��	 bio�iversi�y��	 ����s��pe��	 e��.)��	 so�i��	 ��pi���	 (�e��or��s��	
�e�berships	 i�	 �roups��	 re���io�ships��	 ���	 �he	 �i�er	 i�s�i�u�io�s	 of	 so�ie�y)��	 hu���	 ��pi���	
(s��i��s��	 ���o��e��e��	 �bi�i�y	 �o	 �or����	 pr���i�es��	 �oo�	 he���h��	 �re��ivi�y	 e��.)��	 physi���	 ��pi���	
(basic built infrastructure, tools and equipment), and financial capital (savings, loans, credit, 
re�i�����es��	pe�sio�s	 ���	o�her	 �r��sfers).	The ��o �i�e�sio�s of ��pi��� �sse� i�ves�i���e�The	 ��o	�i�e�sio�s	of	 ��pi���	 �sse�	 i�ves�i���e�	
were human and social capital. The study did not focus on financial, physical and natural capital 
�sse�s.	The	 ��i�	 re�so�	 ��s	 �he	 shor�	 �ur��io�	 �er�	 (2002	 �o	 2005)	 of	 �he	 i�p�e�e����io�	
ph�se	of	 �he	�o-rese�r�h	pro�ess.	 I�	see�s	�oo	e�r�y	ye�	 �o	�s��	ques�io�s	�bou�	for���io�	of	
���eri��	��pi���	�sse�s	�hrou�h	�he	p�r�i�ip��ory	�ppro��h	�o	soi�	fer�i�i�y	�����e�e��.	F�r�ers’	
livelihoods are unlikely to have changed significantly with regard to the financial, physical and 
���ur��	��pi���	�sse�s	i�	�he	shor�	ru�.	Therefore��	�he�	�e	�s��e�	f�r�ers	�bou�	�heir	per�ep�io�	
of	�he	before	���	�f�er	si�u��io���	�e	expe��e�	�os�	of	�he	respo��e��s	�o	repor�	o�	i�prove�e��s	
i�	���o��e��e��	�e�berships	i�	�roups	���	�o��e��ive	���io�.	O��y	���er��	�i��	i�	be	possib�e	�o	
ev��u��e	�he	i��er���io�	be��ee�	hu���	���	so�i��	��pi���	for���io�	���	i��re�ses	i�	���eri��	
��pi���	�sse�s.	P�r�i�ip���s	�ere	�s��e�	�o	s�ore	�heir	per�ep�io�s	of	�he	before	���	�f�er	si�u��io�	
on the scale of 0 - 5, for each of the elements identified. This permitted the drawing of kite	This	per�i��e�	�he	�r��i��	of	��i�e	
�i��r��s	(spi�er	�eb	�i��r��s)	sho�i��	�he	re���ive	i�p���	i��u�e�	by	�he	�o-rese�r�h.	

The	e��ry	poi��	��s	f�r�ers’	per�ep�io���	i.e.	�heir	i��erpre���io�	of	pro�esses	�sso�i��e�	
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�i�h	soi�	fer�i�i�y	�����e�e��.	The	re���ive	i�p���s	�ere	�ssesse�	b�se�	o�	�he	prior	 �opi�s	
�is�usse�	i�	�he	�ourse	of	�he	�o-rese�r�h	���ivi�y.	The	survey	��s	use�	�o	es��b�ish	i��i���io�s	
of	i��ivi�u��	f�r�ers’	se�se	of	���o��e��e	o��ership.	The	p�r�i�ip��ory	�ssess�e��	�o�sis�e�	
of	�he	fo��o�i��	s�eps.	Firs�	e��h	respo��e��	��s	ques�io�e�	�o	e�i�i�	�he	�os�	v��u�b�e	�sse�s	i�	
e��h	of	�he	��o	��pi���s	�sso�i��e�	�i�h	�o-rese�r�h	���ivi�ies.	A�	ou��i�e	�i��r��	��s	�r���	
o�	�	pos�er	shee�	���	�he	�e��i��s	e�i�i�e�	for	e��h	��pi���	�ere	�is�e�	o�	�he	re�ev���	�xes	
of	�he	�eb.	The	ques�io�s	�ere	fr��e�	i�	�er�s	of:	�h��	�o	you	v��ue	�he	�os���	���	i�	�hi�h	
for���	i�	your	�ive�ihoo���	i�	�er�s	of	so�i��	���	hu���	��pi���?	Se�o���y	�he	respo��e��s	r��e�	
the capital stocks identified, for the baseline year (2002) and for the impact year (2005). The 
zero	v��ue	(�o	s�o���)	is	fou��	��	�he	�e��re	of	�he	�i��r��	���	�he	v��ue	5	��	�he	ex�re�e	of	e��h	
of	�he	�xes��	�orrespo��i��	�o	�	respo��e��’s	fu��	s��isf���io�	re��r�i��	��pi���	s�o���.	There�f�er��	
��y	�h���es	���e	visib�e	be��ee�	�he	��o	refere��e	ye�rs	�ere	�is�usse�	���	��uses	���ribu�e�	
�o	�he	�h���es	�ere	�o�e�.

Additional data collected and data analysis
D���	�o��e��e�	�o�prise�	�roup	�y���i�s	(his�ory��	evo�u�io���	�o�posi�io�	���	�o�iv��io�	for	
�oi�i��	�he	�roup)��	�he	�e�o�i��io�	pro�ess	of	�he	rese�r�h	��e���	���	�he	e��bor��io�	of	rese�r�h	
propos��s��	 ro�e	 ���	 �o��ribu�io�	 of	 e��h	 ���or	 (f�r�ers��	 CoS	 rese�r�hers	 ���	 �he	 ex�e�sio�	
��e��)��	or���is��io�	���	fu���io�i��	of	�he	�roup	(perio�i�i�y	of	�ee�i��s��	p����i��	of	o�-f�r�	
���ivi�ies��	sh�ri��	i�for���io�	���	po�er	re���io�ships	i�	�he	�roup	���	be��ee�	f�r�ers	���	
�he	rese�r�hers)��	per�ep�io�	o�	�he	re���ive	i�p���	of	�he	CoS	pro�r��	i�	�he	vi����e	���	o�	
�heir	�roppi��	sys�e�	(���o��e��e	��i�e�	i�	�er�	of	soi�	fer�i�i�y	�����e�e����	re�ev���e	of	�he	
���o��e��e	��i�e���	�p�i�u�e	���	�o�pe�e��e	i�	��rryi��	ou�	o�-f�r�	experi�e����	i�for���io�	
sh�ri��	�i�h	si�i��r	�roup	i�	�he	vi����e��	�ype	of	�o���bor��io�	be��ee�	�he	SLG	�e�bers	���	
�he	ex�e�sio�	servi�e��	 �p�i�u�e	���	�o�pe�e��e	 i�	�e�o�i��io���	e��.)��	 ���	 f�r�er	per�ep�io�s	
�o��er�i��	�he	�o-rese�r�h	�ppro��h.

The process of generating and interpreting findings was participatory. The meanings 
�is�e�	by	�he	respo��e��s	u��er	e��h	of	�he	��o	��pi���	s�o���s	�ere	����yse�	�o	��p�ure	f�r�ers’	
�ive�ihoo�s	��	 �he	 ��o	 refere��e	perio�s.	The	 spi�er	�eb	�i��r��s	�ere	 i�s�ru�e����	 i�	 �he	
visu��is��io�	of	�h���es	per�eive�	over	�i�e	���	i�	����i��	visib�e	respo��e��s’	per�ep�io�s	
of	�he	�o��e��io�s	be��ee�	�he	��o	for�s	of	��pi���.	The	visu��is��io�	be���e	�	�i��o�i�	�oo�	
for reflection and discussion of the attribution of the causes of the changes recorded. Due to 
�e���	p�r�i�ip��io�	of	�o�e�	i�	�he	SLG	�ee�i����	�e	�i�	�o�	����yse	�he	f�r�ers’	per�ep�io�	
by	�e��er.	Wo�e�	�i�	�o�	p�r�i�ip��e	i�	�he	�roup	�is�ussio�	�ue	�o	he�vy	�or���o��	be��use	
of	 i�vo�ve�e��	 i�	 �r��i��	�i�h	�i�r���s	 (buyi��	���	 rese��i��	��ri�u��ur��	pro�u��s	 i�	S�vè	
�o��).
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Results

Process of co-construction of knowledge by farmers and scientists
A	�e��i�e�	�es�rip�io�	of	 �he	 rese�r�h	pro�ess	 is	�ive�	by	S�ï�ou	et al.	 (2004).	The	pro�ess	
e�ph�sises	 �he	 i�por����e	 of	 �o���	 ���o��e��e.	 F�r�ers	 �re	 �o�si�ere�	 �s	 ‘experi�e����	
rese�r�hers’	be��use	�hey	�����e	�heir	����	o�	�	��y-�o-��y	b�sis��	observe	�he	effe��s	of	�h��	
�hey	�o	���	���us�	�heir	�����e�e��	pr���i�es	���or�i���y.	The	�o-rese�r�h	fr��e�or��	bri��s	
scientific and local knowledge systems together at a single, accessible and structured focal point 
to support the identification and adoption of more sustainable land management practices. The 
�o-rese�r�h	�y��e	is	prese��e�	i�	Fi�.	1.	I�	i���u�es	�he	fo��o�i��	ph�ses:	�o��o�	u��ers����i��	
of some scientific concepts (treatment, replication, analysis of variation and variability, nutrient 
�y��i����	e��.)	���	f�r�ers’	�heories	(���i�s��	be�iefs��	i��erpre���io�s��	���	i�e�s)��	p����i��	of	���io�	
rese�r�h	(�oi��	o�-f�r�	experi�e��	���	��bor��ory	�or��)��	i�p�e�e����io�	���	�����e�e��	of	
o�-f�r�	experi�e��s	���	��bor��ory	s��p�e	����ysis��	���	�o��i�uous	�o�i�ori��	���	ev��u��io�	
(�e�r�i��	���	���p�i��	ph�se	���	ev��u��io�).	The	pro�ess	is	i�er��ive��	�i�h	��	o��oi��	fee�b����	
���	prob�e�	refor�u���io�	�spe��.

A�	e�viro��e��	�i�h	hi�h	exis�i��	so�i��	��pi���	��s	�hose���	�s	fou��	i�	bo�h	Ouo�hi	
vi����es��	�here	f�r�ers	��re��y	�re	i�vo�ve�	i�	sever��	�o��e��ive	���io�s	for	����	�����e�e��	
(S�ï�ou	et al.��	2006).	The	�e�o�i��io�	of	�he	�o��e��ive	rese�r�h	��e���	se��i��	��o��	f�r�ers	
���	s�ie��is�s	��s	�o�e	i�	��	o��oi��	pro�ess	of	�roup	�is�ussio�	of	31	p�r�i�ip���s	(��	 �he	
be�i��i��	 of	 �he	 pro�ess	 i�	 Febru�ry	 2002).	 I�	 ��s	 �o��u��e�	 i�	 su��essive	 s�eps	 (Fi�.	 2):	
problem identification, prioritising researchable problems (problems related to the development 
of	�he	vi����e	su�h	�s	�o�s�ru��io�	���ivi�ies��	provi�i��	�ri���i��	���er��	or	se�uri��	�	�urse	or	
midwife for the hospital and teachers for the school were not taken into account), identification 
of	 e��o�e�ous	 or	 ���er���ive	 �ourses	 of	 ���io�	 for	 so�vi��	 f�r�i��	 sys�e�	 prob�e�s��	 ���	
se�e��i��	re�ev���	�ourses	of	���io�	�o	be	s�u�ie�.	This	pro�ess	�ives	�	roo�	for	�he	s����eho��ers	
to influence the scientists’ research agenda (and vice versa). Additionally, farmers gain more 
confidence in their own knowledge and capacities as part of the democratisation of science 
pro�ess.	This	is	�he	��ey	�o	�he	CoS	�ppro��h:	by	�o�ver�i��	f�r�ers’	���	s�ie��is�s’	���o��e��e	
���	experie��e	(�hrou�h	i��e�sive	���	sus��i�e�	i��er���io�)	‘be��er	s�ie��e’	���	be	��hieve�.

The	�is�	of	prob�e�s	f��i��	�he	f�r�i��	sys�e�	���	s�r��e�ies	�eve�ope�	by	f�r�ers	�o	
so�ve	�he�	�re	�o�u�e��e�	i�	S�ï�ou	et al.	(2004).	Ho�ever��	�he	�hoi�e	�o	i��erve�e	i�	soi�	
fer�i�i�y	issues	��s	�ore	�ui�e�	by	pre-����y�i���	�hoi�es��	���	�he	hi�hes�	s�ore	�ive�	�o	�rop	
yie��	�e�re�se	(�s	�he	�os�	i�por����	prob�e�	f��i��	f�r�ers)	�ue	�o	����	�e�r����io�.	F�r�ers	
����o�	�ffor�	�i�er��	fer�i�isers	be��use	of	hi�h	�os�s��	�herefore	�hey	�eve�op	���er���ive	����	
�����e�e��	�ppro��hes	i�	or�er	 �o	��hieve	�o��s	�o�sis�e��	�i�h	i�provi��	�he	�ive�ihoo�s	
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of	househo��	�e�bers.	Ex�e�sive	��ss�v�	sys�e�s��	���o��	i�	Fre��h	�s	‘jachère manioc’��	���	
�he	 p����i��	 of	 e�usi	 �e�o�	 ���	 �o��o�	 i�	 �	 �rop	 ro���io�	 sys�e���	 �re	 i��ov��ive	 s�r��e�ies	
�eve�ope�	by	f�r�ers.	The	peer	rese�r�her	f��i�i���e�	�	�e�r�i��	e�viro��e��	�i�hi�	�hi�h	�he	
p�r�i�ip���s	��ree�	�o	sh�re	�heir	u��ers����i��	���	���o��e��e	�bou�	�he	fu���io�i��	of	�hese	
local innovations. Joint understanding of scientific concepts and farmer theories was an important 
step for the identification of the data to be collected in order to achieve co-research objectives. 
F�r�ers’	 per�ep�io�s	 ���	 ���i�s	 �bou�	 bio�o�i���	 pro�esses	behi��	 �he	 fu���io�i��	of	 �hese	
�o���	i��ov��io�s	�ere	�ssesse�.	I�	�he	��se	of	ex�e�sive	��ss�v�	f�r�er	i��erpre���io�s	�ere	

Figure 1:	Cooper��ive	experi�e��	fr��e�or��	�o	f��i�i���e	���o��e��e	o��ership	for	�ore	sus��i��b�e	
����	�����e�e��	pr���i�es	�o	e�h���e	�rop	pro�u��io�.
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b�se�	o�	�u�rie��	�y��i��	�hrou�h	�e�f	�i��er	�e�o�posi�io�	���	e�r�h�or�	��s�i��	���ivi�ies.	
C�ss�v�	is	��so	�y�o�rophi���	 i.e. its fine roots are colonised by arbuscular mycorhizal fungi 
(AMF).	Wi�h	�he	��ree�e��	of	�he	f�r�ers	�he	peer	rese�r�her	i��ro�u�e�	�his	�s	��	���er���ive	
����i���e	�e�h��is�	 for	 �he	yie��	 i�prove�e��	of	 �rops	 su��ee�i��	��ss�v�.	 I�	 see�e�	��	
oppor�u�i�y	for	�he	f�r�ers	�o	i�prove	�heir	���o��e��e	o�	bio�o�i���	���ivi�ies	i�	�he	��ss�v�	
rhizosphere.	The	�o��ribu�io�	of	AMF	i�	�he	i�prove�e��	of	P-up����e	by	�he	p����	��s	�i�e�y	
�is�usse�	�uri��	subseque��	�ee�i��s.

I�	�he	��se	of	�o��o�	ro���e�	�i�h	�	�ere��	�rop��	�e	ex�h���e�	���o��e��e	�i�h	f�r�ers	
o�	 �he	�o�posi�io�	of	�i�er��	 fer�i�isers��	 �he	 ro�e	of	NPK-S�	���	ure�	 i�	p����	�ro��h	���	
�eve�op�e����	���	�he	resi�u��	effe��	of	�hese	fer�i�isers.	Soi�-p����	re���io�ships	�ere	�is�usse���	
resu��i��	 i�	 �i��o�ue	 o�	 �he	 re�ev���e	 of	 soi�	 ���	 p����	 ����ysis	 �o	 �ssess	 soi�	 qu��i�y	 ���	
fer�i�iser	re�o��e����io�.	The	fo��o�i��	s�ep	�o�sis�e�	of	p����i��	�oi��	o�-f�r�	experi�e��s	
�i�i��	�o	�es�	�he	effe��ive�ess	of	f�r�ers’	s�r��e�ies	�o	e�h���e	�rop	pro�u��io�.	We	�is�usse�	
�i�h	�he	SLG	�h����	ho�	���	�he�	�o	ev��u��e	�he	�ri��.	The	se�re��ry	(�	f�r�er	�i�h	se�o���ry	
s�hoo�	 e�u���io�	 �eve�)	 of	 �he	 �roup��	 i�	 �h�r�e	 of	 re�or�i��	 �he	 �i�u�es	 for	 e��h	 �ee�i����	
planned the different activities to be done in the field. He was assisted by the research assistant 
���	�he	ex�e�sio�	��e��.	The	ex�e�sio�	��e��	p��ye�	��	i�por����	ro�e	�uri��	�he	�i���os�i�	
ph�se	(he	i��ro�u�e�	�he	CoS	rese�r�her	i�	�he	vi����e)	���	��s	�he	f��i�i���or	�uri��	rese�r�h	
��e���	�e�o�i��io�	�i�h	�he	SLG.	�efore	s��r�i��	e��h	SLG	�ee�i��	�he	se�re��ry	prese��e�	�he	

Figure 2:	I��er���ive	�y��e	for	rese�r�h	��e���	�e�o�i��io�	i�	�he	�o-rese�r�h	pro�ess.
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�i�u�es	of	�he	previous	�ee�i��.	The	se�re��ry	of	�he	�roup	��s	e�e��e�	by	�he	p�r�i�ip���s	���	
serve�	��so	�s	�he	�roup	spo��es���.	P�ou�hi����	so�i����	�ee�i����	���	h�rves�i��	�ere	fu��y	
i�	�he	�h�r�e	of	�he	�roup��	�hi�e	�he	i�pu�s	(see���	fer�i�iser	���	pes�i�i�e)	�ere	provi�e�	by	
�he	rese�r�her.	D���	�ere	�oi���y	�o��e��e�	by	f�r�ers	���	�e�bers	of	�he	rese�r�h	�e��.	The	
h�rves�e�	pro�u��s	re��i�e�	�he	proper�y	of	SLG	�e�bers.	I�	�he	��se	of	�ere��	or	��ss�v�	
�ubers��	p�r�	��s	�ive�	�o	�he	�hief	of	�he	vi����e	(balè)	�s	�	�us�o��ry	�if�.

Three	o�-f�r�	experi�e��s	���	o�e	po�	experi�e��	�ere	��rrie�	ou�	 (T�b�e	1).	�o�h	
f�r�er	���	rese�r�her	�ri�eri�	�ere	use�	�o	�ssess	�he	perfor����e	of	�he	�iffere��	i��ov��io�s	
s�u�ie�.	F�r�ers’	�ri�eri�	�os��y	�o��er�	yie����	p����	vi�our	(p����	hei�h�	���	�e�f	�o�our)��	soi�	
�o�our	 (soi�	 he���h)��	 ���opy	 for���io�	 (�rou��	 �over��e)��	 �i��er	 �bu�����e��	 ���	 e�r�h�or�	
��s�i��	 ���ivi�y.	 Ap�r�	 fro�	 �r�i�	 yie����	 rese�r�hers’	 �ri�eri�	 �ere	 �e�er�i�e�	 by	 s�����r�	
��bor��ory	pro�o�o�s	for	soi�	fer�i�i�y	�ssess�e��	���	resu��s	prese��e�	�o	f�r�ers	i�	�	fee�b����	
se��io�.	The	p�r��e�ers	�ere	soi�	�he�i���	proper�ies	(pH��	�v�i��b�e	P��	�o���	N��	ex�h���e�b�e	
K��	AMF	spores	i�	�he	soi�	���	roo�	�o�o�is��io�)	���	�u�rie��	(N��	P	���	K)	�o��e��	of	�he	p����.	
A��	 rese�r�h	 resu��s	 �ere	 �is�usse�	 ye�r�y	 �i�h	 �he	 �e�bers	 of	 �he	 SLG.	 This	 foru�	 ��s	
organised when all laboratory results were available. The scientific results were discussed and 
compared with farmers’ predictions. A farmer field day was organised and the extension service 
i�vi�e�	i�	or�er	�o	e��	�he	rese�r�h	pro�ess.	F�r�ers	prese��e�	�h��	�hey	h��	�is�overe�	�uri��	
�he	e��ire	�o-rese�r�h	pro�ess.

Mo�i�ori��	 o��urre�	 re�u��r�y	 �uri��	 �he	 �ur��io�	 of	 �he	 experi�e��.	 O��oi��	
fee�-b����	��s	 re�is�ere�	 i�	or�er	 �o	 refor�u���e	 rese�r�h	ques�io�s	or	 �o	���p�	 �he	 rese�r�h	
�e�ho�o�o�y.	 F�r�ers	 ���	 �he	 rese�r�h	 �e��	 �oi���y	 ev��u��e�	 �he	 �re���e��s	 b�se�	 o�	 �he	
ob�e��ives	of	�he	experi�e��.	F�r�ers’	���i�u�es	�o��r�s��	���	per�ep�io�s	of��	�he	perfor����e	
of	�he	i��ov��io�	�ere	�o��e��e�	���	����yse���	�o	ev��u��e	�he�her	�heir	�roppi��	sys�e�s	�re	
�i��e�y	�o	be	�ffe��e�	by	�he	resu��s.	Quo�i��	�	f�r�er	�e�ber	of	�he	SLG:��	“�e have learnt a 
lot from this research process. Before, we did not know that some organisms live in fine roots 
of cassava. The researcher explained to us that these organises provide food for the plant and 
contribute in crop yield improvement. The CeCPA (extension service) has never explained this 
to us. It will be better that the CeCPA agents take example from the CoS research to plan their 
interventions”.

Characteristics of the SLG 
A�	es��b�ish�e����	�roup	�e�bership	��s	31	p�r�i�ip���s	 i���u�i��	8	�o�e�.	Their	 i��eres�	
���	 �o�iv��io�	 �o	 be	 p�r�	 of	 �he	 SLG	 �i�i�ishe�	 over	 �i�e��	 ���	 �hey	 s��r�e�	 �o	 �iss	 SLG	
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�ee�i��s.	This	 ��s	 �ue	 �o	 �heir	 he�vy	 i�vo�ve�e��	 i�	 �r��i��.	 O�her	 �e�bers	 of	 �he	 SLG	
�he�	�e�i�e�	�o	�e�ve	�he�	ou�	of	�he	�roup.	T�e�ve	���e	�e�bers	sho�e�	re�u��r	�bse��e	��	
meetings and they also left the group. The final number was reduced to 11 people at the end of 
�he	pro�ess	i�	2005.	These	����	su��es�	�h��	s�ie��e	��ubs	�re	o��y	of	�i�ori�y	i��eres�	�he�	
participants do not see an immediate benefit. This SLG was around a nucleus of 5 members of 
�he	Groupement des Producteurs de Coton	(GPC)��	�he	f�r�er	or���is��io�	i�vo�ve�	i�	�o��o�	
pro�u��io���	bu�	��s	s�re���he�e�	by	vo�u��eer	f�r�ers	�ho	�oi�e�	�he	SLG	ou�	of	i��eres�.	The	
�roup	���	be	�o�si�ere�	�	rur��	e�i�e:	82%	of	�e�bers	h��	ei�her	pri��ry	or	se�o���ry	s�hoo�	
�eve�	of	e�u���io���	64%	�ere	i�vo�ve�	i�	off-f�r�	���ivi�ies��	espe�i���y	Zemidjan	 (provisio�	
of	�o�orbi��e	��xi	servi�es).	O��y	30%	of	�e�bers	�ere	�i�r���s	(i.e.	es��b�ishe�	i�	�he	�re�	
in the last ten to fifteen years). It was also a rather tight network from the outset: 64% of the 
�e�bers	���i�e�	re���io�ships	of	��i�ship	or	frie��ship.

P�r�i�ip��io�	 ��s	 b�se�	 o�	 vo�u���ris�.	 Devo�io���	 serious�ess	 ���	 �v�i��bi�i�y	 �ere	
criteria used to strength group cohesion. There was no financial incentive, but the researcher 
provi�e�	�	�ri���	�f�er	e��h	�ee�i��	b�se�	o�	�he	�r��i�io���	pr���i�es	�h��	requires	�	hos�	�o	
provi�e	foo�	���	�ri���	�he�	�	ro���io���	��bour	�roup	is	i�vi�e�	�o	�or��	o�	�	f�r�.	Whe�	�e	
�s��e�	�he	�e�bers	of	�he	SLG	�hy	�hey	p�r�i�ip��e�	i�	�he	SLG	73%	of	respo��e��s	���i�e�	
�h��	i�	��s	�o	i�prove	�heir	���o��e��e.	Quo�i��	o�e	�e�ber��	“at the beginning, the researcher 
explained to us that his project was a research project and not a development project. The 
objective was not to build or construct infrastructure but to improve our cropping systems, 
especially our soils. We also knew that by giving people a fish they will eat for a day, but by 
showing them how to fish they will eat for a lifetime. Therefore, by improving our cropping 
practices we will eat for a lifetime and be less dependent; but the real problem is where to sell 
and how to have better prices for our farm produce”.	This	��s�	s���e�e��	��e�r�y	i�p�ies	�h��	
f�r�ers	h�ve	��	i��eres�	i�	s�ie��e-b�se�	so�u�io�s��	bu�	h�ve	o�her	���or	prob�e�s��	i�	�his	��se	
���ess	�o	��r��e�s	���	be��er	pri�es.

Initially, farmers did not expect any physical or financial incentive. After discussing 
topics related to the experiment, farmers often came up with specific issues of their own (such 
�s	��r��e�	���ess	���	be��er	pri�es	for	f�r�	pro�u�e).	Duri��	�he	survey��	9%	of	�he	respo��e��s	
�����o��e��e�	�h��	�hey	�or��e�	�i�h	�he	SLG	ou�	of	�uriosi�y��	bu�	�h��	�hey	��so	hope�	�h��	�he	
rese�r�her	�ou��	bri��	�	pro�e��	�o	�eve�op	�heir	vi����e.	�u�	18%	of	�he	respo��e��s	s���e�	�h��	
�hey	p�r�i�ip��e�	i�	�he	SLG	be��use	�hey	expe��e�	�h��	�esso�s	fro�	�he	�roup	�is�ussio�	�ou��	
be	 i�por����	���	he�p	 �he�	�o	 i�prove	�heir	pro�u��ivi�y	���	i��o�e.	Or���isi��	ex�h���e	
visi�s��	fos�eri��	frie��ship��	���	e��our��i��	�e�bers	of	�he	�roup	�o	�ssis�	e��h	o�her	�he�	
they had specific problems not related to co-research activities, were strategies developed by 
�he	rese�r�her	�o	s�re���he�	�roup	�ohesio�.
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Relative impact pathways
From the surveys with individual farmers, 56% of respondent responses can be classified under 
�he	he��i��	of	i�prove�e��	of	so�i��	��pi���	�hi�e	44%	be�o��	�o	�he	i�prove�e��	of	hu���	
��pi���.	I�	o�her	�or�s��	���o��e��e	e�h���e�e��	usi��	�he	CoS	�ppro��h	�e��s	�o	be	vie�e�	
�ore	 i�	 �er�s	of	 i�s	 i�p���	o�	 �he	�roup	 �h��	o�	 i��ivi�u��s.	O�e	of	 �he	�i�s	of	CoS	 is	 �o	
s�i�u���e	�his	pro�ess	of	e�be��i��	s�ie��e	�i�hi�	�he	�o��e��ive	�o�s�ious�ess	of	Afri���	rur��	
�o��u�i�ies.

The	s�ori��	resu��s	before	���	�f�er	ev��u��io�	of	�he	�o-rese�r�h	pro�ess	�re	prese��e�	
i�	�he	��i�e	�i��r��s.	Wi�h	re��r�	�o	hu���	��pi���	(Fi�.	3A)��	f�r�ers	�����o��e��e�	�h��	fro�	
�he	resu��s	of	soi�	����ysis	�hey	���o�	be��er	�he	fer�i�i�y	s���us	of	�he	�hree	��i�	�o���	soi�	�ypes	
(ilè kpukpa��	ilè ignin	���	ilè dudu – red, white and black earth).	A��or�i��	�o	�he	s���i��	i��ex	
�pp�ie�	 �o	 �he	 si�u��io�	before	 ���	�f�er	 �o-rese�r�h	 f�r�er	���o��e��e	�ove�	 i�	 �	posi�ive	
�ire��io�	(i�	i�prove�	by	2	poi��s).	F�r�ers’	���o��e��e	�bou�	�he	ro�e	of	NPK	���	ure���	���	
�he	�o��ribu�io�	of	�rbus�u��r	�y�orhiz��	fu��i	(AMF)	i�	�u�rie��	up����e	��s	�ore	i�prove�	
(3	poi��s	e��h).	F�r�ers’	���o��e��e	o�	�u�rie��	�y��i����	e�r�h�or�	���	��s�	e�ri�h�e����	���	
si��s	 of	 �u�rie��	 shor���e	 b�se�	 o�	 �e�f	 �is�o�or��io�	 e��oye�	 �	 s�i�h��y	 �o�er	 �ssess�e��	
(i�prove�e��	of	2	poi��s).	F�r�ers	���i�e�	�he	�e�s�	���o��e��e	��i�	for	�he	�opi�	of	resi�u��	
effe��	of	�i�er��	fer�i�iser	i�	�o��o�-��ize	ro���io�	sys�e�	(so�e�hi��	perh�ps	��re��y	�i�e�y	
u��ers�oo�).

Wi�h	re��r�s	�o	so�i��	��pi���	(Fi�.	3�)��	f�r�ers	�ppre�i��e�	posi�ive�y	(3	poi��s	i��re�se)	
�he	es��b�ish�e��	of	�he	SLG	foru�.	F�r�ers	�����o��e��e�	�h��	�i�h	�he	es��b�ish�e��	of	�he	
SLG��	 �hey	 sh�re�	 ���o��e��e	 be��er	 �h��	 before��	 ���	 �h��	 so�i��	 �ohesio�	 of	 �he	 �roup	 h��	
bee�	i�prove�	(2	poi��s	e��h).	 I�	p�r�i�u��r��	 �hey	�����o��e��e�	�h��	before	 �he	�o-rese�r�h	
���ivi�ies��	�o	s�ie��is�	h��	visi�e�	�heir	vi����e.	They	v��ue�	espe�i���y	hi�h�y	(4	poi��s)	i��re�se�	
scientific interest in Ouoghi, now known world-wide through scientific reports produced by the 
rese�r�her.	Fi����y��	�e�bers	of	 �he	SLG	re�o��ise�	 �h��	 �hey	h�ve	 i�prove�	 �heir	�roppi��	
pr���i�es	b�se�	o�	���o��e��e	��i�e�	fro�	�he	SLG	foru�	���	vi�	�he	��p��i�y	of	�he	�roup	�o	
�o��u�i���e	���	�����e	o�-f�r�	experi�e��s	(2	���	3	poi��s	respe��ive�y).

Discussion and conclusion

Relevance of the co-research approach 
The main point of doing co-research with farmers is first of all to facilitate joint discovery by 
s�ie��is�s	���	�o���	f�r�ers��	���	se�o����	�o	�eve�op	��p��i�y	�o	i�e��ify	���	exp�oi�	oppor�u�i�ies	
for applying such discoveries to locally specific situations. The research approach enriched the 
�i�e�y	use�	�o�e�	of	o�-f�r�	 �ri��s.	A�	 �he	be�i��i��	of	 �he	pro�ess��	 e�ph�sis	��s	pu�	o�	
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�e�o�i��io�	of	 �he	rese�r�h	��e���	�i�h	s����eho��ers.	Vi����ers	p�r�i�ip��e�	i�	 �oi��	prob�e�	
����ysis��	 �e��i��	�o	���io�	p���s	���	�he	for���io�	of	�	 �o���	 i�s�i�u�io���	 i.e.	 �he	SLG	foru�	
(p���for�).	 To	 ��hieve	 �his��	 ���	 s����eho��ers	 i��eres�e�	 i�	 ��ro-�e�h�i���	 �eve�op�e��	 ��ree	
�o	�e�r�	fro�	e��h	o�her��	���	i�s�i�u�io���	suppor�	shou��	e��our��e	�his	�o-�e�r�i��	pro�ess.	
Co-rese�r�h	prese��s	��o	�spe��s:	i��er-�is�ip�i��ry	i��er���io�s	be��ee�	�he	rese�r�hers	(�o���	
���	i��er���io���	s�ie��is�s	fro�	���ur��	���	so�i��	s�ie��es)��	���	i��er���io�s	be��ee�	f�r�ers��	
ex�e�sio�	��e��	���	rese�r�hers.	

I�	 �e�er����	 i�	 �e�i���	 �he	 R&D	 pro�r��	 is	 �ore	 i�vo�ve�	 i�	 ���p�ive	 o�-f�r�	
experi�e����io�	 (Nou��i���	 2003).	U��er	 �he	 f�r�	 �ri��	�o�e�	 f�r�ers	 �re	p�ssive	 re�ipie��s	
of	 rese�r�h	 resu��s	 �o�	 by	 professio���	 s�ie��is�s	 be��use��	 �pp�re���y��	 �here	 is	 �i���e	 or	 �o	
e�ph�sis	o�	�he	pro�ess	of	rese�r�h	��e���	�e�o�i��io�	���	subseque��	�obi�is��io�	of	f�r�ers	
�o	�o��ribu�e	�o	�he	experi�e��	���	�ssess�e��	of	resu��s.	A	resu��	is	�h��	si�i��r	re�ipes	�e��	
�o	re�o��e��e�	for	���	f�r�ers.	A��re	of	�he	�e���	��op�io�	of	i�prove�	�e�h�o�o�ies��	�ue	�o	
�he	i�effe��ive�ess	of	�he	‘p�r�i�ip��ory’	rese�r�h	�ppro��h	i�p�e�e��e���	�he	R&D	Ce��re	S�vè	
is	 �o�	 experi�e��i��	 �i�h	 �he	 �e��hers-�r�ssroo�s-f�r�ers	 �ppro��h	 (A����i	 et al.��	 2004).	
The	 �ppro��h	 is	 b�se�	 o�	 �he	 �ssu�p�io�	 �h����	 by	 f��i�i���i��	 �e�r�i��	 ��	 e��h	 s�hoo�	 �eve�	
�o��er�i��	i�prove�	����	�����e�e��	 �e�h�o�o�ies��	 �he	�r�ssroo�s	 �e�r�ers	�i��	 �e��h	�heir	
p�re��s	��	ho�e.	This	�ppro��h	h�s	�e��y	s��r�e�	���	�he	R&D	�e��	is	expe��i��	�o	h�ve	�ore	
i�p���	�o�p�re�	�i�h	�he	for���	�ppro��h	so	f�r	use�	(b�se�	o�	�he	����e	“see	���	be�ieve”).

The	�o-rese�r�h	�ppro��h	�iffers	��r��e��y	fro�	ei�her	of	�hese	��o	R&D	�ppro��hes.	
Whi�e	 R&D	 uses	 �	 �u��i�is�ip�i��ry	 �ppro��h��	 so�u�io�s	 of	 �he	 prob�e�	 �re	 �evise�	 by	
s�ie��is�s	 ��o�e��	 �ho	 �he�	 �s��	 f�r�ers	 �o	 �es�	 or	 ��op�	 �	 �e�h�o�o�y	 of	 �hi�h	 �hey	 h��	 �o	
e�r�ier	���o��e��e.	The	R&D	�ppro��h	�oes	�o�	�r��	o�	i��i�e�ous	�e�h�i���	���o��e��e	for	
prob�e�	�i���osis��	or	�ppr�ise	oppor�u�i�ies	�o	�es�	�he	effe��ive�ess	of	�hese	�e�h�o�o�ies.	The	
�o-rese�r�h	�ppro��h��	by	�o��r�s���	i�vi�es	f�r�ers	�o	be�o�e	‘�o-rese�r�hers’��	���	s�ie��is�s	�o	
be�o�e	‘�o-�e�r�ers’.	F�r�ers	�re	i�vo�ve�	i�	�e�isio�-����i��	eve�	�uri��	�he	se��i��	up	of	�he	
rese�r�h	�e�ho�o�o�y.	The	�o-rese�r�h	�ppro��h	i��orpor��es	�e�r�i��	by	bui��i��	o�	f�r�er	
experie��e��	���	i�s	�i�er	us��e	�ou��	�o�si�er�b�y	e�ri�h	�he	for���	�o�e�	of	p�r�i�ip��io�	i�	
use	i�	�e�i�	��ri�u��ur��	sys�e�.	

