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the spreading of new, modern techniques. 

':'he effect and reciprocity of these factors will determine 
jointly the level, directions of development und rate of 
mechanization, as well ;ts the optir.ial size of the machines, 
ard purcha:sing power is also a relevant factor'. 

On the bcsis of investigations, a:J well as economic anrl 
trade policy, to be described in r1ore detail later, it is 
just ifiecl r~:,· all means that an atgriculturnl machinery factory 
should be e3tablish~d in Zambia, a part of which would 
as~ei;1Lle nore sophisticated tra.ctor-dr:um implements (pert of 
i1hich ce<u b<... produced loco::.lly); water pumps for irrigation, 
~tc. 

This factory would decide, £or many years to come, on the 
direction of aoricultural developr.1ent in Za.mhia. From among 
the r.achine industries in the cc-un"try, the acricultural 
r.•acllinc indust.r~· will continue to eve! ve rwer Se\rcr•l years, 
owinr.J to its special potenti€.:le The most suitable machinery 
for ~.qri.c11ltural production in the country \,ill not be kno\m 
unL il ~he first tools rnd implements h~ve bee-.1 used clurin::i 
several ~easons, which will then i::.:i.ke it p(.)ssilJle to l;.01.vw an 
ide;;t of the fin.<tl modifications necessary. Tl1is process 
co;1.nnot be 01cce:le;.~ated since the preparation of the soil is 
'lone in a certl.'l.in se0>.son only (beoinnina of rainy season) and 
1- 1 1:~ care of plants is connecteu with the -;.dologice.1 ch~racter
ist ics cf cropt the growth o::? t;w plant, etc. 

l·or t'.;i.s reascn, when enumerating tho~e aciricul tural inpleacnts 
certai11 parts of which n~~d c::.ltera.tion anJ "-lso the propozed 
nr;H on~s, I hnve mentioned the::.r exact nru:ies a..id the arirc
ttclmical process or operation which is being mechanize1.!, as 
~vcll aD possihl~ structural solutions. The final production 
t~cl.noloriy should be develop~rl \d th far-reac:dng considcri'..tion 
for thBsc factors (e.g. selection of raw naterial, formation of 
cuttino-cdge, etc.). 

I hH\'C c1ivefl propo~als - w ... th :l.ppropria ~e rea3ons - for the 
alteration of several structur~l purts, becuuse ~ocal produc
ti~il-, ,;ill he mainly conccntrnted on h;i.11J toolr; <w1d anh1E~l

<.lr..,_wn im}1ler.1ent.s and by this me?.n:> tl:e live laLour cxpcnuiture 
c~n1 J:-.e reduced considerably, \·:ldch is the maL; objective of 
a91·i c11l t\lral r.ecl!c::miz::i.tio:i. 

At1'.'lther intention is to suauef'.t tht! int1·oduction of ~uch new 
inpl~:r:Hmt:.; (roller rloug:1) the U8C of which ir. alr.1ost 
cc;p1plctely inclcpcnridnt' of scanon.c, cliuatic cunditio1w, nnc1 
thus the need for much of tl1c work t...i be cone f:i:::ul tan1?011sly 
clurin(J the high sea.son can be avoicled. I am also recommending 
tLe use o:.· auxiliQry i1.?plcments (liydroli.ft \vatcr li ftiug 
ri.ryvice) which work \Y'ithout 1my fuel or atteur;f.tnce. 

I 
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Details are given to help in choosir.g, in$tt.i_ •in(~ :.inr• :JU~-tiuG 

into working order, +.he •3<J.Uip.nb:l. rw(~de0. for t:1e <:T._;:; 1 
hl.:~cksmith 's shop anl.l foundry in the p:~<:posc(: !.·,c-::·: ory 1 a!: 
"'-·~11 as :for ensurinq the ri~1ht f;:·0ct11cti,)11 ,:v:'.::!ol..,a:'• 'Tl1~ 

forge shop of the factory can start \o:orkjn,1 ~ooner t1•m1 thf' 
re.5t of the factory (since there is a co~·pl ,..,~~" .for~;e sho,J in 
the Zmnbia Hailw.::i.ys f:eJHiir Worksho1;, ._. .. _ .hai:_;w~ r.lr.;o::;t unu':'ed, Pllich 
can certainly be -c.aken o·.rer by the pro:10~0tl \ 01ri.cultural .1-~at.hinP-ry 

Factory). Tile forge shop Kill h<•.d~ '.:'1-~ ."1ost proii\.aLJ·.' produc;;i•Jn 
and will be able to do co~mi~sio~ wor~ fo: Lhc ni~rs, r~q~·iri~g 

a larne quantity .:>f picks, shcvLJa, etc. 

Considering that th~ Z!1.-:.bj an Go\'ernr.-u't i~ .;:11r.,11-.ci at ~ l.e 
intensive development of ag1·iculturc, it if:, ~~- pri.r::e H1pc·~·t;:..•1::e 

to improve mechanization in the agr ! n: l t'..tr.~:- :::f"ct -n·~ ;:·hi:;;. is 
... \..... T \... - ..... - _ .. - ..J - - - - , -···, - .J.. ~ - - - - + t- - - ... - - 4· .: +. . ,_ ~ - ! -- . . -· r- .i.. t _ _ 
".14.J A J.IQYC ll&Q.Ut; Q .... Cl..l.\...U...LQ.\,.LV£1 Vll Lol.:.~ )1.1.V.L.L\..ll.,r'.J .• r .. J.._._.,... V.L \.JI'.~ 

proposed A.M.F., enaLlinQ t~ose compet~nt t~ ~o ~o to discuss 
my _.)roposal. 

One of the objectives of my assign~ent wa~ co assist Ruco~ 
Iudustries Ltd. in making sever~l prototyp0~. Sine~ it 
became evident -chat agricultural m:ich:i.n:-ry could n•:;t t.e 
produced by small work~hops or artisans 0·1ly, .'.lnd .~ nn• 
factory should be set up, no prototy1)e maci1i!ies c.•n:ld be made 
by the facilities of a small workf'll•~;> and t!,e future equiprnc:nt 
of thL factory proposed is not yet at our d~9po~al. 

Summing up in short, the main objectives ~f t~0 Final Report's 
proposals are to: 

produce agricultural hand tools and i~ple~Pntg locally, 
at low pri.c~ and P''t ::m "'n.i to irnportnt:i(•:t'!; 

rnake agr ical tural prouuct : : '1 ens ic-.q 

ensure con:.: inuous working possi :d.l ;_ t i(,;1 for rural 
artisans; 

create new worldng possibilit.ic.s in ti1e f."l.ctci-y; 

increase food production, thus improving -r.hc- food sup}Jly • of ir1habi tan ts; 

technical development and creation of th•• L.·,!':i~ of 
future trainjng • 
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•:1;:it::hj:~J:__:i;'~··-:11E..S/ nnd t he._St:.vel o ;;::!ent 
~gr i_c;:_! __ ~ t_:!f"::._~ mcchn r: i u1. 'I: i 0'1 

o~ the 

; •. ~,,:1hi<a. pr.:\~u~er.; !'lO agricultural rnuchinery hP-r;c;eJf. T 1~us the 
'"he 1 .• ~-equi n.:r:1e11t of the C0'-1nt ry (tractor~; oi.nd the-~: tq_ll i pr~l"nt, 
~n~~•! d:~~~ i~plementH, &catch c'rts, hand tools, ~tc.) h~N 
'·~t~1_ !hd ~:.; inp0rted lilainly fron1 China, South ,\fr~ca (via 

· :-.wi ! , t!oz~;l'":b~que, Engl&nd, U.S.A., etc. (i';ir.2C of the 
;:;1l""1 0x:1.::-;•( Co.: A£rir.:al, nettr illanty1e.) 

:,. "';e 1viric 11ltur~l :5ll':ill machinery price8 of S::>uth Afr)_r:;. :\nd 
•""lI'"-'·.i.ltll:-· 'lf China are exceptional.iy favoure,lJl~ (e,,ga i.he 
:< !{g C.1·•na. pJough co~tl" 1<.1'.J, tl'•e l-ialawi (S(•llf-'1 African) co,,· s 
K17, w'1i.ch price.!! carmot even cover their pr~rlu~tio;~ cost. 
~.\w·:o ;:·lees hav•, up to now, made it iraposi<:l.,1~ tc dovc~lop 

·::,.., ::..:mL';.nr industry •md produce £gricultu:-al n:r.c:->inery locally.) 

i!.cc-· ~',z~J -C:> the eo cRllt<!d ''Lenco Study" on the pu~sit<.lity 
o [ _pt nctlC' .~,\) v. ft'JW types of agrj C:Ul tural r1ac'1in~·ry by th~ 

; .. ~;.?1~.l-. Ln;iP1'e-i!·ing Co .. (LENCO). the ~ar.ie typ~ of rlounh Cl[; kg) 
.·01:.';J. b~ !10'.i rP~rn cxp~nsive than the StJuth Afrir:rt11 U.lalitwi) 
n.i!", "lH! 60\ Mor-., oxpor.~.!ve than th~ Chint:se. 

i~r"' 171.<t i-:1n 

for 1~·72 

::.--. ll ; "~ , . ._,, 

LEN CO 
Denomination cx-fact.'.>ry 

Nt11:1b<"' Ard 
Diffcrer.ce 

nr:llin~1 

-··· "0'·4~~-----·~--.. ---------

7n.i·· 
1, '..u.:• 
~ • '"I)') 

•. I<, 

Pl .. ugh P. n 
(aingll'! fur:-0"1) 
C11::.tiYattH s51 
Triangular harrow 
Heavy zi{~zny !Jnrrow 
Di! "J'ltld h•~rrow 
D~avb~- (2 aection) 

11 

in K 

25.--

28.50 
15.Go 
19.56 
'JJ,--
6.50 
e.--

28.--

in (' 

pri c.~ "' 

15.15 GJ 
23.-- 2 ,, 

~..J 

15.Go 
:19.-- 2 
11. JO 12 

'1. 90 JO 
7.c;o 1 

23.60 1<) 

1ld.r i-'r-\e~ ·.•ould be much ntorl'! favourable in an inc!eJ,ond~nt 
Lora\--,, .- (,,1 ric·~ltuntl ciachinery ft;i.ctory. On t.hc hcrni.<; of the 
pH:l 'i'.i.nr..<7 cAlc••lation the totnl product1.; o ,· the :f11d.\.>ry (sec 
FJ<"I''~n;c(! ~-~dcul~tion sh~ets in C!:"pter V) wo11lrl make it · 
pcir:;~ihll':I to achi~vo n price of K19.5G for tL~ 11.bovC! typ~ nnd 
Ri:t,~~ (1f pl•'>Ugh (38 1·.g), whic:1 price \·:ould he 11r~{, bifl!l:Jr th~m 
·;,h., :;. Afric"n one 1md 30% hither thtA.:1 the Chjnet;c. 

T ,. dj ff,,r~ncr r::ust lH., r·C'!1:i11r,~ratc·cl fro·ri th~ r-rofit 01 U,of,<.! 

!),-.~•1;_:;::..p, ·.:hich ~re produce>d with prof'it. TbC'! fnctory cn1:l r! 

nf:~, 1 r,ntr,,L>le evon if it w<'!re desired to <lclii..,ve ih<' act11;d 
irnr-,"·t :~··ice of the Chin":tH~. 

' 

• 

• 
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Zambiar. agricultur~ ~"'n be di". i_tl,..:1 ;.nt ') tL.-~~ r;r,i\:_.p,-.: 

a. The "'9 Clllled COr.>G~r~ial f .. :c.:i:l~ !':~cr.•.n lf,·<];r, ;:.,;~ .. ::n;t: 1, :)_;.) 
te 5,000 acras), whiLh iM c•:ncer:~r<,1_.-.. ··! .:udr-.:_, rd ... •'lc; t·:~ 
ma.in rnili;"-y } ::.n;"l •. ThrJiI n.1:;.Jbv1' is 11.h~~t11_ ')')•), ··;i; :, <•t1 

average ~f ~,oco ncrca. 
The cc.r.ir;ie~·r.iftl fe.rrAinu 5n.~t~.1· prt'.'dt~C" s t'.11~ rP .. iori " of 
tho agric•..il tt..1 ul i;rodnoc t'r.ti p.-o;• i cit!~ ;;. J r~·.>5 L «i l .:he 
country 1 s agricul tura:l ..,Y.p:;irt cRrnj r'">. 

b. The emeroont ftH"l'lCrs (i1·c:: ~b~:1-: l(~O t" ·1,iJ'.Y) :·c1-~·;) f•r"' 
~ainly pr~ducing far l~~al wnrketing. 
Th<9y •.t·o alr.o :~or.ce.,tr .... -,(·'1 ,\1;;rc i·:1~ li'.il\;ay linP. ;n 
Centre! c.ud Sttnth<i!l:t'i.l ?rc\itP~-,.o; 111.nd alo:1<J ~~';;,~ •c1,:__; __ ro ... _~:; 

in Ea6tern Pr~vin~"· The• f!"f·J,z:>.ti,,n c:.· th:.-3e ·.:-r~·i'.orj~,~ 

is 10 to 40 perneni;; }P:r ~qu<•Tt kil.'f';;e~.:: ... 

c. The gcnll farr.ierrs~ ftetivity :its prim1itr11.:-· :;\:l.:J;;;,_eicre ~fn)::'. 
a.bitut 1 to 3 sero~ by hlu1'1 ,u~~ 5 t<' :?.i"J :t~·r~f>! i'' c:-.c;1 i -
about 450,000 families. ThGf ar1~ t"' ~.~ .o::r.d ~-' :·onh~rn, 
N•rth Western ~nd Wo:iterr; !'rcn·inces \,.;-,~re th<: ;'fJ'.}ttL.-'tt icri 
is 2 te iO per~:n1.a psr B(!H&l"'1! ki 1?..iet r ~. 

It can bo feund thAt tl:e aizf! of the e<01·-Jmtc'·•:'i;~~ f~1·•.t:i il<J l'~c"Cl:· 

i11 dec:.easing. At th-'.; ,1;~" tir..e th.;: 5i£eo, r.._· Ln'~ n<;u-ccr:'.:~c>::ia.l 

sector is incrfta•ing and thiri tcnd\'!ncy H!~l rn·ctc•·.;,1,· J.JJ'< ir• 

the future. 

The develG~mont of the1'o a.9ricul tnr·al r,t1 na:~; ~;,"'r::•.C'l::-io :~n" LlH' iJ
influene~ on each oth6r will ~ecide on th~ lcv~l. riir~c(ior, 
and rato ~f develop;;,ient sf ttgric111tt:r[d m~cha.ni?.<lti;~:; ai.s Ht~ll 

ns ~n the rational and eeono~ic"l slze of the ~a~m~rcj~l nnd 
non-e~mQareial sectors. 

J. TJ1e: c!£;~•ilnd re::- .._,jricult~_tr;.l ss:~~. ~ r~achi~1i-:r'"/ Pn<.~ lui.u<: T.~-:~;_,:; _ .. _, 

hiah cnouah {e.g. plouuhs, har·1..;w~, c11ltiv;.:_or!l, 12,1)()() l•it-c~~; 
year, hand he es 500 1000 pieces/y~ar) to en•.,:-,;- to c>n ?.g1·j cul tu:-al 
machinery factory in l,.mbia hut one r.n1~t, ns; tu::-.ll ly 1 11,kc· into 
consirlera.tion thct.'le J'indingt, enttm~rcd,ed ii; t!i~ prl'!vion~ 

paragraph. 

lt. One l"Jf the mah~ in .. c ... rfectionlil of t.h<'.! i<ctuaJ ~"1pply in ttCJri cul
turat,·mtichinfJry (both tractor imrl ~nir.101.l drr.1:1.) ]!. i..Le :>-hor·in!J! 

of spar~ pB.rtr>, which i3 often eAtaatrcphic f~.g. on<':' f;;ur.ir:-,

near K"hwe ~ (Mr Mepreoby~\fhi te) h.-.d to b11y :'.<"Ve«:<:•. 11c·\; i' n'ctor"I, 

ewing te> ] ncl< •f EJpare pa rtll fer the o l c1 n•ies; l'.<. t h0 l~;.fnbn 

fl'!lscttlement Schemo, run Ly t.h~ I,;rali.F., :-i tr~1et.(";r i:_-. 
d;;,1u1.er;onbled wh~ne·.rt.>r a l'l)ft\l'O par-:~ in ra::e·'(:'i 1 01- die otl~t·r~_,, 

r cc.) c.nd therfl are n& sufficient mai ntcnnr:c<:? ..tr.cl ~01·\ j CC! 

posnibilitie~ either. 
I 

Th& very liraited numbor f!:f repair or r.erv1ce ·..,·nrl.;~,::·;,rn, dr~~..1 i1 1 :~ 

with agrieulturgl machinery arc eith~r n0t ~~'inble owin~ -tn 
their t~chnicAl ir1ability, or they a1,, muc! 1 Luu <..xpr-n::,iv,~. 

