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Annex A

An Acronordc Heport
{or Assisting
in
Development of the
Land and Water ®esources
of the
“iarey Iroductivity Project

by E. Don Hansen
Agronomy-CID
Consultant June 3-July 3, 1975

ntroduction

The wojert's erneral ohjentives are to improve the asricultural
mroinetion, ret femily incomes and auality of the life for the rural
porulation of +the orcject zone, in such a marner that it can become
‘el P-=ustainine, The key to the successful davelopment of the project
15 aq orzanizational structur: whizh will effectively integrate the
activities of the various government agencies. This will assure ac~-
ness to and cocreration from national level ministries, which will
21lo the mojret o respond rarvidly to Jdevelovment needs.

The a-vonamis terhnelogy inuut is but one of several necessary
fr a w1 -Syntionine interrated procran,

Initial corcentration will be vlaced in improving rainy season
‘v Yant evienlture, and the rro’uction of millet, sorghum and niebe,
Ther» vill al=o follow the develorment of the land and water resources
0of the dallel~, bas fondc ard rares,

1¢0 Previous A-ronomic Research

1.1 30ils

Twe s-1l ~tuies at a r-connaissance level have been pre-
vinusly ma“e and are imvnortant for the project area agricultural im-
nrovement:

1, &Ltule Fedolo-ique dans La Vallee Au Dallol Basso, avec
cartos padolonique; echelle: 1:100,000, 1963; SCGETHA
(‘ozi=ia Yenerale des Technirues Hydro-Agricoles, Paris),

£. n.orte Fadelo-ique de iteconnaissance de la Kepublique du
Stz echells 1:5007,0005 19673 CR3UCH (Office de la

anerehe >0l vwtifique €t Technique Cutre-lMer), Paris,
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‘he ¢ rerunnaissance stu’ies have very wood surmary data on the
reneral soils of the arpa covered hy the ‘iamey Productivity Project,
‘owever, soil mans and seils Jdata are net of i nt detatll in
prefile nor laboratcry data Ly he moperly utilized for large scale
Preicet developmnt on a small farm sige basis, or for small Scale
rural dev-lorment m'eject areas.

A review of th- availability of the aerial photos in Niarey at
3ervi~e Teoo raphique et Cadastre indicates that aerial photo contact
mrints and negatives Gem X 9ar, scale 1:60,000 f1oyn in 1975 by a
French aerial nhoktorraphic ¢cmpany are aveilabile . Copies can he
oriercd thranen Instituts Geogravhique du Nieer or enlareerents or
mesaic maps at srales of 1120,000, 45em X L5em or 145,000, 90cm X 90em.

Loin rresmmenied that acrial rhotas » orferad at 1120,000 scale,
T [ AEes ] to ~over the 2xtent of the MNiamevy Profuctivity Project.
ece should be thep used to make a land camability classification
of the vnlan’ areas usin- similar land capability classification
Stanfards pae “vothe T.f, Termartment of Acriculture. Cn the dallol,
has fon' an? river apreas woera irrigatior could be developed, a land
classification shoul? he made using similar land classification standards
for vetontial ipwiganle Yands as utilized hy the 1,3, Bureau of feclama-
“ion. renlarceren’s of tne 11720,000 azerial rhotos to a 1:5,000 scale
~hould me used for land classification of irrieable dcvelopment schemes
‘n the  ailal, bas fonds arsa, This would assist to officiently de-
vilon the ful' potential cafanilities of all arable lands in the oroj=-
ecel area, “Ths=e same maps can he us2¢ for more complete eground water
sn’ surface vatep survays,

iNEAN has done some hasie research on some soils such as texture,
BUEANTAL enn T e moisture at dir~revent PFes, infiltration,

POression o0 et b frert, water holdins caraeity, moisture content
Donnelear Lostniaun ans tame sunsoiline in #ield with heavy equip-
rent, Mz v andeatdan qa currently ercar=s in 3131 phases of agri-

Y

rEtreale e Al T anl g an eTfecti~» rerzareh crganization,
] 02 Jatel‘
2=

R R T o - Y4 cnstractins wells to assist the rural
potation meet bheir nz:ds has heen fostersd hy the Tovernment through
LB, This wrork esntinues to brine better water supplies to village
viome anc cartiznlarly when #08sible to 4drier ureas where needs are

roalent

Tredeabion dawe et M2t tended *e coanter around the River
IR ERERLIL LS I T3l araa where some rice, veretable and fruit produe-
Clen kar Feas ann)one -on2 of this hasr wap o corvercially
Tovrtar Tra ity aed vegeiales for export., BRut “eveloping agricultural
TR pesonves st for tha measant farmer in the interior areas of the
~ontry has been larme]v timited to the areas arornd Agadez by the
mes Shore s v as and bee CAUER well develormant, orojects near Baleyara

Nt at]en Cqeny,
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Fully “ooTarins the -round water and mare areas of the Dallol,
“a* Fonds area: in the ara o7 the Yiamew retuetivity pregject has
boecme e s a prineinal ol jeelhives to assist the rural meople of
tur=a areas to -ore officien*tlvy utilize these water resources, It
s “his tvmm of gatlar develorment that can helop the small farmer
rost, Tetter means must he “eveloped to helr him zet more water,
wors »fficjant] - - “rom this oround water resource. Specifically -
now L ave the water {rom a rood vroducine well to his small par-
~21: eariar, “avier and in larser quantitiss is hizhly important to
improve “is a-riasltural rreination carahilitv,

The *~~anelios available in Nirfer in soils and irrigation appears
‘o torath epo in quantiit and qualiv than the oresently available
b crien ooohiicar 1y trained personnel san utilize in implementing
et davelovment such as in this one. Several are in the U.S.A.
aft imiv rejsies cownlatiae rFraTuate wors and will return within the
next three vears hopefullv to “ring lea“ership in these and related
firlds, nlv cne is rehe?ule” Lo return shortly to assume responsibil-
ity for orera*ion of the new =oils laboratory.

1.3 Climate

The elements of climatic observations of utmost importance
in eraluatine a prosram of drvland asriculture in a Sahel country
sneh as Ciga» ara vpecirination, evano-transpiration, maximun and
minirom termrerstnres, an? wipd divaction and vi-locity, Since most
af the ainfal? comes from hish intensity thunderstorms of great
variai i1ity i Yeeation, nore weather stations are desirable to main-
tain these rranrds for cileulatineg soil-water halance over as many
years as naessible,

T"is can lend assistance “o0 acriculturists in indicatire fa-
Viram and dnbtepyalc Por clantins, srowing and harvestine food
rain erovs such as wmillets, varieties of sorshums and some lepumes

1vapied o sheet o crowine scasons .,

Shosvee iy

Sinae thare 10 ~reac variability in rainfall from north to
“eu o in tne fahellam an’ 3udanian ecological zones there is consid-
erable nred “nr pore weather stations to he estahlished to give more
“nenledes of scasonal ani yearly variations in rainfall, evaro-trans-
iration, tewrersinr~s an? wind direction and velocities for more
s:etions of the rrojsct area, These records, proyerly interpreted
ovar a syreal of vears, can ~ive a trend of expictancy for drier or
wother vears a~? for more -ie-apdahle moisture data for planting the
reineiral foof erain crors, ‘ieasant farmers at present move to plant
vhen theire [lrst rains core, but sometimes this may be too early if
a »:rio’ of droutht fellows before the second rain comes, Longer
rmathar records for more stations will eventnally ~ive more reliable
data for olaniinz and erowin~ of short season fooi grain crops.
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It would he casira™z, “herefors, to make data from more weather

stations
Toralitie
‘reator ¢

availabie throurhout the project area, and narticularly in
S where the soi's and water resources are hetter, and have
amnahility for devalooment. One rood example of this is in

v Dalisl Basca, hide nresent. ycather stations are located at

"ilinoye

and Tabla, there should be one Jocated north of Filingue,

one eltween #ilinwue ard [abla (or at, Baleyara) and one or more
fouth alone th» Da®lol Zacsc., Each weather station should be equipped

a~4 ecara’
t

w07 makins jcaurate daily observations for rainfall, evapo-

ransviration, maximimeminieum *emperatures, and wind direction and

veleeity,

The collection an” processing of metsorolorical data is the

&

Wi imaertaet ster in reovitine a basis for logical water and soil

mang oo

[

Yy martierlarly for a rainfed arriculture,

Croc-

LT reits fessarch on tvees and varieties of fruits that
can 22 suceessf:l1v rowm in Niger and adantable in the proj-
¢t area are bainc efficiently investigates at the IRFA
(des-arch Institute of Trepiecal Fruit and Citrus) station

at Gahouroura., Good varietiss of orafted maneoes, citrus,
anc mava are availahle each year for planting. Cultnral
rraciices and different methods of irrigation are bsing in-
vastigatet, (Rher fraits baing investicated are pineapnvle,
hananas, and passion fruit. It would s=en that grapes should
be introfuced hare also under irrigation for garden produc-
Lion an® verhaps later [or commercial production if proven
sucesssful, This sta“ion is quite capable of supplying
nlantine materials to a project at a reasonable cost per
unit. hesearch on “roits in francephone Africa is quite

1wl tevalomed,

1.t Field Grain Crops and Grain Lecumes

Y

PJP1 (4319t - Selections have been made in Nicer for
devalores varieties whieh resently seem to be adapte? to the
‘roject arra, Ine variety is P Kolo, which is recommended
Tor the couthern nart of the oroject area, and HKP, for the
northern zonal area. -

Oter imrrov © yarietiss can e secured from IC{ISAT
and ‘amarv in Wizeria as they become available through the
Uiesr Zoreals Project at Faraii, once this project is opera-

Pianat,

Ve Sor=him - A variety that has heen selected for
tha sandv cune areas o the west is k5 T'atankari (selection
faroha) and should be used in a rotetion after millet or
rearuts, For valley conditions, which would include the
has fond, dallol drylamds, a variet: called Jan-Jar§ is

BEST AVAILABLE COpY:
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rocommendad, Tt can Tollouw cotton or niebe in rotation
and can even he irrirated for foraese proiuction but needs
at least 5000 cubic meters of water per hectare.

As imrmoved varieties are roleased these can also bhe
sacure® the same as the source for millet described in
1.427 above,

1.123 linbe (corrmeas) - In the drier area of the north-
apn mart of the Niamey Productivity Project area, two varieties
{7 Aav) recommended are TN 36-64 and TN 88-63. Within the
40nN-500 mm fainfall rance TN 469 has been found most reliable.
In the extrere southern part of the project area the 130-150
day wariet, T 7-f3 is recormmended. Imoroved varieties
ahonl? he otained from the Wicer Cereal Proluction project
in laradi onre it is overational, which in turn will introduce
new <ord material from Ahmadu Bello University, Zaria, Nigeria,
TITi at Ihalan, liperia, and Bambey, Senegal. Until the NCPP
hegomas traly Sunzticnal the alove sources for new materials
will b~ hest.

2l Maize - (orn cannot be ar important crop in the

upland areas but could become very important as a food crop
in the small irricate- farm areas of the Dallol Basso, bas
foni areas and similar areas where water could be made avail-
ahle from wells for irripation. Varieties need to be obtained
from IITA a* Itadan, Nigeria or from Samaru, Ahmadu Bello
University in Nigeria, that are resnonsive to irrigation and

izher inouts ~f nitropen an3 vhosphorus, Varieties should
not » hvbrids, h~canse the peasant farrmers of Niger are not
yet reaty o handle hybrid varieties. Susgested variety is
Pj Kolo, Sut others shonld be introduced. A strong maize
résearch mro~ran exists at LITA in Ibadan, It is building a
cara*le sta®f an? is Sevelopirs associations with CIMMYT in
lexis s oap® the International Center of Tropical Agriculture
in Vevien, The«e combined sources of serm vlasm can be tapped
frr new e~ varisties for Niger.

1% Ve Drare

"1 - Pivaon meas (Conco peas, Cajfanus Cajan) are
important, 23 a :ubritions food and as a promising soil building
e, S In"ta 1% haz yielded ar hirh as 5000 kg/ha and in

Puorto Yisa a Fish vield of 7000 ke/ha has been cbtained;

otk natnr irrizarnion, however. ‘These should be introduced
an! ~room o Shtainiane varieties from India from ICRISAT or
from I1TA a* Ibadan '-here a research project has been started.

1,425 - jun-heans, sreen rram ( Phaseolus mung); Winged

hean (Sacrhara tus tetrarononolcbus L. D.C.); and perhaps
gunr momavad cnieiss of the 1ima bean (Fhaseolus lunatus)

BEST AVALABLE COpY
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shonld b2 intro'uce” and tried, lung beans have been used
as a staple foo! cren in India, China and cther countries
of the Far East fer manv years,

Likewrise the yineed hean has baen ~rorm in Asian coun-
triex. Tt rivals soybeans in wrotein and oil content (34%
protein, 175 011). Tts tubers are rrotein enriched also and
can o utilized after two months. Seed material for both
varicties should be available throueh ITTA, Ibadan, Nigeria
or from the Far Zast through a cooperating relationship with
ICRATVAT in Hyderabad, Intia.

‘hers has tacn a research mogram on F. linatus, lima
sean in the Mala-astv Ramoblic and research is also being con-
ducted at IITA, where Planting materials for trial could also
te ohtained,

All these beans would need irrigation for ovtirmum pro-
duetion yields, hut mme beans (Phassolus mone) may give a
1imit23 produetion as a rajinfed crop in the hirher rainfall
area of Wirer--perhars in the southern zone on the better
aualits coils.,

1.3 Veratables

Jom2 varieties of onions, okra, pepiers, sweet potatoss,
ant “omators have bec e fairly well established to sive ac-
centakls vields under growinz conditions in Niger and help
to Tu1f11 in-country Aemards as well as have an excess for
exnor. to adjoinins countries, Hovever, these varieties need
cc be tested more thoroughly apainst other introductions,
which may have rreater yield rotential and greater accepta-
bility, Tomatras a~d onions have brrome rartienlarly impor-
tant ifte=s in the African diet, Yiolds of tomatoes of 50
to~s/ha hav- hien achieved in fireris with selected varieties
rrovm uncer irrigation, Onions are an imnortant oxport crop
'ithin Africa, Severty (70) percent of Nier's annual crop
of 3%,000 tns is excorted southward, Piment (hot pepwers)
are a'most as irrortant as onions and woma toes,

Liher ve-ctables which have been tried near Niamey and

in the carden areas of the Dallol Basso bas fond areas are

attuce, sguash, eperlant, radish, carrots, cabbage, melon
(cartelore), at2rrelon, turnie, bell penpers, garlic, pump=
Kiny e’ heate, beans (snap beans), an” beans (Phaseolus vul-
caris} for “ry hoans., lost of Lhess varieties of vegetables
have *.-en ecomrarativaly reeentlw introtuced by CARE or by
Chvre' “jorld Service croups ant no concrete information of
a7avteaiiity or arcentability has vet heen compiled on per-
formance of these veretable crops. As need arises by increased
demand for any of the vecetables som orgahizational arm of

S . I 1
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the Demrtmonl »f A«riculture shovld institute varietal trials
and introduece other varieties which may have promise, Exist-
ine ~xperimental stations close teo N¥iamev on the river couvld
asily hroatan cheir rescareh o”fort on vecetables, Ferhars
e var cqvely recsrar of TRFA could b hrasfened %0 include

v this triais s peseareh on particulariy those crops
wh.ieh are rresarily important to Nieer: tomatoes, onions,

an' okra, (n tomataes a considerarle amount of research

n
d
of tnlerarle varieties; cultural practices to produce hichest

Aelds, ant vercval f such barriers te production such as
*rarcrortation and rarketine.

