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ABSTRACT

Field surveys using questionnaires administered among cotton producers semi-openly were done in
three cotton zone of Cameroon, Laindé Massa in the North, Kilwo in the Far North and Tapi in the
Adamaoua regions. The objective of this study was to evaluate the degree of appropriation of direct-
seeding mulch-based cropping (DMC) systems, identify the problems that influence this
appropriation and the consequences of no-appropriation in the cotton zone of Cameroon. The result
showed that producers of the study sites were facing several difficulties which impeded the
appropriation of DMC systems. These difficulties were landownership issues, financial difficulties
resulting in significant financial means necessary for the implementation of DMC systems, the
decrease in a radical way of subsidies from the ESA (Eau-Sol-Arbre) project, the difficulty in
repayment of loans contracted during agricultural campaigns at the SODECOTON and high land
rental costs. The consequences of no-appropriation of DMC systems were the continuous
degradation of agricultural soils and decline in soil fertility, due to the acceleration of water and wind
erosion, the clean of fields by fire and the practice of inappropriate farming techniques. The model of
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diffusion of DMC systems in family agriculture proposed by the ESA project cannot be generalized
and applied to different contexts and must take in different causes of its no-appropriation identified

here for its adoption.

Keywords: Appropriation; producer; direct-seeding mulch-based cropping system; cotton zone;

Cameroon.
1. INTRODUCTION

Sub-Saharan Africa over the past two decades
has been facing several problems including soil
degradation [1,2]. It is one of the biggest
environmental problems affecting millions of
people living in this region, especially those living
in rural areas [3]. About 5 to 7 million hectares of
arable land are lost every year because of runoff
and erosion [4]. In addition, soils are particularly
threatened in the current context of high
population growth and increased pressure on
resources prevailing in the concerned regions [5].
The cotton zone of Cameroon is also confronted
with this phenomenon of land degradation. The
process, maintained by climate variability and
high pressure on land, is at the base of the
appearance and extension of bare and crusted
spaces, unable to sustain agricultural and
pastoral activities [6,7]. Faced with these
environmental issues, it is urgent to realize and
change behaviour and aggressive practices on
the environment, particularly in agriculture [6-8].
To meet these challenges, new agricultural
techniqgues have been developed, notably the
Conservation Agriculture (CA) that favour the
preservation of the productive capacity of the soil
while seeking to enhance yields and/or
producers' incomes [9-11]. It is in this context
that direct-seeding mulch-based cropping (DMC)
systems were introduced in the cotton zone of
Cameroon since 2002 [12]. Experimentation of
DMC systems have shown to be technically

adapted to develop an innovative and
sustainable agriculture [13-15]. It helps to
improve soil organic matter (SOM) content,

better management of weed, soil water and
reducing erosion without compromising food
grains production [7,16,17]. However, it is noted
that despite the benefits both from agronomic
and environmental view points, and efforts made
for its dissemination by the Cotton Development
Company of Cameroon (SODECOTON) through
the ESA (Eau-Sol-Arbre) project of the Ministry of
Agriculture and Rural Development for 4 years,
the delay in DMC system to settle in the cotton
zone and its appropriation is still limited [18].

Since the DMC systems have been introduce in
Cameroon, no study has been done to
appreciate the degree of their appropriation.
Though, several studies related to the adoption
of DMC have been done in the world. Factors
such as limited access to land, weak land tenure
arrangements, limited technical knowledge,
limited support from extension agencies, poor
access to inputs and markets, and smallholders’
need for immediate returns to investment are
considered as key constraints preventing the
adoption of CA [19]. More generally, factors
influencing farmers’ decision-making are local
land degradation and production costs issues,
involvement of local elites, markets for secondary
crops [20]. In Vietnam, small region were
reluctant to adopt DMC due to the extra labor
and input required to implement these
techniques during the first years, which hampers
their economic performance [21].

The objective of this study is to evaluate the
degree of appropriation of DMC systems by local
producers, identify the problems that influence
this appropriation and the consequences of no-
appropriation in the cotton zone of Cameroon.

2. MATERIALS AND METHODS
2.1 Study Sites

The cotton zone of Cameroon covered three
administrative regions namely North, Far North
and part of the Adamawa whose regional capitals
are respectively Garoua, Maroua and
Ngaoundere (Fig. 1). Three study sites
corresponding to the ESA Project village tests
were chosen, including Laindé Massa in the
North, Kilwo in the Far North and Tapi in the
Adamaoua (Fig. 1).

