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intr ,,duc tion 

The nr: jent's '-nerl ohjenti-.vrr- are to imp-ov the agricultural 
nrcyhlction, ret .'miy income. and nuality of the life for the rural 
porul'tion o" The orcject z-)ne, in .-uch a manner that it can become 

S"--:nstaininc, Tha key to The successful davelopment of the project 
v, an or7anizational stru ctur? q,hih w.1l effectively integrate the 
activities of the various Fovernrent agencies. This will assure ac
iess to and coteration from national level ministries, which will 
.il.o.: the rrojjccr. to resnond rarni. to -jevelotment needs. 

Thn n-nn,,,i- te-lnrlozy inout is but one of several necessary 
ar 1-"r--ionn int,>rat-d proc-ran. , 

Initial concentration will bp nlace i in iipro.ring rainy season 
I an--.--culur', ardc the Tor-iiction of millet, sorghum and niebe. 

TPhr,, will a.-o rollo., the developmont of the lan, and water resources 
of thc. ral.ol-, bh- fonA.s and .are.s. 

..0 Ph-evious A:-ro.cnic Research 

1.1 3oi.s 

'ewos-il -Luie" at a r~connaissance level have been pre
y"usly, :ma-e and are im-nrtant for the project area agricultural im.

1. ture Fedolo ique dan.e La Vallee lu Dallol Basso, avec 
onrtns, peolo-ique; echelle: I:i00,000, 1963{ SOGETHA
 
(:oc.,:.-.e 'eneralc de7 Technimues Hydro-Agricoles, Paris).
 

.. F-dclo-ique -iei4econnaissance de la Republique du 
' C ochdll 1:5c'00,000; 1967; CIRT0I,N (Office de la 

'-,.'choe .li ntifique e Technique Cot.re-Mer), Paris. 
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:'hp t! rep.nnaissance stu-TE!L, have very oodre,,-ral soils of the summary data onqrca ovprerl w the i.'amev thePrductivity Project.:owever, soll ma',s and , s !at.a art, nct (f" rfI'r.-.:f. Ilot.Allpro'ile nor ]aboratcry riata t.,1-e In 
rrcj~ct1 ioeorm nt on a 

Froer]y utilized for larire scale
swa]. farm size hasis, or for small scale
rural .iPv1, o'-ment r--,-ject areas. 

A review of thi availability
3'-rv;1-e Tono ranhique et Caastre 

of the aerial photos in Niarey atindicates that aerial photo contactnrints anH revatives 9cri X 9,!r,, scale 1z60,oon flo.m in 1975 by a
French aerial nhoL.oraphic 
e-rer-4. thr,, 

company are available . Copies canh Institute Georaohique be 
i"csaic raps at scale, of 

du Nirrer or enlargernts orl120,000, 4 5cr X 4 5cm or 115,000, 90cm X 90cm. 
t 
', 

thal a'ria] rhotnr.n "- or:'ere- at- l20,000o .-over th 3x-tent of the scale,N:iarev Productivity Project.h('r :houc' be thn usel to make a land caabilitv classificationof the ,nlan- ar,=.s usin- siril.ar land capability classification
 
1 arr ,,it- 2.
Zta,:1 x v the 1'. 7e nart-ent,as on an-! river aroa of Avrrculture. Gn the dallol,wer, irrigatior could becl.a-;si.fication shoul: h .

developed, a landAde using similar lane classificationfo" i'ctr .i! r"i-',l1 I-rd,; as standardsutilized by P.S.the Bureau of Dteclama.ion. vnlare-.en.s of tqe ls0,000 aerial•"ouli photos to a 1:5,000usfo r lanci classification of irripable clcvelopment 
scale 
schemesn .h, a;lo], has fonrs area.

v1 o: the This would assist to efficiently defirI potential eaFabiliti- s o' all. arable lands in the projoct area. 'hE.c snrT maps can he used for more complete ground water 

N!AN ha,; rnre sonp basic resarch on some soils such as: ;,.-: texture,
o -:" 
.':" moisture at di';'e'ent 
o . f ..rt, water holdtn.r craoit 

PF'!, 
y, 

infiltration,rtr 
m ,,lrer.] '..'..-i ui a: moisture content 

*e heavy equiD
su ,goilin- in field with

p*' is currently e--rc'.p3
I . 

in all -ohases of aarl-Ir 
 '' an effectil. ror-earch ,-ruanizatin. 

I.,..rate, 

AL . ' ira- of c-nstrlct.in:- wellsno,,tu.Lt-in :r, to assist theet their n:-s ruralhas b-en fostered by the :7overnment throughThis .,ork c-ntinues to bri.nrr betterr. water supplies to villagemoa:....larly when ; ossible to Irier areas where needs are
 

'r;' -+ ", 
- - ......
ha- tcn.Hecl to -en'ter around the Riveri-.,,
"lr ,~ ar, ,,ere 3ome rice, veatable"c'>,lrt,-! and fruit 'roduc' I. . .on: of this haL ,yen foi. coi rcially,'r, i a' v- ,tales for export. 
. '(.,,1 'or 
But 7eveloping agriculturalthe i-asant farmer in the interior areas 
_ of thehas bep.a el.v -imited to the areas arornd Aadez by the
-- h-.. 
 "r n I f --- CXLE well develormni. orojects near Baleyara
 

BEST ANJALA9L CoPY 
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FuL -,, hi.. ',n. ,1water and mare aras of the Dallol,
rh, thc ,ty 

c' r,n a ,:.Ancil-r-1 1. jc ,.wo to assist the rural ropl. of 

.,a" Fnd. area: i. " a',: 171w.,e ,v projo has 
n!N ' r 


t'- arn-, +r -.or', efficihn4 .lv utilize 
 these water resource.,. It

';hi.. t.,, of ,,tnr -Ovelonent that can hrl the small farmr
 

r ost. T'.t.or means must e eveloperd to help him zet more water,
 
rom t-iz, vround4a
_. ,ater resource. Specificall.v 

ow t',, h'.,.,oe from a o7rod pr.yucin!7 well to his sma.11, par
1:213r, "pt'er and in larer quantitiei: is highly important tov, ,r -,., '-[ .'.',tral. ,r .i-.ion ca mabilitv. 

"h7 ,'~m~a. vailable in Nirer in soils and irrigation appears
i,,"'.h r. in quantit: an", .ualitv than the oresently available 

rn ,.i r 1 .. hh Ia.v traintd rersonnel. can utilize in implmemnting
 
: "' .'ine nt such aF in this one. Several are in the U.S.A.
 

at ;i,,,v :'-5t-: c -, ,leti .,-ra 
 .ate worl- and will return within the
 
next. .hrce 'ear:7, ho-efullv te ',ring lea,-ership in these and related

fip"ic4-. rJl, (ne is :che.@uleH t.o return shortly to assume responsibil
it.v for orera.ion of the new -oils lahoratory. 

. 3 Clir, 

-"Th.- e],c" * of climatic observations of utmost importance
in -'ral.u.tinc a cro:,'ran of '3r ,]and a.riculture in a 3ahel country


:.;"Ivc a.- 'i... e rr iir,.ation, evano-transpiration, maximun and
 
i-intr, w t- ret,ire., 
 an. wind direction and velocity. Since most

r~f tho 'ainfai' ceoe fro-,n hi.h intensity thunderstorms of vreat


I,, ;.! v J c.catinn, ior(% weather stations are desirable 
 to main
,t'.ri.,- t1 se r 'r,- fror c. .. ciilatin£ soil-water balance over as many
year:" as essihle 

T"is can lend assistancne to ar-riculturists in indicatirm fa
... . ...... . ,- nA .- -rv,- .antin -, .ro:rin..t.rj 1 - anA harvesting, food 

lr;ai.n crnu, -;uch as ,-li+,o, varieties of sorchumq and some levumes 
'1 * : 0 .. ' .. ' e ' ,c(',.. - win sns. 

t...--.. : ...... ariabi..ity in rainfall from north to'-tu .ri in ,r. a Ii lan a," Sudanian ecological z'nnes there is consid
erahml nred -'or -,orr weather stations to he estahlished to give more 
'.moi.,l.edc-: o[' scaional] ani yearty va-iations in rainfall, evapo-trans
[ration, t',r, .ur-r an--- win, direction anJ velonities for more

s;.ctions of t-h' project area. These records, pro,. rly interpreted 
ovo.r a !nrea! o; ears, can 'ive a trend of exp.,ctancy for drier or 
wetter ,rear,; a-- for rloro 'ie-rlable moisture data for planting thePr',nci 'al '.n,: cror-,.-rain -easant farmers at present move to plant
when ;heir C.' t rains cori, but sonmtimes t ,is may be too early if 
a oirio. of .:ti', ht follows bcefore the second rain comes. Longer 

.... r recor,-s for more stations -.ill evertiially .ive more reliable
Jata for olau;,Aon an,-' rrowin.- of short season fooe grain crops. 

.BEST AVAILABLE COPY
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It would hj resiraLc, "berefore, to make data from more weatherstationn availabLe throurhout the project andarea, particularly inloclities where fie 
•ro-tor 

:oil an,:- water resources are better, and haveca'mh-lifi for .ievt-loment., One rood example of this is.' DahYLI 2a' .-. IThIle nrossnt. wceather stations are located at 
in 

Iin,-ue an 'abl.a,
Onp et-

there should be one located north of Filingue,- n.-7ue and Pab] a (or at Baleyara) and orou h alorir Daflol one moret':- "asc. Each weather station should be equippeda.r carv'- o'. a.... ..-ratp daily observations for rainfall, evaporan-iration -N-1i 1-1-;7.TM r.Ul tpmperatires, andve1oct.. 1 rind direction andThe coI.].&etio, an,- processing of -eteorological data is the 
'an.. . t- In r"ovi~i lnrr a basis for loical water and soilt, 'nrti.ilar.".' for i rainfec a.riculture. 

1.14! -r-Jt- Resr-arch on ty..oes and] varieties of fruits that 
can - 3uccessf,,llk -roi.m in Niger an(. adaotable in the proj.ct area are bein- efficiently investigate,-l at the IRFA(ites-arch In3t.itbute of T onical Fruit and Citrus) stationat CGTouroura. Good varieties of .rafted manp.oes, citrus,ane -tava are available each year for planting. CultnralrraeT.ices and .ifferent methods of irricration are boing invf. tir:ate,. ":er f'riitc bring investigated are pineapole,bananas, and passion fruit. It would seen that grapes shouldbe intro-uceA here also under irrigation for garden przducti.on anr oerhap later' for coemercial production if provensucc,-'sful. This stati on is quite capable of supplyingnlantinr materials to a project at a reasonable cost perunit. Researc' on frits in francophone Africa is quite 

Ih 7eThd Grain Crors anid Grain Lemme. 
1. 12 3t - 3elections have been in formade Niaer,' eveVie: varieties .hich oresently seem to be adapted to the+. .I-ec ar;,. Cne variety is P Kolo, which is recommended , t ~Y~~.-uthern ,art of the prject area, and TIKP, for thenorthern zonal area. 

C'i-vr im-.v -. varieties can bo secured from ICISATan "arlaru i.n Nireri.a as they become available through ther reals Project at 1ara-.i, once this project is opera

... ... th t -: n selec ted f or
' une area' -," the welt is k2 Jatankari (selection

.aro!)a) a.,c' ?;houl' be uqel in a rotetion after millet orrearmuF. For valley, conditions, which would include the-as fond, dallol dr.,'lan-Js, a varietir called Jan-Jar6 is 

BEST AVAILABLE COpY
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r,,ccn, eri . It,can i'ollcT cotton or niebe in rotation 
and can evon he irric-atod for foraqo production but needs 
at, Inast 500(f cubic, vet.rs of water pr hentare. 

As imrmovo': varieties are released these can also be 
secur-1 the same as the source for millet described in 
1 .421 above. 

I .'Q- :Nmbe (covr7eas) - In the drier area of the north
arr 'Qrt of the Niamo.v Productivity Project area, two varieties 
(- r ,,r) are and 88-63. therecomenred !N 36-64 TN Within 
40'.-500 mm fainfall rancre TN 469 has been found most reliable. 
In the extreme southern part of the project area the 130-150 
cay "'riet, T*<'-3 is recomm-ded. Improved varieties 
-ho,., he o'tainer. from the Niger Cereal Proiuction project 
in 1arali once it. is operational, which in turn will introduce 
ne, .!eomaterial from Ahmadu Bello University, Zaria, Nigeria, 
lITA at,. Iha:an, :3.eria, and Bambey, SenegaL. Until the NCPP 
hacoor truly functional the al-ov- sources for new materials 
will b., best. 

I.L12h Yaize - Corn cannot be an important crop in the 

upland areas but. could becom very important as a food crop 
in the small irri'at,- farm areas of the Dallol Basso, bas 
fon: areas and similar areas where water could be made avail
able from wells for irrigation. Varieties need to be obtained
 
from 1ITA at Iba.lan, NiEeria or from Samraru, Ahmadu Bello
 
UO:.vr .t in Nigeria, that, are responsive to irrigation and
 
higher innuts rf nitropen and phosphorus. Varieties should
 
not ,horicis, h-ca'se the peasant farmers of Niger notare 


yet rea :y to han le hybrid varieties. Si.igested variety is
 
P3 Kolo, 1...t shcnil., intror-uced. A strong maize
others be 

research nro-ran exists at IITA in Ibarlan. It is building a
 

-caral-'h sta . an- is evelopih associ.ations with CI,-"MYT in 
*'Jcr ' .ihe International Center of Tropical. AgTriculture 
in Vio. comibne sources of cerm blasm can be tappedThe0,-e 

for , c-'rn varioties for Niger.
 

.'.2 - mon (Cono -,,Cnijanus Cajan) areK reas 
irruortsnt as : utritious food and as a promising, soil building 

, ' In".a il.has yielded a.7 hih as 5000 kg/ha and in 
Pr t i.n s.n Yvieof' 7000 kn'.lha has obtained;, a:i,:h been
'-oti; y' lrri..adi', however. These should be introduced 

a-, ! -rc.--n -,:-itain1 n,- varieties from Inclia from ICRISAT or 
from IlTA at lbadan --here a research project has been started. 

1 -12 - nn -boans, .reen r-ram (Phasiolus mung) ; Winged 
sear,h,,. n,:us tetra-onono.'hu5 L. D.C.); and perhaps 

l
Ovrw ,r .. v,r - , ie" of the Iirna bean (Fhaseolus lunatus) 

OES AI'.;LASi. COpy 
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.hollh I>? introluce- an-1 tried. J'ung beans have been used 
as a staple foe: incror. InYia, China and other countries 
of the Far Eai t for Tin,, years. 

ik.ie , beant ha! hon -roim in Asian coun
trl:. It rivalh soyhora, in 1'rotrin and oil content (34%,roto n, 1?, oil). it- tubers are protein enriched also andcan ,r C twoutilize1after months. Seed material for both
variq ets rhould be available throuh ITTA, Tbadan, Nigeriaor fro:,i tho Far cast through a cooreratinq relationship with 
IC,!,AT in Hyderabao, India. 

hero has :econ a research rrorrarn on F. linatus, lima<-ean in the Nala--asv -.eubl.ic and research is also being conriuct -i at IITA, where planting materials for trial could also 
oon ta ined. 

jil tnese beans would need irrigation for optimum FoOuct;on yields, -ut mung beans (Phaseolus rmn7) may give a'I iit - nroduction as a rainfed crop in the hiFher rainfall 
area of Ni:,er--r.,erhaTs 4n the southern zone on the better
L-uIa].. itf, oils. 

l.LL'3 Ve.etables 

.o! varie tie or' onions, okra, pep..ers, sweet potatoes,an,! .ornatoe;- have bec me fairly well established to dive acccntal-h1.- yields under groy,inz conitions in Niger and helpto Pulfili in-c.untry ;emards as we.l as have an excess for
e-'nort tn adjoiriinp countries. However, these varieties need
Lc lbe I.esteH :,Cre t1horoughly against other introductions,

vhichi 
7av have .:reeter ,.ieD4 r-otential and greater acceptabi..it:.. To.a t-is ar-A onions have b-cone ..articlarly impor
tant ite:-i in the Afr.can rliet. Yield.s of tomatoes of 50to.-s/a hav: bEen achieved in i'Nireriq with selected varieties:rro.rn tu:-r iri-ication. Onions are an imoortant export crop
,-thin Africa. Seventy (70) percert of "-i--er's annual cropof 3 .,O00 tns is exioorted southward. Pinint (hot peppers)
are a'most, as i.'rortant as onions an- tomatoes. 

'r. her vc cta ,]c. which have been tried near Niamey andin t.- garden ar,-,as o.7 the Dallol Basso bas fond aresareaslettuce, suasi, egg-rlat, radish, carrots, cabbage, melon(cai' c"), ' a~t.-;7.on, turnio, bell peppers, garlic, pump
:Jn, rhet'., :>,ansc ( tnap be:.ns), an' bears (Phaseolus vul;,ari , !:oans. Lost oT thevo varieties of vegetableshavc !..-.'n co-,ciarativjly recentl., intro, uce6 by CAIRE or by

Chr,,rc' "iorld Service qroups and concreteno information of:.avLovi.itv or anceotability has .pt been compiled on per
formance of these ve-etable crops. As need arises by increaseddeandi for any of the ve!etables some organizational arm of 

rib" Grip* 

http:a~t.-;7.on


the Umr~nr .f Aj,]c|I b.urr .;hop institute varietal trials 
and introduce other varieties which may have promise. Exist
ine :xrrrimental st;,itions close to Niamv on the river could 
,!asi, 1 <n ":'oblhoir iesearcll -?'M -t on vegetables. Ferhar6 

. '- of could , h,'np-'eneO too.-ra'TRFA include 
,".-. 'r~: i. r,searcnh )n nrticular.v those crops 

.wl ar-r rc7n,lv .irortant to Nier: tomatoes, onions, 
an. nkre. Lfn tomatr es a considerab].e amount of research 
neec bo I-ea -,cne on control of insect pests, and especially
dis~asc- that. attact, riuring its rrorinw reriod; development
of nilerahle varieties; cultural practices to produce hiehest 
:, ia7d, anr- t'erova .."f such barriers to iroduction such as 
trarsrrortation and rarketine. 

C'nions al,;c nee& more research, rarticularly to develop
h;-her vields, better keening qualities and better storage 
ai "ron :-.nr- .,cnqucs Other local vegetables require as 
iior' :iore co,-ln,.rate research effort in selection and to 

,estahlish more clearlv their notential and greater acceptabil
ity in Lh' counutr,'. 

',Thih lran-c i- essertiall a.vep.etable crop, most vari
eties, havo '.-en fount T.ocally acce',table both for quality and 
.'. ar, 1' .r researct, has been sought nor is 
1,.I,.-- ftir 'uture, exceip perharns more careful selection 
fo-' all. a "-ic', clar2cteristics. Eanioc production in 

.~:''7 -'aa ahc'ut 70O ha each year in the project 
at ,.-' .n 7.'L .y- nt-.rl,- -0.1 . greater. Produc-
S" .. . a in :iia.,a,- -.c 12,000 kq/ha in 

r - The great .ifference was due to uneven 

"--.:: a -ciat" cro. ith high water re
nt rccor11encOe,-" 'or cultivation in the vege

of the Dal:.ol, bas fond areas, where heavy 
,. .. fr. :.-.s would not bere -ources 1z: or mares 

culture shoilY > 1ar-ely limited to ex
". . a.or!- t~'e ' ie.I (- er. Hoever, small plots

". ,-. poorly draine- areas of the bas fond 
r " . mares with hi,:h water tables or poorly 

* '., . ha. r::rb ona',m!a I&LA*', a section rice 
, s.. on lor:'nior rroblems along the 

i-lv r .i.-,;r :is or;anization could br' of assistance in 
a,!,''i.aC rearcai, of the Niamey froject area. 

(il crops in Ni.er include plants such as 7roundnuts 
(T.rnnts "n thi U.S.) and sesame (benni reed). Any increase 
-in nr'uctiion ri'oil croos would bo iptoortant to Niger be

http:a,!,''i.aC


cau-n .a ,,r1a q c" IL req,'irIv imported. The - consumption mustLr-e':t oroxuction
rouninut; and exe-t 

of oil seed crops is 
. thr-e for local consurintion r1ants andnear Xarar'i some extracthe balance1Vfhfllle nucl t, is exported ini 'eria ,here many la.-yecre.!. La-t oil mills are loylr th' harvest of ir 'odrufs wasall ,11 so small thatr 41-.ei none,er and were shipped to Nigeria. 

"rorn in the nroj~ctI-, 2974 t- area is relativelyarea lr'own wasr~' ir tho CuUlrm .000 hrctares mostlr allarea wTith a OructionI,_ha. Cotryu of about 400. rroduction for 1974 i.;as 129 thousandtons irrrsus 77 Thousand for 1973. 
-err! are no a -riclltiual roduction records shoing

any ' rrPr: in tho -roject areathis crc-r, could becomie more 
in 1973 or 1974, butvaluable as a cash crop inprro.Jer thearea. ProductionthctiF'- " within Niieria increasedtonc in 1.973 from 77to 122 thousand tons in 1974. 

Ci .hr- .an-1,- ,oils of the project area erosion7j-niticantare . hazardsan--'- lohcr renuirements 
' their.... . rrodor...inantly 

are larre. Peasant 
handTroiu 'u..d labor cannotc lose' as necessary sow 

.-i for satisfactoryhe :"t resultsvarieties the.- must1) chanical secdedrs 
ia 

those used. 
nlant. Simple2ike in Seren'alarivan-a-c=f 'o can offer real.firmers. If ri'roductive e ficiency 1jornv 4 an..ic-! can elosn from diseasesvrr- I kely rre)r.e,1t yieles and insects reduced,can he more than doubled. 

5ckaile trcructi o Dv r-ceive more attention inrojecL. area. the 
,e -i,c~ 

Hi-h yieldinq varieties havebut '~a *Th.ds not yet been
rie;, :01 a hifh quality oil andca'- an" .O]P' *ake a Pood 

a protein 
s cash crop where farmersCotliu]4ii~, srow and marketabl.e cr-coessinp should be 

it. hiore locally availorovided beforere.~.-!ar .runinr, 
it should become aiossibi]ifxv in the project zone. 

2 .fl -)a_r Cons t.raint to r laid Crop luction
 
he ::'n 
 ?r-tr'. in ,Ti7per livesr,i°d of trariitional in a modern eraagr icu.tLire but with the

iras still imrrinted on hisa rractic.-' sovro:al c-t behaviour, much.ries amo.hrnofitei lir, f'or 7ev ri.nor improvements haveim and hi family inanr" a l ]ivinp. his arricultural'ni% pursuits" 

2.1 M"oisluro Limitations 

2.11 Loland area. In the rtier ulandfavcrae, areas and on less7'oiJ.s, thc reasant farmer Ias been limited in his 

BEST AVAILABLE COPY 



,food pr-ouction efforts orinc 1 a.1].7 by scant. poorly distributed 

ainfall. It ha -iven him short uncertain periods of rainfall 
il.et, sorghum, and cow-Hurinq .hich ha has hear ableto :row 

r'rr wit.h iah riQ of fali].re durin7 recent years when often 

',currin7 ,rou ht cni- con.lete or pivrtIal crop failure. 

T, lI,:.t.2 the ro t iUcto.Qfn caralbilities to short season adapt
hcs, croi. or others that can be introducedshl. varipics of 


a
with an exrectation that one year out of five--there may be 

co riete cror failuro due to drounht. Longer and more complete 

?rather data as it becomes available can assist him by super

vise& -,idance into accertinq shorter season, higher producing 

rore scure rlanting dates as better summarizedv.rinties and 

:.orthpr data becc-.s available.
 

2.12 	 Dallol, Bas-fond areas These rerrosent the greatest
 

ootential Cor water utilization of nost of the interior areas
 

nort, ,ofthe rive- vall.ey area of the Nieer River. The avail

has not been fully exploited.
able -roundwater of these areas 


We.l' have been constructed in greater nunbers and many 
Hereare better constructed by cementing, but at high cost. 

tofnre 0l1F in thee areas have contributed little toward 

a-ric"Lture x'e-'tn 7rovile the leasant's family and his 

animals with necessar" water. Well water, relatively easily 

availa'-]e and of -ood ouality, has been utilized to only a 

lir."t: .vrtcnt for irriation of small garden areas adjacent 

to thr . Foy ,-'Os have been adequately developed for 
the wells to the land to enable the small
movina the w ter rrom 

farner to rore -fficiently apply the water to his crops. The 

daloo, .hadof an ineffici-nt netho6s of dipping and pouring 

have r ie his orocress slow here in inproviny his small scale 
area or nearaarinultur( by irriA-tion, *..Tereas in the Agadez 

Lake Chad or in other developina countries inrroved animal trac

tion r-tbcds or shadouf have been successfully used in raising 

iratpr 7rom shalictT .qs or bodies of water in relatively large 

amounts or in rurping. These methods have found little accept

project area. There has boen reluctance to useab1lity in the 
,'al rac' in Mr such work excert princirally in the Agadezan 

area, -,ehe K:A been hihly develoued by the Tuarers. It 

is a mA..T', th.2t .].' also be ut&ized in this area. How 

can it be fully acceptxi as a method--we must answ.er. 

.2 Limil'J.,nq H.,nd Tools 

tools without benefit fromHis conti.nu,.v use f simle hand 

an..ral tractinn ir his cultivation tochnisues keeps most of the peasants 

in the frame of marginal traditional a-ricul.ture. 

ne item of 'land tools that has been made avai.lable to him that is
 

a -efinito imrrovement to him is the Nier indigenous lonr handled 

t.red ~ hoe. The origin and development of its present form would 

BE~ST AVAIIABLE COPY[' 
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make 	 a most intor-)stinr aecount, The 	 local names associated with andidentifying it are as follows:
 

The relatively thin bla-e made 
 by local blacksmiths out oftime,roA crateiron is called ins
 
Djerma - koumbou or ankanaHausa - hauwiya or koukou 

The handle is called in: 

Thera - Koumboubon*Ha sa 	 - Kughauwiya*
* 	aninr head_ or handle for.
 

'!i. other nrinciml

sI'ck, occasional 

hanr tools are his nlantinw hoe on a crookeduse 	of a short handed 'Idaball hoe for digging, a Ma-Cr tn, his Ion.-. ., made c oppinc axe for 	cuttinR firewood, anda]..IJv mai sickl. for 	 his loharvesting, his
orovnO 	 grain. More and better and imhand 	 tools need 	 to be develored that 	will find as ready accepta
;ilitv as the "co1bo U',"
 

t., Traction
Animv.1 


Animal. traction has 

desirable to use as 

rot become as highly developed nor asit has been in some of the a1 joining African countries. In the Niarev Productivity Project area 	animal tractionhad 	 hasvery 	littlo use and accentability. Those 	 farming in thisshoild be tau.-ht to utilize 	 areamethods or acceotahle methods that 	could;V, n.lar-ted 2r-, 	 the Ar.a-es uarerrs use 	 of animal traction by use ofca,l.. or r)x',u i.n .'asir.
iher,, he 	

,,ater from wells; or from the Maradi areafarr, center of 12-. Cckers has evelored animal traction meth,,.-"or cultii.tinr .'.r"nys and 	 oxen as well, as develooing'r 1,aisn rtt-:%r 	 their use,rm 	,.:'-s for local irrig!,tion for vegetables andc't),or ro-" i , Nieria"..otrrr mary of the farme-vs'! 1. . ain 	 also make use of .... of oxen for cron cnltivati on and 	 other purposes.These imnthods and techninues need to be further investiated for im:-].e-v.ntaticn in the nroject area. 

2.4 	Cultivation Techniques
 

the 
Sin-e an5imal traction is so rarely used inreasant far'rer's cror production 	 the project areapractices are mainly accomplishedwith 	his hand tools for cultivation, planting and harvesting. Thislimits the amount of land.which he can farm by hand methods.
 

2.i. I.stin2- 1 has also given rise to certain plantingtechrionne; ,. 1-ich limit his viele ca bi.ities. The traditionalmet'.rs of' nilant-in, his millet, sorghum and niebe isa-aipn 	 a restraint!.h.rhJ.irIls. The 	 hill method rovides for competitive l,,-1-er s of rlants 
rpti..ion t'or the 

in each hill, which in turn causes comli.:ited moisture and limited available nutrients.There 	 i.-also.t.he -serious possibil.ity that the -ractice of interplanti.nr with 	cowpeas does not stimulate yield much as rotaas 
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tion vimrld with alte-rnate solid plantin,'s of leMlres and millet 
IVnrs-,'rate field.. There are alvocates both for and against 
the two plantint teeh,nlogios, hut only using well designed 
plot exrr.rirents for several years to incluHe them all., could 
this questio, be answered effectively-.
 