{niors al<c ne¢’ more research, varticularly to cdevelop
hi~zher vields, better keeping qualities and better storage
an® roc ssing ‘eehniques.  Other local vsgetables require as
et niore concentrated rasearch effort in selection and to
astablish more ~learlv their notential and greater acceptabil-
ity in the country,

“kile yan‘oe iz essentially a2 veretable crop, most vari-
cties have »-en Tound locally accentable both for gquality and
2lelT ar 0 welinolar researc' has heen sought nor is
wlaret fer fhe "nture, excep* perhars more careful selection
Tov nralit ard iclt charscteristies. lNanioe prodvetion in
Lo fouas a1y about 700 ha each year in the project
ar~n eetten iy 1070 wan nearly 50% greater. Produc-

: S0 4 ke/ha dn (nallar tce 12,000 ke/ha in
lare o aorontloeeent, The great “ifference was due to uneven
ATt e in b yen,

Vinz i oecasifiorer a swecialts erom with hich water re-~
~hoore i onot roecommendas” “or cultivation in the vege-
site caniieer poeng of the Dallol, bhar ford areas, where heavy
nae o7 the yato o resources frev: w7 1s or rares would not be
moanowersas, Uiea culture shovrld h lareely limited to ex-
Shets e apas s alone the Yiger iver, Eowever, small plots
o tee A Panersihle peorly drained arcas of the bas fond
svecs, oy eyt o mares with hi~h wvater tahles or poorly
Jreatastoorrsilants,  IERAS has a resnurel section on rice
vt g elpran s assistine on wvroduniior problems along the
HMvr Limer.
amrenriate ereas of the Viamey froject area.

(il crcps in Nizer include rlaniz such as ~roundnuts
(rearnts in the U.2,) and sesame (benni csed). Any increase
in sro’uction off o0il erovs would b immortant to Niger be-

g
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caute .ractica’l, rost " i regrired “gpn consumption must

“e immorted, The lorvesat rroduction of oi1 sead crops is
moundnuts and oyxer~t fop local consunotien and some extrac-
Fion in three tlants near Mara'i the balanee is exported in
urchelled nuts - eeria vhepe rany laree oil mjlls are lo-
sated, La-t yeer the harvest of erovrdruts was so small that
A1]1 ware rmncesga- W Wirer and nene were shipped to Nigeria,

melaraa gpen rmm in the oroject, area is relatively
TEIT, I 1O7L the apen “rown was 1000 heetares mostly all
Tom in the (uallanm area with a profuction of about 400
k= /ha, Counirywvide rroduction for 1074 vas 129 thousand
tons versus 77 thousand for 1973,

thers are no asrienltural troduction records showing
any smsave croun in the 'roject area in 1973 or 1974, but
this crew coyld beceore more valuable as a cash erop in the
mrei2ct area, Froducticn within Nigeria increased from 77
thousnae tonz 4p 173 1o 122 thousand tons in 1974,

Cn the camiy sc0ils orf the project area erosion hazards
are si.pificant and lahep requirements are larce, Peasant
farscrs with their ‘redorinantly hand labor ecannot soy
arom: mul 5--dg as clore as necessarv fop satisfactory results
with the showmt maazon varieties the: must rlant., Simple
" chanical seaders 1ile those used in Serecal can offer real
ardvanta~as g farmers, If remroductive e“ficieney can he
imorevad ap "icl” losses from diseases and insects reduced,
vers Tikely oresewt vields can be more than doubled,

jcrare mrotuction eayld r-ceive more attention in the
frojeet area, Ui~h Yielding varieties have not yet been
devo]n:vﬂ, ot secame vinids a hieh auality oil and a Frotein
riei, 211 eas apg wonl- make a pood cash crop where farmers
covld Suecessfvily grow and rarket it, ijore locally avail-
able creecessine should be provided before it should becoms a
re-niar erermine rossibilitv in the roject zone.

7N (agnp Constraints to Zr-lamd Crop Proiuction

the wssant rapwarp in Figer lives in a modern era but with the
makd of traditional aariculiure still imnrinted on his behaviour, mch
A% vas rracthior’ sovgnral ¢znturies azo, Few rinor improvements have
hanefited 1ifs for him and nie family in his asricultural pursuits
an' nis dail living,

2.1 VFoisture Limitatinns

2.11 Unland areas In the drier urland areas and on less
favera-is- coils, the veasant farmer has heen limited in hig
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food mrocuction efforts orineinalllr by scantv poorly distributed
rasinfall. It has ~iven him short uncertain ceriods of rainfall
Aurine which ha has heop akla to =row »illet, sorghum, and cow-
o with hich rist of railure durine recent years when often
woeurrine drou thts cans~d com.lete or martial crop failure,
Tyg 1imits the mretuetion capahilities to short scason adapt-
ahle varietics of thes: eroms or others that can he introduced
with an exrectation that ore year out of five--there mav be a
conrlete eren Tailure due to Arou~ht, Longer and more complete
-mather data as it becores available can assist him by super-
vise¢ -nidanee into accerting shorter season, higher producing
varinties and riore sccure vlanting dates as better summarized
weatner “ata beccres available.

2,12 Dallel, Bas-fond areas These rervrcsent the greatest

ootential ror water utilization of =est of the interior areas
nort™ of the viver vallev area of the Niger River. The avail-
able -roundwater of these areas has not been fully exploited.

Wells have beer constrmcted in greater numbers and many
are better constructed oy eementineg, but at high cost. Here-
tnfore +ells in there areas have contributed little toward
arrieuliure ~xser:t ©o orovi'e the weasant's family and his
animals with necessarv water. Well water, relatively easily
availa*le and of ~ood guality, has been utilized to onlv a
1imits © nuwtent for irrication of small carden areas ac jacent
to the . [Few re*rds have been adequately developed for
movine ‘he water from the wells to the lund *o enable the small
farner to rore ~7ficiently apply the water to his crows, The
daloo, shadeaf ari inefficisnt methoos of dipping and pouring
have mo‘e his orooress slow here in imnroving his small scale
aerisulture oy irrigation., “Thereas in the Agadez area or near
Lake Chad or in other developinc countries improved animal trac-
bion retheds or shadouf have heen successfully used in raising
vater frem shallor wells or bolies of water in relatively large
amounts cor in murping. These methods have found little accept~
ahility in the project area, There has bwen reluctance to use
aniwat ipas!ion "or such work excert princimally in the Agadez
arna, -tere 14 hes een highly develoved by the Tuarecs., It
is a m-thod thnt shonld also be vtilized in this area., How
can it be fully accevted as a methodl--we rust answer.

2,2 Limitsticns in Yand Tools

“iz continues use of sirvle hand tools without benefit from
arimal tractien ir his cultivation techniques keeps most of the peasants
in the frame of mareinal trafitional a-riculture.

(na item of »and tools that has baen made available to him that is

A definite imrrovement to him is the Niper indigenous lonp handled
weadine hoe, The oririn an? development of its mresent form would
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make a most intarastine azcount., The lncal names associated with and
Identifying it are as follows:

The relatively thin bla'e mate by loeal blacksmiths out of
temmared scraviron is called ins
Djerma - koumbou or ankana
Hausa - hauwiya or koukou
The handle is called in:
Njerra - Koumboubon*
Hausa - Kunghauwriya*
*Moanine head or handle {or.,

His other rrineiml kand tools are his nlantine hoe on a crooked
stick, occasional use of a short hardled "daba" hoe for dieggine, a ma-
cheta, his loe:11lv made cnorring axe for cuttine firewood, and his lo-
¢allv ma'e sickle for harvesting his grain., More and better and im-
orovad hand %cols need to he developed that will find as ready accepta-
~ility as the "koumbou',

<3 Animal Traction

Animal traction has rot become as hirhly developed nor as
fiasirable to use as it has been in some of the a’ joining African coun-
tries. Tn the Niarmev Productivity Project area animal traction has
hal very little use and acce vtability, Those farming in this area
shonld be tau~ht to utjlize mthods or accentable methods that could
o atarted Trewm the Arader Tuaress use of animal traction by use of
carels cr oxen in “aisine water from wells; or from the Maradi area
urer: Lhe farr center of 1o, Cckers has “evelored animal traction meth-
o'~ for cultivatian dor'nys and oxen as well as develoving their use
‘or raisine wrtor fromogpeTls for local irrigtion for vegetables and
cthor erors, in .ortherr Nieceria mary of the farrers also make use of
1l frainat focrs of oxen for eron cnltivation and other purposes,
These methods and techniques need to be further investicated for im-
vlerentation in the mroject area,

2.4 Cultivation Techniques

Since animal traction is so rarely used in the mroject area
the reasant farrer's cror production practices are mainly accomplished
vith his hand tools for cultivation, nlanting and harvesting, This
limits the amount of land which he can farm by hand methods,

2.1 ilanting i has also given rise to certain vlanting
techninues which limit his vield cavabilities. The traditional
metheds of wantins his millet, sorghum and niebe is a restraint
a=zainc! hirsh2: virlds, The hill method mrovides for competi-
tive mdterz of vlants in each hill, which in turn causes com=-
retition for ‘the limited moisture and limited available nutrients,
There i3 aleo the =sarious possitility that the mractice of inter-
planting with cowneas does not stimdate yield as mch as rota-

BEST AVAILABLE COPY, ’
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tion would with alternate selid plantines of lepumes and millet
in sevarate [ieldn., Theras are advocates both for and apainst
the two plantinT techrolopios, but only usine well desipned
Plot. experiments for several vears to include them all, could
this questior be answered ef{fectively,

2,12 Fertilizer utz Although it is “emonstratably known that
fertilizer usc dce= increase vields, it has now become a con-
strain’ becawvse of bish cost per unit of all major fertilizer
elerens, The imorovement of soil fertility need not be de-
ren'ent entirely uoon commercial nitroeer fertilizers since
lerurcs may b grown to supnlv these nutrients--supplying up
to 200 k~/ha of nitroren., At least it can be partially sup-
plied :rithont purchase of high cost commercial fertilizers to
the hest a“vantaze when it is necessary to import and utilize
this hirh cest import. Experirents should be desigmed~-wherein
limited use of fertilirers is used to obtain increased yvields,
Rotation exveriments which include greater use of green manure
crons an? use of more animal manure and other available organic
raterial should b: introluced by INRAY for backstoppine the
project rrocram,

?.5 Lack of Credit Facilities

This has heep an imvortant constraint in nost developing
covntries and nneds %o ne huilt into any develoument program which
involves the small farrer. The neasant farmer has little or no credit
facilities availele bfo hir unless he is a member of an organized
local coorrative orranization. In most villarzes these facilities
are not vet oreanized in *the vroject area,

7. Lack o" Lffrctive Extension Activity

Thz 1lacic of rotivation to change rethods, practices and tech~
nigues Tor th~ tetter by the farmer jimself may b from either socio-
aeoncmic reascrs or hacause of nol having been riven sufficiently sound
technical reasens foi the change, Txtension versonnel, often called
nonitors or b;r a~v other name, have a responsibhility to take practical
research re olts to the farrer for his irplementation. Sufficient
rrovision must he wace for this tyre of activits and the training of a
safficicnt nurber of personnel. ow=ver, if there are social or socio-
~con~ic restraints, these must be fully understood, before extension
=fforts ecan e rromerly imvlerented to hurdle these roadblocks to prog-
rass,

3,0 Basic Arrcnomic ltesearch Needed

3.1 Soil an'® Land Classification and VWater Zurveys

HERT AVAN AR E COP‘?
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In th~ mroj:~t araa, these survavs as outlined in 1,1 and 1.2

ahovae are nncessarv c morc afficisntlv utilize the land and water

res oomeas 'n Lthe unlaad an ktas Tonrl, dallol areas away from the Niger
River vallev arna. These can prrovide the basic information for lmple-
et ine improvod ceil ane water managemdnt mractices, to conserve soils
an' vater and prevant the bich rate o7 erotibility, waste of fertility,
ant ine “ficient use of availahle rainfall, ground water and surface
water,

Improv=" <m1]l viitiza‘ien and asronomic improvements are outlined
in thi, asromomic rerort and corbine” in detail in the corresvonding
rorort of “he irrieation ¢ ecialist of CID (Consortium for International
ivelen’ ), these contain coordinated initial recormendations for
aepa adeovetelr levelopin the land and water resources throuchout the

rojeet cres,  Iritial wrornosals for irrigation from the wells in the
1ol gasse ant has fond area near Cuallam, of fruits, vemtables and
corp erons are set Porth in detail, The reader is referred to the
‘etails of this veuvort in vhich this agronomist has collaborated.

3,2 Apro-velcorolocical

Zzynral more motasrlocical stations should be established to
assist in —eoritorine the monthlv-wzekly-daily climatic variations.so
impertant te aeriesl rre: neecinitation; evapotranspiration, maximum-
srpdmur terospratures, wint dircetion and intensity. Water balance be-
Leem nreeinitation aw?! ovavotrans »iration can then be caleulated for
the oobirum rais>=1 eraoniir- rerio’,

{'1 C.i,.‘,:‘__l

-rinnimal pasearan - 0forie should be concentrated on:

- Bvaluatine Aifferent nlantine dates for short medium and longer

cpeerin erteda e correlate with ineifence of early rains and seasonal
varizhility of rainfa®l in variovs <sectors of the vroject area.

— Chag nr and wore 27ficisnt retnods of inseet and rodent control.

- Evatuasnr ros an’ <elit olantines of mill:t, sorchum and niebe,

with i avent reedine pratie and row spacine versus traditional rmethods,

- ore "iold trials o~ ‘nsect and disease resistant varieties of
"ood rraing and lemuns,

~ Tntradpetion an? “rfale of nerr Tood crans, vesetable crovs, for-
a s avraee an! oil rrops=-both irricated and dry land--for improved hu-
man ar® andial putriticon and for eash crowe (e,r. Fhaseolus mungo (green
rean)y win-ed anann new s*rains of alfalfa; pizeon eas; soybeans; saf-
MTomr).
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= Introluztion of more improved varieties (higher yields faster
maturine) of millet, sorchum, and cowpeas,

3.+ Soil Manarement

irinciml resz2arch 27 forts should be tos

- Test 4ifferant methads of land wrevaration and planting to con-
merve moisture, astabhlish seedlinss and protect soil from erosion (e.g.
contour rlantin~),

- Jevcelep methods of soil rmanacement which will increase the in-
take of “he hich intensit: rains with higher storage of moisture, less

runo!f and 1la-~ soil loss hy erosion.

- Tdentify alaptable soil and water conservation practices, rota-
tions, ani fortility mractices for long term benefits at minimum costs.

3.5 Yat2r lanarermen

Principal efforts in this catepory should be to:
- Levelon more efficient and cheaper methods for well construction.

~ Develop more efficient, faster extraction and distribution of
water from challow wells of dallol bas fond areas.

- Determine the most oractical method of utilizing the water re-
srurces of the mares,

= Inereace afficiency of rainfall rmoff distridbution to promising
nplan? areas.