Tl•C'll'll!l whc kn<>w their job and 11,;o.vc ft;.ve11 • ..... h1 '! r,1· i. c~:". i'"t'- ·~ 

i nm 1 ff ; c i n n t c 9. [• ;:~"' i L y t. l'.t m c et. •'· J J I ! : -::· I"" 1 • • "· r - ; .,~ : , '. . i ; · ; i : '' n ~~ 1 '· .. · ' 
to •.r.i.it evc:in h~lf e. yenr tc hr<"'"' i..:1e· r::~~~·i. in":-. 1' >;~_i_, :::l 
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-:··; ~ '"n to these inr;n!"fici~n~ie3th>..a is t ir: every w0rking 
:, 0l}n, •). larc~~ qu.:;<t5.ty cf nRc!~ine:::-y which i~ c.ut cf \;.S~ 

u~·.i there <er~ t.l!~ yield is lcE·s thoui e:.::rectcd, which is a 
:· ·: _1nific:.1.t leas for the CC>untry. 

5. 'J'i·,,, rsmalll··SC{'.lt:'. i?;rl•..;strial w~rks11ops of Ruccrn'l lnduf:trie~ Ltf.. 
ar'"' oi tuat(!d ;11 the rur~l a~:ca.e. TheB~ WV>:"'kSh"..l~s ·,.;llich have 
·. :"'"~f"'"'t:ic~.I r,..,~)~i:r- sh~p - at C:C'!"r:ia, H'!)r.0u, ;_;~bezi 1 Solwez:i.s 
.hi.;ui~,o:..~ :~;:·.w•u-tl:HP., Y'.asmna, Chi.;Jat9, Petauke (eef skr:tc!1 mn~) -
<;n .. 11_,. t~!··.e part i:.i th;;i •asembly, r'!'pair And ru~intena;'.<;:e uf 
·~·1 ·i cul t~~!"al ::J.;i.<.hinery if they \fere suffi-:.-:il'.'ntly ~quipped 
~u!.:J t!1~ t( !10.nt:-:. o:· tho ,.;.:>rktihcprs were pr.,pe-:r-ly tnd.ned. 1, 
1:1.ia ,,;::_y ti;c.:·~o w""rkshops ~aulc1 participate i.'. th"' acti-.it) of 
t:-•.• 1n-1otpt1:;:-seJ K;;;.W\..-~ A~-:iricultural Machinery 1.1'.?.·~"':cry. 

it i::. t.,.'h-_:;_~, a mattt:ff of organization fGr the centr~l Kabwe 
F•.ct.ory c:i:.i :JUpply the small-scaie indastri~J. WPrkshep:l with 
U1:· 1 ,!'>1-~ .c11pliistic;.<tcd parts (forged and cast pier."~) which 
(:.-,11~..:' n1;.'; b~ iuad-:? ·!G these nm.!ll wfJrkr ~.,p.<J. Then, ;;;. certain 
·.11· ·h~r c: f tmal l t:mchines w~ul<.i be .fini::sh<!d in the rl.lral 
1";· .. :~he;--J.;:,• .'Hl the bar.is of the f~ci..f:lry 1 o dr~wingr.:,. 

'Th·i ,,- i:.i:id .-.f c!:ivit'lion ef labtitur wou1.ll !'IS!!;•1~·~ the J'h~rrn-'lnont 
tl'""'.:~ b~; i-c y ,., werk for these w9rkf!~v·:ipt> an~. t;1~0 :~·'lct'.'.lry 

,..,, .\~1 r·r<:l~~t-:: ~"*'ir technical developmen~- effectin~ly. On 
t'~~ .::th·:· hcmd this nalut•.:on ·..:ould creS\t1~ a. p;;,-o:.:'.'i:lility of dev
•:1:i.T"r. ··m ;,_ c•nmt17wide l!!cale, a .~cpuiir ant!l m"inte!l~'!e network. 

'~li.· I:>c .Z.~t~bi.an 1'1inistry •f Rural Pevelapment ai1<l @th~~ "raaniz-
-~ '. il'JJ:.::: <1c not h~V<! a. well erg<mized, cff(;ctiv'? publicity t.e;,1:1. 
''t.~U.c. ,::..ng I1as b("!er. t!tldng pl .. ·.'! cine"' 1966 but n,;gt t'fficiently 
._;:.:.111:1h, nr. by 1971 only 20% Gf \;he pQpulati"n hnd been "tr•dneu 
r~n r. lH:.Jpr.·rl to S"Jme c:x.tc;;.1t e _ 

r~:,. ;~l!'icu:.tur~.l 1'ifi-::era in the provinc~s ;;o not funci;ior. in 
t:J.i 1J. opltl'.:;·<:, ii. l tht ugh im::tructi'!>n on the Hr;~ t'>f ,-.ni11J.-,l~draw;1 

i~rl~~nnt~ w0uld be the easiezt tQ d~ hy ~ir~ct ~eans, ~~~no 
th"' ; n'·.:<.:; t.'.'n1;,D cf the villages. This in th~ fin;t «.n•~ wost 
; .. 1 .... ,,·i.·L.'. ;;1.ep fu:· the approximately L.i:50,co') nir-.-J r:·.1bsL;tcnce 

..,;: .. u. fr4,,,_: li<;;.·s, to replace the use ef ~1uman J_1hyz.dcal encrriy 
L.J. ~_}:(~ ·,_ 1 '_j~ o;."' ~acbine.s. 

n ;;- -,.,,:.1:~.:· b~ a way ef real:i.zing the call -1;.s th~ p··.iLlic hy 
n:· l;." Kfnmc.-i, President.. of the Zw:i.bian Republic, jn 1969; 
:-t ~!,!i!:'; ,,i~ ti, .... raest intcn~;vfl rur'-11 dr.volopmcnr; -'"<'1d .:::t ~ hi~ht'!r 
i:it• .ll~anl n) life ilnd better yiel~ of the su1mintronce f-.rr,!er~t 

cH.• t:Ht U1ey, teo, can t.>ell po.rt •f their pro~Dctc .. 

7.. 'i be ·~,,;:)!!try 5f Rm·i?.l Develepml:nt Rncl ()thi:r 1u·nQ.11). 7'at lc·n:J nro 
n.:.t '•1 p~,~:-;r:osion uf auitablt.' r.:arket reGc~rcll ,_~r~,~~Jli:f,ationo 
1.L!r• ·t.o ,1ctcrmine the chanair.g nnrt't dct1'Qnd~ 'l'lH:::r<.~f::ir~ tho 
r1,. J.,_i 'ei::imd. CQ.",1l1.1't be (!et~rii1inecl exactly. 'fhin i!'J why i.t 
hai1l;<c·lle'1 that different types ef machiueo were h1vQrtc.;; (~ .. o. 

' 

• 

' 
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' 
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implements which do nett match the types cf tr11.cto1·s tt!led in 
this ccauntry and so they have been kept in the Na111board 
depets for tieveral ~e~r~J and can~ot be u~etl. 

8. The quality and the selection of gv;;,ds imported are s1>:netirnes 
questionable. The maiierial ef the Chinese plough is weak, 
they eal!Jily get Deformed, the ploughshare does not Lee~ its 
edge for long enougu. The rurQ.l f1ni.mers he.ve no p"ssibility 
of sharpening it regularly and, unfortun~tely, they are unaware 
ef the importance of working with a sharp :;loughshare. 

The quality ef the t ~d hoes is also inferior. ~n J-4 years 
they are vern out (see phetos. 2 anu 1, y~iLrs resp .. ) 

9. Many mere types of hanct h&es could be used. There is only one 
type ~f hand tool available all qver the country and that is 
the hand hee of 1.60 kg. Thi.s is t•o heavy f"lr weed hoeing. 
It is al~o difficult to cYt deeper in the suil than 5-7 ems 
because the use of this type of hoe in the hard soil requires 

hard physical werk knd thus only a smaller area can be 
ct•l ti vat ed. 

Sometimes the agricultural machinery and tools are not 
distributed according te th~ requirements of certain areas, 
the local conditions and the quality of the soil; if they 
are used then, t •• '!y cannot work efficiently fro~ the agro
technical point of view. 

Imported machinery ill distributed by Namboa:-d .so '\.hat 50% of 
the total goes to Ce!ltral an<l Southern Pni.v ince5 and the other 
50% to the rest of the country, hardly ;my to the North and a 
miror quantity to the North West. In this way, the distribution 
of Zambia •s })O}'Ulation i!I also taken into considern.tien to a 
certain extent (see Popul~;i.on map}. 

10., The training 11 f the cattle is alse a Froblem in those parts of 
the country where there are no tsetse flies and c&.ttle is used. 
There are agricultural operations (~.g. sowing in lines, 
ridging, cultivation, etc.) for which only well trained cattle 
should be used. Because of l~ck of a central animal training 
centre, t~ general uae of 4nimal-drnwn implements ie consider
ably hindered, or the result is not an goQd as it ~hould be, 
although this would be the only wa.y to change from hencl cultiv
ation te animal-drawn c~ltivation. 

11. ~s far as hand se~ders are concerned, they are in dem~nd, but 
the imported models cost about K.30 to Kl10 nore than if they 
were m~de l•cally, iA series. The seeders are being tested 
at Mansa (Luapula Province) by the French S.A.T.E.C. rice 
prcaject. The production plan and calr,uJ at ion of the aeede1 'S 

can only be made later on. 

12. The actual cutting of the plants is not f:·atisflictory with the 
traditional .ocythe us~d; anotl.er type of tool, with different 
shape and execution, the sickle, sliould be used • 
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.:.1~ T!le mechanizati.>n o:!' ground nuts is uti~ :re·;; .s;.1Ye·:1 e::.t!~~.:· 

(ground nut li:<'t~r, sh.::ler, etc.). Tht- 'Jt"Blli-itl nut is 
produced by ~m;;ll farme!"s enly. Because Qf lad~ t.:tf this 
uH::chani1~aticn tbe grou.."ld nut CR.nnot 'Je produced by 
~~Llmeroi~l farm~rs, although thi~ ~-0uld msan a ivrther ~t~p 
i:1 d~··c·lc-ping the local feod industry, i.c~ the production of 
C"<'!!&klug '>il which is often in short sul"ply. 

1·'*·· :L:i:?re .,1·c· t.<Je many types •f trac::ors used ~n t!1c cemmerci.at.l 
1;,•~,:1:; 1 \:hich nc[>ns that for r:iost of thei'l ther~ a•c c.,nstetnt 
2~~rta~~s of ~paie parts, or it i~ impossibl~ t~ obtain them 
il.~- ".: l D The:..·f': ::..s a similar p;eblem with the implc:rnnts wtich 
~•en,_"'."'(. l'e: adv.pted te any type or cav<>.city of tr~ctor-. °'"ina 

G::' • . 

to i.,!;ig sit<1atio:i. it ·..-ill be very difficult to :;tart standard
izing th~ tr&cto1· imple~ents. 

Qu,...•:~.t ien from the A..,F .E. Harket Study: 

~Lst ,-~ b•1t i~1;..,. __ ,~rac"!:c.rs 11.mong Ynrious G6vernr.te:-lt bo<li~s 

frr:1r, J"!t1Uary 196/!: to Ha~9G9_ 

!~L:ts s ,~ y f'iuf- Ford ... nter- John Zetor Her.da Ley- E::>w4\rd To~:al 

.i. di~~; f'r.·1·a- field nat- Deer·: lanJ 
u , .. c r1 ieneo.l 1-btors 

-~--·-__.._ .. ___ ·---- --·--
J.u~·-~c. ) 

41* 
S1 ... ~"\ r .. :i :) J. .. i r-; ) 29 13 4 2 92 
J)tA.:·L, ,,,, 

.2 
Pro.:•.-~'(; 

1 
) 

59 1 2 "~ [. 
;,. / -

t:o,,..,n-: i. 49 101 22 15'-" J26 
C.P .C o:.L,,.\A !j,Q L10 
J:r 2. fr .. L i r; -, 

' 1 1 11 2 2.2 
R,.-f,;ent .;.,h 1) ' 1 2 ,, 22 .J ..., .L. r; J:U l t...:: ... ..., t,.,. r; ~l • 411:- 2 1 <;2 

~ -
F.') . .,.(1~ I;. 46 5 55 
(J&·.i~1~ & ) 
f"l. ~11~;r ie ~ ) 1~ 6 18 
>lec:h;u1~ 

\ 
I 

;-~,..: ·v~( .. es ) (; ,; J 1 1 8 21 
f;r;;:;;~h ) • 
ti ate::: ) 

1 Af ,~,,j rs 
1 1 .. 11 ... 

J~rl1;('~~~ ion Ii 30 Jl;; 
Vet.-; i.nn r .f ? 

~ 1 /! 

':'··!<et .~e } 
12 

(:)n:t1.ol ) 1 1J 

Fr3.~or· 5 1 E 
Mi!:c.~:: 1. I' .) 1 2 1 J. -----

20lt -:20 114 18 1511 32 .3 2 

': :;., Th~ importers of tractor and animal cir::i\T,1 irapl c~m(:..ntn do ni>t 
hav<o enoU~Jh stocks of different sp:arc p"1.rts. '.l.i~e i1.1pl~mo1t:~ 
art': u.sually sold in Lusaka and trat.sport~·d to ~Vl'~x·y p;1rt c>f 
the country wh~re nob•dy deala with their maintenKnce and 
r.~pa.~r. 

I 

• 
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16. One of the reason!! for tlH' ... ~rl y fo.i l nr"' o ,. t.Jir:- tr<'v:+0rs j ~ 
i8 that i:rc trac.cor tiri·,,-F.1·s 0t.re litt~ ~ ·~t'.uc.:i.tul l\nd tr.Q.irlC:c! 
and do n\lt even no tl'c minimur1 mai11ten<P.nce required. 1'lterc 
i8 no tractor driver's school. liel l trained tractor c:ri Ye rs 
could prevent u~ny failures and breakJo~ns, i.e. many spare 
parts could be saved. 

17. There are nr,:, enouuh technical penrnnn"'l at Ha~1oye 
Agricultural Research Sta.tion. li'cr ti. L reason they can or.ly 
deal with a very limited r:t1f'1ber of eubjcct~. Consequently 
they cannot take JUlrt with the ••~ce:J~.;;t1·y activity in th"' 
development of agricultunl mechQ.niz-.~tion, in spite ef the 
fact that it is urgently requi~·o::d. 

18. The salesman of Nambeard are not i:!terest~d in the number of 
teets Qr implements sc1ld, ,~.s they do iot ~iet any percentage 
of the businesl:l turnover, tho119h they c~uJ.d do ci. very good 
service by publici~ino tlrn use of the &.n1·ic11ltun~l tools nncl 
machinery in the nearby villaiges. 

Diagnostic conclusion: the ~conomic r;;i:-;siou of N.unb(')arcl is 
right and nr:teworthy; its ai.;; i-.·:ity r:'~•ns si'.lnificaut JH'O:Jress 
in agriculture, but should no fui-t1,er~ lfa!'!ll;(),.rr1 should look 
t~ the futu1·e and develop along th~ li11es outlined in the 
foregoing paragraphs, 

19. Agricultural development is hindered f<,r thos!" ~;i tuated in 
remote parts of the country by lack of rrop-r rends, and 
appropriate transport facil it i~s. Cont ~ct with the capital 
or line of rail is very difficult. In i:;ucll places, like the 
Northern, North-western und Wcstci-11 p~rto o.i.' the country, 
real agricultural dev;:!lopr.1~11t, wi ti! tue crea tic'n of big 
cammercial farm~ will not develop until the tronsport of 
goods, machinery, 1ertil~zcrs, crops, etc. in solved. 

F•o this rea~on one must take int<.11 c.onsideration thnt the 
construction of new roads and railway;. will brir,a about 
agricultural prosperity in th.:.se arc;,~;. A main road sh~uld 
be completed in 1973 to Western Pn•v i:ice: Lu::::;iJ~a - Kaoi:ia -
Mongu; and a r~ilway is be.i.na Luilt by the Chinese in 
Tanzl.\nia and Zoi.mbia to connect Dar-es-S;...l.,,.ElliJ <•.ml Luse.kn vin 
Tundu111a (~·rontier station) - Kv.snma - 1<1•ikn - .S~rc:nje - lilrnshi 
- Kapiri Hposhi; he:r,... the ne;·t railw«y lin(! will join the 
existing main North-S(luth 1 ine (:,19 Et at j on!; "'J to:J<',tlwr). 