The	 �o-rese�r�h	 �ppro��h	 �r��s	 o�	 �	 �e���y	 of	 p�r�i�ip��ory	 �hi���i��	 –	 e.g.	
P�r�i�ip��ory	Le�r�i��	���	A��io�	Rese�r�h	 (PLAR)	 (Defoer	���	�u�e������	2000)��	F�r�er	
Fie��	S�hoo�	 (FFS)	 (Ke��ore��	1996;	Po��ius	et al.��	2002)��	���	Lo���	A�ri�u��ur��	Rese�r�h	
Co��i��ees	(LARC)	(�r�u�	et al.��	2000)	-.	These	p���for�s	����	for	�	�u�h	��oser	e����e�e��	
of	 ��ri�u��ur��	 rese�r�h	 ���	 ex�e�sio�	 �i�h	 rur��	 so�ie�y��	 ���	 i�	 bui��i��	 �o���	 i�s�i�u�io���	
s�ru��ures	���	pro�esses	for	��ri�u��ur��	�eve�op�e��.	They	�i�	�o	����e	R&D	�ore	re�ev���	
by	p���i��	f�r�ers	�he�se�ves	��	�he	�e��re	of	�he	�eve�op�e��	pro�esses.	Wh��	is	�e�	�i�h	�he	
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CoS	�o-rese�r�h	�ppro��h	is	�h��	i�	e�ph�sises	�oi��	�is�overy	of	�e�	���o��e��e	by	f�r�ers	
���	rese�r�hers	vi�	�	�o�s�ious	���e�p�	 �o	�e�o�r��ise	s�ie��e	 �hrou�h	�e�isio�	����i��	by	
i�for�e�	�o�se��	of	�	rese�r�h-orie��e�	�roup.	This	�ppro��h	re�o��ises	�h��	f�r�ers	�re	��ey	
stakeholders in the outcomes of scientific investigations, and that their active participation 
i�	 �e�er��i��	 �hese	 ou��o�es��	 be	 i�	 by	 i�e��ifyi��	 �he	 prob�e�s	 �h��	 require	 rese�r�h��	 by	
spe�ifyi��	�he	�o��ex���	or	by	he�pi��	�o	�e�er�i�e	�h��	�or��s��	is	�i��e�y	�o	�h���e	�he	�o��e��ive	
represe����io�s	�hrou�h	�hi�h	soi�	fer�i�i�y	i�e�s	�re	�is�usse�	��	�he	�o���	�eve�.	A�o�her	��ey	
�iffere��e��	 is	 �h��	CoS	p�ye�	���e��io�	 �o	 �he	pre-����y�i���	�hoi�es	���	���e	 �he�	exp�i�i�	
(Gi��pie�ro��	2003;	Ne�er�of	et al.��	2004;	Rö�i��	et al., 2004). This allowed quick identification 
���	u�i�is��io�	of	�he	s����	�i��o�s	of	oppor�u�i�y.

Is co-research with farmers a route towards sustainable agricultural innovation?
A major argument for negotiating activities with beneficiaries and involving them in the 
i�p�e�e����io�	ph�se	�s	�	rou�e	for	�ur�b�e	��ri�u��ure	�eve�op�e��	is	�h��	�o���	exper�s	���o�	
be��er	�bou�	�heir	�o�p�ex	si�u��io�.	Hou���o��ou	(2001)	�o�i�e�	�h��	�	r�re	poi��	of	‘�i�h�’	i�	
Afri���	�eve�op�e��	 is	 ‘�o���	�y���i�s’��	 �he	��y	 �o���	peop�e	 �he�se�ves	 see��	 �o	�e�er��e	
be��er	�ives.	He	��so	�r�ue�	�h��	effe��ive	i��erve��io�s	�us�	be	���hore�	i�	su�h	�o���	�y���i�s.	
C�e�r�y��	 f�r�ers	 ���	 �o��u�i�ies	 �ee�	 �o	 be	 e�po�ere�	 �o	 so�ve	 �heir	 o��	prob�e�s��	 ���	
���ess	�e�h�o�o�ies	�hrou�h	�e�ho�s	�h��	e�ph�sise	���ive	p�r�i�ip��io�	(He��i�	���	Hi�������	
2001).	The	��i�	resu��s	of	�he	�o-rese�r�h	here	repor�e�	����e	�	��se	for	�o�si�eri��	f�r�ers	
�s	po�e��i��	rese�r�hers	i�	p�r��ership	�i�h	professio���	s�ie��is�s.	S�re���he�i��	of	so�i��	���	
hu���	��pi���	�oo��	p���e	i�	�he	�ourse	of	�he	�o-rese�r�h	.	This	provi�es	evi�e��e	�h��	f�r�ers	
�o�si�er	s�re���he�i��	of	or���is��io���	��p��i�y	�s	��	i�por����	�spe��	of	���e�p�s	�o	be��er	
�����e	���ur��	resour�es	���	�o��u�i�y	�sse�s.

The	 i�por����e	 of	 rei�for�e�e��	 ���	 �o��i�ue�	 �ep�oy�e��	 of	 so�i��	 ���	 hu���	
��pi���	i�	�	so�ie�y	for	su��essfu�	i��erve��io�s	���	�o��u�i�y	�eve�op�e��	��s	hi�h�i�h�e�	
by	Groo��er�	(2001)	���	S���i���	et al.	(2004).	Pre��y	(2003)��	�o�u�e��i��	�he	re�ev���e	of	
so�i��	��pi���	for	�o��u�i�y	�eve�op�e����	�r�ue�	�h��	so�i��	��pi���	�o�ers	�r��s���io�	�os�s	
of	�or��i��	 �o�e�her	���	 f��i�i���es	�ooper��io���	 re���io�s	of	 �rus���	 re�ipro�i�y	���	ex�h���e��	
�o��o�	ru�es��	�or�s	���	s����io�s��	���	�o��e��e��ess	i�	�e��or��s	���	�roups.	The	���ou��	
�bove	su��es�s	�h��	�e�bers	of	�he	SLG	s�re���he�e�	�heir	so�i��	re���io�ships	(i�vo�ve�e��	
of	�i�r���s��	 for	 ex��p�e)	 ���	�o�si�er�b�e	�u�u��	 �rus�	��s	es��b�ishe�	be��ee�	 �he	�roup	
���	�he	rese�r�h	�e��.	This	he�pe�	�re��e	�	f�vour�b�e	e�viro��e��	for	i��ov��io�.	The	f�r�er	
ev��u��io�	��so	su��es�e�	�h��	�o-rese�r�h	i�prove�	�he	�roup’s	�bi�i�y	�o	e����e	�i�h	o�her	
ex�er���	��e��ies	(ex�e�sio�	servi�e��	�re�i�	��e��ies��	pro�e��	�or��ers).	Wor��i��	�i�h	s�ie��is�s	
gave villagers some confidence that they could handle other visitors to the village. Farmers 
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�����o��e��e�	�h��	�hey	i�prove�	�heir	�roppi��	sys�e�.	As	�	fur�her	ex��p�e��	�i�er��	fer�i�iser	
�pp�i���io�	is	�o�	�o�e	i�	�	ho�e	���e	��ose	�o	�he	p����	(�i�h	�he	ho�e	��ose�	�f�er	�pp�yi��	
�he	fer�i�iser)	�here	previous�y��	�ue	�o	�i�e	�o�s�r�i��	�f�er	�pp�i���io���	�he	ho�e	��s	�o�	��ose�.	
C�osi��	�he	ho�e	re�u�es	�i�ro�e�	vo���i�is��io�	���	�osses	�ue	�o	ru�off.

I�	���	be	�r�ue�	�h��	�ore	i�por����	�h��	�he	resu��s	of	�he	o�-f�r�	experi�e����	i�	is	�he	
�ppro��h	���	�he	pro�ess	sho�i��	ho�	f�r�ers	���	s�ie��is�s	���	i��er���	for	sus��i��b�e	soi�	
fer�i�i�y	�����e�e��	�h��	�ee�s	�o	be	�isse�i���e�.	This	�e��s	�h��	eve�	�hou�h	�he	resu��s	
of	�o-rese�r�h	��y	v�ry	fro�	��se	�o	��se��	�he	pro�ess	i�se�f	�pp�ie�	��ross	�	�i�e	r���e	of	
si�u��io�s	�ou��	�u�u���ive�y	e�po�er	f�r�ers	for	effe��ive	���io�	�o��er�i��	sus��i��b�e	
��ri�u��ure	�eve�op�e��.	�u�	�o	��hieve	�his��	�he	prese��e	of	���ive	ex�e�sio�	or	�eve�op�e��	
workers with sufficient motivation and skills (or willingness to learn and taking farmers 
serious�y)	�o	be	�o��u�i�y	�eve�op�e��	f��i�i���ors	�i��	be	�ee�e�.	O�e	s�r��e�y	�i�h�	be	
�o	bui��	o�	s������	pre-exis�i��	���	�e��-�e�	f�r�er	�roups	(10-15	�e�bers)	�b�e	�o	�r��	o�	
subs����i��	��ou��s	of	�o��-�er�	so�i��	��pi���	(�roup	�ohesio�	���	effe��ive�ess)��	r��her	�h��	
i�ves�i��	he�vi�y	i�	for�i��	�e�	�roups.

The	��i�	�h���e��e	 is	�he�her	 �he	���u��	 i�s�i�u�io���	 e�viro��e��	 is	 f�vour�b�e	 for	
s���i��-up	�his	�e�	for�	of	�o���bor��ive	rese�r�h	�i�h	f�r�ers.	I�	f�����	s���i��-up	su��essfu�	
rese�r�h	i�i�i��ives	�i��	require	�h��	o��ership	be	bui��	��o��	��ey	s����eho��ers	(u�iversi�y	���	
���io���	rese�r�h	i�s�i�u�e��	���io���	ex�e�sio�	servi�e��	NGOs��	priv��e	se��or��	�over��e����	e��.).	
This includes the need to develop a shared vision and build confidence and capacity among less 
po�erfu�	f�r�ers	(S��pp	���	Heo����	2003).	The	�e�o�i��i��	pro�ess	�o	es��b�ish	�e�h��is�s	
of	�i�����e	be��ee�	�o��u�i�y	���	�is�ri��	�eve�	i�s�i�u�io�s	is	vi���	for	s���i��-up	of	�he	�o-
rese�r�h	 pro�ess.	 Ho�ever��	 s���i��	 up	 �	 p�r�i�ip��ory	 rese�r�h	 pro�esses	 ��so	 requires	 �e�	
s��i��s��	su�h	�s	�he	�����e�e��	of	�ee�i��s	i�	�	p�r�i�ip��ory	���	�e�o�r��i�	��y��	�he	�bi�i�y	
�o	 �e�r�	fro�	f�r�ers	���	exp��i�	 �e�h�i���	 issues	 i�	 �o���	 ����u��es��	���	ope�-�i��e��ess	
�bou�	 �iffere��	 �or��vie�s	 ���	 exp�����io�s.	A	 s��r�	 �ou��	 be	 ���e	 by	 see��i��	 �o	 i�prove	
�o��u�i���io�	���	�o�iv��io�	��o��	s����eho��ers	(e.g.	by	se��i��	up	�	���io���	p�r�i�ip��ory	
rese�r�h	or���is��io���	�o�i���i��	�	���io���	f�r�er	rese�r�h	��y��	offeri��	prizes	for	i��ov��ive	
�o-rese�r�h).	 Dire��ors	 of	 ���io���	 rese�r�h	 or���is��io�s	 �ou��	 se�	 �	 �e��	 by	 �e���ri��	 ��	
orie����io�	 �o��r�s	���io�	 rese�r�h	 fo�use�	o�	 f�r�ers’	�ee�s	���	ob�e��ives.	Eve�	so��	 i�	 is	
��e�r	�h��	s���i��	up	�he	�o���bor��ive	rese�r�h	pro�ess	�i��	require	�o�si�er�b�e	i�ves��e��	i�	
hu���	resour�es��	 i�	�e�	e�u���io���	f��i�i�ies��	���	i�	bui��i��	qu��i�y	p�r��erships	for	 �oi��	
�e�r�i��	���	���io�	rese�r�h.

O�e	��ey	prob�e�	is	�h��	rese�r�h	sys�e�s	i�	�eve�opi��	�ou��ries	�urre���y	suffer	fro�	
�e��i�i��	�u�bers	of	ex�e�sio�	perso��e�	(Nou��i���	2003).	This	is	�	f���or	i�	�i�i�i��	f�r�ers’	
���ess	�o	�e�	�e�h�o�o�y.	Fu��i��	���	s�ru��ur��	refor�s	�re	ur�e���y	�ee�e�.	A	s�ep	for��r�	
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�i��	be	�o	reor���ise	su�h	���ivi�ies	i�	re���io�	�o	��r��e�	�o��i�io�s��	f�r�er	�e��or��s	���	��ro-
e�o�o�i���	zo�es.	A	fo�us	o�	��ey	�o��o�i�ies��	i�	�he	�o��ex�	of	�he	p�r�i�ip��ory	�ppro��h	here	
��vo���e���	�i�h�	�o�iv��e	f�r�ers	�o��r�s	�re��er	i�vo�ve�e��	i�	�o-rese�r�h��	���	he�p	bui��	
�	p���for�	of	expe����io�	���	�e������	�i�hou�	�hi�h	rese�r�h	�i��	�o��i�ue	�o	see�	irre�ev���	
�o	���y	f�r�ers.

Lesso�s	 �e�r�e�	fro�	�he	f�r�er	se�f-ev��u��io�	of	�o-rese�r�h	repor�e�	�bove	su��es�	
that it is important to develop a critical mass of researchers - especially field researchers who are 
��p�b�e	of	�o-�e�r�i��	�i�h	f�r�ers��	�o	qui����y	bui��	usefu�	��ou��s	of	hu���	���	so�i��	��pi���	
for	�o-rese�r�h	purposes��	���	�o	�re��e	i�s�i�u�io���	�o��i��e��s	���	���ri�y	i�	u��ers����i��	
of	 ro�es��	 respo�sibi�i�ies	 ���	 expe����io�s	 ��o��	 �he	 �iffere��	 p�r��ers.	 The	 I��erA���e�y	
Cou��i�	repor�	(IAC��	2004)	o�	�he	fu�ure	of	Afri���	��ro-�e�h�o�o�y	h�s	re�e���y	su��es�e�	�h��	
African agriculture needs knowledge and development institutions reflecting farmer needs. This 
should be the main approach to identify new avenues of research. The co-research approach fits 
�e��	�i�hi�	�his	perspe��ive.	IAC	ob�e��ives	�i�h�	i��ee�	be	bes�	���o�p�ishe�	by	i�vo�vi��	
f�r�ers	 i�	 �he	 rese�r�h	pro�ess	 i�se�f��	 r��her	 �h��	bei��	 �i�i�e�	 �o	 �ryi��	ou�	���	ev��u��i��	
i��ov��io�s	‘off	�he	she�f”.	I�	�ppre�i��io�	of	�he	�o�p�exi�y	of	Afri���	f�r�i��	sys�e�s	���	
�he	hybri�	���ure	of	���y	�o��u�i�ies��	i�	�i��	be	i�por����	�o	�pp�y	�	�o-rese�r�h	po�i�y	o��y	
in ways that reflect rural diversity. This study has shown that some farmers are keen to become 
i�vo�ve�	 i�	 �re��i��	 �e�	 ���o��e��e��	 ���	 �h��	 �hey	 �re	 of�e�	 qui���	 �o	 for�	 re�ev���	 �roup	
structures, even if they hope to access a range of developmental benefits, and not scientific 
���o��e��e	��o�e.	There	is	s�ope	�o	bui��	�	�e�	popu��r��	�e�o�r��i�	�ppro��h	�he	��ro-s�ie��e	
��o��	rur��	�o��u�i�ies	i�	�e�i�.

Acknowledgements

We	�re	�r��efu�	�o	Prof.	Dr.	J��i�e	Ji��i�s	for	his	��vi�e	���	�o��ribu�io�	�uri��	�he	�o��ep�io�	
���	�esi��	of	�his	s�u�y.



Collaborative research by scientists and farmers on soil fertility

129



130



131

Land tenure and sustainable soil 

fertility management in the Centre 

Benin: towards the establishment of a 

cooperation space among stakeholders

Chapter

A. Saïdou, R. Tossou, D. Kossou, S. Sambieni, P. Richards and 
T.W. Kuyper

7

International Journal of Agricultural Sustainability (Accepted)



Chapter 7

132

Abstract

Te�ure	�rr���e�e��s	�ere	s�u�ie�	i�	�e��r��	�e�i���	�i�h	spe�i��	���e��io�	�o	f���ors	�i�i�ishi��	
or	e�h���i��	�u�u��	 �rus�	be��ee�	����o��ers	���	�i�r���	 f�r�ers.	T�o	�o��r�s�i��	 �e�ure	
arrangement systems occur. The first is found in Ouoghi village, where landowners and 
vi����ers	 �re	 or���ise�	 �rou��	 �he	 Association de Développement Economique et Social du 
Village de Ouoghi	(ADESVO).	The	se�o��	is	fou��	i�	�he	�oubouhou	�re���	�here	����	�e�ure	
is	�����e�	by	 ����o��er	 �i�e��es.	 I�	bo�h	sys�e�s	�i�r���s	�re	�o�	���o�e�	�o	�ro�	�rees��	
for	fe�r	�h��	�his	�i��	s�re���he�	�i�r���s’	o��ership	ri�h�s.	Ori�i����y��	�i�r���	f�r�ers	�ere	
i��orpor��e�	�hrou�h	�	 ����-for-��bour	 �r��s���io�.	No����ys��	 �his	pr���i�e	h�s	 irre�riev�b�y	
�h���e�	 �ue	 �o	 �he	 i��re�si��	 i�por����e	 of	 �o�e��ry	 �r��s���io�s	 i�	 ��ri�u��ure	 ���	 �he	
prese��e	 of	 e�o�o�i�	 oppor�u�i�ies	 ou�si�e	 ��ri�u��ure��	 �hi�h	 �o�s�r�i�	 ��bour	 �v�i��bi�i�y.	
The	prob�e�	�o	be	over�o�e	is	ho�	�o	�h���e	�u�u��	per�ep�io�s	of	�ree	p����i��	�s	�	�over�	
���i�	�o	����	o��ership��	si��e	��rofores�ry	is	�	po�e��i��	��ey	�o	soi�	fer�i�i�y	��i��e����e.	We	
f��i�i���e�	���er���ive	for���	�ri��e�-�o��	����	use	ru�es��	i���u�i��	��op�io�	of	��rofores�ry	
���	 i�prove�	 soi�	 �����e�e��	 pr���i�es.	 Ne�o�i��io�	 prove�	 �o	 be	 �ore	 �o�p�i���e�	 �i�h	
����o��ers	i�		�oubouhou	be��use	�hey	�i�	�o�	����	�he	exis�i��	bi���er��	re���io�ships	�i�h	
�i�r���s	�o	be	�h���e�.	�u�	i�	Ouo�hi	�i�r���s	���	o��ers	h��	��re��y	�re��e�	��	i�s�i�u�io�	
for	�o��e��ive	�����e�e��	of	 ������	�hi�h	���o�e�	for	be��er	 i��er���io�	���	�o��u�i���io�	
��o��	 �he	s����eho��ers.	Here��	 i�	��s	e�sier	 �o	 i��e�r��e	 �e�h�o�o�y	�o�po�e��s	 i��o	for���	
�e�uri��	�rr���e�e��s.	A�	���e�p�	��s	���e	�o	bui��	soi�	qu��i�y	�o�i�ori��	by	s�ie��is�s	i��o	
�he	�e�o�i��io�	pro�ess.

Keywords:	 soi�	 qu��i�y��	 �ive�ihoo�	 i�prove�e����	 s����eho��er	 �e�o�i��io�s��	 po�er	
re���io�ships.
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s����eho��ers
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Introduction

I�	 �e�i�	 �i�r��io�	 is	 ��	 i�por����	 �spe��	 of	 �ive�ihoo�-orie��e�	 ��ri�u��ur��	 sys�e�s.	 I�	
�i�r��io�-b�se�	sys�e�s��	�roppi��	s�r��e�ies	�re	���p�e�	�o	����e	���ou��	of	��bour	�v�i��bi�i�y��	
soi�	fer�i�i�y��	�he	�ee�	�o	�ro�	v�rious	�rops��	e��.	Mi�r��io�	serves	�s	�	so�i��	s�r��e�y	�o	re�e�se	
pressure	o�	�he	����	i�	o�e	�re���	�hi�e	si�u����eous�y	i��re�si��	pressure	o�	����	���	so�i��	
re���io�ships	e�se�here	(I�ué��	1983;	S�ï�ou et al.��	2004;	S��bie�i��	2004).	 I�	�os�	zo�es	of	
i��i�r��io���	�rriv��	of	�i�r���s	h�s	�	�ire��	i�p���	o�	�e�ure.	Ori�i����y��	i��i�r��io�	i�vo�ve�	
�	sys�e�	for	i��orpor��io�	of	�i�r���s	�s	��ie��s	of	����o��ers.	C�ie��s	supp�ie�	��ri�u��ur��	
��bour	�o	�heir	�����or�s��	���	�ere	�ive�	s����	pie�es	of	����	�o	�over	�heir	o��	subsis�e��e.	
More	 re�e���y��	 �his	 sys�e�	 of	 ��bour-for-����	 h�s	 �e��e�	 �o	 �is�ppe�r	 �ue	 �o	 �he	 i��re�si��	
i�por����e	of	�o�ey-for-����	�r��s���io�s	i�	�he	e�o�o�y.	Ne�	ru�es	h�ve	e�er�e���	���e�y	
es��b�ish�e��	of	ye�r�y	re��	i�	p���e	of	��bour-for-����.	These	�e�	sys�e�s	��y	�o�	����ys	be	
f�vour�b�e	�o	�e��o�ers.	

Te�ure	se�uri�y	���	��ri�u��ur��	pro�u��ivi�y	�re	i��er�o��e��e�.	Gre��er	�e�ure	se�uri�y	
increases farmers’ confidence that they will benefit from land improvements over the longer 
�er�	(M�x�e��	���	Wiebe��	1999).	These	�u�hors	��so	hypo�hesise�	�h��	�e�ure	se�uri�y	i��re�ses	
�he	supp�y	of	for���	�re�i�	�hrou�h	�he	�re��io�	of	�r���b�e	�o����er��.	�o�h	effe��s	�ou��	resu��	
i�	�re��er	shor�-�er�	i�ves��e��	i�	i�pu�s	���	�re��er	�o��-�er�	i�ves��e��	i�	����-�o�servi��	
�e�h�o�o�ies��	�e��i��	�o	�	hi�her��	sus��i��b�e	pro�u��io�.	�u�	�he	re���io�ship	�ou��	��so	ru�	i�	
�he	o�her	�ire��io�:	����	i�prove�e��	���	per���e��	�roppi��	��y	�r��u���y	i��re�se	�e�ure	
se�uri�y.	F���o�i��	�ou��	re�u�e	�e�ure	se�uri�y��	espe�i���y	�he�	�	Lo���e��	vie�	is	�o�i����	
�h��	�he	����	be�o��s	�o	�hose	�ho	�or��	o�	i�.

The tenurial arrangement in the transitional zone of Benin was first considered from 
�he	 s����poi��	 of	 �	 priso�er’s	 �i�e���	 (S�ï�ou	 et al.��	 2004).	The	 i�por����e	 of	 priso�er’s	
�i�e���	i�	����	�����e�e��	��s	hi�h�i�h�e�	by	H�r�i�	(1968).	Priso�er’s	�i�e���	�ssu�es	
�h��	o�	�o��u���	����s	�here	�re	�o	ru�es	re�u���i��	���ess	�h��soever��	���	he��e	o��y	priv��e	
proper�y	 ���	 �voi�	 �he	 �r��e�y	 of	 �he	 �o��o�s.	 Ho�ever��	 �us�o��ry	 �e�ure	 sys�e�s	 ���	
ru�es	o�	�he	use	of	�o��u���	����	usu���y	�o	res�ri��	���ess.	Co��u���	����	�oes	�o�	i�p�y	
free	���ess.	I��re�ses	i�	popu���io�s	���	�herefore	s�i��	�e��	�o	i�prove�e��	of	�he	fer�i�i�y	of	
�he	����	by	�he	��op�io�	of	�e�	�e�h�o�o�ies��	so	�o��	�s	se�uri�y	i�	�e�uri��	�rr���e�e��s	is	
provi�e�	(F�irhe��	���	Le��h��	1995;	M��hieu��	1996;	Tiffe�	et al.��	1994).	The	bes�	��y	ou�	of	
�he	priso�er’s	�i�e���	is	�hrou�h	�he	bui��-up	of	�u�u��	�rus�	(H�r�i���	1968).

The issue is how the existing – deficient - tenancy system can be modified to give a win-
�i�	i��e��ive	s�ru��ure	�o	�o�iv��e	�i�r���s	�s	�e��	�s	����o��ers	�o	be��er	����	�����e�e��.	
This	 ����es	 i�	 �ru�i��	 �o	 u��ers����	 �hi�h	 f���ors	 e�h���e	 or	 �i�i�ish	 �u�u��	 �rus�	 i�	 �his	
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specific context of soil fertility maintenance. The basic idea of the present work is that trust 
i�	 i�s�i�u�io�s	�epe��s	o�	�iffere��	 s����eho��ers	 seei��	 ��v�����es	 i�	 �o-oper��io�	 ���	 �h��	
i�prove�	 �e�h�o�o�y	�ou��	be	�	b�sis	 for	 i��re�si��	�o-oper��io�.	�o�h	p�r�ies��	 ����o��ers	
and migrants, are heterogeneous and have a variety of potentially conflicting interests (Adjei-
Nsi�h��	2006;	D���bé��o���	1998;	E�����	1996;	S�ï�ou	et al.��	2004;	S��bie�i��	2004;	T�hé��o�	
���	�i�ou��	1995).	So�io-e�o�o�i�	�y���i�s	�re	��so	 re�ev���:	 �h���es	 fro�	subsis�e��e	 �o	
��sh-�rop	��ri�u��ure��	exp���i��	re�io���	��r��e�s	�ue	 �o	be��er	 �r��spor���io�	 f��i�i�ies��	���	
i��re�se�	pressure	o�	��bour	�v�i��bi�i�y	�ue	�o	�re��er	oppor�u�i�ies	ou�si�e	��ri�u��ure.	The	
i��re�si��	 i�por����e	 of	 �o�e��ry	 �r��s���io�s	 i�	 ��ri�u��ure	 �ou��	 u��er�i�e	 �rus�	 i�	 �he	
i�s�i�u�io�	of	����	�e����y	be��use	����o��ers	�re	�e�p�e�	�o	exp�oi�	�i�r���s	�hrou�h	�evyi��	
hi�h	re��s	before	h�rves�s��	���	�i�r���s	���	respo��	by	�i�i��	�he	����.

A	�i���os�i�	s�u�y	i�	�he	�r��si�io���	zo�e	of	�e�i�	(S�ï�ou	et al.��	2004)	h�s	sho��	ho�	
soi�	fer�i�i�y	issues	�re	e�be��e�	i�	�e�ure	�rr���e�e��s	���	ho�	�hese	i�	�ur���	�re	e�be��e�	
i�	�	�or��	of	po�er	���	�rus�.	The	prese��	p�per	�i�s	�o	��s�er	�he	fo��o�i��	ques�io�	r�ise�	
�uri��	�he	�i���os�i�	s�u�y:	ho�	���	�e�	for�s	of	�rus�	be	bui��	�h��	�o�iv��e	����o��ers	���	
�i�r���s	�o	�or��	�oi���y	for	f�ir	so�u�io�s	�o	prob�e�s	of	soi�	�e�r����io�?	The	��s�er	�o	�his	
ques�io�	�ou��	�o��ribu�e	�o	sus��i��b�e	soi�	fer�i�i�y	�����e�e��.	A	po�e��i��	so�u�io�	�ou��	
be	�o	�o�s�ru��	�i�-�i�	s�e��rios	�rou��	�e�	�e�h�o�o�ies��	usi��	��op�io�	of	bes�	pr���i�es	
�s	��	i��e��ive	for	offeri��	be��er	�e����y	�er�s��	�i�h	�	ro�e	for	s�ie��is�s	i�	he�pi��	ope�	up	
p��h��ys	�o	sus��i��b�e	�����e�e��	���	�o�i�ori��	of	resu��s��	i.e.	���i��	�s	ho�es�	bro��ers	�o	
bo�h	s����eho��er	�roups.	Su�h	��	���e�p�	is	repor�e�	i�	�his	s�u�y.

Access to land and tenure arrangements

Over	�i�e��	�he	vi���	ro�e	�h��	����	p��ys	i�	sus��i�i��	�ife	for	hu���	bei��s	h�s	�e�	so�ie�ies	�o	
es��b�ish	�rr���e�e��s	�o��er�i��	o��ership	���	use	of	������	usu���y	referre�	�o	�s	����	�e�ure	
(Co�u��	et al.��	2004;	Fr�ser��	2004;	IIED��	1999;	M��yo��	���	Hou��é��o���	2000;	M�x�e��	���	
Wiebe��	1999).	L���	�e�ure	i�vo�ves	ru�es	���	pro�e�ures	�over�i��	ri�h�s��	�u�ies��	�iber�ies	���	
exposure	of	i��ivi�u��s	���	�roups	i�	�he	use	of	���	�o��ro�	over	b�si�	resour�es	(De	Zeeu���	
1997;	M���o���	1994;	P����e�u��	1996).	These	ri�h�s	�re	re�o��ise�	i�	�us�o��ry	(‘�r��i�io���’)	
���	s���u�ory	(for���)	�����	�s	�e��	�s	�hrou�h	i�s�i�u�io�s	of	��rri��e��	po�er��	���	i�heri����e.	
Cus�o��ry	 ����	 �e�ure	 is	�h�r���erise�	by	 i�s	 ��r�e�y	u��ri��e�	���ure��	bei��	b�se�	o�	 �o���	
practices and norms, and being flexible, negotiable and location-specific. It is often grounded 
in rights held to have been established through first clearance of land or conquest (Berry, 1993; 
Co�u��	et al.��	2004;	Woo�house��	2003).

Subseque��	 i�ves��e��	 be�o�es	 �	 ��ey	 f���or	 i�	 s�re���he�i��	 ���i�s	 over	 ����	
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(M��yo��	���	Hou��é��o���	2000). A� i�s si�p�es��� i�ves��e�� i� ��e�ri�� ���� by �u��i�� ���.	A�	i�s	si�p�es���	i�ves��e��	i�	��e�ri��	����	by	�u��i��	���	
bur�i��	ve�e���io�	for�s	�he	b�sis	of	�us�o��ry	�u�hori�y	usu���y	he��	by	(or	�r��sferre�	fro�)	
the descendents of the first settlers who cleared the land. People unable to establish visible 
i�ves��e��s	or	�o	��i���i�	�o��i�uous	pro�u��io�	(i.e.	�o��i�uous	o��up��io�)	�re	�os��y	�ore	
vu��er�b�e	bei��	usurpe�	(Woo�house��	2003).

The	�e��r��i�y	of	����	i�	���	�i�e�sio�s	of	rur��	Afri���	�ife	�e��s	�h��	�he	����ysis	of	
����	�e�ure	issues	shou��	be	bro��e�e�	�o	i���u�e	issues	su�h	�s	����	use��	��ri�u��ur��	pro�u��io�	
efficiency, conflict management mechanisms, power relationships and social position (Lavigne 
De�vi��e��	2004).	The	�os�	�o��o�	����	�e�ure	sys�e�	fou��	i�	sub-S�h�r�	Afri��	is	�i�e��e-
b�se�	o��ership	of	����	�here	i��ivi�u��s	be�o��i��	�o	�	p�r�i�u��r	�i�e��e	(ex�e��e�	f��i�y	
b�se�	o�	�es�e��	fro�	�	�o��o�	���es�or)	h�ve	���ess	���	use	ri�h�s	�o	����	�h��	is	he��	i�	
�rus�	by	�he	�o��u�i�y.	I�	su�h	�	sys�e�	�u�iors	�or��	for	e��ers��	���	�u�iors	(i�e���y)	be�o�e	
e��ers	i�	�ur�.	Ri�h�s	�o	�iffere��	�ypes	of	����	�re	�ypi����y	���or�e�	�o	i��ivi�u��s	�hrou�h	
�e�bership	i�	�he	��i�ship	�roup��	�hi�h	he�ps	�o	e�sure	�h��	�u�iors	�i��	�o��i�ue	�o	�or��	for	
e��ers	���	i�heri�	�heir	posi�io�	i�	�i�e.

O�her	 �o�es	 �hrou�h	 �hi�h	 i��ivi�u��s	 h�ve	 ���ess	 �o	 ����	 i���u�e	 i�heri����e��	
pur�h�se��	�if�s��	sh�re�roppi��	or	re��i��	(L��ry(L��ry	et al.��	1994). Sh�re�roppi�� is �o�p�r�b�e �o.	Sh�re�roppi��	is	�o�p�r�b�e	�o	
re��i����	ex�ep�	�h��	p�y�e��	is	���e	i�	��i��	b�se�	o�	fr���io�s	of	�he	�rop	bei��	���i�e�	by	
����	user	���	����o��er.	I�	is	�i�e�y	fou��	�here	o��ers	�����	resour�es	for	i�ves��e��	i�	����	
���	�here	f�r�i��	��s��s	�re	�o�	i�	s��i��	�o��e��.

I�	�he	�e��r��	zo�e	of	�e�i���	����ho��i��	by	���ive	f�r�ers	is	b�se�	o�	usufru��		(Le	
Meur��	2002).	N��ive	f�r�ers	��quire	�heir	i�i�i��	p�o�s	�hrou�h	i��r�f��i�i��	i�heri����e	���/or	
�r��sfers	of	ri�h�s	fro�	vi����e	he���e�.	I�heri����e	p�sses	ex��usive�y	fro�	p�re��s	�o	���e	
�hi��re�	 equ���y	 (���	 bro�hers	 h�ve	 equ��	 ri�h�s��	 �he�her	 o��er	 or	 you��er).	The	 �us�o��ry	
i�heri����e	ru�e	 is	si�p�e	�i�h	re��r�s	 �o	�o�e�;	 �hey	�re	u��b�e	 �o	 i�heri�	 ����.	Ho�ever��	
�o�e�	 f�r�ers	 �o��o��y	 �u��iv��e	 ����	 �hey	 re�eive	 fro�	 �heir	 husb���s.	 I�	 �he	 ��se	 of	
�ivor�e��	 �he	 ����	 re�ur�s	 �o	 �he	husb���’s	 f��i�y.	 If	 �he	husb���	�ies��	 �he	�i�o�	���	���i�	
usufru��	ri�h�s	o�	�he	����	o�	beh��f	of	her	s����	so�s	u��i�	�hey	����e	over	��	�heir	���ori�y.

Because there are no guarantees that farmers who rent land will reap the benefits of 
�o��-�er�	soi�	�o�serv��io���	�e����	f�r�ers	�os��y	use	�����e�e��	s�r��e�ies	�h��	��xi�ise	
shor�-�er�	pro�u��io�	eve�	if	�his	�o�pro�ises	fu�ure	soi�	fer�i�i�y	(Fr�ser��	2004).	L���	�e�ure	
se�uri�y	is	�hus	�	prerequisi�e	for	i�ves��e��	i�	����	(L�vi��e	De�vi��e��	2004;	M��hieu��	1996).	
Po�e��i��	soi�	�����e�e��	i��ov��io�s	b�se�	o�	�ree	p����i��	���	�re��e	�o��-�er�	i��eres�s��	
���	�hus	�	qu�si-o��ership.	The	ques�io�	is	ho�	�o	�eve�op	�ree	p����i��	i�	su�h	�	��y	�h��	i�	
offers	posi�ive	i��u�e�e��s	for	bo�h	����o��ers	���	�i�r���s.

The	�i���os�i�	s�u�y	sho�e�	�h��	soi�	fer�i�i�y	is	�	prob�e�	i�	�he	s�u�y	�re�	(�o�sis�e��	
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�i�h	�he	�ssu�p�io�	�h��	�he	����	is	bei��	exp�oi�e�	i�	�he	shor�	�er�	by	��r�e	�u�bers	of	�i�r���	
f�r�ers)��	bu�	�h��	so�u�io�s	�re	�o�	si�p�e��	be��use	fer�i�i�y	issues	i�pi��e	o�	i�s�i�u�io���	�s	
�e��	�s	�e�h�i���	�o��i�s.	The	so�i��	���	i�s�i�u�io���	�i�e�sio�s	of	p�r�i�u��r	�e�h�o�o�i���	
so�u�io�s	���sh	�i�h	�hose	of	o�her	�e�h�o�o�ies.	This	is	�hy	�he	�i�er��ure	sho�s	��	i��eres�	i�	
s�re���he�i��	�o����y-b�se�	i�s�i�u�io�s	for	�ispu�e	reso�u�io�	���	����	�����e�e��	(Fir�i�-
Se��ers	���	Se��ers��	1999;	Fre�-Me�s�h��	1999;	IIED��	1999).	Ho�ever��	�here	is	�i���e	�or��	o�	
ho�	su�h	�o���	����-�e�h�o�o�y	i�s�i�u�io�s	�i�h�	bes�	fu���io�.	This	is	�he	�opi�	�he	prese��	
p�per	see��s	�o	���ress.