- Conghruction ~7 aprision contrel structwres of major gullied
areas adjacent to nobt> the liger River drainase and the major Dallol
has fond areas,

iorkers an?! rescarcters on the Niamey Productivity Project (NPF)
shonld beeore zremainted with a (1974) publication of the National
Acadamy of Sci»ncnes, 'ashineton D.C., U.S.A., entitled, "More Water
Cor Arid Larls*, This contains oromising technolo~ies and research
anportinitins for arid-land water Jevelooment., It has a resum® in
Arabic, ¥rench and Spanish, This research revort has some outstanding
cxampl2s of technolories us-d in other parts of the world to save
water in arid landr, Important selected reatinss are listed as are
als0 i crtant acontacts in various countries of organizations and re-
srarch centers where expertise and information is available for water
technolo~ies frr aavinz and usine limited water supplies from rainfall,
underground - surface waters. This small bHooklet is well illustrated
vith diaorams, chotosraphs, and aerial photo reproductions. It is
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hiehly recomrer-ed for all te beceme woll acquainted with to help im-
Plrment some of these ideas into this vroject and others. Some of
Lhnse hirshly innovative rethals could well be applied in Niger in
arid area:,

.Y Apronomic Analysis of Major Technological "Packazes" to -be Intro-
duced in the Froject

The first it~m of importance in the "vackace of practices" that
15 proresed for the production of mil, sorghum and niebe in the project
area is time of olanting. It has been recommended that planting of
millet he “elayed until at least June 15th in order that sufficient
rains may [-'lov in close enoush sequence so rerlanting may not be
nwreersary,  (eview of meteorolozical research records by INRAN organ-
izations coverine a sirniicant number of years indicate that this
vl he a sonst procedure that can be modified as more annual records
are averamed an? nlotted for the optimum period of crop crowth from
saed to se~d., Scorchum is wsvally not planted until after millet and
coypeas ara nlanted,

The varietiez recommended should be planted until better yielding
varieties can he made available to replace them, These are namelys

Fillet-~Fq Folo (aradi varietv) in the south of the project
area
ZKE in “he northern zone

Sorchum (dinaire)~-P, Mantankari (sel. Bawoba) should be in
rotation after rillet or groundnuts
" \de vallfe)--Jan dJaré
" for imrravzd conditions--#137-62 or 137-62 X Jan Jaré*

*These two varisties off corshuw which can be used for improved growing
conditions, can be irrigated for forﬁge, but reaquire a high water re-
anirervert under irrigation of 5000 m’/ha.

dlehe--Trwendine on the averapr. ra‘nfall available from north
t: south ‘n the mroject area the following varieties
are recomrended :

Avera:-z iiainfall Growvth Period Varieties Recommended
(=m) (days) '
3NN 70 ™ 36-64, TV 88-63
40N=500 90 ™ 469
500+ 130-150 ™ 98-63

Seeding rate of U4 ke/ha shonld be followed until improved methods
of seedine are develored.



-15-

Seed treatment with 7 ~/k= of Thioral or Aldrex is absolutely
nacessary ard should always be followed for all erain and legume
erop seads,

Densitr of sendine an’ Aistance and nolant population should be
alio maintained as irasently recommended.  These items may need to be
~hanred as soon as rescarch can substantiate doing so. There appears
te be a serious nossibility that traditional planting of millet, sor-
“hum or nieba in hills of 3 rlants each does not encourage hirher
rey’uction sinee there is commetition for moisture and nutrients that
inhibit mavirum top srowth and root development, There is also need
to test in we !l controlled r-rlicated plots the merits of row plantings
with sinele seeds ulanted at 15-20 em spacineg in the row with reason-
1=le s1acine between rows. Such spacine has been mracticed with
“rominats an? cowrneas but not with millet,

These observations are illustrative of opnortunities for greater
reeduetivity that will produes greater yields and be more pronounced
in yoars of averars rainfall, but may be crucial in years of deficient
rains,

¥lant Frotection in the crcofield as presently organized and pro-
vided for shonld be adequate, but more thought, should be eiven to in-
neets and rolents which take a preat toll in harvested and stored
food ~ra‘ns in storaese, or even invasions in the field.

Little is known of the =scolorical reasons for sudden explosions
o rorent. populations in the fields, and it is not known if strains
of creps to ro‘ent attack exists, At present no research institution
js wortins on redent control measures, but there be should build a
recirnal camability in rodent research and control in this part of
Africa--also f'cr storave,

Terchniea® haslkstopnine for improvine spray materials and tech-
miques can e secured through the Zamadian techniczl entomolcsical
mitsion oreratins in Yige», and cranld be furnished from Ibadan, Ni-
reria from th» Universitv of Ibadan, and TITA. Tn the francophone
rene entomological studies are nndertaken by the universities of
abhic jan, Dakar, Brarsaville and Tananarive; at ‘he research centers
o LutTCh at A% in~, Ivory Coast and Brazzaville, Conzo; at Orga-
nisme de Coordination et de Conpération nour la lutte Contre les Grandes
wndémies (CCCGR) at Bobho-Dioilasso, Upper Volta in liaison with ORSTOM,

Animal traction is recommended and could be very important to
tmproye eron ro'ncticr in the project area. It is not a recommenda~
vion Le be taken very serinucly, however, without a well olanned and
operated trainin~ ororram to provide peasant farmers themselves the
oprortunity vo Suv and train their own animals under the tutelage of
3111~ teachers of animal traction., Mot only good strone, healthy,
wrll-tamed animals should be availahle, but also well desimmed tillage
imrlements an® animal harnsiszes for rulling and drivine the animals
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must also he availabl~. fTeclinical assis*ance shoul” be requested from
Northern Nireria or other Sah»l countries where animal traction has
provan suecessful; from the farm eonter at llara”i where Mr, Ockers has
teuvnlamd eirpificant far~ reochanization with beth donkeys and oxen,

or from ehl or Tvares trainers from Aratez or other areas within the
commtbry or a’linining ones.

ATNENDIH

A Lriv which was ma‘e %o Fara®i June 29-30 served to amplify my
“seryetions; exveriencs and recommendations concerning greater use
i animal traction for small farrmer holdings., It was a real privileme
‘o Tre the activitr that had been huilt into the Maradi area agricul-

‘ura as a result of the work of John Ockers through his activities in

Hhe Tara’i oarea,

dowever, there avrears to be several principal needs in order for
the rro-ram as it is rres:ntly functioning to contribute more to prog-~
ress of animal traction antivities in Niger. Specifically as they
weald relate to its increased use in the Niamey Productivity Project,
r Pollowine itens need to be seriously considered:

1. The cost of--machinery, equipment and animal for a peas-
and farrer fo buv must be financed or in vart subsidized to him
throurh sorme credit facilities of GHCC or the Department of Ag-~-
rienlture, or other~, LEven the chearest animal traction unit--
donie, harnoes, end'ivaror, and seeder are -ay beyond his means,
(15,00=55,000 ~fa), the nrice of the donkey being the main vari-
able. The uriee in the Faradi area, at least, has escalated to
17=15,7290 efa, This price mav be different than in the Niamey
area, tut the Jenlioy animal traction unit would still be the most

smonmica’ . The cost can ne brieflv sumrarizes as follows:

v

Ul A
25,000 donicev Araw seerer
1,000 jontey (zcod ~ouns animal)
10,000 donley drawa cultivator with cuck feet weaders
750 flonkey harnass
h5,750 Total cost

At the TAN station, Marali, wherc animal traction work is
denz, by laren onllocks, the cost hicomes illustrative of being
more prohfhitive to the small farmer. Besides the cost of harness,
necl=voke, c-ltivalor and seeder to ho used with an oxen, the cost
of only one cx would be 50-60,000 cfa; more than “he total cost for
a cnmrle?;_ﬂonkoy animal traction outfit.

?. An afficient, well-eqvuipped, well-mansged fabrication fa-
7ility neads %o be built, eeared to the annual needs of the country




of Mirer ror animal ira~ion enuivment for bullocks amd donkeys .
3ullock drasm eauinmnt can Ye “asisned sturdier and larger than
donkev cfra-m, altheu~k “ore of valune of the lichter weirht don-
ey Jrawn equitrent shorld ba orosrammed.

At the —resent tire at Vara®i, there is no buildine that
Pouses the fabrication of donkev-drawn eovioment, This 1s done
mostl- in a compound writh leeallv limitine hand methods of assem-
hly-=3trel cuttine, formins=, drillin~, el ins and blacksnith
trchninues, More mo'err shoe “acilitics are nceded to be able to
itaout cha regrire’ nerte s of opits on an armeal celivery basis.,
A scuree U5 needed e jlaec, desien, and “mild such a facility--

# Tzhrication ;lant for rznufacture of a=imal ¢rawn farm equip~
mertoor cerbacs o ferility with sub-units to huild and desien
varions L ws, Unil: that should bu ineluded For fabrication
rarvfactvre are:

‘onkev earts

b dearm seecer
- " ealtivator
i har+ess

mullock carts

" draim seeder
" " cultivator
n

neckyoke and pulling harness

Cartain iterms w.ich are net availa™le in Firer could be
dmoorted, for evarclo:

vhazls fro- st: o Cardized selecticns of used cars
21’\"-] ag . "W n Vi i3] L]
seer ey he.ocwer attachments From Seneral or France
“net foob evltivator tools

wn i vheels on seeders

s "."I‘"la'TE: i i1 1t}
Stock =t ol cf verious dimensions
stre - ioon  # " "

irer cultivetor or szecer wheels

ro’ steel for axles for cultivators or seeder wheels
»o' :steel for axles for enltivators cr seeders

wel *ne supplies and emuipment

#tes? tabrication machirery for cutting

“ri”line, formins rmachinerwy, ete.

fo lvain ! ersonnel regrirerents for a fabrication facility.
Thers =2 3y Gonall . Lrainos persons at Lhe tresent facility at
Iamadi, Mool owre a4 art of the larce number of trained people

r oaniral franiion that John Cckers has traine” in his 27 years
ir the arza, an’ are “cine an admirshle fabricating job for no

rore than thewy have to work with., This could b+ an initial cadre,
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b, tenacer for ar animal traction fabrication facility.
THis eventually vevld regnire a Miserien, rreferably trained under
John Cekers wrocra . 3ore rechanical ahilitv, but more importantly
ranarcrial ahility to han’le rer, equipment, finances and business
rana~ement, In tho "irzt tuc year phase until such a local indi-
vicual eanle he loca‘ter and trained, a rechanical agricultural
-neinemt or azra va‘s student eonivalent--an expatriate should be
anplored with rartizular talent in mchanics and machine shep or
iith ~teel fabricatineg hasterovnd.

-

%, aniral Traction traininz shouvld receive added_emphasis

arr assistacce in 271 the voone farmers training centers (nentre

e Forrmaticn des Jounes A-ricultenrs=--CFJA) in Nieer--and par-
bievlearis in *hese centers wvhere the yoone participants would be
from Die= a farm communities, where animal traction is least
anderstoad and arrrseiatzd, This should also include a “re-cycling
trainin~" o" arricvlitnral acents of UNCC and of the various Min-
jetrv ol asricvlture derartments.

In other words, rronotinz ereater development of animal
trac'ion spould he a vnifor= ~oal countrywide, even though the
rain throst mav actually be considered in limited areas such as
the Niarer rroducltivity area. The facility at N'dounga could
fonction Tor this area.

The other ZvJi's at Belvenie, Tarna and Diffa could be like-
wise strencbhenc? an? fullv ectivated, writh rerhaps another one
e set v alb Tahoua. Cadre and traineces of John Ccker's farm
aenol he oririnaller assisied in settine up at Tarna could be
nsed for nueleus enire at the other youn~ farwer training centers.
The ervhasis st each weuld he tractical training to such an ex-
tent that es~h ~ractnate could have the notential of successfully
promotin - nee of animal traction arount his home village area--
heip~ 11+ a~le to hanile animals and cach piece of animal drawn
equiprent,

‘leedin- nc nacessan M scems to he adequatelv coveved in the
" ackaps of waciices” as recorrended, when accom~lished with the
Weparhan or Yan'ane® that 15 so exvertly vese? hy the Nicer peasant
fapmer,  IL is “Jesirnes for use with small weeds and not weeds of
anv mize, ~fe- wse’ about } deys after seedins with the second weed-
ine 15 days a”ter the first weeCins an? others as needed, it should
adequatelv Ves weeds under control.

Fortilizevs 30il fertility imorovement necd not necessarilv be
depenrant Thom sorrerceial nitroren fertilizersz since legumes may be
arovn to su, 1y taig elerert. In aridition all forms of organic material
reed to M a'ded tLo the £oil when they can be race available--such as
commost, reanvt ‘mlls, ranure and all %inds of plant residues-~before
use of corpercial fertilizers is considered. Experiments should be
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dasirned to learn how est Lo nse phosphates and other mineral fer-
tilizers. This can be done by rlarine these minerals in bands in
shallow forrevs on“er the ‘ntoined erop rovw, with the addition of
arimal manore wvbhen feacin)  aw’ coveved lichtlv with soil, on which
the ~eedt is macec, Cheaver raw rock ohosphate and the interaction of
mapure shonld o <o tested i» trerical soils of Nieer in order to cir-
curvent, ather cogsinl: the high irices of commercial double super,
tri-soer nhosphates an? arronivm rhosphate fertilizers, For the
vresent. tdma this iter of cormercial fertilizers for the "packape

af rractiees” shorld be mur:lv ortional--until research ean furrish

data Tor ecenormic use to *he small farmer who cannot rresently afford
tu flo sn,

a’ntive research frow the Yirer Cereals Froduction Research Sta-
Lieroab tarali as presentlt rroposed 1411 raridly evaluate the complete
Weiare of wlant -aterials, cultural practices, soil fertility improve -
mert, and vest eonirol; and {o measure the net yield increase against
the eosts of tho collective irimts. When this evalvation is made it
will hee the basis for:

- seed muiti:lication activitvy

- fir1z deronstrations for the farwers

- extenzion rro-rams tc encourasge prompt adoption by cultivators
of improvaments they can understand and replicate on their
om far-s

In thnis maraer the complete vackage of rractices can be improved
ar a’'ditional '‘mouledee flows from research.

