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A. Introduction 

H;:Ck.,I-)u:J t : L!', Papevr 

Thi:; pr Li'otation is intendd to orient present and fut-ure development 
,,'' in the GrPv.nut B:iin, wh'ch directly or indirectly affects natural 

rosorce iN "" n r''i
 
An ins ttutio-nal rolicy context 
 a2 ready exists for A')'s focus on
 

,natural resourco. and environmental concerns, which 
 need not be detailed
 

liere. voari.o.:r-,hva-ious policy state.ments, 
 directives and recommendations 

related to natural resources and the en:ironiment-I taken together constitu 

a solid background for 
this present exercise.
 

AID's crr-nt policy (CDSS FY 83) and projects in the Groundnut Basin 
already address some of the important natural resources and related produc­
tion issues. AID is supporting a very ambitious program to convert all
 

farmer,, to improved millet varieties by 1984, 
 is well into the development
 
of a program of rural 
 health care, and is funcing various kinds of re­

forestation and energy conservation activities. 
These need not be detailed
 

he'e. 
 Also, AID is on record in its 
:" 83 CDSS to regenerate the land in
 

the Groundnut Basin (pp 44 CF.):
 

"USAD/Sene ;al proposes that the U.S. take the lead with the Government 
of Senegal in organizing a concerned multi-donor reclamation operation

in the Peanut Basin over 
the next decade. The obiective of this 
underl_'aking will be to develop sustainable land-management systems

in the Basin which can increase the productivity of soils, while 
diversifving sources of food". 

. Specific actions contemplated were: 

"... replanting of proven varieties of 
trees and shrubs for
 

groundcover, forage and firewood" 

1/ ReguaItion 16.22 CFR, Part 216 (environmental procedures) and sections 
103 and I1S of the FAA (now International Security and Dctvelopment Coope­
ration Act., 1981) give AID authority to assist develnpin,, n.ltions to 
address their environientai and natural resources management problems.
Both Sections w.re strengthenedl in Sections 307 and 308 of the 1981 Act 
(amended Section 118, Environment and Natural Resources). 
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"explorte nc.w j)lait resources for designing new systems... 

"o.r-len iv pouhic works scheme. (Small dams and tree 

planting in the Sine Saloum)".
 

intoration .n 
 support of livestock production in the 

Peainul: _na.sln" 1.'1- s: hfzing focus of the livestock program from 

open runy' to tcL Sine Saloun). 

"... USAID/Senegal will seek to organize within the Sine Saloum 

zone a working body of PVO's (American and Senegalese), together 

with Peace Corps... to assist villages with wells, tree and shrub 

plantings and other conservation measures, and vegetable planting". 

In gene-ral the CDSS statement vis-a-vis the Groundnut Basin remains
 
valid-. Hoever, the accuracy of some of the proposals were not borne 

out by the analysis behind the present policy recommendations. "Reclamation
 

operation" is a confusing term that limits one to only the areas de­
vastated by drought or over-cultivation, mainly in the north and in parts 

of Diourbel and Thils. "Labor intensive public works" do not hold much 

promise excepL in a few select regions of the basin, where dams and 
erosion control structures are evidently beneficial (southern Sine-Saloum). 

Given the difficulty and impracticality of isolating degraded areas 
for
 

special attention, thi3 paper broadens the purview to resource conservation
 

and management.
 

The principal natural resources of concern in this paper are soils,
 

water, and trees 
(or other peiennial woody vegetation). All arem.renewable.. 

resources. llowever, their renewability after use is relatively slow in the 
semi-arid climate of the Groundnut Basin. The rate of replenishtent of
 
soil water and groundwater, the growth of trees and the 
 restoration of 

soil fertiy through fillowinq parallel the rainfall rcgime, which is
 

highly variable. Nevertheless, the demands on thesc resources are constant 

and rising with population growth. Herein lies one of the difficulties 

of semi-arid zone resource management... that of adjusting intensity of use 
to fluctuaLrion- in productivity and resource renew.-iaility caused by
 

fluCtua tiuns in rai.nfall.
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The (rout+n'.tt asii. 

]ntv:;ificatL0n Ind diversification of agriculture are the principal 
:!i 1rrst-d l:: r r; the Grcunut !'asin. In traditiona! a,.-iculture,
 

int;en:; L'c..ion of agriculture involves continuous 
 cultivation or lands, 
.c..no fa . --ing, through r-,.furing, co.rpcs tin,, and irrig.atin of water 

conso.vt.on. It is a re pcase to land constraints. In Sene-al, it is
 
evidence d }ILisLoricaliy by the Serer who, hened in the
by dominrant pastoral 
peoples (.,efore the introduction of the peanut), evolved stratcgies for 
using manure and trees-, especially the Acacia albida, to maintain land
 
productivity. 
 Agricultural intensification is not, hot-ever, 
a traditional
 
response to land degradation. Rather, it would be 
"counter-intuitive".
 

Fallowing for many years 
or indefinite abandonment of exhausted crcpland
 
has been the traditional respo: se to loss of productivity, where uncultivated 
reserves C.iSL and where cattle are not integral to farming systems.
 
Until approxi;ately 1950, "bush" 
 fallowing was pracuiced. Now with population 
growth (See tables 1 and 2), fellowing, if practiced at all, is 
no more
 
than one or two years. It no longer serves 
to restore nutrient and organic
 

-matter to soils.
 

Groundnut Basin farmers are 
now faced with a situation that is histori­
cally unprecedented, that is, 
for which there has been no 
traditional
 
response doveloped. landThe is losing its natural productivity (except
 
in the mo st heavily manured 
 toll keur lands immediately surrounding villages), 
but adequate fallowing is no longer possible, because of the land constraint. 
At the same time, however, the land constraint has not b!ecos'e sufficiently
 
severe 
 to stimulate intensification. That moment has bcen postpoied 5 a 
conbinaticn of factors: temporary or perr .anent out-:-itoration to cities or 
to Senegal Oriental, the use (albeit sporadic) of fertilizes during 1965 
to the pre.sent (thouf.h distribution fell drastically in the Groundnut Easin 
in 1980/N.1. and 1931/32) , and the' effects of the dro,iTht, which have been 
so large they have masked the trend in fertility lcss. Moreover, animal 
hushandry has becomenot sufficiently integrated into andcereals peanuts 
farming to rmeke intensification of outfields technic.ily possible. The 

http:conso.vt.on
http:rout+n'.tt


a/ -4-. 

