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ABSTRACT RESUME
Vermicompost is considered a valuablgaic fertilizer ~Mainoo, N.-O. K., BarringTON, S. & WHALEN, J. K. :
in many tropical regions, but has rarely been used in subfermicompost comme engrais pour les champs urbains
Saharamfrica. A study inAccra, Ghana, assessed urbanet péri-urbains: La perceptions d’agriculteurs d’Accra
and peri-urban (UP) farmers’ fertilizer and pesticide usegu Ghana. Vermicompost est considéré un engrais
knowledge of earthworms, fertilizer performanceorganique valuable en plusieurs régions situées entre les
criteria, and attitudes toward vermicompost as dropiques mais il a été rarement employéAdrique
fertilizer. Twenty-six farmers involved in irrigated subsaharienne. Une étude a été faitecera au Ghana
vegetable farming and three subsistence farmers wepour évaluer l'usage de pesticide et d’ engrais
interviewed. Farmers were aware that earthworm activitgl’agriculteurs urbains et péri-urbains (UP), connaissance
was associated with soil fertilityand some associated du ver de terre, critére pour la performance d’ engrais et
insecticide applications to reduced earthwormles attitudes vers le vermicompost comme engr¥lisgt-
populations. Farmers used the greenness of leaves, creix agriculteurs de la culture de Iégume irrigué et trois
emergence, stand and yield as indicators of fertilizeagriculteurs de subsistance étaient interrogés. Les
performance. Farmers resisted making statements aboagriculteurs étaient au courant que l'activité du ver de
vermicompost before testing it, and advised that itderre était liée a la fertilité du sol et quelques applications
fertilizer value be tested during the dry season. Farmefinsecticide y liées pour réduire les populations du ver
involved in irrigated vegetable farming had insufficientde terre. Les agriculteurs employaient la verdeur de
space and time for on-farm vermicomposting, whilefeuilles '’émergence de culture, I'étendue et le rendement
subsistence farmers lacked a reliable access to watde culture en tant qu’'indicateurs de la performance
necessary for on-farm vermicomposting; but both types’engrais. Les agriculteurs résistaient des commentaires
of farmers were interested in adopting vermicompost ifur le vermicompost avant de I'essayer et conseillaient
it improved crop performance. Such lack of farml'essai de ses valeurs d’engrais pendant la saison séche.
resources suggest that a commercial facility would bées agriculteurs de la culture de légume irrigué avaient d’
best suited to produce vermicompost from organic wast&space et de temps insuffisants pour la production de
which would then be sold to farmers. vermicompost sur le champ alors que les agriculteurs de
subsistance n’avaient pas d’accées slr a I'eau nécessaire
pour le mélange de vermicompost sur le champ, mais les
deux types d’ agriculteurs s'intéressaient en I'adoption
de vermicompost a condition qu’'il améliorait la
performance de culture. Le manque de telles resources
au champs suggére qu’une installation commerciale
pourrait étre la plus mieux convenable pour la production
Original scientific paperReceived 05 Jul 07; revised 26 de vermicompost a partir de déchets organiques qu’on
Aug 08. pourrait ensuite vendre aux agriculteurs.
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Introduction therefore, logical to assume that for vermicompost

The need for organic fertilizers in sub-Saharato be adopted by farmersAecra, it will have to
Africa is urgent because soils in the region arét into the local farming system and farmers’
generally highly weathered and have low fertilitylivelihood strategies (Said@t al, 2004). Farming
(Stangel, 1993). The total loss of nutrientspractices such as pesticide use, organic and
annually across arable lands in sub-Saharamorganic fertilizer use, and farmers’ knowledge
Africa, was forecast to reach 26 kg N'h@ kg of earthworms will affect the level of adoption.
P,O, ha', and 33 kg KO ha' by 2000, with the Vermicompost should perform as well as other
most severe nutrient mining projected to occur inrganic fertilizers, based on farmers’ fertilizer
densely populated areas (Stoorvogel, Smaling gerformance criteria, and must be introduced in a
Janssen1993). Breman (1990) concluded thatmanner acceptable to farmers.
applying mineral and organic fertilizers was the This study was about introducing pineapple
only way to address the problem. Farmersvaste vermicomposting iAccra, Ghana. Its
practising subsistence agriculture are more likelgbjectives were to report on pesticide and fertilizer
to exhaust inexpensive internal inputs (organiase by URarmers, determine farnisiknowledge
fertilizers produced locally) before opting toof earthworms, assess farmers’ fertilizer
purchase expensive external ones (mineral aqerformance criteria, and to evaluate farmers’
organic fertilizers transported from outside thettitudes toward introducing vermicompost as a
local region)Vermicompost, an ganic fertilizer  fertilizer.
created from the treatment of organic waste by
earthworms, could be a good internal input for Materials and method
poor urban and peri-urban (UP) farmers in subStudy area
Saharar\frica. Using vermicompost is a potential The study was conducted iccra, Ghana,
“win-win” situation, because earthworms canbetween February and May 208@cra is in the
divert large quantities of organic wastes fronsouthern coastal savannah belt of the country
urban dump sites and produce an inexpensivalong the Gulf of Guinea (5°342 N, 0°102 W)
nutrient-rich fertilizer at a low cost for local UP (Twumasi &Asomani-Boateng, 2002 he city’s
farmers. settlements occupy an area of 7512KMgller-