Methodology

Study area 
The	�r��si�io���	zo�e	of	�e�i�	is	�h�r���erise�	by	�	Gui�e�-Su���	��i���e	�i�h	u�i�o���	r�i�f���	
�is�ribu�io�.	I�	is	�o���e�	be��ee�	7°42’���	8°45’N	���	2°15’���	2°45’E.	The	r�i�y	se�so�	��s�s	
fro�	Apri�	�o	O��ober.	The	���u��	r�i�f���	(1974-2004)	is	�bou�	1100	��	(S�vè	�e��her	s���io�).	
The	�re�	is	esse��i���y	�o�i���e�	by	�ropi���	ferru�i�ous	soi�s	(Dubroeu�q��	1977)	ori�i����y	
fro�	 Pre���bri��	 �rys����i�e	 ro���s	 (�r��i�e	 ���	 ��eiss).	The	 soi�s	 �re	 �eep	 �i�hou�	 ���eri�e	
���	of�e�	h�ve	�	re�so��b�e	i�here��	fer�i�i�y.	The	�o���	popu���io�	is	�bou�	68��000	i�h�bi����s��	
of	�hi�h	37%	�re	�i�r���s.	Popu���io�	�e�si�y	�ver��es	30	i�h�bi����s	���-2	(INSAE��	2004).	The	
i��i�e�ous	popu���io�	�re	�he	Tchabè	(�	�roup	spe���i��	�	�i��e��	of	�he	Yorub�	����u��e)	���		
Peulh	(Fu���i)	her�ers��	s����ere�	over	�he	e��ire	re�io�.	

Origin of migration flux
Mi�r���s	s��r�e�	�o	es��b�ish	�he�se�ves	i�	�he	�re�	before	1960	�ue	�o	�he	i��ro�u��io�	by	�he	
Fre��h	�o�o�i��	re�i�e	of	��bour-i��e�sive	��sh	�rops��	su�h	�s	�ob���o��	�o��o���	���	�rou���u�.	
This	�i�r��io�	pro�ess	��s	s�i�u���e�	by	�he	prese��e	of	re�io���	��r��e�s	i���u�i��	G��zoué��	
P�r���ou	 ���	 M����vi��e	 �here	 �he	 �e����	 for	 ��ri�u��ur��	 pro�u��s	 (y����	 ��ize��	 ��ss�v���	
�o�pe���	sor�hu�	e��.)	��s	hi�h.	Co�seque���y��	f�r�ers	h��	�	hi�h	�e����	for	se�so���	��bourers��	
���y	of	�ho�	���e	fro�	�he	hi��y	���	over-popu���e�	A���or�-Do���	�re�.	There�f�er��	���ives	
f��i�i���e�	����	���ess	for	�he	�i�r���s	i�	or�er	�o	s�i�u���e	�he�	�o	se���e��	so	e�suri��	��bour	
��s	per���e���y	�v�i��b�e.	The	�u�ber	of	��ri�u��ur��	��bourers	i�	�he	�re�	i��re�se���	�hi�h	
fos�ere�	�	v�s�	�i�r��io�	�e��or����	�e��i��	�o	�he	e�er�e��e	of	�e�	vi����es	��ose	�o	�he	�o���i�ies	
i�	�hi�h	�i�r���s	h��	bee�	offere�	����	�o	f�r�.	T�b�e	1	prese��s	i�for���io�	o�	�he	�i�r���	
�o��u�i�ies	fou��	i�	�he	�iffere��	vi����es	s�u�ie�.	No����ys��	�he	�re�	is	��i��y	popu���e�	
by	�he	Otamari	fro�	N��i�i��ou	���	�ou��ou�bé	(A���or�)��	�he	Yom	���	Lokpa	fro�	D�ou�ou	
���	Cop�r�o	(Do���).
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Table 1.	Mi�r���	e�h�i�	�roups	���	�heir	perio�s	of	es��b�ish�e��	i�	�he	�iffere��	vi����es.	

Vi����es	 Perio�	of	

es��b�ish�e��	

E�h�i�	�roups	 Ori�i�	of	e��h	�roups	i�	�he	

A���or�-Do���	�ep�r��e��	

�oubouhou 1968 Yo���	O����ri��	W�����	

N��i�b���	Lo��p���	

Gour�����hé��	So��.	

D�ou�ou��	N��i�i��ou��	

Tou�ou��ou����	�ou��ou�bé��	

Ou���é��	T���uié��.	

I�bo	Iyo��o	 1987 W�����	N��i�b���	O����ri�� N��i�i��ou��	Tou�ou��ou����	

�ou��ou�bé��	T���uié��.	

E����poo 1975 Yo���	O����ri��	Lo��p���	

N’ye��é

D�ou�ou��	N��i�i��ou��	Ou���é��	

Cob�y.

Ko�bo�ou� 1962 O����ri	 �ou��ou�bé��	N��i�i��ou.	

Ouo�hi

��re/Kp���h�

1950 Yo���	O����ri��	W�����	

So����	Lo��p���	��rib�.	

Cop�r�o��	N��i�i��ou��	Ou���é��	

Kou���é.

Ouo�hi	�e��r��	 - T�h�bè N��ive

The	�i��i���ess	of	f�r�ers	i�	�ore	iso���e�	�is�ri��s	�o	see��	�or��	�s	f�r�	��bourers	��s	
s�i�u���e�	i�	�e�i�	�uri��	�he	�o�o�i��	perio�	by	Fre��h	�e����s	for	��xes	p�i�	i�	��sh.	Me�	of	
�he	��e	�o	p�y	��xes	�ur�e�	�o	��bour	�i�r��io�	�s	of�e�	�heir	o��y	re��is�i�	op�io�	�o	ob��i�	�o�ey.	
T�x��io�	s�i�u���e�	�i�r��io�	�o��r�s	�or�ou	(N’���i	���	T�h�ourou)	���	�he	�e��r��	zo�e	of	
�e�i�	(G��zoué��	����è	���	S�vè)	(Fi�.	1).	There	�ere	��so	�i�r��ory	�ove�e��s	�o	Ni�eri���	
Gh�����	���	Cô�e	�’Ivoire.	I�	so�e	�re�s	����	�e�r����io���	�e��i��	�o	�	�e�re�se	i�	soi�	fer�i�i�y	
���	re�u��io�	of	�rop	yie��s��	���e�	�o	�he	pressure	�o	�i�r��e.	The	sour�e	�re�	is	�ou���i�ous	
���	�o�	f��es	����	s��r�i�y	si��e	o��y	45%	of	�he	�re�	is	f�vour�b�e	for	��ri�u��ure.	

Research methods
The	s�u�y	��s	��rrie�	ou�	fro�	J��u�ry	2003	�o	Ju�e	2005��	�s	�	fo��o�-up	of	�	�i���os�i�	s�u�y	
��rrie�	ou�	fro�	Ju�e	�o	Nove�ber	2002	(S�ï�ou	et al.��	2004).	The	�e�ho�o�o�i���	�ppro��h	use�	
for	�he	�e�o�i��io�	pro�ess	for	sus��i��b�e	�e�uri��	�rr���e�e��s	��s	i�spire�	by	R�v�bor�	���	
�e�	Pi��r	Guerrero	(1999).	The	�e�er��	ob�e��ive	is	�o	�eve�op	s�r��e�ies	�o	re�e�i��	prob�e�s	
of	soi�	�e�r����io�	�hrou�h	�o�se�sus	bui��i��	��o��	�he	s����eho��ers	i�vo�ve�	i�	����	�e�ure	
arrangement. The work described can be considered action research involving five steps, based 
o�	i�-�ep�h	survey	of	f�r�i��	sys�e�s	��o��	���ive	���	�i�r���	f�r�ers	���	o�	�ssess�e��	of	
their conflicting interests. The action research began with stakeholder identification, followed 
by	 �he	 i��ro�u��io�	 of	 �he	 i�e�	 of	 �u�u��	 i��er�epe��e��e	 ��o��	 �hese	 s����eho��ers.	 This	
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Figure 1.	 M�p	 of	 �he	 Repub�i�	 of	 �e�i�	 �i�h	 �he	 �r��si�io���	 zo�e	 (h���he�)	 ���	 �he	

�i�r��io�	 f�o�	 (��r��	 �rro�s	 i��i���e	 �i�r��io�	 f�o�	 fro�	 A���or�-Do���	 ���	 �rey	 �rro�s	

i��i���e	�i�r��io�	f�o�	fro�	Abo�ey	p���e�u).	
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provi�e�	 �he	 possibi�i�y	 �o	 �rrive	 ��	 �	 �oi��	 per�ep�io�	 of	 ��uses	 ���	 �o�seque��es	 of	 ����	
degradation, and of the conflicts that ensued. The next step involved the possibility for parties to 
propose	���er���ive	�rr���e�e��s.	These	�ere	�is�usse�	���	��	�he	e��	�	�o�se�su��	���er���ive	
�rr���e�e��	��s	��ree�.

The	 for���	 survey	 ��s	 ��rrie�	 ou�	 fro�	 M�y	 �o	Au�us�	 2004	 usi��	 ��	 ope�-e��e�	
questionnaire. The key informants to be interviewed were identified during the community-
b�se�	p���for�	�ee�i��s.	I�	�o���	70	�i�r���s	�ere	i��ervie�e�.	Sever��	i��ivi�u��s	(espe�i���y	
�o��u�i�y	�e��ers)	�ere	visi�e�	���y	�i�es	�o	fo��o�	up	o�	�	�ive�	�opi�.	A	s�o�b���	s��p�i��	
�e�h�ique	��s	use�	�o	i�e��ify	s����eho��ers	���	��ey	i�for����s.

Statistical analysis
Duri��	�he	�i���os�i�	s�u�y��	�e	�o�i�e�	�h��	�he	re�u��ri�y	of	re��	p�y�e��	is	�he	��i�	sour�e	of	
conflict between migrants and landowners. A probit model was used to analyse the explanatory 
variables determining migrants’ ability to pay yearly rent (Griffiths et al.��	1993;	Li�o��	1994).	WeWe	
�o�si�ere�	�s	�epe��e��	v�ri�b�e	�he	�bi�i�y	of	�i�r���s	�o	p�y	�he	ye�r�y	re��.	We	hypo�hesize�	
�h��	re��	p�y�e��	is	�i���e�	�o	�he	�o���	surf��e	�u��iv��e���	�o���	surf��e	�u��iv��e�	for	��sh	�rops��	
surf��e	�u��iv��e�	for	�o��o���	househo��	size��	use	of	��bourers�� �u�ber of peop�e �or��i�� for��bourers�� �u�ber of peop�e �or��i�� for	�u�ber	of	peop�e	�or��i��	for	
�he	 househo��	 f�r���	 �i�r���	 ��e��	 �ur��io�	 of	 s��y	 i�	 �he	 �re�	 ���	 �i�r���	 i�i�er�ry	 before	
es��b�ish�e��	i�	�he	�re�.

Results

We	�i��	�is�uss	1.)	�i�r���	���	���ive	f�r�ers’	�roppi��	sys�e�s	���	�heir	i�p���	o�	soi�	fer�i�i�y;	
2.)	evo�u�io�	of	�e�uri��	�rr���e�e��	���	�hi�h	o�es	�i�h�	be	re�ev���	if	�e�	or	���er���ive	
�o���	 i�s�i�u�io�s	�re	�o	e�er�e;	3.)	s�r��e�ies	�eve�ope�	by	�i�r���s	�o	ob��i�	f�r�����	���	
labour; 4.) power relations that might influence or determine the types and forms of alternative 
�e�uri��	�rr���e�e��s;	���	5.)	f���ors	e�h���i��	or	�i�i�ishi��	�u�u��	�rus�	be��ee�	�i�r���	
�roups	 ���	 ����o��ers.	 Fi����y	 6.)	 �he	 �e�o�i��io�	 pro�ess	 for	 es��b�ishi��	 �ooper��io�	 for	
sus��i��b�e	�e�ure	�rr���e�e��	�i��	be	�es�ribe�.

The study compares two different tenurial arrangement systems. The first occurs in 
Ouo�hi	vi����e	���	surrou��i��	�i�r���s’	vi����es	�here	����o��ers	���	vi����ers	�re	or���ise�	
�rou��	�	vi����e	�eve�op�e��	�sso�i��io�	(ADESVO).	Re��s	�re	�o��e��e�	by	�roups	������e�	
by	ADESVO	���	�re	use�	��i��y	for	�o��e��ive	purposes	(e.�.	be��er	�e�i���	servi�es��	suppor�	
for schools, and a water supply that benefits both natives and migrants). The second system 
o��urs	i�	�oubouhou	���	�ei�hbouri��	vi����es	(E����po��	I�bo	Iyo��o��	���	Ko�bo�ou�)	�here	
�he	�i�r���s	p�y	re��s	�o	����o��er	�o��e��ivi�ies	(ex�e��e�	f��i�ies)	i�	S�vè��	espe�i���y	�he	
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A�ushu	�roup	(���or	����	o��ers	i�	�his	�re�).	Re��s	�re	�o�	use�	for	�o��e��ive	purposes	bu�	
�re	�o��ro��e�	���	�isburse�	by	�he	�e��ers	of	�he	�o��e��ivi�y	(f��i�y	e��ers).	

Live�ihoo�	i�prove�e��	 is	 �he	��i�	�o��	of	�i�r���s.	A�ri�u��ure	is	 �he	o��y	�hoi�e	
�hey	h�ve	�o	��hieve	�his	�o��.	The	�e�uri��	sys�e�	h�s	�	��r�e	i�p���	o�	�he	oppor�u�i�ies	for	
�hese	�i�r���s.	For	�	be��er	u��ers����i��	of	 �he	�y���i�s	of	 �he	 �e�uri��	�rr���e�e��	 i�	 is	
�e�ess�ry	�o	�oo��	��	�he	����	use	sys�e�	of	�he	�iffere��	�roups.	U��ers����i��	�hese	sys�e�s	is	
�	pre-requisi�e	for	��y	�is�ussio�	of	���er���ive	�e�uri��	�rr���e�e��s.

Cropping systems of the different groups and their impact on soil fertility management
The	 �roppi��	 sys�e�	 of	 �he	 �i�r���s	 is	 qui�e	 hi�h�y	 ��r��e�	 orie��e�.	The	 ��i�	 ��sh	 �rops	
�u��iv��e�	 �re	 �o��o���	 y��	 (p�r��y	 use�	 �s	 foo�	 �rop)��	 e�usi	 �e�o���	 �rou���u���	 soybe����	
��ize	 (p�r��y	 use�	 �s	 foo�	 �rop)��	 ���	 ri�e.	 Sor�hu���	 �o�pe���	 ���	 ��ss�v�	 �re	 foo�	 �rops.	
The	i��i�e�ous	peop�e	�u��iv��e	���u��	�rops	��i��y	for	subsis�e��e��	�heir	��i�	�rops	bei��	
��ss�v���	��ize��	y����	�o�pe���	���	e�usi	�e�o�.	The	��sh	�rops	�re	��she���	ho�	pepper��	���	
�rou���u�.	 Mi�r���s	 �u��iv��e	 o�	 �ver��e	 3.4	 h�	 for	 ��sh	 �rops	 ���	 1.6	 h�	 for	 foo�	 �rops��	
�here�s	�he	i��i�e�ous	f�r�ers	�u��iv��e	1.0	h�	for	��sh	�rop	���	1.4	h�	for	foo�	�rops.	�u�	
�his	ex��u�es	��she�.	O�	�ver��e	���ives	h�ve	4.4	h�	of	��she�.	Mi�r���s	�re	�o�	���o�e�	�o	
p����	 �rees	(i���u�i��	��she�).	The	�re��er	�re�	of	��sh	�rops	(ex��u�i��	��she�)	�ro��	by	
�i�r���s	is	p�r��y	exp��i�e�	by	�he	f���	�h��	�i�r���s	h�ve	�he	oppor�u�i�y	�o	�obi�ise	se�so���	
�i�r���	��bourers.	I�	p�r���	ho�ever��	i�	is	exp��i�e�	by	�he	f���	�h��	i��i�e�es	�re	�ore	i��eres�e�	
i�	��she�	(�	�rop	forbi��e�	�o	�i�r���s).	Mos��y��	�he	se�so���	�i�r���	��bourers	re�ur�	�o	�heir	
home village after earning sufficient money. However, some stay in the area, seek to make 
�heir	o��	f�r�	���	�oi�	�he	�roup	of	�i�r���	�e��o�ers.	As	��i���	�r���io�	is	�o�	pr���ise�	
i�	�he	�re���	�i�r���s	�ho	se���e	per���e���y	�u��iv��e	size�b�e	�re�s	(�ore	�h��	4	h�)	o��y	by	
���o��o���i��	�roups	of	se�so���	��bourers	ori�i���i��	i�	�heir	o��	re�io�.	Se�so���	��bourers	
�re	��i��y	i�vo�ve�	i�	p�ou�hi��	���	�ee�i��.	Mos�	of	�he	se�so���	��bourers	prefer	�o	�or��	
for	so�eo�e	fro�	�heir	�re���	�ho�	�hey	�rus���	�h��	�or��	for	���ive	f�r�ers	�ho	o��y	p�y	���es	
�f�er	se��i��	�he	h�rves�.	

N��ive	 f�r�ers	 pr���ise	 ��ri�u��ure	 �ore	 i��e�sive�y	 (�he	 ����	 is	 �roppe�	 for	 �	 �o��	
�ur��io���	�s	��she�	is	�	 �ree	�rop).	A��or�i���y��	 �hey	�o	�o�	��e�r	�e�	����s	every	ye�r	for	
y��	�u��iv��io���	�s	�he	�i�r���s	�o.	N��ive	f�r�ers	���u���y	�ro�	fe�er	y��s	�h��	�i�r���s.	
Y��	����r��es	�u��iv��e�	�re	usu���y	i��e�r��e�	���er	i�	�he	�roppi��	�y��e��	bu�	�he	���ives	��so	
have some varieties needing virgin land. After three years, the field where they have planted 
foo�	or	��sh	�rops	is	p����e�	�i�h	��she�.	Whi�e	�he	��she�	�rees	�re	s�i��	s����	foo�	�rops	�re	
�u��iv��e�	u��er	�he	�rees.	Lo��-�er�	f���o�	is	�o�	�o��o�	o�	�u��iv��e�	����	�here	f�r�ers	
�ro�	��she�.	
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Table 2.	Evo�u�io�	of	�he	�e�uri��	�rr���e�e��	i�	�he	Ouo�hi	���	�oubouhou	�re�.	

Te�uri��	�rr���e�e��	Perio�s

�oubouhou Ouo�hi

Re��r��s	

Fro�	1960	

�o	1985	

-	L���	use	ri�h�	(itchakolè)

�o�sis�i��	of	So��bi1)	offere�	�o	

�he	����o��ers	

-	Sy�bo�i�	qu���i�y	of	foo�	

�rops	offere�	�o	�he	he��	of	�he	

�o��e��ivi�y	��	�he	e��	of	e��h	

�roppi��	perio�	

-	L�bour-for-����

-	L���	use	ri�h�	(itchakolè)

�o�sis�i��	of	So��bi	offere�	�o	

�he Balè

-	Sy�bo�i�	qu���i�y	of	foo�	�rops	

offere�	�o	�he	he��	of	�he	Balè	��	

�he	e��	of	e��h	�roppi��	perio�	

-	L�bour-for-����

The	itchakolè	is	

p�i�	o��e	�he�	

�he	�i�r���	

es��b�ishe�	

1986	�o	

1990

- Itchakolè	of	F	CFA	5��000-

7,000 (€ 8-11) 

-	L�bour-for-����

- Itchakolè:	���oho�	�ri���s��	��o��	

nuts and F CFA 2,000 (€ 3) 

-	L�bour-for-����

Mi�r���	is	�o�	

���o�e�	�o	p����	

�rees

1991	�o	

1998

- Itchakolè	of	F	CFA	5��000	�o	

10,000 (€ 8 to15) 

-	Re��	fixe�	��	F	CFA	10��000

(€ 15)/ha/year 

-	Do�u�e��e�	����	use	ru�es			

be��ee�	�he	�i�r���	���	�he	

ADESVO	

- Itchakolè	fixe�	��	F	CFA	5��000	

(€ 8) 

-	Re��	of	F	CFA	2��000	�o	5��000	

(€ 3 to 8)/ha/year 

-	I�	Ouo�hi	�re���	

�he	re��	h�s	

i��re�se�	fro�		

F CFA 2,000 (€ 

3	i�	1991)	�o	

5,000 (€ 8 from 

1994	�o	1998)	

Fro�	1999	

o���r�s

- Itchakolè	fixe�	��	F	CFA	

5,000 to 10,000 (€ 8 to15) 

-	Re��	fixe�	��	F	CFA	15��000

(€ 23)/3 ha/year 

-	Do�u�e��e�	����	use	ru�es	

- Itchakolè	fixe�	��	F	CFA	5��000	

(€ 8) 

-	Re��	fixe�	��	F	CFA	5��000

(€ 8)/ha/year 

I�	Ouo�hi	�he	

��ou��	of	re��	is	

f�exib�e	

1)	Lo���	�is�i��e�	�ri���	�o���i�i��	���oho�	���e	fro�	p���	�i�e.	

Mi�r���s	pr���ise	�	�ore	ex�e�sive	��ri�u��ure	be��use	�hey	e����e	se�so���	��bourers	
or	�i�r���	�e��o�ers	s�i��	�i��i��	�o	se��	p�r�	of	�heir	��bour.	The	����	is	�roppe�	for	�	shor�er	
�ur��io�	(�os��y	3	ye�rs)	before	i�	is	�ef�	�o	f���o�	for	�	shor�	i��erv��	(2-3	ye�rs).	�e��use	�he	
����	is	�ef�	�o	f���o�	for	�	shor�	�ur��io���	f�r�ers	�o	�o�	�ose	���i�	o�	����	�hey	use	bu�	�o	�o�	
o��.	Ex�e�sive	��ss�v�	(jachère manioc, cf. S�ï�ou	et al.��	2004)	is	��so	�	s�r��e�y	for	�i�r���s	
�o	preserve	�heir	���i�	o�	�he	����.	Ho�ever��	�	�o��-�ur��io�	f���o�	(��	�e�s�	10	ye�rs)	��y	be	
�o�si�ere�	by	����o��ers	�s	�b���o��e����	�hi�h	����es	�he	����	�v�i��b�e	for	���o���io�	�o	
�i�r���	�e��o�ers.	The	�i�espre��	�o���	vie�	�h��	�he	����	be�o��s	(for	�he	perio�	of	use)	�o	
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�he	perso�	�ho	�or��s	i�	is	��	i�por����	f���or	i�	�e�ure	se�uri�y.

Evolution of the tenure institutional arrangement 
The	 su��ess	of	 ���er���ive	 �e�uri��	 �rr���e�e��s	��y	�e��	 �epe��	o�	 �he	 �ypes	of	previous	
i�s�i�u�io���	 �rr���e�e��.	 I�	 is	 i�por����	 �o	 �e�r�	 fro�	 for�er	 experie��es	�he�	o�e	����s	
�o	 es��b�ish	 �e�	 i�s�i�u�io���	 ru�es	 for	 ����	 use.	Therefore��	 �e	 s�u�ie�	 �he	 evo�u�io�	 of	 �he	
exis�i��	 �e�uri��	 �rr���e�e��s.	T�b�e	 2	 su���rises	 ����	 use	 ru�es	 i�	 bo�h	 �re�s	 fro�	 1960	
o���r�s.	�efore	1985	 �he	 �e�uri��	 sys�e�s	 i�	Ouo�hi	���	�oubouhou	�re�	�ere	 si�i��r.	 I�	
�he	 ��se	 of	 Ouo�hi	 vi����e��	 �i�r���s	 (���e�	 �o����y	 Agatu	 or	 Kpasi,	 �hi�h	 �i�er���y	 �e��s	
��bourer	 i�	Yorub�)	 �ho	 ����e�	 �o	 es��b�ish	 �he�se�ves	 i�	 �he	 �re�	 �ere	 i��ro�u�e�	 �o	 �he	
Balè	(�o��r���io�	of	baba ilè,	�i�.	“f��her	of	�he	����”	i�	Yorub���	i�	effe��	“vi����e	he��”)	�ho	
represe��e�	����o��ers	���	�he	Kabiyesi	(ob�	or	��i��	of	S�vè)	by	�he	i��i�e�ous	spo�sor	(tuteur	
i�	Fre��h��	i.e.	�����or�)	�ho	���o��o���e�	hi�.	I�	�he	��se	of	�oubouhou	�re���	�i�r���s	�ere	
i��ro�u�e�	�o	�he	�o��e��ivi�y	of	����o��ers	(collectivité des propriétaires terriens	i�	Fre��h;	
omo onilè, children of the land,	i�	�he	�o���	����u��e).	I�	bo�h	��ses��	�if�s	�ere	offere�	�o	�he	
����o��ers	���/or	�he	Balè	�o	i�p�ore	�he	b�essi��	of	�he	���es�ors	���	�he	�ivi�i�y	so	�h��	�he	
����	�ou��	prosper.	A�	 �h��	 �i�e��	 �he	�i�r���	��s	�o�si�ere�	�s	 �he	�ues�	of	vi����e	(alédjo 
wa).	I�	f�����	bei��	�	�ues�	i�p�ie�	��	ob�i���io�	�o	provi�e	��bour	i�	re�ur�	for	bei��	���o�e�	
�o	se���e	i�	�he	�re�.	The	p�y�e��	(p�r��y	�ribu�e��	���	o��y	p�r��y	re��)	su��es�s	��bour	��s	�he	
�ore	i�por����	f���or	i�	�he	be�i��i��.

Fro�	1985	�o	1990��	�e�uri��	�rr���e�e��s	�h���e�.	The	�i�r���	offere�	�if�s	�o	ob��i�	
�	����	use	ri�h�	(itchakolè	i�	�he	�o���	����u��e	–	si�i��r	�o	isakole	��o��	Yorub�	f�r�ers	i�	
Ni�eri�	�s	�es�ribe�	by	�erry	[1993]).	The	��ou��	of	�o�ey	p�i�	for	itchakolè	�epe��e�	o�	
�he	fer�i�i�y	of	�he	f�r�����.	The	�ribu�e	i���u�e�	�he	ob�i���io�	�o	�or��	for	�he	����o��er;	�his	
bei��	si�i��r	�o	�he	si�u��io�	�here	�	�e�	�i�r���	e��ers	i��o	�	sy�bo�i�	�o��r���u��	re���io�ship	
�i�h	o��er	�i�r���s.	The	ob�i���io�	for	�o�pe�s��ory	��bour	�is�ppe�re�	�f�er	1991.	

Fro�	 1991	 �o	 1998��	 �he	 si�u��io�	 �h���e�	 �o�si�er�b�y.	 I�	 1991	 �he	 i�s�i�u�io���	
�rr���e�e��	 i�	 Ouo�hi	 vi����e	 be���e	 �ore	 for���	 �i�h	 �he	 es��b�ish�e��	 of	 �o�u�e��e�	
����-use	ru�es	be��ee�	�he	ADESVO	���	�he	�i�r���s.	The	Balè	�os�	�heir	prero���ives	i�	����	
�����e�e��	i�	f�vour	of	ADESVO.	The	sys�e�	evo�ve�	fro�	�	�if�-b�se�	for�	�o	�	�o�e��ry	
for�	(T�b�e	2).	The	����	��s	s�i��	�o��e��ive�y	�����e�	by	�he	vi����e	�sso�i��io���	ho�ever��	���	
�he	re��	�o��e��e�	��s	use�	for	�eve�op�e��	���io�	i�	�he	vi����e.	N��ives	�ere	�o�s�ious	of	
�heir	i��er�epe��e��e	�i�h	�he	�i�r���s	�ho	�o��ribu�e�	�o	�he	e�o�o�i�	�eve�op�e��	of	�he	
�re�.	The	e�r�y	�i�r���s	�ho	h��	s��ye�	i�	�he	vi����e	for	��	�e�s�	10	�o	15	ye�rs	�ere	�o�si�ere�	
p�r�	of	�he	�o��u�i�y	���	�ere	�herefore	�h�r�e�	�ess	�h��	�e��o�ers	(or	eve�	exe�p�e�	fro�	
re��).	Mi�r���s	�ere	�h�r�e�	�ore	i�	�oubouhou.	I�	or�er	�o	h�r�o�ise	�he	re��	i�	�he	�ho�e	
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S�vè	�re���	����o��ers	���e	�o�e�her	�o	�re��e	��	or���iz��io�	represe����ive	of	�he	i��eres�s	of	
����o��ers	�hrou�hou�	�he	Tchabè	�re�.	

Fro�	1999	o���r�s��	i�	Ouo�hi	���	�oubouhou��	�he	��ou��	of	ye�r�y	re��	�o	be	p�i�	per	
hectare was fixed. From a legal perspective the tenure systems in both areas were converging, 
bu�	�his	��s	�o�	so	i�	pr���i�e.	The	�e�h��is�	behi��	�his	�pp�re��	�o�ver�e��e	��s	�ui�e�	
by the landowners’ desire for a fixed and unified rent throughout the whole area. Due to the 
f���	�h��	�he	����o��ers	�ou��	�o�	re��i�y	�s�er��i�	�he	�re�s	�u��iv��e�	by	i��ivi�u��	�i�r���s��	
a minimum area of three hectares was assumed. Therefore, rent is fixed, and does not depend 
o�	�he	���u��	�re�	�u��iv��e�.	I�	Ouo�hi��	�here	���ives	����	�o	���r���	�ore	�i�r���s��	�his	u�i�	
of account is not strictly applied, and migrants usually pay less than the specified amount. The 
actual amount of rent to be paid is flexible, i.e.	i�	is	�e�o�i��e�	be��ee�	�he	�e��er	(spo��es���)	
of	�he	�i�r���	�o��u�i�y	���	�he	ADESVO.	

Wi�h	�	sys�e�	�here	re��	is	i��epe��e��	of	�re�	�u��iv��e���	i�	is	r��her	�o	be	expe��e�	
�h��	�i�r���s	 i�	 �he	�oubouhou	�re�	 	�i��	 �eve�op	ex�e�sive	 ����-use	 sys�e�s	 (see	be�o�).	
Most of the migrants in Boubouhou area find the fixed rent too high. Quoting the words of a 
�i�r���	f�r�er	i�	Ko�bo�ou�:	“We are complaining because soils are getting poorer than in 
the past, fertile virgin lands are almost gone, and we are obliged to come back to the former 
fallow lands that do not produce as much [all consistent with the expectation just mentioned]. 
We suggest to the landowners to diminish the rent. But we do not refuse to pay because the 
lands belong to the landowners”.	Here��	�he���	is	�he	prob�e�	i�	�	�u�she��	–	�h���e	is	�ee�e�	i�	
�	sys�e�	�h��	p���es	�o	pre�iu�	o�	��refu�	use	of	����.	�u�	i�	is	�o�	��e�r	�he�her	�he	�h���es	
shou��	be	�e�h�o�o�i�����	i�s�i�u�io�����	or	bo�h.	I�	�ou��	be	i�e��	(see	be�o�)	�o	�re��e	�	si�u��io�	
i�	�hi�h	�e�h�o�o�i���	���	i�s�i�u�io���	�h���es	�re	�u�u���y	suppor�ive.

Strategies developed by migrants to obtain farmland and labour
�e��use	�he	�e�o�i��io�	of	�he	�e�uri��	�rr���e�e��	be��ee�	����o��ers	���	�i�r���s	�o��er�s	
�he	�e���	i.e.	���e	he��s	of	�he	househo����	�e	�e�iber��e�y	use	��s�u�i�e	�e��er	i�	�his	se��io�.	
I�	bo�h	�re�s��	e�r�y	�i�r���s	h�ve	�re��er	�e�ure	se�uri�y	�o�p�re�	�o	���er	�i�r���s	(fro�	�he	
s��e	re�io�)	���	�hereby	i��re�se	�heir	re���ive	so�i��	po�er.	The	e�r�y	�i�r���s	(7%	of	�he	
respo��e��s)	�o	�o�	p�y	re����	be��use	�hey	�re	�e��ers	of	�he	�i�r���s’	�roup.	I�	�oubouhou��	
�he�	�	�e�	�i�r���	�rrives	i�	�	h���e���	he	is	�o�	i��e�i��e�y	i��ro�u�e�	�o	�he	�o��e��ivi�y	of	
����o��ers.	He	�or��s	�s	��bourer	for	��	es��b�ishe�	�i�r���	�ho	serves	�s	his	spo�sor	for	��	
�e�s�	o�e	ye�r.	The�	�	pie�e	of	u��u��iv��e�	����	is	���o���e�	�o	hi�.	L���o��ers	���o�	�his	is	
h�ppe�i����	���	�hey	s����io�	i�	�o	so�e	ex�e��.	This	pr���i�e	is	prob�b�y	�	��y	�o	e��our��e	�	
hier�r�hy	of	�e�ure	se�uri�y	i�	�	si�u��io�	�here	i��i�e�ous	peop�e	����	�o	�o�vey	�he	�ess��e	
�h��	�he	�re�	is	��ose�	for	�e��o�ers.	Af�er	o�e	�roppi��	se�so���	i.e.	�he�	�he	�e��o�er	h�s	
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���u�u���e�	so�e	�o�ey��	he	is	�he�	i��ro�u�e�	�o	�he	�o��e��ivi�y	of	����o��ers.	Jus�	u��er	
h��f	�he	�i�r���s	i��ervie�e�	(44%)	h��	pro�ee�e�	i�	�his	��y��	�hi�e	46%	of	�i�r���s	�ere	
�ire���y	i��ro�u�e�	�o	�he	����o��ers	�he�	�hey	�rrive�	�e��y	i�	�he	vi����e.	This	����er	op�io�	
is profitable for the migrants because they could request uncultivated lands of higher fertility. 
However, it is beneficial only for those with sufficient money on arrival not to need to first work 
�s	��bourers.

Ne�	�i�r���s	�i�h	e�ou�h	�o�ey	prefer	�	�ire��	�o��r���	�i�h	�he	����o��ers��	be��use	
�hey	���	p�y��	�here�s	poorer	�e�	�i�r���s	prefer	�o	bui��	up	�	re���io�	�i�h	��	o��er	�i�r�����	
until sufficient wealth to obtain a tenure contract has been accumulated. Finally 3% of migrants 
i��ervie�e���	p�r�i�u��r�y	�hose	�u��iv��i��	o��y	�	s����	pie�e	of	������	�or��	i�for����y	(u�see�	
by	����o��ers)��	be��use	�hey	h�ve	�o�	ye�	bee�	i��ro�u�e�	�o	�he	����o��ers.	The	����o��ers	
�o	�o�	���o�	�hose	peop�e.	Whe�	�is�overe���	�hese	�i�r���s	�re	pu�ishe�	or	evi��e�	fro�	�he	
�re�.	I�	�he	�oubouhou	�re���	o��	�i�r���s	ris��	evi��io�	�s	�e��	if	�hey	���o�	�e�	�i�r���s	o�	
�he	����	�i�hou�	�e��i��	�he	����o��ers.	

Power relationships in the tenurial arrangement
I�	our	s�u�y��	��refu�	�o�si�er��io�	of	re���ive	po�er	re���io�s	��s	esse��i��	i�	or�er	�o	u��ers����	
who could, should and would influence alternative tenurial arrangements either positively or 
�e���ive�y.	Fi�.	2	prese��s	�he	s����eho��ers	i�vo�ve�	i�	�e�ure	�����e�e��.	I�	bo�h	�re�s	�he	
most important stakeholders directly influencing tenurial arrangements (Fig. 2A) are:

•	 peop�e	fro�	“�i�spor�”	(�bse��ee	e�u���e�	e�i�es	�o�	�ivi��	i�	�he	��r�e	urb��	�e��res��	
i���u�i��	overse�s);

•	 �he	 �r��i�io���	po�er	(�he	Kabiyesi	 [��i��]	of	S�vè	���	�he	Balè��	his	represe����ive	��	
e��h	vi����e	�eve�	-	���or�i��	�o	�us�o��ry	ru�es��	�he	��i��	is	�he	�u�r�i��	of	�he	����	
���	o��y	�e�bers	be�o��i��	�o	o�e	of	�he	�o��e��ivi�ies	of	����o��ers	���	be	e�e��e�	�s	
Kabiyesi);

•	 �he	�o��e��ivi�ies	of	����o��ers	(Omo onilè);	
•	 �he	ADESVO	���	�he	����	�����e�e��	�o��i��ee	(‘comité de gestion des terres’);
•	 i��er�e�i�ries	 (spo��es�e���	 usu���y	 �he	 e�r�y	 �i�r���s��	 �ho	 serve	 �s	 �e��ers	 for	 �he	

e��ire	�i�r���	�roup);	
•	 �he	�i�r���	�roups;	
•	 ���ive	f�r�ers	(���or�i��	 �o	�us�o��ry	ru�es��	 �hey	�re	�o�	o��ers	of	 �he	 ����	bu�	�s	

i��i�e�ous	 i�h�bi����s	 �hey	h�ve	�	usufru��	 ri�h���	 i.e.	 �hey	�o	�o�	p�y	 re��	���	h�ve	
�re��er	����	se�uri�y);

•	 ���	 f�r�ers’	 or���is��io�s	 GPC	 (Groupement des Producteurs de Coton)	 ���	 UCP	
(Union Communal des Producteurs).