"T015e..]_10atio n-- d_man/lrand ratios, 1980 and 1995 

1980 
1995 

Popula t ion! Cultivated b! ! P°opulation Cu tivated' v ~has.pei-person-ha/ 
so 

iourbe 476,000 " 0.7 718,000 0.5 
Louga 

-!I 

Thi sSin-Salou m~ ' 

468,00. 

783,000 
I 

0.55 

0.45 
I 707,000 

1,182,000 
I 

" 

0.7 

0.3 
- 1,129,000 " 0.7 1,705,000 0.7 

TOTALS , 2,856,000 0.70 ! 4,313,000 0.55 

a/ Assumes 2.8' annual growth rate sinct j.976 to 1.995. 
b/ Based 
on data from the VIth Plan for cultivated and cultivable land.
By 1995 it is assumed here that all cultivable land will be cultivated.
 

Table 2: Agricultural Land Resource, Groundnut Basin
 

(Source: VIth 4
 -year Plan) 

(hectares) 

,i I Cultivated I Cultivable Difference 
 I Percent 
Lou-a 
 390,000 
 " 500,000 
 1 110,000 22 
Diourbel 
 310,000 
 1 350,000 
 ' 40,000 11
 
Thi•s 
 360,000
t!I I 370,000 10,000 
.1 3 
Sine-Saloum 
 860,000 
 1,150,000 
 290,000 
 25 

TOTALS 1,920,000 2 ,370,000 450,000 
 23 

? ..... ... 
X A Puplationp density of 40 persons 

.? 

person, per squ:rec-,er,por would be optj.:na! kiz or 2.5 hectaresfor sm.nll mixod fa.ming in the areasyet cultivated (accordin, notto Mr. Pochtier of TSRA). This would indicatethat the uncultivated surface in the Groundnut Basin could comfortablyaccomodate a papu!:.:in of 180,000, or Pi anpproximate equivalent of thenext 30 months of population increase in the Groundnut Basin. 
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exctptions a:.ong Serers and in parts of the Sine-Saloufi prove the
 

generaI ity.
 

A w:'jor challenge is therufc-re posed to developa.etnt as:istance.
 

Namely, h,,: to motivate farmers to apply techniques of agricultural
 

it .iLfL~ degrndin o- LL .¢radc]d lands? Research in
Ii:LtiL~nto St..ega!
 

and telsewher.. in Africa 
has shown that degraded lands can le restored
 

by :eans of techniques which are also associated 
with agricultural
 

inteti3ficatI:n -- ..anuring, and composting -- as well as through new
 

techniques; 
 liming bf acid soils, application of micro-nutrients whre 

neeled, deep plowing, plowing under of 
manure or compost immediately
 

after spreading on the fields, post-harvest plowing, and techniques of
 

soil erosion control (windbreaks, dicluettes or bunds)
 

These are"radical" innovations 
that require a substantial investment
 

of human and animal energy, time, and capital which may not yield returns
 

for a number of years. 
 A sustained effort of land productivity management
 

and conservation will also require 
the integration of livestock into
 

farming operations as well as the development of various credit, marketing
 

and similar mechanisms that are normally involved in production oriented
 

agricultural development. Thus, these actions must be supported at least ini".?
 

by public or privatenon-profit agencies, through research and development,
 

demonstrations, extension activit'es, and appropriately scaled and timned 

incentives or subsidies. The point Lu be made is that restoration of 

degradc. or degrading lands will at this moment in time recuire the 

supportive co;text of an effective agricultural develcpmo,nt program "-.mad 

at intensification and..iversifcation of production-in the.. Gr.oundnut Basin. 

. .. pa.,o 

tural intensification 

The fnl ,ing describe an impurtant dynunji.c ",.hich links aoricu,'l­

with food and fuel self sufficiency in the Groundnut 

Basi n. Intensification of producti'n is needed to att-,in fcod self­

sufficiency, 
or to obtain crop surpluses. Fuelwood self-sufficiency has 

beome a necsry condition for intcnsifi cation, in that crop residdc::, 

Mianu:ro 
anld other organic matter must be available for land treatment. 

Thus, food s: -su ffici'cncy (as well. as prodtictinn :urpl.u!:s) dependu. upon 



int,-.nsificition which depends upon land regeneration, which depends upon 

fuelwood seLf-sufficiency. These key relationships and their implications 

for land r . enuration stra :egies are e.,plored farther in this paper. 

in as -,ch as and reg;"nraticn and intensification must procced 

hand in hand, except pe.'rhaps for the most &!egraded areas, their achiev.;:Lunt 

should be conceived as a single strategy. Specific land regeneration 

techniques are known; how to introduce them successfully must be deter­

mined within the context of an overall strategy for agricultural intensi­

fication in the Groundnut Basin. Tle planning context for this work could 

be the Groundnut Basin :.:aster Planning exercise soon to b. undertaken 

under AID auspices. 
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B. 	 Fuel Seif-suff iiec ' Necess'arv :ondition for Intensification
 

A:;ricuItural 2tcn.;i ficat:'.an 
in heavily settled seni-arid znes such 
as "heCh: Crj',nut i' cannot ho az:hieved unless fuel.wood self-sufficiercy
 

is also r',ized. This is because intensification requires 
the incor­

--- of crgaric mater (manUre compost, crop residues) into th.e
 
soil, Ii-'.tic rusti,:. t.&e of crop res-dues and 
 browse for fodder. 

The tL!inment of Fuclwood -elf-sufficiency in areas where natural
 
fores:s 
 no longer suffice, requires the cultivation of fuelwood trees.
 
Tree cultivation and manageient for this purpose is a major new
 

endeavour. The cultivation of certain truir trees kmango- especially)
 

and neem trees in Lue 
 environs of villages, the use of livinZ hedges
 
to protect fruit 
 trees and fields, and the selection of Acacia albidas
 

are 
well known, but the_ estab.lishentof tree plantings to supply fuel
 

is a new idea that is just beginning in the Groundnut Basin. It is
 

true that village woodlots 
 of several hectares of eucalyptus are in­

creasingly being planted in the region, but 
 these are invariably viewed
 
as potential sources of construction noles, or of revenue, by the men 'ho
 

plant then. .Tomen up 'til-now-have had-no voice in the matter.
 