African farmers have some knowledge on howlensen, Kofie &ankson, 2005) with a general
to manage soil fertility with mulching, cover crops,elevation of 75 m above sea level. The mean
and green-manuring. Growing evidence suggestsonthly temperature ranges from 24.7 °C in
that some farmers can accurately assess teigust to 28.1 °C in Februargnd the mean
quality of organic fertilizers and use the knowledgannual rainfall is 846 mm. The rains fall mostly
strategically (Lekaset al, 2003). For example, from May to July and also from September to
farmers in the Kano Close-Settled zone, Nigerid\ovember (Wumasi &Asomani-Boateng, 2002).
considered bird (chicken, duck and turkey) The agricultural practices in and aroatra
manures to be of best quality based on nutriemind its surrounding suburbs are typical of urban
value; and also considered manures producedyricultural activities. Seven urban agricultural
by small ruminants to have the most consistenypes have been observed: backyard gardening,
quality (Harris &Yusuf, 2001). Nigerian farmers fish farming, livestock farming, irrigated vegetable
reported that rainy season manures were begardening, small ruminants and poulsgasonal
suited for millet and dry season manures focrop farming, and miscellaneous, which entails
peppersAnother study in the Kiambu District, raising export crops, micro livestock, snail farming,
Kenya, observed farmers ranking manures bgnd bee-keeping (Danst al., 2004). Irrigated
crop response (Mwarasombaal, 1995). Itis, vegetable gardening is the dominant practice
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(Armar-Klemensu, 2000), occurring on up totopics while remaining flexible enough to contain

seven open spaces across the city (Obuebie any other topics of interest to the respondents.
al., 2006). In this studypen spaces are definedThe objectivity of the responses from interviews
as undeveloped spaces, some distance fromas preserved by triangulating responses
human dwellings, beside drains, stream bankbetween stakeholders, whilst preserving
roadsides, abandoned waste dumps, aroumdnfidentiality as recommended by Berardi &

public buildings, and on private lands that hav®onnelly (1999). Data collected from interviews

been leftidle (Obuobie, Danso & Drechsol, 2003)were augmented with general observations by
Some of these sites have been cultivatetthe researcher during field visits and from other
continuously for the last 50 years (Darg@l, reports.

2004). InAccra, irrigated vegetable farming occurs  Twenty-nine urban farmers were interviewed

on 47 ha in the wet season, and on 100 ha in tled important points were recorded in a notebook.

dry season (Obuobet al, 2006). Urban farmers, in groups of two to three
individuals, were asked a series of open-ended
Qualitative data collection guestions concerning their farming practices

Qualitative data can help researchergpesticide and fertilizer use), earthworms and
understand the beliefs and attitudes of farmessarthworm habitats, how they evaluate fertilizers,
toward different technologies (Enyong, Debraland other general issues concerning fertilizer
& Batiano, 1999). In this studyhe qualitative performance (@ble 1).All farmers interviewed
data were collected through open-endedere approached as they worked on their beds.
interviews with farmer#\s in Desbieet al (2003), The same researcher conducted all interviews for
conversations were guided toward selectedonsistency

TaBLE 1

Open-ended Questions Asked of Urban Farmers in Accra During This Study and Justification for Queries

Question Justification

What crops are grown and for what purpose are thgy To assess purpose of farming activigspecially

being grown? economic motivation

What are the differences between organic and To assess farmer&nowledge on soil fertility

inorganic fertilizers? management

How is fertilizer performance evaluated? To assess farmersriteria for evaluating fertilizer
performance