Land tenure and sustainable soil fertility management

145

						LAND		
			TENURE	

Ki��	of	
S�vè	

Co��e��ivi�y/ADESVO	

			Di�spor�	
���è	

							I��er�e�i�ry	

							Mi�r���s	

UCP	

N��ive	
f�r�ers	

															LAND	
														TENURE	

Se�so���	
�i�r���s	

Mi�r���	
�sso�i��io�	

Mer�h���s	

Mu�i�ip��i�y	

Gover��e��	
i�s�i�u�io�s	

NGOs

(A)	

DIRECT	

INFLUENCE	

(�)	

INDIRECT	

INFLUENCE	

	 	 				

		 	 		I��i���es	�i�����e	be��ee�	��o	�roups	of	s����eho��er.

N.�.	The	size	of	�he	�ir��e	i��i���es	�he	re���ive	i�por����e	of	�he	s����eho��er.

Figure 2.	Ve��	�i��r��	represe��i��	(A)	�he	�os�	i�por����	s����eho��ers	���	�heir	�i�����e	���	(�)	

�he	s����eho��ers	h�vi��	��	i��ire��	i�f�ue��e	o�	�he	�e�uri��	�����e�e��	i�	�oubouhou	���	Ouo�hi	

vi����e	i�	�e�i�.	
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A second group of stakeholders (Fig. 2B) has an indirect influence on the tenurial arrangement. 
These	i���u�e:

•	 �over��e��	i�s�i�u�io�s	provi�i��	servi�es	(R&D��	CeCPA	���io���	ex�e�sio�	servi�e��	
���	PDE	III	pro�e��);	

•	 NGOs	(CE�EDES	���	I��er	CECO);	
•	 se�so���	��bouri��	�i�r���s;	
•	 �he	A���or�-Do���	�i�r���	�sso�i��io�;	
•	 �er�h���s;	
•	 �he	 �o���	 ���i�is�r��io���	 i.e.��	 �he	 �u�i�ip��i�y	 (e�e��e�	 bo�ies	 or	 �o���	 �ou��i�s)	

represe��i��	�he	s���e.	
I�	�oubouhou	���	Ouo�hi	vi����e��	�he	�u�hori�y	of	�he	�r��i�io���	po�ers	(�he	Kabiyesi	

���	�he	Balè	respe��ive�y)	o�	����	�����e�e��	h�s	�i�i�ishe�	bu�	�hey	�re	s�i��	�o�su��e�	o�	
issues	re���e�	�o	����	�e�ure��	e.g. conflict management. The absentee elites (diaspora) are still 
�o��er�e�	�i�h	���ivi�ies	i�	�he	vi����e	�s	�	�o�seque��e	of	�e�e��r��is��io�.	They	�e�er���y	
serve	�s	��visors��	i.e.	�hey	�re	��ey	perso�s	i�	�e�isio�	����i��	�o��er�i��	�o���	�eve�op�e��.	
A��hou�h	 ���i�is�r��ive	 �e�e��r��is��io�	 ��s	 i��e��e�	 �o	 s�re���he�	 �o���	 �����e�e��	 of	
pub�i�	 �ff�irs	 (i���u�i��	 ����	 �����e�e��)��	 �he	 e�e��e�	 �ou��i�s	 �ere	 �o�	 �r���e�	 �e�isio�	
making power on farmlands. They manage only peri-urban land. Nevertheless, they are official 
s����eho��ers��	i�	�he	se�se	�h��	�hey	�us�	eve��u���y	�e�i�i���e	(i�	�	�e���	���/or	pr���i���	se�se)	
��y	e�er�e��	���er���ive	�e�ure	�rr���e�e��.

Traders or merchants play an indirect role in tenurial management because they influence 
pri�es.	The	�i�r���s’	spo��es�e�	�re	 i�	effe��	 �he	 ����o��ers’	eyes	 i�	e��h	h���e�.	Wi�hou�	
�he�	i��ro�u�i��	�e�	�i�r���s	�o	����o��ers��	�he	����o��ers	�re	b�i��.	They	�re	�hus	proper�y	
re��r�e�	�s	�	��ey	p�r�	of	�he	i�for���	�us�o��ry	sys�e�.	The	spo��es�e�	p��y	su�h	�	s�r��e�i�	
ro�e	�h��	�heir	poi��	of	vie�	shou��	�o�	be	over�oo��e�.	Fur�her�ore��	spo��es�e�	h�ve	ves�e�	
i��eres�s	i�	�he	exis�i��	���	��y	�e�	sys�e�	i�	re���io�	�o	�heir	ro�e	i�	�obi�iz��io�	of	��bourers��	
re��	 exe�p�io���	 ���	 i�	 ��eepi��	 p�r�	 of	 �he	 re��	 �o	 be	 p�i�	 �o	 �he	 ����o��ers.	To	 for���ise	
���er���ive	�e�uri��	sys�e�s	���	e�h���e	�e�ure	se�uri�y	for	�i�r���s	 i�	��y	be	�e�ess�ry	�o	
e�h���e	�he	�o���	���i�is�r��ive	po�ers	i�	�over�i��	su�h	�	sys�e�s.

In Boubouhou and neighbouring villages studies revealed some important conflicts of 
i��eres���	���	�o��es�e�	po�er	re���io�ships��	i�vo�vi��	���shes	be��ee�	�iffere��	�o��e��ivi�ies	of	
����o��ers��	be��ee�	�o��e��ivi�ies	of	����o��ers	���	�he	�u�i�ip��i�y��	be��ee�	�o��o�	�ro�ers	
���	�o�-�o��o�	�ro�ers	(�i�r���s	�ro�i��	y����	��ize	���	e�usi	�e�o�	�s	��sh	�rops)��	���	
be��ee�	����o��ers	i�	�oubouhou	�re�	���	�he	ADESVO	i�	Ouo�hi	(re��	p�y�e��	i�	Ouo�hi	
is more flexible and it is managed with greater transparency). In Ouoghi conflicts of interest are 
evi�e��	be��ee�	e��er	���	you��er	����o��ers��	���	be��ee�	�he	�r��i�io���	po�er	(�he	Balè)	
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���	�he	ADESVO.	O��er	����	o��ers	prefer	�he	��bour-for-����	�rr���e�e����	�s	i�	��s	�o�e	i�	
�he	p�s���	be��use	i�	����es	��bour	�v�i��b�e	i�	�he	vi����e��	�here�s	you�hs	prefer	�	�o�ey-for-
land arrangement because it allows them to calculate their costs and is more profitable for the 
whole community (it provides financial resources for development infrastructure). Flexibility 
i�	 re��	p�y�e��	�re��es	�	 so�i��	 �i�����e	be��ee�	�i�r���s	���	���ives	of	Ouo�hi.	Mi�r���s	
i�ves�	 i�	e�o�o�i�	���ivi�ies	 i�	 �he	�re���	 su�h	�s	 ru��i��	 �ru���s	 for	 �r��spor���io���	bui��i��	
houses��	�re��i��	shops��	e��.

There	is	�is�or�	be��ee�	�he	�roup	of	����o��ers	fro�	�he	�ho�e	S�vè	�re�	(�he	collectif	
of	 11	 �i�e��e	 �roups��	 cf.	 Le	 Meur	 [2002])	 ���	 �he	 Ouo�hi	 vi����e	 �eve�op�e��	 �sso�i��io�	
(ADESVO).	 L���o��ers	 i�	 �he	 �oubouhou	 �re�	 ���use	 �he	 ADESVO	 of	 �ivi��	 f��i�i�ies	
���	f�vour�b�e	�o��i�io�s	�o	�he	�i�r���s.	The	�o��o�	�ro�ers’	or���is��io�	(UCP)	����s	��	
i��re�se	of	�o��o�	pro�u��io�	i�	�he	�re�	i�	or�er	�o	�e�	�ore	�o�ey	for	�he	�eve�op�e��	of	
�he	�o���i�y��	�here�s	����o��ers	�is�our��e	�he	�i�r���s	(bi�	�o��o�	pro�u�ers	i�	�he	�re�)	by	
�h�r�i��	�he�	���u��	re��.	Fi����y��	�he	�u�i�ip��i�y	����s	�o	�o��e��	��x	o�	�he	re��	�o��e��e�	
by	 �he	 ����o��ers.	 The	 �u�i�ip��i�y	 �erives	 i�s	 �e�i�i���y	 fro�	 s���u�ory	 ru�es	 be��use	 i�	
represe��s	 �he	 s���e.	 Mi�r���s	 �pprove	 �h��	 re��	 is	 �o��e��e�	 by	 �he	 �u�i�ip��i�y	 be��use	 i�	
provi�es	�he�	�i�h	�ore	�e�ure	se�uri�y.	As	i�	���	for���	�ff�irs��	�his	��y	h�ve	�o	�o	�i�h	�he	
use	of	p�per	�o�u�e��s	�h��	e�h���e	�e�ure	se�uri�y.	�u�	i�	�he	pro�ess	of	�e�e��r��is��io�	-	i�	
�e�i�	�e�e��r��is��io�	is	�o�	ye�	�o�p�e�e	i�	�he	rur��	�re�	-	�he	�u�i�ip��i�y	see��s	�o	exer�	i�s	
influence and control over land tenure management, perhaps more as a rent seeking opportunity 
�h��	for	��y	re�so�	of	�e�h�o�o�i���	r��io���i�y.

Factors enhancing or diminishing mutual trust between landowners and migrants
I�	bo�h	�re�s��	�	��r��e�	i�	f�r�	����	�oes	�o�	ye�	exis�.	L���	is	re��r�e�	by	�he	���ives	�s	�	s��re�	
�oo�	i�heri�e�	fro�	�he	���es�ors	���	�h��	i�	����o�	be	so��	�o	��ybo�y	ou�si�e	�he	f��i�y.	I�	
Ouo�hi	�here	is	�o�	�u�h	�is��ree�e��	o�	����	o��ership��	si��e	�he	��ou��	���	�o���i�y	of	
p�y�e��	for	re��i��	of	����	is	�e�o�i�b�e.	I�	�oubouhou	�he	(ir)re�u��ri�y	of	re��	p�y�e��	is	
�he	��i�	sour�e	of	�is��ree�e��	be��ee�	�i�r���s	���	�he	�o��e��ivi�y	of	����o��ers.	“If you 
cannot pay the rent, you must leave our land!” is	�	re�u��r	�hre����	u��ere�	by	�er��i�	�e�bers	of	
�he	�o��e��ivi�y	of	����o��ers	�o	�i�r���s	�ho	�o	�o�	p�y	�he	ye�r�y	re��	o�	�i�e.	

The probit analysis (Table 3) revealed that only the total area cultivated was significantly 
(P	<	0.05)	�orre���e�	�i�h	�he	�i�r���s’	��p�bi�i�y	�o	p�y	�he	ye�r�y	re��.	Mi�r���s	�u��iv��i��	
�ess	 �h��	 3	 h�	 �ere	 �o�	 �b�e	 �o	 p�y��	 or	 p�i�	 re��	 i�	 i�s����e��s.	 Mi�r���s	 �u��iv��i��	 �ore	
�h��	3	h�	p�i�	re��	���	��	o��e.	The	�bi�i�y	�o	�u��iv��e	�ore	�h��	3	h�	is	�e�er�i�e�	by	��bour	
�v�i��bi�i�y��	i.e. the ability of migrants to mobilise migrant newcomers. This reflects whether a 
f�r�er	h�s	re��y	��sh	or	“so�i��	��pi���”	(i.e.	�	�e��or��	of	�o�����s	�i��i��	�o	�or��).
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So�e�i�es��	e�r�y	�i�r���s	�o��e��	�o�ey	fro�	�i�r���	�e��o�ers	�i�hou�	i�for�i��	
�he	����o��ers.	The	����o��ers	�re	�he��e���	�s	�hey	�o	�o�	�e�	���	�he	�o�ey	o�i��	�o	�he���	
while the early migrants improve their financial security to the point where they can cultivate 
a larger area with the possibility to acquire labourers, though their actions may reflect on their 
tenure security if they are suspected or found out. The new migrants find these under the table 

Table 3.	Probi�	resu��s	o�	si��ifi����	v�ri�b�es	�ffe��i��	�i�r���	�bi�i�y	�o	p�y	�he	ye�r�y	re��.	

V�ri�b�e	���e	 Types V�ri�b�e	�es�rip�io�	 Es�i���e�	

�oeffi�ie��

z P	>	|z|	

SURFACE_CULT Co��i�uous To��� surf��e	�u��iv��e�	i�	h�	 0.258* 2.25 0.024

CASHCROP_SURF Co��i�uous To���	surf��e	�u��iv��e�	i�	h�	

for	��sh	�rops	

-0.106	�s	 -0.51 0.610

COTTON_SURFACE Co��i�uous To���	surf��e	�u��iv��e�	i�	h�	

for	�o��o�	

0.273	�s	 0.56 0.573

LA�OURER �i��ry Use	of	��bourers	i�	�he	

househo��	f�r�	

(Yes	=	1;	No	=	0)	

-0.120	�s	 -0.27 0.789

HOUSEHOLD_	SIZE	 Co��i�uous Nu�ber	of	peop�e	i�	�he	

househo��	eve�	��bourers	

0.041	�s	 0.51 0.609

NUM�_WORKER Co��i�uous Nu�ber	of	peop�e	�or��i��	

for	�he	househo��	f�r�	

0.041	�s	 0.21 0.831

MIGRANT_AGE Co��i�uous Mi�r���s’	��e	i�	ye�rs	 0.008	�s	 0.34 0.730

RESIDENCE Co��i�uous Dur��io�	of	s��y	i�	ye�rs	of	

�he	�i�r���s	i�	�he	�re�	

-0.011	�s	 -0.38 0.702

ITINERARY �i��ry I�i�er�ry	fo��o�e�	by	�he	

�i�r���s	�he�	�o�i��	i�	�he	

S�vè	�re�

(�hose	es��b�ishe�	i�	o�her	

re�io�	before	�rrivi��	i�	S�vè	

�re�	=	1;	�hose	�rrivi��	

�ire���y	fro�	�heir	ho�e	

vi����e	i�	�he	S�vè	�re�	=	0)	

0.177	�s	 0.42 0.673

INTERCEPT -0.767	�s	 -0.86 0.391

M�F���e�	R-squ�re	=	0.222.	

*	si��ifi����	��	P	<	0.05.	
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p�y�e��s	 �	 ��y	 �o	 �e�	 i��o	 �he	 �o��u�i�y.	 Su�h	 si�u��io�s	 �rise	 i�	 �os�	 �i�r���	 vi����es.	
Certain migrants also flout the tenurial rules, and grow cashew which is a tree crop. The migrant 
��	f�u��	��y	�he�	be	�hre��e�e���	���	his	��she�	p����s	�es�roye���	i�	�hi�h	��se	�he	�i�r���	�oses	
while the landowner does not gain; an alternative is that the cashew trees will be confiscated, in 
�hi�h	��se	�he	����o��er	��i�s	�o�ey	�hi�e	�he	�i�r���	�oses	his	i�ves��e��.	I�	is	i�por����	
�o	�e��io�	here	�h��	�here	is	�o	oppor�u�i�y	for	�i�r���s	�o	e����e	i�	sh�re�roppi��	�i�h	�he	
����o��ers	�he�	��she�	is	�ro��.	Fro�	2003	�o	2004��	i�	�he	�oubouhou	�re���	�e�sio�s	be��ee�	
����o��ers	���	�i�r���s	i��re�se�	�ue	�o	�o�-p�y�e��	of	re����	�e��i��	�o	�he	evi��io�	of	�er��i�	
�i�r���s.	Abou�	60	perso�s	�ef�	for	Ni�eri���	�here	�he	�e�uri��	�o��i�io�	�ere	s�i�	�o	be	be��er	
�h��	i�	�oubouhou.	A��or�i��	�o	�he	�i�r���s	�here	�re	��so	�ore	fer�i�e	����s	�v�i��b�e	���	
�he	�e�uri��	�o��i�io�s	�re	b�se�	o�	sh�re�roppi����	or	��bour-for-����.	I�	�oubouhou��	�i�r���s	
���	�he	�o��e��ivi�y	of	����o��ers	�o	�o�	�o��u�i���e	�e��.	

We	�o�i�e�	�h��	�o��o�	�u��iv��io�	��s	�	s�r��e�y	�eve�ope�	by	�i�r���s	 �o	p�y	re��.	
Because cotton is a cash crop that brings revenue to the state, it has a well-organised filiere 
(�h���e���	or	�h�i�)	�i�h	i�pu�s	supp�ie�	o�	�re�i���	��	effe��ive	ex�e�sio�	servi�e��	�	��r��e�i��	
organization, fixed and profitable prices, and functional farmer organisations. Through the list 
of	�o��o�	�ro�ers��	����o��ers	�ere	����ys	i�for�e�	�bou�	�he	�u�ber	of	�i�r���s	pro�u�i��	
cotton, and especially the presence of newcomers in the field. An agreement was established 
be��ee�	 �he	 ����o��ers	 ���	 f�r�ers’	 or���is��io�	 (UCP	 ���	 GPC)	 �o	 sub�r���	 �he	 ye�r�y	
re��	fro�	�he	��ou��	of	�o�ey	e�r�e�	by	e��h	�i�r���	�f�er	se��i��	�heir	�o��o�.	The	sys�e�	
was successful before the entire cotton filiere collapsed due to world market conditions (e.g.	
subsi�ise�	 pro�u��io�	 i�	 USA	 ���	 Chi����	 Si�zo���	 et al.��	 2006).	 No����ys��	 fe�	 �i�r���s	
s�i��	�ro�	�o��o�.	Co��o�	�ro�ers	refuse�	�o	p�y	�he	re��	�hrou�h	�he	UCP.	A�	�he	s��e	�i�e��	
�o�-�o��o�	�ro�ers	���i�e�	�o	h�ve	�o�er	�rop	yie��s	���	�o�	���	u�pre�i���b�e	pri�es	i�	�he	
��r��e�.	Thus��	�he	�u�ber	of	peop�e	p�yi��	�he	re��	re�u��r�y	h�s	�i�i�ishe���	���	�he	��ou��	
of	�o�ey	e�r�e�	by	����o��ers	h�s	�i�i�ishe�	���or�i���y.	The	�e��y	i�	p�y�e��	for	�o��o�	
(Si�zo���	et al., 2004) has also diminished mutual trust. Difficulties in the cotton sector have 
h��	 �	 ���o���-o�	 effe����	 i�	 �er�s	 of	 �ore	 �i�espre��	 �e�sio�s	 ���	 suspi�io�s	 be��ee�	 ����	
o��ers	���	�e����s��	i��re�si��	�he	require�e��	for	�e�h��is�s	��p�b�e	of	bui��i��	sus��i��b�e	
and profitable land use and heightened trust.

Consensus building among stakeholders for sustainable tenure arrangement
I�	or�er	�o	so�ve	�he	�iffere��	�is��ree�e��s	re���e�	�o	�he	u��o�for��b�e	�e�ure	�rr���e�e��	
i�	�oubouhou��	�he	s����eho��ers��	espe�i���y	�he	����o��ers��	��ree�	�o	�e�o�i��e	�i�h	�i�r���s	
for	 �	 be��er	 �rr���e�e��.	 This	 require�	 �o�si�eri��	 �iffere��	 s����eho��ers’	 per�ep�io�s	 ���	
i��eres�s.	Fi�.	 3	prese��s	 �he	ou�pu�s	of	 �he	 ���io�	 rese�r�h	 �e��i��	 �o	 �	�e�o�i��io�	pro�ess	
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towards the adoption of consensual land use rules. In order to make people more confident 
�i�h	�he	���er���ive	�o��r���	�e�o�i��e�	�he	�iffere��	�roups	�e�i�e�	�h��	�he	pro�ess	shou��	be	
�o�i�ore�	�o	����e	i�	�ore	�r��sp�re��.

I�	S�ep	1��	�e	s��r�e�	�i�h	��reei��	�h��	prese��	�e�uri��	�rr���e�e��s	�re	u�f�vour�b�e	
for	bo�h	�i�r���s	���	i��i�e�ous	 i�h�bi����s	be��use	 �hey	 �e��	 �o	 ����	�e�r����io�.	I�	S�ep	
2��	�e	 f��i�i���e�	�e�o�i��io�	 �o��r�s	 �o-or�i���e�	���io�	 �o	 ���o��o���e	 ���	 i��eres�s.	This	
s�ep	��s	e�sy��	�s	���	���ors	re�o��ise�	�h��	 ����s	�ere	�e�r��i����	bu�	be���	�o	�ppe�r	�ore	
difficult when they gave different explanations. Landowners attributed land degradation to 
overexp�oi���io�	���	u�sui��b�e	��ri�u��ur��	pr���i�es	by	�i�r���s��	�here�s	�i�r���s	be�ieve�	
�h��	�e�ure	i�se�uri�y	�e�	�he�	�o	u�sus��i��b�e	��ri�u��ur��	pr���i�es	(T�b�e	4).	A��	s����eho��ers	
�ere	��ee�	�o	res�ore	soi�	fer�i�i�y��	or	��	�e�s�	�o	preve��	soi�	�e�r����io�.	This	see�e�	�o	provi�e	��	
opening for technology. The specific question raised for scrutiny was do landowners (especially 
����o��er	 �o��e��ivi�ies	 i�	 �oubouhou)	 e��b�e	 �i�r���s	 �o	 ��op�	 soi�	 fer�i�i�y	 i�prove�e��	
�e�h�o�o�ies	re���e�	�o	y��	pro�u��io�.	

I�	S�ep	3��	�he	s����eho��ers’	per�ep�io�s	o�	�he	o��	�e�uri��	�rr���e�e��	���	�he	�iffere��	
conflicting situations (amount of rent, mode of payment, land degradation, non declaration of 
�i�r���	�e��o�er��	e��.)	���	�heir	i��eres�s	�ere	�ssesse�.	I�	��s	��so	�	s��r�i��	poi��	�o	�����	
�bou�	perspe��ives	for	sus��i��b�e	����	�e�ure	�rr���e�e��.	To	quo�e	�	����o��er	of	�he	A�ushu	
�o��e��ivi�y:	We	re�o��ise	�h��	�i�r���s	�re	i�por����	for	our	vi����e��	�hey	h�ve	�eve�ope�	y��	
���	�o��o�	pro�u��io�	i�	our	�re�.	I�	�he	p�s���	y��	��s	�v�i��b�e	for	o��y	6	�o��hs	�	ye�r	bu�	
nowadays one can find yam  the whole year long. Even some new yam varieties have been  
i��ro�u�e�	i��o	�he	�re�	[by	�i�r���s].	They	h�ve	�o��ribu�e�	i�	�he	�re��io�	of	�he	y��	��r��e�	
i�	S�vè��	i�s�e��	of	se��i��	�heir	pro�u��s	�o	G��zoué.	�u�	�hey	�re	�e�r��i��	our	����s	���	so�e	
of	�he�	refuse	�o	p�y	�he	ye�r�y	re��.

The economic flux between the village of Ouoghi and the hamlets of the migrants has 
�e�er��e�	 �	 �e�	 sour�e	 of	 e�p�oy�e��	 for	 i��i�e�ous	 �o�e�.	 To	 quo�e	 o�e	 su�h	 �o���	
fro�	Ouo�hi	�e��r��:	We buy and resell the farm products especially yam, pepper and egusi in 
Ouoghi and Savè markets. Our men must forget about the rent and facilitate a collaborative 
atmosphere in order to attract more migrants to  the area because they are developing our 
village. Nowadays there are some women who have taxi moto (Zemidjan).

In Step 4 participants developed a shared interpretation of the situation reflecting, 
�s	 f�r	 �s	possib�e��	 ���	per�ep�io�s.	V�rious	 so�u�io�s	�ere	propose�	by	 �he	�iffere��	�roups:	
fors���e	re��	p�y�e����	re�u�e	�he	��ou��	of	re����	rever�	�o	�he	for�er	pr���i�es	(i.e.	��bour-for-
����	 �r��s���io�s)��	�r���	per�issio�	 for	�i�r���s	 �o	p����	 �rees	 (espe�i���y	��she�)��	�eve�op	
�o�u�e��e�	����	use	ru�es��	i��ro�u�e	i�prove�	����	�����e�e��	�e�h�o�o�ies	(re-�ffores���io�	
of	 �e�r��e�	 �re�s��	 i��e�r��io�	 of	 soi�	 fer�i�i�y	 i�prove�e��	 �e�h�o�o�ies	 i�	 ����	 use	 ru�es)��	
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Table 4.	Key	s����eho��ers’	per�ep�io�s	o�	e�viro��e����	�e�r����io�	i�	�he	S�vè	re�io�.	

E�viro��e����	�e�r����io�	S����eho��ers

C�uses Co�seque��es Respo�sibi�i�ie

s

So�u�io�s

N��ive

f�r�ers	

Defores���io���

overexp�oi���io�	of	�he	

������	�roppi��	p���er���	

bush	fires.	

Erosio���	soi�	fer�i�i�y	

�ep�e�io���	�e�re�se	

of	�rop	yie��.	

Mi�r���s	���	

�h�r�o��

pro�u�ers.

-	I�prove�	soi�	

fer�i�i�y	�����e�e��	

pr���i�es;	

-	Refores���io�.	

Mi�r���	

f�r�ers	

I�se�ure	����	�e�ure��	

i��re�se	�e����	for	y��	

���	�o��o���	�e���h	(�sse�).

Soi�	fer�i�i�y	

�ep�e�io���	�rop	yie��	

�e�re�se��	����	

s��r�i�y��	re�u��io�	

of	f���o�	perio�.	

L���o��ers

���

�o�su�ers.	

-	Dur�b�e	����	

�e�ure	�rr���e�e��;	

-	I�prove�	soi�	

fer�i�i�y	�����e�e��	

pr���i�es.

L���o��ers Defores���io���	�h�r�o��	

pro�u��io���	�es�ru��io�	of	

��r�ri��	����s��pes	by	

�i�r���	f�r�ers.	

L���	�e�r����io���	

�os�	of	bio�iversi�y	

(�i���ife	���	�rees).	

Mi�r���s -	Refores���io�;	

-	Respe��	of	����	use	

�o��r���.

Ex�e�sio�

servi�e

Re�u��io�	of	f���o�	

perio���	�o��i�uous	

�u��iv��io���	�efores���io���	

�e���	�eve�	of	�he�i���	

fer�i�iser	use��	�h�r�o��	

pro�u��io�.

Soi�	fer�i�i�y	

�ep�e�io���	erosio���	

u�sus��i��b�e

�roppi��	sys�e���	

�e�re�se	of	�rop	

yie��.

Mi�r���	���	

���ive	f�r�ers.	

-	I�prove�	�roppi��	

sys�e�;	

-	I�prove�	soi�	

fer�i�i�y	�����e�e��	

pr���i�es.

Rese�r�hers Overexp�oi���io�	of	�he	

f�r�������	�efores���io���	

�o�	��op�io�	of	�ur�b�e	

soi�	fer�i�i�y	�����e�e��.	

Soi�	fer�i�i�y	

�ep�e�io���	erosio���	

�e�re�se	of	�rop	

yie��.

Mi�r���	���	

���ive	f�r�ers.	

A�op�io�	of	

i�prove�	soi�	

fer�i�i�y	�����e�e��	

�e�h�o�o�ies.

Mu�i�ip��i�y Defores���io���	u�sui��b�e	

�roppi��	sys�e�.	

L���	�e�r����io�	

���	�rop	yie��	

�e�re�se.

F�r�ers	 I�prove�	soi�	

fer�i�i�y	�����e�e��	

�e�h�o�o�ies.
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and (finally) engage in collective action (involve farmers’ and migrants’ organisations in rent 
�o��e��io���	re�u���e	�rop	pri�es	i�	�he	��r��e���	use	re��	�o��e��e�	for	�eve�op�e��	���io�	fro�	
which migrants can benefit, as in Ouoghi village, etc.). 

Duri��	 �he	 ��s�	 s�ep	 of	 �he	 �e�o�i��io�	 pro�ess	 (S�ep	 5)��	 �he	 �iffere��	 proposi�io�s	
�ere	 �is�usse�	 ex�e�sive�y	 i�	 or�er	 �o	 �rrive	 ��	 ��	 ��ree�e��.	 Fors���i��	 or	 re�u�i��	 re��s	
���	 ��bour-for-����	 �r��s���io�s	�ere	 ���e�ori����y	 re�e��e�	by	 ����o��ers.	The	 �o��e��ivi�y	
of	����o��ers	of	�oubouhou	���	�ei�hbouri��	vi����es	preferre�	�ffores���io���	�o�	of	��she�	
bu�	of	spe�ies	for�er�y	�bu�����	i�	�he	�re���	su�h	�s	Afri���	��ho���y	(Khaya senegalensis)	
���	 Iro��o	 (Milicia excelsa)	 �u�	 �o��	 by	 �he	 �i�r���s.	 O��y	 �he	 she�-bu��er	 �ree	 (Vitellaria 
paradoxa)��	�hi�h	pro�u�es	�	ve�e��b�e	oi���	���	Afri���	�o�us�-be��	�ree	(Parkia biglobosa)��	
�hi�h	is	use�	i�	�he	pro�essi��	of	�	�r��i�io���	�us��r���	�ere	�ef�	s����i��	by	�i�r���s	�he�	
�hey	��e�re�	����.	As	�he	rese�r�h	���	�eve�op�e��	orie��e�	NGOs��	CeCPA	���	CE�EDES	�re	
i��ro�u�i��	��rofores�ry	i�	�he	�re�	for	per���e��	y��	�roppi��	(�	pro�e��	���o��	i�	Fre��h	�s	
sédentarisation de la culture d’igname avec le Gliricidia)��	bo�h	�roups	��ree�	�o	experi�e��	
�i�h	 �h��	 ��rofores�ry	 �e�h�o�o�y��	 si��e	 i�	 ��re��y	 h�s	 ��	 or���ise�	 ex�e�sio�	 servi�e.	 The	
per���e��	y��	�roppi��	�e�h�o�o�y	e�ph�sises	pru�i��	of	Gliricidia	sepium, a nitrogen-fixing 
tree planted in rows in the field, creating alleys between which yam is grown. Gliricidia can fix 
�i�ro�e�	���	i�s	�eep	roo�s	�or��	�s	pu�ps	�o	bri��	�u�rie��s	�o	�he	surf��e.	This	�e�h�o�o�y	��s	
�herefore	preferre���	�here�s	Khaya	���	Milicia	serve	o��y	for	�ffores���io�	purposes��	���	�re	
�o�	qui���-�ro�i��.	Khaya	h�s	�e�i�i���	proper�ies.

A	 prob�e�	 of	 �his	 �ype	 of	 �e�o�i��e�	 �rr���e�e��	 is	 �h��	 i�	 proposes	 �	 for�	 of	 �ree	
p����i��	���	he��e	of	����	�ppropri��io�.	�o�h	�roups	(�i�r���s	���	����-o��ers)	��ree�	�o	
spe�ify	i�	�o�u�e��e�	����	use	ru�es	�h��	p����i��	�rees	for	����	i�prove�e��	purposes	�oes	
�o�	�e��	�h��	����	users	��y	���i�	����	o��ership.	I�	���i�io�	�o	�he	per���e��	y��	�roppi��	
�e�h�o�o�y��	bo�h	�roups	��ree�	�o	pro�o�e	i�prove�	soi�	fer�i�i�y	�����e�e��	pr���i�es	su�h	
�s	�rop	ro���io�	by	i���u�i��	�e�u�es	i�	�he	ro���io�	sys�e�	i�s�e��	of	�ere��-�ere��	ro���io���	
���	�rop	resi�ue	�����e�e��.	These	i�prove�	����	�����e�e��	pr���i�es	�re	�i��e�y	�o	resu��	
i�	��	i��re�se	i�	�he	�ur��io�	of	����	u�i�is��io�.	

Analysis and Discussion

Tenure insecurity and land degradation: comparative analysis of migrant and native farmers 
cropping systems
I�	 ���y	 re��r�s��	 �he	 s�u�y	 �re�	 is	 si�i��r	 �o	 �hose	 �es�ribe�	 by	 ��rbier	 (1998)	 ���	 Gr�y	
���	Kev��e	(2001)	i�	sou�h-�es�er�	�ur��i��	F�so	���	Tiffe�	et al.	 (1994)	i�	Ke�y���	�here	
processes of intensification are also underway. With the presence of migrants, cultivated land 
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h�s	i��re�se�	��	�he	expe�se	of	fores�.	Mi�r���	f�r�ers	�re	b���e�	by	�he	you��	i��i�e�ous	
f�r�ers	for	re�u��io�	i�	f���o�	perio�s	���	soi�	�e�r����io�.	Popu���io�	�ro��h	��o��	�i�r���s	
���	i��re�se�	��r��e�	�e����	for	�er��i�	�rops	(y����	��ize	���	�o��o�)	h�ve	resu��e�	i�	����	
scarcity, and consequently reduction of the fallow period. Agricultural intensification was 
possib�e	�ue	�o	��bour	�v�i��bi�i�y��	provi�e�	by	se�so���	�i�r���	��bourers.	This	�e��s	�o	�ore	
�o��i�uous	�u��iv��io���	�hi�h	�h���es	����	ri�h�s.	A	subse�	of	�e���hier	f�r�ers	�re	�b�e	e�si�y	
�o	p�y	�he	ye�r�y	re����	�hereby	se�uri��	����	ri�h�s��	�here�s	poorer	f�r�ers	h�ve	�o	�b���o�	
the land because they cannot sustain cultivation through intensification, with the result that they 
be�o�e	�ess	se�ure	i�	�heir	�e�ure	ri�h�s.

This observation seemingly contradicts Boserup’s (1965) assumption that intensification 
of	��ri�u��ure	�o�	o��y	resu��s	i�	hi�her	yie��s��	bu�	��so	i�	i��re�si��	per	��pi��	pro�u��io�	��ross	
the board. In fact, whether intensification degrades or improves agricultural productivity in the 
circumstances described depends on labour availability, which in turn reflects the situation 
of	��bour	oppor�u�i�ies	ou�si�e	��ri�u��ure.	I�	is	prob�b�y	�ro��	�o	�ssu�e	�h��	�e�o�r�phi�	
or	 �e�h�o�o�i���	 �h���es	 �e��	 i�evi��b�y	 �o	 �er��i�	 ����–use	ou��o�es	 (�he�her	�e���ive	or	
favourable). What the approach above suggests is that specific trade-offs require to be identified 
�hrou�h	�o�su����io�	���	�e�o�i��io�.	Sp��e	is	require�	for	�o�su����io�	���	�e�o�i��io�	be��ee�	
�iffere��	s����eho��ers	�rou��	�e�h�o�o�i���	���	i�s�i�u�io���	op�io�s.

Critical reflection on the contractual  basis of sustainable land use agreements
Te�ure	se�uri�y	is	s�i�	�o	be	i�por����	for	�e�h�o�o�y	��op�io�	(Fr�ser��	2004;	M��yo��	���	
Houndékon, 2000). Tenure security is a necessary but probably not a sufficient condition. 
I��re�si��	 �e�h�o�o�y	 ��op�io�	 r��es	 ��so	 requires	 o�her	 �o��i�io�s��	 su�h	 �s	 ��r��e�s	 for	
additional output and efficient extension services.

The	 �e�uri��	 �rr���e�e��	 �e�o�i��e�	 �bove	 �o�sis�s	 of	 �he	 es��b�ish�e��	 of	 for���	
written rules introducing plantation of nitrogen-fixing trees for permanent yam cropping 
���	 ��op�io�	 of	 i�prove�	 soi�	 fer�i�i�y	 �����e�e��	 pr���i�es.	These	 pr���i�es	 �re	 �i��e�y	 �o	
i��re�se	�he	pro�u��ivi�y	of	�he	����	�o�p�re�	�o	previous	shif�i��	�u��iv��io�	�roppi��	sys�e�.	
Do�u�e����io�	serves	�s	�	��y	of	es��b�ishi��	 �h��	 �he	��op�io�	of	�e�	pr���i�es	 is	�	��i��	
of	�o��r���	be��ee�	�he	v�rious	p�r�ies.	The	use	of	‘pie�es	of	p�per’	 �o	se�ure	����	ri�h�s	 is	
�is�usse�	by	L�vi��e	De�vi��e	(2002b)	���	Ch�uve�u	(2003)��	bu�	i�	our	��se��	�his	p�per	�oes	
not refer to ‘sales’ or other forms of land rights ‘transfer’. Nor does it requires public officials 
�o	v��i���e	�he	�o��r���s.	This	�o�u�e��	is	�	règlement intérieur	for	����	use	�pprove�	by	bo�h	
groups and defining each group’s rights and engagement. It does not alter the existing balance 
of	 po�er.	The	 ���er���ive	 �e�uri��	 �rr���e�e��	 ��s	 re��he�	 �ue	 �o	 �he	 re�o��i�io�	 by	 bo�h	
�roups	of	�heir	i��er�epe��e��y.