Laindé Massa site is located in the North region
(8°13'0'N; 1325'60"E). It has a Sudanese
climate type, characterized by five to six months
of rainy season, with a total rainfall ranging from
800 to 1000 mm, an average temperature and
evapotranspiration of 28C and 168 mm/month
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Fig. 1. Location of the study sites
(Source: SODECOTON archives, 2014)

respectively and an annual insolation of about
2800 hours [22]. The pedological cover is mainly
constituted of vertisols and ferruginous tropical
soils [23]. The vegetation is a sudanese
savannah [24] with here and there a clear
appearance, degraded around villages [25].

Kilwo site is located in the Far North region of
Cameroon (1039'N; 13%9'E). It has a sudano-
sahelian climate, characterized by a rainy season
of four months with a total rainfall of about 700 to
850 mm, an average temperature and
evapotranspiration of 28CC and 173 mm/month
respectively, and an annual insolation of 2800
hours [22]. Soils are mainly vertisols, ferruginous
tropical soils and lithosols [23]. The vegetation is
a savannah [24].

Tapi site is a buffer zone between the North and
the Adamawa regions (722'11"N; 1431'47"E). It
is then under the influence of two types of
climates which are sudanese climate of the
northern part and the mountain climate of

Adamawa plateau. The rainy season has more
than six months with a total rainfall of 1250 to
1500 mml/year, an average temperature and
evapotranspiration of 25C and 144 mm/month
respectively and an annual insolation of 2500
hours [22]. Sail types include red ferrallitic soils
sometimes indurated on the interfluves and
hydomorphic soils along rivers [26]. The
vegetation is a woody Sudanese savannah with
here and there a clear appearance forest [24].

2.2 Data Collection and Analysis

Field works consisted firstly to evaluate the
number of producer in each site. There were a
total of 285 in the three study sites, 100 in Laindé
Massa, 96 in Kilvo and 89 in Tapi. Of these 285
growers, 267 were interviewed, 93 in Laindé
Massa, 90 in Kilvo and 84 in Tapi (Table 1). The
approaches used were mainly based on field
surveys. These surveys were done in the local
language (Fulfulde) during one month. A pre-
testing of questionnaires for validation was done.



In each site, questionnaires were administered
semi-openly. Questions were closed for
quantified information and open for information
requiring an understanding of the logic and
reasoning of the producer. They focused mainly
on the functioning of DMC systems, methods of
dissemination of DMC systems, issues that limit
appropriation of DMC systems and the
consequences of no-appropriation of this system
on the environment. After data collection,
Microsoft Excel and SPSS software were used to
type and analyze data. All the respondents
participated in each questionnaire. In the
counting phase, responses were classified and
corresponding percentages were calculated,
based on the number of respondents. In this
study, statistical analyses were about descriptive
statistics, focused on frequency and mean
essentially.

Table 1. Representation of producers in the

study sites
Study sites Number of Number of
producers producers
surveyed
Kilwo 96 90
Laindé Massa 100 93
Tapi 89 84
Total 285 267
3. RESULTS

3.1 Factors Limiting Appropriation of
DMC Systems in the Study Sites

The appropriation of DMC techniques in the
cotton zone of Cameroon is confronted with
several problems. These problems are amongst
other things land ownership, financial, socio-
cultural and problems related to the support of
the ESA project.

3.1.1 Land ownership

Land ownership constraints experienced in the
study sites are presented in Table 2. The survey
results showed that in Kilwo and Laindé Massa,
78% and 64% of respondents respectively were
not landowners. On the contrary, in Tapi, 58%
of the respondents were landowners. The
percentage decreased with latitude from Kilvo to
Tapi. When a producer is not a landowner, he is
afraid of losing a parcel on which he gave his
energy and time to rehabilitate, since DMC need
high investment. Globally, land ownership is an
important constraint that greatly influences the
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appropriation of DMC systems. Landowners
represent only 39% in the cotton zone of
Cameroon.

Table 2. Repartition of producers according
to land ownership in the study sites

Study sites Non owners  Owners
Kilwo 78% 22%
Laindé Massa 64% 36%
Tapi 42% 58%
Mean 61% 39%