Are earthworms beneficial or detrimental to soil qudlityTo assess farmergerceptions on earthworms and their

and fertility? benefits to soil fertility

Are earthworms present on farms? To assess farmergerceptions on earthworm abundance
on farms

Where are earthworms found? To assess farmer&nowledge on local earthworm
habitats

How should vermicompost be evaluated? To assess farmerstrategies for evaluating

vermicompost performance

Is there any interest in applying earthworm casting$, To assess farmergerceptions on adopting
from earthworms fed organic wastes, on farm beds? vermicompost




222 N.-O. K. Mainoo et al. (2008) Ghana Jnl agric. Sci. 41, 219-226

Results and discussion lettuce, cabbage, carrots, beet root, green peppers,

General description cauliflower, tomatoes, and cucumberEhe
The farmers interviewed had a mean age of 48¢maining three farmers were squatting on
and ranged in age from 24 to 62 (Fig. 1). Mostniversity of Ghana property to the east side of
farmers were illiterate, although two had completethe Campus. These farmers practised rainfed
primary school. Only one of the intervieweessubsistence farming with little or no external
was a woman, confirming the gender imbalancmputs. They grew cassava, tomatoes, okra,
in commercial irrigated vegetable farminghiccra  garden eggs, peppend maize. None of the 29
reported by Obosu-Mensah (1999), Obuobigfarmers had legal tenure to the land they were
Drechsel & Danso (2004), and Damga@l (2004). cultivating. The researchers assumed that they
Other women were approached for interviews, bwere in some informal agreement with landowners
they asked the men to answer queries whilst théprivate and public), who in turn benefited from

9 farmers keeping the land clear
of weeds and preventing

° encroachment by land
! developers and other squatters
s ° (Obuobieet al, 2003, 2006).
§ 5 The frequency of responses
g 4 are presented in the ensuing
(18

paragraphs and put in brackets.

Fertilizer and pesticide use

17 Farmers (23) appreciated the

0 - value of organic fertilizers,
21-30 31-40 41-50 51-60 61-70  egpecially the chicken manure-
Age (yr) sawdust mix (CM) that could be
Fig. 1. Age distribution of 29 urban farmers from Accra interviewed during purchased at US$0.10 to
this study. US$0.30 per0.30t0 0.35 kg bag

tended their bedsAlthough age, educationalDanscet al, 2006). Organic fertilizers, including
background, and sex may affect farmer€M, cattle dung, black soil and even human excreta,
perceptions, it was impossible to evaluate thesere widely used by URArmers irAccra, Kumasi
factors in this study because of the gendand Tamale (Danseet al, 2006), but farmers
imbalance and the high rate of illiteracy amorgyeferred CM because of its low price,
the farmers interviewed. Group interactions wittffectiveness (high content of available nutrients
farmers also made it difficult to separate tHer plant growth), and long-term effects on soil.
responses from elderly and younger respondefitane farmers (11) stated that they applied CM to
in the same groupwenty-six farmers cultivatedreclaim saline soils for cultivation, because
beds in a chain of irrigated vegetable gardensionrganic fertilizers were ineffective on such soils.
vacant plots, west of the Kotoka Internation& few farmers (4) also mentioned using CM to
Airport. As reported by Obuobiet al. (2003), increase soil water holding capaci@ne farmer
farmed lands were always adjacent to major dragisessed that applying inorganic fertilizers
in which water was available for irrigation. Herendiscriminately increased post-harvest spoilage.
farmers did intensive year-round irrigatedll vegetable farmers also applied inorganic
vegetable farming, cultivating spring oniondertilizers on their farms. Popular inorganic fertilizers
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included NPK (15-15-15 and 20-20-20), urea, ande understated. Some farmers (11) stressed that
mono-ammonium phosphate (MAP). When CMhere was no point in introducing organic
was applied, it was usually in combination withfertilizers without the corresponding organic
inorganic fertilizers, or on problematic soils.pesticides to deal with problems concerning the
Dansoet al (2006) also observed farmers indiamondback moth larvaérlutella xylostella
certain areas @fccra andrfamale combining CM Linnaeus) and cabbage leafmin&irjomyza
with inorganic fertilizers and stated that thebrassicaeRiley).A few farmers claimed that the
practice was necessary to compensate foraganic pesticide neem seed oil reduced the
scarcity of organic fertilizers in those areas. Somguality of their produce by making it bitter and
interviewed farmers (6) did not use CM at allwas more expensive than conventional
because of unavailability and lack of experienceesticides.
in using it.