Land tenure and sustainable soil fertility management

155

D���bé��o�	(1998)	���	R�v�bor�	���	�e�	Pi��r	Guerrero	(1999)	sho�e�	�h��	s����eho��ers	
�ho	 experie��e	 �u�u��	 �epe��e��e	 ���	 re��h	 effe��ive	 ��ree�e��s	 �bou�	 sus��i��b�e	
�����e�e��	of	���ur��	resour�es	o�	�hi�h	�hey	�epe��.	Never�he�ess��	so�e	prob�e�s	re��i�.	
The	���er���ive	�e�uri��	�rr���e�e��	�e�o�i��e�	i�	�he	�bove	experi�e��	requires	�o���bor��io�	
between R&D and extension institutions, both of which face material and financial shortages 
(Hee�s��er��	���	We��i�����	2006).	Sever��	soi�	fer�i�i�y	�����e�e��	�e�h�o�o�ies	�re	�v�i��b�e	
bu�	o�e	����o�	�u�r���ee	�heir	�i�e	��op�io�	by	�i�r���	���	���ive	f�r�ers	i�	�e��r��	�e�i�.	
This	is	be��use	�hese	�e�h�o�o�ies	i�p�y	ex�r�	�os�s��	espe�i���y	i�	�er�	of	��bour	(A�e�bo��	et 
al.��	2002).	Therefore��	�rr���e�e��s	�e�o�i��e�	�bove	�i��	be	�o�s�r�i�e�	by	��bour	�v�i��bi�i�y.	
A�	 e�o�o�i�	 i��e��ive	 su�h	 �s	 re��	 re�u��io�	 for	 �hose	 ��op�i��	 soi�	 fer�i�i�y	 �����e�e��	
pr���i�es	 �ou��	 he�p	 �o�so�i���e	 �he	 ���er���ive	 �rr���e�e��	 by	 �o�eri��	 �os�s��	 bu�	 �he	
����o��ers	re�e��e�	�his	propos��.	

I�	see�s	i�possib�e	�o	�o	b����	�o	�he	o��er	�e�uri��	�rr���e�e��	esse��i���y	b�se�	o�	
����-for-��bour	�r��s���io�.	Su�h	pr���i�es	�re	irre�riev�b�y	�os�	be��use	you��	�i�r���s	be�ieve	
�h��	�here	�re	be��er	oppor�u�i�ies	for	e�r�i��	�o�ey	�h��	hiri��	�he�se�ves	ou�	�s	��bourers.	
Adjei-Nsiah (2006) reports a similar finding for Wenchi, Ghana. The only way is forward. Thus 
it seems important to make the mutual benefit of better land use management visible to the 
s����eho��ers.

O�her	�or��	u��er����e�	 �s	p�r�	 of	 �he	 �o�ver�e��e	of	 s�ie��es	pro�e����	 of	�hi�h	 �he	
prese��	s�u�y	is	�	p�r���	sho�s	�h��	i�	is	possib�e	�o	e����e	f�r�ers’	���e��io�	i�	��	experi�e����	
�ppro��h	 �o	 �he	 ev��u��io�	 of	 ��ro-�e�h�o�o�y.	 I�	 pri��ip�e	 �he	 �o�i�ori��	 of	 �e�h�o�o�ies	
��ree�	�s	p�r�	of	����	�e�ure	�o��r���s	�ou��	be	�o�u�e��e�	i�	��ys	f��i�i�r	�o	s�ie��is�s	i�	
prese��i��	�heir	resu��s	for	�i�er	professio���	s�ru�i�y.	If	�he	��bour	�os�s	���	soi�	i�prove�e��	
benefits could be more precisely quantified then they could also be fed back into the documented 
�e�o�i��io�s	 ��	 �he	he�r�	 of	 �he	 �o��r���u��	 �ppro��h	�es�ribe�	�bove.	This	�i�h�	be	 �	��y	
�o	e�se	�he	ob�e��io�s	of	����	o��ers	�o	offeri��	re��	reb��es	for	be��er	����	�����e�e��	by	
�i�r���s.	

Conclusion

The	s�u�y	of	�he	��o	�e�uri��	�rr���e�e��s	i�	Ouo�hi	���	�oubouhou	reve��e�	re���io�ships	of	
�o�i����e	���	�epe��e��e	��o��	�he	v�rious	�roups.	�e��use	����	is	�o��e��ive�y	�����e�	
i�	 �he	Ouo�hi	 �re���	�epe��e��y	 re���io�ships	 ��o��	 �he	 ���ors	 �re	�i�i�ise�.	O��ers	 ���	
�e����s	re�o��ise	�u�u��	�epe��e��y	���	�ooper��e	over	bo�h	����	�����e�e��	���	�o��u�i�y	
�eve�op�e��	���ivi�ies.	The	s�u�y	sho�e�	�h��	�here	resour�es	(i���u�e	����	���	��bour)	�re	
�����e�	�o��e��ive�y	�u�u��	�rus�	be��ee�	s����eho��ers	is	e�h���e�.
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Wi�h	 �his	 e��our��i��	 �o���	 ex��p�e	 i�	 �i����	 ���e�p�s	 �ere	 ���e	 �o	 reso�ve	
�is��ree�e��s	 re���e�	 �o	 u�s��isf���ory	 �e�ure	 �rr���e�e��s	 �e��i��	 �o	 ����	 �e�r����io�.	
L���o��ers	��ree�	�o	�e�o�i��e	�ove�	�rr���e�e��s	�i�h	�i�r���s.	These	�e�o�i��io�s	�ere	
��rrie�	 ou�	 vi�	 �o��u�i�y-b�se�	 ���	 �u��i-s����eho��er	 p���for�s.	 The	 i��er�epe��e��e	
be��ee�	��ey	s����eho��ers	���	�he	s��r�i�y	of	fer�i�e	����	for	y��	�u��iv��io�	offere�	f�vour�b�e	
�o��i�io�s	 for	 �he	 �e�o�i��io�	 pro�ess.	 Fro�	 �he	 �iffere��	 proposi�io�s	 �is�usse���	 �he	
es��b�ish�e��	of	for���	���	�o�u�e��e�	����	use	ru�es��	i���u�i��	��rofores�ry	�i�h	�i�ro�e�-
fixing trees for permanent yam production and adoption of improved soil fertility management 
pr���i�es��	��s	��ree�	by	�i�r���s	���	����o��ers.	Ne�o�i��io�	��s	�u�h	�ore	�o�p�i���e�	
�i�h	����o��er	�o��e��ivi�ies	i�	�oubouhou	be��use	�hey	�i�	�o�	����	�he	po�er	re���io�ship	
be��ee�	o��ers	���	�i�r���s	�o	be	�h���e�.	I�	Ouo�hi��	�here	����	o��ers	���	�e����s	i��er���	
and communicate, formalization of modified tenurial arrangement proved easier to achieve. But 
in both the easier and more difficult cases negotiation seems the way forward. As a modality 
of conflict resolution, negotiation tends to work where both parties can more readily see their 
i��eres�s	i�	ob�e��ive	�er�s��	���	�here	i�	���	be	sho��	�hese	i��eres�s	�re	i��er-�epe��e��.	The	
p�per	proposes	so�e	possib�e	��ys	i�	�hi�h	�o�pe�i��	���i�s	over	����	use	�i�h�	be	brou�h�	
�o	�rbi�r��io�	�hrou�h	�o�u�e����io�	of	�e�h�o�o�i���	i��ov��io�	by	s����eho��er	p�r�ies.
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Chapter 8

General Discussion

Poor	soi�	fer�i�i�y	is	re��r�e�	�s	�he	u��er�yi��	f���or	�i�i�i��	pro�u��ivi�y	i�	Afri���	��ri�u��ure	
(Gi��er	et al.��	2006).	M��y	�e�h�o�o�i���	i��ov��io�s	h�ve	bee�	�eve�ope�	i�	or�er	�o	�����e	
soi�	 fer�i�i�y	 i�	 s����ho��er	 f�r�s	 (�uresh	 et al.��	 1997;	 W���i���o�	 et al.��	 1998)	 bu�	 �hese	
i��ov��io�s	�i�	�o�	�e�er���y	�ppe�r	�o	be	su��essfu�	(Pre��y��	1994;	�io�	et al.��	1995;	Dou�h��i�e	
et al.��	2001;	Dou�h��i�e��	2002).	The	very	 �i�i�e�	��op�io�	of	 �he	v�rious	 �e�h�o�o�ies��	���	
�bse��e	of	�i�espre��	�es�i��	���	experi�e����io�	by	f�r�ers��	�re	�is�ppoi��i��	(Gi��er	et al.��	
2006).	Re�so�s	u��er�yi��	�he	�����	of	i�p���	of	�u�h	��ri�u��ur��	rese�r�h	�re	u��oub�e��y	
�o�p�ex	���	i���u�e��	i�	���i�io�	�o	�e�h�i���	f���ors	(�i�e�r	�ppro��h	for	�r��sfer	of	�e�h�o�o�y)��	
�	hos�	of	so�io-e�o�o�i�	���	po�i�i���	f���ors.	Te�h�o�o�ies	�i�e�	��	be��er	�����e�e��	of	
soi�s	 shou��	 i���u�e	 su�h	 �o�p�i���io�s	 (e.g.	 �e�ure	 i�se�uri�y��	 ��bour	 �����e�e����	 ��r��e�	
ou��e���	 R&D	 i�s�i�u�io�s��	 e��.)	 ���	 �re��	 �he�	 �s	 i�here��	 ���ribu�es	 of	 soi�	 sys�e�s.	 O�	 �he	
other hand, a fundamental problem that the scientific community faces nowadays is the lack 
of	 i��e�r��io�	of	 �o���	���o��e��e.	The	��ey	���i�io���	s��i��	�o�po�e��	���e�	by	 �he	prese��	
s�u�y	��s	�o	bui��	upo�	f�r�ers’	��p��i�y	�o	experi�e����	�e�r�	���	�o	be�o�e	exper�s	i�	�heir	
o��	si�u��io�.	Co���bor��io�	be��ee�	f�r�ers	���	rese�r�hers	yie��s	i�e�s	�bou�	�i���i��	be�iefs	
(i��erpre���io�)	���	��us��	�e�h��is�s	�i�h	re��r�s	�o	�o���	����	�����e�e��	pr���i�es��	i.e.	
i�	�er�	of	�e�ho�o�o�i���	�ppro��h	use�	�he	s�u�y	�i���s	�o���	i�e�s	b�se�	o�	i��erpre���io�	of	
si��s	���	si����ures	�o	�	s�ie��e-orie��e�	fr��e�or��	b�se�	o�	exp�����ory	�e�h��is�s.

Reconciling farmers’ and scientists’ knowledge of soil-plant relationship

In the domain of agricultural science it is difficult to work with a sharp boundary between 
‘peop�e’s	s�ie��e’	���	‘s�ie��is�s’	s�ie��e’.	I�	f�����	���o��e��e	reper�oires	of	�he	v�rious	���ors	
�re	 �he	resu��	of	‘���o��e��e	e��ou��ers’	e���i�i��	�	‘fusio�	of	horizo�s’	�hi�h	�re	�	�ix	of	
the local and the scientific. There must be a real coexistence between the different forms of 
���o��e��e	for	sus��i��b�e	�eve�op�e��	(Lo����	1992).	The	ro�e	of	s�ie��is�s	i�	su�h	�	pro�ess	
is	 �o	����e	 �o���	���o��e��e	 re�ev���	 ���	u��ers�����b�e	 �o	�eve�op�e��	�or��ers.	This	�i��	
offer	��	oppor�u�i�y	�o	����e	use	of	i��i�e�ous	s���e�e��s	���	i��erpre���io�s	i�	�he	se�r�h	for	
scientifically measurable data concerning mechanisms of causation (Pawson and Tilley, 1997). 
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Whether local knowledge systems should be differentiated from scientific knowledge has been 
�	sour�e	of	�eb��e	si��e	A�r����	(1995)	�r�ue�	�h��	���e�p�s	�o	�is�i��uish	be��ee�	i��i�e�ous	
and scientific knowledge are problematic and misguided. The present study does not attempt to 
v��i���e	�o���	���o��e��e	���i�s�	�he	s�����r�s	of	s�ie��e.	The	e�ph�sis��	by	�o��r�s���	is	�o	�ry	
���	s��r�	fro�	�he	perspe��ives	of	bo�h	f�r�ers	���	s�ie��is�s	���	�o	��ose	��y	��p	�here	�i�h�	
be	 �hrou�h	 �oi��	experi�e����io�	���	�o-pro�u��io�	of	�e�	���o��e��e.	This	pro�ess	be�i�s	
with a thorough exploration of local and scientific soil knowledge. The discussion of local 
and scientific knowledge is important for several reasons: it both adds to �he	�e�er��	bo�y	of	
knowledge about soil fertility in specific locations, and brings out the fact that all knowledge 
is situated in a context. Farmers may have different classifications related to soil quality than 
�o	rese�r�hers��	���	u��ers����i��	�hese	�iffere��es	��y	poi��	 �o	�e��e��e�	bu�	rese�r�h�b�e	
�opi�s.	

F�r�ers	i�	�he	�e��r��	���	�or�her�	p�r�	of	�e�i�	�r�i�u���e	�heir	soi�	qu��i�y	�o��er�s	
usi��	 �o��ep�s	 re���e�	 pri��ri�y	 �o	 ��ri�u��ur��	 pro�u��io�.	 �o�h	 f�r�ers	 ���	 �o�ve��io���	
s�ie��e	use	�ex�ure	���	�o�our	�h�r���eris�i�s	�s	��ey	i��i���ors	for	�ssessi��	�he	sui��bi�i�y	of	
�he	soi�	(cf.	Ch�p�er	2).	F�r�ers	�o��e��e�	soi�	�o�our	���	�ex�ure	�i�h	fer�i�i�y	be��use	bo�h	
��o	 �ri�eri�	 provi�e	 qu��i���ive	 i�for���io�	 �bou�	 soi�	 or���i�	 ����er	 �o��e��.	 Fur�her�ore��	
f�r�ers	 �i���e�	 ve�e���io�	 �over	 (�	 �e�se	 ���opy	 pro�e��s	 �he	 soi�	 ���	 �re��es	 �	 f�vour�b�e	
�i�ro��i���e��	�hi�h	��y	s�i�u���e	soi�	bio�o�i���	���ivi�y)	 �o	 i�prove�	�u�rie��	�v�i��bi�i�y	
�hrou�h	bre����o��	of	p����	���eri��.	A��	of	�hese	�ri�eri�	h�ve	bee�	use�	i�	�he	prese��	s�u�y	
�o	ev��u��e	soi�	qu��i�y.	F�r�ers’	o��	u��ers����i��s	�ere	����e�	serious�y	�s	�	s��r�i��	poi��	
for	rese�r�h.

Fro�	 �he	 s�u�y	 o�	 be�iefs��	 per�ep�io�s	 (�u��ur��	 ���ep����e)	 ���	 u��ers����i��	 of	
e�r�h�or�s��	 �e	 fou��	 �h��	 f�r�ers	 �re	 �e��	 ���re	 of	 e�r�h�or�s	 i�	 ��ro-e�osys�e�s	 (cf.	
Chapters 3). But specifically, their ideas on the relation between earthworm activity and soil 
fer�i�i�y	�re	b�se�	o�	�orre���io�	r��her	�h��	o�	��us��	�e�h��is�s.	Mos�	f�r�ers	�o�si�er	��	
�bu�����e	of	surf��e	��s�s	�s	��	i��i���or	for	fer�i�e	soi�s.	Che�i���	����ysis	of	surf��e	��s�s	
confirmed that casts were richer in nutrients compared to the topsoil. But farmers’ terminology 
of earthworm casts as a kind of vitamin does not necessarily reflect knowledge of a causal 
ro�e	for	e�r�h�or�s	i�	e�h���i��	soi�	fer�i�i�y.	Therefore��	experi�e��i��	�i�h	e�r�h�or�	��s�	
material as fertiliser in the framework of a farmer field school (FFS) curriculum could be useful 
for	f�r�ers	�o	�is�over	�his	�o��e��io�.

The	 �ssess�e��	 of	 f�r�ers’	 ���o��e��e	 o�	 �he	 ro�e	 of	 �i�er��	 fer�i�isers	 for	 p����	
�ro��h	���	�eve�op�e��	reve��e�	�h��	f�r�ers	�ere	��so	���re	of	�ire��	���	resi�u��	effe��s	of	
fer�i�isers	(cf. Chapter 5). Growing maize after cotton and benefiting from this residual effect is 
a strategy developed by farmers to sustain grain production and improve food self-sufficiency. 
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Whi�e	 f�r�ers	 h��	 ���o��e��e	 o�	 �he	 �iffere��e	 be��ee�	 NPK-S�	 ���	 ure���	 �s	 �pp�ie�	 �o	
�o��o���	 �hey	 �i�	 �o�	 ����e	 �	 �iffere��e	 be��ee�	 resi�u��	 effe��s	 of	 bo�h	 fer�i�isers.	 F�r�ers	
�ere	��so	�o�	���re	of	�he	�iffere��	�or��i��s	of	�he	sep�r��e	�u�rie��s	i�	�	�o�pou��	fer�i�iser	
like NPK-SB. Finally, they did not link leaf colour and discolouration to nutrient deficiency. 
This	��s	espe�i���y	 �rue	 for	 re��ish	�is�o�or��io�s	of	 �e�ves��	�hi�h	s�ie��is�s	�o�si�ere�	�s	
a sign of phosphorus deficiency (cf.	 Ch�p�ers	 4	 ���	 5).	Ye��o�	 �e�ves	 �ere	 i��erpre�e�	 by	
scientists as evidence for nitrogen deficiency. While farmers did link dark green leaves with 
�he	�pp�i���io�	of	ure���	�hey	su��es�e�	�h��	�he	ye��o�	�e�ves	observe�	o�	��ize	�ere	�ue	�o	
moisture deficiency, not to nutrient shortage. In the case of fertiliser application there is room 
for	fur�her	�oi��	experi�e����io�.	A	re�u��io�is�i�	�ppro��h	i�	�	�oi��	experi�e����	�i���i��	�he	
i��ivi�u��	�o�po�e��s	of	�	fer�i�iser	�o	i��ivi�u��	si��s	of	p����	he���h��	��y	�o��ribu�e	�o	�ore	
efficient fertiliser use.

Potential of extensive cassava cropping system in soil fertility maintenance 

E�r�h�or�	��s�	e�ri�h�e��	��s	hi�hes�	o�	 �he	poores�	soi�s	���	��s�	bio��ss	��s	�iffere��	
be��ee�	��ss�v�	�u��iv�rs	(cf.	Ch�p�er	3).	Fur�her�ore��	f�r�ers	���i�e�	�h��	�iffere��	��ss�v�	
�u��iv�rs	h�ve	�iffere��	effe��s	o�	soi�	fer�i�i�y.	Therefore��	�he	be��er	��ss�v�	�or��s	ou�	for	soi�	
fertility the less it should be reflected in casts even though cast enrichment could be a sign 
indicating when and what to crop. Casts were significantly richer in nutrients than the topsoil 
bu�	�he	p���er�	of	��s�	e�ri�h�e��	�s	�	fu���io�	of	i�here��	soi�	fer�i�i�y	��s	v�ri�b�e.	These	
resu��s	�epe��	o�	i�i�i��	soi�	�o��i�io�s	���	�he	qu��i�y	of	�he	foo�	i�e�s	(Fr��oso	et al.��	1997;	
H�user	���	As��������	1998;	Nor�rove	���	H�user��	2000).	The	��i�	pr���i���	resu��	fro�	�his	
s�u�y��	b�se�	o�	�he	posi�ive	per�ep�io�	�h��	f�r�ers	h�ve	o�	e�r�h�or�s��	is	�h��	e�r�h�or�s	��y	
for�	��	e��ry	poi��	for	�he	e�h���e�e��	of	bio�o�i���	���ivi�y	by	i�p�e�e��i��	sui��b�e	����	
pr���i�es	(e.g.	�rop	resi�ue	�����e�e��	i�s�e��	of	bur�i��	�he�	�uri��	����	prep�r��io�)	i�	�he	
�o��ex�	of	�o�	ex�er���	i�pu�.	Fur�her�ore��	�here	is	�	�ee�	�o	e���r�e	f�r�ers’	���o��e��e	o�	
�he	posi�ive	ro�es	of	e�r�h�or�	i�	�he	i�prove�e��	of	soi�	physi���	(���re���io���	s��bi�i�y	���	
porosi�y)	���	bio�o�i���	proper�ies.	This	���	be	�o�e	i�	effe��ive	��y	�hrou�h	�he	fr��e�or��	of	
�	FFS	�urri�u�u�.	I�	�i��	i��re�se	f�r�ers’	i��eres�	���	i�vo�ve�e��	i�	fu�ure	experi�e����io�	
���/or	e�h���e	�he	u��ers����i��	of	u��er�yi��	�e�h��is�s	�e�er�i�i��	soi�	he���h.

Moreover��	 pre�i�i��ry	 observ��io�s	 poi��e�	 �o��r�s	 �	 ro�e	 for	 prior	 ��ss�v�	 i�	
���evi��i��	 P	 s�ress	 for	 subseque��	 �rops	 (cf.	 Ch�p�er	 4).	 We	 �herefore	 hypo�hesise�	 �h��	 �	
possib�e	�e�h��is�	��s	 �h��	��ss�v���	�	hi�h�y	�y�o�rophi�	�rop��	��y	 i�prove	phosphorus	
�v�i��bi�i�y.	 I�	h�s	bee�	 repor�e�	 �h��	hi�h	�y�orrhiz��	 i�o�u�u�	��	 �he	s��r�	of	 �he	�ro�i��	
season has beneficial effects on the growth and phosphorus uptake of cereals and legumes 
(Mi��er��	2000;	Goss	���	De	V�re��es��	2002).	The	effe��	of	��ss�v�	o�	subseque��	�rop	yie��	
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i�prove�e��	��y	be	soi�	�ype	���/or	��ss�v�	�u��iv�r	�epe��e��.	Fur�her�ore��	o�	�	re���ive	
b�sis	�he	�ubers	���u�u���e�	�ore	K	�h��	N	���	P.	O�e	�i�h�	be	�e�p�e�	�o	hypo�hesise	�h��	
subsequent crops may suffer from K deficiency or that the sustainability of the system may be 
prob�e���i���	(espe�i���y	i�	soi�s	�i�h	s����	K	poo�s).	This	i�e�	�eserves	fur�her	rese�r�h	i�	
order to look specifically at the K-balance. From the studies of Howeler (2002) and Adjei-Nsiah 
(2006)	i�	��so	�ppe�re�	�h��	o�her	�e�h��is�s	��y	be	i�vo�ve�.	C�ss�v�	���	re�u�e	�u�rie��	
�oss	by	preve��i��	erosio�	(�ue	�o	�he	���opy	�ype	���	�he	��ou��	of	�e�f	bio��ss)	���	possib�y	
by	suppressi��	�ee�	see�	b����	(A��ei-Nsi�h��	2006).	Hu�u����e	���	Ezu��h	(1991)	�e��io�e�	
that cassava sole cropping is an efficient strategy to protect the soil against water runoff and soil 
erosio�	be��use	i�s	���opy	pro�e��s	�he	soi�	surf��e	fro�	�he	effe��	of	hi�h	i��e�si�y	r�i�f���.

Le�f	 �i��er	of	��ss�v�	 is	��	 i�por����	sour�e	of	or���i�	����er	���	�u�rie��s	 (C�rs��y	
���	Tou��ourou��	2003).	V��	Noor��i���	���	Pur�o�isi�	(1992)	es�i���e�	2	�o	2.5	�	DM	h�-1	i�	
I��o�esi���	���	C�rs��y	���	Tou��ourou	(2003)	es�i���e�	2.0	���	2.8	�	DM	h�-1	(i�	u���e��e�	
���	fer�i�ise�	soi�)	i�	sou�her�	�e�i�.	S�r��o�iS�r��o�i	et al.	(1992) ���ribu�e� ��ize yie�� i�prove�e��(1992)	���ribu�e�	��ize	yie��	i�prove�e��	
i��e�i��e�y	�f�er	�	�e�se	s����	of	��ss�v�	i�	sou�her�	To�o	�o	�he	i�por����e	of	�e�f	�i��er.	D���	
by	A��ei-Nsi�h	(2006)	��so	i��i���e�	hi�h	��ize	yie��s	�f�er	��ss�v�	(�o�p�r�b�e	�o	�he	yie��s	
if maize was rotated with nitrogen-fixing legumes). The quality of the litter is quite good (C/N 
=	30;	�i��i�	22.1%;	S�ï�ou��	u�pub�ishe�).	A��ei-Nsi�h	(2006)	repor�e�	eve�	hi�her	N	�o��e��	
for	��ss�v�	�e�f	�i��er	(2.5%��	resu��i��	i�	C/N	=	20).	Dis�ppe�r���e	of	��ss�v�	�i��er	fro�	�i��er	
b��s	��s	��so	r�pi���	i��i���i��	hi�h	�i�ro�e�	�i�er��is��io�	po�e��i��.	O��s�����O��s�����	et al.	(1996)(1996)	
for	ex��p�e	s���e�	�h��	soi�	�v�i��b�e	N	���	ex�h���e�b�e	C�	���	M�	i�	��ss�v�	pure	s����s	
�ere	�re��er	�h��	�hose	i�	��ize	or	�ixe�	s����s.	

I�	�he	��se	of	�his	s�u�y��	�e	o��y	�es�e�	�he	�iffere��i��	effe��s	of	��ss�v�	�u��iv�rs	o�	
subseque��	��ize	�rop	yie��	i�prove�e����	bu�	�e	�i�	�o�	proper�y	�es�	�he	hypo�hesis	�he�her	
��ss�v�	i�proves	soi�	fer�i�i�y.	Our	resu��s	su��es�e�	�h��	�u�i�ious	�hoi�e	of	��ss�v�	�u��iv�rs	
��y	be	usefu�	i�	��i���i�i��	re�so��b�e	subseque��	�rop	yie����	���hou�h	�	��r�er	�u�ber	of	
��ss�v�	(�i�h	�iffere��	�r�hi�e��ures)	�ee�	�o	be	�es�e�	o�	�	�i�e	r���e	of	soi�s	���	u��er	�	�i�e	
r���e	of	��i���i�	�o��i�io�s.	This	rese�r�h	�us�	��so	i���u�e	�	be��er	�ssess�e��	of	�he	�o��-
�er�	effe��s	o�	�he	��i�	���ro�u�rie��s.	Phosphorus	fr���io���io�	i�	�he	�iffere��	soi�	��yers	
���	�	s�u�y	of	soi�	bio�o�i���	proper�ies	�i��	be	�ee�e�	�o	sho�	�he	ro�e	�h��	��ss�v�	���	p��y	i�	
influencing phosphorus dynamics.

Crop and nutrient management in the traditional cropping system

Crop	 ro���io�	 is	 o�e	 of	 �he	 s�r��e�ies	 i�p�e�e��e�	 by	 f�r�ers	 �o	 �ope	 �i�h	 �e��i�e	 of	 soi�	
fertility. The crop sequence in the field depends on several factors: soil fertility status, farmers’ 
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s��i����	foo�	h�bi�	���	prior	experie��es	espe�i���y	r�i�f���	���	��r��e�	oppor�u�i�y.	F�r�ers	�re	
���re	�h��	�oo�	�rop	ye�rs	resu��	i�	�ore	pro�u�e	o�	�he	��r��e�s	�s	�	�o�seque��e	of	�hi�h	
pri�es	�rop.	This	�o�er	pri�e	�is�our��e	f�r�ers	vis-à-vis	�his	�rop��	���	�hey	re�u�e	�he	�re�	
of	����	���o���e�	�o	�his	�rop.	Moreover��	�he	����	�����e�e��	s�r��e�y	b�se�	o�	vi�	�o��-�er�	
f���o�i��	is	�o	�o��er	fe�sib�e	be��use	of	s��r�i�y	of	fer�i�e	 ����.	I�	���i�io�	�o	 �he	s��r�i�y	
of land, agricultural intensification evolves towards permanent cropping systems (Sauerborn 
et al.,	2000)	�ue	�o	popu���io�	�ro��h	�hi�h	�e��s	�os��y	�o	��	i��re�si��	foo�	�e����.	The	
�ro�i��	�e����	for	foo�	�e��s	�o	�he	�ee�	for	�ore	pro�u��ive	�roppi��	sys�e�s.	No���	�i�h	
�he	�ee�	�o	�eve�op	per���e��	�roppi��	sys�e�s	���	�i�h	e�viro��e����	�o�si�er��io�s	bei��	
�he	��ey	�o	sus��i��b�e	f�r�i��	pr���i�es��	�	sui��b�e	(usefu�)	�rop	ro���io�	u��er	�he	�o��i�io�s	
of the poor yielding soils and the financial constraints of the small scale farmers which limits 
�heir	�bi�i�y	�o	buy	i�pu�s	�ou��	�o��ribu�e	�o	foo�	se�uri�y.

We	sho�e�	�he	r��io���i�y	of	f�r�ers	�o	���p�	fer�i�iser	pr���i�es	(�ixi��	NPK-S�	���	
ure���	 i�	or�er	 �o	so�ve	prob�e�s	of	 ��bour	shor���e	���	fer�i�iser	�v�i��bi�i�y	o�	 �he	��r��e�;	
lowering the NPK-SB dose for financial reasons). By cultivating maize after cotton farmers also 
obtained residual fertiliser benefits (cf.	Ch�p�er	5).	�u�	�he	sys�e���	fro�	�he	perspe��ive	of	�oo�	
��ize	yie��s��	is	vu��er�b�e.	The	freque��y	of	�o��o�	i�	�he	ro���io�	sys�e�	��s	��i��y	�ue	�o	i�s	
hi�h	e�o�o�i�	i�por����e	(��i�	��sh	�rop	i�	�e�i�	�i�h	�	�e��-or���ise�	�o��er�i��is��io�	
�h���e�	���	 i�pu�	�e�ivery	��	�re�i�).	The	�risis	 i�	 �he	�o��o�	se��or	 (Si�zo���	et al., 2006)	
�i��	��so	�ffe��	fer�i�iser	�v�i��bi�i�y	���	pri�es��	�hereby	�e�essi���i��	fur�her	���p�ive	���io�s	
by farmers who still want to benefit from residual fertiliser effects for the subsequent maize. 
This	experi�e��	��so	sho�e�	�h��	����	use	�ypes	(or	�he	seque��e	of	previous�y	�ro��	�rops)	
�ffe��e�	�u�h	�ore	�he	yie��	of	subseque��	��ize	�h��	�he	fer�i�iser	�pp�i���io�	pr���i�e.	This	
��y	 be	 �ue	 �o	 �he	 ��ou��	 ���	 �i�i��	 of	 N	 �pp�ie�	 i�	 �o��o���	 �rop	 �h�r���eris�i�s	 (roo�i��	
sys�e�	���	�u�rie��	require�e��)��	f�r�er	s��i��s	(�rop��	����	���	�ee�	�����e�e��	pr���i�es)��	
���	e�viro��e����	f���ors	(i�here��	soi�	fer�i�i�y).	��se�	o�	�hese	resu��s��	�e	su��es�	�h��	�he	
�iversi�y	i�	����	use	sys�e�s��	�u�rie��	s�o���s	i�	�he	soi�	���	f�r�	�o�s�r�i��s	(��bour��	�re�i���	
�v�i��bi�i�y	 o�	 �he	 ��r��e�)	 �us�	 be	 ���resse�	 i�	 or�er	 �o	 �o�e	 up	 �i�h	 r��io���	 fer�i�iser	
recommendations which will make fertiliser use more profitable to the farmers. The reduction 
of leaching and erosion effects and the improvement of nutrient use efficiency can best be 
perfor�e�	by	pro�o�i��	�rop	resi�ue	�����e�e��	(i��e�r��e�	�u�rie��	�����e�e��)	�hrou�h	
�he	fr��e�or��	of	�	FFS	�urri�u�u�.	I�	�his	p���for���	�he	issue	of	i�provi��	f�r�ers’	���o��e��e	
o�	�he	ro�e	of	i��ivi�u��	�u�rie��s	i�	�i�er��	fer�i�isers	�i��	��so	h�ve	�o	be	���resse�	i�	or�er	
to achieve better nutrient management in farmers’ fields.
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Validity of participatory on-farm experimentation in farmers’ condition

In the domain of science questions of rigour and generalisability of findings are important 
for the up-scaling issue where one needs to go from context-specific and location-dependent 
����	�o	�ore	�e�er��	���ou��s.	�u�	rese�r�h	�h��	i��e��s	�o	pro�u�e	��ri�u��ur��	�e�h�o�o�ies	
or	pro�esses	for	��op�io�	���	���p���io�	by	f�r�ers	�ee�s	 �o	 i��e�r��e	 �he	bes�	of	 �o���	���	
scientific knowledge. The issue of quality of science or rigour has also been at the heart of 
�u�h	�eb��e	�bou�	���o��e��e	�erive�	fro�	�r��i�io���	���	p�r�i�ip��ory	s�ie��e	(Pre��y��	1994;	
Ch��bers��	 1994;	 Di�����	 1997;	 M�Dou����	 ���	 �r�u���	 2003).	 C�e�r�y��	 ���ssi���	 ri�our	 is	 �o�	
in itself sufficient if the science cannot be transferred into real world complex systems. In 
�r��i�io���	rese�r�her-�e�	experi�e��s	�	�i�i�e�	�u�ber	of	f���ors	�re	usu���y	�es�e�	���	�he�	
�he	ex�r�po���io�	of	�he	resu��s	�o	�ore	�o�p�ex	se��i��s	is	prob�e���i�.

Joint experimentation with farmers is sometimes considered difficult, because farmers 
�re	 �hou�h�	u��i��e�y	 �o	�r�sp	 �he	s���is�i���	 issues	surrou��i��	experi�e����io�.	Rese�r�her-
managed experiments in farmer’s fields are for that reason preferred because replication is better 
��hieve�.	The	prese��	rese�r�h��	ho�ever��	sho�e�	�h��	�e�ui�e	���	effe��ive	experi�e��s	���	be	
�evise�	by	f�r�er	���	s�ie��is�s��	bu�	�h��	i�	is	i�por����	�o	re��h	��ree�e��	o�	�o��o�	ob�e��ives	
(e.g.,	sus��i�	�he	pro�u��ivi�y	of	����).	I�	is	�herefore	�e�ess�ry	�o	��eep	�he	i��er���io�s	be��ee�	
farmers and researchers transparent, and maintain trust and communication. Scientific rigour 
��s	����e�	i��o	���ou��	i�	�er�	of	s�����r�is��io�	(rep�i��bi�i�y��	ob�e��ivi�y��	represe����ive�ess��	
reduction of bias, and statistical significance). However, standardisation may be difficult to 
reach due to field diversity and differences in farmer management skills which may affect 
the structure of the field data collected (cf.	Ch�p�ers	4	���	5).	Ho�ever��	by	o��y	 �oo��i��	��	
v�ri�bi�i�y	 �s	�oise	 �h��	�ee�s	 �o	be	�ver��e�	ou�	 �hrou�h	�ppropri��e	 s���is�i���	 �e�h�iques��	
variation within and between fields and variation in farmers’ skills and practices is neglected. 
F�r�ers	�ou��	for	�h��	re�so�	�is�i��e	s���is�i�s	�s	�hey	�o	see	�iversi�y	�s	i�por����	���	eve�	
pro�o�e	i�	for	re�so�s	of	ris��-�versio�	(De	S�ee�hui�se�	Pi�ers��	1995).	Therefore��	bri��i��	bo�h	
�o��ep�s	of	v�ri��io�	���	v�ri�bi�i�y	(�esir�b�e	�iversi�y	versus	r���o�	�oise)	i�	��	experi�e����	
se�	up	is	�o�	����ys	e�sy.