2 .42 %rtI.Lzer u-z Although it is &-emonstratablyknown that 
fertil'zer ii.s dce incr ase vields, it has now become a con
straiins beca-'se of high cost rer unit of all major fertilizer 
Siet-rn' . The ' vrrnnt of soil fertility need not be de
rnru'cn. entirely uoon commrci.al nitrover fertilizers since 
lerur.r may I:-gr.m to supol'y these nutrients--supplying up 
to 200 k-/ha of nitrogen. At least it can be partially sup
plie3 ,itlhut purchase of high cost commercial fertilizers to 
the best a'vanta--e when it is necessary to import and utilize 
this high cost irport. Exreriments should be desimned--wherein 
li.11itc use of fortilizers is used to obtain increased vields. 
Rotation oxrie'nY which include greater use of green manure 
cror anA use of more animal manure and other available organic 
mat,ruia] nho-id h-: intro-luc-d hy IbyAN for backstoppinz the 
project pro'ram. 

? .5 Lack oV Credit Facilities 

This h-ts hn., an im'ortant constraint in riost developing
Oollntrie'; ai4- ineds to e built into any developmnt program which 
invlves the s-al farmer. The neasa.t farmer has little or no credit 
!'ci;citieF ava'T.l,-le 1- 1im linless he is a mmber of an organized 
local coomrrativo organization. Tn most villa7es these facilities 
are not yet or.anized in !.he rro:]-ct area. 

.6 Lack o' .ffct:v - Extension Activit.r 

The lck cf *'ot.iv.tion to change et'ic ds, practices and tech
ninues for Lh2 better by the farner ji.mself may be from either socio
roconcric rpas.-r3 -r '-cause of not having been riven sufficiently sound 
techni.cal reasrns fo th- change. Ixtension personnel, often called 
rjonitors or *,: a-y other name, have a responsibility to take practical 
rrsearch re .,] to the farrr for his implementation. Sufficient 

rovi.qion must he mwade for this tyre of activit; and the training of a 
nriifioicnt. nur.,r of nersc.nnel. N--owver, if there are social or socio
•con," :Lc restraints, Lhese must be fully undlerstood, before extension 
-rforts can bc nrork-rl.r inolemented to hurdle these roadblocks to prog
ross . 

3.0 Basic Agrnimnic !,esearch 1Noeded 

3.1 .Ioil an-! Land Classification and Water Surveys 

~ W, A RA:'.Ifz ' lo p,i 
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In t.h.o rroj t. ar'ra, these nlirv ,s as outlinod in 1.1 and 1.2 
above are nnce,;sarv :-.c ror, ,ff n'.' utilize the land. and i.,ater 

, 'n Lh- uTl..n'. an- 'rbas ifonei, dallol areas a,.ray from the Niger 
River va''. ,' ar.nr. These can provirle the basic information for imple

,i,' improv.-] -oi). nn .-ater management tractices, to conserve soils 
ton ',,tpr a-r .rev-nv,t thc 'Aie -at.e o' ercyibility, waste of fertility, 

-kni in,-ficiont use of avni.al].h rainfall, ground water and surface 
v.a to r,
 

~[prov, c and improvements are outlined:~L..~L i'1.iza'ien ap-ronomic 
" in L:. ,r.o...:1c an, corHinc in etail in the correspondinga rer.ort 


-orort of t.hn !."r'i rqtJLnn s .ecialis t of CID (Consortium for International
 
irvlo -"i,n). 1heo.o conta.n coordinated initial recomendations for
 
.,r11adoouat ]:- evelorin the land and water resources throu-hout the
 
rr-,o.:ct re.. . Vor from the wells in theIritia f.rccosal3irrigation 

1),.ol Dae ani has fonO area near uallam, of fruits, vea, tables and
 
,:,:f. are forth The is to the
crons set in 6etai!.. reader referred 

'c'ai.].z hll.'-:r-.eortLin wh-ch this agronomiast has collaborated.
 

.2Aro-' ,-.oroloc-ical 

.vira iiore moto-,rlocica] stations should be established to 
-assi-,t in cr.it .rin the monthly-i.ekl-daily climatic variations -so
 

irimrtart to acric-1 :r': .. eci. ttation; evapotransiration, maximum-

Sni' te~r,., ,ures , ,in i r'c ion and intensity. 'dater balance be

.,.r~nrec5 nitat.on an c.anotrans iration can then be calculatea for
 
the e n; r'usi ra '>d crc nin - neri.o9.
 

C,'- .7C 

:ruy .-2. r!-earoh, gf'ort' should be concentrated on: 

- Evrj]atjnr diff.1rent -lantinn dates for s-ort 1iAium and longer
•.. t corratc ,.th int ience of earlykr rains and seasonal 

1rariah IllIty or rainfa". i, w-'i.oU ectors of the -roject area. 

- C .... an rftcint o rodent control.ar -- re rnothods insect and 

- .a'i-: ro.,[ an 'nli, p].ant .n. s of mi.ll-t, sorehum and niebe, 
, t '.w . ' redn- ~r " anci row spacin- ver.u traditional methods. 

- ':ore ?i ,. trial.. -i insec t. and disease resistant varieties of 
'oo irain- an-.- lefni-r 

- in),r,,3uct. .'and troa.- ' neir foo crons, ve.eta:!le crops, for
n-, er,,it'" an, oil eropv--both irri. ated and dry land--for improved hu

'vv: a'"an.'-,K rut'.ii'n nn Cor cash cro: (eF.. Fhaseolus mungo (green 
r''t; .n-':. . of al.faa; pieon soybeans;oan a-rn teas; saf
71 o ,;').
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- Introlutlton of ,nor-:n improved varieties (hirher yields faster
 
,aturin ) of mil.let, sorahum, and c4peas.
 

3.," Soil Manaement 

:rinci.ca! re~s!arch effort: should be to: 

- Test 'ii'fer.int methods of lan4 nreiaration and planting to con
-cervr. mois;ture, estahlisli seedlin -s and protect soil from erosion (e.g. 
contour rlantinr). 

- Develoo methods ,-f soil nana-ement which ,.Till increase the in-

Lake of .he I-Ach intensit',- rains i.4ith higher storae of moisture, less
 

oLlno.'f and In-- sol loss b y erosion.
 

- Identif. ala-table soil and water conservation practices, rota
tinns, an-i f'ortilit.y practices for long term benefits at minimum costs. 

3.5 Wat-r lanafyacrnt 

Principal. efforts in this category should be to: 

- Develon iore efficient and nheaper mthods for well construction. 

- Develop ,iore efficient, faster extraction and distribution of 
water from :hal los wells of lallol bas fond areas. 

- Deterii.ne tjo rost a-actical rethod of utilizng the water re
>u.-'(ce.r of the lares. 

- In'rcas, ef'fie~cv of rainall r'-inoff distribution to promising 
,upla:'r areos. 

- Cr)ne!0rur.i, , control structures of major mln].ied 
area- ar'iacen to b..I; the !iAer River di'aina;.e ant the major Dallol 
i-,v; froni arcaF. 

-
'Torkers an1 ros!, archeors oni the Niarey Prouctivity Project (NPP) 
sho,,.] h e ac1a1ited- ,ith a (1974) puhlication of the National 
Aca-lemy of '3cirnc',, Tash.ncrton D.C., U.S.A., entitled, "More Water 
i'or Ar, La"v;. mis contains -rorising tec nol.o-ies and research 
*riportinitics for arid--land water .levelonment. It has a resum6 in 
Arabic, 1Frnch and ST anish. This research report has some outstanding
nxamp] hs of tenhnoo~rie-; us;-d in other parts of the world to save 
: ater in arid lands. Important selected rea.4i.ns are listed as are 

Ln,
fl3 1.-1.itault :onlaets in various countries of organizations and re
search center! iThere expertise and information is available for water 
techno'l-ieo I "!' 'In and usinq limited water supplies from rainfall,
i.inderpron1 -r "nri'ace waters. T,i.s small booklet is well illustrated 
,.,it, dia-rais, ,hotnrraph.i, and aerial photo reproductions. It is 
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ht ,Wllv r.comr'i~ for all t b!ccme vol acquainteO with to help im
rlr-ntnt some of these ineas into t Vilt project and others. Some of 
L.hse hl,hlv innovative rthlil" cot li well bo apnliri in Niger in 
a r area.;. 

i ., 	 AFronomic nal.:,vs i_ of i-!ajor Technologica. "Packages" to be Intro
duced in the Froject 

The first it-m of importance in the "nckape of practices" that 
is proresec' Fnr the production of mil, sorghum andA niebe in the project 
area is time of olantinu. it has been recommended that planting of 
millnt b'c "elayed until at least June 15th in order that sufficient 
rainq may fC-,o, in close enough sequence so rerlanting may not be 
-, 'ccs:arv. )e:.r'eteoro.o-ica. records INRANf research by organ
,zations coverin- a sicni'icant number of years indlicate that this
 

'l! be a so, -: procedure that can be modified as more annual records 
are avvra~r-rl an- ;lottod for the optimum period of crop vrowth from 
reC' to seed. Sorhum is usually not planted until after mil.et and 
cn ,r;[ a are- ,lanted. 

Thp varieie r-ecomrimi.nded shoule be plarted until better yielding 
varieties can , rale available to replace them. These are namelyl 

!Wi. ,t---F 3 Folo (Yaraar5 variety) in the south of the project 
arpa 
::i' in the northern zone 

3orfiu- (rhinri.rP)--P9 FEantankari (se]. Bazoba) should be in 
rotation after millet or groundnuts 

" de val.1.e)--Jan Jar6 
'or imrnr-.r conditions--#137-62 or 137-62 X Jan Jar6* 

* 'hse t.-Aro viriti.s of sor.u- which can be used for improved growing 
conditions, can be irripated for forIRe, but require a high water re
o,,ir'-nr'. unr er i:'riation of 5000 m /ha.
 

___-__ d n-on ths ave-'ap. r nf'.l. available from north 
t.- south -.n the project area the following varieties 
are reco.rmended: 

Averac 1tainfal] Gro.th Period Varieties Recommended 
('irs) (days) 

3") 	 70 TN 36-64, v! 88-63 
"hoo-5no 90 TN 469 

500+ 130-150 Tn 98-63 

3ee'i-Inr rntr of 4. kg/ha should be followee until improved methods 
of seedin are rieveloTed. 



Seed tr.at,-nt wit h ./k7 of Thioral or Aldrex is absolutely
necessary and should al,,avs b, fo]-.P.id for all tyrain and legume
 
vro p seed.m.
 

Dn'it-, o ' in' a,'i *istance and nlant population should be:o m[a%irtainor; a, r'rertlv rr'c'mrended. These items may need to be 
-hanr,,H as soon as resc'arch can substantiate doinr so. There appears
to b a serious r.ossibility that traditional plantinR of millet, sor
-hmor nieb- in hills of I nlants each does not encourage hicher
r,O'tiction tirieet here in comnetition for moisture and nutrients thatinhiit -mavinmu top r'rowth and root development. There is also need
to toet in ,ll controlled r'- nli.cated plots the merits 
 of row plantings
,.ith "wnqrlo seeds olanted at i-?0 cm spacine in the row with reason

a.:lp ,rcincbet,.,een rows. Such soacin-, has been 
 raacticed with
 
'onmnts an - -ogreas 
 but not with millet. 

The.se obsfrvations are illustrative of opnortunities for greater
nr'ryinctivitv that will produce greater yields and be more pronounced
ir ynars of arerar-o rainfall, but may be crucial in years of deficient 
rains. 

1Thnt Protfction in the cronfield as presently organized and provi.,ed for shn,ild be adequate, but more thought should be riven to inr':,cti and rodents which take a great toll in harvested and storedfoWj -rarnn in stora.e, or even invasions in the field. 

Little is known of the ecolorrical. reasons for sudden explosionso' ror'ent pop, lations in fiolds, it notthe and is known if strains
of crops to r ont attack exists. At present no research institutioni- , orlin - -n !' lent control measres, but there be should build a
r'c-ional canahilitv in rodent rrsearch and control in this part of 
*Arica--a]ho -Fe',ora-e. 

Tornhnicil s)c.--qtoPin- for improvin_ sorav materials and tech,Pijos can *- srctred through the Canalian technical entomolcgical
!,1'-7.on oneratin= in Yier, and o tild be fui-nished from Ibadan, Ni!-eria from th- Univerqi.tv of Ibarlar, and TITA. In the francophone 
one entomelo~ical stu-lies are undertaken byz the universities of,jhija'-, Dakar, Brao:zaville and ananarivo; researchat the centers

o," L::c: at !ibi j.v, Ivory Cost and Brazzaville, Con-o; at Orga
ni-,me de Coordination et de Coneration nour la lutte Contre les Grandes
.nd6,ics (CCC3:,) at Bobbo-io,'lasso, Upper Volta in liaison with ORSTOM. 

Aninmal traction i v".0cornnded and coul be very important toirm.ovo crnu .ro'iitclirr in the project area. It is not a recommenda
tion t,: bc. La. -n v ry seriow'ly, however, without a well olanned and p rated trainITh- )rorram to provide peasant farrmers themselves theop,1rtiniti to ,w," and tio'sn their own animals under the tutelae ofok-iql .'tnachcrs -f animal. traction. Not only gooH strong., healthy,,.eil-tad aniimals should be available, but also well designed tillage
lmnlernt an; anl.ral harnc:.-es for pul.linF theand. drivine animals 
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-,urt also hc availabl-. Tectlnical assistance should be requested from 
Northern ::ii-eria or other ah-l count.riep where animal traction has 
proven suecss !,'l ; fro-i the far n nenter at 1araei. where Fr. Ockers has 

~')rmlw, irniCican far- rlecan;zation with both donkeys and oxen, 
-r Frm !:'hl or "uare-- tralnerF. from Arralez or other areas within the 
c'rtry or a' .'nin( ones. 

ATDE DtJl! 

A trin which was mao'e to . arari June 29-30 served to amplify my
'-,;o,rv tions; experienc? and recomendations concernine greater use 

ct' animal. traction for small farmer holdings. It was a real. privilege 
S tr,. activitr, that '-a'1 -ewn built into the Yjaradi area agricul

jre a7 a reult. of the work of John Ockers through his activities in 
h -'ai area. 

ilowevr, theire a'-ears to he several principal needs in order for 
t;he ro-ran as it is rnesnt?.v functioning to contribute more to prog
ress of animal. trac Aon activities in Nia-er. Specifically as they 
i'c1,- "ol.ate to its increased use in the Niamey Productivity Project, 

(, it-cri, reed t.o be seriously considered:!1l.rrinr 

1. Th(. cost of--i-]achinery, equioment and animal for a Peas
:n.-I 1 'arrer to buy must be financed or in oart subsidized to him 
through sore crodit facilities of U.bCC or the Department of Ag
r icfl ture, or other-. Dren the cheainst an-imal traction unit-
!:m,', h:-n_. , enn''var or, and seeder are -my beyond his mans, 

, -fa), the nrice of the donkey being the main vari
able. Th- eo in the .aradi area, at least, has escalated to 
.O-] 5,-'O cfa. This price MaV be different than in the Niamey

-irea, 	butY he .:rn-::' an*rrnl traction tunit would still be the most 
ornomica. The cost can be briefl.1 summariz-3 as follows: 

2 :. on r.omtev "Irai.- seeder 
,, 

].0,0oil 
] on! :ey (rrcod 
dor,',v drawn 

"ounr animal) 
cultivator with ruck feet weeders 

75,0 donkey harness 
'45,75r Total cost 

-At TLW 16I0' station, V-ara-li, where animal traction work is 
donvl, w Th',- bullock;, the cost h:coprs illustrative of being 
more prohitive to the synall farmer. Besides the cost of harness,
nect-.,roke, c-ltivtor and seeder to be used with an oxen, the cost 
of only one cx -roiulid be 50-60,000 efa; more than the total cost for 
a comrnletr, don!:e.v animal traction outfit. 

?. An efficien+., well-eqiiipped, e2.l-ranoged fabrication fa
il.ity needl to be built, .eared to the annual needs of the country 



or Nir r !'nr arimal .rav, ion en iiorrnt for bollocks awl donkeys.
3ul.lock dra,-,' en'li.rrnt cn 'e .!si-ned sturdier and larger than

donkcov rlra.m, alr,hcu-1,
4

:.ore of v : twne of the lihter weir-ht don
-'rra,,m equi ,r'rnt s bo,]Vinrrocrammed. 

At the -reo.nt. irv at I'ararli, there is no building that

V-isns th,- fabricaLi,-,n of dorkey-drawn eouioment. This is 

mon tl in a compouni -ith locallv limiting hand 

done
 
nethods of assem.h]v--s,~P~ 7 cnttin7, f- irn-, dril.lin-, .liri. and blacksnith 

t.-cminues Noro in, 'r ;hoo aci.ities are nccded to be able to 
" rent , enitr; an 'l 


A scorm, neede. 

t: oot ci r.'>'.: on arn delivery basis. 

z, -:;'lar, design, and ti4(1 such a facility-
: & r~ .on -lant for r anufacture o-i' a ).ira,drawn farm equip

,rot or a ,-,-.th-" sub-units to build and desiqn
Lra.:f,-r]itv 

v:,rinu : L- 's. Unit;, thrit should b. 
 inc?.uded for fabrication
 
rtlrfarti.re ares:
 

O,onke, carts
 
t dran seeder

.1 " c,,l:-.1.vator 
A' h'ne -sbullock carts

dravri seeder 

" cul tivator 
o n-ckyoke and pulling harness 

Cew.-Lain ite.... ..-_h are not avaiJ.able in Yiirer could be
 
i.,. orter, for eya",l,
 

uh, fro- ,1 arizcc selecticns of used cars
noseA oft 

ep .e.r at.tarhrnn. from Senegal or France 
,no!C"f'.o. crt~vator tools 

e>:.r-q wheels on seecidoe 

Stocl.t :-.t. c. cl' various dimensions 
strL iro. 
i-r cultivntor or seeder wheels 
rc' steel for ax).c- for cultivators or seeder wheels 

.oteel for ax]PF foi- ci ltivators or seeders
 
-n-"suppliez and enuip.rent
 

.':tr fabrication nachtrery for cutti n.r
 
.i:", forrin: !'.chinery, etc.
 

. ti... 1 ersonrel reqirements for a fabrication facility. 
.. ' ,ra Cr' persors at. the zresent facility at 

. " ,.. a'o a art or thce larr,. number of trained people
,r -r'al r._a-tion that John Cckers has traine in his 27 yearsI-' thy-. arc:, en arc 'cin- an adniralle fabricating job for no 
,nr. Lh.an the- have tc work vith. This could b-, an initial cadre. 
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h:. FIna 'er for an animal traction f-brication facility. 
This evrntuallv vcild reairr a !izericn, ireferably trained under 
John NO&rcePs Tectra . 3o=r rchanica] abilit,, but. more importantly 
ra, rcial a i1. L to han<le mer, equipmient, finances and business 
rana-e rnt. In thn "ryt tw year phase until such a local diN
vivual cno! b 1ocavcr and traineO, a rechavical agricultural 
-.n-inem,,' or -ra i'a4 -t.,-1dnt co,ivael.nt--an expatriate should be 
',:ploror lritlh ,srf.ci.ilal talent in m-chanics and machine shop or 

- i.rniral Traction trainin sbou2." recei-Ore added emphasis 

a a-s'.Vtnce in aWl thp Yovrnc farmers tra.ni n centers (lentre 

,"e ['oimaLice des Jounes A-ri.cu].tenrs--C'JA) in Niver--and par
coicrl" in t.hcse centeri where the yoin pa.ticipants would be 

froin Dj,' . a farm co-,unitie:, where animal traction is least 
,nderntc.x and arr.:.ciat:1. This should also include a "re-cycling 
training" or a'rrico'ltural aents of bNCC an: of the various Min
istr; c? ji-,rycvulturc de'.r't'ments. 

in other. ,oit:, rT'orotin7 wreater development of animal 
trk'cion shi.uW h-' a unifcr-' -oa! country.idire, even thouvh the 

rain thrust .a actually; be considered in limited areas such as 
facility at N'dounga couldthe Niar y i'oducivity area. The 


function for t),is area.
 

The other C,'JA's at Be]yende, Tarna and Diffa could be like
vsise stren.YLhern- an" frlly activated, :.i.th ,-erhaps another one 

6r,; ,rt.: aL Tahoua. Cadre ancl trainees of John Ccker's farm 

r;C"-nol he o'ir'inali' assisted in settinn up at Tarna could be 

use for oue.eus c.'..re at the other -,,oln- far'ner training centers. 

The e?h!Mi . at each w 'ulY be oractical training to such an ex
tent ths.t er.-h nra:,ate joul. have the 'potential of successfully 
rromo .n e f aima1 t::act.ion around his home village area-

beir- f l e to han'le animals and each piece of animal drawm 

equiprclt. 

Te inn z ncessa'7 scens to he adequatel covered in the 
" acl'aF.E ,P' :'' .iees" as reco1..ended, when acc om'-lished with the 
"T, rbnwl )r 11an'ar" that is so ext.ertly useA hy. the Niger peasant 

'aIL is -Oesi 'ne for use 'pith small weeds and not weeds of 

an ' sAze. * -,o ,seo, about v ... ys after seedins with the second weed

in." TO da.; a'ter the first weeei.p an" others as needed, it should 
adequat2., 1T"-,ee-]s under control. 

fertility imorovement necessarily beFort'.i.zer; 3oil need not 

depend]ent i, )on c.rercial nit'oxen fertilizers since ].egumes may be 

qroI.m to suo, 1,- this el.er't. In addition all forms of organic material 

rei( to !-. -'ded I.o the soil. ,ihnn they can be Wade available--such as 
' liulls, ranir ard all kinds of plant residues--beforeco,,n.ost, T.eanot 

Experiments should beUss &' eofryercial fertilizers is considered. 



do).1rnt,d to learn ho,.: .oest. !o ,se phosphates and other mineral fer
t.ilizers. This can be done by 'a.inz Lhese mineral: in bands in 
Thall, %rro',s ,,n-'e- the 1,nt,_n ed crop row, with the addition of 
a--n!, mnore ,,,en fn-i-P, a'- cove-od lichtlv with soil, on which 
the ' is ,,la'o&t. Chearer ra. rock ohosphate and the interaction of 
T',nr- r;hoi1'1 ,o rl tcqteci i.- tronica]. soils of Niger in order to cfr
(irV"nt !,ht oil'.: :.he high ioes of comrrcial double super, 
"tri-sn"'r : honhite anr arrionium rhosphate ferti.]izers. For the 

,,e'emt. t t,, itc, of' co!-ercial fertii.zers for the "packape
-: trop~s" s'i,] he ur: lv ot 4 ional--until research can furnish 

data for ecnnor',ic use 1.o tiE . s-all farmer who cannot presently afford 
ol r"o SO 

. fro-! th 
at. 'ara! i. al Fresent!- rroposc- irill raridl., evaluate the complete 
A'n tivirr -earch "irer Cereals Production Research Sta

-
ic:a'e of ;'lant -'-ter'a]5, coltural practices, soil fertility impove

,i'r., ana Lst control; and to reasure the net yield increase against
th., nsts of th,- collective m;uts. When this evaluation is made it 
.rilI] br the basi.- for: 

- seed i.] ti :lication ac tivitv 
- fi-li e:onstrations for the farmers 
- e3xtensiXon rro-rams to encourage prompt adoption by cultivators 

of inprovarrents the:,, can understancd and replicate on their 
oi, far-.-

Tn this rarner the coa,:plete rackage of -xactices can be improved 
ar a'rlitiona. lt.1,y~hdre flri.. from research. 

,', The 'c .e-> .unieation Gao 

.hat indicative to 
c,:-,ful alortin- cC n.. i,-,'.orolo-j and technolo.r which my be intro-

ThI.. '. iq of the keystone suc

1 uc I.,- the ,iL.:jr for his benefit. Adapted agricu].tural 
r,:::arch infc.-aticn "!ust -'cah the farmer in a manner that will appeal
ho him an, , I- acceotahle to him as sopiethin, that will definitely pro
ri,"e him an(4 i: famil!.. hotter inccme. If he is sufficiently motivated 
hr. may .) n 'r-c-.1. ,int for an important demonstration to induce others 
to accent the im:roved practices. 

The real. .-az: in corTmnications lies in the chain of people and
 
"to'iLu!:ir'n- throh ':hich research information 
 must move to reach 
the. Carrer, anA conversely the selection o)C key "problems of a peasant
f. r' ,'r rl . :e,.. v-h.! u - o 'he researche-s. The cultural and sociolog
kal anrl !anm-lo. c 1i.Cfe yereCs that we finO in so many developing soci
e.s nmake I.. -; , peciall, .ifficult. To better understand the dif
~'i~nulty invol-, - 1 in th':: exehane let us illustrate the communication 

M 
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For com,,nication the sender " -1 sends a ressae "Ie' through 
cannel "C"I to -eceiver "'t". There is an encodinq of "n by "S" and 
:"co4in- or ,," by '.V'. Th- channel "C" can well '-e the extension 
r t.hr' on'.natior organization which should tra.sfer the messare so
 
I". un-er ,and it. The latter rrocess desc-.hes the language-


Ni tucra) rob-evIP--the rrscaroher rust be able to speak the languare 
(-ncore) that extensin wrkers and farrers can understand (decode)
:in'- vice versa. The c. cial notnt is that the researcher and farmer 
,-1st he twi-wa', i.o. both must act both as sender and receiver. 
To 4n t,-is succ -Fullv, each -ust beale to undlerstand and appreciate 
thn other's !"Itoral outlook and capabilities. There usually exists 
-in interruption in the channel '.C" which is re.resented by an extension 
I ,ci I ss sent ii either directinn are not clear. This gap 
ca ',,. closei In- choosi.npg 'locations or specific sites where ada'tive 

3rch car bec zorbinpe with .demonntration Irocrraro. This can be a 
-re'eoarch ntriion or in a farr'er' field. The type of programs that 

i..nvlve the far--er and his cultural. comrunity shoulf4 be used to a much 
,-roat.,r rxtent than they h,ve been. 

4.2 jnimation and Extension 

This is th rC3N fnnciional arm that helps to assure that the two 
.a'r cc, mfunication a-ove bet.ien the farmers and researchers remains 
ori-. This can '-)o accomplishe b seneral awareness meetings; talks; 
Pi,"],l visits; cn "rninitf. gatherinvs; discussions of food needs, land 
and ijater problems; need for einiiment or fertilizers; seed problems, 
n to; dewcnstrations of new r hcods or t-,chninues; ;:lant protection 
re-s discussion of iolanninq activities to be carried out by local 

r:.l' themseilves con-orat.ivcl. or individuallyv; discussions of coopera
-ir- ornloverph; nrtrouction of proper seeds, fertilizers or insecti
cides; fiel e-:lo:nnstrationsin soil management: proper irrigation tech
rvue.-; water w,; c,-erv .ior storage, irketiw-; animal traction; 

ci'zis on an-' 1--' ,7 :,vo'i.a " , etc. 

Usi inn., s and -n'.1. or- mize- extension tre activities is 
l- s tron- ar'i -) ay p"ra ro,! and is the principle means which will 
,:ro'tv,.r accelerale the e'fect.ve ivm,9ieentation of all elements of the 
Niarirv irn",ictivi.'- hojct. i-rrran-. 

Thn trane.! man,,.rer needOed to properl,, implement the various 
,jro,-rar ,,haso ,!C the ''iarv I- orouctivity Project will be drawn into 
activit- liv the N.iis try of Avriculture, Vinistry of Rural Economy, 

'nit Aural anri other sua -encios, :T.AN, raFA, .Niarey Department of 
ArTicil tur7., ";', !.he .'iarri Prefects Cffice, and others. 

Bernre real. imlementat.ior from an interrate,4 proram approach 
c:ln "o,,e into action, raining programs neeO to be instituted for 
thi cadre ann e.,tension :er~nnel who rill carry the program into the 

http:e'fect.ve
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ru r:l and villa-n areas of the nmoject area. Selection and train
i.n,y t-rsonm]. sho,,ld commenced as
o" these b- soon as possible. It
 

oniv ith.n' a well 1.ra5.ned ca,4re o" ;ersonnel is ready to extend

irmorta-t air.lnultural mformation to the farrer and 
 his rural commu
"itit; that. the nrojcoct can oxtv'ct to move Pronressivelv forward. 

!-.' A1ternati.v Yfox or Cash Crown 

Thnre ruv-*, - seve,..al cash cr food crops which could be introduced
,T'ich wi.ld] hel] to lend diversit., and financial heln to the farmers 
,a-rin.- econo-5. Several of threse have been mentioned previously,
Nvt sheld b? r , isted with viricus other possiTilities for introduction
and trial by aDropri.ate agencies. Outlined belov under either dry farm 
ar'-t:; nr irrir-cato. areas are some of these possibilities; some of which 
'.Ishow u in either listinq! 