The line of ridl especially wi 11 hil.v~ v. pordtivc: effect on 
the development of big co1i1r,1ercial fit rm~, hecEt11r-c the rai lw1\y 
will be able to transport the ir~pl"lrtn:-it quantity of maize, 
etc. t• be produced ulong the li11e. Anoth~r cff(,ct of tht'! 
new railway will be ·the formation of c<;m::iu1wl v.i.lln:Je:J. 
Industry and ""specially the / ~ricultue;i.1 industry r:iust be 
prepared for the cowpletion of the rou.d~ and railway, altlwunh 
in my e8timation, the outrL .e will not b~ fully realized for 
8-10 yenrs. The industry will h&ve to be ~ble Lo supply these 
territori"a with the .itppruprio.te mV-cl!in.:ry. 

I 
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20. The cemmercial f,irr.i~ art"' l:~c1ly in r .. _.,. ,; .~t :1 ~rartor-dnn""'1 
implement., i.e • .:. 1:l.-,nc;h W~L~.c 1 1 ~:."• p:o•u·;'· .-i..n ~ll .. X .~:·.: ... ~:..' 
after the !l'aize o.n:i t:.hc.r.:::ll- ha-.·e i ~""-·1 h;trV\.:".ted, i.t.:·1li:1~ i:lte 
dry stalks int>& th<! .-:>oiJ. L·("fure th<>. rn;ny ~'.~·.·0~11 r-.ome-·· 
p3repari113 '!..~:: s""~d-beds ·.di:fl<tut au:· CH~ ti .·at.inn, et :o 
Since th-:· fan:ers hi'.\':: n9t get tti ~ it1p.~cmC'nt, th~y ha'.'~ a 
ve;:y ~>;•Ci?·rt peri(.'>d at their disposn ;_ wbe1, 'the rainy se 'lson 
S'l:llrtf., tQ prl"~1are th" s~i~., pJe>u·:iL ar•<l seeJ, aftc:r tl~I'! 7 tct 
C :'<!'.O:itt-.:, L('nfi c.!ry srJ<.'.S«'n• Jn r•an:_v l•l::.c:t:.!; p.;ople ~r . ., itnable 

~ .. ·-:; .!~ C\J .: ~he work th~y w<:nt, if @ne •<>r hl-' trti._~t«rs 1·rcak 
d'11-n "lnd n.:. sp:u·~ part i~ avai..!.aLl0. This untura::.ly •:i~ nus 
J e~~ ,;.~·ops 'lt the end r;.f th~ ae.-son. In 6'rc;c;:- to elil'iIHlte 
!·i~'"":.;-: i.m:r·~1 ~ect-ions; I 1)rC'lJn-:e tbe ~rn;~·o<lu".:'.tjon .... f the roller 
~1eu 11h (;:;ee 1.LL<.tils in .'.:~;wt.r·ter I{). 

2t~ The ~c:!n::<:nicnl and agrfltechnicat.l rtr_\.raint~~,~~ of s:lri!L~.!.ing 
i1.:-·i9..-tic.11, c.s compared tc.> flocdinri irri.0ation ::i.n• ;;<.cll kn~wn 
t'i' r.,any pc<ipleo The intrf'dl:cti.()n of tJ,i.s .,~ ... h'lu is hinrlf':red 
i.ri most cf the dcvel~1,inc; ccn:ntrie!;, i•H,!. udin.,:· Z&r.ihj u" by 
ni..r;erl'itus reanGns, ::.uch Bs by the ;,·;.tc1· li:r~.i:10 pt•ri.rs i!.nd 
drivi!:lg :n,,·;;<!lrs beinq dif':fici..tlt nrd r•xp,•nf'.iv·: tti ebto:.in and 
r

1

eedino spe,~ial attent:i'ln, eperatior!
1 

!ll.::.intt--1::-.nc~, etc. 
Tl1is dif.fL.ulty can be ~lv<"!J hy i. Li:o- iritr1:;ch1ction ~f the 
ndydr~li..1.'t 11 , which needs no sreci"':!. attr·;.t,:..~1. when in 
e1;en.t:!.on ·· 11~ mainten.a:.c", rw 1'uel

1 
<!!'~c. (sc~ d.~t:>.:'..ls in 

Charter IV). 

') ') .... ~. 
Alt

1

11,J1,,::7h I am mentioning it last, one e: the :-.i·.~nt; i_r.1portant 
f,,ct~ 1:> th~.t Zambia has c~r::.ai!!J y n,...~- yel .Pr·~f""-rcl~, "Lhr"u~1h 
tL~ ;~chnic."t1 personnel at h~~~ dif'p()s!ll, for ~'l<:nni11a, 
c,~:1stnJcti.ng &md settinQ uµ a nel.· !lCJrt cul turCJ.l ::inchiucry 
fr.:·.:·tory. On the :ltht:1 ii ... nd, t 11c Z.iiimoi;._n Governr11t·11t is .<;'.;ort 
ef tl, .. tl{!Cessary c.apit<'.l. T'h.;: Ir.ck of technicc>.l persCJnnel 
iH of Ct>H!~.se natural, ao for th.., ~- it1 e beins t.!iG1't• L1 no 

ilqricul tural machinery :n oduction in Zambia, !:'!O nobody h*'.n 
ever had ~n opportunity to gain pr~ctic~ ia this field. 

ln order to get over th(: initial <lif'ficultit~:'ly it would be 
clesir~hle fo1· the Government to l'\ytJ;ly for t:ie E.~rvicc.s of 
UiHD<J experts, te:chnical e •gineerc-: w.i. tL ap.rro1n·i~1te !)re.ctice 
atd inch.lstrial economi.stn. HesiJcs, it is r1'co::1:Jend~<: to 
Chin:. 04 the possibility of co-opera.tinu with a lnru0 ri.gric
ul h:rli'.l r:1achinery factory fron a ,.,'-"ll devt~loped industrial 
couHtr)·~ The economical and technical B.cv.-,ut<tges of suc:h 
c0-0peratinn will be set o~t in detail later. 

B. F.1 opnsnl s 

1. Za1:1bia
1
s need in a'oricultural m~.c~ ir • ...,.ry (El"r! Cht1.pter III) is 

.i.11'pnrtant enouch to motivate tht'! setting 'JP ;)f n new ariric
nltur~l machinery fa.ctoi-y in Zarnbi1J.. 

2 
Ite tota~ are~ woul~ be 15!000 rn ~nd ita pro~uction ~r~~ 
10,500 m • The e:ntrniatec.l invec:tro1.nt co1..1t o;· the bu:i.ldinn 
(see calculation in Chapt~r V) .;,~: 

' 

' 

• 
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Ki,065,000 
machinery, equipment: K 362,000 

Total Ki,427,000 

I propo~e that the new factory should be built at Kahwe 
tewn3hip, for many reasons (see Chapter V). The settino ur 
of this factory would supply the whole of Zambia with the 
necessary hand tools and animAl-drawn implements, sc that 
their importation would not be necessary any rr.orc. 

Another po.ssibili t)• is for Zambia to co-operate with an 
experienced agricultural machinery factory ;mu partly to 
produce, partly to assemble their produc·i.:s, such kS tractor
drawn implements, irrigation equipment, water pumps, etc. 
Dy doing so a consideritble pa.rt of the imj_)vrt expenses could 
be cut. liben the factory is working at full capacity, 
Zambia may even expo!"t agricultural tools and machinery to 
neighbouring countrie~. 

2. The prices of the new factory's products will be rather 
f't\v<>urablc. All the hand tools which will be made in the 
forge-~hop will be better in quality, have a longer useful 
life and be cheaper in price than the import~d ones, with a 
lar~er ~hoice of type. 

On average, the h~nd toolo can be produced approxi1ilat~ly 40% 
cheaper than the i1:iported ones. As f<>.r as the animal-d~~awn 
implements arc concerned, their production price will be: 

24~ less in the case of c11ltivators; 
)4% " " " " " ridging ploughs; 
.39% It " II II 11 zigzag barrows; 

than that of the imported ones. 

Regarding ploughs, it is rather difficult to compete with 
political prices (Chinese plouah is K15/pi~ce; s. African 
K17 /piece), and it 'dll be difficult to cut down tho production 
price of the ploughs. A good solution, however, presents 
it.self, and that is to subsirlize the plouah's price by profits 
made tn other products. 

Even if the prices of t:t·.e loc~l products could not compete 
with the actual import prices, the reason for the factory•a 
existence is still justified. One reason is that the factory 
itself wil! create an importru1t number of possibilities for 
worlc, which is an important aspect in Zambia. Also, a new 
technicAl staff will be trained in the factory. This per~onnel 
might have a ei~nificant effect on th~ development of other 
industrial branches in ZambiA. 

3.• Production at Kabve might start relatively very soon. The 
Kabwe railway repair workshop has a complete forge-~hop 
with equipment which i:'I entirely unutilizecl. This workshoa> 
could be taken over by the new fActory as it is now. 

---



Province 

Southern 1 
Central 3 
Ea.ster.u J 
Northern '* Luapula 5 

Originally, this W\.'lt·:c..sho;) ·.;rts int~nrlt!"i to • .-e~~ir :;tc ... r-1 en<~ines, 

but in the weanti~~, Z~m~i~ R~il~~ys h~~ d~ci~ed t~ huy only 
diesel engines and thu~ t!1e for::ie mac:1i11es c;:tnn'>t b~ t'sed any 
more. Th~ Zar:1bia Railways Repair lfo::-l-::shup is reat·:~y te se.t.l 
these machines. 

Wnea producing arricultural machinery t!:e foq;e-·~hop is most 
impo-::tant. Fo11 the first yca1· o:!.: ope1 ..:tt ion it should do 
approximately 1,800,000 operations, 3uch R3 ~00 pieces of 
harrow-teeth, 100-100,000 hoes, Canterbm.-y hc,.;:s, p.a.nga knives, 
scythes, etc. In the second y~ar, wh:!n the wt.ale \·.-or!<sl1op is 
ready, about 18,0C)Q nni'llal-clrawn implements slnuld be prod'.JCcd. 
At full capacity, the factory will ue ;;.'Lile to p~oduce 22,800 
pieces of Anin,al-drawn implements. 

'l'h~::ie ca:. cul at ions are appro::dmate est iri;ttions, on the basis 
of th~ c!ata at my dispo~al, and the e:>:~:.:~rience gained during 
m.y visitz to the country, since no mn1·kct rc·~car~h ot- general 
investigation has been done. I know t:1c essential hand-tools 
and a.gricu~tural machinery needed f.->r certain ~grotechnical 
operations, as \·;ell as the machine types necess;;.ry :for the 
different types of soil. 

According to investigation:!, one plouuh :'..:1 general would w~ar 
away in 8-9 y~~-rs of usage. The brcast-boa:..·d, wheel, axle of 
the plough must be changed ~very lJ: y('ar.s, while the plouglwhare 
should be changed every 3 years. Hand hoes are worn away in 
l-~ y~~r3. As far as the number of pieces is concerned, I 
h:,.ve t!",e following figur~.!5 at my c!iEposal: 

Situation in 12621 in 1!000 acres {latest. figures available): 

Total Cultivated by Is1tl- Un cul- Totioll fttrmr:r ru:u. 1es f'~rr.:rr a1:1i 1.C3 
surfa~e ox tractor hoe vated th•ated pnpul- of 7 of 5 

area lnnd a.Lion metibers r.ic:nbers 

21074 30~ 77 350 727 6co 359 !JC:· 51JOl~ 71826 
2B736 55 120 t.too 575 25(10 2·103~0 38617 54064 
17076 100 6 456 556 350() 44B710 64101 89742 
3G529 4 700 704 7000 537556 7679.3 1075:..0 
12'19;;. 1 500 561 3000 J517JC 5621;.7 703116 

Coppcrbelt 6 771} 1 1 J 70 74 500 5(,8Go 8123 11.)72 
N-liestcrn 7 31092 1 356 )51 3500 199690 28527 39938 
W.Barotse :J _i:.1221 29 ·- 500 •. 529 9000 351690 502111_1,Q)JG -- - 29-600 1fl;i975 1191 206 J.'.320 IJ:017 2575c,::o JG'?95l :.;15136 

% 100 0.3 0.1 1.G 2.2 15.9 
Ct1.i.~ivated ox trActor ho" 
l'lrea in ~o 

1 41 .. 3 10.G 48.t 100% 
2 9.6 20.9 69.6 II 

3 18.- 1 .• 1 80.9 If 

4: o.6 99.11: " 
5 0.2 99.8 If 

6 1. 11 4.1 94.6 " 
7 0.3 99.7 " 8 ~·~ 24·2 II 

12.2 5.1 82.6 100% 
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On the basis of the information ~ained in 1969 the population 
of the country was 4.07 million (J.5 1~illion in 1963) .and 
will reach 4.6 million by 1976. A~cordiug to this 6 yenrs' 
data, the increase in population is 2.7%/year and :t will 
reach 2.9% by the period 1970-76. About 75-80% of the 
country's poPIJlei.tion is living in the rural areas, i.e. on 
agrjculture. 

Tendency of the nu:nber of families wor!dng in agriculture: 

Year 196/i 1970 Estimated 
for 1976 

Those living on liages 
(fr~m emergent and J5, 100 .)11' 600 Jl3,ooo 
cor.imcrcial farrns) 

Subsistence farming J-'i:o,ooo )87,000 400,000 

One family con:::ists of 7 meLi.bers on average, out of which 
abou~; J persons (including "omen) can constantly work on the 
fields, that is to say i!bout 1.J million people are uorking 
in agriculture. 

On the b~sis of the above d~ta and my experience I Hork out 
the ar-proximate r.1arket dei.1and. The capacity of the proposed 
factory and the types and number of !11Qchines, as well 1o.s 
their par~.meters, are boo.sed oi. these e.3tiruations (£1ee details 
in Chapter VI). 

4. In order to ensure a good .supply of sp.arc parts, the importers 
should be compelled by order or restricted by inport pe-rmits 
with special conditions, to buy, together with the machinery, 
especially in the case of triictors, ~0$~ of the value of the 
machin~ in spare parts, arriving in the country togethe1· with 
the m~chines. No permission should be given to clear goodn 

• 

at the Customl'J until sufficient spare pnrts hi:i.v,.. nrr~.ved vi.th 
the mnchincs. In this way, getting out of regulations could 
be nvoided • 

In the proposed Kabwe Agricultural Machinery Factory at len9t 
10% of tLe total production must be spare pArts, first of all 
for the· factory's own prouucts. 

5. The Sm:ill-Scal~ Industries 11roject of Rucom Industries can 
take an active and effective part in the local production of 

agricultural '11achinery. The proposed Kabwe A.~l.F • would 
promote the activity of the rural handicraftsmen by it• 
cheap 15pare parts. By way of reciprocity the two 8ectors would 
not competf'! but co-operate with each other, e.g. the woodwork 
section ef the Small-Scale Industriea' workohops cc.uld make 
the yokes (about 11.i: kg/piece) which mi!:}ht reach 5,000 pieces/ 
year. 

Those people worki11g in rural works.Pops are generally frorn 
villagee, often dealing with soil cultivation either before 



or at the r.:ame d.me, c~ they !-:now the t::ircumst:t'tnces. 
These people ll.vuld be c-xc(:llent fv~- !eArni~g haw to u~,. d1~ 

local!y made or n::i.zembled impl..,ments anJ i'or tcAchiug oth.::r 
people in tho villaa~s. 

On the other hand the Rucc1'l work~heps ~ight d~al witr. the 
lengcr or chorter trai~ina of people with roanual skill, 
CQu1in9 irom s?:i;i.11 villaa~s, anrl r~t the er.d of the tr-.inino 
roing back tc '.:ie:come bla"!l::.;~ilhs cf ..-ine o:· several small 
villagei:>. Tne villagan; 'l\ould pay a.ttenticin to the a~tivity 
c.r t.~c:: ble.ckemith. Thej· \iculcl consult hin And ccrtilinly 
li~ten to Lis gooJ advice ~s f~r ns the maintenancd, shprpening, 
et~ft of the hard-tools •md oxen-tlr<.~·m implement.!> a:·c concerned. 
'l'hi~ craf~.sman cl>1&.3 o:f socie;..f plays an imr6rt::..nt «cl~ i~1 the 
n-.tion~l rural clevelopn;ent. 