The research has a further methodological twist. In order both to reach scientific rigour 
���	�ee�	f�r�ers’	expe����io�s��	exp�����ory	�e�h��is�s	���	i��erpre���ive	�ppro��hes	�ere	
combined. In much recent commentary by constructivist sociologists of science on scientific 
���ivi�y	 �hese	 ��o	 �ppro��hes	 h�ve	 bee�	 ri�orous�y	 ��ep�	 �p�r�.	 Here	 �e	 h�ve	 fo��o�e�	 �	
�iffere��	p��h.	Exp�i�i��y��	�s	��vo���e�	by	P��so�	���	Ti��ey	(1997)��	�he	�hesis	h�s	oper��e�	
�i�h	�he	�o�io�	�h��	���o��e��e	��quisi�io�	is	bes�	or���ise�	�rou��	�he	�eve�op�e��	of	re��is�	



Chapter 8

166

proposi�io�s	�i���i��	�o��ex���	�e�h��is�s	���	ou��o�es.	I��erpre���io�	–	��	�spe��	of	�o��ex�	
- can serve as a source of hypotheses about casual mechanisms, verifiable in the end by careful 
ex��i���io�	of	ou��o�es.	A��	s�ie��e	be�i�s	�i�h	i�e�s	���	�ssu�p�io�s.	�r�i�s�or�i��	�rou��	
testable ideas is the basic business of the scientific task group. What has been attempted here is 
�o	����e	f�r�ers	–	���	�heir	br�i�s�or�i��	of	�es��b�e	proposi�io�s	–	p�r�	of	�he	��s��	�roup.

Is collaborative research by scientists and farmers a route to the democratisation 
of science?

Sus��i��b�e	��ri�u��ure	����o�	su��ee�	�i�hou�	�he	fu��	p�r�i�ip��io�	���	�o��e��ive	���io�	of	
rur��	peop�e	(cf.	Ch�p�er	6).	Lo���	�roups	���	i��i�e�ous	i�s�i�u�io�s	�re	i�por����	for	rur��	���	
��ri�u��ur��	�eve�op�e��.	I�	our	s�u�y	�e	experi�e��e�	��	�ppro��h	�h��	i���u�e�	�o-rese�r�h	
(�ooper��ive	experi�e��)	by	 f�r�ers	���	s�ie��is�s	���	 �e�r�i��	by	�oi��	 for	e�h���i��	�o-
�o�s�ru��io�	 of	 ���o��e��e.	 Su�h	 rese�r�h	 shou��	 u��i���e�y	 �e��	 �o	 i�prove�	 �ive�ihoo�s	
�s	 �ssesse�	by	 �he	v�rious	�i�e�sio�s	of	 ��pi���	 i�	 �he	bro��	 se�se.	 I�	Ch�p�er	6	o��y	 ��o	
�i�e�sio�s	�re	�is�usse���	hu���	���	so�i��	��pi�����	���	i�	is	i�por����	�h��	��	�	���er	s���e	�he	
o�her	�i�e�sio�s	of	��pi���	�re	ev��u��e���	��so	over	�	�o��er	�i�e	sp��.	This	f�r�ers-ex�e�sio�	
��e��-rese�r�her-�e�	�roup	��s	per�eive�	 �s	 �	 �e�r�i��	 sp��e	�here	p�r�i�ip���s	 ex�h���e�	
���o��e��e	 o�	 sus��i��b�e	 ����	 �����e�e��.	 The	 s�ro��	 poi��	 here	 �o�p�re�	 �i�h	 si�i��r	
�o��u�i�y-�e�	�roups	is	�he	i�vo�ve�e��	of	�o���	�o��u�i�ies	���	o�her	s����eho��ers	�uri��	
problem identification, research agenda negotiation, and research implementation. In this 
pro�ess��	 rese�r�hers	 ���	 f�r�ers	 e����e�	 o�	 ��	 equ��	 b�sis	 i�	 p����i����	 i�p�e�e��i��	 ���	
�����i��	���io�	rese�r�h��	���	�hus	bui��	�	p���for�	for	seei��	s�ie��e	�s	�	sour�e	of	po�er	�o	
be	re�u���e���	�i��e	po�i�i���	po�er��	by	�e�o�r��i�	�e��s.

The	ou�pu�	of	�he	�ppro��h	��s	�he	e�h���e�e��	of	bo�h	hu���	���	so�i��	��pi�����	bo�h	
of	�hi�h	see�	i�por����	�i�h	re��r�	�o	i�provi��	ex�e�sio�	���	rese�r�h	�e�ivery	servi�es.	
The	pro�ess	yie��e�	�	s�re���he�i��	of	�o���	i�s�i�u�io���	���	or���is��io���	��p��i�y	of	f�r�ers��	
p���i��	�he�	i�	�	be��er	posi�io�	�o	�����e	�heir	resour�es	���	�o��u�i�y	�sse�s.	As	���y	s���es	
h�ve	��u��he�	���i�is�r��ive	�e�e��r��is��io�	pro�r��s	(Ro�he�u�e��	1998;	L�vi��e	De�vi��e��	
2003)��	�re��i��	su�h	�o���	f�r�ers’	i�s�i�u�io�s	�i��	s�re���h	�he	i��ov��io�	pro�ess	�i�h	�	fu��	
i�vo�ve�e��	of	f�r�ers	i�	�he	rese�r�h	���ivi�ies	���	�re��e	oppor�u�i�ies	for	�o���	peop�e	�o	
influence the research agenda with regards to soil fertility management. A step forward is to 
reor���ise	�o-rese�r�h	���ivi�ies	i�	re���io�	�i�h	��r��e�	�o��i�io�s��	f�r�er	�e��or��s	���	��ro-
e�o�o�i���	 zo�es.	A	 fo�us	o�	��ey	�o��o�i�ies��	 i�	 �he	�o��ex�	of	 �he	p�r�i�ip��ory	�ppro��h	
��vo���e���	�i�h�	�o�iv��e	f�r�ers	�o��r�s	�re��er	i�vo�ve�e��	i�	�o-rese�r�h��	���	he�p	bui��	
�	 p���for�	 of	 expe����io�	 ���	 �e����.	 Lesso�s	 �e�r�e�	 fro�	 f�r�er	 se�f-ev��u��io�	 of	 �he	
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�o-rese�r�h	 pro�ess	 su��es�s	 �h��	 i�	 is	 i�por����	 �o	 �eve�op	 �	 �ri�i���	 ��ss	 of	 rese�r�hers	 -	
especially ‘field’ researchers – capable of co-learning with farmers. This will contribute to the 
building of impact-oriented research, knowledge and development of institutions, reflecting 
�he	�ee�s	of	f�r�ers	i�	i�e��ifyi��	�e�	�ve�ues	of	rese�r�h.	The	�ri�i���	��ss	of	rese�r�hers	
���	ex�e�sio�is�s	�ou��	be	bui��	�hrou�h	�he	�eve�op�e��	of	�urri�u��	for	��ri�u��ur��	s�hoo�s.	
Fi����y	i�	�he	�o��ex�	of	�e�i���	�here	is	�	�ee�	�o	pro�o�e	i�s�i�u�io���	i��ov��io�	(i��orpor��io�	
of	CoS	phi�osophy	���	�ppro��h	 i��o	 �e�h�o�o�y	�eve�op�e��	pr���i�es��	or���is��io���	���	
�����e�e��	 rou�i�es	 ���	 i��o	 ��p��i�y-bui��i��	 pr���i�es)	 i�	 or�er	 �o	 ����e	 ��ri�u��ur��	
research and extension more client-oriented and client-driven through effective and efficient 
p�r�i�ip��io�	of	 f�r�ers	���	o�her	s����eho��ers.	The	�iffusio�	of	su��essfu�	 resu��s	or	 issues	
�h��	�ee�	fur�her	e�ph�sis	i�	�er�	of	i�prove�e��	of	f�r�er	���o��e��e	�ou��	bes�	be	�o�e	
�hrou�h	�he	�eve�op�e��	of	�o�u�es	for	FFS	�urri�u��	or	�hrou�h	�he	�eve�op�e��	of	�is�overy	
�e�r�i��	i�	��ri�u��ur��	rese�r�h	�o��i��ees.

Tenure security and sustainable land management

L���	�o�	o��y	s����s	��	�he	�e��re	of	��ri�u��ur��	pro�u��io�.	I�	is	��so	�	����er	of	�e���h��	po�er	
���	so�i��	i�e��i�y	(Ship�o�	���	Gohee���	1992).	The	�e��r��i�y	of	����	i�	���	�i�e�sio�s	of	rur��	
African life means that analysis of land tenure issues includes issues such as land use, efficiency 
of agricultural production, conflict management mechanisms, power relationships and social 
posi�io�	(L�vi��e	De�vi��e��	2004).	Afri���	����	�e�ure	sys�e�s	�o��i�ue	�o	be	see�	�s	�	���or	
b�rrier	�o	��ri�u��ur��	�eve�op�e��.	E�o�o�i�	�heories	su��es�	�h��	f�r�ers	�i��	be	re�u�����	�o	
i�ves�	i�	i�se�ure	����.	The	prese��	s�u�y	sho�e�	�h��	�he	o��er	i�for���	�e�uri��	�rr���e�e��s	
esse��i���y	b�se�	o�	��bour-for-����	�r��s���io�	�re	�h���e�	�ue	�o	�he	i��re�si��	i�por����e	
of	 �o�e��ry	 �r��s���io�s	 i�	 ��ri�u��ure	 ���	 �he	 prese��e	 of	 e�o�o�i�	 oppor�u�i�ies	 ou�si�e	
��ri�u��ure��	�hi�h	�o�s�r�i�	��bour	�v�i��bi�i�y	(cf.	Ch�p�er	7).	This	h�s	u��er�i�e�	�rus�	 i�	
�us�o��ry	����	�e����y��	�s	����o��ers	�re	�e�p�e�	�o	exp�oi�	�i�r���s	�hrou�h	�evyi��	hi�h	
yearly rents. Moreover, tenurial arrangements based on paying fixed annual rent independent of 
�he	surf��e	�re�	�o	be	�u��iv��e���	���	�	�ro�i��	�����	of	�rus�	be��ee�	����o��ers	���	�i�r���	
f�r�ers��	h�ve	re�u�e�	i��e��ives	�o	i�prove	��ri�u��ur��	����s.

Therefore��	 sus��i��b�e	 soi�	 fer�i�i�y	�����e�e��	 i�	 �he	 �r��si�io���	 zo�e	of	�e�i���	 i�	
�	�o��ex�	of	��r�e	�i�r��io�	�ove�e����	requires	�	�e�o�i��e�	i��erse��io�	be��ee�	p�r�i�u��r	
�e�h�o�o�i���	so�u�io�s	���	i�s�i�u�io���	�i�e�sio�s��	i.e. specific trade-offs require to be identified 
�hrou�h	�o�su����io�	���	�e�o�i��io�	be��ee�	�he	�iffere��	s����eho��ers	�rou��	�e�h�o�o�i���	
���	i�s�i�u�io���	op�io�s.	A	�e�h�o�o�y-b�se�	�i�-�i�	i��e��ive	s�ru��ure	�e�o�i��e�	�o	�o�iv��e	
�i�r���s	�s	�e��	�s	����o��ers	�ives	expe����io�	of	be��er	����	�����e�e��.	O�e	���er���ive	
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exp�ore�	 i�	 �his	 �hesis	 ��s	 �o	 �ry	 ���	 bui��	 i��o	 �e�uri��	 �rr���e�e��s	 for���	 �ri��e�	 ru�es	
introducing agroforestry with nitrogen-fixing trees for permanent yam cropping and adoption 
of	i�prove�	soi�	fer�i�i�y	�����e�e��	pr���i�es.	This	���e�p�	�o	i�ser�	�e�h�o�o�y	i��o	�	����	
�e�ure	 �o��r���	 ���	 be	 �o�p�re�	 �o	 ���e�p�s	 i�	 Nor�her�	 Gh���	 �o	 i�ser�	 see�	 �e�h�o�o�y	
i�prove�e��s	i��o	�o��r���	f�r�i��	�e�o�i��io�s��	�s	�es�ribe�	by	Ku����ie	(2006).	The	su��ess	
of	�his	ou��o�e	requires	o�her	�o��i�io�s	su�h	�s	��r��e�s	for	���i�io���	ou�pu���	��bour	�os�	���	
efficient extension services.

Do�u�e����io�	serves	�s	�	��i��	of	�o��r���	be��ee�	�he	v�rious	p�r�ies	(�i�r���	f�r�ers	
and landowners). It is not a form of ‘transfer’ of land rights but defines each group’s rights in 
re��r�	�o	��	e����e�e��	�rou��	����	use��	���	�oes	�o�	���er	�he	exis�i��	b�����e	of	o��ership.	
The	���er���ive	�e�uri��	�rr���e�e��	��s	re��he�	�ue	�o	�he	re�o��i�io�	by	bo�h	�roups	of	�heir	
interdependency. Its value lies in making the mutual benefit of better land use management 
visib�e	�o	�he	s����eho��ers.	I�	pri��ip�e��	�he	�o�i�ori��	of	�e�h�o�o�ies	��ree�	�s	p�r�	of	����	
�e�ure	�o��r���s	�ou��	be	�o�u�e��e�	by	s�ie��is�s.	This	�ou��	be	�	�e�	���	i��ov��ive	ro�e	
for	s�ie��is�s	i�	rur��	�eve�op�e����	perh�ps	�o�p�r�b�e	�o	�he	ro�e	of	p�r�-�e���	professio���s	
i�	o�her	�re�s	of	rur��	�ispu�e	reso�u�io�.	We	hope	�h��	rur��	�eve�op�e��	��e��ies	�i��	be�o�e	
interested in the idea, and in making use of local scientific capacity in this regard. 

Fro�	�he	ou��o�e	of	�he	prese��	rese�r�h��	�e	su��es�	�	�o��i�u��io�	of	�he	CoS	experie��e	
b�se�	o�	i�s	��hieve�e��s	(�he	�o��i�ui�y	of	f�r�er	rese�r�h	�roups	���	�he	�u��i-s����eho��er	
platform for conflict resolution that have been established). Emphasis on institutional issues 
�hrou�h	�o��o�i�ies	 (�o��o�)	 �h�i�	 (i�	 �he	��se	of	�e�i�)	 �ou��	be	��	 i�por����	 fo�us	bu�	
�here	is	��so	�	�ee�	�h��	�he	�ex�	ph�se	of	CoS	�o��i�ues	�o	�oo��	��	foo�	�rop	issues	(�re�i�	for	
fer�i�iser��	or���is��io�	of	�he	�h���e�	by	�re��i��	effe��ive	��r��e�i��	�h�i�s��	�ore	���e��io�	by	
rese�r�h	���	ex�e�sio���	e��.).	�y	e�ph�sisi��	o�	bo�h	�o��o�	���	foo�	�rops��	CoS	�i��	re��h	
o�e	of	 �he	ob�e��ive	of	 �he	Mi��e��iu�	Deve�op�e��	Go��s	 (UN	Mi��e��iu�	Pro�e����	2005)	
�hi�h	is	foo�	se�uri�y	���	pover�y	���evi��io�	i�	�eve�opi��	�ou��ries.
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Summary

Soi�	fer�i�i�y	�e��i�e	h�s	be�o�e	�	���or	�o��er�	of	po�i�y	����ers	�or��-�i�e��	espe�i���y	i�	
�eve�opi��	�ou��ries.	I�	�e�i���	�u�rie��	�ep�e�io�	�ue	�o	�he	shor�e�i��	of	�he	f���o�	perio�	
�i�hou�	�u�rie��	 rep�e�ish�e��	 is	o�e	of	 �he	��i�	��uses	of	 �he	�e��i�e	of	soi�	pro�u��ivi�y.	
M��y	�e�h�o�o�i���	i��ov��io�s	�o	so�ve	prob�e�s	of	soi�	fer�i�i�y	�e��i�e	h�ve	bee�	�eve�ope�	
���	ye�	�hese	i��ov��io�s	�o	�o�	�e�er���y	�ppe�r	�o	h�ve	bee�	su��essfu�.	The	��i�	re�so�s	
are a lack of fit between proposed techniques and local farming systems and farmer livelihood 
s�r��e�ies��	 �i�i�e�	 �v�i��bi�i�y	 ���	 ���essibi�i�y	 of	 ex�er���	 i�pu�s��	 �����	 of	 ��r��e�	 ���ess��	
tenure insecurity and finally lack of participation by land-users in designing and implementing 
�e�h�o�o�ies.	The	 �op-�o��	�ppro��h��	 i�	 �i�e	�i�h	 �he	 �i�e�r	Tr��sfer	 of	Te�h�o�o�y	 (ToT)	
�o�e���	��y	be	��	i�por����	re�so�	for	�his	�����	of	su��ess.	I�s�e����	f�r�ers	��op�e�	�heir	o��	
�ppro��hes	�h��	i�	�he	p�s�	resu��e�	i�	sus��i��b�e	�ive�ihoo�	pr���i�es.	This	s�u�y	su��es�s	�	
s�r��e�y	of	�is�e�i��	�o	���	�e�r�i��	fro�	f�r�ers’	o��	���o��e��e	�s	�	s��r�i��	poi��	for	rese�r�h	
�i�e�	��	soi�	i�prove�e��.	The	�e�er��	�ppro��h	is	b�se�	o�	�he	i�e�	of	see��i��	�o�ver�e��e	
be��ee�	f�r�ers’	���o��e��e	���	�o�ve��io���	s�ie��es.	This	of�e�	i�vo�ves	�ryi��	�o	����e	�	
�o��e��io�	be��ee�	i��erpre�ive	���	exp�����ory	���ou��s.	The	rese�r�h	��so	res�s	o�	�he	i�e�	
of convergence between natural and social sciences (β - γ integration). The study forms part of 
�	��r�er	pro�r���e	‘Co�ver�e��e	of	S�ie��es:	i���usive	�e�h�o�o�y	i��ov��io�	pro�esses	for	
be��er	i��e�r��e�	�rop	���	soi�	�����e�e��’.	The	�e�er��	ob�e��ive	of	�y	rese�r�h	pro�e��	��s	
�o	i�prove	f�r�ers’	�����e�e��	pr���i�es	�i�h	re��r�	�o	soi�	fer�i�i�y.	The	s�u�y	��s	��rrie�	
ou�	i�	�he	sub-prefe��ure	(‘Co��u�e’)	of	S�vè��	�o���e�	i�	�he	�r��si�io���	��ro-e�o�o�i���	zo�e	
of Benin. Since 1975 there has been an influx in the region of migrants from Atacora-Donga 
���	�he	Abo�ey	P���e�u.	There	�re	spe�i��	prob�e�s	i�vo�ve�	i�	e��our��i��	�i�r���	f�r�ers	
�o	�o�serve	soi�s��	�ue	�o	�heir	�e���	����	ri�h�s.	The	�e�ho�o�o�i���	�ppro��h	use�	i�	�his	s�u�y	
i���u�e�	�	 �e�h�o�r�phi�	s�u�y	�hi�h	exp�ore�	 �he	 i��ov��io�	 ����s��pe��	�i���os�i�	s�u�ies	
�o	����e	pre-����y�i���	�hoi�es	exp�i�i���	���	�he	�esi��i��	of	�oi��	���io�	rese�r�h	i�	f�r�ers’	
�o��i�io�.

Ch�p�er	2	prese��s	resu��s	of	�he	�i���os�i�	s�u�y	��rrie�	ou�	�uri��	�he	�roppi��	se�so�	
(Ju�e-Nove�ber)	2002	i�	�he	A���or�-Do���	���	S�vè	zo�es.	The	per�ep�io�	of	f�r�ers	�bou�	
�he	 ��uses	 ���	 �o�seque��es	 of	 ����	 �e�r����io�	 ���	 �orre��ive	 ���io�s	 for	 sus��i�i��	 soi�	
fertility, and farmers’ criteria and approaches for soil classification and differentiation, were 
s�u�ie�.	 Fur�her�ore��	 �he	 rese�r�h	 �rie�	 �o	 �rrive	 ��	 �	 fr��e�or��	 for	 u��ers����i��	 �e�ure	
�rr���e�e��s.	F�r�ers’	i��i���ors	for	�ssessi��	soi�	qu��i�y	���	fer�i�i�y	�re	��i��y	b�se�	o�	�he	
occurrence of specific weeds, soil texture, colour, and hydrological quality, soil workability, and 
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soi�	f�u��	(e�r�h�or�	��s�i��	���ivi�y).	To	�ope	�i�h	�he	prob�e�	of	����	�e�r����io���	f�r�ers	
h�ve	�eve�ope�	s�r��e�ies	���	���ivi�ies	�h��	ei�her	��i���i�	or	e�h���e	�rop	pro�u��ivi�y��	or	
�hi�h	f�r�ers	be�ieve	so�ve	pro�u��ivi�y	prob�e�s.	These	s�r��e�ies	i���u�e	��i���	���ure��	
inorganic fertiliser, crop rotation, five years fallow, extensive cropping systems with cassava 
or	e�usi	�e�o���	���	e�i�r��io�.	L���	�e�ure	�rr���e�e��s	be��ee�	����o��ers	���	�i�r���	
f�r�ers	�ffe��	soi�	fer�i�i�y	�����e�e��.	The	�i���os�i�	s�u�y	poi��e�	�o��r�s	�he	i�por����e	
of	bui��i��	�u�u��	�rus�	���	�he	�ee�	�o	experi�e��	�i�h	�iffere��	�e�ure	�rr���e�e��s.	A�o�her	
issue	r�ise�	�uri��	�he	�i���os�i�	s�u�y	��s	�he	�e�o�i��io�	of	�	�o��o�	fr��e�or��	for	�oi��	
rese�r�h.	I�	or�er	�o	�es�	�he	v��i�i�y	of	f�r�ers’	���i�s��	�e	��ree�	�o	i�ves�i���e	�he	po�e��i��	
of	ex�e�sive	e�usi	�e�o�	���	��ss�v�	ro���io�s	�s	�	�e��s	�o	res�ore	soi�	fer�i�i�y	���	��i���i�	
��equ��e	 �rop	 yie��s.	 We	 ��so	 ��ree�	 �o	 �es�	 �he	 po�e��i��	 of	 previous	 �o��o�	 fer�i�iser	 o�	
subseque��	��ize	yie��	i�prove�e��.	The	�i���os�i�	ph�se	e��e�	�i�h	�he	es��b�ish�e��	of	�	
�o��u�i�y-b�se�	S����eho��er	Le�r�i��	Group	(SLG)	i���u�i��	p���i��	��	ex�e�sio�	��e��	i�	
�h�r�e	of	�o-rese�r�h	���ivi�ies.	I�	su�h	�	�o��i��ee	�he	�o��ep�	of	�e�o�r��is��io�	of	s�ie��e	
is	 ����e�	serious�y	�he�	f�r�ers	���	rese�r�hers	e����e	 i�	 rese�r�h	�is�ussio�s	o�	��	equ��	
b�sis.	

Ch�p�er	3	�i���s	f�r�ers’	per�ep�io�s	�bou�	��ss�v�	���	e�usi	�e�o�	�i�h	soi�	fer�i�i�y	
���	 ����yses	 �he	 ro�es	 of	 e�r�h�or�s	 i�	 �hese	 sys�e�s.	T�o	 �oi��	 experi�e��s	 i�	 ex�e�sive	
��ss�v�	(v�rie�ies	o�o��bo��	�ou���é	���	�e�	86052)	���	e�usi	�e�o�	(v�rie�ies	b����	u�b�	���	
Cô�e	�’Ivoire)��	�o�pe�	���	��ize	�u��iv��io�	�ere	�esi��e�	 �o	ope�	�	p��h	be��ee�	f�r�er	
interpretations and scientific explanations of earthworm casting activities. Almost all farmers 
�ere	 ���re	 of	 e�r�h�or�s��	 ���e�	 �o����y	 idjèlè	 (soi�	 e��er).	 N��ives	 ���	 �i�r���s	 �ere	
equally knowledgeable, but there were significant gender differences in terms of perception on 
e�r�h�or�s.	The	prese��e	of	e�r�h�or�	��s�s	is	use�	by	f�r�ers	�s	��	i��i���or	for	soi�	he���h.	
F�r�ers	u��ers����	��s�s	�o	be	�	��i��	of	‘vi���i�’	i��i���i��	�oo�	�o��i�io�s	for	�rop	�ro��h.	
The	 ���ori�y	 of	 f�r�ers	 �o�si�ere�	 r�i�f���	 or	 soi�	 �ois�ure	 �s	 �he	 ��i�	 f���or	 u��er�yi��	
e�r�h�or�	��s�i��	���ivi�y.	C�s�	�eposi�io�	��s	8-15	�	h�-1 in the cassava fields and 4-7 t ha-1	i�	
the egusi fields. Within cassava fields casting was significantly higher with variety Ben 86052 
than with varieties odongbo and Bouaké. Casts showed significantly higher concentrations of 
macronutrients than the topsoil. In the cassava fields, cast enrichment with total N and Ca2+	
was highest in the fields with the lowest fertility, but no specific enrichment in the casts as a 
fu���io�	of	 soi�	 fer�i�i�y	��s	 re�is�ere�	 for	�v�i��b�e	P	���	ex�h���e�b�e	M�2+.	 I�	 �he	e�usi	
melon experiment cast enrichment was highest for available P while no specific cast enrichment 
��s	re�is�ere�	for	ex�h���e�b�e	C�2+.	
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I�	Ch�p�er	4	�e	�es�e�	f�r�er	���i�s	o�	�he	po�e��i��	of	��ss�v�	�o	i�prove	subseque��	
��ize	 yie��.	We	 ��so	 �es�e�	 �he�her	 �	 �i�i�u�	 �ose	 of	 100	 ���	 h�-1	 NPK-S�	 14-23-14-5-
1	 fer�i�iser	 �pp�ie�	 �o	 subseque���y	 p����e�	 ��ize	 i�proves	 p����	 perfor����e	 ���	 �ffe��s	
i��i�e��e	of	�rbus�u��r	�y�orrhiz��	 fu��i	 (AMF).	C�ss�v�	�u��iv�r��	 soi�	�ep�h	���	 fer�i�iser	
input all significantly affected the numbers of AMF spores. Spore numbers were significantly 
�e���ive�y	�orre���e�	�i�h	pH	(H2O)��	P-�r�y1	���	�o���	N.	These	�orre���io�s	su��es�	�h��	i�	�he	
�ore	fer�i�e	soi�s	spore	�u�bers	(bu�	�o�	fr���io���	�o�o�is��io�)	�e��i�e.	The	��ss�v�	�u��iv�rs	
did not significantly change soil chemical properties. However, cassava cultivar, subsequent 
fertiliser treatment, and farmers’ management affected significantly maize grain yield. Fertiliser 
treatment in these conditions significantly improved maize yield by a factor of 1.5 compared 
with the unfertilised field. Cassava cultivar, fertiliser treatment and farmers’ management 
significantly affected uptake of N and P. The ratios of nutrient uptake rates indicated that P was 
�he	��i�	�i�i�i��	�u�rie��.	Ho�ever��	N	��s	�he	�os�	�i�i�i��	�u�rie��	i�	�he	subseque��	po�	
experi�e��.	Fr���io���	�o�o�is��io�	of	��ize	roo�s	by	AMF	r���e�	fro�	23	�o	38%.	I�	�he	�o�-
fertilised pots, fractional maize root colonisation by AMF was significantly correlated with root 
fresh	�ei�h���	shoo���	���	N��	P��	���	K	up����e	i�	�he	shoo�.	I�	see�s	�here	is	so�e	b�sis	�o	�h��	
f�r�ers	���i�.	My�orrhiz��	�sso�i��io�s	��y	be	p�r�	of	�he	exp�����io�.	H�vi��	�rrive�	��	��	
���re�ess	of	�y�orrhiz�	vi�	experi�e����io�	f�r�ers	��ree�	�o	����	�he�	a fun n’kin oko lodjè��	
�hi�h	�i�er���y	�e��s	‘p����	foo�	provi�er’	i�	T�h�bè��	�	Yorub�	�i��e��.

I�	Ch�p�er	5	�e	i�ves�i���e�	f�r�ers’	���o��e��e	�o��er�i��	�he	ro�e	of	NPK-S�	���	ure�	
fer�i�iser��	�he	effe��	of	prior	fer�i�iser	�re���e��s	���	����	use	�ypes	o�	soi�	�he�i���	proper�ies	
and finally the response of cotton and subsequent maize to fertiliser treatment according to 
re�o��e��e�	���	f�r�ers’	pr���i�es.	F�r�ers	���ribu�e�	p����	�ro��h	���	�eve�op�e��	�o	�he	
�o��ribu�io�	of	NPK-S�	fer�i�iser��	���	p����	he���h	���	yie��	i�prove�e��	�o	ure�.	Ho�ever��	
�hey	 �i�	 �o�	 sep�r��e	 effe��s	 of	 �he	 i��ivi�u��	 �u�rie��s	 (N��	 P��	 K).	 Fur�her�ore��	 f�r�ers	
�ere	���o��e��e�b�e	�bou�	 resi�u��	effe��s	of	 fer�i�iser.	Hi�h	�os�s	of	 fer�i�iser��	 �heir	 �i�i�e�	
�v�i��bi�i�y��	���	�����	of	 ��bour	for�e	f�r�ers	 �o	���p�	exis�i��	fer�i�iser	re�o��e����io�s	�o	
their farming system. Cotton fibre and seed mass ranged between 1.2 to 2.0 t DM ha-1.	P-�r�y	1	
before planting the subsequent maize was significantly affected by fertilisation treatments. The 
�o�es�	��ize	yie��s	(0.3-0.4	�	DM	h�-1	���	0.7-1.0	�	DM	h�-1	for	�r�i�	���	s�over	respe��ive�y)	
�ere	re�is�ere�	i�	�he	�rou���u�-��ize-�o��o�	����	use	sys�e�	���	�he	hi�hes�	(2.2-2.5	�	DM	
h�-1	���	4.3-4.7	�	DM	h�-1)	i�	�he	e�usi	�e�o�-�o��o�-�o��o�	sys�e�.	Co��o�	yie��s��	soi�	�he�i���	
properties, subsequent maize yields and nutrient uptake were significantly affected by land use 
�ype.	The	N	:	P	r��ios	of	�u�rie��s	����e�	up	i��i���e�	�h��	P	��s	re���ive�y	�ore	�i�i�i��	i�	�he	
e�usi-�o��o�-�o��o�	sys�e���	�here�s	N	��s	re���ive�y	�ore	�i�i�i��	i�	�he	��ss�v�-��ize-�o��o�	
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sys�e�.	This	resu��	is	�o�sis�e��	�i�h	�he	hypo�hesis	�h��	��ss�v�	�ou��	i�prove	P	�u�ri�io�	of	�	
subseque��	�rop	�hrou�h	�y�orrhiz��	��rry-over	effe��s.

Ch�p�er	6	ex��i�es	�he	i�p���	of	�he	SLG	i�	�er�s	of	��o	�i�e�sio�s	of	sus��i��b�e	
�ive�ihoo�	����ysis	(hu���	���	so�i��	��pi���).	The	over���	�ppro��h	��s	�	�iffere��e	�esi��	
(before	���	�f�er	si�u��io�).	Ne�o�i��io�	of	rese�r�h	��e�����	p����i����	i�p�e�e��i����	�����i��	
���io�	rese�r�h	���	�o��i�uous	�o�i�ori��	���	ev��u��io�	�ere	��ey	s�eps.	F�r�ers	���	rese�r�hers	
e����e�	i�	�	�ri�i���	�i��o�ue	(�e�o�r��is��io�	of	s�ie��e).	I�	��	�ssess�e����	73%	of	f�r�ers	
���i�e�	 �h��	 �hey	 p�r�i�ip��e�	 i�	 �he	 SLG	 i�	 or�er	 �o	 i�prove	 �heir	 ���o��e��e	 �hi�e	 27%	
���e��e�	�he	foru�	ou�	of	�uriosi�y.	There	is	evi�e��e	�h��	�o-rese�r�h	���ivi�ies	h��	i�prove�	
bo�h	hu���	��pi���	(f�r�ers’	i��ivi�u��	���o��e��e	���	��p��i�y	bui��i��)	���	�he	so�i��	��pi���	
(�roup	�y���i���	sp��e	for	i��ov��io���	i��er���io���	�e�o�i��io�	s��i��s��	i�prove�e��	of	�roppi��	
pr���i�e��	i�prove�e��	of	so�i��	re���io�ships��	���	i�for���io�	sh�ri��).	F�r�ers’	���o��e��e	
o�	�he	ro�e	of	N��	P	���	K	�u�rie��s	���	�rbus�u��r	�y�orrhiz��	fu��i	h��	bee�	hi�h�y	i�prove�.	
The	�o-rese�r�h	pro�ess	e�ri�he�	�he	p�r�i�ip��ory	�ppro��h	by	pro�o�i��	�he	�o-�o�s�ru��io�	
of	���o��e��e.	A	�e�o�i��io�	pro�ess	�o	es��b�ish	�e�h��is�s	of	�i�����e	be��ee�	�o��u�i�y	
���	�is�ri��	�eve�	i�s�i�u�io�s	is	�	vi���	�ex�	s�ep	for	�he	s���i��-up	of	�he	�o-rese�r�h	pro�ess.	
This	s���i��	up	�i��	require	�o�si�er�b�e	i�ves��e��	i�	hu���	resour�es��	i�	�e�	e�u���io���	
f��i�i�ies��	���	i�	bui��i��	qu��i�y	p�r��erships	for	�e�r�i��	���	���io�	rese�r�h.	A	s�ep	for��r�	
�i�h�	be	 �o	 fo�us	o�	��ey	 (��sh-e�r�i��)	 �o��o�i�ies	 i�	or�er	 �o	�o�iv��e	 f�r�ers	 �o��r�s	
�re��er	i�vo�ve�e��	i�	�he	�o-rese�r�h��	���	he�p	bui��	�	p���for�	of	expe����io�	���	�e������	
�i�hou�	�hi�h	rese�r�h	�i��	�o��i�ue	�o	see�	irre�ev���	�o	���y	f�r�ers.