Dry Farm Areas Irrigated 

hUf'.1 :vass winged beans
 
ovre -rass munq beans
 
munr, beans 
 alfalfa
 
:ylo:.anthes le-urie cocoyams 
wax ot.ird safflower
 
Jojoba seed pigeon or congo peas 
saff.ow, r yams 
pi-eon or con-o peas cashew nut
 
ya m plantain

SunfloWer better adapted varieties oft
 
,soyhoruiz melon 
other aca .able ran.* 'rasses watermelon 
a4qotah le droucht resistant legumes field corn 

potatoes (Irish or Idaho) 

sweet corn 
pop orn 
soybe ans 
lima beans 
avada-.o 
7renadine 
mano.os ten 
improved varieties: 
pineapple 
date palms 
tomatoes 
chick peas
Pennisetum imurpurum (forage)
 

5.YFajor Potertials and Rdestraints for Africultural Production in 
the Dal.ol - Fas Fond Areas 
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The 'ive main not:'ntial, of these areas are: 

I.. IIor. rna-1l, available water in shallo.Y wells and mares 
f' r,.x irrirati.n animal u7se.,Initation for and 

,ore rirt 1,,il'; Tri.V he tter ca,-aci.tles to retain 
u.ratrr. for ',l.qntro 

, -,e T.ro"e re-i;in- i..tliin the area. 

ones 
~a1.-,i.he, surfaced irto ,ia.ey. 
4. ,ensora"-Iv 7c,r- roads o- -,+ieh the principal. could 

5, .3-oi riarket centers txi,t at Fi.lingue and Balyeara. 

initinl. "lan w'lich is orposer] to develop ,io-9 efficient ag
ri.e ltr-'al 11-c hw irrLvati.n frri the cnncrete shallor.,wells in the 

,nn-fn.area-, 2 nA "r the Dallol ,asso area is desc7ibed in detail 

in the r'rort '*' the CID (Consortium for International Development) 
1 ,ri.- ',on ,reo.ial.ist. 'Tis inclrives six different small scale alter

n. irrt,-otkon sche-r-- inv-lvinr -iethods for extracting water from 
),n!ls ari7 .ributine an' aolin. it to the land. Associated with 

ii,ae :laytin= sche),,les for eanh irrigation scheme rrepared by the 

",'D arzonomist, for rc-commended croos for both winter (November-April) 

,Irv -,.'aso- ary ,-mrer ( av-C.cteher) rainy season, and for perennial 
" froit crops. Seed requirements are,-ri.el.tura. erops an e-T-atiJshe
 

"v-ld a.-w npw i.nt,rr'ici.-ns for irriat.- crops are detailed.
 

-r.es rn to ..vel.op the a-ricilt1re in these 

r, l.-laof ..n '0eonor-ica]. 1pro-ram to full.y utilize the water , the 
n'-,i Mvi rrares r'iehi aire t," ta.'.Lia. in area anrl need an inte..Tated 

-,for t-eir :evelopl..nt. 

.. .. icahi].lt., of the 1,Lrticna] Flant Protection Frogram to the 

Tcr tlisroO 	 .-- project areaora.izatior 'o the 
lt, be .... ." the orcaniza'Aonal strnctm... Its resources should 

•e rane ava.1_i',1e and 'ir-'armedinto the technical. support structure 
mo-. "ri:,. tw.- Y, m'qe s :r~ r.'vterials, eqi.oment an, field personnel 

:,11 	 , ,-;' nee.'cd -n a -rt of the olo-ject area. Consoltation
 

a '.,i. ,;n plant
Y.:' i.eJ! -. .he need arises n addSi.tion to protec

".lon ve. ;n.. _--'- sponsored )-,. workers should- n arers extension 


e-r'. r.-er r.'-eir iorti'!i it.ior in the total projct a.ricultural
 

* S.-cci.al. Tehnical I, ut i's.s ':Ftan.e 

http:icahi].lt
http:evelopl..nt
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3overal !,wcia] techical assistance imputs should be mentioned 
,,)Ji'!h eoIII l hrl1 to insure that teclmolorical paekaros required for 
tho projec t area art developec. Technically accuratp advice should 
hr. o'-!anizec1 in riufricnt-. etail and yet simple enough to be easily 
,ir,a- " 1 in proji-et. anrl~Qcatio,. 

This woul.; account for teciiical inputs from the organizations 
,nt, tosirlp of the G(" i glen.enting avencies in the project area. 

Valuable assistane-e could he rendered by the National Cereals 
Pro-rram for plantinr: materials of new seed and new agronomic tech
niqjueg, to incorrorporate into the package of practices to keep them 
ciirre,,t. 

Th, technical resources of such international. ac-encies and inter
n.ationa reparch -istitutes such as IITA at Tbadan, Nigeria; ICRISAT 
(I.ic'ia), with liaion at Samraru, Nigeria; CSTCM; FED. CIDA; UNDP, 
U3 OI',ar& others if needei, should be invited to contribute technical 
innuts into the project development and implerentation of the program. 



Anpend ix 

It,nerarv of E. Don Hanse-, Agi-'nomist, in t'ier June 3-July 3, 1976 
-mi' for cnferenor an 1 ftcld tri.ps: 

J,,n" 5 - at'rival in N ey. 

Juno ( - fi.I .it.') '.Tolfe, Craig 9uxton, and John Holzmantr, Jon ".T. 

to Cuallam and rpturn to NiaMey the same day.
 

Jtin.! 7-1? - Conferences irth: 

Wirion Everts - Prefect's office. 
John Soldate - CARE 
,i;ou-sa *alev - Directeur Department of Aariclture for Niger. 

Abdoi Hassan - Director of Hydrolo-y. 
M. "-oulez - IRFA, (Fruits).
 
!. Demay - INRAN, Rice, Maize, Sorghum.
 
Y. Vale t - INRAN, Irrigation Division 

Jun, It - viiit-. to th- frnit nursery and experiment station at Gabnugoura 
with John Wolfe imyer supervision of H. Soulez. 

Juno 13 - fi,', W.Tolfetrin with John 1,1. accompanied by Robert Vanden
bro'r i, tra-,lator-intorpreter, to Filinque. Visited Market. 
t ra-nanc'" over.-.L',t. 

Jun.- 1" - Short. esfererc,, i.y!Lh SuhilTefoct in Filinnue. Cnference 
wi.th Pi].niie Arrinrdi.anrent Department of A(riculture repre
nenta'ivp, Za'.:-r!_ Niadongou. Visi.te dis-ensary to see work 

in i-by 1- V's Fat 'Tatl'ins and Allyn Kay Writesel. Re
ttirn,' to -lalveara for conference .Ti.th PCV Bud Rice and vi
slt.eO a-ricultitral. proj ots he works with at Ngala, nursery 
of CAE; projec t at the Tabla Bock, and at Elkama. Visited 
1lrket. Retnrr-' to Mianey. 

Junei 1 -Jun ' - w'.'i,:th:
 
Fef-ct ra.-'ou Seyni. 
Charles73uet, REDSC. 
41 Baror, USAID/RDC. 
Ji, Livi-r. r ton, USAID
Louli ".-"3. 
He'rb 'i'1],", "S 
Sii. -32.] "ii:, 


Dave Kno-lton, 11.7 
Dr. Jin Conway, C.W.S. Director 

Jun- ')-June 3(1 - tri.o to Earadi.. 

July 3-'1 -Accoinik'i,' by John 't. Wolfe roturnpe to the U.S.A. 



Trip Report to ,aradi 

June 29-30, 1976 

E. Don Hanse 
Consultant Agronomist

Consortium for International Development 

The principal observations and recommendations concerning the animal 
traction programa developed over a period of over 20 years in the Aaradi
 
area by John Ockers have been already incorporated in the text of my

inain agroxoliic consultant report for the Niamey Productivity Project. 

Other aspects of my short visit to .aradi, however, need to be
 
sum.narized. Beinn to advantage of SI4AIR
able take a flight both ways

enabled ie to spend !lore ti .e in the field. It would have been pos
-iible for iie to have covered -ore details had more readily available 
auto aobile transportation been at my disposal. I had to depend on the 
availability of transportation that the SI 1 organization had to offer, 
which was much appreciated. It was John Ocker who was mostly responsible 
for -etting mue aroand. 

The highlight of the trip 4as seeing the donkey drwdn cultivators
 
and planters in operation on the SIA fa'rm. It was very dry when I
 
arrived and the :,dllet fields were in dire need of umoisture. That
 
sane evening a ii- :wa rain came and the next morning everyone was out
 
planting peanuts and cultivating. The small cultivator 
that the donkeys
pulled has a large duckfoot with a smaller one on each side for weed
in!-. young boy 11-14 years of age can easily handle the cultivator, 
with an even s:aaller boy leading the donkey down between the millet rows. 
The cultivator is light enough that if the blades of the duckfeet start 
to cut into the row he can easily lift thei over the plants. This often 

happens when the rows are crooked as they are often inclined to be. 

The little one row planters, donkey drawn, are an improved version
 
or an original French imported model. There was much activity after
 
the rain planting peanuts and there were six or donkey
seven seeders
 
in operation in various fields. Each planter is adjustable for depth
 
and with several replaceable seed discs for planting different sized
 
seeds. The principal difficulty is that trash tends to collect in
 
front oC both the 
farro'w opener, and in front of the two small duck

foot tools behind used for furrow closing. A more pointed furrow opener
aqnd a different iuechanical arrangement for furrow closure would be im

portant modifications. The seeder is light in total weight and is easy 
for the donkey to pull. 

The donkey traction equipment is generally well designed for cul
,i '.tion of sandy soils for 
dilet, sorghum, niebe and peanut production, 



but would not performn as well in ,ediutm textured soils and would not be 
recommended in clayloam or clay soils. 

The irrisation method used on the orchard and garden soils on the
i I farm is one oi the types that could be toadapted the Dallol, basJo id garden soils ot' the balyeara-Filingue area of the Niamey District.The distribution svstemu from the well beentank has constructed ofVired V-shaped tiles %iortared together to form channels to deliver thewater to orchard rows and to individual earth basins constructed aroundeach tree. For -.'arden crops such as pole beans, cucumbers, squash,tielons and tomatoes they are using extensively the new developmentpot irri.,,ition--which uses round unglazed earthen pots 12-14 inches in
diLieter which widely
are available and very cheap (10 cfa). The poti', buried to its neck in the soil and filled with clean water. 
Vegetable seeds are planted around it. Sufficient water seeps through thepourous walls of the pot into the root zone to maintain plant growth.Very little evaporation occurs because there is no standing surface
 
water and grows vegetables to maturity with very little 
 water (less

than 2 cfVha for an 85 
 day growing period). 

Two visits were 'rade to 'Uhe IMRAN research station during one ofwhich I conferred with Aoussa Adamou, a recently returned participantfrom Oklahona State University in plant breeding. He is working on.'illet and sorghu:i, and recently returned from a very successful conference on foodgrain and legmes production of new varieties at the International Institute of Agriculture (IITA) at Ibadan, Nigeria. He willbe concentrating his efforts on breeding and production of promising

millet ans sorghum varieties. 
 On the other visit I conferred with anew expatriate staff member, i1ichael Ghery, who lately transferred tolaradi from 3enegal. He is experienced in genetic research for peanuts
and will be using planting material from Upper Volta, Senegal and U.S.A.Field activity was seen in bullock drawn one row planters seeding peanutsand a new lassey-Harris 185 tractor with an 8 row hydraulically mountedEBRA (French) seeder, which was also planting a peanut variety for seed
 
multiplication.
 

This statior appears be staffedto well and equipped for dry landresearch on the principal food grain crops, illet, sorghum, and niebeand peanuts for Rn oil crop. There seems to be sufficient land (300 haapproximately) for trials of new crops that could be introduced. 
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i;os';ir- of Acrmnyr"- and Abbreviations 

CFJA - Yoonw Farre."' bralninr. Ce nter ("'roinga)
 

21,) - Consrrin-, for Intel-ratirnal -Yvel.ooment (U.S.A.)
 
CAT - fntrnat ')nal Cr-nt" or Troica?. Ari.c-lture (Centro Inter

nani-nal -le A-rin,.ll ora Troical) (Mtexico) 
'fFA - 2anadi.ar lnterratprra Dovlonrient A-enc' 

y- tn rnn Lio-n1 . !ai.ze an-1 'Theat Improvement, Center (Centro 
Intornacwi nral K 'zoraiento do ],Lai?, y Tri- .) (Mexico) 

,l- rntern.-i,';oaI Pit-to C~nto" (Centro Internacional de Papa) (Peru) 
'. - C<, t.al ;e';t 1Cr ican .,e;i on 

,Ak - 2,. arrl A-ricel.'.ural Crganization of the Uni.tp.d Nations, (Rom) 

verrro'r- o' i-er 
-Y - rap " International Cooperative (Bonne, 3ermany,)
 

in i-ltut,, Tor Aricif.ural .tesenrch, Ahraii Bello University,
 
(Zar'ia, Y'i :rria)
 

ICRr,3AT - Tnterna.ional Crops Research Institute for the Semi-Arid 
11ronic;, (I 7 ora>,ad, india) 

T9RD - (.Tor Banrl) International. Bank for Reconstruction and Develop
irient, C~a-,Y.rgc-to- T.C.) 

I'AC - I.nstitut ",rarais *e .echercles Fruiti~res Outre-Mer (France) 
IITA - Internatic'nal Tnsl.itlite of Trooical A.riculture (Tbadan, Niaeria) 
i17 - Institnt N.attonal Oe Fecherches Agronornti.ues du Niqer 

2AT - In=ti .Wit - ucherci-s Aroroi.iques Tro icles et des Cultures 
Vivieres (i;ronch)
 

O'W - InvtItut o Recherche de 1rit Tr-'picalf et A4rumes (Niger)
 
3"1T - Tnternai.onal. Rice :Iesearc , Institute (Philiopines)
 

'.C[FP- "'i.rer Cerea].l Th-oduition Proj :ct 
- :iam:,' iA-ouctivtv cjoct ("iamev epartmrt) 

- (ffice or Unerroi'~md "ater ("iger) 
NC - .o - )ltirlication Center 

(''CC - nion 7i-ceion 'o Credit, et Cooperative (Nige-) 

http:2anadi.ar
http:A-rin,.ll


ANNEX 5
 

June 1976
 

Rqport of the Irrigation Scientist, John W. Wolfe 
A:signed to the Niamey Productivity Project for
 
ihe Period June 3 to July 4, 1976.
 
Cropping plans were prepared by E. Don Hansen.
 

This report is in six sections corresponding to the six tasks
outlined in the Statement of Work, followed by a section which summariLes
 
or makes general comments.
 

Section I
 

Categorize the various conditions found in the marshland
 
and bas fond areas 
of the proiect zone and determine
 
their potential as 
sources of water for agricultural production.
 

Field inspection included the mare area south of (rallam and the dallol
region from south of Baleyara to Filingueo Additional information was

obtained from officials of Genie Rural, Hydrology Service, OFEDES, Depart
nent of Agriculture 
INRA-N and other agencies and individuals.
 

I have concluded, as Qthers have, that these water sources do represent
a significant potential for development for irrigation, I like the
 
philosophy of the farmers in the region who have already begun some
irrigation. That is, they are developing areas where water is available
 
at or close to the surface and where the soil has productive potential.

It seems 
logical that the first irrigation research trials be concentrated

in these areas because they should have there the greatest chance for

financial success. Experience gained here can serve as 
a basis for
evaluating sites that would be nre expensive to develop. 
Using this line

of reasoning and what information I have obtained$ I would categorize

these areas in the order in which I think they should be studied for
 
development as follows:
 

1i Bas fonds and mares with a permanent shallow water table
 
less than 5 m. from the ground surface, and with rather

smooth, level, potentially productive overlying land.
 

2. 
Sites similar to No. 1 except that the land to be irrigated

is undulating, or it slopes up noticeably from the surface
 
of a mare.
 

3. Mares that retain some water long enough to mature a crop

when its wat~z is lifted onto the adjacent land.
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4. 	Bas fonds and dallols with a permanent water table at a
 
depth greiter than 5 meters from the land surface during

the dry season, but which do have suitable aquifers within
 
reach, using economical but satisfactory methods of well
 
construction.
 

5, 	Mares that are not fed by a water table and do not have
 
sufficient depth to retain water long enough to mature
 
a crop.
 

Surely there will be some useable sites that do not fit any of these
 
citegories. Those with poor soil should be set aside for now. The
 
arbitrary 5 meter depth was chosen as the maximum practical suction lift
 
for centrifugal pumps resting on the ground surface. Hand pumps at the
 
surface can lift 6 or 7 meters, and of course for a higher cost the
 
cylinder can be placed in the well for a greater lift. Whatever the
 
pumping method used, including pulling buckets, the cost and/or effort
 
increases significantly below these depths.of course, there are available
 
in developed countries efficient deep well turbine irrigation pumps

capable of developing rather large quantities of water from deeper depths,
 
but the deep well type of pump is considerably more expensive than the
 
horizontal centrifugal adapted to shallow wells and mares, Also, the
 
cost for the well, pump, and power increase with depth. For these reasons
 
the first research on methods of development are recommended only for the
 
areas with a permanent water table close to the surface. The otherseould
 
follow if the shallow developments prove successful.
 

This report makes no attempt to estimate the total water resources in
 
these areas, and the corresponding area of land that could ultimately be
 
developed. Such an estimate could be made, but it would either be very
 
costly or of questionable accuracy or both. Instead, I recommend keeping
 
a permanent record of weekly readings of the level in at least four key
 
wells in the Dallol Basso, and perhaps one or two in the Ouallam area if
 
early development is desired there, Then if the water levels recede at
 
a rate predictable from the increased area of land irrigated each year,
 
a projection could perhaps be made of the effect of future developments,
 
assuming that the lowering would cease if the irrigation ceased to increase,
 
At a later date if the situation warranted, a hydrologic analysis could
 
be made to estimate the maxitaum safe sustained yield of the Dallol Basso
 
and perhaps smaller hydrologic units. By then there would be more well
 
information to aid in characterizing the aquifer.
 

To collect data that will be needed for possible future hydrologic

analyses, including evapotranspiration estimates, a U.S. Weather Bureau
 
type evaporation station is recommended for installation near Baleyara,

and a second one near Bankoukou would be desirable. The measurements
 
needed are rainfall, pan evaporation, maximum and minimum temperature and
 
wind velocity. About four wet bulb and dry bulb temperature readings per
 
day would also be helpful.
 

http:depths.of
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Of the different types of marshlands and bas fordso the least
 
information was obtained on category no. 5, the mares without a shallow
 
water table. They are not recommended for experimental development during

the first two years because apparently a reservoir would have to be
 
excavated with adequate depth, and protected from drifting sand, before
 
a water distribution scheme could be established.
 

Section II
 

Assess the Current Research and Experimentation
 
Regarding the Development of Irrigation Systems
 
for these Areas.
 

There are a few efforts underway to develop methods, systems$ or
 
procedures for irrigating these areas. 
 Most of them are striving to
 
use the minimum possible inported material and equipment. Pertinent
 
features of some of these are described below.
 

The CARE project near Baleyara has tried several ideas with varying

degrees of success. A fence surrounding the plot area was built from
 
treated wooden posts, steel corner posts, and four barbed wires plus

wire mesh. Behind it a living fence was planted to take over when this
 
one fell victim to the termites. So far this fence looks good except for
 
cost and the fact that most of it is imported. The large concrete wells
 
constructed by OFEDES are of relatively high quality. 
For those that go

10 m or more, they are probably not overdesigned. Possibly the shallower
 
wells ould be built with abit less concrete, but at the start, it is not
 
always certain how deep they must go, 
so their system is probably the
 
best. If it is known in advance that a well will only be used for
 
dipping by hand, 
some money could be saved by (a) not requiring that it
 
be deepened until it will yield 40 m
3 
per hour, and (b) reducing the
 
diameter slightly, say to 1 m. 
The last point may not be practical if
 
there must be room for several irrigators at once . The OFEDES official
 
testified that there had been casing failures, both due to lack of
 
structural strength and tc misalignment due to cavities caused by pulling
 
sand into the well. The first type of failure suggests that the casings
 
are not overdesigned, or that more rigid quality control on the concrete
 
mix is required, or both. The second type of failure can only be
 
avoided if they are able to guess in advance the size and gradation of
 
the particles in the aquifer. 
They could imbed pieces of well screen in
 
the walls of the casing with openings small enough to hold back about
 
50% of the particles (in this case, sand). 
 They employ this technique
 
already, but perhaps havenst always selected the slot size small enough.
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Each well in this project was supposed to cover two hectares but
 
it is not possible to draw that much water by local methods, including
 
the deleu. Some of the land is undulating, and no adequate method had
 
been developed so far to smooth it. Apparently at least one attempt
 
has been made to scrape off the humps with a wooden scraper behind an
 
animal.
 

Testimony indicates that the fruits and vegetables were thoroughly
 
enjoyed. However, no evidence of adopting these techniques by private
 
enterprise was observed. Apparently the investment required for the well
 
and fence are too great for the small area that can be irrigated.
 

The use of a deleu has been introduced in this area, but so far it
 
has not been adopted Bud Rice, PCV at Baleyara says that he has filled
 
a tank holding 4 m3 easily in one half hour with his camel but Genie
 
Rural testified that 3-4 m3 per hour is a better estimate of its capacity.
 
The deleu consists of a bag that is lowered, filled, lifted and dumped
 
by walking an animal back and forth at the end of a rope. A shadoof has
 

also been demonstrated, but it has even less capacity. Pulling buckets
 
by hand is the usual way. A capacity of 4 m 3/hr operating 12 hours per
 
day will serve only about 1/3 hectare of a crop like alfalfa in hot
 
weather, even if very little water is wasted. Thus, even the best of
 
these methods for extracting water from wells permits only a very small
 
parcel of land to be irrigated from each well.
 

We saw little evidence of efficient distribution systems for water
 
after it had been withdrawn from a we).l or mare. At a German-sponsored
 
project near Ouallam there were some suall reasonably level basins
 
around each seedling citrus, but at the same station the rows of vegetables
 
ran up and down the slope instead of on the contour, It seems to me that
 
wherever the soil has enough day to permit, short level furrows laid out
 
exactly on the contour with the vegetables planted on the bed between
 

would save more water. Basins that have been precisely leveled would
 
be good for forage crops, cereals, fruit trees, and other crops. Any
 

land smoothing that could be done prior to laying out a system would
 
permit the contour furrows to be more nearly parallel and perhaps longer.
 

By contrast, at the INRAN experiment station for fruit trees at Niamey,
 
there were sprinkler systems that appeared to be operating efficiently,
 
and individual level basins constructed around many of the mature trees.
 

They appeared to be irrigating with little waste of water.
 

The people responsible for these projects all seem to be aware that
 
something besides a ditch in sand is needed to transport the water to the
 
furrows and basins after it has been lifted to the ground surface. We
 
saw no such facility except hand-carried buckets. Concrete-lined ditches
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havx- been proposed, but until such time as the fields have been
 

accurately gr.ided, and some idea is obtained on the permissable length
 

of furrows and basins, st::h a ditch might prove to be of little value.
 

Some method of extr.cting the water from the ditch to supply the furrows
 

and basins would also be necessary, such as siphon tubes.
 

In summary, we hove not seen any irrigation schemes being tried at
 

the farm level which offer much hope of being adopted without financial
 

.vid from outside. In my opinion, a successful scheme would have to be
 

-ither (a) so simple that the cost of the well and fencing would not
 

prohibit the development of a single, small, profitable garden plot, or
 

(1))so large that the capability of an e:cpensive well would be fully
 

utilized by an efficient irrigation method. In the latter case, it is
 

assumed that a local entrepreneur could borrow money to develop a
 

system, aiud sell his produce to his neighbors as cheaply as they can grow
 

it themselves. Modern pumps and equipment would be required.
 

Section III
 

Determine What Types of Low-Cost Systems are
 
Appropriate for Each of the Various Bas Fond
 
and Marshland Conditions Found in the Project
 

Zone aid the Requirements for Their Development
 

This section is the most detailed of the report. It contains plans
 

for the development of six irrigated plots on a trial basis, hoping that
 

the most successful ideas can be used a!; a basis for development in the
 

second phase.
 

All bills of material must be regarded as tentative, subject to review
 

and recomnendations, and finally subject to review and revision by me or
 

someone else who has had opportunity to investigate the availability in the
 

U.S# aid expected performance characteristics of certain of the items when
 

subjected to the Nigerien environment. Since I am more acquainted with
 

American products, I would recommend that certain key items be obtained
 

in the U.S., if time permits, and in some cases a particul.ar item may be
 

specified by part number and supplier to insure quality.
 

No detail for fencing has been included. More research is needed to
 

fLnd a satisfactory fence that can be built for a lower cost. Perhaps the
 

manufacturers of fencing materials in the U.S. could be invited to suggest
 

i minimum design that would be expendible after the living fence was
 

established, or conversely, would be fully reusable for another plot
 

after this period, and then another, etco Electric fence has been
 

suggested (and scoffed at for fear it would not be kept hot). I am
 

inclined to share this fear. It is suggested that fencing for these
 

irrigation trials be conserved by grouping the plots together into not
 

http:particul.ar
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more than two or three enclosures. For example, the three plots using a
 
deleu (Schemes No. 2, 3 and 4) could be grouped togetherg The sprinkler
 
plot Scheme No. 5, could be by itself or beside any of the others. The
 
-.
hree plots using hand pumps could be grouped together, but I recommend
 
insteid that the drip irrigation plot for orchards be established within
 
tae experiment station at Bankoukou (?art of Scheme No. 6) The other
 
drip plot from Scheme No. 6 for vegetables could be omitted, or could be
 
included in the enclosure with Scheme No. 1. If all six schemes are
 
approved, and if two suitable sites can be located in the Dallol Basso,
 
I W'uld suggest that the sprinkler systm be enclosed by itself and that
 
,,,l other plots except the drip system for orchards be included in the
 
other enclosure. The two areas would be about the same size, and could
 
even be the sime shape.
 

Vie site selection for these plots should insure that the root zone
 
has adequate depth, that the salt. in the soil is not severely limiting
 
and certainly not more than the averagecf other soils in the area, and
 
that the texture is neither so sandy that good crops cannot be grown nor
 
contains so iuch clay and/or sodium salts that infiltration will be limiting.
 
The sprinkler site can be undulating, but all other plots require land
 
as smooth as possible, although a gentle slope is desirable, say 1% or
 
less. If a smooth site cannot be found, then the humps should be scraped
 
and spread, perhaps with a locally fashioned board behind an animal. An
 
indication of soil texture, including changes with depth, should be
 
obtained. Field capacity and wilting point would be desirable if they
 
can be obtained. A topographic map consisting of elevations on a 25 m
 
grid, made after any smoothing has taken place, is recommended as an aid
 
to selecting the areas assigned to furrows and borders, and to discover
 
which direction the contours will take.
 

Water quality at the selected sites should also be obtained, unless
 
sufficient information is already available from existing wells in the
 
vicinity. Total soluble salts, plus the quantity of each of the
 
principal anions and cations should be known from which a classification
 
of the water can be made. A test for boron should be included, since
 
some plants, especially citrus, have a tolerance less than one part per
 
million.
 

The planting schedules for all irrigation schemes for both winter
 
(dry season) and summer (rainy season) plantings are to be flexible. The
 
suggested crops are to be used ifpossible, but others which would
 
produce better or would be more decirable or more economical may be
 
substituted. Lengths of growing periods may differ on either end of
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the winter or 
sununer seasons 

to davetail in, 

but these should be adjusted as necessary
Many crops of short growing season vegetable crops
can be grown and harvested during the year. 
It may also be possible to
grow three crops of maize or short season beans--where day length
differences ire not a factor.
 

The imoortant thing to remember is that the well water should be
available the year around which should allow multiple cropping.
i,',terval irrigation can occur during the dry season with only supemental
irrigation as necessary during the summer rainy season.
 

Regular
 

Varieties reconmmended are those which appear to yield best for the
particular growing season, but as 
others are found which produce better
they should be substituted*
 

Perennial crops such as fruits, alfalfa and perennial forage
grasses would be irrigated the year around as needed.
 

Short season crops such as lettuce, radishes, turnips, etc.,
be planted and harvested miny times during the year. 
can
 

The idea of planting irrigated alfalfa and perennial forage grasses
on 
these schemes is to raise the production of supplemental livestock
feed which is often necessary during the long droughty dry seasons--or
as an emergency against real Sahelian drought. 
 Several cuttings can be
made during the year--up to 8 or 10--the cuttings dried as hay and
stacked or baled for later use. 
Silage should also be considered.
 
It is difficult to 
assess and budget for all the seed needs for
these projects for a two year period. 
Many of the requirements can be
met locally. 
Source of supply for the variety of alfaLfa grown at
&gadez should be initially utilized. 
A Tunisian variety, Badrie, hard red
wheat, should be initially planted with the same seed source being used.
Most of the vegetable seeds can be secured from French sources for the
varieties that can presently be recommended here. Nigeria should be a
good source of supply for tomato 
onion, okra and eggplant seeds which
are not available in Niger.
 

A seed budget of $1,000 should be sufficient for the first phase of
the irrigation trial plots.

be a contribution by GON9 

Both seed and fertilizer requirements should
Fertilizer and seed requirements should be
-iore closely calculated after selection of the final irrigation schemes
 are made.
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Irrigation Scheme No. 1 

This scheme is 
an attempt to develop a less expensive well
that may be within the reach of a small farmer who can borrow money.
It consists of a 1-1/4 inch sand point driven into the aquifer.
It requires that the water table be located in a suitable aquifer
at a depth not to exceed 5m below ground surfaces and that the
level durir ,pumping never exceed 5.2m below the surfaces 
 It assumes
that a shallow-well pump with all working parts above the ground
can be mounted at a convenient height at the top of the 1-1/4 inch
driven pipe and produce at least 5 gallons per minute (gpm)
or 0.32 liters per second (lps) with continuous pumping.
well and pump are The
to be located at the center of the upper edge of a
smooth piece of irrigable land about 45m X 45m. 
If less than
0.32 lps are produced, the area must be proportionately smaller.
The water is to be distributed to level furrows through three
flexible hoses, each 3/4 inch in diameter and 165 feet (50m) long.
All three hoses should be operated simultaneously with the valves
wide open if adequate water is 
to be supplied to 
this much land
during a period of peak use.
 