3.1.2 Financial constraints

Financial constraints experienced in the study
sites are presented in Table 3. The results show
that in Kilwo and Laindé Massa sites, 96% and
78% of respondents respectively, claimed that
they needed substantial financial means for the
implementation of the DMC system. In Tapi on
contrary, this was affirmed only by 66%. In order
to facilitate the implementation of the DMC
system, the ESA project needed to concede
some subsidies to producers. The radical
decrease of these subsidies was one of the
financial difficulties affecting the appropriation of
DMC system. It was expressed by 79% of
respondents in Kilwo, 75% in Laindé Massa and
52% in Tapi. Also, the difficulty in the
reimbursement of credits (credits for plant
protection products, fertilizer and cover plant
seeds) contracted during agricultural campaign
at the SODECOTON was one of the financial
difficulties that affect the degree of appropriation
of DMC systems in the cotton zone of Cameroon.
It was more expressed in Kilwo and Laindé
massa (83% and 80% respectively) than in Tapi
(75%). The high cost of renting land was also
one of the financial constraints evoked by
producers. It was more pronounced in Kilwo and
Laindé Massa sites (93% and 90% respectively)
than in Tapi where only 45% of surveyed
producers mentioned this issue as a main
constraint. Globally, financial constraints in the
implementation of the DMC system in cotton
zone of Cameroon were due to financial means
(80%), radical decrease of subsidies (69%),
difficulty in the reimbursement of credits
(79.33%) and the high land rental costs (76%).

3.1.3 Sociocultural constraints

Sociocultural constraints experienced in the
study sites are presented in Table 4. Survey
results indicated that the poor distribution of crop
areas by local leaders was a major obstacle.



Traditional authority which was highly respected
and highly feared by the population in these
areas, had powers on all land and could allocate
crop areas to whom he wants and recovered it
when he wants. This issue was expressed by
85% of producers in Kilwo, 80% in Laindé Massa
and 82% in Tapi. Conflicts between producers
and breeders were one of the constraints that
influence the degree of appropriation of DMC
systems expressed in the study sites. This issue
was more expressed in Tapi (84%) than in the
other sites (69% in Kiwo and 75% in Laindé
Massa). Practice of traditional techniques had
also, an influence on the appropriation of DMC
systems. These traditional techniques, although
could not provide optimal yields, did not need
much investigations for their implementation. The
influence of this issue was expressed by 65% of
producers in Kilwo, 70% in Laindé Massa and
78% in Tapi. The most important sociocultural
constraint was the poor distribution of crop areas
(82.33%). This issue was followed by conflicts
between producers and breeders (76%) and the
practice of traditional techniques (71%).

3.1.4 Influence of the technical support of the
ESA project

Survey results relating to the support of the ESA
project are presented in Table 5. They showed
that the poor organization of technical monitoring
greatly influenced the degree of the appropriation
of DMC systems. It was more expressed in
Laindé Massa site (75%) than in Kilwo (64%) and

Table 3. Influence of financial issues on DMC syste
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Tapi (63%). In addition, producers affirmed that
there was a lack of awareness on the DMC
systems. This issue was expressed by 48% in
Laindé Massa, 43% in Kilwo and 40% in Tapi.
Globally, the poor organization of technical
monitoring and the lack of awareness on the
DMC systems were respectively expressed by
67% and 44% of producers in the cotton zone of
Cameroon.

3.2 Consequences of No-appropriation of
the DMC system on the Environment

Concerning the environmental consequences of
no-appropriation of the DMC system, famers
perceived on the basis of their local knowledge
the continued degradation of agricultural soils
and decline in soil fertility. This was due to three
issues namely acceleration of water and wind
erosion processes, cleaning of fields by fire and
inappropriate farming techniques (Table 6). The
acceleration of water and wind erosion
processes was more expressed by producers in
Tapi (82%) and Kilwo (77%) than in Laindé
Massa (65%). The cleaning of fields by fire was
expressed in the same order as the acceleration
of water and wind erosion processes. This issue
was highly expressed in Tapi (90%) and
Kilwo (88%) than in Laindé Massa (76%).
Practice of inappropriate farming techniques
on the contrary was weakly expressed globally
than the two other issues. It was more
expressed in Laindé Massa (56%) than in the
two other sites (42% in Tapi and 38% in Kilwo).

ms ownership in the study sites

Study sites Important financial Radical decrease  Difficulty in High
means for DMC systems of subsidies loans rental cost
implementation repayment

Kilwo 96% 79% 83% 93%

Laindé Massa 78% 75% 80% 90%

Tapi 66% 52% 75% 45%

Mean 80% 69% 79,33% 76%

Table 4. Influence of socio-cultural issues on DMC systems ownership in the study sites.