The gener•.l execution of th.is i<le.-;. might b~ re.:alized by a 
very primitiv~ aud cheap r;mi tl! '.s h.:o..rth >iI•'-~le at 11;;\GOve 
Re-~arc~ Station. It is ~ad~of ~ 200 li~re vetr0J dru~ (see 
description, Cl'~!~.;ing and photograph s~par~,tely Io Tlv~~~· simpl.~ 
c.mii;h~s lu:a1·tht1>could be r.i;..de by Rucwm -,.·oi-J.;.s!1ops f.:.drly 
quic.kly. The p.:.·oyisiC'n of charcoal i.s I~" pr'>bl~n at. £11 :;jnce 
people. livinn in the bush are evc11 pr<;rlucin::? it ,·or m<i.rl:~ting. 

: e:l'.perienc~d in Zaml>ia t!rnt simple f:irr.Jers in th'" c'Ifuntry do 
1.ot 15.k~ t.) buy :1cw, unkr.c11m thin~1~, sfl.ying i-.ho.t. t.l.ey do net 
:.:ant to expci-ir.:r.;..nt a..&d spend their r;10r•t:y on -..:1 .. -..t t.~ey c}o nl•t 
!-:now_ Only the :>:l all blacl:rn:iiths on th~ sp0t could ~:::;:lain 

th& urie o·! sometilin!;J new and bctte::.·, sa th<..t penrle would 
r~c.:cpt it L~Qrc eo:.sily. 'l'hc prorvsed ~.gr icul t.·.irc~J. r1cchin,..ry 
factory could give a few itctll::. ·i;.o the 1::-la~l.E.mHh 01., Joan 
(£;. g. pluu.ghs, cult i vatort>, r;e\-s- shape<~ scythl"!s, P-t r.. j ~rhi ch 
vould n1ak.:: general use of n"'-.· things ;;ind pr0p.:q1;;;.tio11 of ne\v 
id~a3 ~Psier, even if it co~cer~s the ch~n~e f~gru hand 
cru l ti n1tio11 tc nnir.1al-drnwn cul ti vat ion. 1'h<; iJlucksMi Lhs 
wt<..;ld i;ivc uo0d acvice AS to how to use 21ew rw.chinery l\t~rl how 
to Maintain <•nd ~·cpnir it. The rulilicity WfJrl: of t,:1"' rural 
bL~d~.:::n.i. L.hs '~'-' ul d inc.i:c~z c the market c;1:ira0411d, ,,1 so. 

6. f..,; L1Cepen(.ie:it Ai:;ri cultural Nac:1inery Di r~cL1.·;it.f'; 1 with 
t~c~,nic~.l: ec0nor.iic and o.gd.cul tural ex;•e ;:-i:~, within t.hc 
l·!inioti·v of r:ur.i.l Dev-~lcp1acnt I l·.•isulrl };e .abl~ to co-or<lin<!.te 
~:Le ir.Ju~tri;i.1 r.<:~iYitie:; of the proro!H'tl A.H .. F. 11.nd Rucom, 
to pt:b.1 ish the results adlieveu, to help t1le n1r.nl a .. 'i. iaa.ns 
... 11J hlOJ.r,'.~~r;:iths t.nd to c1raw up regularly a.r, e1>ti.rn<tt ion r>f the 
r.1ii'cl>1."t lle•:i•tnd o.t a loi.t"r stage, enLbling i-lre }lr•~poscd A.H.F. 
to bas~ its p~o~uction on these estimates. 

'Il·:ln is ir.1pe1·ativ~!, ·for the le::ss st&.ble the.: econ<.;i:ic future, 
tlw Let tc1· ~houlcl the h1clustry know ,;h,,t is t<J \Jc c-xpccted, 
wLat ".r(-, tJ.e pro.<Jpects, how the ra1., 1110.teri; .. l.;pricec are 
{jOinu to change in the world market, '°!tc. Looking into the 
foreseeable ftttur~t it ia up to tJ-.e indus .. ~ry to prepil':re itaelf 
in t:lme. 

•' 
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7. The Agricultural Hachinery Directorate, besides its market 
research activity mentioned above, could also give its ideas 
to Nambeard, as :far as the :foreseeable r.iarket demand is 
cencerned. The Director sheuld also ceal with the prevention 
of i;nportation er local productien of certai11 types ef 
machines which are net required and can:10! be used in the 

, country. 

8. The Agricultural M:lchinery Directorate woulrl stand~rtlize the 
agricultural machinery m'!ed in the ·.:~tmtry, lny d<>'\-:n the 
technical parame"ters, the qunl ity requir~r.ents of th~ machine·· 
and would impede the me.rketing f§f inferior qunlity goods, 
either imperted or produced l~ca!ly. 

9o The A.:-1.D. c<>uld decide on the cht\ice of different hand-tools 
necessary and the f11ctor-; wuuld changit its production 
according to the requirel!tents. The A.M.D. would ~dvie~ 
N.-.mhe2r:l ~n the tools and r.wc~1inf!'ry r~quirerl in ccrtnin provin
ces, acr.ording te local conditien~. 

10. One ef tle mest important duties of the A.H.D. would be -
altheugh l.l..u name does n9t :seern to cc.vcr thi:!! field - the 
erga.nization and creation of ~::t-trajnina centr~s \';hich woul<l 
have t~o functions: 

- either to sell to the farmers well trained, draught 
aniraills; 

- er to trtlin the fal"ll!er.e:' own oxen, against payment. 

The a.verotae weiGht Gf th~ Zaml:>i~n ox is n!:i"ut J50 kg. Oxen 
cam wcrk 6 hours a day without exhaustion if they work with 
a tractive force equivalent to 1/7 of their weight, i.e. the 
average tractive force of ~n ox is approximately 50 kg. The 
traction of the pr"posed J8 kg plour,h, in u.e<liur.1 soil, needs 
apprux:imately 70 to 80 kg tractive force, ;.e. two oxen would 
b~ necessary. The 115 kg £1lough require~. ii.bout 170 kg tractive 
force, i•co four oxen. Tbe price of 1 o:", 1:1:irc or less trained 
is approx. K60 and cnn work for 5 to 7 yeA.1·s. 

The change from hand cultivation to animal-dnnm cultiv~tion 
is a step between physical work and the use of tr;11.c. .. ors. This 
step, nevertheless, should never be left out fo:· to try to get very 
simple peopl<! to wo;.·k with sophi_stica-l;cd t.r9lctors immediately 
"fter they had been iwing hand-tools, l:oul<l mean a failure in 
developing agricul~ure. 

11. When producing the seeders in big series, the sinnll foundry 
•f the factory will be able to 1)rotiuce the ccllula.r wheel by 
precisien casting. Thus the procucti1.1r co~t of the machines 
would be very favrmrable, e1ncl!! the ,Jther lHtrts of the seeder 
are simple plat!'!-work. 

Should the plastic pr~duction of the Stlall-Scale Industries 
Pr•ject be realized, it is alno posaiblc to produce the cellul~r 
lfhee& of plastic by injection llleulding. The plo.Htic would not 
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rust and would 1.uppJy the seer1~ .in a p~rf(·,.t rnan:ier, owin\J 
to its good sliding eurfa~s. T~~ ~bavc sp~re p~rt can just 
ns well be cest of ttl:.u:iir.iun e.r:d then ".·ro::~·~e<l by milling 
machine. 

JL.s far a3 Vt.e aniru.,,1-drawu s~eder of several linefi is conce?"aed 1 
J did 1:·.:it writ~ about it on purpo5~, b!'!ca·.!le the introduction 
of thi~ :::~chin~ is not yet desia.·ed. I li~.Jie,•e that if it 
w~re us~d in Z~mLia 1 the 3owing area 01 ~~hsiste~ce nnd 
erJergent f:ir:nf!rs would incre.ise without r-e~,Jon. Although it 
W-'.>uld mel'ln a larger- sowing are..L stati.3 tic~J ly, at the same 
time the cultivativn would b~ ~p;tr.::c with low ;rield and very 
hinh prrduction co:!t. This wo.ild only be a waste: ":)f physical 
e1:ergy and raftterial ~ 

12. The tr~d.•.tiona.l type of ecyth ... actually in use requires a 
rather bent posit i.on of the boc"y and as a reaul t is very 
tiring~ The use of scythes and sickles with ciiffe:-ent shapes 
propoa.~d in the new factory .•s pi~ocluct li3t would Le 1nuch more 
favourable. 

1J. The lack of eui table speciid t:l.2.chine~·y is tho re!a.son why 
ground nuts c0annot he produced in bigg~r quantities i!l Zambia, 
e. a. no ~mimal or tractor-draw:• ground nat 1 ifter i~ avil.ilable 
on t::1e market. The modi fie·~ cultivator would be :;ui tei.ble for 
th.is pui·po15e and i t:1 experillient.,tion ;,nd atlnptat ion to local 
conditions by N"goye Research Stlltion should be urged on. In 
So Africn. U.S.A. l'.nd J'apan very good r,ro:.md nut lifters are 
af:e'.:i and they vould find a good market here too. 

At th~ z<lMe time good quality uround n~1t !'hellers are al3o 
required. The ground nut .:.heller~ nctually used bred~ too 
oftr.1'! from the s~tds and pecple prefer sbellino by hand, 
s.lthough it .i.s a very painstaking task wi~h littl'!' yield. 

140 It is almost impossible to determine th~ size and ce.p:..city 
of tractors in us!.'; in Zambia, for the .farmers buy many diffor~ 
ent ty,Hrn with various capacitieff, acc-or<lin~J to their fancy or 
rathe.1~ the carket supply. Agric11ltural work generally requires 
three typ~:J o'f tr1itctor: light, medium.and heavy. ?he pr-csent 
very .-:01'fu15ing si-i;untion results in a very poor epare part.o 
1:mpply.. Radical changes can only Le exfet.:ted if the Governnent 
•>':' the proposed A.H.D., takes the nece:5sa.ry steps in order to 
pr~vent the fmporta.tion of so many different tractor types. 
I~ wiJl be up to the A.M.D. to determine the necee:;snry types 
which s~ould certainly not be core than 5-G types. 

It it.1 very difficult to detcrminf! the tractor categories 
rP-quired by iarruerc:, unless one knows (jl.11. the com:,;onents 
such as soil conditions, configuration~ of the terrain, the 
optimJO. '1. timing fae certain work in th":I !i~ldl'I, etc., in order 
to make it possible to do th~ diffe1·ent operations with the 
•~allest cost but the greatest efficiency, etcft 

It in= however, certain that tractors with bigger and bigg~r 
tractive capacity are going to be U3ed, 6ince it means mkny 

\ 
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advantages for the farmers: 

incr~ase in level of production; 
decrease of costs; 
increase of labour pr~ductivity; 
decre~se of specific requirements in machinery; 
improvement in the quality of machine work; 
optimal working tirae. 

For this reason I do not think it is right to introduce a 
new, 35 HP tractor !<> the ceuntry (it is being tested at 
Ma9eyc) because it M>uld 1dean a s~t~ack in developmento 
Snould these small tractors be intended to serve the small 
farmers, it is still oore economical to use big capacity 
tractors than to buy small ones for a few acres. 

On the basis of labour precl~ctivity index I can say that 
tractors al1ove 1.4 t (50-60 !IP, weight over 2,200 kg, 
universal) are ideal for use in Zambia, \'ii th the following 
working capacity in ha/hour: 

Operation 

Ploughing max. 21 ~m deep 
Discing 
Fertilizing 
Sowing 

Tractor category 
under 1. '* t. 
ha/working hours 

0.24 
o.86 
1.85 
0.93 

Tractor c~tegory 
above 1.4 t 
ha/working hours 

0.57 
2.74 
2.09 
1.71 

Lo<.1king at the future trend, (af~"!!r 1.976), the ploughing and 
cultivating, etc. speed will increase until it is approximately 
8 km/hour, which needs abou"i~ 80-85 HP, i.e. the 50 HP triictors 
used today or imported tomorrow will not be able to keep 
abreast of development. 

I find that in general no sophisticated machinery should be 
taken i~to accnunt. For the time being most problems are 
caused by the rather compJicated hydraulic lifting system, 
which is also the most C:ifficult to repair. The electric 
system, i.e. the starting of the ennin~ makes many troubles. 
It is not possible to recharge the accumulator, the tractors 
being used in places witho1..t electricity. I would recommend 
the use of tra~tors which are started by a 2-J HP petrol 
engine, built together with the tractor engine (e.g. the 
Ru.,sion Bjelorusz MTZ tractor). Host farmers are forced t• 
use anthills for starting tractors (see photo.). 

Tractors unused because of lack of .,~1.are parts slowly wear 
out, thouoh they represent a lurge o.r.1ount of money: 

~---
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>lak~ ':'1.~n3 HP Price in K 

Massey Fergu:s~n 135 l15 2, 901) 
II ' ~ 165 60 J,575 
II 0 118 -9 

I~· 11', iCO 
II II 1080 90 5,980 

John Deere 1020 46 2 r 8J{I 
II !I 2020 (,3 3 'li-50 
II II 2:2c 71 J 's11"0 
II :i 3120 o;; 5\670 
I! ,. 4020 106 6,700 

Leyland 15'* 25 1~960 
I! J4't 55 2,950 

" 384 70 J,400 
Univer;Jl\l 650 7J 2,860 

II 651 73 J,150 
Zetor J511 J0-40 t,SJO 

0 4511 '!-0-50 2,250 
I! 5511 55-GO 2,790 

15. Many of the fnilures could be prevented if the tractor drivers 
knew somr.thing about the ~ngine and on~lrl 11.ccept and understc.nd 
the necessity of everyday .servic~. Trr.ctor~ ~re often useo 
until they bre.:lk dGwn, becauf;e they de riot kt.ow .ll1ything hbout 
re9ular maintenance. 

16. It will be an indispensable dut:r of tht:? prr.>p::.seu A.H.D. to 
e!ltablish several tractor driver trnining scho->le in the 
different pArts of the country. 

17. Th~ creation of the Hagey,.. Agricultural Re.search Station was 
0 bright idea but awing to its rather limited number of tech
nicnl staff - they are unable to de a.J l the nece~sary experi
mentatif>n required in very part 0f the country, thas they 
cer+ainly will not be able to give all t.he necessary data to 
th~ proposea A.M.F. 

If the 7,an•!..oian Government intended to cxpi:nd th i!l rcs~.ar ch 
and ~~p~rimental activfty, it would be ~esirable to set up a 

ne•.• Research .Stii.th>n near the proposed facOt>TJ', possibly at 
I\.abwe. Th.if! w<:iuld be very fortunate for the factory itself 
and al so for the R~scarr.h Stat ion, the soil, etc. being 
differen~ from that at J.lagoye. 

In order to improve the effectiveness of .Hauoye Agricultural 
Re:search Station, _it will be necessary to purchase some more 
me&.s<.1ring and testing instruments, though the inve~,;ted •"loney 
,.,ould not he refunded to the Research Station but in the 
t11.gricul tural oector. Magoye Research Station warkshop, with 
new machinery, is suitable for the production of some prototype 
machineu, except some spare parts. 

UNIW and FAO respectively will certainly ~1ive E.lny 1J.ffsietance 
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needed for a possible new Research Stationo 

18. In my opinion, the Namboard storeroan should be made intere::.:ted 
in the quantity sold, by giving him some percentage according 
to business tur.over. This stimulation would certainly inc
rease the prop 1 J~tion activity of the store:aan. 

19. I have already mentioned t~ improvement of transport facilities 
as far as new roads and a railway lino are concerned. Further
ruore, it is necessary to urge on the propaaation of animal-
and tracbo r-dra\m scotch carts, because they are essential in 
agriculture (e.g. for the transport of fertilizer3, yield, etc.) 
especially on long distances, i.e. above ~00 metres, on dirt 
roads or rough, bumpy roads. The use of a uheelbarrow requires 
enonnous physical energy on bumpy reads with big rolling 
resi:!tance. If we must accept a cor.iprorr.i!:e - if na animal
dralm scotch carts can be used - the el everest :solution is the 
Chinese wheelbnrrow, transporting.the 
diameter wheel, in a screened basket. 
leose, wet soil piling up and results 
resistance being avoided. 

goods on a one met~· 
The diameter impedes the 

in excessive _: · t. ·..; , ..• _,_ 

20. The Hungarian patented "Roller Plou,-,.h" is excellent for 
preparinp- the seed beds simultaneously with ploughinp.:, in the 
dry season. The roller plourh has been in existence for more 
than five years and is beinp.: used in 31 countries, with excellent 
results. It must be mentioned that this plourh is not only ideal 
for Zambia but also for a large number of development countries. 