The three subsistence farmers interviewe#&armers’ knowledge of earthworms
fertilized their fields with cow manure (priced at  All the farmers (29) were aware that earthworm
US$0.30 cents per 40 to 50 kg) from nearby kraalactivity had positive impact on soil qualityearly
The organic fertilizer was sold by cattle herder$alf of the farmers (12) surveyed went further and
also squatting on the property of the Universityassociated the earthworm castings found on fields
of Ghana. One of the farmers, through an informatith good soil fertility Similar positive attitudes
arrangement with septic truck drivers, used wasteward earthworms were observed in farmers from
water from the septic tanks of the campus of thEenya (Muragest al,, 2000) and India (Singh &
University of Ghana to increase the fertility ofSingh, 2005). Some farmers (14) in our study had
the soil Applications were maintained at two tankbeen told by fellow farmers and extension workers
loads per month to prevent the toxic shocking afhat earthworms indicated healthy soiddl
crops. farmers suggested cool moist locations, especially

The pesticides, Mektin™ and Karate™, withbath- houses and stream banks, as potential
active ingredient®Abamectin and Lambda earthworm habitats.
Cyhalothrin respectivelyere popular amongst  Farmers with irrigated vegetable gardens rarely
farmers with irrigated vegetable farms. This issaw earthworms in their beds, even during tilling.
substantiated by a recent study in which higfThe perception of the farmers was that earthworm
levels of Lambda Cyhalothrin and otherpopulations were reduced by the frequent
pesticides were found on lettuce, cabbage ampraying of insecticides to control the
spring onions fromAccra’s irrigated vegetable diamondback moth larva®.(xylostellalL.) and
gardens (Amoaht al, 2006). Reports indicate a cabbage leafminerL( brassicaeR.). The
significant reduction irEisenia foetidacocoon insecticides applied to control these pests may
production and hatchability after exposure to @anterfere with cocoon production and
sublethal dose of 0.25 migbamectin kg soil hatchability; so it seems reasonable that repeated
(Diao, Jensen & Hansen; Jensen, Diao & Scotspraying for many years will eventually eliminate
Fordsmand, 2007). Research on the effects etrthworm populations. Subsistence farmers did
Lambda Cyhalothrin on earthworm cocoomot use pesticides and found earthworms in their
production is scarce. Howeyesome evidence soils whilst tilling during the rainy seasons.
suggests that sublethal doses of the insecticide
can significantly reduce the cocoon hatchabilitFarmers’ criteria for evaluating fertilizer
of the spidersErigone atraand Oedothorax performance
apicatus The 29 farmers interviewed mentioned crop

Farmers’ dependence on pesticides must nperformance indicators as criteria for evaluating
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fertilizer performance. The frequencies of thdertilizer, and conducting other farm activities did
indicators were in the following order: greennessiot leave much time for farmers to manage the
of leaves and stalks (23), speed of crop emergeneermidigesters. The three subsistence farmers
(20), leaf formation (7), and crop yield (4) and standhowed interest in managing their own
(3). Studies in Nepal (Desbiez al, 2003) and vermidigesters, but lacked the time and resources,
Kenya (Murageet al, 2000) also reported that especially water and organic wastes, to manage
farmers used crop appearance as an indicator them.
soil fertility.

All the indicators mentioned by the Conclusion
interviewees are related to standardrarmers inAccra were interested in testing
measurements of crop performance and nutriemermicompost, but would only pay for the
status in modern agriculture. For example, thproduct on condition that it improved crop
greenness of leaves and stalks is related to tperformance at a reasonable price. Farmers were
chlorophyll content of plant tissues. Deficienciesvilling to pay for organic fertilizers, such as
of nitrogen, magnesium, iron and sulfur maychicken manure, because of past successful use
reduce leaf chlorophyll formation and lead to lowin improving crop production. Farmers’ fertilizer
chlorophyll densities; so greenness is a diregierformance criteria showed a series of standard
indicator of plant nutrition and nutrient usecrop performance indicators also used in modern
efficiency from fertilizers (Shaahan, El-Sayed &scienceThe most popular indicatogreenness
Abou EI-Nour 1999).The leaf nitrogen content of leaves and stalks, suggests the importance of
and fertilizer nitrogen requirements of crops camitrogen fertilizers. In addition, farmers associated
be estimated using a chlorophyll meter by earthworms and their castings with healthy and
making visual observations, as poor UP farmerfertile soils.
do in Ghana. However farming practices used for the

irrigated vegetable gardens may not allow for the

Acceptance of vermicompost as an organion-site production of vermicomposting; because
fertilizer of the intensive use of pesticides, farmers