For the hoses to deliver sufficient waters 
they must tap into
the bottom of a container that is at least 80 or 90 
cm high and
kept full of water.
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Irrigation Scheme No. 1
 

Hand-pumped Driven Well with Garden Hoses
 

4ln x2 In,Co,,creje t.IY,0
 

13ca~yel• :-- .i-. --- :"-.. -A;i -
L U"'/c" 4, Ii ,oe I, 


-'-, :.,pe.. 

2* Shallow driven well with 1-1/4"1 pipe, sand point, pitcher pump.
 
1. Barrel to collect waters with hose bibs attached at the bottom.
 

3. Three 3/411 hoses each 175 ft (53m) long.
4. Level furrows or level basins.
 

5. 
Small within-row furrows for irrigating seedlings.

6. 
5 gpm (0.3155 Ips) is assumed to be available from pump up to
 

15 hrs every day.

7. 
Part of plot may be in seedlings, part in mature plants at any
 
8. one timee
Plot selected on gently sloping land, say 1%.
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Plantj 
 Guides for Irri ation Scheme No. 1
 

Irrigation: delivered by hand pumped driven well with garden hoses
long enough to 
reach furrows or basins.
 

0 dl Field &on4Vy 

ThweC rowS hp 
oHese, fIrees /om ,/04 

eVI 
baslos croind 

ope 
 M / Cc.r-h Pee foreCelve u qfev 
froly) 110a

° o 
 o 

r--------

A' Level fyrowsI•A 

IoP's 

1I 1 
A 

I 
44 

P172jj ov .5horker 

f neceseqi 
_ ( ILevel bsinsapf'ro. J.6oM;

___,______ t~jor 5incller if 
Winter Season  November-April
Hec- Sec-


o o e 
Type planting Planting
 

0.016 T,T1 Tperriation Distance
Tomate(Tomato) 
 Ronita 
 Level furrow
L
0.016 AA 1 f- 40X80
Aubergine 

Violet (local)


1 (Eggplant) ,, t,
longue native
0.016 Pn,Pn Piment(Hot peppers) de Cayenne (local) " 
60X70 

0.01.6 0,Ol 
 Oignon(Onion) 60X70
Local(Nigerian variety),
0.010 LL 1 
 Laitue(lettuce) Batavia Blonde de Paris Level basin 

15X20
 

0.1 ha H 
 15X20
Mangier (Mango) (Budded)/Hayden/ 

Individual basin lOrXlOm
 

Davis/Julie
Annually: Section A (November-April)
Season: Uinter Season 
- Section B as 
outlined above.
Summer Season (Ma-October) 
- Section B
Fallow (May-June)
Green manure crop (July-October) 
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Otherwise there will be insufficient head to deliver adequate water
 
through them. When the full length of hose is not needed, one or more
 
sections should be disconnected.
 

The plot selected should be relatively smooth and gently sloping.
 
The smooth feature will permit levelfurrows to be nearly parallel.
 
Ordinary hose bibs mounted near the bottomcf the barrel will serve to
 
regulate the quantity of flow to the hoses . but if the pum can keep up
 
these valves should be left wide open.
 

Ideally, furrows should be constructed exactly on a contour with a
 
tolerance of, say, + I cm. For very sandy soils they should be placed
 
quite cLose together, for example 60 cm on center, and the bottom of
 
the furrow should be as wide and as level as practical for the particular
 
c op. The best length of the furrow will be determined by the rate of
 
intake of the soil, and by the smoothness of the lend. Longer lengths
 
tend to become less parallel when the land has not been accurately graded.
 
Soils with a high intake rate tend to require shorter furrows, because
 
the water should reach the length of the furrow (wet the entire furrow
 
bottom) in no more than 1/5 of the total time elapsed between the start
 
of irrigation of a particular furrow and the disappearance of water
 
from that furrow after the water supply has been shut off. Trial and
 
error is required to determine the best length. Any furrow length can
 
be cut in half by constructing a small dam in the center.
 

The most popular depths for furrows range from 10 to 20 cm, and will
 
depend on both soil and crop. Again, a trial and error procedure will
 
help select a depth within this cange. The surface of the bed between
 
furrows should also be made as level as possible to insure a uniform
 
penetration of water to the soil in the bed. Some kind of heavy cloth
 
or other material may have to be attached to the end of a hose to avoid
 
causing a hole to be scoured by the stream of water. A typical irrigation
 
c-m be completed by filling the furrows to a depth of 5 to 10 cm and
 
allowing it to be absorbed. This will vary with soil and crop.
 

When a new row crop is being established from seeds, the practice of
 
within-row irrigation will save water. It consists of constructing a
 
shallow furrow on top of the bed and planting the seeds in that furrow.
 
In dry weather, a pre-irrigation will be required in the small furrow on
 
the bed before the seeds are planted. This is usually adequate for
 
germin tion but on sandy soil it may not* Quite likely the next two or
 
three irrigations can be made in the small furrows also, while the plants
 
are small and the roots do not extend below the bottom of the big furrows*
 
Later the large furrows nmst be used to apply an adequate irrigation.
 
The sketch on the next page shows a cross-section of such a furrow system,
 
with typical dimensions. The actual dimensions will vary with soil and
 
crop., and must be determined by experience. The method does demands when
 
used with level furrows,,. that the top of the bed is also level. For
 
Scheme No. I, however, the hoses offer the alternative of moving along the
 
within-row furrow with a small stream of water.
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For crops that are not usually classed as 
row crops. level basins
are auggested. 
Like the furrows, these must also be carefully leveled
over their entire surface, ideally to + I or 2 cm 
 They can be any
size or shape providing the 1/5 rule described above for furrows is
complied with. Otherwise too much water will be absorbed by the soil
at 
the end where the water is introduced, by the time enougb water is
absorbed at the other end 
 When a small stream lile the one proposed
for Scheme No. 1 mist be used on sandy soil, it is not certain that a
large enough basin could be used to be practical. However, the method
has been very successfuly used in other parts of the world on basins
as much as 
10-15 m wide and more than 200 m long. 
For a basin like this
a large stream of water from a canal or pump must be available, as well
as 
soil with a fairly low intake rate. 
This gross example is cited only
to emphasize that the method of level borders and level furrows is becoming
r 'cognized world-wide as 

o long as 

a very efficient method of gravity irrigation
the 1/5 rule is followed. 
Crops best suited to level basins
are forage, cereAls, and other close-growing crops. 
 The method is
also used advantageously by constructing an individual basin around the
base of each fruit tree. In fact 
row crops can be grown i 
basins if

desired.
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Furrow System - Cross Section
 

60 cm 

SeedI,., Lboiiton of 

A!, .. Vow 
! /it+'i. ', f:ur"io 
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Tentative Bill of Imported Materials for Scheme No. 1: 

Estimated 
Cost in US Quantity Size 

$ 40 1 Pc 1-1/4" dia. 

100 1 Pc 1-1/4" dia. 

30 1 pc 

5 3 pc 1-1/4" 

50 1 Pc 

I 1 pc 

40 4 pc 3/4" 

80 500 ft, 3/4" 

18 100 ft, 3/4" 

Item
 

Standard galvanized steel pipe,
 
21 ft. long.
 

Sand point, with 0.010 inch (0.254
 
mm) perforations and containing a
 
total area of perforations (open
 
area) of at least .50 square cm (8
 
sq. in.).
 

Driver, consisting of a section of
 

pipe about 90-100 cm long, just
 

large enough to slip over a 1-1/4
 
inch pipe cap, with a weighted drive
 
cap at one end.
 

Pipe cap, galvanized to protect pipe 
threads while driving well
 

Pitcher pump if available, otherwise 
a diaphragm pump, capable of ddivering 
5 gpm (0.32 lps) from a depth of 
5,2 m (17 ft.) 

Small roll of teflon tape 

Hose bib including valve, plus
 
necessary nuts, gaskets, washers,
 
etc., for mounting these through a
 
drilled hole in a steel barrel.
 

Nylon-reinforced plastic garden hose
 
in 50 ft* sections. Sections must 
be equipped with standard hose 
connections for quick coupling. 

Nylon-reinforced plastic garden
 
hose in 25 ft. sections. Extra
 
rubber gaskets for couplings on
 
hoses listed above.
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Estimated 
Cost in US Quantity Size Item 

$ 10 2 gross Extra rubber gaskets for couplings 
on hoses listed above. 

10 10 Pc Repair Littings that can re-connect 
a garden hose that has become severedo 

50 2 Pc R.placement parts for each component 
of the hand pump listed above that 
is subject tc wear or deterioration 
from continuous use while exposed 

to hot desert environment. If any 
of these components are much more 
likely to fail than others, the 

quantity supplied shorld be doubled. 

10 1 pc Hack saw w/extra blades 

30 2 Pc 18-inch pipe wrench. 

25 1 pc 1-1/4" Pipe die w/handle 

10 1 pc i" Drill bit equipped with brace for 
hand operation (for drilling holes 
in steel barrel to mount hose bibs). 

$509 ttal ($404 without tools)
 

The total cost of imported materials, if purchased in the US, is
 

roughly estimated as $509. However, $105 of that is for tools that
 

The second-and third wells (irrigation
will be required for installation. 

scheme No. 6) should cost only about $400 each, plus shipping 

since the
 

same tools can be used. Included in this cost are extra hose lengths
 

and replacements and repair parts believed adequate for a five year
 

On-site costs will include a used 55 gal. or smaller barrel
period. 

(about $6) and a 1X2 m. concrete slab. Except for the fence, the only
 

other input that would be required of a farm family making this installation
 

would be the labor of construction, land smoothing, and farm operations.
 

Their reward would be the produce from 0.2 hectare.
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An installation of this kind could easily last 20 years or more.,

Presumably the hoses will have to be replaced after five years in the
 
sun, Actually, they will receive considerable shade from the luxuriant
 
crops. 
Only the best quality hose with nylon reinforcement should be
 
selected. 
Pump leathers will need to be replaced more frequently,
 
perhaps depending on the number of times they are permitted to dry out.
 
A sun shade erected over the pump would likely extend the life of the
 
leathers and the pump operator as well. Assuming a pitcher pump with
 
at least a 5 gpm capacity can be obtainedp replacement of the pump

leathers and an occasional repair of a cut hose will be the only mainte
nance anticipated on the equipment over a period of many years.
 

As. with the other five schemes$ this irrigation devebpment would
 
save both soil and water. The contour furrows and level basins will
 
hold all the rain that falls if dike heights and furrow depths are
 
maintained at about 15 cm. 
If there is no runoff, there is essentially
 
no erosion. If the site were located where runoff from the area
 
just above would tend to fill the upper furrow to overflowing, a
 
diversion dike across 
the upper edge of the plot would protect it.
 
No drain ge problem can be created, since the water supply is from
 
the shallow water table.
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Irrigation Scheme No,2 

This scheme, and also No. 3g 
are designed to use materials and
 
skills that are mostly available here or can be developed here. Of
 
course, fencing will likely still have to be imported, and perhaps the
valves for the concrete tankg Materials for the deleu are presumed

available and are not detailed in this report. 
 The scheme is labor

intensive, relying on carrying water by hand from small constructed
 
lined basins to furrows or irrigation basins. The only proposed

developments beyond the stage observed on the CARE project are (1) 
to
 
obtain the maximum possible rate of delivery from a deleu, and (2) Lo

deliver the water through a small lined ditch or flume to four constructed

boxes or basins, each located in the center of the 1/4 of the tract area
 
to be irrigated by it.
 

Mr. Bud Price, PCV at Baleyara, says he has used a deleu to fill a

4m concrete ttink within a 30 minute period, using his camel for power

and has done it very easily. It has been my hope that improvements could
 
be made to increase this rate to lm per hour and continued for 12 hours
per day. 
With this in mind, the size of tract for each of Schemes 2,

and 4 was selected as one hectare. If a deleu will yield only 3 or 4m
 
per hour, as estimated by officials at Genie Rural, then probably not
 
more than 1/4 or 1/3 of the hectare can be in crop during the hot periods

of peak use, assuming each crop is at a growth stage which demands the

maximum water at that time. 
At other times of the year, or if part of

the area is in innature row crops 
a bit more of the area can be planted.

Oae observer from Agadez estimated that one deleu serves 1/2 hectare when

lifting water 8 meters. 
The lift at Baleyara and Bankoukou is expected
 
to be only about half that much.
 

The scheme includes a shallow concrete well to be constructed by

OFEDES, an above-ground concrete tank 2mX2mXlm, and a deleu that hopefully

will be assembled by, or at least with the help of, the local farmers*

The concrete tank should have two 2-inch gate valves, or equivalent,

mounted at a level where they could each drain the tank, and located on
two opposite sides of the tank as shown in the sketch. 
This much of the
facility can be built according to the designs of those in the CARE project.
 

The distribution system will be surface ditches lined with burned
clay tile sections. Some experience already exists here of making short
 
sections of burned clay in the shape of the inside layer of a semi-circular
 
ditch. These sections are designed larger at one end 
so they fit snugly

together, one inside the other. 
A thin layer of mortar will likely be

required at the joint to insure no leakage. 
Oe idea for constructing a
mcld for making these tiles is attached. It was furnished to me by Mr.
 
Arian Everts. The mold would form tile sections 30 cm long and 13.to

16 cm wide. 
Perhaps with further experience the dimensions Could be

increased, providing there is not too much tendency for breakage.
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Irrigation Scheme No. 2
 

Concrete Well, Deleu, Concrete Tank, File Fluw.s,
 
Four Distribution Basins
 
Water Application by Hand
 

VOlVes
 

I -I 

dd
W t llelcidkchor 
Coi/ c re-1 t flu me, m P-4a ed joinls 

\'-Smcll dist!ri uilon 

ba~saIAOf MnOrf QrecI 

bricks 

-- I, 

I 
*1 
Ii
 

~Wcjr wilt be delvered I 
by hcwd -olevelibtcsins 

/or lvel _fOroMs 
/OO 4 >I 



-19-

M, oult pour Tulle. 

Top -Vice- vue en dcssus 

E3s 

Portes creuIcICn csrntnt ou piotr¢. : 

Hollow ports in cement 

- Vue en FaceFronlvicw 

AA 

,,sSo't 

d'un cntspitriN.5- Lc boos deposse Ic cment 
exact, ohn dc pcrmittire o Formation focile des 

l'aded un itntimil.ro dcpassiurovectuiles 
boisd'un roulcou en 

wooden front CxcCdsIhc cm cnt,.hus.B. Thc 
a rum of on. centimeter hig.h; this

forming 
of one centimclertfor o.asy construction 

tiles witha rounded wooden tool. 

http:itntimil.ro


-20

T.ie attached sketch of the plot layout shows these lined ditches
 

going two directions from the tank, then proceeding directly down the
 
After the site is selected
slope to small constructed boxes or basins* 


for this plot and the slope of the land is known, the required size of
 
They should each have enough capacity
these ditches can be calculated. 


to cary half of the total capacity of the deleu, which hopefully will
 

be llm per hour, or 5.5m: per hour. The last section of each ditch
 

will need only half this much capacity theoretically, since it will be
 
but it may be more convenient to make
serving an area only half as large 


it the same size. The cost of the first section of each ditch likely could
 

be reduced by cutting it diagonally across to the first distribution
 
This change would increase the grade
box, as shown by the dashed lines. 


or, the ditch and shorten it, but it would cut up the plots in an
 

iconvenient way, It is recommended therefore that the location be as
 

shown with the solid lines, and that that portion of the ditch be
 

placed on a uniform grade by cutting and/or filling.
 

The four distribution boxes can be built in some fashion, perhaps
 

similar to that shown in the attached sketche The one shown would have
 
The walls of the box
 a reservoir capacity 60 cm X 60 cm X 40 cm, 


extend one layer of bricks above the normal water level, and the floor
 

consists of one solid layer of bricks below the reservoir. The bricks
 
They are to be made locally,
are shown as a cube 20 cm on each side. 


ovens fired with local wood supplies. The box can be sealed
burned in 

with a mortar lining. For Scheme No. 2 the boxes will have either one
 

gates will be required for these openings.
or two openings, and no The
 

boxes are situated essentially below ground, and are intended as a
 

reservoir to dipwater from to fill the furrows and basins.
 

During the period of peak use, assuming as much of the land is
 

planted to crop as the deleu capacity will allow, the system should be
 

operated constantly 12 hours a day, with water being withdrawn from all
 

four boxes during that period and carried to the plants most in need of
 

water, permitting no water to escape as runoff from the lower boxes.
 

The cost of Schemes No. 2 and 3 is very difficult to estimate since
 

much of the labor of construction could be accomplished by the farmers.
 

The well and concrete tank, if built by government agencies, may 
cost
 

about $1600 and $600 respectively, depending on the depth of the well.
 

The deleu requires an animal, but otherwise has successfully been
 
Perhaps $300
fashioned at Agadez entirely from materials found locally. 


or $400 would cover the animal and materials. For Scheme No. 2, 200 m
 

of ditch lined with burned clay tile is proposed. A technique for
 

building these tiles will require some experimentation and the construction
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Distribution Boxes Used
 

for Schemes 2 and 3
 

Inside. surface of bricks 
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A distribution box with two outlets 
serves also as a division box*

If it has less than two outlets, no sliding gates are required. Water
 
reservoir in basin is 60X6OX40 cm. 
Irrigators will dip water from these

boxes. 
 The box shown here would be located at position 3 on Scheme Noe3.
 
Only those boxes at positions 1, 2, and 3 in Scheme Noe 3 will serve as
 
division boxes and thus require slots for gates.
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of a mold. Genie Rural already has some experience building tile like
 

this, but they would need to experiment to find the best size and shape
 

of the tile for this purpose. After the experimentation is completed and
 

a prototype for the mold developed, it should be possible to reproduce
 

the mold forpsay $100. The concrete portion of the mold could be made
 

in a re-usable form. Then the two boards could be fixed in place to
 

complete the mold, Once the molds are in the hands of the farmers,
 
their principal out-of-pocket cost should be for the wood to fire their
 

ovens or "kilns," The bricks for the boxes would be made in a similar
 

way, but the cost should be less because no mold wouald be used. Also,
 
they *,,uld not need to be fired as hard. Perhaps the finished tile for
 

the aitches could be estimated at i0€ per 30-cm section and the bricks
 

105¢ each.
 

Adding the cost of the mortar may bring the cost of the materials
 

for the ditch to $0.50 per meter, and for the boxes, $10 each. At this
 

rate, materials for the ditches in Scheme No. 2 would be $100, and for
 

the boxes, $40. Containers for carrying water, and valves for the tank,
 

can likely be fashioned from skins and other materials available to the
 

farmers at little cost. Excluding fencing, the total cost to a farmer
 

for materials to develop Scheme No. 2 would, according to assumptions
 
made here, be:
 

well $1600
 
tank 600
 
deleu 350
 
boxes 40
 
ditches 100
 
TOTAL $2690
 

If this scheme should, after trial, appear to have promise, it is
 

possible that the cost of the well and tank can be reduced. Already,
 

in the Agadez region, crews of local people are being trained to construct
 

concrete wells of a type very similar to those so successfully designed
 

and built by OFEDES. Apparently there are times of the year when farmers
 

in the Niamey project area have little or nothing to do so the more of
 

the construction they can learn to do, the cheaper the installation cost
 

will be. Also, experience may show that a smaller tank would suffice.
 

Longevity of an irrigation scheme like this will depend mostly on
 

the interest of the people in retaining and maintaining it. The well and
 

tank could, with periodic maintenance, easily last for 100 years. The
 

mortar in the ditches will occasionally need patching or replacing, but
 

otherwise the ditches will be durable. Other materials will need to be
 

replaced more frequently.
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Planting Guide
 
Irrigation Scheme #2
 

Irrigation: A concrete well (OFEDES); dil-oo for delivery of water from well
 
to concrete tank for storage; tile flumes with mortared joints for water
 
distribution; and four distribution basins of mortared bricks for field storage.
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5edcioti.s A 6, ,D -ec 11 nn' cvec o( O.A5"hM. 
Season: Dry Winter (November-April)
 
Hec- Sec-
 Type Planting
 
tares 
 tion Cro Variety 	 Planting Distance 
0.25 A L Papaya Carica 	 Individual basin 3m X 3m
(Papaya)Q
 

Alfalfa
0,25 B (Var. from Agadez) 	 Level basins Broadcast
 
approx 3mXlOm seed
 
0.003 ha each
 

0.25 (C1 0.125 ha 
Melon Cantelope Hill-basin lOOcmXl00cm 
(C2 0.125 ha. Charentais tell 

Honey Dew (110 da) 

0.25 (D1 0.125 ha Past&que Striped Klondike " " 200cmX200cm 
(D2 0,125 ha (Water- Crimson Sweet (80 da) " 

melon 

Season: 	Sunmmer (May-October)
 
A) continued annually
 
B)
 

C) May-June - fallow
 
D) July-October - Green manure crop
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Irriation Scheme No 
3
 
This plan is nearly identical to Scheme No. 2e 
 The principal
 

difference is that there are 25 distribution boxes instead of four.
irrigators, 

The greater number of boxes means less walking required by the
time. 


so a fewer number of peoph will be required at any one
 
Each box serves 
1/25 hectare, if all of the plot is in cultivation.
 

Boxes numbered 1, 2, and 3 on the layout sketch will serve both as
 
division boxes and distribution boxes.
Pr"ision for inserting They will each contain a
t~us controlling the relative quantity of water diverted into each line
 
or row of boxes. 


a board or a piece of sheet metal as a gate,

All except the five boxes at the ends of the lines
 

have a second opening to spill excess water down the ditch to the next
box.
 

As in Scheme No. 2, the size of the ditches required to carry the
 
maximum quantity of water expected from the deleu must be determined
 
after the slope of the land is known.
constructed like this would have a roughness factor "n" as used in the
 

If one assumes that a ditch
 
lined ditch is 15 cm, a uniform grade of 0.004 meters per meter will be
 

Manning equation, of 0.02, and if the minimum top width of a semi-circular,
required to carry the llm 3 
per hour streamflow required for one hectare,
 
when the ditch is brim-full. 
A steeper gradient or a larger ditch would
 
be better, to avoid possible damage from overtopping. 
With the exception
 
of the short section of ditch leading from the tank to distribution box
 
No. 2 in Scheme No. 3, 
no ditch will be required to carry this much
water, even if the deleu could pump this much.


In normal operation, it is assumed that the valve at the tank will
distribute the water in the quantity desired to each of the five lines
 

be kept fully open, and that the division boxes will be adjusted to
of boxes, and that one or more 
irrigators will be working from each of
particular time. 


those boxes located nearest to the plants needing irrigation at anyplot actually irrigated at oneportion of 11m3 

As in Scheme No. 2, the portion of the one-hectare
 
per hour that 

tim will be roughly Proportionl 
to the
can be pumped. During the rainy season
 
and the winter season, the water will stretch to more land.
The cost for Scheme No. 3 will be identical to that of Scheme No. 2
 
except for the extra length of ditch and the number of boxes.
cost will be: Estimated
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Irrigation Scheme No. 3
 

Concrete Wells Daleu, Concrete Tanks Tile Flumes,
 
Twenty-five DistributionBoxes
 
Water Application by Hand
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25 boxes @ 0 $250
 
490 m ditch @ $0.50 245
 

Well, tank, deleu 2550
 
$3045
Estimated Total 


Initial Cost
 

mater of

Whether or not 25 distribution boxes will be needed is a 


The optimum number may be determined by the point at which
speculation. 

the inconvenience of more ditches to cross and the maintenance on those
 

ditches and boxes exceeds the labor saved by shorter trips 
with a bucket
 

of vacer. By comparing Schemes 2 and 3, the farmers should be able 
to
 

If only half, say, of this tract can be
 c":ose an optimum layout. 

irrigated due to limited supply from the deleu, a decision 

might be made
 

to install the ditches and boxes on only a part of the 
area, at least
 

at first.
 

A comparison of the cost per irrigated hectare is interesting 
at
 

The figures will not be exactly comparable because 
they do
 

this point. 

not include labor, and Schemes 2 and 3 will require 

more labor than
 
Also, it is not yet certain
 Scheme Noe 1, especially for construction. 

If Schemes 2 and 3 each irrigate
how much area each can adequately cover. 


half a hectare, the initial cost per hectare for No. 
2 would be about
 

These costs could be reduced by supplying
$5400 and for No 3, $6100. 

or by increasing the capacity
more of the construction labor locally 


of the deleu. If a suitable pump can be found for Scheme No. 1a
 

five installations together would irrigate one hectare 
for a material
 

cost, FOB United States, of about $2200. Installation labor would be
 

only driving the well and assembling the barrel and 
concrete base.
 

It appears

All three systems require considerable operating hand 

labor. 


therefore that Scheme No. 1 could prove to be initially cheaper, 
and
 

require less total labor than the other two schemes, 
even if the deleu
 

could somehow produce enough water for an entire hectare.
 

Schemes 2 and 3 were designed for carrying water 
from the boxes by
 

hand on the assumption that the soil is too 
sandy to permit the use of
 

If instead, a particular site has enough
 ny unlined distribution ditches. 


clay to make short eirth ditches feasible, then 
the tile-lined ditches
 

should all be placed on a slight fill, so the 
water surface is about 15 cm
 

The boxes should be at the same appropriate 
level and
 

above ground level. 

The boxes could be smaller and not so deep,
serve as division boxes only. 


and each would need two or three gates through 
which water would 1e released
 

Each division box
 
into small ditches for further distribution 

by gravity. 

This plan


should be placed at the upper edge of the area 
it is to serve. 


would work better for Scheme 3 than for Scheme 
2.
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Planting Guide
 
for
 

Irrigation Scheme #3
 

Irrigation: A concrete u211,(OFEDES); dilM for delivery of water from
 
we. 
 to concrete tank for storage; tile flumes with mortarized joints

for field storage.
for water distribution; and 25 distribution basins of mrtared bricks
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Planting Guide for 	Irrigation Scheme #3 co~ntinued
 

Season: Dry Winter (November.April) 	 (cm) 
planting 

Type irrigation distance 
Hectares Area(s) Crop Variety Type planting in w/bat row 

0.04 a 	 Better.t. Rouge plate row-furrow 25 X 30

(3Beets) d'Egypt
 

0.01, b Carotte 1/2 longue 10 X 30
 
(Crrotts) nantaise
 

0.04 	 c Haricot nain Triomphe Faray 20 X 30
 
(Green beans) des Vertes
 

0.04 	 d Navet Race Marteau 20 X 30
 
(T.rnip)
 

0.04 	 e (Haricot Phaseolus 15 X 30
 
(Mango MIngo
 
(Green gram)
 

Season: Winter (November-April)
 

0,4 f 	 Chicor6e Chicoree " 30 X 40 

0,4 g 	 Chou Cabas Coeur Ae " .50X 60 
(Cabbage) boef gros 

0.4 	 h Gombo Local H I 60 X 70 
(Okra) 

0.4 	 i Celeri a couper 20 X 25
 
(Celery)
 

0.4 	 j Laitue Batavia Blonde 10 X 25 
(Lettuce) de Paris 

0.4 	 k Piment de Cayenne 60 X 70
 
(Hot Pepper)
 

0.4 	 1 Courge Burpee's Fordhook hill-bed 100 X 100
 
Zuccini (57 da)
 

0.4 	 m Oignon Violet de row-furrow 15 X 20
 
(Onion) Galmi
 



-29-


Planting Guide for Irrigation Scheme #3 continued
 

(cm) 
planting 

Type Irrigation distance
Hectares Area(s) Crop V 	 Type plantn in roulbet roW 

0.4 	 n Laitue Kagraner r6w-furrow 25 X 30 
(Lettuce) Somer 

0,4 0 	 Piment Local " " 60 X 70 
(Hot pepper) 

.,4 p 	 Radis 18 Jours bed-basin broadcast
 
(Radish)
 

0.4 	 q Spinach Malabar row-furrww 10 X 25
 
(Baaella alba) Spinach (70 da)
 

0.4 	 Y" Rdis R..,nd Rouge I 
(Radish) a boat blanc 

0.4 	 s Tomate Marmande " " 45 X 80 
(Tomato) 

0.4 t " Piernita 	 "" 45 	X 80 

0.4 u " 	 R.nita " " 45 X 80
 

0.4 v " 	 Red Jacquet " " 45 X 80 

0.4 w " 	 Fournaise (Fl) " " 45 X 80 

0.4 x 	 Piuent Vert "Sweet Bell" " " 60 	X 70 
(Green Peppez)
 

0.4 y 	 Aubergine Violette de "" 60 X 70 
(Eggplant) Barbentane 

or 
Local 

Sean: Summer (May-October) 
Fallow - May-June
 
Green manure crop - July-October. One-half (. ha) of the field.