It is iimportant to re,'ogni zc that .W?r. the achcvemen - of azrctu
 

tural intensification 
 raquires the parallel developrment of fuel sources, the 
goal of fuelwood self-suffj.ciency is not perceived -as- a.reson for 

intensi fyng agrict,!ture, given the fact- that-women are the fuel-ood
 

gatherers, while 
 men are responsibl-e fo'r major-ale-cultural and landuse
 

decisions. And men in general 
 do not 5ercelve a fuelwood shortge in
 

the GroundutL Basin.
 

Foe vs.vcl? 

In the Groundnut B-isin the provision of fuel is in conflict with the
 

provision 
of" food, both present.ly and potentially in future developments. 

Where 'iti"[> a.,-rd T ar- ifrm F(rFlts C! 6, *or orher rcserveo -- l.r,;ly 

*the .ituntion in t!he central portion of the region---ah~ctare planted 
iln fu,.1k"! ,p.cies 'eans one less hecthre in crops. In fact, even
 

: tiuot prn'.'ision of is Lndirec tly undermining food
the visloi~ti, fuel 

' Odu. . t.L, .-u h -- - -r . - . t-hat .°,hrau1d be
 

http:present.ly
http:ficat:'.an
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used to restore soil productivity are being diverted to cookstoves. 

Accordin, to t1ic Pn Di .cLet, Ac Dtveloppcmecnt Forestier 1/2 to .3/4 

or -.oro , tL.eh .ira. fuel in the Groun'nut Basin is from sources other 

than fr' _- -,reas , nanr,,lv r es on th-I a j I1 tiraI landqcanp such as_g 


:Accr i-i d, (caG b -u cleared fromn falc:.2d fields (where this is 
still practicad) ta,;c _s :'Iie Cueira senegalc;sis. crop residues and 

mEanure. 

In considering ho,.: to achieve fuel self-s:fficiency, the availability 

of land and the rate of tree growth (as determined by groundwater or
 

rainfall), be'come key In Thies and Diourbel, where
issues. village wood­
lots are most needed, the land is scarcest and rainfall is only marginal 

for eucalyptus. Louga has sufficient land but inadequate rainfall for 
fast tree growth, so relativelv more lend is needed. The Sine-Saloum
 

has the best combination of land availability in an around co.m.unities
 

and rainfall adequate for eucalyptus and other fuelwood species. In fact,
 

SODEVA has achieved relatively greater success in the Sine Saloum in
 

village forestry Lhan in.;her regio-ns (See Appendix A 

Fuel Self-sufficiencv in Dicurbel 

To test the likelihood that the more heavily populated portions of thu 

Grcundnut Basin could not aohieve fueiwood seif-sufficiency by- means of
 

woodlots, several calculations were made of the. situation in Diourbel. 

first at the level of a typical villag. and seconqdat the regional level 

A"typical" village of 125 people was used,- which at the present arable 

land/man ratio of 0.75 ha. per person Would occu.-; one square kilometer 

or M0 ians. A tntal of '.5 'cctares o' ',:,-'H(ots wold he neede.d to supply 

9the village fuel.wood, a.--;uming consum.ption, of 0.6 m /person per year, and 

priodttction of 3 m3 /ha/year (ts.umptic. , taken froz: -he P1 in Di.recteur da 

D6%vcloppement Fcrestier). This would lower the area cultivated per person 

Daa from rh,, VT,: PlUn, SiODE\A and-the Plan Di r*cteinr de D1veloppement 
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t:o 0.6 ha-;, witih 0.3 has in : ,illet, which at 800 kg/per ha. vield would
 
provide 240 .gk/person, or a reon'ble margin 
 of surplus over the
 
15S k--pcur" 
 a-fJ reqli. .... n ured by SODEVA. The surplIus .,'ould cover
 
seed, drought Ltrsuixmcu, and losses from 
 pests or spoilage. In fact,
 
_L 770 ,.,'.. ,c :-.':_ -a,. a- n - 31 
 (a good yea;), Diourbel
 

produced a ::!id1er surplus CstimatCd at 70,219 m.t.
 

OnlyI e ns cta res oF vla ge wcodlots have been planted in 
acur.eC.., copared estima,-edtoan 32,600 has, that would be required to
 

supply the '413,000 rural inhabitants in 1982 
 (the 1976 rural population 
projected a 2" growth rate). 
 At a planting rate of 1.0,000 has per year
 
( a very optimistic estimate) 8 years 
would be needed, during which the
 
rural population ;ould have increased by another 80,000 at the 
same growtl 
rate, and who themselves would need an additional 16,000 hectares of 
plantations, as well as 
48,000 has of farm land. 
Would there be enough
 
land if interim sources 
of fuelwcod could be obtained 
to cover deficits
 

until plantations come into production ?
 

The Sixth Plan for Economic and Social Development estimates that there 
are 350,000 hectares of arable land in Diourbel, 300,000 has. of which 
were cropped in 1931, according to SODEVA. About 10,00 has. were 
fallowed. Th.2 remaining uncultivated 40,000 has. would absorb an 

52,0i", rural.! peop],2, whether entirely in Cropland, at 75 has. 
per person, or one quarter in. wocudlots and 0.6 cultivated hectares per 
person In any case, the land is needed to accomodate the n:.t si:: yearspop'lat !: n ,'row,,' h. 

It seems clear that D-'ourbe! would have to make an extraordinary 
effort to plant .oodlots, in term-, of rate of plantina as well. as Iand 
Z!L! ,",- in order tf, achieve fuel self-sufficiency from this source. 
There i!- no basis to -ssurne tL:tt such an effort would or could in fact 

be ,':1d,:. VUce Corps for&-..try Volunteers working in Diourblc under the
;,egis of the Africare Vi1. lge Reforestation Project have had to confrnnt 
tihe r. ins1v uiCie L 1nt 1ad for sin-.,lt purpose woodlots. They have 
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You,. that unu:,.'! lands at.- scarce, far from villages and ir:portant as
 
wet ,c.su:1 i;ra.: In- res,.rves (-ahen 1ivestock must be kept out of fields)
 

.... .
 :. r.. ..v are of ,oop quality soils as a rule, with inherently
 

.ol.: producr:ivit. for trees.
 

Revte.. 2-,L'iu;: v.S to V'u:'dlots 

ihirru are s:.vur;!l alter,:'.Cives to single purpose Woodlots. Some are 

more pr sing -'an others 

(i) The periodic harvesting of old Acacia albida (Cad) trees for fuelwood 
(1 miture tree par hectare per year would yield at least 1.0 m3 of fuel­
wood). (2) The purchase of fuelwood or charcoal, imported from elsewhere, 

and paid with crop surpluses. (3) The reduction in fuelwood consumption 

through improved stoves.
 