Farmers were curious about the vermicomposibserve very little earthworm casting on the
product, and were willing to test it once providedsurface of the soil. Finalljarmers advised testing
with samples. They resisted making statementsermicompost in the dry season to avoid biases
predictions, or commitments about adoptionntroduced by crop responses to rainfall. Farmers
before testing. This confirms previousfrom the irrigated vegetable farms admitted time
conclusions in other reports that barriers to thand space constraints would hamper on-site
use of composted urban organic waste are movermicomposting. Subsistence farmers were
technical than cultural (Afburton & Sarfo- interested in on-site vermicomposting, but did
Mensah, 1998; Dans al.,, 2006). not have access to wastes and wdtke case

A few farmers (5) advised that theforsmall-scale commercial vermicomposting off
vermicompost be tested during the dry seasothe farms and the sale of the organic fertilizer to
because trials during the wet season would ke farms is justified by time constraints and lack
skewed by the effects of rainfall on cropof resources of the farmers. Furthermore, the
performance. Others (11) stated that there wakemand for aganic fertilizers inAccra is
little space on irrigated vegetable farms fotremendous, estimated at 18,500 ton per annum
vermicomposting or any other activities requiringlDanscet al, 2006) for the 1000 ha of arable land
space or land. In addition, irrigating crops,(Obuobieet al, 2006).
spraying with insecticides, tilling land, applying



Vermicompost as a fertilizer for urban and peri-urban farms 225

Acknowledgement Farmers’ perceptions and attitudes towards
The lead author is grateful for the financial introduced soil-fertility enhancing technologies in
support from the International Development westermAfrica. Nutrient Cycling inAgroecosystems
; 53, 177-187.
Research Council (IDRC) of Canada, through aE >
AGROPOLIS scholarship. The authors also than arris, F. & vusuf, M.A. (2001) Manure management

. . ) by smallholder farmers in the Kano close-settled
Messrs Issifu and Dickson, théolta Basin zone, NigeriaExp. Agric 37, 319-332.

Research Project and the Department of Sojknsen, J., Diao, X& Scott-Fordsmand, J. J(2007)
Science, both of the University of Ghana, Legon, Sub-lethal toxicity of the antiparasitic abamectin
and the Kumasi Institute ofechnology and on earthworms and the application of neutral red
Environment for providing support and retentiontime as a biomark@hemospher68(4),

assistance with the researcticcra, Ghana. 744-750.
Lekasi, J. K., Tanner, J. C., Kimani, S. K.& Harris,
REFERENCES P. J. C.(2003) Cattle manure quality in Maragua

District, Central Kenya: Effect of management
f practices and development of simple methods of
assessmenAgric., Ecosyst. Envir94, 289-298.
Mgller-Jensen, L., Kofie, R.Y, Yankson & P. W.
K. (2005) Large-area urban growth observations —
a hierarchical kernel approach based on image
texture.Geogr Tidsskr 105 (2), 39-47.
Murage, E.W., Karanja, N. K., Smithson, P C. &
Woomer, P. L. (2000) Diagnostic indicators of soil
quality in productive and non-productive

Amoah, P, Drechsel, P Abaidoo, R. C.& Ntow, W.

J. (2006) Pesticide and pathogen contamination o
vegetables in Gharaurban market#rchs envir
Contamination @xic.50, 1-6.

Armar-Klemesu, M. (2000) Urban agriculture and
food security nutrition and health. InGrowing
cities, growing fooded. N. Bakert al. ). DSE,
Feldafing. pp. 99-113.

Berardi, G. & Donnelly, S. (1999)Rural sanitation
3{]”(;9?@;%%? (?{Ag;?iscizlitrucrz g]ngig;]tgrll?oersﬁtliizi smallholdersfields of Kenyas Central Highlands.