The other half should grow vegetables adapted to rainy seasor,
 
plantings.
 
These should be reversed every other year so each half of the


hectare area receives the benefit of the green manure crop

to buiid up the structure and natural fertility.
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Irrigation Scheme No. 4
 

This scheme starts with the same water supply as Schemes 2 and 3,
 
that is the well, the concrete tank, and the deleu. It also has the
 
same size and shape of plot to be irrigated, and is subject to the same
 
inability to cover this much area because of the limited capacity of
 
the deleu. Like all three previous schemes, ic employs level furrows
 
and/or level basins.
 

T't.s scheme differs from Schemes 2 and 3 in the method of distributing
 
wat : co the furrows and basins. Gated pipe is proposed for metering
 
the water to each furrow or basin. A sufficient length of supply pipe to
 
conduct the water from the tank to the gated pipe would be included.
 
This will be portable aluminum )ipe, 4-inch (10 cm) diameter, mostly in
 
30-ft (9 m) lengths, but with a few shorter lengths to permit more
 
precise placement of gated section.. The gated pipe bections will
 
extend 150 ft (46 m), or about half the length of one side of the plot.
 

Since the deleu may not be able to supply the entire plot, the gated
 
sect-ions could be laid from the upper edge of the plot, and extend down
 
th slope nearly to the center.
 

In operation there will likely never be a large enough flow of
 
water to supply the gates in more than two or three sections of the gated
 
pipe at any one time. If so the unused gates should be kept closed
 

Later, when the irrigation set is completed, the first gates will be
 
closed and the next set opened@ There may be occasions in very sandy
 
soil, where the entire available flow should be discharged from a few
 
wide-Open gates This would permit the larger stream of water to advance
 
down the level furrow faster, thus permitting a longer run. In this case,
 
and possibly in all cases, some protection should be provided to prevent
 
a scour hole from developing in the bottom of the furrow where the
 
stream of water lands This could be a piece of heavy cloth, a skin,
 
a bucket, or anything that would dissipate that energy. Even if a
 
hole did scour, it would stop enlarging when the water cushion was deep
 
enough, and could be scraped full again when the irrigation was completed.
 
If the soil happened to contain a~out the right amount of clay, and if
 
the field were graded so accurately that furrows could be both level
 
and parallel, the length of run could extend the entire 100 m length
 
and the pipe would not have to be moved until or unless the lower half
 
of the field were to be developed. With the short runs anticipated for
 
the sandy soils in the Dallol Basso, the gated pipe sections would have
 
to be shifted across the field to successive positions until the entire
 
cropped area had been irrigated.
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The sketch shows 2 valve;
control the flow into the pipe. 
one on either side of the tank, to
One valve would suffice if it could
be placed on the upper or lower side of the tank, if 
a reversible elbow
were available to permit the supply pipe to extend either direction,
and if the pipe would not likely be damaged in that position. 
Whether
one or two valves are installed, an adapter and coupling or elbow will
bL required at 
the valve so that the aluminum supply pipe can be quickly
coupled and uncoupled. Something less than a 4-inch gate valve will be
adequate. 
A 4-inch globe or butterfly valve, a 2-1/2 or 3-inch gate
valve with appropriate adapter, or other coqparable less expensive
arrangement could be selected.
 

Fcr basin or border irrigation, several gates can be discharging
into one basin 
 For furrows spaced at distances greater than the 60 cm
spacing between the gates, some of the gates can be left closed.
Some reshaping of the ends of the furrows may be required if any one is
not positioned quite right to receive the water from its nearest gate.
If
a 30 cm furrow spacing is desired, the stream from one gate can be
divided into two furrows 
 Sometimes it is necessary to lay a sheet of
plastic or other material on 
the ground to prevent erosion that would
change the equal division of the stream.
 
As with Schemes 2 and 3, this equipment would adequately serve one
hectare. 


less 
If the deleu can supply only enough for a half hectare or
the cost per irrigated hectare goes up proportionately.
following bill of materials and estimated US prices has been 

The
 
prepared without the benefit of suppliers' catalogues or current
prices, 
Like the other bills of material, it does not necessarily contain
sufficient description and specifications to submit for purchase on
contract bid.
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Irrigation Scheme No. 4
 

Concrete Well, Deleu, Concrete Tank, Portable
 
Aluminum Gated Pipe and 	 Supply Pipe 
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Materials List
 

uat Size Ite Estimated Price 
in U.S 

100 m (330 ft) 4-inch Portable, quick-coupling, low $430 
pressure aluminum supply pipe 
in 30-ft. sections, 

13 m (60 ft) 4-inch Aluminum supply pipe in 10 90 
and 20-ft sections. 

46 in(150 ft) 4-inch Low pressure gated aluminum 350 
pipe, 30 ft. sections, 2 ft. 
gate spacing. 

2 ,c. 4-inch V1I1ves with adapters and coup- 150 
lings, including one foot long 
pipe to be set in concrete 
tank wall. 

2 Pc. 4-inch End plug 12 

2 pc. 4-inch Reversible elbow 40 

50 pc. 4-inch Extra gaskets for pipe couplers. 48 

Total imported material $ 1120 

Well, tank, deleu 2550 

Total estimated initial cost $ 3670 

For the purpose of cost analysis, portable aluminum pipe has often

been estimated to have a life of 15 or 20 years. 
 If neither the water
 
nor soil are especially corrosive, itwill last much longer, perhaps 50
 
years. 
On the other hand, the rubber gaskets may have to be replaced after
 
five years, some of them anyway and occasionally a piece of pipe is
 
damaged by being run over by heavy equipment, or by other means, and must
 
be replaced. A twenty-year average life expectancy might be reasonable
 
for this proposed system in Niger. Compared with Schemes 2 and 3, there
 
is essentially no labor of installation. Operating labor will be much
 
less also. The pipe is completely portable and can be tried at different
 
wells and on different soil types. The estimated total price of imported

equipment is $1120, FOB United States. 
 Adding the well, tank and deleu
 
brings the total to $3670. If this is for a half hectare, the per hectare
 
cost would be $7340, the most expensive scheme so far. It is one of the

better ones though, because of its simplicity, low maintenancei, and
 
moderate longevity,
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Planting Guide
 
for
 

Irrigation Scheme #4
 

Ireigation: Concrete Well (OFEDES), concrete tank, delm for delivery of
water from well to tank, and portable aluminum gated pipe and supply

pipe for water distribution. IV
 

Co,e/e mA / 4"1,,,,u F,/I oa y 
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1t1 61'oi e edof 

/ .0/11 
Sections A,BC,D- each an area of O.25ha. These should be leveled aczoss the slope.
if possible. If not, then furrows and basins should be oriented across the slope on

the contour. In each section, the furrow beds or basins, should be about 3m x 10m.
Gated pipe will have openings every-'60 cm, allowing for about 5 gated openings erbasin or bed width and about 16 for across slope delivery. 
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Planting Guide for Irrigation Scheme #4 continued
 

Season: Winter (November-April)
 

Hcc-
tares 

Sec-
ton Cro Variety 

Type
Irrigation 
Planting 

Planting
Distance 

(cm) 

0,25 a Alfalfa (Variety from Agadez) Level basins, Broadcast 
solid planted 
by broadcast, 

0.25 b Oignons Local (Nigerian) Level furrows 20 X 30 
(O.iion) rows 3x X 10m 

0.25 c Maize dulce Illini Early Level furrow 25 X 60 
(Sweet corn) Xtra-Sweet rows 3m X 10m 

0,125 dl Aibergine Monstrueuse de Level furrow 70 X 80 
(Eggplant) New York rows 3m X 10m 

Local 

0,125 d2 Haricot Kentucky Wonder Hills in rows 60 X 100 
pole beans (65 da) with furrows 

both sides of hill-rows
 

Season: Sunmmer (May-October)
 

.a- Continue on annual basis
 
*b,c, d - May-June-fallow 

July-Octob r-Green manure crop
 
An alternative may be to plant 1/2 of b. c, d ':o these
 same wgetable crops for the rainy season or other


adaptable ones and alternate each half with a green
 
manure crop only every other year
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Irrigation Scheme No. 5
 

Since the wells constructed by OFEDES are generally developed

3
until they produce 40 m per hour, and since none E the pumping methods
 

based on hand labor or animal traction tried so far promise much more
 
than one-tenth of that capacity, it follows that the most successful
 
schemes could be those which could increase the land irrigated from each
 
well by pumping more water. A sprinkler irrigation system with a
 
centrifugal pump and gasoline engine offer a logical solution. 
The high

cOsL of the well can be somewhat nullified by increasing the area served
 
by it
 

This scheme proposes to irrigate four hectares from one well.
 
A horizontal centrifugal irrigation pump and engine mounted together on
 
a base would rest on earth fill at the edge of the well. This base
 
should be below the level of the casing, just enough so that the
 
horizontal portion of the suction pipe will rest on the casing, or at
 
least on shims resting on the casing. The suction assembly consists of
 
a 5-inch suction pipe 25 feet long, with a foot valve and strainer at the
 
bottom and a 900 elbow at the top. A dresser coupling connects this
 
short horizontal portion of the suction pipe to an eccentric tapered
 
reducer, which in turn connects to the suction entrance to the pump.

On the discharge side, a 60 cm long tapered reducer expands from the pump

discharge connection to a 4-inch gate valve which in tura is followed
,

by whatever is necessary to connect rigidly to a 4-inch coupler from the
 
sprinkler system. A 1-inch outlet is tapped into the top of the long

tapered discharge adapters about 20 cm from the gate valve. Proceeding
 
up from this outlet is a 1-inch globe valve (or gate valve) and above
 
that a diaphragm-type priming pump. The gasoline engine will be mounted
 
on the same base as the pump, with its shaft connected to te pump shaft
 
with a flexible coupling and in alignment with it. The irrigation pipe

leading away from the pump will bend immediately down to the ground with
 
an elbow and short section of pipe, and then with another elbow it will
 
head straight down the center of the field to be irrigated, lying on
 
top of the ground.
 

The two sketches show the layout of the proposed sprinkler system

and the probable layout for the pump and engine assembly. The pump sketch
 
is schematic only and not to scale since the configuration of the pump

and engine are not yet established. However, it represents a type of
 
layout that has proved most effective and efficient with US equipment.
 
On the suction side of the pump, it is very important that no part of
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Irrigation Scheme No. 5 

Sprinkler Irrigation of Vegetables and Alfalfa 

Concrete well, gasoline driven pump, portable pipe 

3" lateral, 22 sprinklers, - 4 mainline with 8 valves 

30' spacing, 7/64" nozzles. spaced 401 apart. 

Laterals are rotated in 
direction shown, 11 hr. sets, 
two sets per day, 
1.94 inches applied per set, 

System operates 6 days per
week, 2 sets per day during 
period of peak use. 
Application rate is 4.5 

/00M 

or 49 mm. mm/hr. 

33"lateral, 22 sprinklers

400 m 

When the plants are young and the root systems not fully developed,

the system can be operated less time each day. When the plants are
 
full size and the weather is cool or rainy, the system can remain
 
shut down more days each week. But when the plants are blossoming and
 
the weather is hot and dry, the system should never stop, except
 
possibly on Sunday.
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Pumping Plant Layout 
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the suction pipe is at a higher level than the top of the suction entrance
 
to the pump. If it were it would cause the pump to lose prime easily, 
perhaps operate inefficiently, and may even severely damage the inside 
o( the pump. That is why the suction adapter has all its taper on the 
bottom side On the discharge, a longer taper is required but it should 
not be eccentric. To prime the pump it is necessary to close the 4-inch 
discharge valve, open the small 1-inch valve below the priming pump, and 
then pump by hand until water comes. At that time the small valve is
 
closed the engine is started, and then the large discharge valve is
 
opened gradually until the line is filled and sprinklers turning.
 
After that: the discharge valve should be opened all the way. The engine 2
 
speed should be governed to produce 40 psi (2.72 atmospheres or 2.81 kg/cm:)
 
on the sprinklers, not more. Centrifugal pumps, unlike piston pumps, 
will not be damaged in any way by the high pressure that builds up when 
the discharge valve is cc-ipletely closed. In fact, the engine is not
 
working as hard then as when the valve is open. The pump would become
 
overheated if it were run a long time with the valve completely closed,
 
but this is no problem in the short time required for priming. The
 
engine might become overloaded if the discharge valve is opened too
 
fast at first. That is why the pipelines should be filled while the valve
 
is only partly open. Also, a wide open valve could cause damage to the
 
pipeline when the large stream of water hits the end with a bang. A
 
waterproof shade erected over the pump and motor, sloping away from the
 
well., might cause the engine to run cooler if it did not restrict air
 
movement too much, and keep the sprinkler water and rain from hitting the
 
engine. 

The automatic aluminum foot valve, not shown in the sketch, is
 
clamped tightly to the bottom of the suction pipe* When open, it permits
 
water to flow through it in a straight line. When closed it should hold
 
the pump prime if the engine is shut down for one hour while moving the 
sprinklers.
 

The mainline of the sprinkler system starts at the pump discharge
 
with two elbows, one to take the pipe immediately to the ground where it
 
is more out of the way, and the second to direct it across the middle of
 
the field to be irrigated. The 4-inch mainline has 8 valves spaced 40
 
feet (12.2 m) apart. If the field to be irrigated is exactly 100 m in this
 
dimension, and if the valves are evenly spaced, the first valve will be
 
24 feet (7.3 m) from the upper edge of the cropped field, and the last
 
valve will be the same distance from the lowe- edge. By making the
 
section of mainline from the pump to the first valve also 40 feet long,
 
the distance from the upper edge of the field to the near edge of the
 
well would be about 17 feet (5.2 m). If this much space is not available,
 
that section of pipe can be shortened. Some water from the sprinklers
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will reach beyond the edge of the field from these 
two settings, but
the amount wasted will be insignificant. 
 In fact the first few rows on
the upper and 
lower edges of the field will receive less water than the
rest of 
the field and should be observed to learn on which row the

reduction in yield begins. 
The mainline valves are 
opened with a
valve-opening elbow, which in 
turn attaches to a lateral line. 
 If there
is only one irrigator to move two laterals, he should allow the pump to
continue to 
run while he closes the valve on one lateral, moves it ahead
to the next setting, opens that valve, and then repeats the process for
 
the other lateral.
 

There are 
two irrigation laterals, each with 22 sprinklers.
The pipes 
are 3 inches (7.6 cm) in diameter and 30 feet (9.15 m) lon&,
,xcept that the first sprinkler on each lateral is on a pipe only 15 feet
long. 
 The pipe sections will couple and uncouple automatically when the
pipe is manipulated from its midpoint. 
The normal riser height is 36
inches (91 cm) for crops as 
tall as some planned for this area. 
In fact,
an 18-inch extension could be added if these are not high enough, and if
the appropriate fittings are available. 
An 18-inch riser by itself is
much easier to handle, much ]-ss subject to damage, and lighter to carry
than the taller risers, and wuuld be preferred if the crops are not too
tall. 
 When the risers are more than 18 inches, a small board (assumed

available locally) 
nst be fastened to t'ie 
base of each coupler to
stabilize it. 
 An end plug is required at the end of each lateral and
 
also the end of the mainline,
 

One practice used extensively by irrigators in the US when they
are moving a lat-ral from one set to the next is 
to open the mainline

valve slightly when they first attach the valve-opening elbow to it.
This discharges a small 
stream of water into the first pipe section,
Each section of pipe in turn has this stream of water running through it
as soon as it is connected. 
The water flushes out any foreign material
that may have been picked up and that would tend to clog the sprinklers.

When the last section ofpipe is put in place with the end plug already
attached, the pipeline is quickly filled and the sprinklers start operating
slowly. As the irrigator walks back along the line he can check each
coupler for leaks and straighten any tipping sprinkler. 
When he reaches
the mainline he opens the valve until the sprinklers have the desired
 
pressure. This procedure often saves a second trip down the line to
 
correct a malfunction.
 

The sprinklers designated are Rainbird Model No. 20 with a
7/64-inch nozzle, each discharging 2.20 gpm (0.139 lps) at 40 psi
(2.72 atmospheres). 
 On a 30 X 40 foot spacing, the theoretical gross
application rate is 0.1765 inch per hour (4.48 mm per hour) and in an
li-hour set, the gross application is 1.94 inches (49.3 mm), 
 The system
will complete one irrigation in 8 sets, 
or 4 days @ two sets per day.
Then it is ready to repeat the process for the next irrigation.
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This schedule is considered to be sufficiently flexible to meet
 

the soil conditions likely to be encountered when the site is selected.
 

Hopefully the application rate is low enough for those soils with clay,
 

and the amount per irrigation is not too much for the very sandy 
soils.
 

70%, the net application will be
If the application efficiency is 

This could be too much for a shallow-rooted crop
34.5 mm or 1.36 inches. 


smaller, more frequent applications
on very sandy soil. In that case 


would be desirable. One way to accomplish this would be to make three
 

sets per day, starting the first one at the earliest 
moment it is
 

and ending at the deepest dusk possible, with one
 light enough to -e, 


set halfway between. The last setting in the evening can be stopped
 

before iorning at any desired time by placing only so much gasoline in
 

the 	tank. of course, if either the weather or the crop were not at a
 

Fortunately,
skiite 	of peak use a less ambitious schedule would suffice. 


with the highest use rates also tend to have deeper 
root systems,


cLs 
the 	proposed schedule is likely to be found adequate for any crop,
 so 


and more than adequate for some*
 

In conference with the lcal government officials who 
will be
 

responsible to place this system in operation should 
it be approved, the
 

feeling was expressed that the system should be turned 
off between 1200 and
 

'There is a belief that the water at that time will damage 
the
 

1600 hours. 

I strongly recommend
 

plants, and that adequate labor will not be on hand then. 


that this system not be shut down during those hours 
during the first year of
 

can definitely be proved unprofitable to do so, 
for
 

operation, or until it 


the following reasons:
 

In spite of many fears and allen.tions there are
1. 

very few instances where daytime sprinkling has
 

proved harmful.
 

I. certain crops should positively show damage, 

they can LR shifted to the furrow and basin plots. 

3. 	The water analyses I have seen suggest that the 
salts
 

they contain will likely not be damaging to most crops
 

4. 	Sprinkler equipment is expensive and is not paying
 

for itself while lying idle.
 

This system my not have adequate capacity for the
5. 

area planned if it is not run continually.
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6. 	The planned 12-hr sets would be hopelessly destroyed
 
by this schedule.
 

7. 	12-hr sets are much better than shorter sets because
 
a distorted distribution pattern caused by a 3-hour
 
wind would have a minor efi.ct on the total irrigation.
 

8. 	Irrigation has a cooling effect on the crop and
 
might cause a higher yield due to the lower temperature.
 

If the first yearls experience suggests that changes are needed
 
in the system design or operation, some oi these can be made rather
 
c sily. For example, the next larger size of nozzle could be installed.
 
This would require that about 5 sprinklers be subtracted from each
 
lateral, or perhaps a bit less if the pump can be speeded up some.
 
The pipe sizes specified are large enough to allow for this much flexibility.
 
By changing the sprinkler model, a smaller nozzle could be tried.
 

In case the well will not yield as much water as expected
 
without excessive drawdown, the acreage irrigated will have to be reduced,
 
or the system moved to a different well. Centrifugal pumps cannot be
 
expected to lift water efficiently on the suction side more than 4 or 5
 
meters, Testimony indicates that the wells already installed at the
 
experiment station at Bankoukou would each meet the requirement of this
 
system
 

A number of extra or overage items are included in the materials
 
list to allow for replacements anticipated.
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Sprinkler Irrigation System
 
Approximate Materials List
 

Based on Wade Rain Equipment, R.M. Wade and Co., Portland, OR
 

Quantity Size 

360 ft. 4-inch 

1320 ft. 3-inch 

45 ft. 3-inch 

6 ft. 4-inch 

3 Vc 4X3 inch 

3 pc 3-inch 

2 pc 4-inch 

3 pc 4-inch 

50 1-inch 

50 1-inch 

50 

Estimated
 
Item US ce
 

Aluminum mainline in 40 ft. $ 580 
3ections and 40 ft. valve spacing
 
(press-in valve couplers)
 

Aluminum lateral line in 30 ft. 1300
 
sections.
 

Aluminum lateral line in 15 ft. 50
 
sectLons.
 

Aluminum supply line with 20
 
pressed-in coupler
 

Valve opening elbows 100
 

Fnd plugs 16
 

End plugs 12
 

Reversible field elbows 60
 

Aluminum riser pipes 36 inches long 163
 
with zamac fittings
 

Similar aluminum riser pipes 110 
13 inches long 

Zamac adapters to join an 18-inch 45
 
and a 36-inch riser if desired
 

60 3/4X1/2 inch Bushing, zamac 36 

60 Model No. 20 Rainbird sprinklers 405 
with 7/64 inch nozzles 
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Sprinkler Irrigation System
 
Approximate Materials List (continued)
 

Estimated
 
Quantity Size Item U.S. Price
 

1500
 
pump and gasoline engine, 	mounted
 
as one unit on a base, and with
 
suitable flexible shaft connections.
 
Pump must be capable of delivering
 
100 gallons per minute against a
 
total dynamic head of 120 	feet at
 
60% or better efficiency. Engine
 
must be capable of operating the
 
pump at its proper speed continuously
 
for long periods, 24 hours per day,
 
without overheating in 120°F ambient
 
temperature. It must have adequate
 
air filtration and bearing sealing to
 
protect it from West African sand
dust storms. It must be equipped with
 
protective controls that will stop
 
the engine if the pump loses prime or
 
there is a failure of the engine
 
lubrication or cooling system. It
 
must be accompanied by adequate
 
instructions for operation, mainte
nance, and repair, written in French*
 

I unit 	 Horizontal centrifugal irrigation 


1 kit 	 Spare parts, special tools, 800
 
replacement filters, etc.
 
considered adequate for 5 year
 
period of nearly cuntinuous a
 
operation.
 

1 unit 	 Suction assembly per attached sketch 150
 

1 unit 	 Discharge assembly per attached 200
 
sketch.
 

65
50 pc 	 Rubber gaskets for couplers, mostly

311, some 4". 

Total material estimate ..... $ 5612
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This sprinkler system is more elaborate than I first thought it
would need to be, It
now has two laterals instead of one, and has
mainline valves which I had thought at first could be omitted for the
sake of simplicity. However, because it will likely be located on sandy
soil, it is better to have sprinklers that apply less water In a 12 hour
 
set, which means more laterals. The current estimate of cost of
materials in the US is about $5600. 
 To that must be added the cost of
the well, say $1600, For
for a total of $7200, plus fencing cost.
omparison with the others, this is only $1800 per hectare, plus whatever

items have been omitted, so it is the cheapest cost per hectare of any
of the schemes, based on these estimates. Furthermore, it will likely

produce more because of more uniform irrigation, and will not require

the land smoothing the other schemes do.
 

The longevity of the system will perhaps average about 10 to 15
years. 
Because of year around cropping, the pump may or may not last
Ihat long. 
The engine will likely have to be replaced sooner. Sprinklers
may have to be replaced sooner also. But the pipe will mostly last longer,

barring mishaps.
 

The biggest question is whether or not the engine can be properly
maintained under these conditions, and whether a satisfactory operating
schedule and maintenance schedule can be adopted. 
My guess is that once
the good job of irrigation has been evaluated in terms of increased

produce, every effort will be made to keep it runningg Labor will be
much less for it also. Even as unskilled worker can do a good job of
irrigation if he will move the pipes according to schedule. 
Lubrication

and other maintenance on the engine must be continually checked by
supervisors.to make sure it follows instructions. 
 It will be interesting
to see 
if it can be kept running because it probably stands the best

chance of being economical. Fuel consumption should be not much more
 
than 1/2 gallon per hour.
 

A diesel engine could be substituted for the gasoline engine, if in
the opinion of experienced local observers it would be longer lasting and
 
more easily maintained.
 

http:supervisors.to
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Planting Guide
 
for
 

Irrigation Scheme #5
 

Irrigation: Sprinkler irrigation of vegetables and alfalfa,
 
Supplied from concrete well by gasoline-driven pump.
 

,Delivery system from pump is by portable pipe.
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Planting Guide for Irrigation Scheme #5 (Sprinkler) (continued)
 
Season: Winter (November-April)
 

Hec- Sec-
 Type Planting
 
tares tion 
 Crop 	 Variety planting Distance(cm)
 

0,5 A 	 Forage Agadez Broadcast + Broadcast
 
(Alfalfa) 
 barrowed in app 20 X 20 m
 

0.5 B 	 Sorgho-Forage Jan-Jar6 
 Drilled 20 X 20
 
(Sorghum) 
 rows
 

0.5 C 	 Tomate Ronita 
 Row 40 X 80
 

5 D Green Gram Variety from Row 
 15 X 30
 
Phaseolus bMngo Nigeria-IITAIbaden
 

"Hung Bean" 

0.5 	 E Ponue de terre Variety grown Row 40 X 80 
(potatoes) in Agadez or Maradi 

0.5 	 F Pomme de terre Bintje Row 40 X 80
 
(potatoes)
 

0.5 G 	 Forage Pennisetum 
 Drilled row 10 X 10
 
(Gramineae) purpureum
 

0.25 Hl 	 Ble (Wheat) Mexipak Drilled row 10 X 10
 
Siete Cerros et
0.25 H2 "" 	 Florence Aurora " 

as: Summer (May-September)
 
Supplemental Irrigation
 

A- same crop annually
 
B - another annual crop for forage
 
C - tomatoes adapted to summer season
 
D - another planting of greengram
 
E - seed multiplication-millet
 
F 1 it -cowpeas

G- same crop annually
 
H, and H2  green manure crop after wheat followed by


maize (questionable  may be too late for maize ?)
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Irrigation Scheme No. 6
 

Drip irrigation is proposed in this scheme on a trial basis.
 

It has become very popular in parts of southwestern US for orchards,
 

and in Hawaii for sugar cane. Some claims made for it have been
 
highly exaggerated, but this much has been quite well established:
 

(1)For row crops with a wide space between rows, like orchards,
 

vineyards, cane berries, etc., it will save water when compared with any
 

method of irrigation that keeps the entire soil surface fairly wet,
 

i.e., sprinkler. (2) Comparable yields can usually be obtained, though
 

for some crops and situations yields tend to be a bit more and in others
 

a !biL less, when compared with other good irrigation methods. (3) It
 

h .sbeen used successfully on steep, rocky terrain near San Diego which
 

could not be irrigated profitably by any other method, and (4) By
 
careful management, it has been more successful with irrigation water
 

containing very high salinity than other irrigation methods have.
 

The method also has some serious problems, including clogging of the
 

orifices or drippers by silt particles or by precipitated salt. On steeper
 

terrain there is also a problem of pressure control to keep the various
 

components of the system discharging the same quantity of water.
 

For the installation proposed here, the biggest problems are expected
 

to be (1) clogging of the orifices or emitters, and (2) possible deterio

ration of the plastic pipe by sunlight, accidental abrasion, or termites.
 

To reduce the first problem, the water source would be from a driven well
 

with a sand point containing perforations fine enough to hold back the
 

sand. Also, the container into which the water is pumped would have a
 

100-mesh stainless steel screen covering the entrance, and firmly attached
 

to it to discourage removal. Of course, the orifices are smaller than
 

this screen. Some fine silt particles could enter with the water or
 

blow in through the screen. These will settle in the bottom of the
 

pipelines because the water moves so slowly through them. The lateral
 

lines containing only orifices must be placed with the orifices on the
 

top side. This tube or pipeline is flexible, but it assumes a flat
 

cross section when the pressure is off. It can be placed on top of the
 

soil with all the orifices up and expected to remain there until
 

disturbed. It could also be covered with 2 or 3 cm of soil to protect it
 

from sunlight. The number and spacing of the orifices can be selected
 

in advance to correspond to the desired plant spacing in the row. They
 

are precisely installed at the factory using a laser beam, and cannot be
 

successfully added to or cleaned out by any mechanical means in the field.
 

This kind of lateral line has been used mostly for row crops, especially
 

sugar cane in Hawaii. Tne type of lateral line containing emitters is
 

sufficiently rigid to maintain a circular cross section. Emitters are of
 

many different types, but nearly all are installed so that the water that
 

enters the emitter comes from the center of the circular cross section.
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In this way, silt can accumulace in the bottom of the lateral line
 
without entering the emitter. This type of lateral is more likely
 
to be used for orchards, ranging from one emitter for a small tree up
 
to two to five for a large tree. For both types of lateral lines,
 
freedom from clogging of the emitters or orifices may depend on a
 
periodic flushing out the end of each lateral to remove the silt
 
accumulated in the bottom of the line. Even the mainlines may need to
 
be flushed, but less frequently. It would be desirable to have a plant
 
or row of plants at the end to be irrigated with the flushing water.
 
Automatic valves which open at a pre-set interval to flush the lateral
 
Lines are available in the U.S., but for this installation, manual
 
fluslUing would I think, be better. If a clogging problem develops from 
Salt in the water, it can be avoided by periodically adding a chemical 
tLcc.tL-ut to the water. 