Ch�p�er	7	repor�s	ho�	�e�	for�s	of	�rus�	���	be	bui��	i�	or�er	�o	�o�iv��e	����o��ers	
���	 �i�r���s	 �o	 �or��	 �oi���y	 for	 f�ir	 so�u�io�s	 �o	 prob�e�s	 of	 soi�	 �e�r����io�.	 We	 repor�	
�he	 resu��	of	��	 i��erve��io�	 �o	�o�s�ru��	�i�-�i�	s�e��rios	�rou��	�e�	 �e�h�o�o�ies��	usi��	
��op�io�	 of	 bes�	 pr���i�es	 �s	 ��	 i��e��ive	 for	 offeri��	 be��er	 �e����y	 �er�s��	 �i�h	 �	 ro�e	 for	
s�ie��is�s	i�	he�pi��	ope�	up	p��h��ys	�o	sus��i��b�e	�����e�e��	���	�o�i�ori��	of	resu��s.	
Two contrasting tenure arrangement systems occur. The first is found in Ouoghi village, where 
����o��ers	���	vi����ers	�re	or���ise�	�rou��	�he	‘Asso�i��io�	�e	Déve�oppe�e��	E�o�o�ique	
e�	So�i��	�u	Vi����e	�e	Ouo�hi’	(ADESVO).	The	se�o��	is	fou��	i�	�oubouhou��	�here	����	
�e�ure	is	�����e�	by	����o��er	�i�e��es.	I�	bo�h	sys�e�s��	�i�r���s	�re	�o�	���o�e�	�o	�ro�	
�rees��	for	fe�r	�h��	�his	�i��	s�re���he�	�heir	o��ership	ri�h�s.	Ori�i����y��	�i�r���	f�r�ers	�ere	
i��orpor��e�	�hrou�h	�	����-for-��bour	�r��s���io�.	No����ys��	�his	pr���i�e	h�s	�h���e�	�ue	�o	
�he	i��re�si��	i�por����e	of	�o�e��ry	�r��s���io�s	i�	��ri�u��ure	���	�he	prese��e	of	e�o�o�i�	
oppor�u�i�ies	ou�si�e	��ri�u��ure��	�hi�h	�o�s�r�i�	��bour	�v�i��bi�i�y.	The	prob�e�	�o	be	over�o�e	
is	ho�	�o	�h���e	�u�u��	per�ep�io�s	of	�ree	p����i��	�s	�	�over�	���i�	�o	����	o��ership��	si��e	
��rofores�ry	is	�	po�e��i��	��ey	�o	soi�	fer�i�i�y	��i��e����e.	For���	�ri��e�-�o��	����	use	ru�es��	
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i���u�i��	��op�io�	of	��rofores�ry	�i�h	Gliricidia sepium	for	per���e��	y��	pro�u��io�	���	
i�prove�	soi�	�����e�e��	pr���i�es	�ere	�e�o�i��e�.	This	�o�u�e��	is	�	‘rè��e�e��	i��érieur’	
for land use approved by both groups and defining each group’s rights and engagement. It does 
�o�	���er	�he	exis�i��	b�����e	of	po�er.	A�	���e�p�	��s	���e	�o	bui��	soi�	qu��i�y	�o�i�ori��	
by	 s�ie��is�s	 i��o	 �he	 �e�o�i��io�	 pro�ess.	 Fi����y��	 i�	 ���e	 ou�	 �h��	 �he	 �e�o�i��io�	 �e��s	 �o	
�or��	be��er	�here	bo�h	p�r�ies	���	�ore	re��i�y	see	�heir	i��eres�s	i�	ob�e��ive	�er�s.	This	is	�	
justification for introducing the experimental approach of Convergence of Sciences into debates 
�bou�	��r�ri��	�h���e.	
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Samenvatting
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Samenvatting

De	�f���e	v��	bo�e�vru�h�b��rhei�	is	ee�	be����ri���e	�ro��	�o�	zor�	�e�or�e�	bi�	be�ei�s-
����ers��	 �e�	 ���e	 i�	 o���i����e�i��s����e�.	 I�	 �e�i�	 is	 �e	 ui�pu��i��	 v��	 �e	 voorr���	 ���	
p����e�voe�e��e	s�offe���	�e�	�evo��e	v��	he�	��or�er	�or�e�	v��	�e	perio�e	v��	br����	zo��er	
���vu��i��	 �e�	 voe�i��ss�offe���	 ee�	 v��	 �e	 be����ri���s�e	 oorz���e�	 voor	 �e	 �f���e	 v��	 �e	
pro�u��ivi�ei�	i�	�e	����bou�.	Vers�hi��e��e	�e�h�o�o�is�he	i��ov��ies	zi��	o���i����e��	o�	�e	
�f���e	v��	bo�e�vru�h�b��rhei�	�e	beëi��i�e���	���r	�eze	i��ov��ies	b�i���e�	over	he�	���e�ee�	
���r	�ei�i�	su��es	�e	hebbe�.	De	voor����s�e	oorz���e�	voor	�i�	beper���e	su��es	zi��	he�	�ie�-
����ep�s�	 zi��	v��	�e	voor�es�e��e	 �e�h�ie��e�	���	�e	p����se�i���e	 ����bou�sys�e�e�	e�	�e	
���iere�	���rop	����bou�ers	i�	hu�	�eve�so��erhou�	voorzie���	�e	beper���e	bes�hi��b��rhei�	
e�	�oe�����e�i���hei�	v��	ex�er�e	pro�u��e�	zo��s	��u�s��es���	�ebre����i�e	�oe����	�o�	��r���e���	
o�ze��erhei�	�e�	���zie�	v��	�����ebrui��re�h�e���	e�	�e�s�o��e	he�	�ebre��	���	p�r�i�ip��ie	�oor	
�����ebrui��ers	i�	he�	be�e���e�	e�	ui�voere�	v��	�eze	�e�h�o�o�ieë�.	De	�op-�o��	be���eri����	
zo��s	�ie	voor��o��	i�	he�	�i�e�ire	�o�e�	v��	�e�h�o�o�ie-over�r��h���	is	ee�	be����ri���e	oorz����	
voor	�i�	�ebre��	���	su��es.	A�s	���er���ief	hebbe�	boere�	hu�	ei�e�	pr����i���e�	o���i����e��	�ie	i�	
he�	ver�e�e�	hebbe�	�e�ei�	�o�	�uurz��e	�i�ze�	v��	�eve�so��erhou�.	Di�	proefs�hrif�	�i�	ee�	
s�r��e�ie	v��	�uis�ere�	���r	e�	�ere�	v��	�e	��e��is	v��	boere�	ee�	be����ri���	ver�re��pu��	���e�	zi��	
voor	o��erzoe��	���	zi�h	ri�h�	op	�e	verbe�eri��	v��	�e	bo�e�vru�h�b��rhei�.	Deze	���e�e�e	
be���eri��	 is	�eb�seer�	op	�e	 i�ee	v��	�o�ver�e��ie	 �usse�	boere���e��is	 e�	�o�ve��io�e�e	
�e�e�s�h�p.	 Di�	 zoe��e�	 ���r	 �o�ver�e��ie	 be�ref�	 �i���i��s	 ee�	 po�i��	 o�	 verbi��i��e�	 �e	
�e��e�	�usse�	vers�hi��e��e	soor�e�	bes�hri�vi��e�	e�	ver����ri��e�	v��	���uur�i���e	pro�esse�.	
He�	i�	�i�	proefs�hrif�	bes�hreve�	o��erzoe��	is	eve�ee�s	�eb�seer�	op	�e	i�ee	v��	�o�ver�e��ie	
tussen natuurwetenschappen en sociale wetenschappen (ß-γ integratie). Het proefschrift maakt 
�ee�	ui�	v��	ee�	�ro�er	pro�r����	“Co�ver�e��ie	v��	We�e�s�h�ppe�:	bre�e	�e�h�o�o�is�he	
i��ov��iepro�esse�	�e�	behoeve	v��	ee�	be�er	�eï��e�reer�	beheer	v��	�e��s	e�	�ro��”	(CoS).	
He�	���e�e�e	�oe�	v��	�i�	o��erzoe��	��s	he�	verbe�ere�	v��	boere�pr����i���e�	op	he�	�ebie�	
v��	bo�e�vru�h�b��rhei�sbeheer.	De	s�u�ie	�er�	ui��evoer�	i�	�e	sub-prefe��uur	v��	S�vè��	
�e�e�e�	i�	�e	��ro-e�o�o�is�he	over����szo�e	i�	�e�i�.	Si��s	1975	is	�e	re�io	�e��e��er���	
�oor	�roo�s�h��i�e	i��i�r��ie	v��ui�	�e	re�io	A���or�-Do���	e�	he�	Abo�ey	P���e�u.	V���e�e	
hu�	z������e	����re�h�e�	is	he�	ee�	ex�r�	op��ve	o�	�eze	�i�r���-boere�	�e	be�e�e�	o�	�o�	
�uurz���	bo�e�beheer	over	�e	����.	De	�e�ho�o�o�is�he	be���eri��	i�	�i�	proefs�hrif�	bes�o��	
uit een technografische studie die het innovatielandschap bestudeerde; diagnostische studies 
o�	zo�e�oe��e	pre-����y�is�he	��euzes	exp�i�ie�	�e	����e�;	e�	he�	o���erpe�	v��	�ez��e��i���	
���ie-o��erzoe��	o��er	voor	boere�	re�ev���e	o�s����i�he�e�.
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I�	hoof�s�u��	2	�or�e�	�e	resu����e�	v��	�e	�i���os�is�he	s�u�ie	�eprese��eer���	�ie	�er�	
ui��evoer�	�e�ure��e	he�	�roeiseizoe�	(Ju�i-Nove�ber)	v��	2002	i�	�e	re�io’s	A���or�-Do���	
e�	S�vè.	De	opv���i��e�	v��	boere�	over	oorz���e�	e�	�evo��e�	v��	�����e�r����ie��	hers�e�-
����re�e�e�	voor	�uurz��e	bo�e�vru�h�b��rhei���	e�	hu�	�ri�eri�	o�	bo�e�s	�e	her��e��e�	e�	i�	
�e	�e�e���	�er�e�	bes�u�eer�.	De	i��i���ore�	�ie	boere�	�ebrui��e�	o�	bo�e������i�ei�	e�	bo�e�-
vru�h�b��rhei�	v�s�	�e	s�e��e�	zi��	voor���e�i���	�eb�seer�	op	he�	voor��o�e�	v��	bep����e	(o�-
)��rui�e���	bo�e��ex�uur	(z�����	���ei)��	���eur	(�o���er�er	�ro��	is	vru�h�b��r�er)��	hy�ro�o�is�he	
�����i�ei�	(���erv�s�hou�e��	ver�o�e�)��	be�er��b��rhei���	e�	he�	voor��o�e�	v��	bo�e��iere�	
(re�e��or�e���	�e�	���e	hu�	ui��erpse�e�).	O�	op�ossi��e�	�e	vi��e�	voor	he�	prob�ee�	v��	
�����e�r����ie	hebbe�	boere�	s�r��e�ieë�	o���i����e��	���rv��	ze	�e�e�	of	�e�e�	���	�ie	�e	
pro�u��ivi�ei�	v��	hu�	�e��sse�	op	pei�	hou�e�	of	ze�fs	verbe�ere�.	Deze	s�r��e�ieë�	o�v���e�	
he�	�ebrui��	v��	�ier�i���e	�es�s�offe���	�ebrui��	v��	��u�s��es���	vru�h��isse�i����	br����	�e�ure��e	
vi�f	���r��	ex�e�sieve	�ee��sys�e�e�	�e�	��ss�ve	of	e�usi	(���er�e�oe�)��	e�	e�i�r��ie.	Oo��	�er�	
�eprobeer�	ee�	�heore�is�h	����er	�e	�reëre�	���rbi��e�	�����ebrui��re�e�s	��o��e�	�or�e�	be-
�repe�.	Overee���o�s�e�	over	 �����ebrui��	 �usse�	 ����ei�e��re�	e�	�i�r���e�boere�	hebbe�	
�ro�e	i�v�oe�	op	bo�e�vru�h�b��rhei�sbeheer.	De	�i���os�is�he	s�u�ie	�ees	op	he�	be����	v��	
he�	opbou�e�	v��	�e�erzi��s	ver�rou�e�	e�	op	�e	�oo�z����	�e	experi�e��ere�	�e�	vers�hi��e��e	
vor�e�	v��	�����ebrui��overee���o�s�e�.	Ti��e�s	�e	�i���os�is�he	s�u�ie	�er�	he�	be����	�ui�e-
�i���	v��	re��isere�	v��	ee�	�e�ee�s�h�ppe�i���	����er	voor	o��erzoe��	�e�	boere�	e�	�e�e�s�h�p-
pers.	O�	�e	�e��i�hei�	�e	�es�e�	v��	boere�opv���i��e�	over	bo�e�vru�h�b��rhei�sbeheer��	�er�	
overee�	�e��o�e�	o�	o��erzoe��	�e	�oe�	���r	�e	�o�e�i���he�e�	v��	vru�h��isse�i��	�e�	e�usi	
of	�e�	��ss�ve	��s	ee�	���ier	o�	�e	bo�e�vru�h�b��rhei�	�e	hers�e��e�	e�	vo��oe��e	opbre��s�	
�e	h���h�ve�.	We	�����e�	eve�ee�s	overee�	o�	o��erzoe��	�e	�oe�	���r	�e	�oor�er��i��	v��	
��u�s��es���	�ie	i�	he�	voor�f�����e	���r	i�	����oe�ve��e�	��s	op�ebr��h���	op	�e	��ïsopbre��s�.	
De	�i���os�is�he	 f�se	�er�	�f�es�o�e�	�e�	he�	opri�h�e�	v��	ee�	boere�s�u�ie�roep	 (SLG).	
S��e�	�e�	�e	�er	p����se	����ezi�e	����bou�voor�i�h�er	�er�	�eze	�roep	ver����oor�e�i���	
voor	he�	�e�ee�s�h�ppe�i���e	o��erzoe��	s��e�	�e�	�e�e�s�h�ppers.	I�	zo’�	boere�s�u�ie�roep	
�or��	 �e	 i�ee	 v��	 �e�o�r��iseri��	 v��	 �e�e�s�h�p	 serieus	 �e�o�e���	 �oor���	 boere�	 e�	
�e�e�s�h�ppers	op	�e�i������r�i�e	b�sis	he�	�eb��	�������.

I�	 hoof�s�u��	 3	 �er�e�	 boere�opv���i��e�	 o��erzo�h�	 over	 �e	 ro�	 v��	 ��ss�ve	 e�	
e�usi	 i�	�e	bo�e�vru�h�b��rhei�.	Oo��	�er�	�e	 ro�	v��	re�e��or�e�	 i�	�eze	 �ee��sys�e�e�	
�e����yseer�.	 T�ee	 �e�ee�s�h�ppe�i���e	 experi�e��e�	 i�	 ve��e�	 �e�	 ��ss�ve	 (�e	 r�sse�	
o�o��bo��	�ou���é	e�	�e�	86052)��	e�usi	(	�e	soor�e�	b����	u�b�	e�	Cô�e	�’Ivoire)��	��oeie�er��	
e�	��ïs	�er�e�	ui��evoer�	o�	ee�	bru�	�e	s����	�usse�	�e	���ier	���rop	boere�	�e	���ivi�ei�	
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v��	re�e��or�e�	i��erpre�ere�	e�	�e	���ier	���rop	�e	�e�e�s�h�p	�eze	ver�����r�.	�i���	���e	
boere�	h���e�	��e��is	v��	re�e��or�e�;	�eze	�er�e�	 i�	�e	 �o���e	 ����	 (T�h�bè��	ee�	�i��e��	
v��	Yorub�)	 idjèlè	 (�ro��e�er)	�e�oe��.	 I�hee�se	boere�	e�	�i�r���e�-boere�	h���e�	ee�	
vergelijkbaar kennisniveau, maar er waren significante verschillen tussen mannen en vrouwen 
i�	hu�	opv���i��e�	over	re�e��or�e�.	De	����ezi�hei�	v��	ui��erpse�e�	v��	re�e��or�e�	
�or��	�oor	boere�	��s	ee�	i��i���or	voor	bo�e��ezo��hei�	�ebrui���.	I�	hu�	opv���i��e�	zi��	
�ie	ui��erpse�e�	ee�	soor�	‘vi���i�e’	�ie	�i�ze�	op	�oe�e	o�s����i�he�e�	voor	�e��s�roei.	
De	�eer�erhei�	v��	�e	boere�	bes�hou��e	�e	hoevee�hei�	re�e�	of	he�	vo�h��eh���e	v��	�e	
bo�e�	��s	�e	be����ri���s�e	f���or	�ie	�e	���ivi�ei�	v��	re�e��or�e�	ver�����r�.	De	hoevee�hei�	
ui��erpse�e�	be�roe�	8-15	�o�	per	he���re	i�	�e	ve��e�	�e�	��ss�ve��	e�	4-7	�o�	i�	�e	ve��e�	�e�	
egusi. Binnen de cassavevelden was de hoeveelheid uitwerpselen significant groter bij het ras 
Ben 86052 dan bij de rassen odongbo en Bouaké. De uitwerpselen bevatten significant grotere 
�o��e��r��ies	 p����e�voe�e��e	 s�offe�	 ���	 �e	 bove�s�e	 bo�e�����.	 Di�	 effe��	 ��s	 �ro�er	 i�	
�i��er	vru�h�b�re	bo�e�s.	I�	�e	��ss�veve��e�	��s	�i�	effe��	�ro�er	voor	s�i��s�of	e�	����iu���	
���r	�ie�	voor	fosf���	e�	����esiu���	�er�i��	i�	�e	e�usive��e�	�i�	effe��	�uis�	�roo�	��s	voor	
fosf�����	���r	�ie�	voor	����iu�.

I�	hoof�s�u��	4	o��erzo�h�e�	�e	�e	be�eri��	v��	boere�	���	�e	�ee��	v��	��ss�ve	�e	op-
bre��s�	v��	��ïs	��s	vo���e��s	verhoo��.	We	o��erzo�h�e�	�eve�s	he�	effe��	v��	ee�	beper���e	
��u�s��es��if�	v��	100	���	per	he���re	(�e�	s�i��s�of��	fosf�����	����iu���	z��ve�	e�	boor;	NPK-S�)	
op	he�	vo���e��s	��ïs.	I�	bei�e	�ev���e�	(be�es�e	e�	o�be�es�e	ve��e�)	��e��e�	�e	oo��	���r	he�	
voor��o�e�	v��	�rbus�u��ire	�y�orrhiz�	i�	�e	��ss�ve	e�	��ïs.	C�ss�ver�s��	bo�e��iep�e	e�	�e	
kunstmestgift hadden alle een significant effect op het aantal sporen van mycorrhizaschimmels 
in de bodem. Er was een significant negatief verband tussen aantallen sporen en zuurgraad, 
fosf���bes�hi��b��rhei�	e�	�o���e	s�i��s�ofvoorr���.	Deze	�orre���ies	��u��e�	er	op	�i�ze�	���	i�	
�e	�eer	vru�h�b�re	bo�e�s	he�	������	spore�	(���r	�ie�	�e	�or�e���o�o�is��ie	�oor	�e	s�hi��e�)	
afneemt. De cassaverassen hadden geen significant verschillend effect op bodemchemische 
ei�e�s�h�ppe�.	M��r	��ss�ver�s��	��u�s��es��if�	e�	he�	beheer	�oor	�fzo��er�i���e	boere�	h���e�	
alle een significant effect op de maïsopbrengst. De toepassing van kunstmest leidde tot een 50% 
ho�ere	��ïsopbre��s�	���	 i�	�e	o�be�es�e	ve��e�.	C�ss�ver�s��	��u�s��es��if�	e�	bo�e�-	e�	
gewasbeheer door afzonderlijke boeren hadden alle een significant effect op de opname van 
s�i��s�of	e�	fosf���	�oor	��ïs.	De	verhou�i��	�usse�	op���e	v��	s�i��s�of	e�	fosf���	��f	���	���	
fosf���	�e	voor����s�e	beper��e��e	f���or	��s.	M��r	i�	ee�	op	�e	ve��proef	vo��e��e	po�proef	
b�ee��	s�i��s�of	�e	voor����s�e	beper��e��e	f���or	�e	zi��.	De	��o�o�is��ie	v��	��ïs�or�e�s	�oor	
�rbus�u��ire-�y�orrhiz�s�hi��e�s	v�rieer�e	�usse�	23	e�	38%.	I�	�e	o�be�es�e	po��e�	��s	�e	
wortelkolonisatie van maïs significant gecorreleerd met het versgewicht van wortels en spruit, 
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e�	�e�	�e	�eh���es	v��	s�i��s�of��	 fosf���	e�	����iu�	i�	�e	bove��ro��se	�e�e�.	Op	�ro��	v��	
�eze	resu����e�	�i����	he�	erop	���	er	e�i�e	b�sis	is	voor	�e	be�eri��	v��	boere�	���	��ss�ve	�e	
bo�e�vru�h�b��rhei�	����	verbe�ere���	���h��s	�e	opbre��s�	v��	��ïs	��s	vo���e��s.	Arbus�u��ire	
�y�orrhiz�	vor��	�e��i�h�	ee�	�ee�	v��	�e	ver����ri��	voor	�i�	effe��	v��	��ss�ve.	N����	�e	
boere�	vi�	�eze	proeve�	��e��is	h���e�	�e������	�e�	(e�	vi�	�e	�i�ros�oop	oo��	���r�e�i��e�	
h���e�	��u��e�	�oe�	���)	�rbus�u��ire	�y�orrhiz���	�����e�	ze	overee�	�y�orrhiz�	a fun n’kin 
oko	lodjè	�e	�oe�e���	�.�.z.	voe�se�vers�h�ffer	voor	�e	p����.

I�	hoof�s�u��	5	bes�u�eer�e�	�e	�e	��e��is	v��	boere�	be�reffe��e	�e	�er��i��	v��	��u�s�-
�es�	(NPK-S�)	e�	ureu�.	We	o��erzo�h�e�	he�	effe��	v��	�es��if�	e�	�����ebrui��	op	bo�e�-
�he�is�he	ei�e�s�h�ppe�	e�	op	�e	opbre��s�	v��	����oe�	e�	v��	��ïs	��s	vo���e��s.	K��oe�-
ve��e�	�or�e�	be�es���	e�	�oor	���r��	�eze	ve��e�	�e	bes�e��e�	voor	��ïs�ee����	����e�	boere�	
�ebrui��	v��	�eze	�es��if�	i�	he�	voor�f�����e	�e��s.	We	o��erzo�h�e�	���rbi�	zo�e�	�e	�oor	
�e	����bou�voor�i�h�i��	���bevo�e�	�es��if�	voor	����oe�	��s	��ee	boere����p�ssi��e�	(ee�	
���ere	�if�;	he�	�e��e�	v��	��u�s��es�	�e�	ureu�	i�	p����s	v��	���	��	e�����r	�oe	�e	�ie�e�).	
De	ho�e	pri�s	voor	��u�s��es���	�e	beper���e	bes�hi��b��rhei�	(�e�	���e	��	he�	ui�bre��e�	v��	
ee�	�risis	 i�	�e	���io���e	����oe�se��or)	e�	he�	 �e��or�	���	�rbei�s��r��h�e�	�oo�z���e�	boere�	
o�	hu�	be�es�i��spr����i���	���	�e	p�sse�.	�oere�	s�hreve�	�e	�roei	e�	o���i����e�i��	v��	�e	
p����	 �oe	 ���	NPK-S�	��u�s��es���	 e�	p����e��ezo��hei�	e�	opbre��s�verho�i��	���	ureu�.	
�oere�	������e�	e�h�er	�ee�	o��ers�hei�	�usse�	�e	ro�	v��	�e	�fzo��er�i���e	�o�po�e��e�	i�	�e	
�es�s�of	(s�i��s�of��	fosf�����	����iu�).	De	����oe�opbre��s�	v�rieer�e	�usse�	1��2	e�	2��0	�o�	�ro�e	
s�of	per	he���re.	Er	��re�	�ee�	vers�hi��e�	 �usse�	�e	be�es�i��spr����i���e�	 (oo��	�ie�	bi�	he�	
vo���e��s	��ïs)��	���r�ee	�e	���p�ssi��e�	v��	�e	boere�	��s	 r��io�ee�	bes�hou��	��u��e�	
worden. De fosfaatbeschikbaarheid, voordat maïs als volggewas werd gezaaid, werd significant 
beï�v�oe�	 �oor	 �e	 vers�hi��e��e	 vor�e�	 v��	 be�es�i��.	 De	 ����s�e	 ��ïsopbre��s�	 (0��3-0��4	
�o�	 ��ïs��orre�	 e�	 0��7-1��0	 �o�	 s�ro)	 �er�	 �evo��e�	 i�	 he�	 �ee��sys�ee�	 /	 �e	 vru�h��isse�i��	
��r��oo�-��ïs-����oe�;	 �e	 hoo�s�e	 opbre��s�	 (2��2-2��5	 �o�	 ��ïs��orre�	 e�	 4��3-4��7	 �o�	 s�ro)	 i�	
�e	 vru�h��isse�i��	 e�usi-����oe�-����oe�.	 K��oe�opbre��s���	 bo�e��he�is�he	 ei�e�s�h�ppe���	
opbrengst van maïs als volggewas en de nutriëntenopname door maïs werden significant 
beï�v�oe�	�oor	he�	�ee��sys�ee�.	De	verhou�i��	v��	op�e�o�e�	s�i��s�of	e�	fosf���	�ees	erop	
���	 fosf���	 re���ief	 �eer	 beper��e��	 ��s	 i�	 he�	 sys�ee�	 e�usi-����oe�-����oe���	 �er�i��	 s�i��s�of	
re���ief	�eer	beper��e��	��s	i�	he�	sys�ee�	��ss�ve-��ïs-����oe�.	Di�	resu�����	o��ers�eu��	�e	
hypo�hese	 ���	 ��ss�ve	 ee�	 posi�ieve	 bi��r��e	 ����	 �evere�	 �o�	 �e	 fosf���bes�hi��b��rhei�	 vi�	
�y�orrhiz�-effe��e�	op	he�	vo���e��s.

I�	 hoof�s�u��	 6	 �or��	 �e	 be�e��e�is	 v��	 �e	 boere�s�u�ie�roep	 voor	 ��ee	 �i�e�sies	
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v��	hu�	�eve�so��erhou�	o��erzo�h�.	Di�	�ebeur�e	vi�	ee�	�e�ho�e	�ie	be��e��	s����	��s	�e	
�e�ho�e	v��	�e	vi�f	���pi���e�.	I�	�eze	s�u�ie	�er�	�e��e��e�	���r	�e�se�i���	e�	so�i���	���pi����.	
De	 o��erzoe��sbe���eri��	 bes�o��	 ui�	 ee�	 ver�e�i���i��	 i�	 �e	 �i��	 v��	 ver���eri��	 i�	 �ie	
���pi���e�.	 I�	 hu�	 beoor�e�i��	 ��h�er�f	 s�e��e	 73%	 v��	 �e	 boere�	 ���	 zi�	 �ee����e�	 ���	 �e	
boere�s�u�ie�roep	o����	zi�	hu�	��e��is	�i��e�	verbe�ere���	�er�i��	�e	res�ere��e	27%	�ee����	
v��ui�	 �ieu�s�ieri�hei�.	 He�	 b�ee��	 ���	 �ez��e��i���	 o��erzoe��	 �oe�	 zo�e�	 he�	 �e�se�i���e	
���pi����	 (i��ivi�ue�e	 boere���e��is)	 ��s	 he�	 so�i��e	 ���pi����	 (�roeps�y���ie����	 rui��e	 voor	
i��ov��ies��	o��erh���e�i��sv��r�i�he�e���	be�ere	 �ee��sys�e�e���	be�ere	so�i��e	verhou�i��e���	
�e�e�	v��	i�for���ie)	h��	ver�roo�.	De	��e��is	v��	boere�	over	�e	�fzo��er�i���e	ro�	v��	s�i��s�of��	
fosf���	e�	����iu���	e�	hu�	��e��is	over	�rbus�u��ire	�y�orrhiz�	��s	 i�	hu�	o�e�	he�	�ees�e	
�oe�e�o�e�.	 He�	 �e�ee�s�h�ppe�i���e	 o��erzoe��spro�es	 heef�	 �e	 p�r�i�ip��ieve	 be���eri��	
verri����	 e�	 heef�	 he�	 �e�ee�s�h�ppe�i���e	 �e�erere�	 v��	 ��e��is	 verbe�er�.	 Ee�	 esse��ië�e	
vervo��s��p	o�	�i�	�e�ee�s�h�ppe�i���e	pro�es	op	�e	s�h��e�	���r	ee�	ho�er	�ive�u	bes����	ui�	
he�	s��r�e�	v��	o��erh���e�i��e�	o�	be�ere	re���ies	�e	�reëre�	�usse�	boere�	op	�orps�ive�u	e�	
�e	i�s�i�u�ies	op	�is�ri��s�ive�u.	Voor	�i�	ops�h��e�	is	ee�	subs����ië�e	i�ves�eri��	i�	�e�se�	
�o�i���	i�	�ieu�e	o��er�i�s����se���	e�	i�	he�	opbou�e�	v��	p�r��ers�h�ppe�	v��	ho�e	�����i�ei�	
voor	 �ere�	 e�	 ���ie-o��erzoe��.	 Di�	 z��	 boere�	 �o�ivere�	 �o�	 ee�	 �ro�ere	 be�ro����e�hei�	 bi�	
he�	�e�ee�s�h�ppe�i���e	o��erzoe��.	Oo��	z��	�i�	��u��e�	bi��r��e�	�o�	he�	opbou�e�	v��	ee�	
p���for�	v��	ver���h�i��e�	e�	behoef�e���	zo��er	�e���s	o��erzoe��	ver�oe�e�i���	v��	�ei�i�	
be����	voor	boere�	z��	b�i�ve�.

Hoof�s�u��	7	bes�hri�f�	hoe	�ieu�e	vor�e�	v��	ver�rou�e�	op�ebou��	��u��e�	�or�e�	
o�	����ei�e��re�	e�	�i�r���e�	�e	�o�ivere�	�o�	s��e��er��i����	o�	zo	�e	��o�e�	�o�	voor	bei�e	
p�r�i�e�	re�e�i���e	op�ossi��e�	voor	prob�e�e�	v��	bo�e��e�r����ie.	We	bes�hri�ve�	�e	resu�-
���e�	v��	ee�	i��erve��ie	o�	�e�erzi��s	voor�e�i�e	(�i�-�i�)	s�e��rio’s	�e	�o�s�ruere�	ro��o�	
�ieu�e	�e�h�o�o�ieë���	�oor	�ebrui��	�e	����e�	v��	�e	�ees�	effe��ieve	pr����i���e�	��s	ee�	pri����e�	
o�	�e	��o�e�	�o�	be�ere	�����ebrui��overee���o�s�e�.	De	ro�	v��	�e	�e�e�s�h�p	bes����	���rbi�	
ui�	he�	ope�e�	v��	�ieu�e	�e�e�	voor	�uurz���	bo�e�beheer��	e�	i�	he�	�o�i�ore�	v��	�e	�evo�-
�e�	voor	�e	bo�e�vru�h�b��rhei�	�oor	he�	���eve�	v��	�eze	�ieu�e	overee���o�s�e�.	T�ee	
�o��r�s�ere��e	�����ebrui��overee���o�s�e�	��o�e�	i�	he�	o��erzoe��s�ebie�	voor.	De	eers�e	�or��	
�evo��e�	i�	Ouo�hi	vi����e��	���r	����ei�e��re�	e�	�orpsi��o�ers	(�i�r���e�)	�eor���iseer�	
zi��	i�	�e	Asso�i��io�	�e	Déve�oppe�e��	E�o�o�ique	e�	So�i��	�u	Vi����e	�e	Ouo�hi	(ADESVO).	
De	��ee�e	vor�	�or��	�evo��e�	i�	�oubouhou��	���r	�e	�����ebrui��overee���o�s�e�	�or�e�	
�ere�e��	�oor	f��i�ies	v��	����ei�e��re�.	I�	bei�e	sys�e�e�	is	he�	���	�i�r���e�	�ie�	�oe�es����	
o�	bo�e�	�e	p����e���	o����	he�	p����e�	v��	bo�e�	hu�	re�h�e�	op	���	 ����	����	�reëre�	of	
vers�er��e�.	I�	he�	ver�e�e�	vo��e�	�i�r���e�-boere�	hu�	p�e��	i�	he�	sys�ee�	�oor	hu�	�rbei�s-
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��r��h�	�e	rui�e�	voor	�oe����	�o�	����.	Deze	pr����i���	is	�ro�e��ee�s	ver��e�e�	�oor���	�e��-
�r��s���ies	v��	�oe�e�e��	be����	zi��	�e�or�e�	i�	�e	����bou�.	Oo��	e�o�o�is�he	�o�e�i���-
he�e�	bui�e�	�e	����bou���	�ie	�ei�e�	�o�	ee�	�f�e�e��e	bes�hi��b��rhei�	���	�rbei�s��r��h�e�	
i�	�e	����bou���	hebbe�	bi��e�r��e�	�o�	ver��i��e�	v��	�e	����-voor-�er��	overee���o�s�e�.	
He�	prob�ee�	���	over�o��e�	�ie��	�e	�or�e�	bes����	eri�	���	�e	�e	�e�erzi��se	opv���i��e�	
over	he�	p����e�	v��	bo�e�	��s	 ee�	hei�e�i���e	vor�	v��	 �����oeëi�e�i��	�oe�e�	�i�zi�e���	
o����	 ��rofores�ry	 (����bou�sys�e�e�	 �e�	 s�i��s�ofbi��e��e	 bo�e�)	 ee�	 s�eu�e�	 vor��	
�o�	 he�	 �uurz���	 behou�	 v��	 bo�e�vru�h�b��rhei�.	 For�e�e��	 s�hrif�e�i���	 v�s��e�e��e	
�����ebrui��re�e�s��	i���usief	re�e�s	voor	he�	�ebrui��	v��	�e	s�i��s�ofbi��e��e	boo�	Gliricidia 
sepium	�e�	behoeve	v��	�e	per���e��e	y���ee����	�����e�	�o�	s����	��	o��erh���e�i��e�.	Deze	
re�e�s	vor�e�	ee�	‘rè��e�e��	i��érieur’	voor	�����ebrui����	�ie	�er�	�oe��e��eur�	�oor	bei�e	
p�r�i�e�.	Di�	�o�u�e��	�e��	�e	�e�erzi��se	re�h�e�	e�	verp�i�h�i��e�	v�s�.	He�	�o�u�e��	bre���	
�ee�	ver���eri��	���	 i�	he�	bes�����e	���h�seve��i�h�	 �usse�	 ����ei�e��re�	e�	�i�r���e�.	
Ee�	po�i��	�er�	o��er�o�e�	o�	he�	�o�i�ore�	v��	ver���eri��e�	i�	bo�e������i�ei�	i�	he�	
o��erh���e�i��spro�es	i�	�e	bou�e�.	He�	b�ee��	���	zu���e	o��erh���e�i��e�	ee�	�ro�ere	����s	
op	su��es	hebbe�	����eer	bei�e	p�r�i�e�	hu�	be����e�	i�	ob�e��ieve	�er�e�	��u��e�	zie�.	Di�	
re�h�v��r�i��	he�	i��ro�u�ere�	v��	ee�	experi�e��e�e	be���eri��	��s	�ie	v��	Co�ver�e��e	of	
S�ie��es	i�	�eb���e�	over	����bou�ver���eri��e�.
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Résumé

L�	b�isse	�e	��	fer�i�i�é	�es	so�s	�o�s�i�ue	u�	prob�è�e	���eur	���s	�es	p�ys	e�	�éve�oppe�e��.	
Au	�é�i���	��	�é�r����io�	�es	so�s	�ue	à	��	poussée	�é�o�r�phique	�ve�	pour	�o�séque��e	�e	
r���our�isse�e��	�e	��	�urée	�es	���hères	s��s	�u�res	�esures	�o�pe�s��oires	es�	�’u�e	�es	��uses	
pri��ip��es	�e	��	b�isse	�e	��	pro�u��ivi�é	�es	so�s.	De	�o�breuses	i��ov��io�s	�e�h�o�o�iques	
vis���	à	résou�re	�es	prob�è�es	�e	��	b�isse	�e	��	fer�i�i�é	�es	so�s	o��	é�é	�éve�oppées��	puis	�ises	
à	��	�isposi�io�	�es	pro�u��eurs	��is	�e	�o�s���	es�	�e	f�ib�e	��ux	�’��op�io�	�e	�es	pr��iques.	
Les	r�iso�s	évoquées	so��:	�’�ppro�he	‘�op-�o��’	�ve�	u�e	f�ib�e	i�p�i���io�	�es	pro�u��eurs	
���s	 �e	pro�essus	�e	�é�ér��io�	�es	 �e�h�o�o�ies��	u�e	 i��o�p��ibi�i�é	e��re	 �es	 �e�h�o�o�ies	
proposées	e�	�es	sys�è�es	�e	pro�u��io�	�’u�e	p�r�	e�	�es	s�r��é�ies	�e	bie�-ê�re	�es	pro�u��eurs	
�’�u�re	p�r���	��	�o�	�ispo�ibi�i�é	e�	�’���essibi�i�é	�i�i�ée	�ux	i��r���s��	�e	���que	�e	�ébou�hé	
pour les produits agricoles, et finalement l’insécurité foncière. En conséquence, les producteurs 
��op�e��	�es	s�r��é�ies	i��ivi�ue��es	ou	�o��e��ives	�e	ré�é�ér��io�	�e	��	fer�i�i�é	�es	so�s	qui	
s’���p�e��	 p�rf�i�e�e��	 �ux	 �o��r�i��es	 �e	 �eur	 �i�ieu.	 L�	 prése��e	 é�u�e	 su��ère	 que	 �’o�	
soi�	à	�’é�ou�e	�es	pro�u��eurs	��r	�e	�éve�oppe�e��	�es	�e�h�o�o�ies	���er���ives	�xé	sur	�es	
�o���iss���es	e��o�è�es	�es	pro�u��eurs	res�e	�e	so��e	pour	��	�es�io�	�ur�b�e	�e	��	fer�i�i�é	
�es	so�s.	L’�ppro�he	u�i�isée	es�	b�sée	sur	u�e	����yse	�i�ho�o�ique	e��re	�es	�o���iss���es	
scientifiques et endogènes en relation avec la gestion des systèmes de production en vue d’une 
convergence des sciences biologiques et sociales (intégration ß-γ). En effet, l’étude s’insèreγ). En effet, l’étude s’insère).	E�	effe���	 �’é�u�e	s’i�sère	
���s	 �e	 ���re	 �u	 pro�r���e	 �e	 re�her�he	 ‘Co�ver�e��e	 �es	 S�ie��es’	 pour	 u�e	 �es�io�	
i��é�rée	�es	�u��ures	e�	�u	so�.	Ce	pro�r���e	vise	à	�ier	 �es	per�ep�io�s	p�ys���es	�ve�	�es	
�héories	�e	��	s�ie��e	�o�ve��io��e��e	e�	vue	�e	bâ�ir	�e	�ouve�ux	�o�è�es	�e	�éve�oppe�e��	
�es	 i��ov��io�s	 ��ri�o�es.	 L’é�u�e	 �	 é�é	 �o��ui�e	 ���s	 ��	 �o��u�e	 �e	 S�vè	 si�uée	 ���s	 ��	
zo�e	��ro-é�o�o�ique	�e	�r��si�io�	�u	�é�i�.	Depuis	1975��	��	zo�e	�e	S�vè	es�	e�	proie	à	u�	
afflux des migrants agricoles originaires de l’Atacora-Donga et du plateau d’Abomey; cette 
si�u��io�	re��	�o�p�exe	�e	�os	�ours	��	�es�io�	�e	��	�e�ure	fo��ière	�ve�	�o��e	�o�séque��e	
��	�é�r����io�	�e	��	fer�i�i�é	�es	�erres.	L’�ppro�he	�é�ho�o�o�ique	u�i�isée	�o�pre��	u�e	é�u�e	
technographique qui a fait la cartographie des innovations technologiques, puis identifier les 
besoi�s	e�	���ière	�’i��ov��io�;	u�e	é�u�e	�i���os�i�	qui	�	per�is	�e	re��re	p�us	exp�i�i�e	�u	
niveau local les choix pré-analytiques en matière d’innovations à étudier et enfin la conduite de 
re�her�he-���io�s	�xées	sur	�es	expéri�e����io�s	p�r�i�ip��ives	e�	�i�ieu	p�ys��.