Line plantations of trees other than A. albida do not evade the land
 

constraint since lines of trees such as 
Eucalyptus or neem will still
 

require at least 2 meters of land on all sides for 
root room. Leguminous
 

trees with lighter shade would perhaps be a better choice for windbreaks 

and field boundarv lines. 
 Also the very low number of stabled animals 4n
 

the Crouadnut Basin makes biogas production an ir.practical alternative to 

fuelwood, th uh it could hold promise in the future. In fact, CN'RA 

biogas researcl:er Canry hypothesizes that biogas production could further 

motivate farmor.' to stable and stall feed cattle.
 

Ran-'a'-suf. The su:cess of the impurve-" cookstove, or Ban-ak-suuf, and 

its -2eneral acceptance in the countryside establishes it :is a proven 

alternative that will surely spread, with or -without governmenLasupport,.
 

(althou-,h faster 
,:ith than wlithout), and whether or not additional fuel­

wood supplies are developed. It cases the women's work b, lessening the 
frequency wLti, which fuel must be collected. It could reduce fuel..,ood 

consu'.':p tn by 

CaId. '1110 harvccts 0: d trt.es, is a possibility sug-,;u; ted by the 
observ tion that at about age 40, the cad produces fewer leaves and pods, 

the r-.ioro 'hntll u replavj.. bo. 50 ..arg, eind tree:: with unpruned 

crown: :o*ud prvidc faLrly complete coverage of one hec.ire, with spacings 

of : qr,'. .i:, .v V mut,'~: (e.g. al in ' 7 -c'er.; Fnr ,.:r%,wn radius). 
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byLI t 11aly couid er~t~tia~.o~t c e harestedL per..y ar Evntua 

"Il ~IM2V1_ n "I e S't nd of~ICa w~ou1 d dee 10 req uiing. t 1AL a~n~in' or:* 
-ne r i .e a Lo miiitin iotw l uru 1nidu.I!s-:s maximum": cove and 

) Cce: 


dr season, Lhugh this can; ynlvbe hypothsize~
 

iMr 5ant: : '_e F' ~o~dprohbly grouindwater r'esotirces inh& 

GCuai ca2. Ev'en if a vai lab 1 for s 1e in ruraI are as, charcoal w'oul'd havc
 
L b(3u Si d ' aa L pr) esen t in ordrte cm'Pete_ Lt lo caIly grown
 

fUL1 Ood, aid. even th.n~i twol -noLbe ~a qis e Choice Th e. Pan Directatix
 
velopp emen F ForeDO'D i erestima teStha't a rural person consume0.5k 

o- ha a per day~, to r 310.kgs. per~year, costing-9,;300CFA- at.' citrle 
- prices of 30 CFA thei kilo' If net t~.uL1 I:Lwix17~ 60OFApe il 

t 1c harvst-.Of~dpoimt 14 hkectare To Ulrd be needed .o 'buy ch~nrcoal. 

Ife~Th sa-ie~ .1/4 heC Lare ~pIanted in fuelwood grownga the-rateo 
- 3h:~r U"el m3 oDfo'uld .75 fue' wcod, or re -pe ron~~o han 


~annual fuel needs, and a far bet aZ 
choice for2 a'd:aily need.' given.te 
idpenrdenc'e from market uncertainties. 

It' idoubtful~that char~zoal wou Id b'ecoz:.c'a ide Iv used substiute 
1Af6or 'od in~rural areas ~-ith -ey nidarablcadjeoabec g

'-----_Anthe, returns on pca7_u anrnZl f~r~ This meo-ans iat uiitilrg 

-I~ n- nbers of useful trees. such; as he cad rc est~bl ihed dcn the r 
~land pe 'inplantings tha.r do no6t compete~with food .crop produc tion, .'r raI 

f Lt 1 self SUfficiendywit -concinue, to, ba atthe _e3"pense_ of organlic mte 
~thIIa r should bo e, tun to the;soil. 

* ­as soil~~~~~~~-i cinuresfrtle toddleadt sed ecesi 
ayi2ThIe lad c t 1 o~ i d foloe t stndof rc aeu lf e a d; 

anand 1- "I'o m,bp ie 'td tit-ec, nd-vntat teeu 
f ~ ~~ -f1~ ~h ~ ra ~ .o~~ oe~ mn~~ 4- 6 J' e cn-and 

-X 
-6, 

ad ooksequc s ' 
-h ! , c q ,w 1 . 

http:given.te
http:consume0.5k
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The ' ;.Kil e:uccptevn. to this general tre:,d of coursc, where 

Commut tI'Au.s have lILand for fuelwood plantations But, exceptL.3,.V.,,'. 


for ror7ticn of th : Sine-Saloum (especially to the east), la:mnd and 

vezct:L : '.'ureourc,.:; ar e i,.; ':urpassod by populatiun gro.: h 

If citios or other re:'ions prove unable to absorb the excess people, 

there ., I LC s'rrn:; motive to intensify agricultural production to meet 

:;t:.:C nee:a.. If cities succeeci In accondatin' the urban migration, 

t~hc rLlt inc ,u-rh~:: b:' for-. rural products could provide an economic 

incon.,.- for int.nsification. in neither case, hc-.,ever, is there a 

strong incentive for rural folk to grow fuelwood trees rather than crops. 

Vhatever the case, however, the cad would be a desirable tree to grow 

in fields, since it contributes to production of crops and livestock. 

Conclusions 

Fuel self-sufficiency in general will not be possible to achieve 

through block plantings of single purpose fuelwood species (woodlots), 

for lack of adequate land. 
 An analysis of the situation in Diourbel 

shows that the there is little scope for supplying rural fuel needs
 

through eucalyptus woodlot plantings. 

Fuel self-sufficiency can be achieved by 
 reducing consumption through 

the i:idespread use of the ban-ak-suf, and by: 

- cyclical harvesting of the cad in farmers' fields after establishin 

densities of 50 per hectare. 