The second problem--that of deterioration of the plastic lines,
 
may prove more difficult to overcome but only experience will tell.
 
Certainly the pipes could be bried two or three cm to reduce exposure
 
to the sun. The plant foliage will also provide shade. In the U.S. the
 
emitter lines are often left lying on top of the ground for several years
 
in orchards with little concern. In Hawaii the perforated lines are
 
often buried several centimeters in the cane rows but the objective in
 
this case is mostly to avoid burning when the fields are fired before
 
harvest, They are hoping for a 6-year life of the lines in sugar cane
 
because the fields are re-planted at that interval and the lines would
 
be destroyed anyway. For this proposed trial, it is hoped that, by
 
burying the lines in row crops not more than two to five cm, they can
 
be easily withdrawn before they would be damaged by any harvesting or plant
ing procedures. Nevertheless, they might be accidentally cut, so some
 
repair inserts must be provided. It is conceivable that, in the case of
 
row crops the roots might make it more difficult to withdraw the line
 
without damage. Different procedures can be tried in an attempt to
 
overcome any difficulties that may arise.
 

Two drip plots are proposed, as shown in the sketch. Each is about
 
50 m X 50 m, or 0.25 ha., although the fruit block is closer to 50 X 54 m.
 
The fruit block would employ drippers of some type, possibly the small
 
spaghetti tubing only. The spaghetti tubing has the advantage of being
 
cheaper initially, and also the advantage that the drip point can be
 

moved if desired to keep it the proper distance from the tree trunk as
 
the tree grows. It is also a simple matter to add a dripper by punching
 
a hole in the line and inserting another drip tube. Other types of
 
emitters are equally easy to install. In the case of the spaghetti
 
tubing, the flow rate is determined by the length of the tube and the
 
pressure on the system. Most emitters are calibrated at 15 psi (one
 
atmosphere) and higher, but hopefully some, like the spaghetti tubing,
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Irrigation Scheme No* 6
 

Two driven wells with hand pumps, each supplying a drip irrigation
 
system covering 0.25 hectare. 
One block in fruit, one in vegetables
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can be operated it much lower pressures, because according to these
 

plans they will have only one or two psi. The perforated tubing would
 

likely work better at these lower pressures than the emitters. Partly
 

for this reason, and partly because Mr. Soulez, in charge of fruit
 

research for INRAN, has knowledge of drip irrigation, I recommend that
 

the fruit block be established at the experiment station at Bankoukou.
 

Mr. SouleL informed us that this station already has several concrete
 

wells, ind a centrifugal pump that is moved from well to well for
 

sprinkler irrigation. He has already proposed a project to his director
 

that would construct a tank to maintain a constant pressure on the
 

emitters. A 15 psi pressure would require a head of about 10.5 m. Even
 

if he dous not get approval for a high tank, an inexpensive tank could be
 

assemLtied from a 55-gal. drum set on some kind of a stand at a lower
 

heig.ht, and filled by hose or small pipeline from his sprinkler pump,
 

I..- water could be introduced to the drum through a co mmn float valve
 

uAsed in a toilet tank. This would insure a constant head while the pump
 

was running, without overflowing the tank. If the elevated tank idea
 

cannot be put into being, then a new well could be driven and pumped by
 

hand as shown in the sketch. Drippers that operate at low pressure
 

would have to be selected. A seedling would require only one emitter,
 

but more must be added as the tree grows. The suggested cropping as
 

shown on the sketch has Mr. Soulez's suggestions incorporated in it.
 

The vegetable block could be located at a different place. Again,
 

it is an advantage to have the land gently sloping down the mainline,
 

and the laterls nearly on the contour, or slightly down hill. About 40 cm
 

fall from the upper corner to the lower corner of the field, across the
 

diagonal, would be ideal for both systems, with the slope as uniform as
 

possible. The perforations in the laterals will be spaced uniformly unless
 

otherwise specified, and close enough together to make a continuous line
 

of wet soil along the row. Likely other spacings can be obtained by
 

special order, so that for melons, squash, and even tomatoes, the per

forations can be clustered in a short space, with longer distances between
 

clusters. In this case I suggest laying out the lines before planting
 

the crops, so the wet spots can coincide with the planting. This system
 

has a greater chance for being economical for crops normally planted
 

with wide row spacings, and hence the narrowest spacing proposed is
 

1.2 meters. It is believed that unstaked tomatoes, manioc, and sweet
 

potatoes would meet this criterion, plus melons and cucumbers. Water
mdons and squash can be spaced about 2m X 2m.
 

Unless Mr. Soule, develops a water supply from an elevated tank,
 

each well, pump, and barrel or drum can be assembled and installed on
 

the upper corner of the selected field in a manner like that for Scheme No. 1.
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One difference is the addition of the stainless steel 
screen.
be welded 	 It could
to a metal ring just large enough to slip 
over the barrel,
and the ring held securely in place with setscrews anchored under the rim
of the barrel. The mainline could be tapped into the barrel about
5 or 6 cm above the bottom to allow for sand settlement in the bottom.
A drain plug set 
lower could be used for flushing the tank as needed,
 

To operate the system, an appropriate number of irrigators could
be 
lined up behind the pump waiting their turns on
on 	 the handle. Dependingthe pumping equipment that can be located, the capacity of the well,
etc., this job could be sufficiently exhausting to 
require frequent
relief 
 If the screen tends to clog, another job, in turn, would be
keepi!' it brushed off. The barrel must be kept nearly full
maxi i.um 	 to provide thehead possible for the drippers. During peak usecfk, 	 over the entirethis may require nearly continuous pumping during the daylight
ours. If some rows do not require water, their laterals can be closed
temporarily. 
 No furrows or beds are required.
only labor required after the system is 
If all goes well, the 

laid out is pumping, and
occasionally flushing and checking.
 

Tensiometers can be used to
the day, and whether or not 
tell when pumping can be stopped for
in the rainy season itthe 	 needs to start againnext day. They should be installed aboutabout 	 30 cm from a dripper and30 cm from the. stem of a plant, or perhaps from a principal treeOne criterion followed in California is to start irrigating when 

root. 

the tension is 40 centibars and stop when it gets down to 20. 
 This
schedule could be tried here, and if successful could be used at least
long enough to 
learn, by keeping records, what kind of pumping schedule
is needed for each crop at different times of the year and at different
stages of growth. Tensiometers are somewhat delicate and sometimes 
a
person will not recognize when they are reading incorrectly, so they may
not prove to be the most satisfactory instrument for these plots.
other guide that 	 The
can be used is pan evaporation from the nearest weather
station. 
Here again, the use of tensiometers could help get a correlation
established with pan evaporation for each crop. 
In Oregon we have
successfully estimated the water requirement from pan evaporation by
considering the ground area covered by the shadow (of a tree, for instance)
at high noon, and applying each day the volumedrippers that would be required to spread over 	

of water through the 
that area to the depth ofthe pan evaporation on the previous day.
 

A detailed material listcannot be prepared until access to 
suppliers'
catalogs in the U.S. is available. 
Following is a generalized list.
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List of Imported Materials for Scheme No. 6
 

Quantity 
 Size Item Estimated Price
in UeS.
 

2 units Materials for well (see 
 $ 800 
Scheme No. 1)2 Pc 
 Stainless steel screens 
 100
10 Pc 
 Tensiometers 
 300
2 units 
 Drip irrigation system 
 800
 

Estimated Total 
 $2,000
 
Again the cost of fencing must be added to this, glus the concrete
puo' base, the used barrels, and the shipping costs. Since this is for
( - hectare, the total will be in excess of $4,000 per hectare. 

The longevity of the plastic drip equipment is unknown in this
climate. 
Some growers in the U.S. are expecting their systems with
emitters to last 10 years or more. The lighter weight perforated tubing
might have 
to be replaced sooner because of mechanical damage, but it is
tough. 
 The answer can only be determined by trial.
 

A more serious question is whether or not the system can be kept
operating without serious plugging problems or mechanical damage problems.
Since this scheme proposes using only well water it has a much better
chance of success 
than it would with surface water. The scheme would be
better if the systems had a little more pressure, but lifting it higher
by hand is a lot of work. A uniform distribution of water is more
dependent on having a smooth field at about the right slope when the
 pressure is low, so this trial might show that the pressure must be
 
increased, or the field smoothed a bit.
 

Because drip irrigation has promise as a better method for arid
areas 
like Niger, this scheme should probably be included as a trial in
spite of the problems that may arise, Although the details of material
selection must be worked out 
later, this design has been kept as simple
and as trouble-free as possible, and will succeed if any design could.
 

One precaution that must be followed is to pump the well first
until no more sand comes up. 
 The well screen size has been chosen large
enough to pass some sand, but with hard pumping, this will soon stop.
At that time the pump leathers mayhave to be replaced. From then on
there will be 
 little or no sand, and the drip system can be connected
 to 
the barrel or tank, and operations begun.
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Se-tion IV
 

Assess the Capabilities of the GON Rural
 
Engineering Service and Other Agencies for
 

the Development and Implementation of These-Systems
 

After two conferences with Mr Seyni Ali and his adjutant,
 
I have become very impressed with their enthusiasm and the confidence
 
they have in the ability of Genie Rural to carry out any irrigation
 

scheme that might be proposed. They isked intelligent questions about
 
each of the six. irrigation schemes as each was explained to them.
 
I'm quite sure they understand the basic concept intended with each
 
:icheme. They have had experience with sprinklers, and likely could
 
a!;ser',.Le the pipe with only a layout plan and instructions in French.
 
51 i ,Ltnance of the engine may be another problem. A rigid schedule for
 
.irication, filter changes, etc. appropriate for this dusty, sandy


nnvironment must be detailed in French, as well as a manual for major
 
overhaul. Lubric tion of the pump, tightening and replacing the packing,

etc., must be included. I do expect them to be hesitant to run the
 
sl;rinklers during the heat of the day, but I hope they will not give up
 
on it without an adequate trial period.
 

Apparently they had not seen gated pipe, but when they were shown a
 
picture, they comprehended inmnediately. They were quick to recognize
that on sandy soil the length of run in level furrows would not be very 
great I did not discuss the 1/5 rule with them, but assume they will 
be given a translated copy of the pertinent parts of my report, explaining 
operational procedures. I think the drip system is new to them and
 
possibly they did not completely understand the need for regular flushing.
 
I'm sure some guidance and explanation will be required to help them sort
 
out the pieces and get each system using imported equipment operating as
 
intended. We did not talk much about the method of driving a well.
 
it would be extremely helpful if someone like a PCV could demonstrate
 
this technique for them. 

Schemes No. 2 and 3 were easily understood by them. However, they 
were dist irbed that I had not placed the ditches on fills so water could 
flow out oato the land by gravity. I think they made a good point here, 
so I aided a paragraph to Scheme No. 3 suggesting that this change be 
male if the soil is not too sandy. They may need some help to figure out 
that, if the field is sufficiently smooth, one head ditch running down each 
side of each elevated lined ditch might be all the distribution system
needed from each box to serve all the contour furrows in that small block.
 
For Scheme No. 3 to work well, each of these unlined head ditches would
 
have to be about 20 m long and serve parallel contour furrows 10 m long.

A man with an irrigatorls shovel would direct the stream into each furrow,
 
probably one at a time.
 

http:a!;ser',.Le
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Hr. Moi,;sa Saley, Director of Agriculture, explained that their 
role would be to monitor the progress of each irrigation trial, 
evaluate .ts relative success, and prepare a report on it. They depend on 
Genie Rural to instill 'nd operate the irrigation systems. Genie Rural 
will, in turn, attempC to motivate and educate the local farmers who will 
be doing the work tinder their supervision. If it works as planned, the 
larmers after the installation, would be doing the planting, weeding, 
irrigating, and eating the crops. They would alsobe expected to make 
the brick and tile for Schemes 2 and 3, do any land smoothing necessary, 
and install the Lile and b-Ack in the ditches, Hopefully, a satisfactory 
way would be found for them to help with the well construction and fence 
cons Lruct i ,n. 

,'!'EDES appears to be doing a good job of concrete well construction. 
TI,.:- apparenLly solicit local help f.r the first part of the excavation 

Liat can be done by hand, and reduce the charge accordingly. They service 
LIeh well every 3 years for a fee. A few of their wells in sand aquifers 
.A.u failed from cave-ins due to sand entering the well and continually
 
being punped out, but in general they have held up better than others. 
'They couid stLp the sand problem by using No. 10 well screen, but the 
cost would be nucli more. However, I like the approach being used by 
Church World Service at Tabelot and in the Afassas Kori. They have 
constructed metal forms for casting concrete well casing in one meter
 
sectiuJns. They follow a similar procedure to OFEDES, by digging out
 
inside to set:tle the casing, except that it is all done by hand. They
 
cinnot get .s far into the aquifer without equipment, but far enough
 
app,_zently to obtain sufficient yield for a deleu. Their wells cost
 
only one tenth as much as the 0EDES wells. I think it would be a big
 
help if an effort like this could be started in the Dallol Basso.
 

INRAN appears to be operating a fairly good research program. I 
would expect them to be successful in keeping a drip system operating 
on fruit trees. Mr. Soulez is currently in the U.S. where he will have 
an opportunity to see drip irrigation in southern California. He will 
be impressed with the importance of screening and flushing to avoid 
clogging, and this e:iperier.ce will make him better qualified to solve 
problems that may arise here. 

http:e:iperier.ce
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Soction V
 

Develop a Time-Phased Plan for the Research,

Experimentation. and ITlmcntation Necessary
to Tap These Sources of Warer for AgriculturalProduction, With Specification of Technical Assistance Required 

Experin.ntation, ol irrigation methodsit and associated techniqueswill, seems n1eed toto we, conti,, a through the entire period ofdevelopment and implementation. Hopefully, enough will be learned from
the irrigil:on schemes tried during the first two years to know whicho11,, a1* 7,01e likely to be practical, feasible, and acceptable.Lhese PerhapsLria: wili generate new ideas, better than any of the first ones,
bot 'i;at still need to be tried before implementing on a larger scale. 

The following schedule is a rough estimate of the order in whichtasks should be initiated during the first two years, after approval of
the project, by month. 
Some items will be completed quickly while
otiers will 
continue. One unknown is how long it 
takes for delivery of
inrtL,d materiil. The "technician" refers to 
one person only for all
items, a Peace Corps type who has had considerable irrigation experience
plus some 
related academic training, and e.lot of natural mechanical
 
ability.
 

Tentative Operations Schedule
 
First 
Two Years
 

Month 

Task 


Requiean
 

I 
 Write specifications and place orders for all

imported irrigation equipment and instruments 

No
 

for weather station. 
 (To be done in the U.S.).
 
I 
 Investigate possible alternative fencing methods 
 Yes
and materials. Select the one or 
two best ideas
and place orders for the materials for them. 
One
of them could be electric. 
 (To be done partly in


the U.S., partly in Niger)
 

2 
 Select tentative sites for irrigation trials. 
 Yes
Make inventory of soil and water propertiesq

If favorable, smooth all except sprinkler site*
Make topog survey of all except sprinkler site
 

2 Experiment with making tile and bricks for lining 
 No
irrigation ditches. 
 Cast several forms for use by
farmers for making their own tile.
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M0.1th Task 
Technician 
Required ? 

2 Develop procedure whereby farmers can construct 
their own concrete wells by hand. Make at least 
one set of steel forms available to them. Train 
a sufficien- number to serve as construction 
supervisors ior future wells while constructing 
the wells for Schemes 2, 3 and 4 on the test sites. 

Yes 

3 Construct OFEDES well for Scheme Noo 5. No 

3 OW in animals and materials for constructing 
deleus. Construct deleus and train animals to 
extract the water. Use all local materials if 
possible. 

Yes 

3 Choose 4 preferably unpumped, concrete wells 
in the Dallol Bosso and one or two in the Ouallam 
area for weekly measurement o2 water level, to be 
taken at the same time each day, one day per week. 
Keep permanent records. Reference curb elevation 
to nearest benchmark, 

No 

5 Construct lined ditches and distribution boxes 
for Schemes 2 and 3. 

8 Install weather station and fence around it, and 
start daily readings for permanent record. 

Yes 

10 Drive wells and install pumps. Yes 

12 Install irrigation systems. Yes 

13 Prepare contour furrows, basins, etc., for 
subplots and selected crops. 

Yes 

13 Plant crops and irrigate. No 

17 Harvest first crops and plant second crop. 

18 Place orders for any equipment required for 
expansion of those schemes favored for 
installation during third year, including any pro
mising new schemes for trial. 

Yes 
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Task 
Technician 
Required ? 

19 Choose additional 
development of 
water tables. 

sites for next probable 
areas with shallow permanent 
Prepare sites for development. 

No 

24 Evaluate result
schemes 

s of research on irrigation Yes 
(Economist) 

Tentative Schedule
 
for Years 3 Through 6
 

Technician
 
Y 'r Task Required?
 

3 	 If deleu shows promise of being r.sed successfully, No
 
continue education and training on construction
 
and use. 

Continue help to farmers for constructing their No
 
own concrete wells, deleus, lined ditches, etcq
 

4 	 If deleu is not satisfactory try to develop other Yes
 
methods using animal traction and mostly local
 
materials, such ai; an endless belt built with
 
hand-made ropes, or a slow speed vertical
 
centrifugal pump, locally assembled from imported
 
materials.
 

5 	 Consider expanding effort tc areas with a permanent No
 
water table 5 to 8 meters deep. Include consider
ation of feasible schemes u.ing imported equipment,
 
if any.
 

6 	 Continue encouraging expansion to the most No
 
desirable sites with the best methods.
 

It is most urgent that orders for any imported equipment be placed
 
as soon as possible after approval of the project. However, if the
 
schemes using local materials are approved, they need not be delayed,
 
but should continue as rapidly as the training of people and animals will
 
permit.
 

During the second phase, the schedule is more vague and indefinite.
 
A lot depends on the success of animal traction with the deleu. Most of
 
the alternatives involve imported equipment, with all the problems that
 
come with it. If a shallow well can be constructed for one-tenth of the
 
cost of the OFEDES well, as is being done near Agadez, then the deleu system,
 

if also 	built by hand, has a much better chance of showing a profit.
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Section VI
 

Identify any Water Conservation Measures that
 
May be Appropriate in These Areas1 and Make
 

Recommendations is to How They May be Implemented
 

The irrigation schemes proposed herein are all water conservation
 
measures. The level furrows and level basins will not only help to
 
obLain uniform distrlbution of irrigation water, but will hold the
 
rainwater in place, without runoff, as well. The sprinkler system is
 
well adapted to land too undulating to be used for level furrows without
 
the availability of heavy equipment for land leveling. The drip system
 
is probably the most economical of all for the amount of irrigation
 
waLer required for a crop.
 

Pumping from a shallow water table is a water conservation measure
 
in itself No drainage problem can be created because the water table
 
is the source of water. Excess water applied by over irrigation b not
 
all lost, because much of it returns to the water table.
 

One type of development scheme which would be a water conservation
 
measure is the development of a mare without a permanent shallow water
 
table by excavation of a reservoir at the lowest point. The depth of
 
excavttion would have to be significantly greater than the expected
 
evaporation, and the total volume no greater than the expected annual 
yield of the basin. It would have to be in an area with subsoil very
 
slowly permeable, so the contents of the reservoir would not be lost to
 
the water tableo Of course, even losing the water to the water table
 
might be acceptable if it would be recoverable at a shallow depth
 
someplace below. The excavated material from the reservoir could be
 
spread uniformly over the adjacent land if it is satisfactory for
 
growing crops. It could be used to fill depressions and thus level the
 
land. However it is placed, it must not in any way obstruct the
 
overland flow of water into the reservoir. If the reservoir is surrounded
 
by relatively level land, the excavation could include ditches radiating
 
out from the reservoir to the boundary of the area to be irrigated. The
 
ditches would need to be excavated to the same depth as the bottom of
 
the reservoir and no wider than needed to maintain this depth. The
 
volume of the ditches should be included with the calculated volume of the
 
reservoir.
 

One reason a development scheme of this kind was not included as
 
one of the schemes for trial during the first two years is that I did not
 
inspect a site such as I have described here. They have been described
 
to me by others, however. A development scheme similar to the one I
 



-60

described has been proposed to me by Genie Rural and by Jim Livingston.
 
Mr. Livingston stated that he and an agricultural engineer had at one
 
time estimated a development cost for excavation at $22500 per irrigated
 
hectare. If so, this cost compares favorably with a $1600 OFEDES well
 
that will be used for only 1/2 hectare, but not so favorably with a
 
concrete well constructed by hand for one tenth of this cost, as CWS
 
claims to have done. Mr. Livingston also suggested the possibility of
 
erecting a deleu over each ditch to withdraw water for irrigation.
 

The other reason mares of this type were not recommended for early
 
development is the experience Genie Rural has had with Sanam Mare. Mr.
 

Seyni Ii stated that this one had been excavated in 1965, but because 
the 'as no money for maintenance, it filled up with silt and sand. 
ino';ly blown in.. He realizes that extensive windbreaks would be 
required to prevent this, and that somehow the windbreaks must be estab
iished before the excavation. The latter may be difficult if there is
 
not enough water at that time to keep them growing. Mr. Ali also mentioned
 
another constructed mare that was to be filled by diversion from a dike,
 
but the dike broke, and there was no money to repair it. These incidents
 
serve to emphasize the need for careful engineering planning and design
 
to avoid failure. plus a provision for adequate maintenance, all of which
 
add to the cost.
 

It would seem to me that sometime during the second phase, if an
 
ideal mare of this type can be found, it could be cautiously developed,
 
providing the cost per irrigated hectare is not too great, and there is
 
enough local interest to develop and maintain it.
 

I feel compelled to list one more water conservation measure that
 
would also conserve soil. I'm sure this has been suggested before, but 
a system of level, flat-channel type terraces on the millet fields surround
ing the bas fond areas might prove very beneficial. My concept would be 
to make the dikes high enough to prevent any possibility of overtopping
 
from the hardest rains, with a flat, level channel behind the dike wide 
enough to produce an optimum yield of grain in the channel. On land that 
is very gently sloping, essentially all of the area would be in either flat 
channel or dike. On steeper land, less area can be flattened. Normally 
only the channel would be seeded. In fact, if there were an inexpensive 
way to make the sloping portion both waterproof and erosion proof, that 
would be ideal. If a heavy rain exceeds the moisture hoing capacity of 
the soil in the flat channel, the excess would likely reach the water 
table in the bas fond, with less loss to evaporation than it would otherwise 
have. Such a terrace system would have to start at the top of a hill or 
divide, or else a diversion terrace would have to be provided to protect 
the upper level terrace from overtopping. Of course, an extensive scheme 
like this is highly impractical without heavy equipment, but a few plots 
of a few square meters each could be constructed by hand on a trial basis. 
The objectives would be to determine what surface configuration would 
result in the greatest average yield increase over the gross area. 
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A Few Random Thoughts in
 
S,:nmmary and Conclusion
 

Ever since I began t grasp enough of the problem of developing the
 
has fond and mare areas icr irrigation, three problems have loomed as
 

seemingly insurmountable obstacles, assuming that the development
 
course must be based as much as possible on local materials and local
 

talents. Thest three are:
 

1. The :;ecming necessity for, and the high cost of fencing 

to protect the establishment of a living fence around
 
garden plots.
 

2. The high cost of OFEDES wells.
 

3. The lack of a locally acceptable method for extracting
 
water from wells using animal traction, and the limited
 
capacity of the methods most successful in other places.
 

After seeing the garden developments northeast of Agadez9 I have
 

taken new hope that farmers can, with technical guidance, learn how to
 

construct satisfactory shallow concrete wells by hand at a fraction of
 

the cost of OFEDES wells. This is a tremendous step forward, and
 

seems to me to be the direction that must be taken here. My proposals
 

for driven wells were another attempt to reduce well cost, and should be
 

tried, in case the cheaper concrete wells fail to materialize. The
 

d:iven wells will also produce cleaner water for drip irrigation systems.
 

In case both the cheaper concrete well and the driven well should for
 

some reason be unsuccessful, the only other idea I could suggest would
 

be to send a sizeable cadre of potential entrepreneurs to the U.S. to
 

learn well drilling techniques by actually working for a year or more on
 

different types of rigs. Then, if some could get financial backing they
 

could go into }rosiness, competing with each other and with OFEDES for
 

relatively shallow wellse Of course, this would only create a new problem
 
of how to extract the water from these wells.
 

The deleus I saw operating successfully near Agadez also gave me new
 

optimism. In those locations they are built entirely from local materials,
 

and were producing about enough water for 1/2 hectare. Of course, more
 

water delivery would be better, and that is why I proposed one scheme with
 

a centrifugal pump. I believe the pump and sprinkler system should be
 

tried, but now I also favor placing very great emphasis on developing the
 

use of the deleu.
 

Still remaining is the high cost of fencing. Surely, there mst be a
 

cheaper solution, even if it has to be a portable electric fence that could
 

be moved when it had completed its duty in one place. I have not come up
 

with a satisfactory' suggestion for this problem, except to say that if farmers
 

are expected to ultimately be able to develop gardens without gifts or grants
 

from outside, a better solution for this problem must be found. 
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1. OVERVIEW Or THE PROJECT ZONE 

A. PHYSICAL CHARACTERISTICS 

The Depar tnient of Niamey is situated in the southwest corner of Niger,
covering an area of 90,293 square kilometers and including a population
of 1,065,000 inhabitants. The project zone itself comprises three arron
dissements on the northeastern side of the river: Niamey, Ouallam and 
Filingue. The arrondissements are named after the three principel towns 
in the area with Niamey being the nation's capital and largest city (popu
lation of greater metropolitan area: 133,500). The project zone has a 
surface area of about 30,000 square kilometers and it extends northward 
to a latitude of 14040 ' . 

435,000 and includes 
The rural population to 

at least 700 villages. 
be affected is approximately 

Arrondissement Population Number of Villages 

Niamey 284,028 155 
Ouallam 145,571 187 
Filingue 191,329 264 

TOTAL 620,928 606 

The project area can be divided into two zones, a Northern and a Southern 
one, according to annual rainfall figures. This division is represented by 
a line indicating annual precipitation of 500 mm on the basis of figures
compiled during the last 25 years. This line cuts the project area below 
Ouallam and Filingue, with the Northern zone receiving an average of less 
than 500mm of rainfall each year and the Southern zone more. Since the 
drought, annual precipitation figures have fallen short of the average annual 
totals for the last 25 years, therefore the 500mm isohyet figure is mis
leading. The Northern zone has an essentially nomadic population while 
the Southern zone is composed primarily of sedentary farmers. 

The climate in the project area is a Sahelian one, with a long dry season 
lasting from October to May and a rainy season from May to October. 
Humidity is about 65%-75% during the rainy season and 20% to 25% from 
January to April. Consistently high temperatures and high water evaporation rates 
characterize this climate, along with dry season winds from the north and 
northeast (the harmattan). 

Another essential feature of this Sahelian climate is the variability of annual 
rainfall, and its uneven distribution in terms of both place and time. The 
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C/2 PLL'VIOMBTRIC DATA 
RT = Rainfall Total in rm. for each year D = Number of Days of rainfall ner year 

1975 1974 1973 1972 1971 1970 1969 1968 1967 1966 

Station RT D RT D RT D RT D RT D RT D RT D RT D RT D RT D 

Niamey 67.5 65 474.7 44 370.7 37 430.2 45 57-.4 45 450.6 45 645.9 53 44'-.0 56 613.0 55 565.0 51Niamey

(airport) :89.5 60 500.0 49 395.0 38 342.6 47 56.5 47 476.9 44 609.6 62 543.6 59 868.4 68 506.0 53 

Oual-lam 349.5 28 285.5 26 289.5 28 352.1 29 394.0 26 353.0 27 334.2 33 340.0 25 564.3 45 699.2 43 

Mangaize 329.8 29 12;8.3 25 222.6 17 283.5 21 327.3 23 272.6 26 363.7 28 357.1 31 407.2 32 302.0 28 

Filingue 263.C 33 357.3 23 215.7 19 203.9 23 380.0 27 320 0 15 339.3 24 352.0 17 608.6 34 
30E.b9 21 

Toukounous 107.6 40 275.2 23 150.2 20 283.2 25 262.7 24 312.4 25 310.8 36 366.1 27 384.3 39 422.3 35 

1965 1964 1963 1962 1961 1960 
 1959 1958 1957 1956
 

Station RT D RT D 
 RT D RT D RT D RT D 
 RT D RT D RT D RT D 

Niamey 61.5 54 705.3 56 557.7 51 663.1 48 699.2 54 628.0 55 652.7 66 621.9 55 607.9 58 414.0 50
 
Niamey(ayport) 12-4 58 854-4 62 473.5 55 740.4 57 633.6 60 561.0 60 617.4 75 523.2 51 732.7 82 540.6 59
 

Ouallam 519.G 36 553.0 34 502.2 33 574.5 30 43913 28 
393.2 25 549.8 31 
476.C 33 588.7 39 567.3 30
 
* 

Mangaize 63.8 30 590.7 41 287.3 30 - 464.7 27 370.0 26 579.6 30 551.8 33 540.0 38 438.8 29
 

Filingue 2.8 33 475.0 34 467.4 29 501.2 29 464.7 27 
370.0 26 579.6 30 551.8 33 540.0 38 438.8 29 

Toukounous 80.8 39 544.8 40 324.2 30 387.9 37 456.2 34 316.6 39 576.5 45 505.0 40 335.9 46 342.4 38 

No figures available for month of May.
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difference In rainfall between contiguous areas or those on the same 
latitude is striking. The different annual rainfall totals for the meteo
rological stations in the city of Niamey and at the Niamey airport (only 
10 km away) serve as an example. The monthly distribution of rain also 

fluctuates substantially, as does the amount of rain which falls at any one 

time. 