Study sites Poor distribution of Conflicts between Ancient
crop areas by local producers and breeders agricultural
leaders techniques

Kilwo 85% 69% 65%

Laindé Massa 80% 75% 70%

Tapi 82% 84% 78%

Mean 82,33% 76% 71%
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Table 5. Influence of the technical support of the

ESA project issues on DMC systems

ownership in the study sites

Study sites Lack of awareness about the DMC Poor organization of the technical
systems monitoring

Laindé Massa 48% 75%

Kilwo 43% 64%

Tapi 40% 63%

Mean 44% 67%

Table 6. Consequences of non ownership of the DMC s

ystem on the environment

Study site Acceleration of water and Cleaning of Inappropriate farming
wind erosion processes fields by fire techniques

Laindé Massa 65% 76% 56%

Kilwo 7% 88% 38%

Tapi 82% 90% 42%

Mean 75% 85% 45%

Ultimately, the cleaning of fields by fire was the
main cause of land degradation in the cotton
zone of Cameroon. It was expressed by 85%
producers. It was followed by the acceleration of
water and wind erosion processes (75%) and
more weakly by the practice of inappropriate
farming techniques (45%).

4. DISCUSSION

The results revealed that landownership,
financial constraints, sociocultural constraints
and influence of the technical support of the ESA
project were issues that influenced the degree of
appropriation of DMC techniques in the cotton
zone of Cameroon.

Landownership influence was felt by the fact that
many producers are not owners of their plots.
Indeed, the non-landowner was not certain that
he could cultivate the land for several
consecutive years. There was thus no motivation
to invest time and money to improve fertility or
limit erosion if he was not sure of getting a return
on investment after several years [27]. This was
in line with Giller et al. [28] who considered land
security as favourable condition for the
appropriation of DMC systems by small African
producers. They rarely practiced DMCs on plots
with high land insecurity [28]. According to
Balarabe et al. [12], investments made during the
period of implementation of DMC systems could
only be recouped after a few years. It was
therefore imprudent for producers to invest on
land which did not belong to them and where
they could abandon in a short term.

Public lands, community land and land
cultivated through different modes of attribution

(sharecropping or rental) were part of the land on
which the appropriation of DMC systems is still
rare or nonexistent [29]. In addition, rental
agreement on some plots also limited
investments since it was renewed over several
years, or even every year [27]. However, in the
Tapi site, almost all producers were owners of
their plots. This was in line with Giller et al. [28]
who clearly illustrates that in the southern part of
the cotton zone, land pressure was not strong as
in other territories of the cotton zone. In this area,
it could still be found uncultivated land waiting to
be cleared. Moreover, in this context of very
strong land availability, DMC systems were of
less interest than the very extensive systems
based on slash and burn that did not require
major investment, excepted in work before the
rainy season [3]. However, it was important to
note that these important uncultivated lands
waiting to be cleared attract many people from
other lands to migrate to this area. Land
ownership thus greatly influenced the degree of
DMC system appropriation according to our
results, which were contrary to those of Knowler
and Bradshaw [20], for who the factor "no owner"
had no influence on the degree of the
appropriation of DMC systems.

The significant financial means necessary for the
implementation of DMCs had a strong influence
on the degree of appropriation of DMC systems
[30]. The use of chemical inputs (fertilizers,
herbicides, insecticides, fungicides ...), the
specific equipment (sprayers) and the seeds
obliged producers to mobilize capital during the
first years of the implementation of DMC systems
[31]. However, their low investment capacities
did not permit equipment access nor necessary



inputs [32]. According to Naudin and Balarabe
[33], DMC systems required inputs sometimes of
more important cost at the beginning, and so,
could be a constraint to the appropriation of DMC
systems. On one hand, producers living in
conditions of relative precariousness remained
wary about technical innovations. They were
generally in risk minimization logic. It would
therefore be futile to encourage them to adopt
DMC systems as doubts persist about the
technical and economic efficiency of these
systems [34]. On the other hand, those with
limited capital were usually compelled to think in
short term, which probably constituted a brake to
the adoption of DMC systems [28]. This was
illustrated by the fact that some producers
preferred burning plant residues plots. Indeed,
the ash obtained interested them because it
directly affected yields of the current agricultural
campaign.

Access to credit was often considered as an
alternative to the lack of capital [35]. Some
producers had subsidies during the period of on-
farm trials in order to facilitate the appropriation
of DMC systems. These subsidies had
decreased during the diffusion period that was
the phase during which the project wanted to
permit mass adoption of DMC system. This
decrease was quickly felt by producers due to
their precarious situation [36]. But, according to
Seguy and Raunet [32], the influence of the
decrease of subsidies from the ESA project was
negligible, since producers must be able to
manage themselves through the producer groups
(PG) made available to them. As for the
reimbursement of credits contracted during
agricultural campaign at the SODECOTON,
being a membership of PG was a condition for
granting loans to producers. PG enabled them to
better monitor and ensured the recovery of
credits [37]. However, despite the credit system
set up, it often happened that the producer could
not respect their due. This might be due to lower
agricultural yields and higher production costs
during the implementation phase of DMC
systems which might influence and weigh on
their incomes. In addition, the decline in
agricultural yields due to climatic hazards and
operational failures of the other PG would not
permit to them to respect their due [33].
According Giller et al. [38], the dysfunction of PG
generally concern the late arrival of chemical
inputs and processing equipment against weeds
(sprays), which could delay the achievement of
farm work and thus compromising crop yields.
DMC systems required high use of fertilizers and
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pesticides to fit the needs of different plants and
crop associations, limit nitrogen hungers, control
weed growth when the labour was expensive and
less available for weeding and seeds treatment
[28]. The high land rental cost was just a
consequence of land problem that is felt at the
level of finance [32].