Le	 Ch�pi�re	 2	 �e	 ��	 �hèse	 prése��e	 �es	 pri��ip�ux	 résu����s	 �e	 �’é�u�e	 �i���os�ique	
�o��ui�e	�e	�ui�	à	�ove�bre	2002	���s	�es	�ép�r�e�e��s	�e	�’A���or�	e�	�e	��	Do���	e�	���s	
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��	�o��u�e	�e	S�vè.	L�	�é�r����io�	�u	so�	�ve�	pour	�o�séque��e	 ��	b�isse	�u	re��e�e��	
des cultures et la tenure foncière ont été identifiées comme contraintes principales entravant la 
durabilité des systèmes de production. La présence de certaines herbes spécifiques, la texture 
e�	��	�ou�eur	�u	so���	��	f��i�i�é	à	ê�re	�r�v�i��é	e�	�’���ivi�é	�e	��	f�u�e	é��phique	e�	p�r�i�u�ier	
��	 prése��e	 �es	 �erri�u�es	 �e	 vers	 �e	 �erre	 so��	 �es	 i��i���eurs	 u�i�isés	 p�r	 �es	 pro�u��eurs	
pour	 �ppré�ier	 ��	 qu��i�é	 �u	 so�.	 P�usieurs	 s�r��é�ies	 �o���es	 �o��ribu���	 �u	 ��i��ie�	 ou	 à	
�’���roisse�e��	 �es	 re��e�e��s	 �u��ur�ux	 o��	 é�é	 i�ve��oriées.	 Ces	 s�r��é�ies	 i���ue��	 �es	
�é�e��io�s	��i���es��	��	fu�ure	i�or���ique��	�es	ro���io�s/�sso�e�e��s	�es	�u��ures��	�es	���hères	
�e	�our�e	�urée	(�i�q	��s)��	��	���hère	���io�	ou	��	�u��ure	ex�e�sive	�e	�oussi	(Citrullus	sp.	e�	
Lagenaria	sp.)	e�	�’é�i�r��io�.	L’i�sé�uri�é	fo��ière	e�pê�he	�es	�i�r���s	�’i�ves�ir	���s	�es	
pr��iques	�e	�o��	�er�e	�e	res��ur��io�	�e	��	fer�i�i�é	�es	so�s.	Pour	u�e	�es�io�	�ur�b�e	�e	��	
fertilité des sols, il est suggéré d’établir un climat de confiance mutuelle par l’expérimentation 
�ve�	�es	�iffére��s	�roupes	�’i��érê�	pour	u�	�rr���e�e��	���er���if	�e	�e�ure	fo��ière	pre����	
e�	�o�p�e	�es	i��érê�s	�e	�h��u�e	�es	p�r�ies	(�i�r���s	e�	proprié��ires	�errie�s)	e�	prése��e.	
I�	�	é�é	é���e�e��	�é�o�ié	�ve�	�es	pro�u��eurs	�es	�xes	�e	re�her�he-���io�	vis���	à	�o��i�ier	
les perceptions paysannes et les théories scientifiques sur le potentiel de la jachère manioc, le 
sys�è�e	�e	�u��ure	�oussi	e�	�e	�’effe�	rési�ue�	�es	e��r�is	i�or���iques	sur	�es	re��e�e��s	e�	
�es	expor���io�s	�e	�u�ri�e��	�’u�e	subséque��e	�u��ure	�e	��ïs.	L’é�u�e	�i���os�ique	�	pris	
fin avec la constitution d’un groupe villageois de recherche (GVR) comprenant l’agent local 
�e	vu���ris��io�	�ou���	�e	rô�e	�e	f��i�i���eur	�u	�ô�é	�e	�’équipe	�e	re�her�he.	Le	GVR	�	e�	
�h�r�e	��	�o��ui�e	�es	���ivi�és	�e	�o-re�her�he	�ve�	�es	pro�u��eurs.	U�e	���e��io�	p�r�i�u�ière	
es�	por�ée	sur	��	�é�o�r��is��io�	�e	��	s�ie��e	�’es�	à	�ire	que	�es	pro�u��eurs	e�	�es	�her�heurs	
s’e����e��	�u	�ours	�es	sé���es	�e	�is�ussio�s	e�	�’é�h���es	�e	�o���iss���e	sur	�es	���ivi�és	
de recherche comme des partenaires égaux. La finalité de la constitution d’un tel groupe c’est 
�’�ppropri��io�	�u	pro�essus	�e	re�her�he	e�	�es	résu����s	p�r	�es	pro�u��eurs.

Le	Ch�pi�re	3	é��b�i�	�’u�e	p�r���	�e	�ie�	�é���ique	e��re	��	per�ep�io�	p�ys���e	e�	�es	
résu����s	 �e	 �’expéri�e����io�	 sur	 �e	 fo���io��e�e��	 �e	 ��	 ���hère	 ���io�	 e�	 �e	 sys�è�e	 �e	
culture goussi et d’autre part, la régénération de la fertilité des sols et le rôle spécifique des 
vers	�e	�erre.	Deux	expéri�e����io�s	e�	�i�ieu	p�ys��	�ve�	u�e	for�e	i�p�i���io�	�es	�e�bres	
�u	GVR	sur	 ��	 ���hère	���io�	 (v�rié�és:	 o�o��bo��	�ou���é	 e�	�e�	86052)	 e�	 �e	 sys�è�e	�e	
�u��ure	 �oussi	 (v�rié�és:	 b����	 u�b�	 e�	 Cô�e	 �’Ivoire)��	 �u	 �iébé	 e�	 �u	 ��ïs	 e�	 u�e	 e�quê�e	
vi����eoise	vis���	à	�o�u�e��er	��	per�ep�io�	p�ys���e	sur	�’���ivi�é	�es	vers	�e	�erre	o��	é�é	
�o��ui�es.	L�	���ori�é	�es	pro�u��eurs	re�o���isse��	�’u�i�i�é	e�	�e	rô�e	posi�if	�es	vers	�e	�erre	
�o���e�e��	�ppe�és	idjèlè	(�i��ér�ire�e��	����eur	�e	so�).	Les	popu���io�s	�u�o�h�o�es	e�	�es	
�i�r���s	possè�e��	�es	�o���iss���es	si�i��ires	sur	�e	rô�e	�es	vers	�e	�erre��	��is	o�	�o�e	u�e	
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différence significative entre les hommes et les femmes du point de vue perception sur le rôle 
�es	vers	�e	�erre	���s	�e	re�y����e	�es	�u�ri�e��s.	L�	prése��e	e�	�’�bo�����e	�es	�erri�u�es	
�e	vers	�e	�erre	so��	u�i�isées	�o��e	i��i���eurs	p�r	�es	pro�u��eurs	pour	év��uer	��	qu��i�é	�u	
so�.	Les	pro�u��eurs	�o�si�ère��	�es	�erri�u�es	�e	vers	�e	�erre	�o��e	u�	�e�re	�e	‘vi���i�e’	
p�r�e	qu’e��es	so��	perçues	�o��e	é����	p�us	ri�hes	e�	�u�ri�e��	que	��	p�r�ie	�r�b�e	�u	so�.	
Les	pré�ipi���io�s	e�	�’hu�i�i�é	�u	so�	so��	perçues	�o��e	f���eurs	fo����e���ux	i��uis���	
�’���ivi�é	�es	vers	�e	�erre.	P�r	�o��re��	�’é���	�e	��	fer�i�i�é	�u	so�	e�	�’�bo�����e	�e	��	�i�ière	so��	
perçus	�o��e	f���eurs	�e	�oi��re	 i�por����e.	Les	qu���i�és	�e	 �erri�u�es	pro�ui�es	v�rie��	
e��re	8-15	�	h�-1	�u	�ive�u	�es	���hères	���io�	e�	4-7	�	h�-1	�u	�ive�u	�es	p�r�e��es	�e	�oussi.	
L’activité des vers de terre est significativement plus importante au niveau des parcelles de 
���hère	���io�	v�rié�é	�e�	86052	�o�p�r��ive�e��	�ux	���hères	���io�	o�o��bo	e�	�ou���é.	
La concentration des terricules en nutriments est significativement plus élevée que celle dans 
la partie arable du sol. Au niveau des parcelles de jachère manioc, l’enrichissement spécifique 
�es	�erri�u�es	e�	N	�o���	e�	C�2+	é�h���e�b�e	so��	p�us	i�por����s	���s	�es	so�s	p�uvres	�e	qui	
�é�o�e	que	��	ri�hesse	�es	�erri�u�es	e�	�es	�u�ri�e��s	�e	provie��	p�s	�e	��	ri�hesse	�u	so�.	P�r	
contre, l’enrichissement spécifique des terricules en P assimilable et Mg2+	é�h���e�b�e	�épe��	
de la richesse du sol. Au niveau de l’essai goussi, l’enrichissement spécifique des terricules est 
le plus important pour le P assimilable tandis que, l’on note un faible enrichissement spécifique 
�es	�erri�u�es	e�	C�2+	é�h���e�b�e.

Au	�ive�u	�u	Ch�pi�re	4��	�ous	�vo�s	�es�é	�es	�héories	p�ys���es	sur	�e	po�e��ie�	�e	��	
���hère	���io�	���s	 �’��é�ior��io�	�es	p�r��è�res	�e	 re��e�e��	�’u�e	 subséque��e	�u��ure	
�e	��ïs.	Nous	�vo�s	é���e�e��	�es�é	si	u�e	�ose	�i�i���e	�e	100	���	h�-1	�’e��r�is	NPK-S�	
14-23-14-5-1	�pp�iquée	à	u�e	subséque��e	�u��ure	�e	��ïs	��é�iorer�i�	subs����ie��e�e��	�es	
perfor����es	�u	��ïs	e�	�’i��i�e��e	�es	�h��pi��o�s	�y�orrhizie�s	(CM).	Les	�ypes	�e	���hère	
manioc, la profondeur de prélèvement du sol et la fumure minérale ont significativement affecté 
le nombre de spores de CM dans le sol. Le nombre de spores de CM est significativement et 
�é���ive�e��	�orré�é	�ve�	�e	pH	(H2O)��	�e	P	�ssi�i��b�e	e�	�e	N	�o���.	Ces	résu����s	i��ique��	que	
�e	�o�bre	�e	spores	�e	CM	�i�i�ue	�u	�ive�u	�es	so�s	p�us	fer�i�es	��is	�e	��ux	�e	�o�o�is��io�	
�es	r��i�es	p�r	�es	spores	�es	CM	�e	sui�	p�s	�e��e	�e�����e.	Les	���hères	���io�	�’o��	p�s	eu	
d’effets significatifs sur les propriétés chimiques du sol. Cependant, les types de jachère manioc, 
la fumure minérale, et le mode de gestion du sol affectent significativement le rendement grain 
de maïs. L’apport de fumure minérale améliore significativement de 1,5 fois le rendement grain 
�e	��ïs	�o�p�r��ive�e��	�ux	p�r�e��es	�o�	fu�ées.	Les	�ypes	�e	���hère	���io���	�’�pp�i���io�	
de fumure et la pratique culturale du producteur affectent significativement les exportations de 
N	e�	P.	Les	r�ppor�s	�es	expor���io�s	�e	�u�ri�e��	i��ique��	u�e	��re��e	�es	so�s	e�	P	����is	
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que	�’o�	observe	u�e	��re��e	e�	N	�u	�ive�u	�e	�’ess�i	e�	po�s.	Le	��ux	�e	�o�o�is��io�	�es	
racines fines de maïs par les CM varie entre 23 - 38%. Dans les pots non fumés, le taux de 
colonisation des racines de maïs par les CM est significativement corrélé avec le poids frais 
�es	r��i�es��	��	bio��sse	�érie��e��	e�	�es	expor���io�s	�e	N��	P	e�	K.	E�	effe���	�e��e	�o��ribu�io�	
�es	CM	exp�ique	e�	p�r�ie	��	per�ep�io�	p�ys���e	sur	�e	po�e��ie�	�e	��	���hère	���io�	���s	
�’��é�ior��io�	�es	re��e�e��s	e�	�es	expor���io�s	�es	�u��ures	subséque��es.	Ces	résu����s	o��	
é�é	�is�u�és	�ve�	�es	�e�bres	�u	GVR.	Les	pro�u��eurs	o��	�é�i�é	�’�ppe�er	�es	�y�orrhizes	
«a fun n’kin oko lodjè», qui signifie littéralement en langue locale Tchabè	(sous-�roupe	Yorub�)	
pourvoyeur	�e	�u�ri�e��	�ux	�u��ures.

L�	per�ep�io�	�es	pro�u��eurs	sur	 �e	 rô�e	�es	e��r�is	NPK-S�	e�	urée��	 �es	effe�s	�es	
pr��iques	 p�ys���es	 �e	 fer�i�is��io�	 �u	 �o�o��ier	 e�	 �e	 �o�e	 �e	 su��essio�	 �u��ur��e	 sur	 �es	
proprié�és	�hi�iques	�u	so�	e�	sur	�es	perfor����es	�u	�o�o��ier	e�	�es	p�r��è�res	�e	re��e�e��	
�u	��ïs	subséque��	o��	é�é	����ysés	���s	�e	Ch�pi�re	5.	Les	pro�u��eurs	���ribue��	��	�roiss���e-
�éve�oppe�e��	�es	p����es	à	��	�o��ribu�io�	�e	�’e��r�is	NPK-S�	����is	que	��	‘s���é’	�e	��	
p����e	e�	 �’��é�ior��io�	�u	re��e�e��	so��	���ribuées	à	 �’urée.	Cepe�������	 i�s	�e	fo��	p�s	�e	
distinction entre le rôle spécifique des nutriments N, P, K. Il ressort également de l’étude que 
�es	pro�u��eurs	o��	�o���iss���e	�e	 �’effe�	 rési�ue�	�es	e��r�is	 i�or���iques	���s	 �e	so�.	L�	
non-disponibilité de main d’œuvre et le souci de maximisation des bénéfices contraignent les 
pro�u��eurs	à	���p�er	�es	�e�h�o�o�ies	�e	res��ur��io�	�es	so�s	à	�eur	sys�è�e	�e	pro�u��io�.	Les	
re��e�e��s	�oye�s	�e	�o�o�	(�ous	�es	�r�i�e�e��s	�o�fo��us)	v�rie��	e��re	1��2-2��0	�	MS	h�-1.	Le	
P assimilable avant le semis du maïs subséquent est significativement affecté par les pratiques 
�e	fer�i�is��io�.	Tou�es	�es	pr��iques	�e	fu�ure	�o�fo��ues��	�es	re��e�e��s	�e	��ïs	�r�i�s	e�	
p�i��e	�es	p�us	f�ib�es	(0��3-0��4	�	MS	h�-1	e�	0.7-1.0	�	MS	h�-1	respe��ive�e��)	so��	e�re�is�rés	�u	
�ive�u	�e	��	su��essio�	�u��ur��e	�r��hi�e-��ïs-�o�o�	e�	�es	re��e�e��s	�es	p�us	é�evés	(2��2-
2��5	�	MS	h�-1	e�	4.3-4.7	�	MS	h�-1	respe��ive�e��)	�u	�ive�u	�e	��	su��essio�	�u��ur��e	�oussi-
�o�o�-�o�o�.	Les	re��e�e��s	�e	�o�o���	�es	proprié�és	�hi�iques	�u	so���	�es	re��e�e��s	�u	��ïs	
subséque��	e�	�es	expor���io�s	�e	�u�ri�e��	�épe��e��	sur�ou�	�u	�o�e	�e	su��essio�	�u��ur��e.	
Les rapports des exportations N : P indiquent que P est relativement déficient au niveau de la 
succession culturale goussi-coton-coton, tandis que la déficience du sol en N est relativement 
pro�o��ée	�u	�ive�u	�e	��	su��essio�	�u��ur��e	���io�-��ïs-�o�o�.	Ces	résu����s	�orrobore��	
�’hypo�hèse	re���ive	à	��	�obi�is��io�	�u	P	p�r	��	�u��ure	�u	���io�	à	�r�vers	��	�o��ribu�io�	�es	
CM.

Le	 Ch�pi�re	 6	 r�ppor�e	 �es	 résu����s	 �e	 �’év��u��io�	 �e	 �’i�p���	 �u	 pro�essus	 �e	 �o-
re�her�he	sur	�e	bie�-ê�re	�es	�e�bres	�u	GVR.	L’�ppro�he	�iffére��ie��e	(per�ep�io�	�v���	e�	
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�près	si�u��io�)	�	é�é	��op�ée	���s	�e	���re	�e	�e��e	év��u��io�.	L�	�é�o�i��io�	�es	pro�o�o�es	�e	
recherche, la planification des activités, l’installation des expérimentations en milieu paysan, et 
�e	�o�i�ori��	e�	�’év��u��io�	�o��i�ue	so��	�es	é��pes	pri��ip��es	�u	pro�essus	�e	�o-re�her�he.	
Il ressort de l’évaluation que 73% des membres affirment participer aux activités du GVR 
���s	u�	bu�	pure�e��	é�u���if	 (�ppre��iss��e	e�	 ��é�ior��io�	�es	�o���iss���es)	 ����is	que	
27%	 p�r�i�ipe��	 pour	 u�e	 si�p�e	 �uriosi�é.	 Les	 ���ivi�és	 �e	 �o-re�her�he	 o��	 eu	 �’i�p���	
u�ique�e��	 sur	 �e	 ��pi���	 hu��i�	 (perçu	 p�r	 �es	 pro�u��eurs	 e�	 �er�e	 �e	 �o���iss���es	
��quises	e�	�e	 re�for�e�e��	�es	��p��i�és)	e�	 �e	��pi���	 so�i��	 (perçu	p�r	 �es	pro�u��eurs	e�	
�er�e	�e	�y���ique	�e	�roupe��	i��er���io���	�p�i�u�e	à	��	�é�o�i��io���	��é�ior��io�	�es	pr��iques	
�u��ur��es��	��é�ior��io�	�es	r�ppor�s	so�i�ux��	é�h���es	�’i�for���io�s��	e��.).	Les	pro�u��eurs	
reconnaissent avoir acquis des connaissances nouvelles en ce qui concerne le rôle spécifique 
�es	 �u�ri�e��s	 N��	 P	 e�	 K	 e�	 �es	 �h��pi��o�s	 �y�orrhizie�s.	 Ce��e	 �ppro�he	 �e	 re�her�he	
��é�iore	�es	�ppro�hes	p�r�i�ip��ives	exis����es	e�	v��oris���	�e	pro�essus	�e	�o-�o�s�ru��io�	
�es	 �o���iss���es.	 Les	 e�sei��e�e��s	 �irés	 �e	 �e	 pro�essus	 �e	 re�her�he	 re�o�����e��	
�’é��b�isse�e��	�’u�	�é���is�e	vis���	��	�i�iso�	�es	i�s�i�u�io�s	�u	�ive�u	�es	vi����es	e�	�e��es	
�u	�ive�u	�o��u���	ou	ré�io���	e�	vue	�’u�e	�ppropri��io�	�e	�’�ppro�he	p�r	�es	i�s�i�u�io�s	�e	
re�her�he-�éve�oppe�e��	e�	�e	vu���ris��io�	��ri�o�e.	L�	�ise	e�	�pp�i���io�	�e	�e��e	�ppro�he	
�é�essi�er�	s��s	�ou�e	u�	i�ves�isse�e��	�o�si�ér�b�e	e�	���ière	�e	ressour�es	hu��i�es	e�	�e	
�éve�oppe�e��	�e	�urri�u�u�	pour	�es	��e��s.	

Le	 Ch�pi�re	 7	 r�ppor�e	 �es	 résu����s	 �u	 pro�essus	 �e	 �é�o�i��io�	 �’u�	 �rr���e�e��	
�e	 �es�io�	 fo��ière	 �ur�b�e	 pre����	 e�	 �o�p�e	 ��	 �iffusio�	 �e	 �ouve��es	 �e�h�o�o�ies	 e�	
�’��op�io�	�es	pr��iques	�ur�b�es	�e	�es�io�	�e	 ��	 fer�i�i�é	�es	 so�s.	Deux	�o�es	�e	�es�io�	
fo��ière	exis�e��	���s	��	zo�e.	L�	�es�io�	�o��e��ive	observée	���s	�e	vi����e	�e	Ouo�hi��	où	�es	
proprié��ires	�errie�s	e�	�es	�o��u��u�és	vi����eoises	so��	or���isés	�u�our	�e	�’Asso�i��io�	�e	
Déve�oppe�e��	E�o�o�ique	e�	So�i��	�u	Vi����e	�e	Ouo�hi	(ADESVO)	e�	�e�ui	e�	pr��ique	
���s	��	ré�io�	�e	�oubouhou��	où	��	�es�io�	fo��ière	es�	sous	�e	�o��rô�e	�es	�o��e��ivi�és	�es	
proprié��ires	�errie�s	e�	p�r�i�u�ier	��	�o��e��ivi�é	Amushu.	D��s	�es	�eux	sys�è�es��	�es	�i�r���s	
�e	so��	p�s	�u�orisés	à	p����er	�es	�rbres	p�r	�r�i��e	qu’i�s	���roisse��	�eur	�roi�	�e	proprié�é	
sur	 �es	 �erres.	Le	�o�e	�’���ès	 à	 ��	 �erre	���s	 �es	�eux	 ré�io�s	 �	 évo�ué	�’u�	 �rr���e�e��	
�ribu��ire	(�erre	��ri�o�e	�o��re	for�e	�e	�r�v�i�)	vers	u�	sys�è�e	�o�é��ire	�û	à	��	�o�é�is��io�	
�e	 �’��ri�u��ure	e�	 �’exis�e��e	�’oppor�u�i�és	e�	�ehors	�u	se��eur	��ri�o�e.	L�	�o�séque��e	
i��é�i��e	es�	��	�o�	�ispo�ibi�i�é	�e	��	��i�-�’œuvre	��ri�o�e.	L�	ques�io�	pri��ip��e	qui	se	
pose	 i�i	 es�	 �o��e��	p�rve�ir	 à	 �h���er	 �es	per�ep�io�s	�u�ue��es	 sur	 ��	p������io�	�’�rbre	
puisque	�’��ro-fores�erie	es�	��	seu�e	oppor�u�i�é	qui	s’offre	e�	vue	�’u�e	�es�io�	�ur�b�e	�e	
��	fer�i�i�é	�es	so�s?	Nous	�vo�s	��e�é	�es	�eux	p�r�ies	à	�i��o�uer	e�	à	���ep�er	�e	�ouve��es	
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rè��es	é�ri�es	ré�u����	�e	�o�e	�’���ès	à	��	�erre	e�	i���u���	�’��op�io�	�e	�’��ro-fores�erie	�ve�	
Gliricidia sepium	 pour	 ��	 sé�e���ris��io�	�e	 ��	 �u��ure	�’i����e	e�	 �’��op�io�	�es	pr��iques	
�u��ur��es	�ur�b�es	�e	res��ur��io�	�e	��	fer�i�i�é	�es	so�s.	L’���or�	�é�o�ié	es�	�’é��b�isse�e��	
�’u�	rè��e�e��	i��érieur	ré�iss���	�e	�o�e	�’u�i�is��io�	�es	�erres	�pprouvé	p�r	�es	�eux	p�r�ies	
et définissant les droits de chaque groupe de même que les engagements pris. Ces nouvelles 
rè��es	�’�ffe��e��	p�s	�’équi�ibre	�es	for�es	exis����	e��re	�i�r���s	e�	proprié��ires	�errie�s	��is	
re�for�e��	��	�o���bor��io�	e��re	�es	�eux	�roupes.	U�	���e��	p�r�i�u�ier	es�	�is	sur	��	�i�e�sio�	
scientifique de l’amélioration des pratiques culturales et le suivi-évaluation des conséquences 
éve��ue��es	�e	�es	�ouve��es	rè��es	�’u�i�is��io�	�es	�erres.	Fi���e�e����	i�	ressor�	que	���s	�es	
modalités de résolution des conflits, la négociation constitue un puissant moyen à condition que 
�es	p�r�ies	e�	prése��e	soie��	véri��b�e�e��	 i��er�épe�����es.	Ce�i	es�	u�e	r�iso�	pri��ip��e	
pour	�’i��ro�u��io�	�e	�’�ppro�he	expéri�e����e	�e	Co�ver�e��e	�es	S�ie��es	���s	�es	�éb��s	
sur	�es	�h���e�e��s	��r�ires.
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The Convergence of Sciences programme1 

Background

This	�hesis	is	�he	ou��o�e	of	�	pro�e��	�i�hi�	�he	pro�r���e	“Convergence of Sciences: inclusive 
technology innovation processes for better integrated crop and soil management”	(CoS).	This	
programme takes off from the observation that West African farmers derive sub-optimal benefit 
fro�	for���	��ri�u��ur��	s�ie��e.	O�e	i�por����	re�so�	for	�he	�i�i�e�	�o��ribu�io�	of	s�ie��e	
�o	pover�y	���evi��io�	is	�he	�o�ve��io�����	of�e�	���i���	�i�e�r	perspe��ive	o�	�he	ro�e	of	s�ie��e	
in innovation, i.e. that scientists first discover or reveal objectively true knowledge, applied 
s�ie��is�s	 �r��sfor�	 i�	 i��o	 �he	 bes�	 �e�h�i���	 �e��s	 �o	 i��re�se	 pro�u��ivi�y	 ���	 resour�e	
efficiency, extension then delivers these technical means to the ‘ultimate users’, and farmers 
��op�	���	�iffuse	�he	‘i��ov��io�s’.	

In order to find more efficient and effective models for agricultural technology 
development the CoS programme analysed participatory innovation processes. Efficient and 
effective are defined in terms of the inclusion of stakeholders in the research project, and of 
si�u��i��	�he	rese�r�h	i�	�he	�o��ex�	of	�he	�ee�s	���	�he	oppor�u�i�ies	of	f�r�ers.	I�	�his	��y	
s����eho��ers	be�o�e	�he	o��ers	of	�he	rese�r�h	pro�ess.	I��ov��io�	is	�o�si�ere�	�he	e�er�e��	
proper�y	of	��	i��er���io�	��o��	�iffere��	s����eho��ers	i�	��ri�u��ur��	�eve�op�e��.	Depe��i��	
o�	�he	si�u��io���	s����eho��ers	�i�h�	be	vi����e	�o�e�	e����e�	i�	�	�o���	experi�e����	bu�	�hey	
�i�h�	��so	�o�prise	s����eho��ers	su�h	�s	rese�r�hers��	f�r�ers��	(��ri)-busi�ess�e�	���	�o���	
�over��e��	��e��s.	

To make science more beneficial for the rural poor, the CoS programme believes that 
�o�ver�e��e	 is	 �ee�e�	 i�	 �hree	 �i�e�sio�s:	 be��ee�	 ���ur��	 ���	 so�i��	 s�ie��is�s��	 be��ee�	
so�ie���	s����eho��ers	(i���u�i��	f�r�ers)��	���	be��ee�	i�s�i�u�io�s.	Assu�p�io�s	���e	by	CoS	
�re	�h��	for	rese�r�h	�o	����e	��	i�p���	i�	sub-S�h�r��	Afri��:	�os�	f�r�ers	h�ve	very	s����	
�i��o�s	of	oppor�u�i�ies��	f�r�ers	�re	i��ov��ive��	i��i�e�ous	���o��e��e	is	i�por������	�here	is	
�	hi�h	pressure	o�	���ur��	resour�es��	�he	��r��e�	for	se��i��	surp�us	is	�i�i�e���	f�r�ers	h�ve	�i���e	
po�i�i���	��ou���	�over��e��	preys	o�	f�r�ers	for	reve�ue��	���	i�s�i�u�io���	���	po�i�y	suppor�	is	
�����i��.	To	���o�	‘ex-ante	i�p���	�ssess�e��’	���	e�sure	�h��	��ri�u��ur��	rese�r�h	is	�esi��e�	
�o	sui�	�he	oppor�u�i�ies��	�o��i�io�s	���	prefere��es	of	resour�e-poor	f�r�ers��	CoS	pio�eere�	

1	 	Hou���o��ou��	D.��	D.K.	Kossou��	T.W.	Kuyper��	C.	Leeu�is��	P.	Ri�h�r�s��	N.G.	Rö�i����	O.S���yi-D��so���	
���	A.	v��	Huis��	2006.	Co�ver�e��e of s�ie��es: �he �����e�e�� of ��ri�u��ur�� rese�r�h for s����-s���e f�r�-Co�ver�e��e	of	s�ie��es:	�he	�����e�e��	of	��ri�u��ur��	rese�r�h	for	s����-s���e	f�r�-
ers	i�	�e�i�	���	Gh���.	Wageningen Journal of Life Sciences (NJAS)��	53(3/4):	343-367.
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a new context-method-outcome configuration2	usi��	�e�ho�s	of	�e�h�o�r�phy	���	�i���os�i�	
s�u�ies.

Technographic and diagnostic studies

The	�e�h�o�r�phi�	s�u�ies	exp�ore�	�he	i��ov��io�	����s��pe	for	six	���or	�rops.	They	�ere	
��rrie�	ou�	by	�ixe�	 �e��s	of	�e�i�ese	���	Gh���i��	PhD	supervisors.	The	s�u�ies	 �oo��e�	
at the technological histories, markets, institutions, framework conditions, configurations of 
s����eho��ers��	���	o�her	b�����rou��	f���ors.	The	��i�	ob�e��ive	of	�hese	s�u�ies	��s	�o	�ry	���	
�r�sp	�he	�o��ex�	for	i��ov��io�	i�	�he	�ou��ries	i�	ques�io���	i���u�i��	�ppre�i��io�	of	�i�i�i��	
�s	�e��	�s	e��b�i��	f���ors.

The	�i���os�i�	s�u�ies	�ere	��rrie�	ou�	by	PhD	s�u�e��s	fro�	�e�i�	���	Gh���.	They	
fo�use�	i�	o�	�roups	of	f�r�ers	i�	�hose�	�o���i�ies��	i�	respo�se	�o	�he	i��ov��io�	oppor�u�i�ies	
defined during the technographic studies. The diagnostic studies tried to identify the type of 
��ri�u��ur��	rese�r�h	-	��r�e�i��	�e�h��is�s	-	�h��	�ou��	be	�ee�e�	�o	e�sure	�h��	ou��o�es	
�ou��	be	�rou��e�	i�	�he	oppor�u�i�ies	���	�ee�s	of	�hese	f�r�ers.	Firs��y��	�h��	�o�	o��y	�e���	
�h��	 rese�r�h	 �ee�e�	 �o	 be	 �e�h�i����y	 sou����	 bu�	 ��so	 �h��	 i�s	 ou��o�es	 �ou��	 �or��	 i�	 �he	
�o��ex�	of	�he	s����	f�r�ers��	����i��	i��o	���ou��	issues	su�h	�s	�he	��r��e���	i�pu�	provisio���	���	
�r��spor�	�v�i��bi�i�y.	Se�o���y��	�he	ou��o�es	��so	�ee�e�	�o	be	�ppropri��e	i�	�he	�o��ex�	of	
�o���	f�r�i��	sys�e�s	�e�er�i�e�	by	issues	su�h	�s	����	�e�ure��	��bour	�v�i��bi�i�y��	���	�e��er.	
Thir��y��	f�r�ers	��so	�ee�	�o	be	po�e��i���y	i��eres�e�	i�	�he	ou��o�es	����i��	i��o	���ou��	�heir	
per�eive�	oppor�u�i�ies��	�ive�ihoo�	s�r��e�ies��	�u��ur��	i���i���io�s��	e��.

The	�i���os�i�	s�u�ies	�e�	�o	�he	CoS	rese�r�hers	f��i�i���i��	�o��u�i�ies	of	pr���i�e	of	
f�r�ers��	rese�r�hers��	s�ie��is�s	fro�	���io���	rese�r�h	i�s�i�u�es��	�o���	���i�is�r��ors	���	�o���	
�hiefs.	The	rese�r�h	��s	�esi��e�	���	�o��u��e�	�i�h	f�r�er	�e�bers	of	�he	�o���	rese�r�h	
�roups.	Their	���ive	i�vo�ve�e��	�e�	�o	experi�e��s	bei��	���e���	���p�e�	or	revise�.	I�	��so	
���e	�he	rese�r�hers	���re	of	�he	�o��ex�	i�	�hi�h	�he	rese�r�h	��s	�o��u��e�.	A	fu��	���ou��	
of	�he	�i���os�i�	s�u�ies	���	be	fou��	i�	�	spe�i��	issue	of	NJAS3.

Experimental work with farmers

Af�er	 �o�p�e�i��	 �he	 �i���os�i�	 s�u�ies��	 �he	 PhD	 s�u�e��s	 e����e�	 i�	 experi�e��s	 �i�h	
f�r�ers	o�	i��e�r��e�	pes�	���	�ee�	�����e�e����	soi�	fer�i�i�y��	���	�rop	�e�e�i�	�iversi�y��	i�	

2	 	See	R.	P��so�	���	N.	Ti��ey��	1997.	Realistic evaluation.	Lo��o�:	S��e	Pub�i���io�s.	
3	 	S�rui����	P.C.	���		J.F.	Wie���	(E�s.)��	2005.	Di���os�i�	s�u�ies:	�	rese�r�h	ph�se	i�	�he	Co�ver�e��e	of		
	 	S�ie��es	pro�r���e.	Wageningen Journal of Life Sciences (NJAS)��	52	(3/4):	209-448.
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e��h	��se	��so	����i��	i��o	���ou��	�he	i�s�i�u�io���	�o�s�r�i��s	�o	�ive�ihoo�s.	They	fo�use�	o�	
bo�h	experi�e����	�o��e��	���	�he	�esi��	of	��ri�u��ur��	rese�r�h	for	�eve�op�e��	re�ev���e.	
Experi�e��s	�ere	�esi��e�	���	�o��u��e�	�o�e�her	�i�h	�roups	of	f�r�ers��	���	i�vo�vi��	���	
s����eho��ers	re�ev���	 for	 �he	s�u�y.	The	�i�	��s	 �o	fo�us	o�	���u��	�e�h��is�s	of	���eri��	
�r��sfor���io�	–	�o��ro�	of	pes�s��	 e�h���e�e��	of	 soi�	 fer�i�i�y��	bufferi��	of	 see�	 sys�e�s	–	
of	�ire��	re�ev���e	�o	pover�y	���evi��io�	��o��	poor	or	ex��u�e�	f�r�i��	�roups.	The	�i��h	
PhD	s�u�e��	��rrie�	ou�	�o�p�r��ive	‘rese�r�h	o�	rese�r�h’	i�	or�er	�o	for�u���e	��	i��er���ive	
fr��e�or��	for	��ri�u��ur��	s�ie��e.	

Project organization 

A��	s�u�e��s	�ere	supervise�	by	bo�h	���ur��	���	so�i��	s�ie��is�s	 fro�	�he	Ne�her����s	���	
�heir	ho�e	�ou��ries.	I�	e��h	�ou��ry��	�he	���io���	�oor�i���or	��s	�ssis�e�	by	�	�or��i��	�roup	
fro�	�he	v�rious	i�s�i�u�io�s	�h��	i�p�e�e��e�	�he	pro�r���e.	A	pro�e��	s�eeri��	�o��i��ee	of	
�ire��ors	of	�he	�os�	re�ev���	rese�r�h	���	�eve�op�e��	or���iz��io�s	��vise�	�he	pro�r���e.	
The CoS programme had a Scientific Coordination Committee of three persons, including the 
i��er���io���	�oor�i���or	fro�	W��e�i��e�	U�iversi�y.

CoS	h��	��o	��i�	�o�ors:	�he	I��er�is�ip�i��ry	Rese�r�h	���	E�u���io�	Fu��	(INREF)	
of	�he	W��e�i��e�	U�iversi�y	i�	�he	Ne�her����s	���	�he	Dire��or��e	Ge�er��	for	I��er���io���	
Cooper��io�	(DGIS)��	Mi�is�ry	of	Forei��	Aff�irs	of	�he	Ne�her����s.	O�her	spo�sors	�ere	�he	
FAO Global IPM Facility (FAO/GIF), the Netherlands Organization for Scientific Research 
(NWO)��	 �he	 W��e�i��e�	 Gr��u��e	 S�hoo�	 Pro�u��io�	 E�o�o�y	 ���	 Resour�e	 Co�serv��io�	
(PE&RC)��	�he	Te�h�i���	Ce��re	for	A�ri�u��ur��	���	Rur��	Cooper��io�	(CTA	or	ACP-EU)��	���	
�he	Ne�her����s	or���iz��io�	for	i��er���io���	�ooper��io�	i�	hi�her	e�u���io�	(NUFFIC).	The	
total funds available to the project were about € 2.2 million.
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Saïdou also holds a Certificate on laboratory management from IAC/WU/ISRIC in December 1996 
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