The distribution of rains is another primary consideration. Ideally, rains 

should fall at regular intervals so as to best promote crop growth, and too 

much rain should not fall at any one time. Irregular rainfalls, wereby 

rains are separated by long dry periods, can impede crop growth. In parts 

of Niger in 1975 farmers were forced to plant their millet several times, 

because heavy early rainfalls were not succeeded at regular intervals; 

the first seeds planted had failed to germinate. 

The project zone is composed principally of a low plateau ak an average 

of 260 to 290 meters above sea level. Other notable regions in the project 

area inch,de the river valley (averaging 200 to 220 meters above sea level) 

and the Dallul Bosso (210 to 220 meters). The Dallol Bosso is a large 

valley in the east of the project area extending from North to South. It was 

dug by ant ancient river which no longer flows. It varies in width from 5 to 

19 kilometers, anr! ii contains the richest soils in the project area outside 

of the river valley. 

About half of the surface of the project zone is made up of tropical ferrugi

nous soils. These soils are only slightly leached, and they are low in humus 

and exchangeable bases. They are light, no deeper than one meter, lacking 

in phosphorous, and of low fertility. They are suited to millet cultivation. 

Somewhat less than a quarter of the soils in the project area are of the 

lateritic cuirass variety in which hard stone comes r..ght up to the surface. 

Hence, these soils are uncultivatable, and the regions in which they are 

found are uninhabited. This type of soils is found particularly on the 

western side of the river. 

In the northern sector, there are reddish brown upland soils, which are low 

in humus and associated with wind-blown sand. These soils are sandy, 

fine in texture, shallow and capable of supporting sparse pastures. 

The soils in the low-lying Dallol are of yet another type. They are water

retentive and relatively rich In gley and organic matter. There are numerous 

mares, some of which are permanent, which are fed by streams dropping 
into the Dallol from bordering platems a-d hills. It has been estimated that 

the perma nent standing bodies of water cover about 1500 hectares. 
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Due to its relative fe-tility the Dallol Bosso has a higher population
density, and It tends to attract the more progressive farmers in the area,

who practice diversified production. in addition to traditional millet cul
tivation, they practice arboriculture, market-gardening, and rice produc
tion.
 

Aside from the mares in the Dallol Bosso and around Ouallam, there are no
other bodies of water. The Niger river does not have any permanent tribu
taries on the northeast side. There is, however, ample water under the
surface which can be reached by wells, which are generally deeper than
 
20 meters.
 

In general, the soils of the project area are of low fertility, containing

little or no humus, phosphorous and other minerals, and exchangeable

bases. The Southern zone is suitable for millet and sorghum production,

whereas the Northern zone is adaptable for grazing and limited millet
 
production.
 

B. DEMOGRAPHIC CHARACTERISTICS 

The Southern zone of the project area is much more heavily populated than
the Northern zone. Its rate of population increase is 2.7% to 3%, which 
also exceeds that of the Northern zone (1.9%). The active farm population
in the arrondissements of Niamey, Ouallam and Filingue (310,790) is greater
than the nomad population (70,334). The population density is heaviest
along the Niger river and in the Dallol Bosso. This is to be expected in
light of the superior soils and accessibility of water in these areas (the 
water table -s high in the Dallol). 

A rough population breakdown into ethnic groups is as follows: Djerma, 50%;
Hausa, 30%: Peul, 12%; Tuareg, 6%, Other, 2%. The principal ethnic groups
are the Djerma and the Hausa. Both these groups are sedentary farmers whocultivate millet as their staple. The Djerma are most prevalent in the Niamey
and Ouallam arrondissements, or more precisely in the Djermaganda, rugged
area of Continental Terminal devoted to subsistence production. The Hausa 
are found in the Filingue arrondissement, particularly in and around the Dallol 
Bosso. 

The Tuareg and Peul are both nomadic and sedentary or semi-sedentary. The
nomadic Tuaregs herd their animals around the northern zone in search of 
pasture and water. In contrast, the migration of the nomadic Peul is trans
humant, or on a north-south axis. During the rainy season the Peuls graze 
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their herds in the Northern zone of the project area where farming is not 
practiced and where seasonal rainfall 'orovides adequate pasture and surface 
water. Once the harvest is over and the dry season has begun, the Peuls 
migrate to the South in search of better grasslands and in order to forage for 
millet stubble In already harvested fields. As their herds exhaust available 
pasture in their southward grazing, the Peuls continue to press south, some
times out of the project area. The extent of this movement depends, of course, 
on the quantity of rainfall and grass available during any given year. In 
addition to the nomadic pastoralists among the Tuaregs and Peuls found in 
the Northern zone of the project area, there are more sedentary and semi
sedentary Tuaregs and Peuls as one moves to the South. 

The most prevalent emigration pattern in the project zone is for able-bodied 
Djerma men to migrate to coastal countries, particularly Ghana and Ivory 
Coast, in search of more or less permanent jobs in the cities or on cocoa 
and coffee plantations. This movement to the coast can also be a temporary
phenomenon, whereby unoccupied males work as unskilled laborers during
the dry season. As the rains are about to recommence, these seasondl 
migrants return to work in the fields of the project zone. Many young males 
also migrate to Niamey in search of off-season employment. The exact 
figures for these migratory waves to Niamey and the Coast are unknown, 
though let it suffice to say that this migration is significant. 

C. ECONOMIC ACTIVITY IN THE PROTECT ZONE 

1. Agricultural and Livestock Production. 

There is little diversification in crop production in the project area. Millet 
is the most widely cultivated grain, and it is the staple for all the ethnic 
groups. Ninety percent of the area cultivated in the project area is devoted 
to millet cultivation, which amounts to an average of 380,000 hectares a 
year. Before the drought the Niamey Department produced enough grain so 
that surpluses could be exported to deficit regions of Niger; now not enough 
grain is produced to supply local needs. 

Most of the farms have no more than six hectares under cultivation. Culti
vation is done entirely by hand, as traditional farming practices have not 
changed for centuries. As the population has increased, soil fertility has 
declined and the period during which fields lie fallow has been shortened or 
eliminated. In addition, wind and water erosion carries away tons of top
soil every year. Thus, the need for soil reconstitution has become a serious 
problem. 



C /7
 

* 77LLABEPY
 

__ ____ iOD)ULATION DFWS!ITY 

morz- fkan 5o pem/km2

2aofc'o per,5/kmZ-
KoaaE ioto~o pers/km2--

S4ul Ys 
lllh515+o 10pers5/ km2 

+eShan 5 per5/kma
le_ _ _ __ _ _ _ __ _ _ _ _ 



C/8
 

Millet can be successfully cultivated in low-grade soils when there is at
 
least 350 mm of rainfall. The millet grown in the project area is a late
 
maturing variety which has a vegetative cycle of 90-110 days. Since the
 
late 1960s a decreasing area has been under millet cultivation in the Niamey
 
Department. Total production and yields 
per hectare have also declined. 

Niebe (cowpeas) are usually intercultivated with millet, and it is sown after
 
the principal crop has been planted. 
 It has been Increasingly cultivated in
 
Niger, although the area cultivated in the project area has fallen off in
 
recent years 
(especially in the Quallam arrondissement). Production in tons
 
and yields per hectare have varied.
 

Sorghum, unlike millet and niebe, is generally grown in the southern zone
 
of the projeq-E area where rainfall is relatively abundant and around 
mares
 
or irrigated areas. It requires greater rainfall 
and richer soils than millet.
 
During the last seven years the area under cultivation, total production and
 
yields have varied.
 

Rice, manioc and sweet potatoes are also grown in the project area. Produc
tion, surface cultivated and yields have remained constant for rice. 
 Those
 
for manioc and sweet potatoes have fluctuated around a constant level, drop
ping significantly during 
the worst years of the drought. In addition, small
 
quantities of Bambara groundnuts, vegetables, melons and fruit are grown in
 
the project area. 

Cultivation of these basic grains is greater in the southern part of the project
 
area than in the northern zone. 
 The northern limit of cultivation varies
 
according to the annual rainfall and its distribution. As a rule, dry land
 
farming is not possible in areas with less than 350 mm 
of rainfall per year. The 
350 Iso hyete fluctuates substantially on a north-south axis, varying as 
much as 100 kilometers each year to year. If the rainfall totals for the last 
fifteen years are averaged, it is found that the 350 isohyete lies just south 
of Mangaize and Abala. 

While farming is practiced more heavily in the southern zone than in the 
northern zone, livestock production is more heavily practiced in the rrLorthern 
zone. There the sandy and less fertile soils are best adapted for the grazing
of cattle, camels, sheep and goats. The legal dividing line between farm
land and pasture, as decreed by the government of Niger before the drought
is the 350 mm isohyete. During the growing season, herders are supposed 
to move north of the 350 i.e.,mm isohyete, out of the cultivatable areas. 
Of course once the harvest has been completed, nomads, particularly the 
Peuls, are allowed to migrate south so that their cattle can graze on the
fodder remaining in the fields, in turn fertilizing them with manure. 
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Mangaime andCattle are sold at the principal beef markets of Baleyara, 
the marketAbala and sent south to be consumed. More cattle appear on 

at certain tims 3f the year than others, particularly when taxes fall due 

in the middle of "-,e dry season and at the beginning of the rainy season, 

when herders buy provisions before nigrating in search of pasture and water. 

The total quantity o livestock dropped markedly during the drought years, but 

herds are presently being slowly reconstituted. 

2. Supplemental Income Generating Activities. 

number of ways. In the handi-Supplemental family income is generated in a 
as some nomads and farmers, produce leathercrafts, local artisans, as well 


goods, silverwork, cloth, pots, clothes, blanke.s, skins, mats, baskets,
 

hats and ropes. Making mud bricks, millet stalk fences and straw huts and
 

Women can draw and carry water, sell
roofs can also generate income. 
spices grown in small plots, and prepare food for othervegetables and 


Nomads sell milk to obtain cash and their
families in order to earn money. 

belongings (clothes, pots, skins) during hard times.
 

Another income generating activity is off-season unskilled labor in Niamey
 

such as Ghana and Ivory Coast. As mentioned early,
or in coastal countries 

young Djerma males migrate south after the harvest, hoping to find
 many 

taken home. Other incomework and accumulate cash which can be sent or 


generating activities include shop ownership, petty commerce and the repair
 

radios and watches. There are also
of vehicles, bicycles, motor scooters, 


some masons, carpenters, blacksmiths, traditional wells specialists,
 

Aside from the production of handicrafts,
chauffeurs and merchants. one 
area arecould say thac supplementary generating activities in the project 


limited.
 

3. Forestry. 

Economy. directsEaux et Forets, the forestry division of the Ministry of Rural 


forestry projects, particularly the gao reforestation and green-belt
several 
(116 hectares)programs. The gao (Acacia albida) projects are located in Abala 

Banibangou (52 hectares), which are actually north of the project area, and 

in Tabla (150 hectares) and in Kone Kaina (200 hectares), 25 kilometers along 

The former two projects have been completed,the road to Quallam from Niamey. 
whereas Peace Corps volunteers will supervise first year planting in the latter 

(July). The goal of the reforestationtwo once the rains become regular in 1976 

to plant trees in farmers' fields which will serve as windbreaks,
program is 


thus cutting back on soil erosion. Also the leaves of gao drop off during
 

the dry season and enrich the soils. 
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The green-belt projects proposed for 1976 feature the mechanically-aided
establis-ment of 400 hectares of trees around Niamey. This will co.mipletea one kl.Iometer band begun In 1965 with partial USAID funding. The currentproje..-t is being funded by 	FAC, the French Cooperation, for $190,000. Theplanting of green-bblts of 50 hectares around the arrondissement centers

of Filingue and Ouallam is still in the planning stage.
 

4. Private and Public Industries. 

In the project area (outside of Niamey and away from the Niger River) thereare no private industries and little in the way of public industries. SONERAN(li Societe Nigerienne d'Exploitation des Ressources Animales) operates a
cattle ranch of 110, 000 hectares at Ekrafane, which is north of Abala and
near the Malian border. Five mechanically-pcwered small bore wells, 
 reaching depths of 800 meters, provide water for the 10,000 head of cattle.
ranch produces 1500 tons of beef, 
The
 

600 of which is exported. 

5. Commercialization Within the Project Zone. 

No cooperative organizaticms exist in the project zone outside of those in theriver valley. Agricultural oroducts are commercialized through the vehicle
of traditional markets and OPVN 
 (Office des Produits Vivriers du-Niger), astate-run purchaser, stocker and seller of grain. The imrkets in the project
 
area are:
 

Filingue Arrondissement: 	 Filingue, Baleyara, Bonkoukou, Damana, Gao 
Kabe, Sanam, Chimbarkawa, Eza. 

Ouallam Arrondisseni-nt: 	 Ouallam, Mangaize, Guesse, Dabre, Beneberi. 

Niamey Arrondissement: 	 Niamey, Namaro, Boubon, Kolo, Libore,
N'Dounga, Diankindi, Doguel, Aoula Koura, 
Karma, Dantiandou. 

Important cattle markets are located in Niamey, Chimarkawa, Ayerou (westof Mangaize, on the Niger River), Abala, Baleyara, Filingue and Mangaize.In order to reach these markets, cattle have to walk considerable distances.The primary cereals markets are in Niamey, Filingue, Baleyara and Gotheye
(on the western bank of the Niger). 

The following table shows 	the marketing and consumption figures for theDepartment of Niamey from 1969 to 1974. Little, except for rice, has beencommercialized since the 	drought. Even the quantity of rice and percentageof the rice crop marketed have also fallen off since 1972. The last three yearshave been deficit years for grain production in the project area, so virtually
everything produced has been consumed. 
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11. AGRICULTURAL AND LIVESTOCK PRODUCTION IN THE PROJECT ZONE 

A. Small Farm Systems. 

1. Some general observations 

Most of the farmers in the project area cultivate millet, someimes along 
with niebe, on holdings averaging six hectares in area. Village lands 
are divided among the heads of families, although there are some instances 
where land is rented. In the latter case, 10% of the harvest is reserved for 
the landowner. 

Farming in the project area is done exdusively by hand, with the use of 
rudimentary implements. Clearing of fields is accomplished by burning 
off brush and cutting down trees with small hatchets. Planting is performed 
with hoes. Djerma farmers use long-handled hoes, whereas the Hausa 
employ short-handled ones, bending at the waist to dig holes for the seed. 
Holes are generally dug about two steps apart in rows, and a small handful 
of seed is dropped into each hole before covering it over. When the farmers 
weed, they use a long-handled tool with a semi-circular blade called iler. 
It is most effective in loose, sandy soils. When grain is harvested, the 
farmers use one to two foot long knives to cut the millet stalks. Animal 
traction for pulling plows and carts is virtually nonexistent, although donkeys 
and camels are sometimes used to carry the sheaves of millet from the fields 
(or firewood from the bush). 

Millet seeds are stored in above-ground granaries which do not prevent 
rats and field mice from entering. They are planted after the first major 
rain by everyone available, usually sometime in May or early June. The 
entire family assists in the planting. While the men and older boys work 
with tools, the women and children put the seeds in the holes and cover 
them over. The first weeding takes place about 15 days after the planting, 
or before the weeds reach 10 centimeters in height. At this point farmers 
can plant niebe between their rows of millet, for the young millet plants 
have sufficiently matured. A second weeding occurs -bout two weeks after 
the first one. The men and boys harvest the millet, although some of the 

boys may, by that time, be in school and unable to assist, Clearing of the 
fields is also a male activity, although women and children can help by 
carrying away bushes and small trees. 

Almost all of the farmers allow nomads to graze their animals on their fields 
after the harvest. This is a symbiotic relationship in which the nomads are 
able to provide pasture for their animals, while sedentary farmers benefit 
from the manure droppings. Sedentary farmers also graze their animals on 



C/13
 

the millet stubble. This traditional use of manure is not wholly effective, 
for much of its value is lost while lying exposed on the surface. Few 
farmers know how to use it as compost or as a fertilizer which is put under 
the ground during the planting. Moreover, few farmers have access to 
chemical fertilizers or pesticides, both because of their cost and inadequate 
supply and distribution. 

2. Four Typical Small Farm Systems: Microcosmic Studies. 

The typical sedentary farmer in the southern zone of the project area is 
Djerma, and he cultivates about six hectares of millet using traditional 
practices. This means that he does not irrigate, prevent wind and water 
erosion, nor use animal traction. Cultivation and water-drawing are done 
by hand. The millet is cultivated extensively (i.e., the seeds are planted 
far apart) and often intercropped with niebe. Sorghum is also grown for the 
rainfall in the southern-most regions is -ifficient. As a supplemental source 
of income, farmers own a small number of goats and sheep, or perhaps a cow 
or two if they are better-off. Women are permitted to cultivate small plots 
on which they grow piment, gumbo, calabashes and melons. After the harvest, 
many of the able-bodied men migrate to the coast in search of off-season 
employment as laborers on cocoa or coffee plantations or in large cities. 

The sedentary farmers of the Northern zone of the project area, particularly 
the Hausa in the Filingue arrondissement, cultivate millet over larger surfaces 
than farmers of the southern zone. More land is farmed because of the like
lihood that many of the millet plants won't survive the harsher climate of the 
northern zone, which is characterized by inadequate and irregular rainfall, 
sandier soils and greater wind erosion (on account of little vegetation). 
Yields of millet per hectare and total production are less than they are in the 
southern zone. The 1975 millet crop in the northern zone was virtually non
existent, due to the irregular distribution of the rains and the damage wreaked 
by locusts, caterpillars and rodents. In good years, however, the farmers 
produce enough to sell at cereals markets. 

The most progressive farmers in the project area are found in the Dallol Bosso 
or around the small number of permanent mares in other areas. These farmers 
cultivate millet and sorghum more intensively than other farmers in the project 
area and their yields per hectare are greater. The farmers in the Dallol bene
fit from a high water table and some 1500 hectares of permanent mares, which 
allow them to irrigate and cultivate plots of manioc, sweet potatoes and vege
tables. Around their gardens they use live fencing to prevent animals from 
damaging their crops. Also, they sometimes plant fruit trees. In sum, the 
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farmers of the Dallol often practice year-round mixed cultivation, concentrating on their gardens once the millet or sorghum is harvested.
 

A last small farm unit is 
 that of the sedentary or semi-sedentary PeulTuareg, orwho are most often located in and on the fringe of the southernpart of the Dallol Bosso. Since the sedentarization of the nomads is arelatively recent phenomenon, many of the sedentary Peuls and Tuaregsfarm mediocre lands, the best fields already having been takenpreviously by the Hausa or used or Djerma. Hence their total production and yieldsper hectare are inferior to other farmers'
heads of Peul 

. During the rainy season, theand Tuareg families cultivate millet, while sending their sonsor younger brothers northward with the family animals to search for pastureand surface water. Or if the family herd is small, canit find adequate pasture and water in the general area of the farm. After the harvest the herdreturns to the family fields, staying there throughout the dry season andenriching them with manure. During the dry season milk and some cattlesold to the sedentary Djerma and Hausa in order to purchase millet (if it's 
are 

necessary). The men are often paid to care for other farmers' cattle, andthe women earn money by pounding millet for other families.the sedentary Peuls and Tuaregs 
On the whole, 

are far less progressive farmers than theirDierma and Hausa neighbors in the Dallol. In trying to maintain two waysof life simultaneously, those of livestock raising and farming, they do not
devote their best energies to either of them,
 

B. AGGREGATE CROP PRODUCTION
 

The following productivity charts show the total surface 
area given to theproduction of millet, sorghum and niebe and the quantity of each producedin the arrondisssments of Niamey, Ouallam and Filingue.productivity charts one 
From the millet 

can conclude that the surface area cultivated inmillet and the total production have fallen off significantly since 1969, ayear of abundant rainfall. Yields per acre have also decreased.
 

The surface area 
devoted to the cultivation of niebe, a crop of secondaryimportance, has declined. Since 1973 the total production of niebe hasremained constant. Hence, yields per hectare have risen slightly, despitea significant drop between 1972 and 1973. 

For sorghum, a minor crop in the area, the surface area cultivated has remained constant, although there was virtually no crop in 1973, the worstyear of the drought. Total production decreased drastically during thedrought. The quantity produced in 1973 was one tenth the quantity producedin 1971. Ever since this nadir production has increased steadily. Yields 
have been variable. 
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Other crops produced in the project area include rice, manioc and sweet 
potatoes. The surface area under rice cultivation has remained more or less 
constant, as have production levels and yields. The drought led to a decreased 
cultivation of manioc and sweet potatoEs, as well as decreased total produc
tion and yields, but these have returnea to pre-drought levels in the last two 
years.
 

C. LIVESTOCK 	 PRODUCTION 

1. Animals within the Project Zone and their Commercialization. 

Tables 1 aiid 2 	 show the total numbers of each type of livestock in the arron
dissements of Niamey, Ouallam and Filingue. The figures in Table 1 are taken 
from a 1974-75 census conducted by the Department of Niamey. The figures 

are quite low, for the census was taken at the end of the drought, at which 
point herds were at their lowest levels in years. In addition, rural inhabitants, 

particularly the nomads were reluctant to state the actual strength of their 
herds, for before the drought they were taxed on the basis of the number of head. 
In recognition of these two factors, the Livestock Service (Service de l'Elevage) 
at the Departmental level estimated the numbers of animals in each arrondisse
ment. Hence their estimates are substantially greater than those figures ob
tained by census, especially for the arrondissement of Filingue, which has a 
large nomad populatio i dispersed within a vast land area. 

TABLE I 	 Livestock Total for the Arrondissements of Niamey, Ouallam and 
Filingue. Source: Department of Niamey census 1974-75. 

Arrond. Cattle Sheep Goats Camels Horses Donkeys 

Niamey 35,134 1.,733 17,601 618 1722 1477 
Ouallam 27,166 12,814 50,762 4474 2718 3195 
Filingue 28,70 10,968 23,812 5651 2853 3219 

Total 91,006 35,515 92,175 10,743 7293 7891 

TABLE 2 	 Livestock Totals for the Arrondissements of Niamey, Ouallam and 
Filingue. Source: Livestock Service, Dept of Niamey Estimates, 
1975.
 

Niamey 60,000 20,000 30,000 1500 2500 2200 
Ouallam 50,000 15,000 60,000 5000 4000 3000 
Filingue 117,000 48,000 38,000 10000 7000 9000 

Totals 227,000 83,000 128,000 16,000 13,500 14,200 
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Table 3 shows the total number of each type of livestock offered for sale 
at the major livestock markets in each arrondissement in 1975. This infor
mation was obtained by 6 livestock agents who regularly visited approxima
tely 457 of the beef markets in the three arrondissements. The totals are
 
greater than the livestock service's because
estimates, a good percentage

of the animals were counted more than once. Livestock raisers may have
 
brought their animals to several different markets in order to obtain the best
 
price possible for them.
 

TABLI: 3 Marketing of Livestock 
Livestock Totals for the Arrondissements of Niamey, Ouallam 

and Filingue. Source: Livestock Service, Department of Niamey, 
1975. 

Arrond. Cattle Sheep Goats Camels Horses Donkeys 

Niamey 32,710 67,090 61,248 3308 1395 1094 
Ouallam 6,744 20,662 18,936 4766 
 125 572
 
Filingue 24,582 62,061 71,186 15,972 1805 4477 

Totals 64,036 149,813 151,370 24,046 3325 6143 

2. Livestock Ownership and Product ion in the Northern Zone. 

The two principal livestock holding groups are the Peul and the Tuareg. The 
Tuaregs graze their animals primarily in the Northern zone of the project area. 
Their herds consi st of Azawak cattle, which are resistant to the hot climate 
and require little water, camels, sheep and goats. In contrast, the Peuls
 
practice a transhumant migration, i.e., 
 seasonal nomadic movements on a 
north-south axis. Their herds are also mixed, consisting of long-horned
Bororo cattle, sheep and goats. For both ethnic groups herds can range in 
size from ten to 800 animals. Usually there are about twice as many goats 
and sheep as cattle and camels. 

Nomadic Peuls and Tuaregs were formerly reluctant to sell their animals, 
particularly their cattle for the number of animals that a herder possesses
has always been a measure of his wealth. During the drought this reluctance 
to sell proved disastrous. Nomad3 waited too long before selling their cattle, 
at which point the animals were too weak or diseased to be saleable. This 
is not to mention those who died from under-nourishment. However, the 
nomads' reluctance to sell has diminished in recent years, because of the 
herders' need to acquire millet and other staples. In addition to selling their 
animals outright, the nomads sell cow's milk to sedentary farmers, many of 
whom do not own cows. (Rather than consuming cow milk, Peuls drink goat's 
milk). 
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3. Animal Traction and On-Farm Fattening of Beef in the Southern Zone. 

f;edentary farmers generally keep goats and/or sheep and occasionally cows.
They usually have about five or six of each of the former, which are herded
by younger members of the family. When farmers need money, they can selltheir animals. Cattle are regarded as a very sound investment by farmers,

for they can always resell them for substantial sums of money.
 

Animal traction, whether for drawing plows, carts or water is virtually un
known among farmers. The Djerma have little knowledge about how to train

and use animals. Moreover, L: trained cow 
capable of working with a plow or 
a cart costs between $170 and $210, a high sum for peasants in an areawhere annual pe: capita income is about $50. Plows and carts are also expen
sive and could only be bought on medium-term credit. Another obstacle to
animal traction is that sedentary farmers in the project area do not clear theirfields before planting in such a way which permits the use of a plow. Stumps
and roots of small trees and bushes must be removed before a field can beplowed, and farmers here cut away surface growth at the beginning of each 
year in preparation for planting. At this time the peasants lack the knowledge 
and the tools to do this. 

D. CONSERVATION MEASURES 

Both zones in the project area are plagued by extensive soil and water erosion. 
Unchecked winds and heavy rains carry off tons of topsoil annually. The
problems of introducing conservation measures are imposing. The Nigeriens
have little or no experience with conservation. They have been exposed,
however, to measures for combatting wind erosion through windbreaks andwater erosion through the construction of terraces on inclines. Reforestation 
proiects in Abala and Banibangou have been plagued by inadequate rainfall
and indifference on the part of villagers who have shown little interest inkeeping animals out of the plantations. The rural population has never thought
in terms of 10 to 20 years trajectories, the period necessary for the maturation 
of a gao tree. 

E. PRIMARY AGRICULTURAL PROCESSING 

The conversion of millet grain into flour is done entirely by hand by women.
First, the millet heads are thrashed in order to obtain the grain, which must
also be separated from the chaff. Then the grain is placed in a wooden 
mortar and pounded by women using shafts and then cooked into an edible
mush. Other food-stuffs are either directly prepared or pounded before
eating. Much of the rice grown along the river is processed at a plant in 
Tillabery, which is outside the proiect zone. 
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Potentials for introducing new technologies of agricultural processing are 
limited, as the rural population is accustomed to dietary habits which have 
not changed for centuries and which require little or no processing. Millet 
is increasingly processed in 21/2 horsepower mills in the larger towns, 
however. The use of these mills will continue to spread, although their cost 
is prohibitive for most Nigeriens. Women who have their millet processed 
by a small mill will have more time which they can devote to income-raising 
schemes, such as cultivation of small plots. 

11l. INFRASTRUCTURE AND SERVICES 

A. RURAL ROADS NETWORK 

The major routes in the project area are the bituminous national road linking 

Niamey and Tillhbery and Dosso and the laterite roads running from Niamey 
to the arrondissement centers, Ouallam and Filingue. The latter two are 
practicable during the entire year, as they are regularly maintained by the 
Department of Public Works wit'l funds coming from the national level. 

There are several secondary routes in the project area. 

1. Ouallam to Mangaize, partially improved from Ouallam to TondikiAndi 
-	 neither maintained nor practicable during 

the rainy szason. 
2. N'Dounga to Dantiandou -	 well-defined tho-igh unmaintained track. 
3. 	 Ouallam to Tillabery - partially improved, though impracticable 

from during the rainy season. 
4. 	 Filingue to Abala - unmaintained, virtually impassable during 

the rainy season. 

Tertiary routes running from Ouallam to Filingue, Filingue to Rwafi, Toukounous 
to Sanam, Tondikiwindi to Bani Bangou and Tagasaba to Bani Bangou are 
little more than tracks in the sand, barely passable under the best of 
conditions. 

The rural roads network is an obstacle to development of the project area. 

Aside from the major roads, little money is spent to maintah rural roads, 
for funds must come from the arrondissement as opposed to the national level. 
The Minister of Transport has estimated that 50% of the villages of 2000 
people or less in Niger have no roads connecting them to the exterior. And 
if roads do link villags to larger towns they are seldom maintained. 