- planting and harvesting of other leguminous tree species serving
 

the multiple purp.se ofuel.,cod windbrcaks, Field b~urndries and
 
sources of fodder (e.g. Prosonis juliflora) 

Eucalyptus plnnted for role,ood and sold for c:.sh nov b,.m., a pattern
in the Basin. In the Sinc-Saloum, the Uniuls Zx. ninentale. found 
this to bo a profltable 7ltcrnitive to croppin - In ,:any o.f the srli 
eu 1vpts o!, ntationsin the pro,°.s of being e's talish:d in the 
GrodindniuIt Ba;in, vil:,-e men almost invariably StatO the: intention nf 
usn., them as ho,.s de so rvice", for local use of sale. This emcrgijn, 
pat ~rn re fi cc.!s the rCe .:Live scarity ov[ straight poles for consitrhc­
t ihn. ..
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The !::'v-sttui of cad will rcquire a change in laws governing tree 

cutting. 

Eucai:.-~:'? plcn~tno in villages are more likely to serve the needs 

for poii wd, for local use or for sale. 



C. The M:inuro Linkage 

As in,'cjelfi z rica :!nd the developing world, the stablin.,, of 

livestc'k along with an increase and improvement in thc. use of -a.nure nre 

th& '.onZrst se.of ' 11-ricuitural in-vensification. M,2nure is espccially 

import.r:n in thL Gv,,undnut. Basin because of the cation e.change capacity 

it confvors 	 to thc light, sandy dior soils. Manure or compost is also needed 

s-i in it is thereto restz--e -,rductixitv dcgradec': -ites. Is used no::? 

enough? Tf not, is itpossible to produce more? Can the additional livestock 

be supported and can farmers be motivated? These are some of the principal 

development questions that arise and which are explored below. 

Present use
 

Manure is used mainly for millet, but also sorghum and winter vegetable
 

production, the latter being of increasing importance in Thins. Manure may
 

also be applied to peanut fields, but it is burned along with other vegetative
 

matter just prior to 
the rains, a practice which makes K and P more avail.ble -­

perhaps too c,:ckly -- and which is consistent with nutrient needs for peanuts. 

Traditionally, fields have been manured by temporarily corraling herds 

(parquage) on fields to be planted. This practice results in greater losses 

of nitro-en to the atmosphere than when the manure is plowed in after sprca irc. 

But s.1r"'.r-iS i!gly Ci. soil researchers have found no significav,.t -ifferences 

to millet production between surface application of manure and plowing it in 

(Canry & Dncrthau, 19,,0) If, however, nitrogenous fertilizer is also used, 

the manure must be piowed under to obtain the greatest combined benefit and 

conserve the soil; 1/ 

1/ "Agricultural intensification %.'hichcalls for nit.ro.cious feitilizer, 
induccs mandatory turning under of transfoimed organic matter in order 
to mlaiitoin the ,,.. Ut'' potential of this %.,e. (dioe') ,f. -oif" 
(Genrtt, F. and Guiraud, G. 973 .'ut:hod of n:, c n the 
,it roogen Bal;ncc in a Sandy Soil/Millut System Cf,, Snegal - A study 
perI.rm:d with (Papr presented iT Intern: ioial Col1. equ im on the 
Use of1-, and Rmd t.on in Phytonedolo-gicl, er Colombo,
Dec.ilh,17y 
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Stabled 1i'.,tock in t-e Groundnut- Basin could supply .Inure for 

141,544 has at 10 Ts per hectare or about 15% of the area planted in 

cer.ils (mi llct :nd .;or-hiu!:,)' Sinc-Saloum Dele-gation estimates that herd 

cattle yiild . 2.5 tonnes' of manur,_- per head per year. This would 

correspond to i n-ure de.posited by ,:crralled animals. Numbers of herd 

cattle ,:!re ii " 0G in T,-.4 and 461 650 in Sine-Salcum, yielding
 

327,500 m.t. and 1,477, 280 :i.t. respec:ively. Herd cattle in Diourbel and 

Lou,-.2a werz ,0 estimated. *-erd cattle pr.,_'duce a far greater quantity 

corresponding to 32,750 has in Thins, or 27% of the 1981 cereal land, and
 

148,000 has. in Sine-Saloum, or 34% of the land planted in millet and
 

sorghum in 1981. To what extent this manure is in fact applied to cereal
 

fields was not ventured in the SODEVA reports.
 

SODEVA's Sine-Saloum delegation estimated that at an average rate of
 

4.25 tons per hectare, there would be enough manure for Sine-Saloum's
 

490,000 has. of cereals land (millet, sorghum and corn). In 1981, almost
 

443,000has. were planted in cereals in that region. Experimaental data
 

have not yet been developed for application rates lower than 10 T. per
 

hectare, so the benefits of lesser a--oants cannot be projected.
 

Fodder supply, Thihs
 

More manure means larger numbers of livestock who in turn require
 

greater amounts of feed. Are there sufficient fodder resources? Only SODEVA's
 

Thits delegation attemptad to analyze the availability of fodder and compare
 

it to nceds. The energy and protein vaiue of forage in fallowed fields
 

(127,000 has.) and of the Collowing agricultural by-produots were tabutated: 

millet stalks (2/3 of total stalks), peanut and cowpea vines, and millet 

bran. Dom.sticav roduced pcr.inut ca.<e, ",idelv ,sed for cattle feeding, and 

browse resources were not calculated, hcwever. 

* SOIMEVA's fi,'.ures for manure output correspond with estimates by FAO of 
mnire, prcc c2tion per ddy of 8,7of live weight, assuming about 70% water. 
' , SOP 'VA *Ph:I., U .lU t . hnt-b ,.,.V b ts a hi.'2tion '. Y 

daiylv manur,, 0lt11it including litter, of a p::lr of stabled oxen totalling. 
i. -; I .f:. ,oronly 1.6%i of live ,cigrht. The Jiscrepncy needs; 

Qil c*, I 

http:Lou,-.2a
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PeanUt a.d co[,,,. vines provide an almost complete ration of energy
 
and protein; wpca vines 
are more nutritious than peanut vines. The
 
cowpea vino.; from one hectare weigh 
 about one metric con and would vir­
tuLyJ af[iu ftten a steer for
I to four months
 

ThL-.-c various by-products were computed 
 to have a total energy value 
of 144 mil]ion for.o units and 10,846 m.t. of diIc.sLib1e protein in 
1931. hiz, :s ;..ore than sufficient for the department's domestic livestock 
(draft o::en, fattening beef cattle, horses and donkeys), whose combined
 
needs waere 
97 million forage units and 3,779 m.t. of digestible protein.
 