4,1 The Socin=-Cn runication Gan

This is a " rein-leow “hat ie indicative of the keystone to sue-
crrafol atortins o nerr 1ethodolory and technolosv which may be intro-
duend te the ceasant farcer for his benefit, Adapted aericultural
reeearch infcovation ‘wsh reach the farmer in a manner that will appeal
to him an® b= accentahle to him as somethine that will definitely pro-
372 him and 'ie famil-s heotter ircome., IF ho is sufficiently motivated
he may b a “rcal oeint for an important demonstration to induce others

L

o accept the imiroved practices,

The real =ar in ccrimnications lies in the chain of people and
tnstitnltiens thron~h rchich research information rust move to reach
the farrer, and converselv the selection of key problems of a peasant
Farer rust move han's yn to the researchers, The eultural and sociolog-
teal and lanwna - “i(fererccs that we find in so many developing soci-
etics make unis o2 peeially .ifficult. To better understand the dif-
Timnlby involv~? in this exchance let us illustrate the commnication

venecs by o tha <3 le diasras- “elory
M M
M M
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For communication the sender "3+ sends a messame "M' through
channel "C" Lo receiver "#". There is an encoding of "M' hy "S" and
a lecatine of 'Y by Ua% ., The channel "C" can well e the extension
or the anima'ior oreanization which should transfer the messape so
“R" ean understand it, The Tatter rrocess describes the languape-
enltural protlem--the rescarcher rust be able to speak the lancuape
(=ncode) that extension ucrkers and farmers can understard (decode)
an? vice versa. The c-uecial roint is that the researcher and farmer
mist he tve-way, 1,2, botihh mist act both as sender and receiver.
To An this sucer ifull, cach »ust ha able to understand and appreciate
the other's ~"l*vral ontlook and capahilities. There usually exists
n interrnption in the charnel *C" which is rerresented by an extension
racility, Fesezees sent in either direction are not clear. This gap
cas e closed by choosing locations or specific sites where adavtive
v -2earch car be corbined with demonstration rroerams. This can be a
resrarch station or in a farrer's field. The type of programs that
involve the far-er and his cultural comrunity should be used to a much
rreator extent thar they have been.

b ,2 pnimation ard Extension

This is the GUN fnetional arm that helvs to assure that the two
“a°7 co mmnication atove betwucen the farmers and researchsrs remains
omcp,  This can ¢ accomplishe~ by ceneral awareress meetings; talks;
1013 visits; co-minity pgatherines; discussions of food needs, lard
and water vroblems; needs for esquitment or fertilizers; seed problems,
nte; demenstrations of new me hods or t.chniques; =lant protection
recds disenssion of rlannine activities to be carried out by local
marle themselves cencerativelr or indivicduallyv; discussions of coopera-
*ive omrlovment; intro‘uction ol prorer seeds, fertilizers or insecti-
nides; field Jdamonstrations in soil managerent: proper irrigation tech-
wirues; water vaey ee=erv Ldion storase, rarketin~; animal traction;
Llevision an e iia svo-rars, ete,

Usin -« inn. vetsve and -w«ll or-anize”? extension tvre activities is
thee stron~ ars 7 arv pro raw ard is the principle means which will
mrertly accelerate the effective imilementation of all elements of the
Niameyv trometivi'sr [rojret 1vreeranms,

h)% Trainine

The: tra’ned rmanrower neccded te proverlv imrlement the various
nmro~rar chases of the iarev Profuctivity Project will be drawn into
activitr hv the Miristry of Arriculture, Ministry of Rural Economy,
Fonie dural and other suha -encies, TMRAYN, TuFA, Viarey Department of

AT

Arricuvltur~, U272, the tiarav Prefects Cffice, and others.

BeTore real imnlementation from an intesratef prosram approach
can move into action, ‘rainine procrams need to he instituted for
the cadre ant ertersion rersonnel who will carry the program into the


http:e'fect.ve

21~

ru ral and villare areas of the mroject area. Selection and train-
in@ o these rersonne) shonld be commenced as soon as pessible. It
tm onlv wvhan a we!l Lrained cadre o versonrel is ready to extend
imrortact acricultural infermation to the farrer and his rural comm-
nitirs that the nroject ean exreet to move prorressively forward.

“t Qlternative ¥ood or Cash Crocs

There may »» several cash cor food crors which cculd be introduced
rich world helr to lend diversite and financial heln to the farmers
caepine econorns,  Several of these have been mentioned mreviously,
bri, shovld b2 relisted with variocus other possihilities for in‘roduction
ard trial by apropriate arencies., CQutlined below uncer either dry farm
ar~as or irricated areas are soe of these nossihilities; some of which

w11 show un Sn either listinst

Drv Farm Areas

nuff~1 :rass

love erass

mng haans

slylosanthes le~ume

wax rourd

Jojoba seed

salflowurr

niveon or con~o peas

yams

son{lover

sovhonns

other acda tahle rance crassec
adaotahle droucht resistant lecures

Irrigated

wineed beans

ming beans

alfalfa

cocoyams

safflower
pigeon or conzo peas

yams

cashew nut

plantain

better adapted varieties ofs
melon

vatermelon

field corn

votatoes (Irish or Idaho)

sieet corn

popcorn

soybeans

lima heans

avadado

srenadine
mancosteen

improved varieties:
pineapple

date palms

tomatoes

chick reas
Pennisetum purpurum (forage)

5.7 Fajor Pofertials and ltestraints for Agricultural Production in

the Dallol - Ras Fond Areas
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Tha five main not:ntials of these areas are:

1, lora rea  ilv available water in shallow wells and mares
For ex lottation for irrieation and animal use.

, lore faprittl. sails 1ith hetter ca~acities to retain
vater for "lanbt 7rowth,

1, ~re peole residine writhin the area,

%, .rasonmalv ecod roads of wthirh the principal ones could
> all-imather surfaced into Niarey.

5, 3-od market centers sxist at Filingue and Balyeara.

» ipitial rlan which is vrorosed to develop more efficient ag-
wia 1iu=al n-e hy irrization from the concrete shallow wells in the
sar=fand area-, and r the Da'lol “2assc area is described in detail
in the raroart o the CID (Consertium for Internaticmal Development)
irpi~. tion sfecialist. T is inclndes six different small scale alter-
e irrisetion sche=es involvinz methods for extractine water from
mils an’® distributine an® anolyine it to the land. Associated with
51 are rlantine schediwles For eanh irrigation scheme mrepared by the
A0 avronomist for recommended crops for both winter (November-April)
Apy s-asom and snomer (Fav-Cetoher) rainy season, and for perennial
a-riarltural erope ant estanlishe? Truit crops., Seed requirements are
‘pelidad and new intrecnctiens for irrigat:d crops are detailed.

the orinei w1 vestratnt to develop the asrienlture in these
apnan i the laaslt of an cconomical pro-ram to fullv utilize the vater
fwent tha mapes 1Miah are sevotastial in area and need an integrated
creeras for toeir Jevelopment.

T acplicehility of the Naticnal Flant Protection Program to the
rojeet

Techntea! sacstopning of this orsarization i-to the project area
shienld he mri a7 thne orsanizational struvctor:. Its resources should
~e made avatla~le and wreorammed into the tecnical support structure

hatr rnlestuise Lo mate s orev reterials, egrioment an? field personnel
guaiia da whes aeeced in a v wart of the project area. Consnltation

m oA he~nniegd e uman the naed arises in addition to plant protec-
Gen le. matrs tams “ar fapiewns snonsored by extension workers should
atarsateriae Lheir serbini ation ia the total vroject asricultural
prosrac,

-~

*,) S oedal. Taehnical I uf Assistance
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Soveral sirecial technical assistance imputs should he mentioned
vhinh could hels to insure that technolorical parckaros required for
the project area are developed, Technically accurate advice should
he oreanized in sufficicnt detail and yet simple enough to be easily
waram! in project anplication,

This wouls account for technaical inputs from the organizations
antsida of the GCY imaolementing asencies in the project area.

Valuable assistance could be rendered by the Wational Cereals
Proeram for plantine raterials of new seed and new agronomic tech-
niquas, to incorporporate into the package of practices to keep them

current,

The technical resources of such international asencies and inter-
natiomal research institutes such as IITA at Tbadan, Nigeria; ICRISAT
(In‘ia), with liaison at Samaru, Niceria; (RSTCM; FEDs CIDA; UNDP,
USAI?, an® o*hers if neede’, shonld be invited to contribhute technieal
inPuts into the project. developrent and implerentation of the program.



Append ix

Itinerarv of E, Don Hanse», Agveonomist, in Mizer Juns 3-Ju1\r 3, 1976
an' for eonferences an? firld trips:

Jene 5 - acrival in Niameyv,

June ¢ = 4217 trie with Jown 7, “olfe, Crais Suxton, and John Holzman
to Cuallam and return to Niarey the same dav,

Jun= 7-12 - Conferences trich:

Adrien Everts - Prefect's office.

John Solcdate - CARE

lou=sa %alev - Directeur Department of Asrienlture for Niger.
Abdon Hassan - Director of Hydrnrlo-y.

Me Zoulez - IRFA, (Fruaits).

'+ Demay - INRAN, Rice, Maize, Sorghum,

M. Valet - INRAN, Irrigation Division

June 11 - visit to th~ froit nursery and experiment station at Gabougoura
with John Jolfe wnfer supervision of M, Soulez.

June 13 - fir1l? triv with John W, “olfe accompanied hy Robert Vanden-
hronl:, trans laror mt*rr“'eter, to Filineue, Visited Market,
Qemainad overnicht,

Jin- 1" = Short cinference with Subyrefeet in Filinove, C-nference
with Pilinsne Arvrnfiﬁ"ﬂmnr Department of Acriculture repre-
sentative, Zavari Madongou. Visited disrensary to see work
on~ared in hy P‘!'q Fat 'Jat"ins and Allyn Kay Writesel. Re-
turn~’ to Zalveara for conference -rith PCV Bud Rice and vi-
sited artricultura’ proj-cts he works with at Ngala, nursery
ol CAHE projsct at the Tabla Block, and at Elkama, Visited
Iiarket., Returre’ to Miarey.
'Y~ Confoveraas withs
Prefact ima“ou Seyni.
Charles Sweet, REDSC.
4l Barow, USAID/RDC.
Jim Livin rston, USATID
Lovis S4- -1, "
Yorb Billew, "
31t 3ins, u
Dave Kno-lton, SIN
Dr. Jinm Cornway, C.W.S5. Director

Junz 145=June |

Jun=s ?9=June 30 - tri=» to laradi.

Julv 3-" - Accommanisd by John ', Wolfe return=d to the U.S.A.



Trip Report to Aaredi
Jume 29-30, 1976

E. Don Hansen
Comsultant Agromomist
Consortium for Imtermatiomal Develepment

The principal observations amnd recommemdations conceraing the amimal
traction progran developed over a period of over 20 years im the Maradi
area by John Ockers have been already incorporated in the text of ny
wain a‘romoudc consultant report for the Niamey Productivity Project.

Other aspects of my short visit to .laradi, however, meed to be
suanarized. Heinz able to take advantage of a SIAAIR flight both ways
enabled .e to spend .ore tine in the field. It would have been pos~
sible for ne to have covered .ore details had more readily available
autoaobile transportatiom been at my disposal. I had to depend on the
availability of transportation that the SI{ organization had to offer,
which was auch appreciated. It was John Ocker who was mostly respomsible
tor zetting me around.

The highlight of the trip was seeinz the donkey drmem cultivators
and planters in operatiom on the SI. farm. It was very dry whem I
arrived and the nillet fields were in dire meed of woisture. That
sane evening a 11! mn rain came and the next morning everyome was out
plantinz peanuts and cultivating. The small cultivator that the donkeys
pulled has a large duckfoct with a smaller ome on each side for weed-
ing. . young boy 11-14 years of age cam easily hamdle the cultivator,
with an even sualler boy leading the donkey dowm betweem the millet rows.
The cultivator is lizht enough that if the blades of the duckfeet stert
to cut into the row he can easily 1ift them over the plamta. This often
happens when the rows are crooked as they are often imclined to be,

The little one row planters, domkey drawn, are an improved versiom
of an original French imported model. There was much activity after
the rain planting peanuts and there were six or sevem domkey seeders
in operatiom in various fields, Each planter is adjustable for depth
and with several replaceable sead discs for planting differemt sized
seeds, The principal difficulty is that trash temds to collect im
front of both the furrow opemer, and in fromt of the two small duck-

L'oot tools behind used for furrow closing. A wore pointed furrow opemer
and a different mechsnical arrangement for furrow closure would be im-

portant wodifications. The seeder is light in total weight amd is easy
for the donkey to pull,

The donkey traction ccuipnert is generclly well desigmed for cul-
bivation of sandy soils for .illet, merghum, niebe and peamut production,



but would not pertorin as well in medium textured Soils amd would mot be
recemmended in clayloam or clay soils,

The irrization method used on the orchard and garden soils om the
<1 U l'arin i3 one o' the types that could be adapted to the Dallol, bas
Youd ;ardem soils ot the Balyeara-Filingue area of the Niamey District,

The distribution system from the well tamk has been comstructed of
Uired V-shaped tiles uortared logether to form chanmels to deliver the
water to orchard rows and to individual earth bagins constructed aroumd
each tree. Yor zarden crops such as pole beans, cucumbers, squash,

nelons and tomatoes they are using extensively the mew development—

pot irrigation—which uses roumd unglazed earthen pots 12-14 imches inm
dianeter which are widely available and very cheap (10 cfa). The pot

1“buried to its neck in the soil ard filled with clean water., Vege-
‘table seeds are planted aroumd it. Sufficient water seeps through the
pourous walls of the pot into the root zoae to maintain plemt growth.
Very little svaporation occurs because there is mo standing surface
water and grows vegetables to waturity with very little water (less
than 2 cu/ha for an 85 day growimg period).

Two visits were nade to the INRAN research station during ome of

which I conferred with 4oussa Adamou, a recemtly returmed participant
from Oklahouna State University im plant breeding. He is workiag onm
illet and sorghum, and recently returned from a very successful comfer-
ence on foodgrain and legune production of new varieties at the Inter-
national Institute of Agricultiure (IITA) at Ibadan, Nigeria. He will

be concentrating his efforts on breeding amd production of promising
nillet ans sorghua varieties., Onm the other visit I conferred with a
new expatriate staff member, .lichael Ghery, who lately tramsferred to
faradi from Senegal. He is experienced in gemetic research for peamuts
and will bs using planting material from Upper Volta, Semegal and U.S.A,
Field activity was seen in bullock drawm ome row plamters seeding peanuts
and a new .lassey-Harris 185 tractor with am & row hydraulically mounted
EBRA (French) seeder, which was also planting a peanut variety for seed
multiplication,

This statior appears to be well staffed and sjuipped for dry lamd
research on the principal food grain crops, .fillet, sorghum, and miebe
and peanuts for an oil crop, There seems to be sufficient land (300 ha
approximately) for trials of new crops that could be imtroduced.



Docurents eviewed

Ra > ort 4%y pation Ae i'activitie Subvention AID R/RI (Cperation
TAC) REpuh] ie du Mieer, Ministere d'Sconomie Rural et du Climat,
Eanv, Foretr, Chasnes, pavrier 1976 (10 ppn).

Avant, Project-=Coe-ation froductivite, Niarey, itéoublique du Niger
Yinistore de 1l'Economie Rural et Du Climat - Mai 1975 (pp.78).

Iroject reviey Fames - Wiamey Decartment Produetivity and Develop-
rent Project (Froject #638-11- - ) 1°/1/75,

Pro-Ag - icer Cercals Frodnetion - 1/17/75 USAID
}'16)&- Nirer Cere.ls frodunction - " "

arport de imbhise - Carperme 1975 (Prospection ifydro - pSdalo-
7ique. Resnltais de essa‘s sous-solage; Resoins en eau maximum.
Utilization e 1'eau pluviale, - Rémbligue du Miger, Ministere
Le L'Sconomic R*ral; Instutnt Vational De “echerches Agronomiques
Dn IMi-~er (T RAY).