21• The "Hydrelift 11 .is also very useful for lifting irrigntion or 
any other kind of water. It c:i.n be used unettended ~nd without 
fuel, etc. No special qualifica~ion is needed for its 
erection. - · 

22. As is already clear from the previous paraoraphs, .the mechrul
ization of Znmbian agrirulture is a many-sided, difficult job. 
It will require technical people, economists and capital for 
investment. One cannot only do what makes a profit and is 
relatively eas~, to compromise. In this case, the results in 
the long run would be sad and negative, resultina in a failure. 
Technica~ experience has many times proved that the aims,and 
the main technical methods And plans necePsAry for their 
implementation, cannot be separated frc.rn each other. 

One must take the opportunity to accept Government resources 
and possibilities of co-operation which may occur. Now, there 
is a possibility, which shduld be exploited, to co-operate 
with an overseas partner, probably from West Germany, which 
produces agricultural machinery. In thie way, not only 
technical staff - UNIDO experts - would be at disposal but 
alae foreign capital, necessary for imvestment • 



The factorief" from awmg 1-.'hich the fut'..ll'e co-opera.tin.; 
p~rt:1er could be selected are: 

1. :Bay.,,rische Pfhigfabrik, 8?1, La.r:.dsberg am ;_,ec11 

J(U.JO:!.rr<.n':1:::;tr. ?S, l<'ed0r.3.l Rep·1>-,lic- of Ge!'113.ny 

2. P. J.1i.i.hJh0ff, I1'.asc1nnenfa1'rik, 4:82 'Jec.te.~: Pcdera1 h·~;ublic 
of G3"'mar.y 

3. Hi1ssi_a-Rau Vertriebs G.m.b.H., 7:i15 Weilh·~in:/:'e8k 1 
I'etler2.1 Tiep~1b1ic of Gern:ary 

4. G0ldsaat G.rn.b.H., Eergisch-BGrn, Pederal }~e:;)11i.)li~ of Germany 

• 

,, 
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III. Summing up of the situation and economic analysis on·; 
the field of agriculture and supply in agricultural 
machinery 

Before analysing the actual situatirn of aJriculture and the 
technical and industrial Dide of it, it will be worthwhile 
raising some reflections of economics. They would be able to 
back up the suggestion that a central 4g~·icultural machinery 
factory should be established at Kabwo, even if on a small 
a cal•• 

On the basis of the demographical investigations (from June 
1963 to August 1969), taking into con~iderntion a oix year 
averag•, the increa~e in p,pul•tion was 2.7% in Zambia and 
will reach 2.9% by 1970.76. This very quick inc~ease in 
population and th~ necessity of supplying the population with 
too on the stllDe level - though it cannot be un aim, but a 
minimum duty of the Zambian Government - show thAt it will 
be essential to keep abreast of this development and ensure 
an • ease of at least ~% in the agricultural produce fa 
general increase of 5.4% is envisaged between 1970.76). In 
fAct, it is ~lready planned to increase the maize production 
ot 2.53 million ~~gs (1 bag= 90 kg) (in 1969 the requirernet 
of the country was 3.01 million bags) to 5.5 million bags by 
1976. This objective will be surpassed this year alr~ady 1 by 
the means of maize seed and fertilizer·1 .. ubsidies and very 
attractive maize prices, and the help or favourable rainfall. 
According to estimates, this year'o yie!d will bo between 6 
and 7 million bags, out of whieh about 4 million bags are 
already in depots. 

In my •pinion the maize production of the country could eaoily 
be increased by J-4 million raore bags, making use ef complex 
mechanization and '-Ti th the aubsequent !Subsidies of the 
Government, since eoil and climatic conditions are good. 
The increa•e in aoricultural produce in Zambia between 1964 
and 1972 1 on.aver~ge, was 12.8%, with e~ceptionally uood yiold. 
On a world scale this nttmber is .3·'"' which means that the 
Zaabian results 1'rere Tery cood, but aa c.orapared to 1962-63 
the inereaae was only 6.1~. 

It i• a fact that all the teoln, machines, equipment, nccea&ary 
for agricultural development are imported for the moment. A~ 
the same time there ie no technical (specialist) and financiil 
baee (factory equipment), thus, when r~alizing the idea of a 
new agrieul tural r.1achinery factery, it will certainly be 
neces•ary to ask for the technical as•istanct of UNIDO and to 

co-operate with an experienced over•ea• f.,ctory (advantages 
see later in this chapter). 

A• far •• other fields of d1nvcl<JJ.V.ent are concerned, we can 
find an increase of 34.2% betwer.n 1964 and 1970 in mining, 
food indu•try (beer production, tinned food) etc. On thi• 
ba•i• it i• easy t• find that this outstanding £iguro is very 

I 

.• 

f 
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pro:ni•ing for th"' establishment of th~ local agriculturAl 
machinery induatry. The farm machinery indu~~ry coul<l make 
it possihl~ for ut least ~bout two thirds of tha country•~ 
pepulation to have the b~nefit of thG8'1 acvc-..atages offered by 
mech~nization, while tha benefits ot other industries do not 
affect more t~~~ about 1 million people out of tht 4.5 
n:ill.i.on~, a pictu':"e which ia n:or~ gloomy thn.n the previous 
statisticel data • 

.Acce:r-ding tc the ~tati~tical d;~ta in 197') the national inceme 
~er capita was 29) Kwacha/year, but it was mainly those living 
in towns (abcut 1.6 million inhabitai.~s} who had a share of 
this income. About two-thirdo c-1' the inhabit&n.ts live in 
villages., 

The average e11rnin')e:/year of thci agricultural werkers was 
JC21i8 in 1967 and KJ~8 in 1970. 

Paid er.iployeas 
(commercial and emergent farm~ro) 35,fOO 
Self-nupporting J40,000 

.1970 

)it-,600 

387,000 

(projected for) 
1976 

On average, ene family i~ c•mposed of 7 per~onr (wife and 
chil~ren), which meane that ahcut 3 millicn people are 
deriving a livina frGm agricul ~:ire == 66. 7% ef thti populationo 
One m~re item to ¢omplete the prcvioue data: the average yearly 
earningn of those living from wage and snle.ry (official:;, 
mine-warkers, 11 inisters, dome.otics, etc.) \taa K666 in 1967 
and K928 in 197~. 

Reverting to the economic analyDis and approaching the 
rsi.gnificance of the agricultural and farm machinery industry 
in the country's material production from am~ther ospect, we 
find that it~ importance is rletermined by its function in the 
ec•n~mic life~from the point of view of: 

(a) ito contribution to the country'• materh.l. pr.:irluction; 
(b} it~ p-rticipation in meeting tho requir•mcnt5 of the 

public finances; 
(c) the number of inhabitants ·employ"d and £upperted by the 

pro<luction bran£h of ag1·iculture; 

• 
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,!he trenG of the national income: 

Sectors 1969 1970 

1. Mining 37". 46% 
2. C.mmunication11 18 .. 1" 15.7" 

). Agriculture 11.8% 11o1% 

.4. Industry 10.11% ·a.s~ 
5. ColllDlerce 10" 8.9% 
6. \.Atnstructioa 6.7% 5.~" 
7. Traas11cart '·9"· '·'" 8. Electricity and water 1.3" 1.1'9 

100" 1002' 

Aec&rding t• thes9'~ata there is a regreosion in agriculture, 
and a strong deTelopment in the mining industry. It i~ werth 
mentioning that the income et th~ minin' industry depends, to 
a certain e%tent, on the fluctuation of the world market 
price and a low price level lTOUll threaten the budget coneid• 
erably. This i• why it would b~ better to set up another 
branch ef the .Pr•duction industry in erde.- to ensure satis
factorily the material inceme; and thi~ production •~ctor is 
agriculture. 

Many political eeenomiats doubt that the inechAnization And 
technical develepment of agricultural production would have 
the effect of increasing the yield; they maintain that these 
factors only have the effect of replacing manpower, or they 
help in reducing th! work dene in unhealthy conditions and 
in improYing werking conditions in general. There i~ no 
doubt that mechanization does n•t create bAeic production 
eapacities in agriculture (except for the diatribution of 
tel'tilizers and plant protection); it caan only increase the 
utilizatien of those already eximting. By this means eertain 
w.rking preceeses hAve an indirect eff~ct of increase on the 
yield (ploughing in time, seeding in optimal agrotechnical 
•onditiena, etc.). Pronounced attention•. aust be paid to these 
facters in Zambian circua•tanccs where there is a very short 
period at disposal for the prt'.lparation of soil, at the beginning 
•f the rainy season. 

It must al•• be neted that the increase in average yield 
depends greatly en tho clia~tic and uiological AS well A• 
teuhnolttgical eondition13. The beginning of the ploughing 
•eason depend• on elimatio conditions, i.o. the. begi:ming of 
the rainy seasea, which is •~tually the oad ef October. 



..... 
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A further agrotechnic2l r~~ui~~~ent is the pr~~ar~tio~ cf 
· r·oeth seed beds. ?or this re;;,s'-!nt se\'c:n1l \ '~-,;;) di::icia~J:3 
;;.: "~ necef:zary af',er plcu~.>ing. 

'i :v: perioc.t ..,-hen th~ raaiz·~ can be harvested C.~penrls 0•1 bio!
.:·gi{;'\l f:-•.ct.ors~ Fro1!1 tLc beg.i.r1nir>n of Juue O!lW.otrd~ th:! 
~a:~ of maiz~ are r~ady for h~rYeGting but Lhe h~rve~ti~g 
\•ill not m:art bcfor,,;i the end of J.mc/b~gi11ning 't'f Jui.y? 
bt"ct u:1e <.' f th~ h:t gh rn.o iot ur~ cc•nten t { nho11.t. :60~~); it cann"t 
~.c a<::ccpt'.::'c with a moist~1.r~ coritent exceeding 1;:; • .::;~:,. Cc,.;,;:ier
' .i .... 1 -:.·nrr:crt1 !.l.::nwlly do r..._,t pos•::;.S.:E; d!")·ing m~~chinc:;.. lt is 
,. ft<ct th;:i.t, tc, a cert"1.in extent, drying r;.:•,ch.ines cieprc::c:~at~ 
the cpv..U.ty of the r.tnize, 11ut thi:.- loss i.s ~till much le~iJ 
tJ;::..n th~ t1;<.rcar3e ctrnse•l by rodent11 to t!1e maize standin~; in 
the fif.?ld:.: for as long AS 1.5 month~. Owing to thetH!: fnetors 
"1.nd tc the G.ctua1 eq,uip;1e:1t of the fnrme1··s, the incre"'-3" cf 
the averOll.ge yield is r-!ithe1· limiteJ cnti. th~ farnwrs aclmo•rledge 
thir; cow1•r:.>mif:e. 

'Vhen uninJ tl~" r&llcr plm1gh C:::ee 0.,tlli.!. r. l.n Chn.r:tc1.- IV), the 
~\'ocd becls c."l!\ be p4·cpared in ono wurking I''a.r;;-, dt•ring i;ho dry 
f.Ct'son iu\d the sc-!ed::' can be ~Qwn jt;.;Jt b~fore -~:1e rain r»t:-,rt:., 
M" +.br,t the {7ermi11ation of the :.:t'".!<ls can Bt.n.;;·t much e..,_rL~cr; 
t.hus ·<-.he {1rains wiJ:;.. be bigger .::.n<l :;trnnge1:, C'>nsideriuo tliv.t 
the }J.l.>?.nta n~t rnor~ precipit!iltion during t~1e .h.t~r perii;t\l:'! ~f 
their tle•elopment~ 

'I'he n:o.re 1»00E:rn technology - including the cher.iic:al proc.essing 
t,f the cn•p .. cnnno·;; be introduced to ~- l;.arger cxt.c.ilt t11nn 
that o.lrcady in 111se, without. the comple:.;. mechaniz?.tion of 
~gricultural production. Pr~pAr~tion of the s~il and n~ving 
nh~'l.l.l.u tn:: dcne in enc working r:u1ae and th~ tre..11£port ·::-.lu.d.n 
fc;tr U1c Lotrve!.'lted raaize shoub{ be worked out where dryin~.1 
nrtC"hitd'.:~ \;ov.l<.~ alsi> th~ uaed. In ny 11pinio11, Cf',ll'lplet1' :?cetor.a.l 
rnech0<.n:;.zD.t ion, be6ides the w.:trk o~ the har.;Jt animril t.nd tr~d .. 
it i<mal i1:'lplementR being replace4J hn~ the effect of incre;-..sin~ 
th~ yi«ld &nd •:e•~y often of decreaaing pror.iuction co•t11 .. 

rhe dc~~~asc of production costs will not, of courne, h~ 
boun<l tog,?ther lti th th~ sr.echanization unrl~r t". eert.£ .. in level~ 
i .<.:. d least 2 .. ·1 to 2.9 t/ha ehould be produced (th~ AVern.g;; 
~-'::l'I 1~1 t/hr. in 197t), aci th.at the income. levc.l obtP.in~d by 
the trRditionnl technol~oY should not be deb~~~d Ly the 
cowp!ete £ccto~Ml mechnnization of th~ commercial :~rn~r~. 
One chould nntur&lly imply thAt the State pur~h~se price nf 
the r.19,ize "d.11 not chi\n!Je (which iz actually JC3 .. 5 "" ust~.9/ 
b•.IJ (~,9okc} in the country __ nd K4.) = US$6/b11.g ht th~ towns) 
And th&.i the Zazablo.n Government will go on su'bsi6.i:dr.~ :fcrtil ... 
iz!:rs ai.nd GGlfinp seedo for several years. 

b. On tho baaio of the requirement a of public f inlkr•cea, agricul
ture, "mong othera, we»uld meAn Rn important· raw matC?ri.n1 base 
J.nr tho cr<:ati~n nnu devl'1lor1ir.ent r1f the loc::i.l fGGi.l :..11dur.t1·~-. 



• 

-25-

Owing t• insufficien~ supply ef agricultural raw materialu 
the Sec•nd National Development Plan (frem 1972 te 1976) only 
mentions the local precessing ef meat and dairy pr•ducta and 
the manufacture of biscuitoo The ether pr~ducts, such aa 
e••king eil, fruit, Yegetables 1 ~tarch production, leather 
and skin indus··ry, etc. are not eYen acntioned • 

It is •uperflueu• te give details on the fact, which i• well 
knewn, that in the caue ~f mass preduction it is much mere 
prefitable te feed animal• (peultry, pigs, granger'• cattle, 
ete.) with the fedder and uell them than to e~11 fodder 
tlirectly. 

e. All far ae agricultural machiner-1 is e•ncerned frem the peint 
of view of these making a living fr•n agriculture, it ia 
imperative te produce cheap and good quality hand tools and 
animal-drawn implements. This meQn& th•t the proposed A.M.F. 
11houlci work with relatively low prgfit, thus centributing 
considerably te the developm~nt of the ceuntry. The develop• 
ment rate of n•t only Z.mbia but all ether countries dcpenda 
greatly en the devel@pment rate •f agriculture, on the 
cheaper agricultural prouucts and on the better fincncial 
pesitien of farmers, which increas~s their purchaoing power. 
This mean~ that - even if many people de net see it nnd do net 
agree to it - the induotrial aevclopment depends, to a 
certain extent, •n agriculture:.boing up te date. The twe 
sect0rs are interrelated. It is therefore in the interest of 
industry to promete agricultural development, result~ng in 
balanced economic cenditionr. in the country. 

Finally, I beg to remark that th~re are peGple in every 
eountry who are !or and wh• are ~gain•t agricultural dovelep
ment, the latter being sometimes misled by cheaper solutions 
(e.g. favourable import prices) although in future there &De 
alwaya heuvy penaltie• te be paid for net having develeped 
agriculture. 

Machinery requirements 

When ·decid,ng on the follewing figures, I to~~ into consider
atien the findings •f the "LENCO Study", the data (1965) of 
Mr Sa'f'ag~ (Department ef Ecanomics and ~iarketing), as well ae 
differen~ pieces ef information receivod from entirely 
different •ources, and my personal experience gained on my 
visits te several part.11 •f the country, learning fr0111 fnrmerlJ 
the length of wearing out of differ~nt machinerg, etc. Last 
~ut not leaet I teok into c•nsideration the size of economic 
series. Under the key words "spare parts" and "c•mmiusion 
werk 11 l teok int• account the require111ent in spare perts for 
the agricultural machinery alreQ.dy in une in Za1.1bia, wich ls(f, 
for the time being, ·:oae of the lllQSt important needs. 

r 
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No. 

1. 
2. .. 
.J. 

4. 
5. 
6 .. 
7. 
s. 
9. 

10. 
11. 
12. 
13. 

14e 
150 
15. 
17. 
1e. 
19. 
20. 
21. 
22. 
23. 
2~. 
25. 
26. 
27. 

28. 

29. 