Socio-cultural issues also influenced the degree
of appropriation of DMC systems. This influence
was felt through poor distribution of crop areas
by local leaders, conflicts between producers and
breeders, and practice of traditional agricultural
techniques. The traditional authority that was
highly respected and highly feared by the
population in these areas had power over all
lands and therefore could allocate the agricultural
spaces to who he wants and recovered it when
he wants. These results corroborated with those
of Chabierski et al. [39] in Madagascar.
Moreover, interference between administrative
authorities and customary land law on one hand
and the modern state land laws on the other
hand were complex, confusing and progressive;
they created a space of "confusion management"
favourable to opportunistic behaviours and
rentiers, strongly influenced by local power
relations and the politicization of the competition
for land [40]. Deficiencies of grazing and bush
fires limited the interest of DMC system and
might discourage producers to sustain the DMC
system. In such context, it was difficult to keep
the mulch and this could lead to conflicts,
particularly between producers and breeders, in
line with Dongmo et al. [40] observations. There
were sometimes very violent conflicts for
biomass allocation after harvest if producers
wanted to book some mulch for their cattle and
for DMC system [41]. These conflicts were also
due to a lack of regulation regarding the grazing
of cattle in most villages where livestock was
allowed to freely graze crop residues
immediately after harvest season [42,43]. Better
integration agriculture-livestock-natural spaces
must be sought for fodder use of crop residues
and vegetation cover [44]. Communities would
then define the collective rules designed to
protect the vegetation cover (wandering animals,
bush fires). It was also to better manage the
existing biomass and increase its production so
that its use by the DMC system was not done in
the detriment of livestock [45]. Producers of the
study sites were still attached to ancient
traditional techniques. According Raunet et al.
[37], this attachment was explained by the fact
that the majority of producers still did not master
the DMC techniques due to their complexities.



This complexity was usually felt by the conduct of
the cover crop, especially when there was a live
cover. Managing a live cover in fact implies
knowledge and the choice of appropriate
herbicides according to the main crop in place,
cover crop, weather conditions and potential
weeds.

Technical support of the ESA project had a
strong influence on the degree of appropriation of
DMC systems [46,47]. This influence was felt
through poor organization of the technical
monitoring and lack of awareness about the
DMC  systems. Participatory intervention
methods but in fact too planned, did not promote
adequate implementation of advice actions
beside producers. Consultation frameworks
proposed at the end of diagnoses and support
missions have remained at the stage of
recommendations [40]. Moreover, it would also
have been interesting to assess the functionality
of the DMC system and the types of DMC
system actually set up in the study site. The
proper functioning of DMC systems and their
integration in farms required good technical
knowledge and involved a major transformation
of agricultural practices and production systems
[43,48]. Given the complexity of this innovation in
technical and managerial terms, its diffusion
must be accompanied by initial support and
advice in duration. Surveys showed that many of
them did not have enough information on the
DMC systems. This lack of information was
expressed at the farm level by hesitations or by
the existence of many different producers'
perceptions on this technical innovation.
Regarding hesitation, it incited in most cases to
continue the practice of conventional agriculture
[49]. Only the relatively wealthy producers could
invest in technical innovations relatively unknown
because they had the capital and risk-taking
capacity required [50]. Concerning the various
perceptions on DMC systems, they resulted from
the misunderstanding of this technical innovation,
which might make producers reluctant [40].