However, the additional needs of 
the herd cattle, sheep, and goat Populations
 
Lar exceeded the available agricultural by-products. Total needs are 
more
 
than double the supply of agricultural by-products in Thins 
(Table ). 
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Table 	 Tliis, Livestock Nutritional Requireraenrs 

Suppligs, 1981. 

Energy needs 


6

10 forage 	units 

Domestic livestock
 

draft oxen, cattle for
 

fatteninghorses, and
 

donkey- 96.80 


Grazed livestock
 

cattle 
 119.3 


sheep, goats 81.1 


Total needs 
 297.2 


Available fodder 
 144.04 


(pillet Stal,, millet bran.peanut and 	 cown[ea vines) 

aid Feed 

Protein needs
 

Digestible 	procei.n 

in metric tons
 

8,799
 

7_,074.
 

6,906
 

22,759
 

10,846
 



Animal Fee, Reciir,,!-L s and Supplv, Thii*s, 1981
 

(Source: , ,DIVA, Delegation 'Lhi~s. 1981. integration Elevage-Agriculture)
 

Requirements Amount Available fro. crop:* 
residues 

No Energy a/ Protein b/ Energy ai Protoi: bi 
Head 

Domn!;t-J~c L v -

Mbour
 

Draft c:::-,..n 707 1.4 103 1
 
Beef cattle 462 0.36 33 

Horses 15,700 25.7 2,292 

Donkeys 10,600 5.7 583 t 

Subtotal 33.16 3,011 32.41 2,827 

Thins 

Draft oxen 1,045 2.1 152 

Beef cattle 663 0.51 37 

Horses 12,000 19.7 1,752 

Donkeys 6,500 3.5 357 I 
Subtotal 25.81 2,308- 36.53 2j350 

Tivaouane 

Draft oxen 374 0.76 54 

Beef cattle 610 0.47 43 

Horses 16,900 27.7 2,467 

Donkeys 16,300 8.9-. 896 

Subtotal 37.83 3,460 75.10 5,669 

Totals? Domestic iivusLOck 8796.80 144.048779 10,0!16 

2. Addi:ional animals I I
 
Herd cattle 131,000 1 119.3 7,074 

Shc.p.,- goats - 222',0 i 6,90


I _--I2 .
 
3. Gr:md Total 297.2 227-- - 144-.04 10,846 

a! .Mill inn --nf f a - ..... - protein 
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t is it ..,ihe to e.-Aimate to what ex tent other sources of feed 

Sr t.i . :Iputcd . 'L ei,-naI food needs of Thi&'s ' herd cattIe. 

Thi . .. b . n.,ut -,:'0.000 has. of of land.,,,t:.nt i wooded savannah that 

is n.a-:.rlculturc. , includiing classified forests, which are generally 

bro,.- :a .. ra~cd, :-,-.:ell ,.s periodica1ly exploited for fuelwood or 

char:' . (Pr,,suntly cutrtin'- iKas been entirely halted). Transhumance, 

or s,:.al mi;,r:' ions of herds, is practiced but no information was 

--n !c:;pc ;.;ra~hic pattern herd It wouldZhC and of movumer:ts. 

sei, in any case, that the Departmcat's liyestock population in 1981 

was very cLose co, if not in excess of available food resources. 

The cXr:and in nearby Pakar for beef and mutton insures that in 

Thi.-s populations of cattle and sheep will probably remain at the limit 

of food resources. Also Dakar's consumption of fresh fruits and vegetables 

will continue to stimulate the steady conversion of.cereal and peanut lands 

near-.st Dakar to horticultural crops. These apparent trends and resources 

use patterns cot-prise the dynamic context for viewing soil resources and 

related fertilitv anag....,, in Thins. In considering the prospects for 

.
increasing stabled livestoc , (which would be needed to increase effective 

manuring of fields), the economic incentive to fatten cattle or sheep for 

the Pa2.!.'r market m..vy be greater than the desire to have draft oxen in place 

of the ho :sc or clonkey. Hov'er, both :.ay be needed (i.e. fattening cattle 

as well at draft oxen) to th2 extent that a fodder would have to *e produced. 

This mnans that part of the land resourc.e would have to be devoted to fodder 

production. This would ret,,ire intensification of production to achieve 

hig.her yields per uni.t area, thus plowing in of organic maxter, either compost 

or manure, to co:Tplezent th :pplicio Fchemieal fer~ilifdr--nd better 

crop F:-..:.L'!:c nt 2h ,1 '1L:C . 

Itht C, Lo small plots or irrigated forageeconomicil , develop 

grasses .:,rlegtn , for -nakirg silage, provided grou-nd water is not too deen.. 

:,.. ,-ep; :,'uld have tc, be very hi rgh yielding order to competer,' in 

with the pos: ibility of irrigantcd vgetable s. In -idditicn, peanuts and cownc"C. 

with i'r vield's of .iz~es can be ceor idered. A "forage" "cowpea has been 

dcvclopod but not. dI'f V.. '.:[delv,, rniinlv for lack of sufficient seed. 

http:near-.st
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FinaIly, cnr:po,,t in," of :,i lIC-t stal'!s as w'ell as weeds and other vegetative
 
Str-ash could he done to :itipplement manure. Manure pits 
could be lurge enough
 
to c,1ntain quL-tii c. of i-;i let stalks, which require five or 
 six months of
 
r:a.tural c,; 
 t-n due to tl-eir high initial carbon to nitrogen ratio
 

I(O0:1). (Nit ,gen in cc-npost 
 is not released as nitrate assimilable by
 
piL'.,n1 untLi the C:N rwci' is reduced to 1:15)
 

Furth.vr fj:_ 'ysis is not noc essary to make the point that the restoration 

and maintenncco of org:anic atter in Croundnut Basin soils is inextricably 
related to the further integration of livestock into agriculture in the region. 
It should also be very clear that agricultural residues are by no means an
 
unused resource. In fact the increased amounts of residues accompanying
 

h1i gheL pLoducLion will be necessary to feed the animals that make
work inten­
sification possible, 
or to restore organic matter to the land. Finally, near
 
Dakar, the co~r-ercial drive to intensificaLion will provide a profit motive
 

for soil fertility maintenance.
 