. . . S Agric., Ecosyst. Envi79, 1-8.
g/lga(n;;g;gnent, University of FairbaniRublication Mwarasomba, L. I., Chui, J. N., Mwangi, D. M.,

Kimani, S. K., Esilaba,A. O., Wamuongo, JW.,
Mirithi, J. M. & Odongo, N.(1995) Farmers’
participation in identification of on-farm research
priorities in Kiamathare Catchment in Kiambu
District. KenyaAgricultural Research Institute,
Nairobi.

Obosu-Mensah, K.(1999)Food production in urban
areas. A case study of urban agriculture in Accra,
GhanaAshgate Publishing Limited, Gower House,
Croft RoadAldershot, Hampshire GU13HR,
England.

Obuobie, E., Danso, G& Drechsel, P(2003)Access
to land and water for urban vegetable farming in
Accra.UA magazinell, 15-17.

O(Pbuobie, E., Drechsel, P& Danso, G(2004) Gender

in open-space irrigated urban vegetable farming in
Accra.Urban Agric. Mag.12, 13-15.
Obuobie, E., Keraita, B., Danso, G Amoah, P,

Cofie, O. O., Raschid-SallyL. & Drechsel, P

(2006) Irrigated urban vegetable production in

Ghana: Characteristics, benefits and risR&¥/MI-

RUAF-CPWE Accra, Ghana.

Breman, H. (1990)No sustainability without external
inputs. Sub-Saharan Africa; beyond adjustment.
Africa SeminayMinistry of Foreigriffairs, DGIS,
The Hague, The Netherlands.

Danso, G, Cofie, O.,Annang, L., Obuobie,E. &
Keraita, B. (2004)Gender and urban agriculture:
The case of Accra, GhanBaper presented at the
RUAF GendeWorkshop, September 200Accra,
Ghana.

Danso, G, Drechsel, B, Fialor, S.& Giordano, M.
(2006) Estimating the demand for municipal solid
waste compost via farmers’ willingness-to-pay in
GhanaWaste Mgme6, 1400-1409.

Desbiez,A., Matthews, R., Tripathi, B. & Ellis-
Jones, J.(2005) Perceptions and assessment
soil fertility by farmers in the mid-hills of Nepal.
Agric., Ecosyst. Envil03(1), 191-206.

Diao, X., Jensen, J& Hansen,A. D. (2007)Toxicity
of the anthelmintic abamectin to four species of soil
invertebrates. Environmental Pollution,
doi:10.1016/j.envpol.2006.12.002.

Enyong, L. A., Debrah, S. K.& Bationo, A. (1999)



226 N.-O. K. Mainoo et al. (2008) Ghana Jnl agric. Sci. 41, 219-226

Saidou,A., Kuyper, T. W., Kossou, D. K.,Toussou, Papers, Proceedings of an International Conference
R. & Richards, P. (2004) Sustainable soil fertility International Livestock Centre for Africa (ILCA)
management in Benin: Learning from farm&t3AS- Addis Ababa, Ethiopia22-26 November, pp. 43-
Wageningend. Life Sci52 (3/4), 349-369. 65.

Shaahan, M. M., El-SayedA. A. & Abou EI-Nour,  Stoorvogel, J. J., Smaling, E. MA. & Janssen, B.
E. A. A. (1999) Predicting nitrogen, magnesium  H. (1993) Calculating soil nutrient balancesfrica
and iron nutritional status in some perennial crops at different scales: I. Supra-national scekt. Res.
using a portable chlorophyll mete$cientia 35, 227-235.

Horticulturae82, 339-348. Twumasi, Y. A. & Asomani-Boateng, R.(2002)
Singh, R. K. & Singh, P K. (2005) Fertility Mapping seasonal hazards for flood management
management dynamics of soil: Exploration of inAccra, Ghana using GlSeoscience and Remote

farmers’ hidden wisdonfsian Agri-Historyd (4), Sensing Symposiuby 2874- 2876.
291-303. Warburton, H. & Sarfo-Mensah, P (1998)The use

Stangel, P J. (1993) Nutrient cycling and its of composted urban waste in integrated pest
importance in sustaining crop-livestock systems management systems to control pests and
in sub-Saharaffrica: An overview Livestock and pathogens in peri-urban agriculture project no.
sustainable nutrient cycling in mixed farming DFID, RNRRS, and NRSP-funded program on
systems of sub-Saharafrica Volume Il. Technical peri-urban interface (C1045).