Even more striking is the fact that the two northern towns of Mangaize and 
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Abala, which are the sites of principal cattle markets, are not well linked 

to potential southern markets. The improvement of the roads connecting 

Ouallam to Mangaize and Filingue to Abala should be a high priority. In 

addition, an all-weather road linking Ouallam and Tillabery needs to be, 

constructed, for rice and fish from the Tillabery area could be traded for 

cattle from the Ouallam arrondissement. The present road has been improved 

but it still remains unpracticable during the rainy season. 

Road construction in Niger is done by private French (SATOM, SFEDTP) and 

C-,nadian firms. The potential for enlisting local labor in construction pro

jects is not great, not because the villagers aren't willing to help, but 
because road construction is capital intensive in the Sahel. Given the 

sandy soils, low areas washed out by rainfall, runoff, and general difficulties 

of road construction in the project area, capital intensive methods involving 

the use of dump trucks, graders and rollers are far more effective than a crew 

of peasants hauling in laterite and tamping down the surface with hand tools. 

B. VILLAGE WATER SUPPLY 

OFEDES (Office des Eaux de Sous-Sol or the Agency of Underground Water 

Sources) has installed cement wells in each of the arrondissements according 
to this breakdown: Filingue, 265; Ouallam, 163; and Niamey, 147. Two

thirds of these (about 400) are probably in the project area. In addition, 

there are eleven small-bore wells in the project area, which are mechanically 

pumped units ranging in depth from 150 to 800 meters. 

As there are approximately 700 villages in the project area, it is possible 
that as many as 250-300 villages are not served by cement wells. There 

are other areas where land is cultivatable and villages could be established, 

but lack of accessible water keeps these areas uninhabited. 

One of the organizations funding OFEDES well construction is the World Food 

Program for Niger, which provides food for village laborers in a 217 well 

construction project for all of Niger. OFEDES projects are also financed by 
UNICEF and UNDP (United Nations Development Program) which have donated 
funds for the construction of 67 wells in the Filingue and Ouallam arrondisse
ments. FED funded the construction of 20 wells in Ouallam in 1975 as part 

of a long-term 350 wells construction program for all c Niger. In 1975 USAID 
financed the construction of 12 wells along cattle tracks leading to southern 

markets. Finally CWS (Church World Services) has begun a two year program 

(1975-7) to install 40 ABI hand pumps in cement wells. 

Among well-digging outfits in West Africa, OFEDES has a good reputation, 

despite its high costs of construction (60,000 CFA a meter for cement wells 
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which is reduced by 40% if local labor is u.,ed). With the aid of interna
tional donors, it appears as if OFEDES can construct enough wells to meet 
the increased demand for clean, year-round water supplies. Uncontaminated 
wells are, of course, essential for the improvement of health conditions. 
And keeping the wells uncontaminated requires regular maintenance. OFEDES 
periodically cleans out wells at the expense of the arrondissement which, 
for lack of funds, does not always maintain wells as frequently as should 
be done.
 

An increased water supply can also aid herders and farmers who want to raise 
more animals for traction and for the market. It appears that dry land irri
gation outside of the Dallol Bosso (where wells range from two to 
10 meters in depth), is unfeasible, for the water must come from depths of 
20 to 75 meters. 

C. HEALTH FACILITIES 

In the city of Niamey there is one hospital, five dispensaries, one maternity 
ward and four PMI centers (Maternal and Infant Protection). Outside of 
Niamey there are two medical centers~in Ouallam and Filingue,which provide 
maternal and child care, tuberculosis treatment, and basic dispensary ser
vices. Fourteen rural dispensaries are located in the project area according 
to this breakdown by arrondissement: two in Ouallam, six in Filingue and 
six in Niamey. 

In addition to medical centers and dispensaries, there are two mobile units 
in the bush which give vaccinations against smallpox and measles, treat 
cases of syphilis and leprosy, and intervene in epidemic areas when neces
sary. These two units serve the entire Niamey Department, which includes 
three arrondissements outside the project area. They are able to cover one 
arrondissement per year. Matrones (midwives who are not qualified to 
diagnose) and secouristes (first-aid personnel) are also sent out to villages 
after receiving two weeks of training in Niamey. They are able to give 
advice to women (generally after the women have delivered), dress wounds, 
send people to dispensaries when their wounds become infected, treat 
malaria and diarrhea, and instruct villagers in basic hygiene, water treatment 
and sanitation. 

In Niamey there are training facilities for training doctors (University of 
Niamey), qualified nurses (ENSP, the National School of Public Health), 
midwives and social workers (aides sociales). In addition, there is a two
year program for forming certified nurses in Zinder. Seven years are required 
to train doctors, three for midwives and qualified nurses, and two for aides 
sociales, who spend one year at ENSP and another under the guidance of 
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Animation. Generally, qualified nurses, midwives and aides sociales are 
sent to medical centers, whereas certified nurses are usually in charge of 
dispensaries. 

As to be expected, health coverage in the project area is inadequate. There 
is a lack of medicine, facilities and qualified personnel. In the project area 
outside of Niamey, there are only two qualified nurses and nineteen certified 
nurses, while five midwives, two aides sociales, 450 secouristes and 200 
matrones serve the entire Department. Despite the increasing number of 
health personnel in the field, there are only two doctors capable of diagnosing 
all types of illnesses presently serving rural areas for the entire Departmmnt. 

The thrust of health programs in the Department is to counter basic problems 
in hygiene and nutrition and diseases of high incidence, particularly malaria 
and diarrhea. There is a flavopuinization program for the prevention and 
suppression of malaria among children from 0 to 6 years of age. The health 
personnel In the area are qualified to deal with these common health problems. 
Treatment of tuberculosis, meningitis, leprosy and veneral disease is not 
adequate though. 

Exact statistics for health coverage, i.e., the number of people who are 
annually treated at health centers and dispensaries or by matrones and 
secouristes in the villages, are not available. For infants from 0 to 3 years 
of age, it is known that 47 children per 1000 in the Niamey Department 
receive treatment against malaria, diarrhea and malnutrition. Given this 
inadequate coverage, over 30% of the children between 0 and 5 are malnourished, 
and many are close to being malnourished. 

D. EDUCATIONAL FACILITIES 

In the project area outside of the city of Niamey there are only two secondary 
schools (of the first cycle) one in Ouallam and the other in Filingue. The 
following table shows the numbers of primary schools, students, classes 
and teachers, and classrooms according to their type of construction, in the 
Filingue arrondissement and that part of the Niamey arrondissement in the 
project area. 

TABLF I Primary School Statistics 

Arrond. Schools Students Teachers Mud Mixed mud- Cement 
& classes brick brick/cement 

Niamey 31 2707 F8 37 4 31 
Filingue 41 5043 124 55 32 37 
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Source: Primary School Inspection, Department ofNiamey 1975-6 School Year. Figures were not available
for the Ouallam arrondissement. 

In addition to these formal schools, there are numerous Koranic schools inrural villages which offer religious instruction in Arabic. 
The rural areas have inadequate educational coverage. The percentage ofschool age children who are actually in school (the scolarization rate) isonly 13% for all of Niger, 21% for the Niamey arrondissement and 16% fortile Filingue arrondissement. There are not nearly enough teachers, facilities and funds to expand the educational system in the project area.cruitment Reof primary school teachers is low, for teaching at this level isconsidered an unattractive career. Basic conveniences and electricity arenot available in villages with primary schools,
isolated. and many of the posts are
In addition, nearly 40% of the teachers have had no specialtraining for primary school teaching, or have not completed secondary school
studies. 

In order to meet the demands of primary education and to solve the problem
of a lack of qualified teachers, the government of Niger, 
 in cooperation withthe French, has experimented with educational television. Televisions,classrooms and monitors have been placed in 150 villages in the Niamey
Department as 
a substitute for traditional primary schools.indications are that students educated by television are 
Preliminary 

substantially strongerin oral French than their counterparts educated in a traditional classroomsetting. They have had problems, however,system adjusting to the traditionalonce they have completed the educational television program. Althougheducational television is an exciting and imaginative possibility, certainimperfections have to be worked out, and the cost of financing this system,
without foreign donations, is prohibitive for the Nigerien government.
 
Niger has one of the lowest literacy rates in the world.adults in rural areas For tax-payingin Niger, the literacy rate is an infintesimal 0. 1%.order to alleviate this, Inthe Government of Niger began an Alphabetizationprogram in 1962 in order to instruct adults how to read and write in their locallanguages and how to communicate simply and effectively in oral French.the project area there are 21 literacy centers outside of Niamey: 

In 
9 in Filingue, 4 in Ouallam,and 8 in Niamey. Less than 4% of villages in the project areaare affected. Formerly instructors used to be primary school teachers,their attitude was butfound to be lacking and their attendance irregular. So theywere replaced with local instructors, generally those who formerly attendedprimary school. They are chosen by the students of the center and paid 5000

CFA a month. 
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One problem with the Alphabetization effort is that many adults discontinue 

studies before the end of the program. Thus, actual percentage oftheir 
students that begin studies who become literate is low, generally less than 

15,%. When asked why they drop the program, students usually answer that 

they prefer to learn how to speak, read and write French rather than to read 

and write their local language. They stated that French was the language 

the official language used by administrators andof the "patron", i.e., 


those in positions of power and influence.
 

Televislon alphabetization and presentation of demonstrations concerning 

health, livestock raising, farming, hygiene, etc., have been more success

ful. For a four month period in 1973, adults were taught to read and write 

at five television centers. In addition, educationaltheir local 	languages 

sites are used to present 18 programs concerning new practices
television 

in health, nutrition, farming, sanitation, water supply, reforestation, educa

tion and other pertinent topics concerning the daily life of the people. The 

eighteen different programs are periodically aired in the local languages and 

reported to be enthusiastically received. 

E. RURAL 	ELECTRICITY 

Electricity is unavailable in rural areas, although the town of Filingue has
 

a limited electrification program. Electricity is available until 20001r. in a
 

small number of homes and public buildings (dispensary, secondary school,
 

administrative offices). Parts of Ouallam are electrically wired, but electri

city is rarely available.
 

F. RURAL 	COMMUNICATIONS 

In Niger there is one newspaper ("The Sahel") and one radio station, both
 

directed by the government. The newspaper is widely read in the major
 

towns, but it does not reach the villages, as almost everyone in rural Niger
 

is illiterate. The impact of the radio broadcasts is far greater, however,
 

in a country with a strong oral tradition. One of the first things that a pea

sant buys when cash is available is a radio, so that he can listen to a wide
 

range of broadcasts in one of several local languages.
 

Many of the programs are very appropriate for development. Broadcasts in 

the major local languages include programs on health, nutrition, agriculture, 

livestock raising, animal traction, adult education, reforestation, the role of 

women, the Samaria, the problems of youth, urban problems, etc. Sunday 

afternoons are devoted to theater in which plays dramatizing daily problems, 

roles and practices brought about by developmentalcentering around changes in 

can
process, are broadcast. The Samaria, village-level youth organization, 
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reinforce these themes by acting out plays in the villages. 

The "Voice of the Sahel" broadcasts are one-way presentations of the 
government's goals and ideas in which there is no possibility for a dialogue 
with the niral population. Hence, radio serves as a propaganda tool for 
the government, whose impact can not be underestimated given the wide
spread psychological phenomenon of immediate acceptance by the rural popu
lation of whatever is said over the radio. 

In addition to programs and plays broadcast over the "Voice of the Sahel", 
there are two broadcasts a week (Thursday and Sunday evenings at 8:30) 
presented by Radio Clubs of Niger. These also touch on the problems of 
daily life and development. Government agencies prepare programs in which 
they explain why they want the peasants to adopt new techniques of livestock 
raising, crop production and marketing, exploitation of mares and water 
sources, etc. 

Trained animateurs call together Radio Club audiences for collective listening 
sessions in posts throughout the country, There are five centers (which are 
provided with radios and loudspeakers) in the Niamey Department, two of 
which are in the project area. After listening to a thirty-minute broadcast, 
the animateur directs a discussion for at least an hour in which he follows 
a set format. Different groups in the village (chosen according to age, sex 
or occupational role) are questioned and allowed to express their opinions 
about the ideas presented in the broadcast. Often a representative of the 
governmental service which prepared the broadcast will field questions and 
further explain the new practices and programs presented. At the close of 
these discussions, the animateur,encourages the listeners to make a decision 
ahout whether to adopt the practices discussed and solicit the government's 
aid if necessary. 

Unlike the "Voice of the Sahel" broadcasts, the peasants who attend the 
Radio Club sessions can criticize and discuss the programs and new methods 
of doing things which have been presented. They can offer counter-proposals 
on the basis of their knowledge and experience in the field which must be 
addressed by the involved governmental agencies (particularly by their repre
sentative on the spot) if they hope to insure successful implementation of their 
proposal. Admittedly, the Radio Club broadcasts are propagandistic in that 
the governmental services are trying to encourage the adoption of new prac
tices and behavior, but this element of dialogue between the government and 
the peasant makes Radio Clubs a rich developmental aid, for the feedback 
obtained from the peasants can be used to design programs which are feasible 
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and responsive to the needs of the rural population, thus making acceptance. 
of new practices by the people highly probable. Limited funds and trained 
personnel to old(e listening and discussion sessions pose a problem though. 

IV. SOCIAl, SY'TMS WITHIN PROJECT ZONE 

A. Major Tribal Groups 

rhe major tribal groups within the project area are the Djerma, the Hausa, 
the Peu and the Tuareg. The Djerma occupy the Southern zone as sedentary 
farmers, and they are the most populous group (50%) in the project area. The 
heart of Djerma country Is the Djermaganda, a plateau composed of Continen
tal Terminal in the Ouallam arrondissement. The Hausa (30%) are also seden
tary farmers found in the Eastern region of the project area, particularly in 
and around the Dallol Bosso, extending from Baleyara to the northern edge of 
the project area. Whereas the Djerma are found essentially in the arrondis
sements of Niamey and Ouallam and the southern part of the Filingue arrondis
sement, the Hausa are generally not found outside the Filingue arrondissement. 

The Peul (127,) and the Tuareg (6%) contain both sedentary (or semi-sedentary) 
and nomadic elements. Peuls are scattered throughout the project zone, with 
the sedentary and semi-sedentary ones in the southern part of the Dallol Bosso 
around Baleyara and Bonkoukou and near the river. Nomadic Peuls occupy 
the Northern zone during the rainy season and for some time after (as long as 
there is good pasture and accessible water), but move to the Southern zone 
or out of the project area during the dry season. The Tuaregs are found in the 
extreme north of the project area, towards the Malien border. In contrast, 
their sedentary and semi-sedentary counterparts occupy areas in and just 
outside of the Dallol Bosso, starting south of Bateyara and extending north 
to Filingue. 

B. The Djerma. 

Among the Djerma all the village lands are owned by someone, whether they 
are cultivated or not. All lands have known proprietors, and the amount of 
land that a man possesses is an important criteria of wealth. Lands are 
passed on by inheritance. Often a landowner lets his land out to those out
side the family, who repay him with a part of the harvest. 

In Djerma villages the chief has the final decision-making power. He can 
convoke a council of village elders in order to discuss important matters, 
or he can rely on the advice of a few close associates. Often there is a land 
chief who arbitrates in cases of land disputes among villagers and whose 
agreement is necessary if someone wants to farm unused land. If there isn't 
a land chief in the village, then land tenure decisions are made by the chief. 
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The more progressive farmers in Dierma villages are men who have travelled 
to other areas, particularly to the southernmost parts of Niger and to the 
coastal countries. They have seen other agricultural techniques used 
successfully, and they are potential modernizing leaders in the viflages who 
might serve to dtffise new practices. New practices might also be spread 
by those who have been to school in places other than their native villages, 
where dijiferent methods are practiced. The danger here, however, is that the 
peasants consider students inexperienced and ignorant in their domain of 
farming. Hence, their advice would probably be ignored. 

Work in the village is divided according to age and sex. Beginning at ages 
6 to 8 children help out in the fields by carrying off branches during the 
clearing, placing seeds in holes and covering over the seeds during the 
planting, and caring for the animals owned by the family. Mature youths 
are able to manipulate heavy tools during all phases of cultivation and they 
are also allowed to cultivate small plots of spices, vegetables and peanuts, 
although they don't actually own the plots. They also run small enterprises 
on the side, such as cooking, poultry raising or water carrying. Djerma 
women are able to influence family decisions through discussions, although 
the final decision-making power rests with the family heads. They make the 
important decisions concerning what is to be cultivated when, where and how 
and decisicris involving the ways in which additional family revenue can be 
earner], 

The basic farming unit is the family, which can often include married sons 
of the family head. The sons own their own land, but they must first cultivate 
the family's common fields, i.e., those fields belonging to the family head. 
His power seems to be substantially less than that of a Hausa family head. 
Besides this intra-family cooperation, there are many examples of cooperation 
between families, particularly when a family is short-handed during planting, 
weeding or harvesting and needs additional laborers to complete the work 
rapidly. In addition, there are collective work sessions called Boogu, where 
villagers, particularly members of the Samaria participate. The Samaria are 
organizations of young men and women ranging from ages 12 to 30. 

When a Dierma needs money, he sells one of his goats or sheep or a valued 
possession. If he is unable to or refuses to do this, he can usually get 
money from his extended family. Or he can obtain cash from other villagers 
on the condition that he repays the lender with a little interest or provides 
him with some service such as helping in house construction or field clearing. 
Curiously, the Dierma have no word in their language for interest, which 
would indicate that it is a foreign concept. The charging of interest is prac
ticed among the Hausa. Local level credit associations do not exist-so the 
potential for forming formal credit associations in Djerma villages cannot be 
determined. The Djerma do, however, have a strain of individualism, reflected 
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in their system- of land tenure and family organization, which might impede
cooperation among different families and the formation of cooperatives and 
credit unions. 

A possiile social/cultural constraint to the adoption of new practices by the 
Djerma might he the weight of tradition. The rural populz tion of the 
Dermaganda has a reputation for stubbornness and unreceptivity to innovation. 
Dierma farmers have cultivated millet for centuries using rudimentary methods 
which hav kept them slightly above subsistence. Practices are deeply in
grained, and it will take in-the-field demonstrations of the superiority of new 
practices to persLjade traditional farmers to change their methods. Unable 
to (jamble as they are never assured of living comfortably above subsistence,
the Pjerma will have to see evidence of the advantages of new practices
before attempting to use them. Any constraints to poorer segments of Djerma 
communities receiving benefits of new practices, which would probably in
volve additional expenses, would be economic rather than social 
or cultural. 

B. The Hausa 

In contrast to the Djerma whose lands are all parcelled up and accounted for,
the land in 1-ausa areas belongs to those who cultivate it, pending on the 
approval of the village head. Hence, property ownership comes from usage.
There are, of course, inherited lands, but these are cultivated permanently 
or allowed to lie fallow fo short periods. This foreshortening of the fallow 
period stems from landowners' fears of losing their land to opportunistic
neighbors. In areas where fields have not been cleared, farmers must demand 
permission from the village or canton chief in order to extend their area under 
cultivation. 

Decisions in Hausa villages are made by family heads (Maigida). These 
heads manage the Gandu or collective fields and distribute the Gamana, 
fields which are conceded to individuals for personal use. The Maigandu or 
holders of private plots are usually sons or younger brothers of the family
head. They spend four or five days a week working for themselves and the 
other days working in the Gandu. The Maigida are obliged to pay taxes for 
the family, feed the family during the dry season and the growing season, and 
pay social expenses such as marriage. The actual evolution of this system
of joint collective and person! tenure is towards the dissolution of the 
extended patriarchal family into separate households concerned with their 
privately-owned fields. 

Married Hausa women are granted small personal plots which they cultivate 
with their sons. With any money earned from agricultural production, they 
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art, able to buiy animals, stock up on grain and pay expenses for social events. 
They are required to buy cooking utensils, manage their compounds, prepare 
young women for marriage and care for children until they are able to work 
in the Gandu. Young men prefer salaried work in the fidds of wealthier 
neighbors, which pays 200 to 350 CFA a day, to working in the Gandu. If 
they refuse to work in the latter, however, they lose their rights of inheritance 
to it. 

HaIsa villages have arbitrators who intervene in disputes. These men 
(called cadi) are religious leaders trained in Arabic who run the village 
Koranic school, attend marriages, baptisms and prayer sessions, but their 
counsel is respected in other domains. Village or canton chiefs usually 
iuidge land cases. 

As with the Dierma, labor is divided according to age, sex and difficulty 
of the work. Collective work (Gaiya) are also performed by young Hausa, 
especially through the vehicle of the Samaria. These works involve clearing 
and plan cultivating of fields, digging of traditional wells and other projects 
which benefit the entire village. 

There is no system of formalized credit among the Hausa. If they need money, 
they sell animals or tap family resources. If they have to obtain money outside 
the family, they can borrow money at exorbitant rates of interest from local 
usurers. Collective pooling of money, particularly among women and young 
men, enables each member of a group to buy expensive items in a rotational 

manner. This tradition of pooling resources bodes well for the formation 
of credit-granting organizations which might enable farmers to buy costly 
materials such as plows or carts. 

[-lausa farmers generally appear to be more progressive than Djerma farmers. 
They have adopted the cultivation of cash crops such as peanuts and cotton 
in other areas of the country; they are also receptive to new practices introduced 
by agricultural extensionists and animation. As vA th the Djerma, carefully 
planned and tactfully-presented demonstrations of new practices, along with 
proof of their effectiveness, will be necessary to persuade farmers to change 
their ways. 

Despite the existence of financial pools, a social/cultural constraint to the 
formation of credit associations might be the entreprene~udl verve 
of the Hausa, accentuated by successive lean years. Recent poor harvest 
and diminished family income may have made farmers reluctant to grant credit 
to others on reasonable terms, for there are high risks of lending in such an 
uncertain environment where a substantial return on an investment is not 
always possible. 
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D. The POul 

The PeIll in the project area are of two types: nomadic and sedentary or 
semi-sedenlary. The nomadic Peuls specialize in herding, whereas the 
sedentary onoes farm and raise animals. The nomadic Peuls make transhuniant 
migrations, moving northward after the rains have begun and as surface 
water and pasture become available (in July) and returning southward once 
mares and pastire, have dried up (anytime from late October through early 
januaryl 

The nomads are grouped into administrative units which contain from ten 
to fifty family camps. Half of these camps are composed exclusively of 
the nuclear family, including the family head, his wives and their children. 
Another type of family camp is the extended household, which includes 
all of the elements of the nuclear family plus the wives and children of the 
he(,ad's sons. A third form of family organization is the extended family unit, 
which includes all of the former plus married brothers and half brothers of 
the family head. The head of the family is entrusted with the direction of 
the family herd, including thcse animals which are not his own (his wife's 
or his married dauqhters'). The larger nomadization units are conducted 
by 'arDo , the heads of primary lineages. 

At the beginning of the rainy season, the heads of family camps meet 
formally with the 'arDo and decide on their itineraries. At these meetings 
a form of collective decision-making takes place. The participants render 
traditional j,,stice and discuss what routes they will take on their northward 
trek and where they meet for the annual worso, which is several days of 
c(:Abrating marriages and the naming of children. The nomadization unit is 
broken down into small groups of family camps which take different routes 
north in order to utilize most effectively scarce water sources and pasture. 
About midway through the rainy season, the nomads regroup for the worso. 
Then they return south along northern valleys to their habitual dry season 
water points. 

During the dry season, the nomads circulate amongst four to ten water points, 
which are either wells or water sumps. In addition, most Djerma and Hausa 
farmers permit nomads to graze their animals on farm lands after the harvest. 
In this way the nomds' animals fertilize the farmers' fields with manure. 
Also during the dry season the nomadic Peuls frequent markets, especially 
those at Baleyara and Bonkoukou. They come more in order to meet friends 
and relatives than for commercial reasons. The nomads are forced to sell 
cattle in the middle of the dry season, when taxes are due, or before heading 
north (in June or July) so they can buy clothes, salt and millet. From the 
standpoint of rational commercialization, this practice is unsound, for the 
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too large a supply of them oncattle are often thin and weak and there is 

t':e market at one time. Hence, the prices at which they sell are low. 

Cattle are qenerally sold at the principal beef markets of Abala and Baleya-a 

o.- at lilincue aild southern markets such as Dogondoutchi and Gaya. Finally, 

thc: nomads receive millet during the dry season in exchange for milk or beef 

or as remuneration for fertilizing fields. 

significant changes of lifeedentarization of the Peuls has effectuated 


style. Ileads of families, along with their wives and young children, do
 
the southern
not make the traditional transhumance. They stay on fields in 

zone of the project area in order to cultivate, while the head's older sons 

or younger brother migrate north with the family herd. This herd is substan

tially smaller than those of r.xclusively nomadic Peuls. After the harvest 

the young men return south to allow the animals to graze on and provide 

for the family's fields. Some sedentary Peuls graze smaller herdsmanure 

young males of the family lead the cattle around constantly in
by having 


of the family's fields, carefully avoiding cultivated land.
the area 

or Hausa farmers in that they live in theSedentary Peuls differ from Djerma 


fiel.ds with their animals during the dry season. Peul villages are spread
 

over a larger area than those of the Djerma or Hausa. From time to time
 

a better water supply
the villagers move in search of more fertile fields, 


and greener pastures. Sedentary Peuls can acquire additional income by
 

for the cattle of Djerma or Hausa farmers or by selling animals.caring 

in transmitting new practices to the Peuls is their recalcitranceA problem 

to accept anything new. An increasing number of Peuls have become sedentary 
drought,or semi-sedentary on account of tragic losses of cattle during the 


them in order to impart new
and it will be necessary to at least localize 


trend from nomadization to increasing sedentarization will
techniques. The 

which might prolong the period
cause considerable dislocation and stress, 

many Peuls may not be receptiveof adaptation. During this stressful period, 

the rural population.
to government efforts to reach 

The nomadic habits of the Peul frequently lead to accilents occuring in the
 

and Hausa farmers. For example, a group of
fields of sedentarized Djerma 

Paul families may begin its northern transhumance a bit late and their cattle 

might destroy recently planted millet as they pass through farmers' fields. 

Or in years when northern water sources have dried up or pastures have been 

exhausted early, Peul cattle have damaged unharvested crops on their return 

south. Even when reparations are paid to the injured parties, which is not
 

always the case, relations between the nomads and the sedertary population
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are strained. Nomadic Peuls who are theforced to sedentarize inLluture maynot be well-received by neighboring Djerma or Hausa farmers. 

Sin(.o many of lir sedentary Penils have only recently become sedentarizedthey are less proqressivc in their agricultural practices than the Dierma or[lausa. In the event that agricultural extension agents are sent to regionsheavily populated by sedentary Peuls, 
or 

they had better be Peul, for a Djerma1lausa agent might aggravate relations strained by grazing accidents andthe crowding of cultivatable land. Traditionally, Peuls have not receivedvisitincq merchants at their villages or wells, which might be an indicationof their receptivity to the proselytizing of new practices by extensionists 
or livestock aqents. 

E. The Tuarecl 

As with the Peul, the Tuaregs are becoming increasingly sedentarized. Bothgroups suffered tremendous losses during the early 1970s, as their herdswere decimated for lack of pasture and water. Almost all of the sedentarizedTuaregs farm in the Dallol Bosso region, where there have been more and moreproperty conflicts with the overcrowding that has occurred in recent years.Like the sedentary Peuls, sedentary Tuaregs cultivate millet, generally onless fertile lands than the Djerma or Hausa. Unilke the Pe-1l, the Tuaregaugment their income through the sale of handicrafts. They also sell milk
and beef to neighboring farmers. 
 Last, the raising of livestock on or nearthe farm creates a reserve capital whose profits seem greater but less certain
than those of agriculture. 

Most of the sedentary Tuaregs are Bouzous, or lower caste Tuaregs whoserved as slaves for Tuareg nobles. Since the Bouzous have been accustomedto laboring as herders, artisans and farmers for the noble class, they haveadapted more readily to sedentarization. They presently farm, raise camels,transport goods and conduct commerce for the nobles, sell cola, tobacco andhandicrafts, and perform manual labor for others. 

The remaining nomadic Tuaregs roam about the northern zone of the projectarea. They do undertake the north-south transhumance, but it is on a minorscale compared to the seasonal migrations of the Peul. During the dryseason they remain in the northern zone, grazing their animals around severalwells or a particular deep small bore well which serves as a base of operation. During this period pasture becomes very scarce. 

The animals in Tuareg herds are owned individually but managed collectively.Women and children own animals which are acquired as gifts at birth, whilethey are growing up, and at special ceremonies such as marriage. Common 
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herds are formed by the animals of the extended family, which includes the 
family head, his brothers and their wives, and all their sons and their 
spouses. Animals are sold at the principal beef markets cf Abala, Mangaize 
and Baleyara, especially during the dry season. The revenue is used to 
purchase suich Tuareg staples as tea, 'sugar, tobacco, millet and cloth. On 
the whole, the Tuaregs seem less hesitant to sell their animals than the 
Peul. They also have a reputation for being more open and adaptable than 
the Peul. 