Draft. Tevelopment Assistance Prooram FY 1975 Central and West
African Re~ion Tevelooment Assistance Prosram - 3ec, 1 and 2,
Sehroar- 1975,

Revort on Praject Froposal: "Hizer National Cereals Productivity
iroTran, Appliced Hesearch Jomuonent, prervared hv 4, B, Sprague,
Consnltant,

stu » F8 nlorique dane La Va) lée fu Dallo) Rosso "Etude de Recon-~
naiseance™ - (" HA - Soci8té 3&néral Des Techniques Hvdro-Agri-
coles., farfs, Juillet, 1763,

The falities of Metura) Disasters. The Case of the Sahel Oroucght,
wiite? b Fishaed H, Ghan*z. Fraeser Publishers. New York, Wash-
in~ten, L-rlon., 1976, (380) o,

I'ore ““ater for arid Lands - Fromisine Techroloey and Research
Croortonitiss, Haticoal Acacdery of Seci nces, Washington D,.C,
1070, 2ésvme en Frangais. Résume en Espdnol, 153 Pp.
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lossar - of Acronyms and Ahbreviations

CFJA - Youns Farrer's Trainine Center ("*Tonnpga)

1) - Consoartinm for International »rvelovment (U.S.A.)

CIAT - Intornational Zente for Tronical Aesrienlture (Centro Inter-
nacirnal de Arrieniivra Troerical) (Mexico)

TT0A -~ Canadiar Interraticral Develenment A-enc

JTENYY - Internationn) baize and 'Theat Improvement, Center (Centro

Interra~ional e (" zoramiento do Maiz v Trive) (Mexico)

Tnternaticpal Potato Conter (Centro Internasional de Papa) (Peru)

2 = Centpal vest African lesion

{AC - Fead and A-rievltural (rganization of the United Nations, (Rome)

uh -

7 - Goverrment o 1l-er

"1 - jerow International Cooperative (Bonne, jermany)

TAL Ins*itute for Arricul*ural Research, Ahrma’un Bello University,
(Zaria, ri-=oria)

ICR3AT - Tnterna*ional Crops Aesaarch Institute for the Semi-Arid

Pronici, (Uy‘eravad, India)

TD - (*forl? Banl) International Ban!c for Reconstruction and Develop-
ment, (lashirgton T..C.) '

IFAC - Institut ‘“rangais de Recherches Fruitiéres Cutre-Mer (France)

IITA - Internaticnal Institnte of Trovical Aericulture (Ibadan, Nigeria)

IMA' - Institut lational cde Recherches Agronomigues du Niger

AT - Institnt “a jirchercirs Arronoiiques Troniczles et des Cultures
Vivieres (Ffrench)

W - Institut dc Resherche de Truit Trapicale et Aorumes (Niger)

TiRT - Tnterna‘'ional Rice lesearch Institute (Fhilinpines)

V“CIP - Mieer Cereals Produstion Projuct

NPt - Tamer Protuctivity Project (Uiamev Tepartment)

(FUDEL - (ffice of Underrroond “fater (“ieer)

MC - .~c? tmltirlication Center

('CC - 'nion TMi~c-ien 'e¢ Credit et Cooperative (Nige»)
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ANNEX 5

June 1976

Report of the Irrigation Scientist, John W. Wo'fe
Assigned to the Niamey Productivity Project for
the 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 summari:.es
or makes general comments.

Section I
Categorize the various conditions found in the marshland

and bas fond areas of the project zone and determine
their potential as sources of water for agricultural production.

Field inspection included the mare area south of (mallam and the dallol
region from south of Baleyara to Filingue, Additional information was
obtained from officials of Genie Rural, Hydrology Service, OFEDES, Depart=
ment of Agriculture INRAN and other agencies and individuals,

I have concluded, as cthers 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 more 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:

1, 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 water is lifted onto the adjacent land,
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4e Bas fonds and dallols with a permanent water table at a
depth greater 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,

5s 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
categories, 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 1lift 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 signiticantly below these depths.0f 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 otherscould
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 Quallam 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 maxiwum 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 velocitye About four wet bulb and dry bulb temperature readings per
day would also be helpful,
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Of the different types of marshlands and bas fonds, 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 heve to be
excavated with adequate depth, and protected from drifting sand, before
i water distribution scheme could be estabiished.

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 imported 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 shallowar
wellscould 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. 1If 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 m3 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 haven®t 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 ropes A shadoof has
also been demonstrated, but it has even less_capacity. Pulling buckets
by hand is the usual way. A capacity of & ma/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 well or mare. At a German-sponsored
project near Quallam there were some swall reasonably ievel 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 dome 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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have been proposed, but until such time as the fields have been
accurately graded, and some idea is obtained on the permissable length
of furrows and basins, stch a ditch might prove to be of 1little value,
Some method of e¢xtr.cting the water from the ditch to supply the furrows
and basins would also be necessary, such as siphon tubes,

In summary, we have not seen any irrigation schemes being tried at
the farm la2vel which offer much hope of beinz adopted without financial
.+id [rom outside. In my opinion, a successful scheme would have to be
nither (a) so simple that the cost of the well and fencing would not
prohibit the development of a single, small, profitable garden plot, or
() s. large that the capability of an expensive well would be fully
utilized by an efficient irrigation method. 1In the latter case, it is
assumed that a local entrepreneur could borrow money to develop a

system, and 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
Apnroptiate for Fach 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 au 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. 11d 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.Se, if time permits, and in some cases a particular item may be
specified by part number and supplier to insure quality.

No detail for fencing has been included, More research is needed to
find a satisfactory fence that can be built for a lower cost. Perhaps the
manufacturers of fencing materials in the U.Se could be invited to suggest
\ minimum design that would be expendible after the living fence was
established, or conversely, would be fully reusable for another plot
after this period, 2nd then another, etce Electric fznce 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

-6-

more than two or three enclosures, For example, the three plots using a
deleu (Schemes Noe 2, 3 and 4) could be grouped together, The sprinkler
plot Scheme Nos 5, could be by itself or beside any of the others, The
three 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 (part 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 wruld suggest that the sprinkler system be enclosed by itself and that
»'1 other plots except the drip system for orchards be included in the
other enclosure. The iwo areas would be about the same size, and could
cven be the sme shape.

The 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 averagedf other soils in the area, and
that the texture is neither so sandy that good crops cannot be grown nor
contaias so much 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, althouzh 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 bQron should be included, since
some plants, especially citrus, have a tolerance less than one part per
millione

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 if possible, 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 summer seasons but these should be adjusted as necessary
to dovetail in, Many crops of short growing season vegetable crops

can be zrown and harvested during the year, It may also be possible to
grow three crops of maize or short season beans--where day length
differences are not a factor,

The important thing to remember is that the well water should be
available the year around which should allow multiple cropping, Regular

Varieties recommended 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., can
be planted and harvested miny times during the year,

The idea of planting irrigated alfalfa and perennial forage grasses
on these schemes is to raise the production of supplemental livestock

as an emergency against real Sahelian drought, Several cuttings can be
mide 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 geed 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
Agadez should be initially utilized. 4 Tunisian variety, Badrie, hard red
wheat, should be initially planted with the same seed source being used.
Most of the vegetable sceds can be secured from French sources for the
varieties that can Presently be recommended here, Nigeria should be a
good source of supply Sur 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 plotse, Both seed and fertilizer requirements should
be a contribution by GONe Fertilizer and seed requirements should be

wore closely calculated after selection of the final irrigation schemes
are made,



Irrigation Scheme Nog 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 surface, and that the
level durir , Pumping never exceed 5.2m below the surface, 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. The
well and pump are to be located at the center of the upper edge of a
smooth piece of irrigable land about 45m X 45m. If less than
0e32 1ps 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 water, 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
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Shallow driven well with 1-1/4" pipe, sand point, pitcher pump,
Barrel to collect water, with hose bibs attached at the bottom,
Three 3/4" hoses each 175 ft (53m) long.

Level furrows or level basins.

Small withinerow furrows for irrigating seedlings.

> gpm (0.3155 1lps) is assumed to be available from pump up to
15 hrs every day.

Part of plot may be in seedlings, part in mature Plants at any
one time,

Plot selected on gently sloping land, say 1%.
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Planting Guideg for Irrigation Scheme No. 1

driven well with garden hoses
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0.016 T,Tl Tomate(Tomato) Ronita Level furrow 40x80
0.016 a,al Aubergine Violet (local) " " 60x70

1 (Eggplant) longue native

0.016 Pn,Py” Piment (Hot Peppers) de Cayenne (local) v " 60x70
0,016 0,01 Oignon(Onion) Local(Nigerian variety)" " 15x20
0,010 1,1l Laitue(lettuce) Batayia Blonde de Paris Level basin  10x25
0.1 ha M Mangier (Mango) (Budded) Individual basin 10mX10m

Annually: Section A
Season: Winter Seaso

Davis/Ju

/Hayden/
lie



-11-

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 bottomd the barrel will serve to
regulate the quauntity of flow to the hoses, but if the pump cen keep up
these valves should be left wide open.

Ideally, furrows should be constructed exactly on a contour with a
tolerance of, say,.: | em, 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
¢ .ope The best length of the furrow will be determined by the rate of
intake of the soil, and by the smoothness of the land. 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 hest 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
cin be completed by fiiling 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 furrowse
Later the large furrows must 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 demand, when
used with level furrows,. that the top of the bed is also level, For
Scheme No, 1, however, the hoses offer the alternative of moving along the
within-row furrow with a small stream of water.



For crops that are not usually classed as row crops, level basins
are 3uggested., Like the furrows, these must also be carefully leveled
over their entire surface, ideally to.i lor2ecm 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 jintroduced, by the time enough water is
absorbed at the other end Yhen a small stream like the one proposed
for Scheme Noy 1 must 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 successfully used in other parts of the world on basinsg
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 cmphasize that the method of level borders and level furrows is becoming
r:cognized world-wide as a very efficient method of gravity irrigation
© long as the 1/5 rule ig 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 Low crops can be grown i~ basins if
desired,
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Tentative Bill of Imported Materials for Scheme No, 1:

Estimated
Cost in US Quantity Size Item

$ 49 1 pc 1-1/4" dia. Standard galvanized steel pipe,
21 £t. long,

100 1 pc $-1/4" dia. Sand point, with 0,010 inch (0.254
mn) perforations and containing a
total area of perforations (open
area) of at least 50 square ecm (8
8qe in,).

30 1 pc Driver, consisting of a section of
pipe about 90-100 cm long, just
large enough to slip over a 1l=1/4
inch pipe cap, with a weighted drive
cap at one end,

5 3 pc 1-1/4" Pipe cap, galvanized to protect pipe
threads while driving well

50 1 pc Pitcher pump if available, otherwise
a diaphragm pump, capable of ddivering
5 gpm (032 1lps) from a depth of
5¢2 m (17 ft.)

1 1 pc Small roll of teflon tape

40 4 pc 3/4" Hose bib including valve, plus
necessary nuts, gaskets, washers,
etco, for mounting these through a
drilled hole in a steel barrel,

80 500 ft, 3/4" Nylon-reinforced plastic garden hose
in 50 ft, sections. Sections must
be equipped with standard hose
connections for quick coupling,

18 100 ft,  3/4" 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 rubbar gaskets for couplings
on hoses listed above.
10 10 pc Repair :iittinzs that can re-connect
a garden hose that has become severaed,
59 2 pe Rzplacement 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 should be doubled,
10 1 pc Hack saw w/extra blades
30 2 pc 18-inch pipe wrench,
25 1 pe 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 total ($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
will be required for installation. The second. and third wells (irrigation
scheme No. 6) should cost only about $400 each, plus shipping since the
same tools can be usede Included in this cost are extra hose lengths
and replacements and repair parts believed adequate for a five year
period. On-site costs will include a used 55 gal, or smaller barrel
(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 operationms.
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
sune 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 obtained, replacement of the pump
leathers and an occasional repair of a cut hose will be the only mainte-
nance aaticipated 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. 1If 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
Jdiversion 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 Nog 2

This scheme, and also No. 3, are designed to use materials and
skills that are mostly available hare or can be developed here, Of
course, fencing will likely still have to be imported, and perhaps the
valves for the concrete tank, 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) o
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
te be irrigated by it.

Mr. Bud Price, PCV at Baleyara, says he has used a deleu to fill a
4m~ concrete tank 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 lim per hour and continued for 12 hours
per day, With this in mind, the size of tract for each of Schemes 2, 3
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 immature row crops a bit more of the area can be planted.
Oaxe observer from Agadez estimated that one deleu serves 1/2 hectare when
lifting water 8 meters. The 1lift 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 2omX2mX1m, and a deleu that hopefully
will be assembled by, or at least with the help of, the local farmers,
The conerete 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
ditche 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. One idea for constructing a
m:.ld for making these tiles is attached, It was furnished to me by Mre
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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Tae attached sketch of the plot layout shows these lined ditches
going two directions from the tank, then proceeding directly down the
slope to small constructed boxes or basinse After the site is selected
for this plot and the slope of the land is known, the required size of
these ditches can be calculated, They should each have enough capacity
to cargy half of the tota} capacity of the deleu, which hopefully will
be 1lm°> 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
serving an area only half as large but it may be more convenient to make
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
box, as shown by the dashed lines, This change would .increase the grade
or. the ditch and shorten ity but it would cut up the plots in an

aconvenient 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 £illing.

The four distribution boxes can be built in some fashion, perhaps
similar to that shown in the attached sketche The one shown would have
a reservolr capacity 60 cm X 60 cm X 40 cmy The walls of the box
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
are shown as a cube 20 cm on each side. They are to be made locally,
burned in ovens fired with local wood suppliese The box can be sealed
with a mortar lining. For Scheme Nos 2 the boxes will have either ome
or two openings, and no gates will be required for these openingse The
boxes are situated essentially below ground, and are intended as a
reservoir to dipwater from to £ill 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 boxese

The cost of Schemes Noe 2 and 3 is very difficult to estimate since
mich of the labor of comstruction could be accomplished by the farmers.
The well and concrete tank, if built by government agencies, may cost
about $1600 and $600 respectively, dependinz on the depth of the well.
The deleu requires an animal, but otherwise has successfully been
fashioned at Agadez entirely from materials found locally. Perhaps $300
or $400 would cover the animal and materialse For Scheme Noe 2, 200 m
of ditch lined with burned clay tile is proposeds 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
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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 60X60X40 cm, Irrigators will dip water from these
boxes, The box shown here would be located at position 3 on Scheme No, 3.

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 for,say $100. The concrete portion of the mold could be made
in a re-usable forme 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 would be used. Also,
they wiuld not need to be fired as harde Perhaps the finished tile for
the aitches could be estimated at 10¢ per 30-cm section and the bricks
? 5¢ 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.



Planting Guide

Irrigation Scheme #2

Irrigation: A concrete well (OFEDES)j dilse for delivery of water from wall
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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tares tion Crop Variety Planting Distance
0.25 A Le Papaye. Carica Individual basin 3m X 3m
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025 B Alfalfa (Var, from Agadez) Level basins Broadcast

0.25 (Cy 0.125 ha Melon
(C2 0.125 ha "
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Irrigation Scheme No. 3

This plan is nearly identical to Scheme No. 2o The Principal
difference ig that there are 25 distribution boxes instead of four,
The greater number of boxes means less walking required by the

OT row of boxes. A3l] except the five boxes at the ends of the lines

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

As in Scheme No. 2, the size of the ditches required to carry the
maximm quantity of water expected from the deleu must be determined
after the slope of the land is known. If one assumes that a ditch

when the ditch is brimrfull. A steeper gradient or g larger ditch would
be better, to avoid possible damage fronm overtopping. With the excepcion
of the short section of diteh leading from the tank to distribution box
Noe 2 in Scheme No. 3, no ditehn will be required to carry this much
water, even if the deleu could pump this much,

In norma} Operation, it ig assumed that the valve at the tank wilj

those boxes located nearest to the plants needing irrigation at any
Particular time, As ip Scheme No. 2, the portion of the one=hectare
plot actually irrigated at one time will be roughly Proportional to the
Portion of 11 per hour that cap be pumped, During the rainy season
and the winter Season, the water wil] stretch to more land.