5. CONCLUSION

Field investigations had shown that producers of
the study sites were facing several difficulties
which did not allow the easy appropriation of the
DMC systems in the cotton zone of Cameroon.
These difficulties were landownership issues,
financial difficulties resulting in significant
financial means necessary for the
implementation of DMC systems, the decrease in
a radical way of subsidies from the ESA project,
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the difficulty in repayment of loans contracted
during  agricultural  campaigns at the
SODECOTON and high land rental costs. In
addition, socio-cultural constraints were felt
through poor distribution of crop areas by local
leaders, conflicts between producers and
breeders and practice of ancient traditional
agricultural technigues. Problems of support from
the ESA project were felt through the poor
organization of technical monitoring and lack of
awareness on DMC systems. Consequences of
no-appropriation of the DMC systems on the
environment were continued degradation of
agricultural soils and decline in soil fertility. They
were due to the acceleration of water and wind
erosion, the clean of fields by fire and the
practice of inappropriate farming techniques. In
this context, it was clear that the issue of
appropriation of DMC systems remained a critical
issue for sustainable management of soil
resources in the cotton zone of Cameroon. The
model of diffusion of DMC in family agriculture
proposed by the ESA project could not be
generalized and applied to different contexts and
must take in different causes of its no-
appropriation identified here for its adoption.

ACKNOWLEDGEMENTS

The authors wish to thank the SODECOTON
authorities in  Maroua who provided the
internship. They are indebted to anonymous
reviewers for their constructive remarks that
substantially improved the quality of the paper.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Tivet F, Khamxaykhay C, Tran Quoc H,
Chantharath B, Panyasiri K, Julien P,
Séguy L. Implementing direct seeding
techniques for the rainfed upland rice
South of Sayaboury province. National
Agroecology Program, NAFRI-MAF, PDR

Lao. 2003;1.
2. Gabathuler E, Liniger HP, Hauert C,
Giger M. Benefits of sustainable land

management, WOCAT/UNCCD, University

of Bern, Switzerland, Centre for
Development and Environment (CDE);
20009.

3. AFD/FFEM. Direct Seeding Much-Based
Cropping Systems (DMC). Paris, France;
2007.



10.

11.

12.

13.

14.

Raunet M, Naudin K. Lutte contre la
désertification: I'apport d'une agriculture en
semis direct sur couverture végétale
permanente (SCV). Les dossiers
thématiques du CSFD. N%4. Septembre
2006. CSFD/Agropolis, Montpellier,
France; 2006. French.

Lemenih M. Effects of land use changes
on soil quality and native flora degradation
and restoration in the highlands of
Ethiopia. Implications for sustainable
land management. PhD thesis, Swedish
University of  Agricultural  Sciences,
Uppsala; 2004.

Tsozué D, Haiwe BR, Louleo J, Nghonda
JP. Local Initiatives of Land Rehabilitation
in the Sudano-Sahelian Region: Case of
Hardé soils in the far North Region of
Cameroon. Open Journal of Soil Science.
2014;4(1):6-16.

Tsozué D, Nghonda JP, Mekem DL.
Impact of land management system on
crop yields and soil fertility in Cameroon.
Solid Earth. 2015;6(3):1087-1101.

Costa JL, Aparicio V, Cerda A. Soil
physical quality changes under different
management systems after 10 years in the
Argentine humid pampa. Solid Earth.
2015; 6:361-371.

Fowler R, Rockstrom J. Conservation
tillage for sustainable agriculture — An
agrarian revolution gathers momentum in
Africa. Soil and Tillage Research. 2001;
61(1-2):93-107.

Lal R, Reicosky DC, Hanson JD. Evolution
of the plow over 10,000 years and the
rationale for no-till farming. Soil and Tillage
Research. 2007;93(1):1-12.

Sa JCDM, Cerri CC, Lal R, Dick WA, de
Cassia Piccolo M, Feigl BE. Soil organic
carbon and fertility interactions affected by
a tillage chronosequence in a Brazilian
Oxisol. Soil and Tillage Research. 2009;
104(1):56-64.

Balarabe O, Naudin K, Aboubakary,
Dourwe G. Les SCV: Mise au point et leurs
performances. Projet ESA-SDCC, Nord-
Cameroun; 2007. French.

Marasas ME, Sarandén SJ, Cicchino AC.
Changes in soil arthropod functional group
in wheat crop under conventional and no
tillage systems in Argentina. Applied Soil
Ecology. 2001;18:61-68.

Brown GG, Benito N P, Pasini A, Sauter
KD, Guimaraes MF, Torres E. No tillage
greatly increases earthworm populations in

Tsozué et al.; BJAST, 16(1): 1-11, 2016; Article no.BJAST.25509

15.

16.

17.

18.

19.

20.

21.

22.

23.

Parana state, Brazil. Pedobiologia. 2002;
47:764-771.

Ndah HT, Schuler J, Uthes S, Zander P,
Triomphe B, Mkomwa S, Corbeels M.
Adoption  potential for  conservation
agriculture in Africa: A newly developed
assessment approach (QAToCA) applied
in Kenya and Tanzania. Land Degradation
and Development. 2015;26:133-141.
Naudin K, Gozé E, Balarabe O, Giller KE,
Scopel E. Impact of no tillage and
mulching practices on cotton production in
North Cameroon: A multilocational on farm
assessment. Soil and Tillage Research.
2010;108:67-68.