Denomination 

H~c-~ 

P ,~ .:~~~s 
s~, ,:;; "-cl• 
l"~:lGD k~n:.:_~_...:.-~ 

:·:-.i:;.t!' hoi:-~~3 

H~rr•w te~th 

Sickles 
Sc.ythe blade!! 
c~nterbury hoes 
Cm::ibination hoes 
Cc:.t chain •is hooks 
Cc:mds:::ion work 
Ploughi:hare for all the 
pl~ughs as spare part9 

J.nimal·dra~-n plough 
" " .n 

" " " Reversible plough 
Ridging plouch 
lfoavy zigzag harrow 
CultiTator S 51 
P~llcr plough GEF 335 

n " n ~35 
n n " 535 
» ~ h 835 

Weight 
per 
piece 
in~ 

1,00 
2,50 
1,2c 
0,05 
o, 15 
c,35 
o,1z2 
0,75 
1,52 
o,66 
0,4-2 

~ 2,0 

)5 
36 
50' 

115·. 
:35 
25 
38 

)•U 
) 
) 
) 

l'ic ridger ) 
Eydrolift (for irri~~ticn) ) 
'.l'r~ctor dr~wn anc urive~ ) 
h~~e reel with winch, 13 h~) 
Co~pl0to scctor~l ~cch~n- ) 
i~~tion for ~~izc ) 
Agricultural s~ot~h cart ) 

-------~~.E.f .. ~~"~.ms to .,ts:,~~~;;: 
1 

-···-~·-·---····" 
Totl'.l 

. :\(l"'f"/.4-
·t ·r, j. 1:''75 1976 19?7 1978 

-------· -----·--· _<_...-.,_.__....... __ .., .. 

lfJQ .• 000 

'.!i.1.,0~)0 

5- ('<10 
100 • .-~DO 
300 .. 000 
40<J.0[_;0 

150.000 
tC::>.OOD 
100.000 
150.000 

85.000 
J00.000 .. 

(1.800.000) 

-
---

400 
JO 
20 

50 
50 
~o 

,'.30 

30 

:;c~o.c;co 

2\:· e (HJ() 

8 •. oc;:> 
J00.0'.)0 
Goo.,ooo 
4ou .. ooo 
JOn.ooo 
250.000 
200 .. 000 
350 .. 000 -200.000•• 

20.000 

600.,000 
25 .. c,:10 
·t;).,0''.K) 

:J(J('. (/0•) 

400.o·:iO 
1,i;co.00a 
250 .. 000 
200.000 
150.000 
250.000 
500.000 

50.000 

(forge operations) 
2.000 3.000 
1.500 2e500 
1.000 2.000 

500 800 
2.000 2.500 
1.500 2.500 
1.500 3.000 

'*50 500 

''"o 50 
20 JO 
10 1::> 

150 200 
100 250 

So j_OO 

50 so 
150 150 

r:;.·1n. no0 
25,,000 
10 .. 000 

600.,000 
lt00.,000 
J00.000 
200.000 
150.000 
100.000 
2000000 
'300,.000 

150 .. 000 

75.000 
5.300 

• 4 .. 4Ao 
3.000 
5.000 
6 .. 500 
7.000 

550 
80 
30 
15 

500 
500 
11to 

120 

200 

500.co~ 

zo.0ao 
7.eoo 

. :: j 

Jt~~.J.(_:00 

200 .. 000 
100.000 
50.,000 

100.000 
200.000 
300.000 

lt-00.000 

.3 .. C00 
2.000 
1.000 
2.500 
.).000 
,:;.500 
.3.000 

6:;o 
t.00 
50 
1 ,.;;; 

JOO 
JOO 
160 

151J 

300 

2 ... 10C,.OOO 
1c:o .. oc :J 

l;.0 .. 0(J0 

::. • ?..r_10. 000 
2.000.000 
1 .. 700.000 
1.000 .. 000 

75;L000 
650.000 

1 .. 050.coo 
1.1S;i:;.ooo 

300.000 
620.000 

15~500 
11. JOO 

9.2ftO 
6,.800 

12G5QQ 
1L .... o:>o 
1th500 

2 • .5:;o 
)01) 

150 
50 

1.000 
1.2oi:> 

.520 

400 

880 

•~r3duction starts with forge shop 
•• freo capa.ci ty fer co:noi!S:;ion worlt 

••• in the c~3e of international co-oper&tion mounting ~d part-pr?duction 

! 
['J 
r.J"> 

' 
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IV/A. Prcftosals fer the develepment of agricultural tool• 
and ~achin~ry actually in uoe in Zambia 

I should be glad te be able te a$sist, to a certain extent, 
threugh the ideas included in this chapter, the activity of 
Magoye Agricultural Research Statian, ;.\tld t• make the product• 
ef the propo~ed Zambian Agticultural l·Ia"Ohinery Factory of 
impreved quality and technical execution. I am sure that the 
technical analyses enwner-ted in the f~ll~wiug are mere or 
less known te the technical peeple dealing witl1 agricultural 
machinery and implements, but seme new idea• may still help 
te im~reve the future products. 

There are seme aspects, technical reasens and experimental 
data, the adoptien ef vhieh wuld, make th• uae of the ~ricultural 
machinery easier and weuld alae eliminate their requirements 
in physical energy and thus an im~ertant qufUltity ef bioenergy 
e•uld be saYec. 

- The u•e •f manual labour and animal-drawn implements plays 
an iapertant role in Zambia, Eince the amount •f mechaniz
atien is very low in the cG>untry - except for the big 
indust~~al f ~rmers. 

Most of the agricultural·implemento are used in oennectien 
with tho soil: 

• some ef them work the lan4 directly (hana toels, ploughs, 
discs, harr•ws), white 

• others put seeds into the aeil (planting machines), or 

- juat moYe on the surface •f the soil (r~lieYing trheels of 
the ~leugh, means ef transport, barrow~, pla.&t protectine 
machines, etc.). 

~nsequently the aoil in a materiAl which plays an important 
part in tho agricultural machinery indu•try becauaei c.f the 
hard c•nditions prevalent in 24i.rnbia (rlry, hard c.nd cri tty soil )f 
when designing agricultural machinery the phyaic~l and mechan• 
ical preperties of the seil must be taken inte acc•unt. 

The •ther aspNt - which cannot be treAted at length - i11 the 
traditien and agr•technicD the peeplc are uned tQ, es~ecially 
in the caae of hand tectla, e;;.g. the hand hoe lfith 2 cemparatiTely 
very short handle. The uae et this kind of hoe is neco••ary 
when weeding, 8e that they can use their other hand f•r 
sh..UCing out the· Dctil fntm the roots •f tho we~d, which i• 
necessary. The agrotechnical requirements mu•t be taken int• 
censideration when proiucing agricultural hand tools an4 
im?tlement•. 

f 



,,~r.~n tlesigning new types ef agricultural rnachi nery P.r 
•H•a.rting ·t~1·,~~·': alreac.y in Ul'& ir. other ceuntries, tc· th~ 
:,·ec11irem.,.,1~t;:; ~f the cguntry, not o!lly the e:conomic but. in the 
;·-~-r;t pl~.ce 1 tlrn oielegical fi:tcters L'1U3t ·c.~ t£tken inti'> &CC3Unt. 