The cost for Scheme No, 3 will be identical to that of Scheme No. 2
éxcept for the extra length of ditch and the number of boxes, Estimated
cost will be:
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Irrigation Scheme No. 3

Concrete Well, D2leu, Concrete Tank, Tile Flumes,
Twenty-five DistributionBoxes
Water Application by Hand
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25 boxes @ $10 $250
490 m ditch @ $0.50 245
Well, tank, deleu 2550

Estimated Total $3045

Initial Cost

whether or not 25 distribution boxes will be needed is a mater of
speculation. The optimum number may be determined by the point at which
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 vatere By comparing Schemes 2 and 3, the farmers should be able to
chsose an optimum layout. If only half, say, of thils tract can be
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
this point, The figures will not be exactly comparable because they do
not include labor, and Schemes 2 and 3 will require more labor than
Scheme Noe 1, especially for construction. Also, it is not yet certain
how much area each can adequately covers 1f Schemes 2 and 3 each irrigate
half a hectare, the initial cost per hectare for Noe. 2 would be about
$5400 and for No 3, $6100. These costs could be reduced by supplying
more of the construction labor locally or by increasing the capacity
of the deleu, If a suitable pump can be found for Scheme No. 1,
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.

All three systems require considerable operating hand labor. It appears
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
any unlined distribution ditches, If instead, a particular site has enough
clay to make short e-rth ditches fezsible, then the tile~lined ditches
should all be placed on a slight fill, so the water surface is about 15 cm
above ground level. The boxes should be at the same appropriate level and
serve as division boxes only. The boxes could be smaller and not so deep,
and each would need two or three gates through which water would be released
into small ditches for further distribution by gravity. Each division box
ghould be placed at the upper edge of the area it is to serve. This plan
would work better for Scheme 3 than for Scheme 2.
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for field storage,
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Season: Dry Winter (November-April)

Hectares

0.04

0.04

0.04

0.04

0.04

a

é;gags) Crop

Betlierave
(3:ets)

Carotte
(Cirrotts)

Haricot nain
(Green beans)

Navet
(Tarnip)

(Haricot
{(Mingo
(Green gram)

Season: Winter (November=-April)

0o

0o

Oe4

0.4

0.4

0.4

0ol

0.4

f

Chicorée
(ndive)

Chou Cabas
(Cabbage)

Gombo
(Ok%ra)

Celeri
(Czlery)

Laitue
(Lettuce)

Pimeut
(Hot Pepper)

Courge

Oignon
(Onion)

Variety

Rouge plate
d'Ezypt

1/2 longue
nantaise

Triomphe Faray

des Vertes

Race Marteau

Phaseolus
Mungo

Chicoree

. 1
SeAlvy, 2

Coeur “e
boef gros

Local

a couper

Batavia Blonde

de Paris

de Cayenne

Burpee's Fordhook hill~bed
Zuccini (57 da)

Violet de
Galmi

Type irrigation
Type planting

(cm)
plantiag
distance

in row/bet row

row-furrow

row=-£furrow

25 X 30

10 X 30

20 X 30

20 X 30

15 X 30

30 X 40

50 X 60

60 X 70

20 X 25

10 X 25

60 X 70

190 X 100

15 X 20
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Hectares Area(s) Crop

0.4 n Laitue
(Lettuce)

0.4 0 Piment
(Hot pepper)

Cott P Radis
(Radish)

0.4 q Spinach
(Basella alba)

064 b Radis
(Radish)

0.4 8 Tomate
(‘Tomato)

0.4 t "

0.4 u "

0.4 v "

0,4 W "

0.4 X Pivuent Vert
(Green Pepper)

0.4 y Aubergine
(Eggplant)

Scason: Summer (May=October)
Fallow - May=June

Green manure crop - July=October.
The other half should grow vegeta

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.

9

Variety

Kagraner
Somer
Local

18 Jours

Malabar

Spinach (70 da)

Rund Rouge
a bout blanc

Marmande

Piernita
R.mita
Red Jacquet

Fournaise (F1)

"Sweet Bell"

Violette de
Barbentane
or

Local

Type Irrigation

Type glantigg

row=furrow

bed=basin

rowefurrew

” "

(cm)
planting
distance

in ;g![bet row
25 X 30
60 X 70

broadcast

10 X 25

45 X 80

45 X 80
45 X 80
45 X 80
45 X 80
60 X 70

60 X 70

One-half (i2 ha) of the field.
bles adapted to rainy season
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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, it employs level furrows
and/or level basins.

T¢ 5 scheme differs from Schemes 2 and 3 in the method of distributing
wat . to 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 pipe, 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 sections 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
sertions could be laid from the upper edge of the plot, and extend down
th2 slope nearly Lo 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=vpen 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,
1f 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 valves one on either side of the tank, to
control the flow into the Pipe. One valve would suffice if it could
be placed on the upper or lower side of the tank, if a reversible elbow

be 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 vaive, a 2-1/2 or 3~inch gate
valve with appropriate adapter, or other cougparable 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. If the deleu can supply only enough for a half hectare or
less the cost per irrigated hectare goes up proportionately. The
following bili of materials and estimated ys Prices has been
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

Estimated Price

Quantity Size Item in U.S
100 m (330 £t) 4~-inch Portable, quick-coupling, low $430

pressure aluminum supply pipe
in 30-ft, sections,

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

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

2 nc, 4einch t¥lves with adapters and coup~- 150
lings, including one foot long
pipe to be set in concrete

tank wall,

2 pe. 4=inch  End plug 12

2 pce 4-inch  Reversible elbow 40

50 pce “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 aluminim pipe has often
been estimated to have a life of 15 or 20 years. If neither the water
nor soil are especially corrosive, it will 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 alsos 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, 1If 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 malntenancei; and
moderate longevity,
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Planting Guide
for

Irrigation Scheme #4

Ircigation: Concrete Well (OFEDES), concrete tank, delow for delivery of
water from well to tank, and portabie aluminum gated pipe and supply

pipe for water distribution. Valve
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Planting Guide for Irrigation Scheme # continued

Scason: Winter (November=April)

Type Planting
Hece Sec= Irrigation Distance
tares tion Crop Variety & Planting (cm)
0.:5 a Alfalfa (Variety from Agadez) Level basins, Broadcast

solid planted
by broadcast,

0.25 b Oignons Local (Nigerian) Level furrows 20 X 30
(0aion) rows 3x X 10m
0.25 c Maize dulce Illini Early Level furrow 25 X 60
(Sweet corn) Xtra=Sweet rows 3m X 10m
06125 dj  Aubergine Monstrueuse de Level furrow 70 X 80
(Eggplant) New York rows 3m X 10m
Local
0e125 dy Haricot Kentucky Wonder Hills in rows 60 X 100
pole beans (65 da) with furrows

both sides of hill-rows

Season: Summer (May-October)

.8 = Continue on annual basis
‘b, ¢, d - May=June=fallow
July=Octobcr=Green manure crop

A2 alternative may be to Plant 1/2 of b, ¢, 4 %o these
same wegetable crops for the rainy season or other
adaptable ones and alternate each half with a green
manure crop only every other year



Irrigation Scheme No. 5

Since the wells constructed by OFEDES are generally developed
until they produce 40 m3 per hour, and since nonecf 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
cost 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
lecast 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 90° 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 le=inch outlet is tapped into the top of the long
tapered discharge adapter, about 20 cm from the gate valve. Proceeding
up from this outlet is a l-inch globe valve (or gate valve) and above
that a diaphragm-iype priming pump. The gasoline engine will be mounted
on the same base as the pump, with its shaft connected to “he 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

e e e e e e e e e e e . —

¢ 3" lateral, 22 sprinklers ~—"A | S oy 4" mainline with 8 valves

30" spacing, 7/64" nozzles. 1 spaced 40' apart,
h
Laterals are rotated in ' System operates 6 days per
direction shown, 11 hr. sets, f week, 2 sets per day during 100m
two sets per day, 4 period of peak use,
1.94 inches applied per set, : Application rate is 4,5
or 49 mm, 1 mu/hr,

A¢

3" lateral, 22 sprinklers —,

S 400 m 9'

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

of 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 l-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 thar the discharge valve should be opened all the way. The engine
speed should be governed to produce 40 psi (2.72 atmospheres or 2.81 kg/cmz)
on the sprinklers, not more, Centrifugal pumps, unlike piston pumps,

vill not be damaged in any way by the high pressure that builds up when
the discharge valve is conpletely clcsed, 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

cengine 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 aiuminum foot valve, not shown in the sketch, is
clamped tightly to the bottom of the suction pipee When open, it permits
water to f£low 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 (73 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) long,
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 1if
the appropriate fittings are availabley An 18-inch riser by itself is
much easier to handle, much 1-~ss subject to damage, and lighter to carry
than the taller risers, and would be preferred if the crops are not too
tall, When the risers are more than 18 inches, a small board (assumed
available locally) nust be fastened to tle base of each coupler to
stabilize it. An end pPlug is required at the end of each lateral and
also the end of the mainline,

14
i

One practice used extensively by irrigators in the US when they
are moving a lat-val 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 Noe 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.
1f the application cfficiency is 70%, the net application will be
34.5 mm or 1.36 inches. This could be too much for a shallow-rooted crop
on very sandy soil. In that case smaller, more frequent applications
would be desivable. One way to accomplish this would be to make three
sets per day, starting the first one at the earliest moment it is
light enough to cee, and ending at the deepest dusk possible, with one
set halfway between. The last setting in the evening can be stopped
before morning 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
siite of peak use a less ambitious schedule would suffice., Fortunately,
crops with the highest use rates also tend to have deeper root systems,
so the proposed schedule is likely to be found adequate for any crop,
and more than adequate for some,

In conference with thelocal government officials who will be
rasponsible to place this system in operation should it be approved, the
feeling was expressed that the system should be turned off between 1200 and
1600 hours, There is a belief that the water at that time will damage the
plants, 1nd that adequate labor will not be on hand then. I strongly recommend
that this system not be shut down during those hours during the first year of
operation, or until it can definitely be proved unprofitable to do so, for
the following reasons:

1. 1In spite of many fears and alleg2tions there are
very few instances where daytime sprinkling has
proved harmful,

.. I certain crops should positively show damage,
they can be 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.

5, This system miy not have adequate capacity for the
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 effect 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 year's experience suggests that changes are needed
in the system design or operation, some oif these can be made rather
cisily, For example, the next larger size of nozzle could bBe 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, 2 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, ReM. Wade and Co,, Portland, OR

Quantity Size

360 f{t. 4-inch
1320 ft, 3-inch
45 ft. 3-inch

6 ft. 4~-inch

3 pc 4X3 inch
3 pc 3-inch

2 pc 4=inch

3 pc 4-inch
50 l=inch
50 1-inch
50

60 3/4X1/2 inch
60

Item

Aluminum mainline in 40 ft,
sections and 40 ft. valve spacing
(press-in valve couplers)

Aluminum lateral line in 30 ft.
sections.

Aluminum lateral 1ine in 15 ft,
sections.

Aluminum supply line with
pressed=in coupler

Valve opening elbows
Fnd plugs

End plugs

Reversible field elbows

Aluminum riser pipes 36 inches long
with zamac fittings

Similar aluminum riser pipes
13 inches long

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

Bushing, zamac

Model No. 20 Rainbird sprinklers
with 7/64 inch nozzles

Estimated
UySe Price

$ 530

1300

50

20

100
16
12
60

163

110

45

36
405
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Sprinkler Irrigation System
Approximate Materials List (continued)

Estimated
Quantity Size Item U.Se Price

| unit Horizontal centrifugal irrigation 1500
pump and gasoline engine, mounted
as one unit on a base, and with
sulitable 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 repcair, written in French,

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,

50 pc Rubber gaskets for couplers, mostly 65
3", 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
sct, 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 a total of $7200, plus fencing cost, For
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
that 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 running, 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 sec 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 substitutad for the gasoline engine, if in

the opinion of experienced local observers it would be longer lasting and
more easily maintained.
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Planting Guide

for
Irrigation Scheme #5
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Irrigation: Sprinkler irrigation of vegetables and alfalfa,

Supplied from concrete well by gasoline-driven pump.
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Planting Guide for Irrigation Scheme #5 (Sprinkler) (continued)
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Season: Winter (November-April)

Type
planting

Broadcast +
barrowed in

Drillad
rows

Row

" Row

Row

Row

Drilled row

Drilled row

1 L]

Hec- Sec=
tares tion Crop Variety
065 A Forage Agadez
(Alfalfa)
045 B Sorgho-Forage Jan=Jaré
(Sorghum)
065 c Tomate Ronita
WD D Green Gram Variety from
Phaseolus Mungo Nigeria=IITA, Ibaden
"Mung Bean"
045 E Pomme de terre Variety grown
(potatoes) in Agadez or Maradi
0.5 F Pomme de terre Bintje
(potatoes)
0.5 G Forage Pennisetum
(Gramineae) purpureum
0,25 Hy Ble (Wheat) Mexipak
Siete Cerros et
0.25 H, " " Florence Aurora
Season: 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- " " -cowpeas

G- same crop annually

Hy and Hy, - green manure crop after wheat

followed by

Planting

Distancegcm)

Broadcast

app 20 X 20 m
20 X 20

40 X 80

15 X 30

40 X 80

40 X 80

10 X 10

10 X 10

maize (questionable - may be too late for maize ?7)
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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, etce, 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 “i. less, when compared with other good irrigation methods, (3) 1t
h.s been 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 eection 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 & small tree up
to two to five for a large tree, TFor both types of lateral lines,
freedom from clogging of the emitters or orifices may depend on a
periodjc 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 frequentlyes It would be desirable to have a plant
or row of plants at the end to be irrigated with the flushing water.
Automatic vaives which open at a pre-set interval to flush the lateral
lines are available in the UeS., but for this installation, manual
flushing would I think, be better. If a clogging problem develops from
salt in the water, it can be avoided by periodically adding a chemical
tceatlwent 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 huried 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 grouund 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 arc 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 ecm, 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 hae, 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. 1In the case of the spaghetti
tubing, the flow rate is determined by the length of the tube and the
pressure on the systems Most emitters are calibrated at 15 psi (ome
atmosphere) and higher, but hopefully some, like the spaghetti tubing,
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Irrigation Scheme Nog 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 1t 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. Soulez informed us that this station already has several concrete
wells, nd 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
assemt:ied from a 55~gale drum set on some kind of a stand at a lower
heisht, and filled by hose or small pipeline from his sprinkler pump,
. o water could be introduced to the drum through a common float valve
used 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 growse 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 laterds 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. 1In 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, Soulez 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, It could
be welded 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 the handle, Depending
on the pumping cquipment that can be located, the capacity of the well,
cte,, this job could be sufficiently exhausting to require frequent
relief If the screen tends to clog, another job, in turn, would be
keepirg it brushed off, The barrel must be kept nearly full to provide the
maxi win head possible for the drippers. During peak use over the entire
Eo.ck, this 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, If all goes well, the
ony labor required after the system is laid out is pumping, and
occasionally flushing and checking, :

Te siometers can be used to tell when pumping can be stopped for

the day, and whether or not in the rainy season it needs to start again
the next day, They should be installed about 30 cm from a dripper and
about 30 cm from the stem of a plant, or perhaps from a principal tree
root., One criterion followed in California is to start irrigating when
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, The
other guide that can be used ig pan evaporation from the nearest weather
station. Here again, the use of tensiometers could help get a correlation
established with pan evaporation for each ¢rops 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 inktance)
at high noon, and applying each day the volume of water through the
drippers that would be required to spread over that area to the depth of
the 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

Estimated Price

Quantity Size Item in U,S.