Neto MS, Scopel E, Corbeels M, Cardoso
AN, Douzet JM, Feller C, Piccolo MDCC,
Cerri CC, Bernoux M. Soil carbon stocks
under no-tillage mulch-based cropping
systems in the Brazilian Cerrado: An on-
farm synchronic assessment. Soil and
Tillage Research. 2010;110:187-195.

Naudin K, Balarabé O, Aboubakary.
Systemes de culture sur couverture
végétale. Projet ESA-Nord Cameroun,

résultats campagne 2004. Vol. I. Synthese.

Doc. CIRAD/SODECOTON/projet ESA,;
2005. French.
Lestrelin G, Quoc HT, Jullien F,

Rattanatray B, Khamxaykhay C, Tivet F.
Conservation agriculture in Laos: Diffusion
and determinants for adoption of direct
seeding mulch-based cropping systems
in smallholder agriculture. Renewable
Agriculture and Food Systems. 2011;7(1):
81-92.

Knowler D, Bradshaw B. Farmers’
adoption of conservation agriculture: A
review and synthesis of recent research.
Food Policy. 2007;32:25-48.

Affholder F, Jourdain D, Quang DD, Tuong
TP, Morize M. Constraints to farmers’
adoption of direct-seeding mulch-based
cropping systems: A farm scale modeling
approach applied to the mountainous
slopes of Vietnam. Agricultural Systems.
2010;103(1):51-62.

Suchel JB. La répartition des pluies et les
régimes pluviométriques au Cameroun,
Centre de Recherches Africanistes.
Université Fédérale du Cameroun; 1987.
French.

Brabant P, Gavaud M. Les sols et
ressources en terres du Nord-Cameroun.
Carte et notice explicative n° 103.
MESRES-IRA, Yaoundé. ORSTOM, Paris ;
1985. French.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Tsozué et al.; BJAST, 16(1): 1-11, 2016; Article no.BJAST.25509

Letouzey R. Notice de la carte 34.

phytogéographique du Cameroun au 1:
500 000. Domaine sahélien et soudanien.

Herbier national IRA, Yaoundé, Institut de 35,

la Carte Internationale de la Végétation,
Toulouse (France); 1985. French.

Fotius G. Phytogéographie. In Seignobos
C, lyébi-Mandjek O, editors. Atlas de la
Province Extréme Nord Cameroun, Paris,
IRD; 2000. French.

Ségalen P. Les sols et la géomorphologie  36.

du Cameroun. Cah. ORSTOM, sér. Pédol;
1967. French.

Raunet M. Projet de recherche-
développement sur le semis direct avec

couverture végétale en Tunisie. Contexte 37

et propositions d'appuis scientifiques.
Cirad, Montpellier, France; 2002. French.
Giller KE, Corbeels M, Nyamangara J,
Triomphe B, Affholder F, Scopel E,
Tittonell P. A research agenda to explore
the role of conservation agriculture in
African smallholder farming systems. Field
Crops Research. 2011;124:468-472.

Husson O, Rakotondramanana, Séguy L.
Le semis direct sur couverture végétale
permanente. Enjeux et potentiel pour une
agriculture  durable & Madagascar.
Plaquette. Cirad, Montpellier, France.

I'Anguededou. ORSTOM Abidjan; 2006. 39

French.

Bringe F, Crewett W, Sieber S, Tscherning
K, Uckert G. Sustainable Agriculture as an
Approach  for  pro-poor growth in
developing countries, scalingup methods
for disseminating good practices, final
report. BMVEL, Bonn; 2006.

Kadekoy D, Folefack DP, Djondang K.

Institutional reforms within cotton sector of 40

central Africa: Impacts on the producers’
inputs supply segment. Life Science
International Journal. 2009;154-165.

Séguy L, Raunet M. Le semis direct sur
couverture permanente (SCV): Une
solution alternative aux systemes de
culture conventionnels dans les pays du

Sud. AFD. Le semis direct sur couverture 41

végétale permanente (SCV). Paris,
France; 2006. French.

Naudin K, Balarabe O. Systemes de
culture sur couverture végétale. Résultats
campagne 2003. Vol. I. Synthése, juin
2004. Il. Résultats bruts, juillet 2004.

CIRAD/SODECOTON (Cameroun); 2004. 42.

French.

10

38.

Cirad. Le développement du semis direct
en Tunisie. Cirad, Montpellier, France.
Collection Colloques; 2004.