I-': o,:_st ':>e e"'phil~L":ed t!ur.t t!1e r.:&chinery which ia nat c..,rrectly 
.:c·,~tr•1c·t:ec', ou:.d t5 r1r•duc~d with a wrong te-chnGlc-gy 1 ttGUld 
.&ri."""t r•f tll affect thost~ .PE:-O!'l" using the:n. This doe3 not 
r::c.,..,.~ t«• 1'~ a nreO\t loss since i~- c.nly requires gr .. ~atcr invest .. 
m~nt (,); '.'~ysical cne~-~iY and rew.:li:~ in a peorer qu•lity of 
,,_.o~l ·~·! .1.ivatit:;:.-i, etc. Tllese cau.!'.le.s can he toel:!I w.ii:.h cdue:t 
~a:dly ·:,,,rn, i;t.:.il cultiniting iinpl~menb:; 11ith cuttin!J edges 
~et. ~~ , t-o;·s angl-~:i, etc., which re~ul t in n 11rc.at~r resis .. 
t:>.nce 9:1.' i:he ~•d~iri~;::, th<lS z-equiring moreo and unnecessitry 
r;i ,)":"iicnl ets.ergy fr~::i the farmer •.!Hi frem the anims.l as w~llo 
i'~~~t ef the ·"oi 1 cultivatill!J uerk in f:iome:l:t·w or other in 
0:.1''lH::r.tiu.:i with cutting the l!loil,·but Yery 4.lf~en clean 
c,tt5.11a is di!!turb~o by so:11" cart •f ticfnrrJat1on~ even if the 
ir:,.!'l~n'l~nt bele>ngs t .. the •imple:it .sei~\; af f;c>il cultivating 
.h .nd to..- la, such a!l spades, hees, pic:C-air.os, ct.r;. These tools 
L ein1 si!npl~ but a~cd in a different way, depeudj :1}1 on the 
:ril•:.·n:.cal conrl:it io>'l of the perS(i):l whli- is usir:g thel'l (in the cas<: 
"'+' ;-;ici~·--6'.:CC, b:>e, et co). and on the angle they •mt4\'r th~ ~cil, 
t1,~1·e r.iust L~ o. eert11.in comproir.ise as f~ 01.:::i their technical 
~pec1fi~~tian {weioht 1 length, width, an,le 0£ sharpening, 
~~~~~. ~tc.J ls cu~cerned. 

A~ f~r a~ the deci~i6n on shapn and nize i~ cenaorned, 
?,,.,;~.hi&!l 'Crrt.cUtion plays L'l impert.-.ni: re>le. Host "f the hand. 
+eo:.s h<-<.~e an ;i.ccfl::pted and pref~rre<1 r::ha.JH~ an~ siz" {e.g. hoe: 
,, . .!~.'}ht ~P!11"~xinat~l:r 1.14 kg; ~!utpei longish, curved, "-'ith 
f.l. h9nclle t:UC'1'ur'1.ging a bent \for.klng positi~':l). The 1aa<lific
:~t~,4Jt' .. ~::. the.:;;e toolB ie -.. very delicate prcb~.~m.. Nevertheless, 
~nc fee!Grema!ns unaltered, and that is the ~a~cetahility of 
th~. httnd t~ol~, ,,..hiah ,.Till certainly not dumi:)e fer a long 
~it;;1e (betw~en 1973-77 tht'l market will absorb e.~ut 2.;3 cillittn 
l'~nc! hQl!f,;, 2.2 nillien panoa knivc:i, 7 millivn mni::.~ lir.,oks, 
0.9J ;:·i-~J.ic:i. ha.nd-llperatcd weeders, ete). c.,nseqi~en<.ly it io 
in;:,...,rtf'nt to r>ractuce hand toola which ca:1 e«oily pen.,trate into 
the t'i&i l ~r .. d whic11 can be uecd for At l "!:;;ist l-'* yearn. 
I'.!/A/·-~~ 
.;n '"rder to meet thf,ne requirements, i-e. ~1~{';[.\ring i:col:l: and 
Ct!r.::.:11.t: nud wet!:r-renit'lting material 1 therie tl.'lelr.; Must he r::O!de 
hy ic.rq.:i!1~; anrl not b~e1u:linD.• I<'org~d matet'i11.l hao n 111uch 
hi,;i._~~.c l!!l id::.ng :1urfr..c..;e than pre.33ed. It it> 0:;u:;i~r t'1 understand 
th~ ~rlvant~aes of tlliG if we e:~rnin~, e.Q. the ~peration of 
pr~-;-111rfnri the .f'eed beds ;,.,ith a hand hoe: tL('; hoe wo1\ld cut a 
c:• ice !:.f tH,il ef a certain thiclmc~::i. Thia slice W.;JUld be 
lifi.cd e<l.ld tran:sferr.ed to another p1':1.ce, in " ccrtc>.in clietanco 1 

by the help @f physic.al energy and the ho¢.. The: nl:i.ce ir. cut 
by the ecnei of the hoe while itfJ trnnofer is. ma.de by liftino 
"r. t<.rd sliding down the jurface e£ tho hue, 
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~~15~4,ftently, the ~eight, shape aml surface "f the bee are 
impertant fer the fArater. It will be i111perati ve te reduce te 
appre.ximately 0.80 kg the weight ef the h•t:.s actt·dly in use. 
On the ether hand, it is no use geing under this weight ~ecause 
it weuld result in the reduction ~f the kin~tic energy t• a 
level which would net be l!Suf'ficient for cultiYatiGn of the 
hard Zam~ian seil (it baa an appreximate resistanee ef 
70 kg/cba ). . 

By f•r!Jin~ it is pessible t: CCliiipiO.ct the raw iiia.tc.t'iit.l steel 
plate, which means that thinner but strenger, morn wear
resisting bees can he made. On the surf ace of a forgeff. tool 
the seil can slip better, as the steel structure is rnere even, 
net like the ones seld at present •. When fargeing in die, the 
surface r•ughness value can be reauced down to .).2 micren 1fhilo 
the same Yalue is en the average 5.5 micron when pressing. 
The pressed surfaces are reugh with ec2le5, scratches, etc., 
en which the particles •f eoil adhere, making work much more 
difficult. An•ther adYantage ef the thin, ff:lrged h•e ia, 
that no compact zone ia ferrned by the edge, so that the hoe 
can enter the soil mere easily. 

I put ~•wn all these details becau5e I want to emphasize the 
import~nce of making any soil-cutting t•ola or parts •f 
implements by forgeing. 

Small a ricul tural machiner to be used in Zambie (in orc!er ef 
priodty 

IV/A/2. Hand seeders 

These are used for •~y kind of crep which ia ~ewn by the 
farmer in rews, on land not larger than 1 acre, such as o•:ra 
bean (about )Oto l.tO aeeds/metreq 1 haricet bean (abeut 15 to 
20 seeds/metre), finger millet (about 150 to 200 secds/metr~) 
and cotton. Sowing •Y machine must occupy the place ef hand 
sowing because it re:mlts in easier and more effective ~eeding 1 
resulting in JO te 50~ more cr•p and 20 to JO'~ less seed. 

One •f the reasenl!J fer the l•w yield en subsistence and 
emergent farmers• land is the low plant population which 
pred•minates, especially •n peer ~oil, i.e. in ~0,ny places in 
Za."Bhiao If the aeil is peor in nutritiYe 'lllnterial, the plant• 
will net Mevelop sati•facterily even over large dictancea, 
i.e. by hand sewing. Even if the plant• c111 not develop 
aatiafacterily •ut they are in rather dense rows, having been 
••wn by machine, the yield will still be tolerable. 

The Bl3eder required by modern agrofJe~.nics muat meet the 
fellowing requirements: 

- eptimal diatance •t rows and plant•; 
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- equal depth of sowing; 
- the same number of seeds per hole; 
• equal, continuous spreading of undamaged seeds; 

covering of seeds; 
variation possibility for different seeds; 

" should be easy to handle; 
should require the m:i.nimum pllyaical energy. 

The type require• is: seeding in one line wit~ two wheels, 
good marking of the connecting rows. The portioning of seeds 
must be reguli:ted by a simple sliding bolt, depending on the 
size. This is a simple and cheap solution, needing no more 

·precision than some other,. ·1ess sophisticated methods. 

C~llular wheels can also be used, but are. more expensive and 
require more precision. They can'be made of aluminillDI or plastic 
mate~ial, with holes of different size in them, according to 
the size of seeds and depending on the number of seeds to be 
so~""P in one metre. The superfluous seeds are kept back by 
bruobes or a piece of rubber, without damaging them. By this 
method the seeder sows only the required number of seeds. 

The seeder must have two containers, or one divided in two. 
The first one contains the seed• and the second the fertilizer. 
The fertilizer is alao measured out (to save fertilizer) by 
hoe coulter, after the seed is sown. 

A disc furrower must be used on the seeder, with slightly 
convex-shaped cross-section. In this way one can solve the 
problem - which I have often seen myself, in the case of hand 
seed~rs M of the furrower picking up roots, pieces of maize 
stallc, etc. and pushing all this in front 1 the rows remain 
open and the seeds remain on the aurface of the soil. 

In the case of the disc furrewer, it rolls over obstacles but 
enters deep into the so~- v.hieh increases the seeders' resis
tance and the physical energy required. For this reason I 
propr.;se the use of disc f'urrowera, slightly convex, which will 
not enter into the soil and roll ever obatacles. 

After the furrower splitter there i• a wide concave small iron 
roller composed ot two parts, which presses down the furrewa 
to cover the seeds. This covering instrument i• very well 
designed on the "Planet" seeder. 

Seeder.a can probably alao'be uoed when ••wing sorghum, which 
is uown on flat land, not ridgea. 

Since the seeder will be used by •ubaistence farmer•, no 
bigger or more sophisticated mountings are justified, and the 
seeder must be as cheap as possible. It must be mentioned that 
there are vast numbers of •eedors all •ver the world but it is 
extremf!ly dltticult to tind •ne which i• auitablo from all 
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aspects. This is why ene should nGt try to solve the preble• 
~y importing the cheapest one, which is not suitable for 
Zaabian conditions. 

IV/A/). Hand cultiva~ar (wheelhoe): 

This hand tool belongs to t~e one line seeder 'illd completes 
its role. Its "mrk is quick. nnd ~ffective ":hich is satisfactc.ry 
ott l•ose seil. Even women and c.~ildrcn can handl' it without 
any difficulty. It is cheap to produce and available fttr 
~lmest.everyDody. 

The hand cultivator is used fGr tho cultivation of plants 
between the rows. ~his is one of the most frequently used 
hand to•ls. It loosens the soil down to the depth of sowing, 
thus making the soil airy and the developmant of mic-o
organisms more favourable. FGr the hand cultivator can only 
be used for weed net higher than 5-10 cm; it must be applied 
rather often, a.t least 3 .. tt ti111es during one season, depending 
on the plant a.nd soil cenditions. 

It cann•t 'be emphasized enoi•gh how i1.;.pcrtant it is to econ .. 
011il!le ctn physical ene1·gy. This i:J why technical people try· 
te ensure the 11\est favourable cenditions when designing hand 
tools and artimal-dra,m implements. Such a solu~ion would be 
te ensure wear-resisting edges for the subsurface cultivator, 
by proYiding it with hard alloy insert. By thiz solution the 
subsurface cultivator becomes i>elf-edgirig, being mad'- of two 
layers (wear-resisting and softer). The b~sic ~aterial is 
wern relatively quickly but the 0.3 -0.5 mm thick ins6rt 
ensures sharp cutting and needs ne special nttention for 
aharpenino. Co'lsequently, 1t0rk with the tool does not get 
difficult during usage. In many cn~cs the fa:n:ierG do not know 
the advantages of sharp tools or they do. met have the oppor
tunity t'I sharpen thdme 

Reverting to the wheelhoe, this is the right tool to m~ke 
subsistence farmers get used to reuul~~, continuou~ work on 
the f1el'1s during the seasen, because it is very irr.partEWt as 
far as results are cencerned. Very often subsistence fanners 
de net do anyta~g en the land until it is covet"ed with weed. 
Then they either try te weed what they cnn er do not do any
thing at all, heping fer the heat. 

lr/A/4. · Harvestinu to•!.!.· 

There are two crops which cauaa the big~est harveating 
problem• in Zambia: 

a. finger millet which ia almoBt th" only l'.nd moat pepular 
plant in the Northern, Horthwer;t111trn "nd Luapula Provinoeo 
et the c•untryf 
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•· ••Y• bean• which are geing t• be intrcduced sn a lcrger 
scale in subsistence and emergent faJ'lling. 

•• Almeat the •nly reasen fer the small area where finger millet 
is cultivated is the harYeating difficulty. The blade ef 
finger millet being half' ripe wben the seeds are ripe and 
must be harvested, it is e%tremely difficult te eut or ~reak 
it. Harvesting is actually a•ne by knife~ taking the millet 
bead• one by one and cellecting them in baskets. With this 
=~th:d, :ne =ere ~f finger millet can enlv be harv~6ted ey a 
family in ~bout 25-)0 days. 

Since finger millet is the only plant whiell is sure te grow 
even en very p•er soil (the maj•rity of Zambian cultivated 
land has P••r s•il), finger mille~ ia eertain to r~moin an 
iupertant factor in the nutritien ef masses ef people. 

The enly aolutien for increaseng millet cultivation is if the 
Magoye Agricultural Research Station experiments eucccssfully 
ii designing some effective and very go•d cutting tool. 

My J)ropesAl is to make a .scieser 111echanization which can cut 
the finger oillet by ene •f the shanks and the other is fixed 
•e a handle. A spring would always keep the scissor~ 
mechanism open and it "'8Uld only el~se when the h•ndle was 
pulled~ The open pair of scissors would be pulled o~ the 
blade ef the finger millet up to the head of millet. When 
pulling it a bit mere, the pair of scissors would cleAc and 
c:ut the head lthich would fall into the basket kept in 'the 
faraer•s other hand. This hand tool would decrease the time 
of harvesting by at least half. 

b. The straw of the s3ya bean is hard, its reets ane touch and 
the husks 11.re pr:lckly. These eharacteristic21 of the &oya bean 
~haw that no publicity, no high prices, etc. can get the 
f&rmere to produce it while aeya beans must be harvcgted by 
h~nd frem 1-2 acres. 

I mAy mention that there are tractor-drawn implemente used 
for harvecting soya ltean•. They are •imil11r to the hemp cut
ting dcvice\hich haB straight eutting blades and cutting 
pair• of large breadth. This implement cuts d~wn tho planta 
at greund level and the roots with the root nodules r91Jain in 
the a~il, providing it with seme nitrogen. 

IV/4/5. Threshing 

On ef the moat diffiault problems is the •helling ef greund 
nu't!'J. Several experimental machines have been made f~r thi• 
purpose. The cheapest and mest auitable solution io a rubbor 
di1Jc Gperating ae a mill. The problem becomes m•r" cmnp1.ic• 
ated when the shells must ~e separated fnm tb.e n.uts. Thia 
aannet be done with simple winnowing. 

--------·- ----------- ----. . r __ 
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In •rder. te keep preductien ce•ta low and net to use a 
- c•mplieated implement, the pr•'blem can be sGl-.ed with a double

phaae verking pr•eesa: the first one ~ould breKk the shells 
int• small peaces (with tha possible smallest daMage to the 
~uta); an~ the •~cend one would separate them fram each 
•ther. For the last process the use ef beet seed cleaning 
B8reea seems te be the moat convenient. 

IY/J./6. Seed dres8eBS 

Thia machine is the mest urgent need of every farmer, being 
indispensible in the case of almoatew"ery pl~t, especially 
when •oil is mised with the seeda and they cannat be aeparated 
by winnowing. Good machines have been constructed (in the 
U.S.A., Japan, South Africa) fer tropical countries, te clean 
greund nuts etc., so I de net want to give details en this 
aultject. 

JV/B. Animal"drawn agricultural machinery 

In the hepe of th~ Ministry ef Rural Develepment taking meas
ures t• provide more and more trained oxen fer the fanners, I 
•utline herewith the technical parameters of the animal
drawn implements which are suggested for producti•n in the 
prepoaed Agricultu~al Machiaery Factery: 

1 2 3 4 
plough pleugh plough twa furrow 

Type and weight: )5 kg J6 kg 50 kg half-turn 
1?l•ugh 

Werking width in 111111: 2)0 250 300 240 

Werking •epth in mm: 150 150 240 210 

Size ef beam (secend 
50 x 17 50 x 17 50 :x. 25 50 x 25 han4 raila)~in lllJll: 

Weight ef knife 
furrew splitter in ) 3 4.5 2 x 4.5 
kg (with camp): 

Relieving ... , wh<..el in i .. :220 220 220 ca 500 

5. Ridging plough: 35 kg; distance of ridneas ~50"500 mm; 
weight ef brea•t-beard (with lifter) ~• 13 kg; size •f 
beam: 50 x 17 ma. 

6~ Cultivat•r: 38 kg; V9rking widtbs 4<>0-500 mm; number 
•f hees: 5 pieces in 3 rewa; di•tance !rem each ether 
lengthwise: 240.500 mm. 

7. Zigza9 harr•ws 25 kg; with 4 lathes for the teeth; 
20 pieces •f interchangea~le harrew teeth (weight •·35 kg). 
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IV/B/t. Two-furrow half-tum plough 

In order to see why I propose the introduction and local 
production of the two-furrow hal:f-turn plough in Zambia, for 
the use of subsistence farmers, it will be useful to consider 
the following. 

Accerding to the working raethod, the ploughing can be: 

a. conventional furrow ploughing; 
b. plain ploughing. 

a. Those ploughs which do conventional ploughing are equipped 
only with plough body turning to the right. This is why the-:-e 
are ridges and blind furrows after conventional ploughing. 
Rain l<ater gathers in the blind furrows anJ the 8oil of the 
ridges contain8 less water; consequently the green crops \fill 
be uneven and so the development of the plants will be 
different and spotted alo~g these lines. In order to avoid 
these defects, after ploughing, one should d~ transverse 
harrowing to smooth away the ridges and blind furrows. 

b. This working phase can be omitted if the ploughing is done by 
two-furrow half-turn plou~h (plain ploughing). This plough 
has plough bodies turning to the right and to the left, which 
can be turned oV'er the longitudinal shaft, parallel to the 
direction of movement. These plough bodies work alternately 
according to the direction, back and forth, thus the clods 
would lie side by side and no ridge or blind furrow will occur. 
Furthermore, the use of the two-furrow half-tum plough 
results in considerable tice-saving - especially in the case 
of animal-drawn implements - the idle running being much 
shorter as the time of turning round is shortened to the minimuD. 
By this method the ground ploughed during the same period of 
time will also be in~reased. 

Considering that the arable land of the Zambian subsistence 
farmer is generally rather irregular (because of physical 
features and mainly because of the anthills), there is plenty 
ef detearing to be done when, ploughing. This is one reason 
for using the two-furrow half-turn plough. 

As far as the disadvantages are concerned, this plough is 
1.5 to 2 times heavier than the traditional plough, owing to 
the double plough body and skim coulter. Consequently the 
production costs are also higher, but the useful life of the 
plough is longer. 
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IV/C/1. The Roller plough 

There are several reasons for the introducti•n of this 
revolutionnry new plough, which can be used by commercial 
fanuers (itccording to investigations there would be a market 
for about 400 to 500 pieces/yearl. 

The most important and most frequently used machine for 
agricultural cultiV'ation is still the plough. This is why it 
is important to have a plough which can meet the requirements 
best for a particular speed of work, w~ the traction 
resistance of the plough is'the smallest, {the turning of the 
soil, loosening, under-covering, even spreading, etc.) 

As far as the construction and functioning of the traditional 
plough is concerned, it is a special, complex t•strW!lent for 
soil cultivation. The slices of soil are cut (ploughshare), 
lifted (lower part of the breastboard), bent and turned (middle 
part of the mouldboard), by the different parts of the plough, 
while they are deformed and driven to the side. At last the 
mouldborad extension (tailpiece) transfers a certain kinetic 
energy to the slice of the soil. From the cutting to the 
turning, i.e. during the whole movement of the soil or rather 
of the particles of soil moving on the surface of the plough, 
they ma'kcl a continuous friction-movement; consequently the 
operation of the plough needs considerable traction force. 

An important quality of the roller plough is that i1' moves 
the particles of soil by a rolling movement and thus the 
necessary traction force is •iminished remarl;ably (see 
illustration). This has the advantage that the roller plough 
wvrks appreciably quicker than the traditional plough working 
in the same width and depth. In this way the ploughing capacity 
of the roller plough, depending on the type of soil and its 
state, is 30 to 60% biaoer, expressed in m3/h, than that of 
the traditional plough, while the fuel requirement of the 
tractor is ,o to 55% less, owing to smaller resistance. The 
roller plough has other advantages, too, which arc to be 
evaluated from the point of view of characteristics of 
Zambian agriculture. 

The main products of the commercial farmers are maize and 
tobacco. Both crops need different agrotechnics. In Zambia 
the cultivation of the soil (ploughing) starts with the rainy 
season (be~im1ing of November). In the case of tobacco, it 
the farmers plough too early, the tabacco leaves would contain 
toe much nitrogen and would remain green and fragile (deter
ioratien of quality). In the case ef maize, more nitrogen 
results in better yield. 

In the dry 8eas•n it is impossible t• de the ploughing because 
•f the dry soil. If the farmers pl•ugh during the rainy 
season the tobacco grows teo quickly and then it i• difficult 
t• cope with its harvesting. 
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Jn this basis there is a 2-J week ideal period when the 