The Uniqtue Role of Manure and Its Significance for Intensification Strategies
 

The use of manure and draft animals in the Groundnut Basin seems to 
present an exceprion to the model of agricultural intensification that has 
evolved from observation elsewhere in Africa and the develceping world. 
In general that model declareas that :eca--sc returns on labcr expended in 
manuring fields are less than returns on 
labor in extensive production
 
systems, the use of manure bccomes goneralizcd only at the point where severe 
land constraints develCT). The exceptional case of the Groundnut Lasin is 
explained by the very low cation exchange capacity (C.E.C.) of the light 
sandy, dior, soils that predconinate in the GCLN.The low C.E.C. is explained 
by the very low clay contLnt of 4% or less, and, increasingly, the diminished 
orgainic matter content (1 or less) re.ulting from thL abandoiMr.enz of ]ong 
fallo,s.1t y'nv be noted thaC soil orranic matter 4 times muchaffords a,- C.E.C. 
as an qU:ivilent purcentgc of clay. Though one or two years of grass fallow 
may h, practiced in places, no important. additions of or!,'anic matter are 
derived fr.1m this 1racticC (N.otwihstandii:: this fact, grass fal'c'.,ing is 
recoimnended by SCDFVA. ) Thus manuring is n:,cded to supplement chemical ferti­
lizttrs , rtrher thin to cvovecome iand constraints. 

http:fallo,s.1t
http:Furth.vr


On dio-" soils, produCtion increases from chemical fertilization are 

tpon (.r copocst) nutrientsd cn.t kninur to stcre fertilizer in an 

e form. Without the C.E.C. returns on chemical fertilizers will 

b,:' iow. ".,.r fore, t.: need to rvgularly in_orporaLe soil organic mItter 

levels in Grnundrut Basin soil&, especially the dior soils, appears to 

L:'ist *V Li fr raf. lativ ly extLc:isive production systems, as long as some 

chcmicc.l f:ttiI~f~.r ~ are uscd. Las ly, in terms of drought risk prevention, 

soils wi:o organic 7-atter hicl moisture bctter and produce better vields 

during drou:;ht years than those without. 

The use of two-c::en teams for plowing also presents an unusual case
 

in the Groundnut Basin, in that the dLurhL v ..- .... lod for deeper 

ploiing thin can' be achieved by a single ox, horse or donkey, particularly 

if post-harvest plcwing is to be accomplisl:ed. Dee- plowing (20 cm) and 
_post-icrvest plowing both enhance ater stcrage in the root zone. Post-harvest 

plowing interrupts capillary movement and resulting cvaporatior, of remaining
 

water from the deeper soil levels (1/2 meter to 1 meter), thereby conserving 

a reserve of moisture to the next crop season. It also diminishes wind erosion
 

by roughening the soil surface, which slows the wind. Finally, the rough surface
 

cnhanccs rainfall percolation, provided it is not tread upon byanimals EiHring
 

the dry season.
 

Post har-est plowing, has yet to be accomplished on a practical level in 

the Groundnut Basin also, the combination of organic matter additions, deep 

plowing and post-harvest plowing have not yet-been researched. It is to be 

expected that the total benefits of.-these combined-practiceS will exceed the 

sum of the individually researched benefits., especially in low rainfall years. 

Conc lus ions 

Manuring, along with deep plowing, and post harvest plowing are tech­

niques th.t enhance the return on fertilizers and limit drought risks. They 

are techniques that elsewhere "w:ould probably not be adopted until greater 

land c6nst ,ilntsde-elOp than presentl is the case in the Groundnut Basin. 

But soils conditions in the Groundnut Basin recommend.-.their use where £alio..ing 

is no longer practiced, and especially in the middle and northern, drier, 

p or t . 
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o:fcm:nnure willThe .,b:t ol requi r' stabling of a-nimals, and the
 
ust2 of !nlnurl :u;t , and the spread i ng and i it~ediate deup-plowing of
 

I :'.2r'.- tho iLI.
into s 


1iih ij.piv.:d a -d-;racter use of manure therefore entails the
 
:v.- nr , .:p,.', : stabled liv,-s ock, trainng, of draft oxen,
 

prod,.:ctin an.. conservation of fodder, use of carts for transportation of
 

Crop residues and fallow%' field :'razing resources arc- approximately
 

,qut,, or slihtly more than adequate, for the present population
 
of livestock 1:,.pt year around in villages. But the total 
 livestock 

population including herd animals far exceeds the fodder supply provided
 

by crop residucs and fallow. Fodder resources must be developed in a way 
that does not conpete with food or cash crop cultivation.
 

Manure resources are not used well and ar,-' not sufficient in quantity
 

to be applied to cereals lands at the 
10 m.t. per hectare rate recommended
 

by C',R-A and SODFVA. Stabled livestock could supply 157. 
of the manure needed.
 

Free ranging herd livestock are more numerous and produce more mnnure, a
 

portion of which is deposited in cereal fields, but the manure dries out and
 

nitrogen loss by vaporization decreases its value.
 

The effects of less than 10 m.t. per hectare of manure have not yet 

b,.en detcrmined, nor has the combination of marturing, deep plowing and post 

harvest plowing been researched. ­
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1). Devetop,.,ut _ontv:-ts fr Land Regeneration & Conservation 

Inl LeljL1uCa se;, tN conteIxt. for land regen.!raLion and conser­

vation in the Gro-driut B:as in is one of agricultural intensification and,
 

wheru pos b~,hc ive-rifi'cation of agriculture. With few exceptions, land
 

re 11L',r Z11 on ,":i intc:ri-ifi,.aition of production entail some of the same
 

land 1n;.1erO..mt t.,nIii . Thus in terms of land management, land regc-ne­

ration (or conscr ,ation' and agricultural intensificai:ion are synonymous.
 

and certainly not mutually exclusive. In fact, agricultural intensification
 

cannot be achieved and sustained without the application of land management
 

techniques associated with land regeneration and conservation in the Groundnut
 

Basia, naely, 

manuring
 

composting
 

liming
 

crop rotation
 

deep plowing and post harvest plowing
 

contour plo,,ing, bunds or diquettes
 

windb reaks
 

All require energy and resources, and therefore incentives. At least 

three .pcific contexts for these practicezs can be identified: (1) desire
 

for food security, (2) desire for profit (cash income), (3) desire to
 

conserve or regonerate the !and. Each context 
would entail a slightly
 

different d,.'elop:nent approaich.
 