Michellon R, Moussa N, Razanamparany
C, Razakamiaramanana, Husson O,
Séguy L. L’écobuage: une pratique a faible
colt pour restaurer rapidement la fertilité
du sol et augmenter la production. Cirad,
Montpellier, France. Ministére Agriculture,
Bruxelles 3éme édit.; 2005. French.

Séguy L, Quillet JC. Etats des lieux du
semis direct en Tunisie et propositions
d’'actions pour son amélioration. Mission
du 14 au 17 avril 2005. Cirad, Montpellier,
France; 2005. French.

Raunet M, Seguy L, Fovet Rabots C.
Semis direct sur couverture végétale
permanente du sol: de la technique au
concept. Gestion agrobiologique des sols
et des systéemes de culture. Actes
de Tlatelier international, Antsirabe,
Madagascar, 23-28 mars 1998, ANAE,
CIRAD, FAFIALA, FIFAMANOR, FOFIFA,
TAFA, Montpellier, France CIRAD.
Collection Colloques; 1999. French.

Giller KE, Witter E, Corbeels M, Tittonell P.
Conservation agriculture and smallholder
farming in Africa: The heretics’ view. Field
Crops Research. 2009;114:23-34.

Chabierski S, Dabat MH, Grandjean P,
Ravalitera A, Andriamalala H. Une
approche socio-éco-territoriale en appui a
la diffusion des techniques agro-
écologiques au Lac Alaotra, Madagascar.
Rapport de Mission Madagascar du 21
mars au 9 avril 2005. Projet d'appui la
diffusion des techniques agro-écologiques
Madagascar. MAEP / AFD / FFEM / Cirad;
2005.

Dongmo AL, Havard M, Dugué P. Gestion
du foncier et de la biomasse végétale :
fondement de I'association de I'agriculture
et de I'élevage en zone de sédentarisation
au Nord-Cameroun. In Exploitations
agricoles familiales en Afrique de I'Ouest
et du Centre. Paris, France, Quae; 2007.
French.

Erenstein O. Smallholder conservation
farming in the tropics and subtropics: A
guide to the development and
dissemination of mulching with crop
residues and cover crops. Agriculture
Ecosystems and Environment. 2003;
100(1): 17-37.

Kaumbutho P, Kienzle J, editor.
L'agriculture de conservation au Kenya.



43.

44,

45,

Dans L'agriculture de conservation au
Kenya: Deux études de cas. ACT, CIRAD,
FAO, Nairobi; 2007.

Naudin K. Cropping system design and
tradeoffs around biomass use for
Conservation Agriculture in Cameroon and
Madagascar. Thesis, Wageningen
University, Wageningen; 2012.

Seugé C. Gestion des ressources
naturelles et des espaces: Conditions
d’adoption des Systemes de culture sur
couverture Veégétale par les agriculteurs
migrants du bassin de la Bénoué (Nord-
Cameroun). Mémoire de Master of
Science, CNEARC, Montpellier; 2004.
French.

Labonne M. Le secteur de l'élevage au
Cameroun et dans les provinces du grand
Nord: situation actuelle, contraintes, enjeux
et défis. In Jamin JY, Seiny Boukar L,
editors. Savanes africaines: des espaces
en mutation, des acteurs face a de
nouveaux défis. Actes du colloque, mai
2002, Maroua, Cameroun. N’Djamena,
Tchad, Prasac; 2003. French.

Tsozué et al.; BJAST, 16(1): 1-11, 2016; Article no.BJAST.25509

46.

47.

48.

49.

50.

Hruschka E. Psychologische grundlagen
des beratungsvorgangs. In Einsicht als
agens des handelns, Albrecht H, editor.
Margraf Verlag: Weikersheim. 1994;5-24.
German.

Milder JC, Majanen T, Scherr SJ.
Performance and potential of conservation
agriculture for climate change adaptation
and mitigation in Sub-Saharan Africa. Final
Report; 2011.

Benites JR, Ofori CS. Crop production
through conservation effective tillage in the
tropics. Soil and Tillage Research. 1993;
27(1-4):9-33.

Masse D. Changements d'usage des
terres dans les agro-systémes d'Afrique
sub-saharienne. Propriétés des sols et
dynamique des matiéres organiques.
Mémoire HDR. Institut de Recherche pour
le Développement; 2007. French.
OPCC-GIE. Réles des GP et de I'OPCC-
GIE dans la mise au point et la diffusion
des SCV. Communication au séminaire
SCV, Maroua du 24 au 28/09/2007. Doc.
OPCC-GIE/SDCC; 2006. French.

© 2016 Tsozué et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/14434

11