2 units Materials for well (see $ 800
Scheme No. 1)
2 pc Stainless steel screens 100
10 pec Tensiometers 300
2 units Drip irrigation system 800
Estimated Total $2,000
Again the cost of fencing must be added to this, glus the conerete
puerr base, the used barrels, and the shipping costs. ince this is for
C.. uectare, 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
toughs 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 irrigaticn 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 troubie-~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
cnough to pass some sand, but with hard pumping, this will soon stop.

At that time the pump leathers may. have to be replaceds 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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Section 1V
Assess the Capabilities of the GON Rural

Engineering Service and Other Agencies for
the Development and Implementation of These Systems

After two conferences with Mre 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
cach of the six irrigation schemes as each was explained to them.

I'm quite sure they understand the basie concept intended with each
scheme. They have had experience with sprinklers, and likely could
assenlle the pipe with only a layout plan and instructions in French.
Mz7 .tenance of the engine may be another problem., A rigid schedule for
. .orication, filter changes, etc, appropriate for this dusty, sandy
environment must be detailed in French, as well as a manual for ma jor
overhaul, Lubric.tion of the pump, tightening and replacing the packing,
etcs, must be includeds I do expect them to be hesitant to run the
spyrinklers 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 imnediately, They were quick to recognize
that on sandy soil the lengti 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
intendeds 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 Noe 2 and 3 were easily understood by them, However, they
were dist rbed that I had not placed the ditches oa fills so water could
flow out oato the iand by gravity, I think they made a good point here,
so I alded a paragraph to Scheme No, 3 suggesting that this change be
miale 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 abcut 20 m long and serve parallel contour furrows 10 m long,
A man with an irrigator's shovel would direct the stream into each furrow,
probably one at a time.
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Mre Moussa Saley, Director of Agriculture, e«plained that their
role would be to monitor the progress of each irrigation trial,
evaluate its relative success, and prepare a report on it. They depend on
Genie Rural to install ond operate the irrigation systems, Genie Rural
will, in turn, attempc to motivate and educate the local farmers who will
be doing the work under their supervision. If it works as planned, the
tarmers 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 tile and bilck in the ditches, Hopefully, a satisfactory
wiy would be found for them to help with the well construction and fence
construction,

OFEDES appears to be doing a good job of concrete well construction.
The:r apparently solicit local help for the first part of the excavation
nat can be done by hand, and reduce the charge accordingly. They service
each well every 3 years for a fee, A few of their wells in sand aquifers
.a.¢ failed from cave~ins due to sand entering the well and continually
being pumped out, but in general they have held up better than others.
They couid stup the sand problem by using No. 10 well screen, but the
cost would be nmuch 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
sections, They follow a similar procedure to OFEDES, by digging out
inside to settle the casing, except that it is all done by hand, They
c mnot get .s far into the aquifer without equipment, but far enough
appzrently to obtain sufficient yield for a deleu, Their wells cost
only one tenth as much as the QOFEDES wells. I think it would be a big
he!p 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 esperience will make him better qualified to solve
problems that may arise here.


http:e:iperier.ce

-59«
Scection V

Develop a Time-Phased Plan for the Research,

Experimentation, and Implementation Necessary

to Tap These Sources of Water for Agricultural
Production, with Specification of Technical Assistance Required

Experimentation en irrigation methods and associated techniques
will, it seems to we, nced to contii' e through the entire period of
development anrd implementation, Hopefully, enough will be learned from
the irrigarinn schemes tried during the first two years to know which

ones are wore likely to be practical, feasible, and acceptable, Perhaps
these (yial wilj senerate new ideas, better than any of the first ones,
but that still need to be tried before implementing on a larger scale,

The following schedule is a rough estimace of the order in which
tasks should be initiated during the first two years, after approval of
the project, by month. Some items will be completed quickly while
others will continue. One unknown is how long it takes for delivery of
imported material, The "technician" refers to one person only for all
items, a Peacc Corps type who has had considerable irrigation experience
plus some related academic training, and 2 lot of natural mechanical
ability,

Tentative Operations Schedule
First Two Years

Technician
Month Task Required ?

| Write specifications and place orders for all No
imported irrigation equipment and instruments
for weather station, (To be done in the UeS.).

1 Investigate possible alternative fencing methods Yes
and materials, Select the one or two best jdeas
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)

™o

Select tentative sites for irrigation trials, Yes
Make inventory of soil and water properties,

If favorable, smooth all except sprinkler site,

Make topog survey of all except sprinkler site ,

2 Experiment with making tile and bricks for 1ining No
irrigation ditches, Cast several forms for use by
farmers for making their own tile.
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Tachnician
Moath Task Required ?
2 Develop procedure whereby farmers can construct Yes
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 vells while constructing
the wells for Schemes 2, 3 and 4 on the test sites.
3 Construct OFEDES well for Scheme Nog 5e No
3 Obtln animals and materials for coustructing Yes
deleus. Construct deleus and train animals to
extract the water, Use all local materials if
possible,
3 Choose 4 preferably unpumped, concrete wells No
in the Dallol Bosso and one or two in the Quallam
arca for weekly measurcment of water level, to be
taken at the same time each day, one day per week,
Keep permanent records, Reference curb elevation
to nearest benchmark,
5 Construct lined ditches and distribution boxes
for Schemes 2 and 36
8 Install weather station and fence around it, and Yes
start daily readings for permanent record.
10 Drive wells and install pumps. Yes
12 Install irrigation systemse Yes
13 Prepare contour furrows, basins, etc., for Yes
subplots and selected crops.
13 Plant crops and irrigate, No
17 Harvest first crops and plant second crop,
18 Place orders for any equipment required for Yes

expansion of those schemes favored for
installation during third year, including any pro=
mising new schemes for trial.
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Technician
Month Task Required ?
19 Choose .dditional sites for next probable No
develupment of areas with shallow permanent
water tables. Prepare sites for development,
24 Evaluate results of research on irrigation Yes
schemes (Fconomist)
Tentative Schedule
for Years 3 Through 6
Technician
Yoor Task Required?
3 If delcu shows promise of being r.sed successfully, No
continue education and training on construction
and usec,
3 Continuc help to farmers for constructing their No
own concrete wells, deleus, lined ditches, etc,
4 If deleu is not satisfactory try to develop other Yes
methods using animal traction and mostly local
materials, such as 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 dezpy, Include consider-
ation of feasible schemes uting 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 deleus Most of
the alternatives involve imported equipment, with all the problems that
come with it. If a shallow well can be ccustructed 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 Areas, and Make
Recommendations 1s 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
obtain uniform distribution 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 prebably the most economical of all for the amount of irrigation
waler required for a cropg

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 & 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
excavition 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 table, 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 i1s 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
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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 develiopment cost for excavation at $2,500 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 dones Mr, Livingston also suggested the possibility of
erecting a deleu over cach 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 ~!i stated that this one had been excavated in 1965, but because
ther: was no money for maintenance, it filled up with silt and sand,
mos.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 cnough 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 vmphasize the need for careful engineering planning and design
to avoeid failure, plus a provision for adequate maintenance, all of which
add to the cost.

It would scem 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
ecnough local interest to develop and maintain it,

I feel compelled to list one more water conservation measure that
would also conserve soil. 1'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
cnough 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., 1In 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 holing 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
Smmary and Conclusion

Ever since I began t. grasp enough of the problem of developing the
bas fond and mare areas ior irrigation, three problems have loomed as
scemingly insurmountable obstacles, assuming that the development
course must be based as much as possible on local materials and local
talents. Thesc¢ three are:

1, The sceming necessity for, and the high cost of fencing
to protect the establishment of a living fence around
garden plots.

2. The high cost of UFEDES 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 Agadez, 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 sizcable 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 intc business, competing with each other and with OFEDES for
relatively shallow wells, 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 must 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 ontside, a better solution for this problem must be found.
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I. QVERVIEW OF THE PROJECT ZONE

A. PHYSICAL CHARACTERISTICS

The Depar tment of Niamey is situated in the southwest comer 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 14940', The rural population to be affected is approximately
435,000 and includes at least 700 villages.

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 Southermn 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



® TONDIKW!NDI/ ,/ CANTON OF KOURLCEY
- '\: =
——— > ) m [ILINGUE
\\
v B OQuALLAM ~ ~——
’ \\ ~
\.TILLABEQY TN N \\\
T e SIMIRL . \ ——
CANTON cF CANTON OF LIMANAN

TONDIKANDIA ™
\ e DONKOUKOU

Ay

— .
N e DAMANA ~
CANTON OL‘TZ\GAZAQ\
O eTARLA

"‘) BALAVARA

H%LLAVE -ADMINISTRATIVE DIVISIONS
leoriE ) \\ —— BOUNDARY OF ARRON-
’ | @ DANTIANDOU DISSEMENT

eNDounea  \_ —-—-BOUNDARY OF CANTON
- T ———- B OUNDARY OF PROJECT

o - ADMINISTRATIVE POsT
® - SEAT OF CANTON

® - SEAT or ARRONDIS~
SEMENT

ScALE~ | : 000000




FLUVIOMSTRIC DATA

RT = Rainfall Total in mm. for each year

D = Number of

C/2

Days of rainfall rer year

Station

1975

RT D

1974
RT D

1973
RT D

1972

RT D

1971
RT D

1970

RT D

1969

RT D

1968

RT D

1967

RT D

1966

RT D

liamey

p67.5 65

4747 b4

370.7 27

43C.2 45

57C .4 45

450.€ 45

€45.9 53

447 .G 56

€13.C 55

565.0 51

Niamey
(airport)

b89.5 60

500.0 49

395.0 38

342.€ 47

456.5 47

476.9

609.6 62

543.6 59

868.4 68

506.0 53

Cualiam

349.5 28

285.5 26

289.¢ 28

352.1 29

394.0 26

353.C 27

334.2 33

340.C 25

56443 45

699.2 43

Mangaize

329.8 29

2:8.3 25

222.6 17

283.5 21

327.3 23

272.6 26

363.7 28

357.1 21

407.2 32

302.0 28

Filingue

P63.C 33

357.3 23

215.7 19

283.9 23

380. 0 27

320.0 15

33%3 24

352,0

608. 6 34

3069 21

Toukounous

.07.€ 40

275.2 23

150.2 20

262.7 24

312.4 25

310.8 36

366.1

384.3 39

42243 35

Station

1965
RT D

196&,,
RT D

1963
RT D

1962
RT D

1961
RT D

1960
RT D

1958
RT D

1957
RT D

1956
RT D

iiiapey

p61.2 54

705.3 56

557.7 51

66£3.1 48

699.2 54

628.0 55

652.7 66

621.9 55

607.9 58

41L.0 50

Niomey
(airport)

72€.4 58

E54.44 €2

473.5 55

740.4 57

633.€ €0

561.0 60

617.4 75

523.2 51

732.7 82

540.6 59

Cualliam

p12.0 36

553.0 34

502.2 33

574.5 30

43913 28

392.2 25

549.8 31

476.C 33

588.7 39

567.3 30

Mangaize

B63.8 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

Pilingue

F02.8 33

475.G 34

467.4 29

501.2 29

4647 27

370.0 26

579.6 30

551.8 33

540, 38

438.8 29

Toukounous

580, 8 39

544,.8 4O

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.




c/3

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, whiereby
rains are scparated by long dry periods, can impede crop growtii, In parts
of Niger in 1975 farmers were forced to plant their millet several times,
hbecause heavy carly 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 a! an average

of 260 to 290 meters above sea level. Other notable regions in the project
area include the river valley (averaging 200 to 220 meters above sea level)
and the Dalivl 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
duq by an ancient river which no longer flows, It varies in width from S to
19 kilometers, ana ii contalns 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 right up to the surface.
Hence, these soils are uncultivatable, and the regions in which they are
found are uninhabited. This type of solls 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 plateass ad hills. It has been estimated that
the permanent standing bodies of water cover about 1500 hectares,
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Due to its relative fertility the Dallol Bosso has a higher population
density, and it tends to attract the more progressive farmers in the area,
who practice diversificd 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, €%: Other, 2%. The principal ethnic groups
are the Djerma and the Hausa. Both these groups are sedentary farmers who
cultivate 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 nrovides 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 seasonsl
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 PROJECT 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,
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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.

Sorghumn, unlike millet and niebe, is generally grown in the southern zone
of the projesf 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-
lion, 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 1sohyete 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 rorthern
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 mm isohyete, i.e., 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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Cattle are sold at the principal beef markets of Baleyara, Mangaize and
Abala and sent south to be consumed. More cattle appear on the market

at certain times of 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 migrating in search of pasture and water,
The total quantity o :ivestock dropped markedly during the drought years, but
herds are presently beiing slowly reconstituted.

2. Supplemental Income Generating Activities.

Supplemental family income is generated in a number of ways. In the handi-
crafts, local artisans, as well as some nomads and farmers, produce leather
goods, silverwork, cloth, pots, clothes, blankecs, skins, mats, baskets,
hats and ropes. Making mud bricks, millet stalk fences and straw huts and
roofs can also generate income. Women can draw and carry water, sell
vegetables and spices grown in small plots, and prepare food for other
families in order to earn money. Nomads sell milk to obtain cash and their
belongings (clothes, pots, skins) during hard times.

Another income generating activity is off-season unskilled labor in Niamey
or in coastal countries such as Ghana and Ivory Coast. As mentioned early,
many young Djerma males migrate south after the harvest, hoping to find
work and accumulate cash which can be sent or taken home. Other income
generating activities include shop ownership, petty commerce and the repair
of vehicles, bicycles, motor scooters, radios and watches. There are also
some masons, carpenters, blacksmiths, traditional wells specialists,
chauffeurs and merchants. Aside from the production of handicrafts, one
could say that supplementary generating activities in the project area are
limited.