(1) Food secUrity
 

Fertility maintenance through manuring on toll keur 
 lands surrounding
 
viJli.-c. dovoted to miller f-r food n.-ed.,, has rmae 
 mon- the 

soils, a::d c:.:cmpli.fies the food security motive for conservation and inten­
- -i ',is practice can bh supplemented by other tuchniq"us 

thse -- riche-.;t 

:cat, on t.raditional 


(sU,? IboVU), hut it muat be remenibered the costs if any vould have to be
 

cew,:-,.d hv ,,rtp [us gcnc.':tc eithor on the tell keur 
 fie Lds or. on oth,,r fied.,. 
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(2) Profit 

Ca.n iTnccU fro-m crops in the Groundnut Basin is generated in the 

UtL fic1; , V'...-yd th.,. t. [ kuur I inds, where mllet and peanuts are 

piintc" iu roLa~ition Cc-,peas i.y also be planted as a catch crop on 

::i et fi"'Is . utI eLds :ire the 1;ands that are slow,.ly degrading, accordin­

to fdrmrc,.r;' 'Ccounts of yicld decreases, as a consequence of the elimination 

of long fail Bets.Her agricultural intensification/land regeneration could 

b2. motivated2 v tlo desire aor more profit (in which cases practices wil 

have to be proven profitable). Practices such as manuring are not new and 

are of obvious benufit. Other practices which will boost production in
 

rainfed :griculture a-e not so obvious: deep plowing, plowing in of organic
 

matter, contour plowing and perhaps windbreaks.
 

Outfields comprise at least 70% of the cultivated land in the Groundnut
 

Basin, so their better managenment and conservation is proportionately
 

important.
 

The introduction and sustained application of land regeneration and
 

conservation techniques in outfields will probably be more difficult to
 

acccmplish than in the case of the toll kcur millet producing lands, or the
 

most seriously degradd lands which merit a single purpose regeneration
 

effort. This is because the needed regeneration/intensification techniques
 

in outfields must be profitablz?, which i-.!akes them dependtnt upcn thO smooth 

functioning of public and private sector agricultural support as ll as
 

the international peanut market.. Moreover, '0e profitability of many tec:.niques 

has not been demonstrated, excupt at experi-ne-t stations, Y hose soils arc 

gencrally more fertile than those ...... --Yet assu hat supplies of 

inputs anJ t he marketing of harvests can be achieved, innovaticns in inton­

sification/rugeneration should be quickly accepted and adopted as part of the 

agricul tural techniques. 

A special case is posed in Thi6s by lands near to Dakar being convert'd 

to horticul dural production with the aid of dry season irrigation and int:en­

sive manuring. The profit incentive generated by Dakar markets for fruits 

and vcgtabte1s ensures an excel lcnt context for the introduction of imprcved 

methods(if soil managemint and conservati'on. 

http:slow,.ly


(3)~~~~~~~~ I)si~'IIoor PVrgnrt~teln 

~ ~ ~ ~f ~ '.h Govri-uentof Snega an 

{ltogn(3 torv cnser,;( . woll' rticu'frat t6 th exen tha thdu'] ja' 

nosTh liy o aur,,ue the'.ta ofAD'and 'be ,ndas o todesire 0, iol Issin,e 

achieve. (Th is pjapcr repcesents,'in"4act:, "an attem1pt, to envisi on''on t e par~t 

Sof~AID' Lliat whsc L possible""to'&achieVe)Y ,It i. r c"-scnable, to assume,1 

ne~~'< b1evertheless, that rural~adults~ and Je 'der' wisha prosperous andi.t 

fuue fr agricultural at du iasi h,1


acturefovities in the GrouinntBsn Th lnting, 

Sof~ 
 tre'es belies~ 'I posi tivi sti~c vision' of amore prosp% rous rfuture,' as, d'oe's 

4 t.h e~protectLion of Acacia alid an amrceea fbrn. ~A more c'lear" 

viinwul ehl if the full rneo'tcnqefrln cne-all 

and-regeneration w,ere effectively and~wde'ly conmuni'cated ' 

- ~~,However clearlyjland conservation or regeneration motivated: by~long 

4ter-inrather 
 than short termrofit m'tie ay,be desifred'.'it 'would': hav(e 

~'sto be limited, 'in -the 4"absence of outside. support, to, techniques, that.would~ 

no eur ah xedtrs orth scice.f 4 food or cash crop produc,,:ion.:1 

Obv444..., the' greater the population density,,the more.'likely i't i's that4 

e n c4-44444'4c.xpeL.uU4.inL land conservation, orrenrainwk tl-'lon:termr-, 

~44'444'4.4..4444ayozz, will. copee ihneg and re4s6urces needed, fo~r 'immeiate 'needs. 

Densel44.y. popuilatedf'regions~ with degrdig laidswil'l need therefolre, ]some 

me.ati fouts-,ide4 aid i4n or~der to' szbsidize' l1and regene'ratlion work. 4Less 

dc.n sciy 'popuate 444 'a nee onl exenion ass -Lstance'etie n do 

'.4-s4 the '4moSL.cr.iricallydegra~id-,re idetifedSore aro4 s''.How 'ca i ,. s~trji 

soi~ls analyses v~3iol stimates (corrected forranllndimov,,'e 

ip,, ts)' 

th Cociition OEL Acacia alida trees (e g.4 large,or imn ture, t re s wh sev roly 

444 c L z r~ i n the compa rison of man/land ratip'sW~ yils'C.8 

44 '4' ,4 ~' enerai'.''" '.opulation Cowpos4I t~tg ynM,~ grp 

F,:1 IEnL .210''n romoL in"Simaine ,,orkers con-monly.'obtainr such1 ~no rm'Ot i~ofl 0 j1,0 

SL r %rves :o f4.-C.E.R.; c~ ntL s ild- o Lh cr f ielId wo rkers. 

'ItAis sii1opinion .'1h tdegraded a.:ro s eroded, inertiJ.. 

cn11 &' r0 r n L Qd-iF I colli i:a't 6' o t o cub qu 6QS's 1 o:y, indc t1 t 'ri 

trd rL4 C I01 0w r0p 1 o I I~ I~ I t Aip' fl 



Soil Consenrintion, 19'2"
 

Extension and supervision 

Manure spreading (has.) 63,334 31,903 12,320 7,075 12,G35 

Manure, plowing 1n 10,596 2,196 8,AOO* 

Residuaes, plcwi.g in 3,286 3,286 

* The report "Integration Elevage-Agriculture Delegation de'Thins notes on 

p. 31, however, that in Thins,.. "!'enfouisserment... ntest pas pratique".
 

Also that there are insufficient charrettes to get the manure to fields.
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