3. Torestry.

[aux et Forets, the forestry division of the Ministry of Rural Economy. directs
several forestry projects, particularly the gao reforestation and green-belt
programs. The gao (Acacia albida) projects are located in Abala (116 hectares)
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 road to Quallam from Niamey. The former two projects have been completed,
whereas Peace Corps volunteers will supervise first year planting in the latter
two once the rains become regular in 1976 (July). The goal of the reforestation
program is to plant trees in farmers' fields which will serve as windbreaks,
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
establisiment of 400 hectares of trees around Niamey. This will co.itplete
a one kilometer band beqgun in 1965 with partial USAID funding, The current
project is being funded by FAC, the French Cooperation, for $190,000. The
planting of green-belts of 50 hectares around the arrondissement centers

of Filingue and Quallam is still in the planning stage,

4. Private and Public Industries.

In the project area (outside of Niamey and away from the Niger River) there
are no private industries and little in the way of public industries. SONERAN
(la 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-powered small bore wells, reach-
ing depths of 800 meters, provide water for the 10,000 head of cattle, The
ranch produces 1500 tons of beef, 600 of which is exported,

9. Commercialization Within the Project Zone.

No cooperative organizatims exist in the project zone outside of those in the
river valley, Agricultural mroducts are commercialized through the vehicle
of traditional markets and OPVN (Office des Produits Vivriers du-Niger), a

state-run purchaser, stocker and seller of grain. The markets 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 Niameyv, Chimarkawa, Ayerou (west
of Mangaize, on the Niger River), Abala, Baleyara, Filingue and Mangaize.
In order to reach these markets, cattle have to walk consideranle 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 the
Department of Niamey from 19€9 to 1974, Little, except for rice, has been
commercialized since the drought. Even the quantity of rice and percentage

of the rice crop marketed have also fallen off since 1972. The last three years

have been deficit years for grain production in the project area, so virtually
everything produced has been consumed,
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II, 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, someiimes 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 burming

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 .ibout 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
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the millet stubble. THs traditional use of manure is not wholly effective,
fur much of its value is lost while lying exposed on the surface. Few
farmers know tiow to use it as compost or as a fertilizer which is put under
the ground durinj 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 wfficient. 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, concen-
trating on their gardens once the millet or sorghum is harvested,

A last small farm unit is that of the sedentary or semi-sedentary Peul or
Tuareg, who are most often located in and on the fringe of the southern

part of the Dallol Bosso. Since the sedentarization of the nomads is a
relatively recent phenomenon, many of the sedentary Peuls and Tuaregs

farm mediocre lands, the best fields already having been taken or used
previously by the Hausa or Djerma. Hence their total production and yields
per hectare are inferior to other farmers' During the rainy season, the
heads of Peul and Tuareg families cultivate millet, while sending their sons
or younger brothers northward with the family animals to search for pasture
and surface water. Or if the family herd is small, it can find adequate pas-
ture and water in the general area of the farm. After the harvest the herd
returns to the family fields, staying there throughout the dry season and
enriching them with manure. During the dry season milk and some cattle are
sold to the sedentary Djerma and Hausa in order to purchase millet (if it's
necessary). The men are often paid to care for other farmers' cattle, and
the women earn money by pounding millet for other families. On the whole,
the sedentary Peuls and Tuaregs are far less progrescive farmers than their
Djerma and Hausa neighbors in the Dallol. In trying to maintain two ways
of 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 the
production of millet, sorghum and niebe and the quantity of each produced
in the arrondisssments of Niamey, Ouallam and Filingue. From the millet
productivity charts one can conclude that the surface area cultivated in
millet and the total production have fallen off significantly since 1969, a
vear of abundant rainfall. Yields per acre have also decreased,

The surface area devoted to the cultivation of niebe, a crop of secondary
importance, has declined, Since 1973 the total production of niebe has
remained constant, Hence, yields per hectare have risen slightly, despite
a significant drop between 1972 and 1973,

For sorghum, a minor crop in the area, the surface area cultivated has re-
mained constant, although there was virtually no crop in 1973, the worst
vear of the drought, Total production decreased drastically during the
drought, The quantity produced in 1973 was one tenth the quantity produced
in 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 and 2 show the total numbers of each type of livestock in the arron-
dissements of Niamey, OQuallam 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 1'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, esgzcially for the arrondissement of Filingue, which has a
large nomad populatio 1 dispersed within a vast land area.

TABLL 1 Livestock Total for the Arrondissements of Niamey, QOuallam and
Filingue. Source: Department of Niamey census 1974-75.

Arrond. Cattle Sheep Goats Camels Horses Donkeys

Niamey 35,134 11,733 17,601 618 1722 1477

Quallam 27,166 12,814 50,762 4474 2718 3195

Filingue 28,706 10,968 23,812 551 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 Nlamey Estimates,
1975.

Niamey 60,000 20,000 30,000 1500 2500 2200

Quallam 50,000 15,000 60,000 5000 4000 3000

Filingue 117,000 48,000 38,000 10,000 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 estimates, because 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.

TABLL 3 Marketing of Livestock
Livestock Totals for the Arrondissements of Niam ey, 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
Quallam 6,744 20,662 18,936 4766 125 572
Filingue 24,582 62,061 71,186 15,972 1805 4477
Totals €4,036 149,813 151,370 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. Thelr 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. Nomads 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 sellirg 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).



c/n

3. Animal Traction and On-Farm Fattening of Beef in the Southern Zone,

Sedentary 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 sell
their animals. Cattle are regarded as a very sound investment by farmers,

fur 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, < trained cow capable of working with a plow or
a cart costs between $170 anc $210, a high sum for peasants in an area

where annual per 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 their
fields 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 be
plowed, and farmers here cut away surface growth at the beginning of each
year in prcparation 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 and
water erosion through the construction of terraces on inclines. Reforestation
projects in Abala and Banibangou have been plagued by inadequate rainfall

and indifference on the part of villagers who have shown little interest in
keeping 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.

[T, INFRASTRUCTURE AND SERVICES

A. RURAL ROADS NETWORK

The major routes in the project area are the bituminous national road linking
Niamey and Tillabery and Dosso and the laterite roads running from Niamey
to the arrondssement centers, Ouallam and Filingue. The latter two are
practicable during the entire year, as they are regularly maintained by the
Department of Public Works witin funds coming from the national level,

There are several secondary routes in the project area.
1. Ouallam to Mangaize, partially improved from Ouallam to Tondikiwindi -

- neither maintained nor practicable during
the rainy czason.

2. N'Dounga to Dantiandou - well~defined thoigh 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 QOuallam 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 maintsh 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 villages 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 Quallam 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
Canadian 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 pecasants hauling in laterite and tamping down the surface with hand tools.

B. VILLAGE WATER SUPPLY

OTIDES (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, 2€5; 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

arc 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 €7 wells in the Filingue and Ouallam arrondisse-
ments. FED funded the construction of 20 wells in Quallam in 1975 as part
of a long-term 350 wells construction program for all o 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 & meter for cement wells
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which is reduced by 40% if local labor is used). 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 reqular 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 Quallam 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 hy arrondissement: two in Ouallam, six in Filingue and
six in Niamey.

[n 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 cxpected, 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 aldes 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 Department.

The thrust of health programs in the Department i{s to counter basic problems
in hygiene and nutrition and diseases of high incidence, particularly malaria
and diarrhea. There is a flavoquinization program for the prevention and
suppression of malaria among children from 0 to 6 years of age. The health
personnel in the arca are qualified to deal with these common health problems.
Treatment of tuberculosis, meningitis, leprosy and veneral disease is not
adequate though.

Fxact 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.

TABLL 1 Primary School Statistics

Arrond. Schools Students Teachers Mud Mixed mud- Cement
& classes brick brick/cement

Niamey 31 2707 €8 37 4 31
Filingue 41 5043 124 55 32 37
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Source: Primary School Inspection, Department of
Niamey 1975-6 School Year. Figures were not available
for the Ouallam arrondissement,

In addition to these formal schools, there are numerous Koranic schools in
rural villages which offer religious instruction in Arabic,

The rural areas have inadequate educational coverage. The percentage of
school age children who are actually in school (the scolarization rate) is
only 13% for all of Niger, 21% for the Niamey arrondissement and 16% for
the Filingue arrondissement, There are not nearly enough teachers, facili-
ties and funds to expand the educational system in the project area. Re~
cruitment of primary school teachers is low, for teaching at this level is
considered an unattractive Career. Basic conveniences and electricity are
not available in villages with primary schools, and many of the posts are
isolated. In addition, nearly 40% of the teachers have had no special
training 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 with
the 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, Preliminary

setting. They have had problems, however, adjusting to the traditional

system once they have compieted the educational television program, Although
educational television is an exciting and imaginative possibility, certain
imperfections have to be worked out, and the cost of financing this system,
without foreign donations, is prohibitive for the Nigerien government,

languages and how to communicate simply and effectively in oral French. In
the project area there are 21 literacy centers outside of Niamey: 4 in Ouallam,
9 in Filingue, and 8 in Niamey. Less than 4% of villages in the project area
are affected, Formerly instructors used to be primary school teachers, but
their attitude was found to be lacking and their attendance irreqular, So they
were replaced with local instructors, generally those who formerly attended
primary 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
their studies before the end of the program. Thus, actual percentage of
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
of the "patron", i.e., the official language used by administrators and
those in positions of power and influence,

Television alphabetization and presentation of demonstrations concerning
health, livestock raising, farming, hygiene, etc., have been more success~
ful. Tor a four month period in 1973, adults were taught to read and write
thelr local languages at five television centers. In addition, educational
televicsion sites are used to present 18 programs concerning new practices

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 recelved.

L. RURAL ELECTRICITY

[lectricity is unavailable in rural areas, although the town of Filingue has

a limited electrification orogram. Electricity is available until 200tr, 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 ,
centering around changes in roles and practices brought about by developmental
process, are broadcast, The Samaria, village-level youth organization, can
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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 rural 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
scssions 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
about 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 qulde listeninag and discussion sessions pose a problem though,

V. SOCIAL SYSTEMS WITHIN PROJECT ZONE

A. Major Tribal Groups

The major tribal aroups within the project area are the Djerma, the Hausa,

the Peul 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 OQuallam 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 arca. Whereas the Djerma are found essentially in the arrondis-
sements of Niamey and Quallam 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%) contafh 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 Baleyara and extending north

to T'ilingue.

B. The Djerma.

Among the Djerma all the village lands are owned by someone, whether they
arc 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 secen other agricultural techniques used
successfully, and they are potential modernizing leaders in the villages who
might serve to diffuise new practices. New practices might also be spread

by those who have been to school in places other than their native villages,
where different methords are practiced. The danger here, however, is that the
peasants consider students inexperienced and ignorant in their domain of
farming. Henece, their advice would probably be ignored.

Work in the village is divided according to age and sex. Beginning at ages
b to 8 children help out in the fields by carmrying 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
arc 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 decisims involving the ways in which additional family revenue can be
camed,

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 secms 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 Djerma 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 Djerma 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 systems of land tenure and family organization, which might impede
coopcration amon« different families and the formation of cooperatives and
credit unions,

A possible social/cultural constraint to the adoption of new practices by the
Dierma might be the weight of tradition. The rural popule tion of the
D'ermaganda has a reputation for stubbornness and unrecegptivity to innovation,
Djerma farmers have cultivated millet for centuries using rudimentary methods
which have 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 persuade traditional farmers to change their methods. Unable

to gqamble as they are never assured of 1iving comfortably above subsistence,
the Njerma will have to see evidence of the advantages of new practices
before attempting to use them. Any constraints to poorer segments of Djerma
communitics receiving benefits of new practices, which would probably in-
volve additional expenses, would be economic rather than social or cultural.

B. The Hausa

[n contrast to the Djerma whose lands are all parcelled up and accounted for,
the land in Hausa 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 persona! 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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are able to bny 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.

Hausa villages have arbitrators who intervene in disputes. These men
(called cadi) arc religious leaders trained in Arabic who run the village
toranic school, attend marriages, baptisms and prayer sessions, but their
counsel is respected in other domains. Village or canton chiefs usually
judge land cases.

As with the Djerma, 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 henefit 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 moriey, 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.

Hausa 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 w 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 entreprenaidgl 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 cn an investment is not
always possible.
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D. The reul

The Peul in the project arca are of two types: nomadic and sedentary or
semi-sedentary. The nomadic Peuls specialize in herding, whereas the
sedentary ones farm and raise animals. The nomadic Peuls make transhumant
migrations, moving northward after the rains have begun and as surface
water and pasture become available (in July) and returning southward once
marces and pasture have dried up (anytime from late October through early
January}

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
head'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 daughters'). 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
lraditional jstice and discuss what routes they will take on their northward
trek and where they meet for the annual worso, which is several days of
celebrating 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 scason, 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 nomads' 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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cattle are often thin and weak and there is too large a supply of them on

the market at one time. Hence, the prices at which they sell are low.

Cattle are generally sold at the principal beef markets of Abala and Baleyara
o- at Filingue and southern markets such as Dogondoutchi and Gaya. Finally,
the: nomads receive millet during the dry season in exchange for milk or beef
or as remuneration for fertilizing fields.

gedentarization of the Peuls has effectuated significant changes of life-
stylc. Heads of families, along with their wives and young children, do
not make the traditional transhumance. They stay on fields in the southern
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 exclusively nomadic Peuls. After the harvest
the young men return south to allow the animals to graze on and provide
manure for the family's fields. Some sedentary Peuls graze smaller herds
by having young males of the family lead the cattle around constantly in

the area of the family's fields, carefully avoiding cultivated land.

Sedentary Peuls differ from Djerma or Hausa farmers in that they live in the
fiolds with their animals during the dry season. Peul villages are spread
over a larger arca than those of the Djerma or Hausa. From time to time
the villagers move in search of more fertile fields, a better water supply
and greener pastures. Sedentary Peuls can acquire additional income by
caring for the cattle of Djerma or Hausa farmers or by selling animals.

A problem in transmitting new practices to the Peuls is their recalcitrance

to accept anything new. An increasing number of Peuls have become sedentary
or semi-sedentary on account of tragic losses of cattle during the drought,

and it will be necessary to at least localize them in order to impart new
techniques. The trend from nomadization to increasing sedentarization will
cause considerable dislocation and stress, which might prolong the period

of adaptation. During this stressful period, many Peuls may not be receptive
to government efforts to reach the rural population,

The nomadic habits of the Peul frequently lead to accidents occuring in the
fields of sedentarized Djerma and Hausa farmers. For example, a group of
Peul 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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the
are strained. Nomadic Peuls who are forced to sedentarize infuture may
not be well-received by neighboring Djerma or Hausa farmers,

Since many of the sadentary Peuls have only recently become sedentarized
they are less progressive in their agricultural practices than the Djerma or
Hausa. In the event that agricultural extension agents are sent to reglons
heavily populated by sedentary Peuls, they had better be Peul, for a Djerma
or Hausa agent might aggravate relations strained by grazing accidents and
the crowding of cultivatable land, Traditionally, Peuls have not recelived
visiting merchants at their villages or wells, which might be an indication
of their receptivity to the proselytizing of new practices by extensionists
or livestock aqgents,

I'. The Tuareq

As with the Peul, the Tuaregs are becoming increasingly sedentarized. Both
qroups suffered tremendous losses during the early 1970s, as their herds
were decimated for lack of pasture and water. Almost all of the sedentarized
Tuaregs farm in the Dallol Bosso region, where there have been more and more
property conflicts with the overcrowding that has occurred in recent years,
Like the sedentary Peuls, sedentary Tuaregs cultivate millet, generally on
less fertile lands than the Djerma or Hausa. Unlike the Peul, the Tuareg
augment their income through the sale of handicrafts. They also sell milk
and beef to neighboriny farmers. Last, the raising of livestock on or near
the 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 who
served as slaves for Tuareg nobles. Since the Bouzous have been accustomed
to laboring as herders, artisans and farmers for the noble class, they have
adapted more readily to sedentarization, They presently farm, raise camels,
transport goods and conduct commerce for the nobles, sell cola, tobacco and
handicrafts, and perform manual labor for others.

The remaining nomadic Tuaregs roam about the northern zone of the project
area. They do undertake the north-south transhumance, but it is on a minor
scale compared to the seasonal migrations of the Peul, During the dry
secason they remain in the northern zone, grazing their animals around several
wells or a particular deep small bore well which serves as a base of opera-
tion, 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, while
they 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 such 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.