ploughing should be dene fer agretechnical reasons. 
C.nsequently the ploughing must not ta.ke t•~ long and t~e 
seed beds must be done in time. The latter is ~ometimes 
rather difficult and eften needs .3-4 discing, the soil being 
dry and clcddy. 

In Zambia there is anether taa~ in the fie~d which needs 
much time: to cut and burn the maize and teLacce stalks on 
the field er to transport it somewhere else and burn it there, 
if the cattle do not eat it. 

All these jobs requiring much time anci of'ten being disadv~n
tageous from the agrotechnical point ef view, can be aveided 
by the reller plough, owing to its further advantages (see 
in prospect). 

This pleugh is patented in Hunga1~· and has·already b~en 
introduced to .31 countries. ' Its production in Z~nbia could 
be realized in the proposed tlgricultural machinery factory, 
after having bought the licence and the k~ow-how. 

The plough is not at all complicated; it is composed of the 
seil cutting unit, twe or more pairs ef free-running rollers 
with rubber linina, the knife ceulter, a traditional pleuuh 
beam and the headstock for the hauling device •f the tractor 
(see illustration in pro~pect). The principle of its operation 
is that the soi! cutting unit cuts the slices of soil and by 
lifting them a little, m•ves them forward onto the cloak of 
the first roller. This reller, because of the effect of the 
ferward movement ~f the whole plough and under the influence 
•f the ~oving slice of soil, starts ro~ating Qnd by spinning 
the particles of soil, moves them forward to the second roller 
which overturns and spreads them. This second roller 
rotates like the first but, owing to its angled pesition, in 
theepposite direction. 

In this manner the particles of soil rolling and glancing off 
the elastic surface of the roller, crumble, thus preparing A 
seed berl ouitable for sowing. 

As far as the du1·abili ty of the !"eller plough is concerned, 
its cutting device werks longer than that of the traditional 
plough, since there are less heaping pressures and power 
impulses in front of the plough body. Owing to the elastic 
but wef.lr-resistant surface of the rubber :.f\Qf'S they must be 
chang•'.ld only after 2 to .3 se1usons. Their mounting is very 
simpl•'t the time required for it being minimal and their price 
very Le>w. (Technical data of the r•ller pleugh - see in 
presp.,ct.) 

Finally, one can realize that the introduction and effective 
use of the roller plough in Zambian agriculture would result 
in the possibility of introducing new technology as well as 
in helping the Zambian ~~vernment to achieve its •bjective, 
i.e. to increase c•nsiderably the actual annual yield in maize, 
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the average yield in m~i~e and tobacco dependir.g gr~~tly •n 
the level of the production technique. 

·The most machinery is needed on the agricultural farm.s 
specializing in the production of maize. Their nctivity is 
more profitable if they can concentrate expertise and 
technical knowledge, thus producing more economically, by 
reducing the prime costs, i.e. by 1creasing the yield on the 

l!'laIDe ground. 

When making use of the n~w technology, there a.re several 
working phases which become superfluous (clo(_l breaking, cultiv
atien, smeothing). By omitting all these (by c-ombinino 
l!!eVeral working phases) a con~iderablc saving in labour can 
be achieved. At the s~e time, this technology assures bigger 
productivity and cffectivenss by incre•sing the ploughing 
speed, the ploughing width and by making the seed beds 
simultaneGusly. 

IV/C/2. Tie ridger 
In Zambia the rain clues not i::tart beferc the eec&nrl half ef 
O~tCl'lber er in Nevc1~~ber. It ie an nbeolute neceaai ty fer the 
fa.rmern to ha.ve either animal er tracter dra.wn ir.:pl~1:1cnts 
which c~~ pre}'Are the seil se that its \t.itter-hC">lrling capacity 
is the best poesible and it sheuld net let the WP.ter fl•w 
away. The use ·~ d:i.sc and pl•ughs makino big •bexea' on tho 
1.1urface of the s&il is very useful. 

One sheuld see in practice the "ffeet "f the rain en the 
greunl! and •n its otructure (c,.hesien, destructil'!n), the need 
fer a machine turning perfectly into the sGil the grganic 
matter and the fertilizer, etc., because it is alr.unst imp~esible 
te tell frem what the f~rmers e~y. 

IV/D. 

In a country like Zambia - wh~re the main crop is t'.1e maize in 
an important quantity - it is paying with~ut a doubt te 
intreduce complete sectoral mechaniz~tien, for it co.n increase 
cenoiderably tho average yield and, as & renult 1 it weuld 
contribute te the more intensive development of th~ country. 
Jil my opinion tho complex mebhAnization of - among ot!1crs .. 
ma .. ;o;e !'reduction result.a in bt;~t"r yield and very often in 
the reeuctien of c~ot• beyond replAcing hand w~rk and trndit• 
ional '1.nimal ... dra.wm Bachinery. I have prc:parod in oevernl 
wayl!J the list of r:ia.chlnery noce!lsary ft>r the pr(Jp~rlltion of 
seed beds for maize and its newing in a ainglo workinn phaoe 
(sec attached illustration) as well ao seme of the variatiens 
of the material transport chain beth for maize 111 the ear and 
grain. 
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IV/E/1. ~ __ Irrigation 
. . 

The climatic cenditiena •' Zambia are •• varied that after a 
4"a•nth rainy aeas•n (fr•• Nevember te March) cemea an 
app1'ximately 8-menth leng abaelutely dry aeaaen. 

During the rainy seas,n, the rainfall is between 1,200 mm and 
600 !lllJI' mere in the Nerth and leas in the Seuth. ·The temper• 
ature and sunshine duratien in the dry seaeen (winter) are 
a• faveurable that they weuld effer excellent cenditions for 
plant cultivatien if irrigatien could be pr~ided. Fer the 
time being the dry menths are a dead aeas•n in Zambia, but 
by irrigatien tw. barveata per year ceuld be achieved in the 
aeuntry. P'er this reaaen every eppertun~.ty 11uat be taken te 
•ake use ef any water suitable fer irrigatien. 

Apart fr•m thts pessibility, ene can atate that the resultf of 
plant eultivatien by sprinkling ia always increase in yieldi 
accerdingly sprinkling ia very p~fitable. Hereaft2r I shall 
qu•te data (frem the Agrarhilfe 19711 Genaany) on the increaa• 
in yield ef the different crepa, cultivated by sprinklings 

Cereals 
Maize 
Sugar beet 
Temateea 
Tebaec• 
1'ruit 
C.tten 
Greund nuta 
C.tfee 
Sugar cane 
Bananas 

0.6-1 t/ha 
Oi..8-1. 2 t/ha 
10-15 t/ha 
20-25 t/ha 
1-1.5 t/ha 
100% 
4<>-60% 
)0-40% 
2,5-)0" 
6o-Bo" 
30 .. 40" 

There are experiment• in Zambia already (e.g. the irrigatien 
scheme in the Gwembe Valley, dttected by the Gessner Mi~sien 
int• the meth•d •f fleeding). 

Al.theugh almeat every ceuntry has it• traditienal method of 
irrigatien, the meat generally used methods are irrigati•a on 
furrowed surface, fleeded surface irrig1tien1 striped streaming, 
furrowed surface with h••e •••t&U.lt•tiif•;·;Uul striped streaming 
with hese distributien. · 

1'hese irrigatien 11eth•d• are v.~ry well justified by the special 
l•cal circumstanees (lack ef energy, lack •f repair and mainten~ 
ance •f peaaible machinery, etc.). The•e circumstances make 
it net possible te use •Prink.lers, theugh their use always 
leads t• the fellewing agr•technioal and ecenemic advantageas 

111. Natural rainfall wit:lla eYen aurtaee •istributien; 

2. Eeenemical •anageaent et water•euppliea •• this 
methed nee4s ab•ut 4<>-70~ lea• water than surface 

, ' 
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~-',:.:~~~:>•··fl•••ing. This meana that the sa?Be qu1U1tity of wa.ter 
is sufficient for the irrig&ti•ta ~f 1.5 ts 2 times 
mere greund; 

). It requires less labeur; 

4. It is independent af the slope ef gradient and the 
configurati•n of the sail; n• levelling or c&nstruction 
ef dams is needed, etc. Thus the arable land remains 
even and will not be cut in piecee by a system •f 
damaf 

5. There is no need fer irrigatien canals and systems 
of d(lJIJs, which, moreover, function with c9nsitlerable 
less ef water; 

6. The ~~plete surface of the eeil can be used, whi~• 
the greund o·ccupied by the canals and dams is 
cempletely USeleSD f•r cultivati•n4 

7. The soil will n8t become muddy which would prei'ent 
it frem preper airing and the micro-organisms from 
develepment; 

8. There is ne lieteriaratiG111 ef the ~etilt it will net 
become alkaline. One can uso the sprinkling isystem 
fer the even distribution of fertilizer3 and plant
pretecting materials (e.g. agninst l•custs) in 
&elution on the required greund; 

9. The quantity ef the water sprinkled ca.'1 be regulated 
and an AYerage intens!.ty of r•\infall co.n be assured 
(which sheuld not surpass the absorbent capacity ef 
the soil, depending en its •tructure, moisture
eontent, mechanical and chemical composition, en the 
kind of cr•p cultiTated, en the durt~tien of sprin
kling and •n the diameter ef the sprinkler's drops). 
By the method •f sprinkling the yield is also higher 
than by flooding irrigation." 

For inotauce, in Seuth Africa, on an experimental or~g•
plantation irrigated by sprinkling the aYerage yield Wfl.S '15t/ha, 
while those irrigllted by floeding had an average yield •f 
35t/ha only. In Azerbaijan, the average yield of cetton wa~ 
liOO kg/acre by sprinkling and 90kg/acre by fleeding. In 
Puerto Ric" the sugar cane average yield was 45t/Acre by 
sprinkling and 33.5t/aere by flooding. 

Theoe examples are only te .tem•nstrate that any kind ef 
inYestment fer irrigati•n by sprinklers, ~.g. metor pumpo, 
hydrolift (see description later), reservoirs, irrigatien pipea 1 
•prinklers, etc. " will be refunded Tery soon, Gwing to the 
higher yield and all the adv1U1tages enumerated abevc. 
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'the .. ter pumps uae• ter the lifting ef water, can be replaced 
by the h7drolift in place• where •n• can find water-ceurses er 
water reaerveira. The hydrelitt is then capable •f suppl7in9 
the aprinklera with water (aee attach•• leaflet). 

I ah•ul• like te ahew and give an idea •f the difference 
betveea the different nethoda •f irrigatien, 9.:JY enWllerating 
-•• et the •••t iapertant incl6x nUlilbers et the pel&tical 
eceneays liYe lanur requir .. ent, (referring to Central Europe): 

1. 
2. ,. 
'*· 
5. 

6. 

7. 
6. 

9. 

Irrigati•n aysteas 

· Live lcbour 
requirment 
in shift/too ha 
(1 slli:tt x & heur) 

Irrigatien en turrewed surfaee 54.J 

Fleeded surf ace irrigatieu 537 
Striped atreaming irrigatien 301 
Irrigatien en turreved surface witla 207 heae diatribution 

Striped streaming irrigati•n with · 284 h••e diatributien 

Sprinkling with pttrtable aprinkler 1,009 line• 

Sprinkling with ••bile sprinkler line• 378 
Sprinkling with piping under •urface 883 with halt-tixed aprinkler lines 

Sprinkling with piping under aurfaee 
with •elf-pr9pelled sprinkler line 156 
(en wheel•) 

Acc•rdino t• the utilizatien •f the sprinkler• ~•r the 
di f:f'eren-C. cnps (one year or aeYeral years) and fer the 
different types et seil in 1.mlbia, the piping .yatem can bes 

•• pemanent 
b. half'•fixed, and 
e. ••bile 

The latter •ne can, at any time, be re-layed in anether place. 
The pipea ahould be made ef light •teel, IJ.Wllinium all•~ er 
pla•tic. These are equipped with th• •••called quick 
ceupling, which are made leak-p.-.et by the prea•ure of the 
water. Thus, the couplino of' the pipe• can be d•ne in no 
time. What is mere iapertant, anybfldy, eYe11 these with•ut 
any akill, can d• the coupling and unc:eupling, i.e. the 
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•hifting ef the pipes te anether place. The sprinkler• and 
the fertilizer and the fertilizer diss•lvent can juat a• 
easily be fixed up. If the pi~aa are ad~quately zinced, they 
can last as long a• 10 years. In order to make tbe pipes 
hard-wearing, the fellewing •easures are recontJ11ended fer the 
steel pipee::~ 

eutaide diameter iti mm: 89, 1021 127 1 'i ~\.69, l. '.'1 180 

wall thicknes• in ;ma: 

One pipe unit is generally 5 t• Gm long. The piJltline is 
able te fellew the unev~nne•• of the grow1d since the radial 
diatance between the pipe and the pipe coupling as well as 
the elasticity •f the material behreen tuem make pessi~le an 
inflexion of 10% in beth directions t• the axle of the 
•••pled pipes. 

A• I ha•e already mentioned when enwnerating the ad•antageo 
of the irrigation by sprin!~ler, or _ can arlapt to any point of 
the piping, a ••-called fertilizer centainer. By this means 
the sprinklers can distribute e.g. a aoluti•n ef 34~ 
ammoniUDI nitrate. This methed is extremely advantageeus, 
quick ancl cheap, assuring an even distri8utien. Fer this 
purpose a fertilizer dent~iner, namely an insertion pipe with 
a•,ipf.iae ·tjitateur in th~ centre, must be cennected te the 
irrigatien delivery pipes. On the effect ef the tifht~ner 
the water gets threugh to the fertilizer centainer through a 
c•nnecting pipe. A jet of water flowing eut ef a sprinkler 
diss•lves the fertilizer in a sieve and the sGluti•n is maved 
forwarded by the help o! anotl.cr cennccting pipe, t~ the 
irr:i.gatien piping. After the solution in the sieve, by 
th~ effect of its own weight, further tertilizer gets int• 
the stream of water. Therefore this meth•d is of C8ntinuous 
running, simple and its eperation requirus n• s~ecial skill. 

IV/E/2. Irrigation pipes 

If the sprinklers •re geing t• be U8ed widely, not only by 
em~rgent farmers but als• cemmercial farmers, I would suggest 
the introduction of the tracter-drawn and dri•en hose ree:. 
with winch, t~e resettlement •f which is •ery quick from ene 
place te anether. The settlement of the 111ain and branch pipe• 
ia done from engine driTen winch, •uspended on a tracter, the 
pipe being made of •ynthet-ic fibre hoae, which can be weund. 
The settlement o! the aprinkler lines i• dOIMI from hand-vinch, 
alung reund one'• neck. 

Their apecitication ia the follewings 

lenoth of the main pipe~ 
" " " branch pipes 
" n " •prinkler lineas 

.. 

300 metors 
216 " 
~a " ca s 14> 

- .. ----- --~-·_ ........... ·--""" 



Ne. ef branch pipes: 
N•. •£ sprinkler lines: 
Ne. ef sprinkler~: 
Territery ceYered by 
th~ above piping: 
Sprinklers' eptimal 
tli11tance: 
Sprinklers• intensity: 

2 pieces 
48 phcea 
24 pieces 

18 ha 

~18 x 24 metrel! 
12.8 mm/h 

IV/F. Machinery for tobacco cultivation 

The machinery for tobacco cultivatien re!!eet: the iack of 
mechanization in Zambia. In thi• ca•e actual tobacco types, 
Virginia and Burley, grown in Zambia are not 5uitable for 
machine cultivation. 

The development of such a type will enable tke competent 
organization to elaborate the approiariate series of machlnery, 
necel!lsary for planting and tobacco loaf., wreathing, for the 
care of plants and plant protection by machine has already 
been solved in the case of the types actually existing. 

Special machinery sueh •• ridgers, tobacco presses, etc. 
actually used for tobacco cultivation, were bought ~rom 
South Africa (Bentall Co.) until 1968. 

According to the method i" use one should bed out the toh11cce 
plants just before the rainy season starts, theoretically 
between 20~28 October. In one acre about 6,ooo plants ere 
transplanted by hand. Harvesting is finished around 10 March 
fb• following year. 

The average yield of a farmer in Choma (Southern Province) 
is 590 kg/acre; in Mkushi (Central Province) 500 kg/ncre; 
the tobacco pro-uced in the vicinity of Kabwe (Central 
Province) ie the be•t export quality. 

Owing to the favourable climatic and soil conditions, Zambian 
tobacco ranks in second or third place after the Americr.dl. 

As far as the profit per same area is concerned, the tobacco 
is far in the best place. Tobacco cultivation is so profit• 
able, it is to be expected that more and more fanners will 
grow it, althot.!gh it requires accuracy and skill. 
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V. ~conomic con(litions of tJ:e_r;_ropcsed_nel"I Agri('.ul tural 
Machinery Fnci:.or_t, guiding J'lic~s of the inves~r.1l'!nt, 

economic efficiency calculati~ns 

On the request •f Hr K. Levison, Project Manager, Small
Sc~le Industries Project, I pr'!!pared an econBmic calculation 
on the profitability of a possible A.H.F. This c~lculati•n 
is required to pro,•e that the factory can be run profitablyo 
Nat'Gdy would make such an investment without seeing that it 
in werthwhile. 

On 2 November 1972, I paid a visit to Hr D. Lt1zongo, Director 
of Agriculture. He told me th.-it the World B~nk seeliled te be 
willin~ te ah•e a leP_n for Zanbia for i".Q.1:icultural investment, 
which can be used for a machinery fo.~ctery. 

Naturally, it is very import~ntr»t only te create ew.ploymcnt 
possibilities fer a number of people but ~lso to have a 
pro£itable ecenomic base for the 'factory. 

Because Gf lncl( of time, I could Make the calculation fer 
two years only, ~n a book-keeping basis. I.e., QJ:lortizatien 
of buildings is calculated for 45 yea~s and that af the 
machinery for 10 ye~r.s. Ir. reality, the rate of return can 
be much less, approx. 15-20 years for buildin!;s and 5-8 year:5 
for machinery. If we taJ(c l'lS a ba:Ji_s th!!. arn11unt inve~ted 

nnd deduct the yearly profjt, the rat/"! of return can be even 
leRs, dep~ndino on ~he prufitability of pro<luction. 

The ecen0r.iic calcu~ation is a method uf investigation which 
helps in choosing the best solution out ef s~veral possibilities, 
which helps to achieve ar.. .ah1 (e.g. cheap productien, 
qualitative preduction, qt:.ic'.~ rate ef return, etc.) with the 
smallest possible investment. 

When doing the economic cnlculation of the proposed factory, I 
took intG consideration tt.e production pl An, equal to the 
Zambian requirements: 

the guide nurabers of the Lusaka Engineering Ce. (Lenco) 
being used in its workshops; 
the size ef series, and 
the total production cost~. 

I must r.il'!ntion here·.· that eut of the 300 thousand pieces of 
free capacity of the forge shop, about 60,000 pieces of shovels 
and 15,000 pieces of picks/year, as well as unspecified spare 
parts a1·e needed by the mining industry. 

The production costs of certain goodo have been calculated on 
the basis of raw material prices (foro~ shop and other shops 
separately), f)n a percentage basis. Thu~ l have only calculated 
the pro1. cticm cost of certil.in goeds, with 25% p1·ofi t for 
products of the foroo shop. In order to have A basis of 
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cemparison, I have indicated the actual import prices 
beside• the p1'9duction cost•• 

I haYe not prepoaed any •elling price• because the•e depend 
on the policy of the Zambian Government. 

Th• definitive calculation can only be prepared at a later 
•tage (ewing to aeveral miaaing component•), poaaibly with 

_the Feasibility Study. 

Raasons for proposing the new Agricultural Machinery Facto17 
to be built at Kabwe 

I find that the most pesaible ideal place fur aetting up this 
Rew factory would be Kabwe 1 abeut 14<> kms to the North of 
Lu•aka, on the line •f rail and ~n the main North/South road, 
situated in the centre 01 not only Central Province but also 
of Zambia, as well as in the meat valuable and mast developed 
agricultur•.l region of the country. 

In order to ensure the cheapest possible production of 
agricultural machinery·ef big aeries, I p19pose to choose 
lCabwe for the following reasons: 

1. The transport of raw material, the weight of whicia is 
generally several times mo:i.·e than that of the finished 

: . . product, nuld be via the new line of rail from Tanzania, 
,~· ~{ Jt.,,:; Kabwe. Zambia ia poor in raw materials, so almost 

· everything must be imported, except for goods coming 
from tne Copperbelt by rail. The factor/ must be AS near 
a• possible te tho arrival place of raw material and that 
of secondhand material. The new line ef rail will meet 
the already existing ene at ltapiri Mpoahi 1 near ltabwe. 

2. I.a far a• ecenemic pelicy is concerned, it ia recommended 
te produce geods to and fro• where it ia easy to transport 
them (not only raw materials, but also finished goods). 
Agricultural machinery production sheuld take place in the 
central of the agricultural area, not only because of 
transport but al•• because of ea•ier develepment possibilities. 
The area surrounding ICabwe is one of the be•t agricultural 
areas in the country with the be•t ••il c~rodu:tion ot 
maize, toba•90t etc.). Near the C.pperbelt there are 
large centres of vegetable production. 

3. JCabwe ia not only in a central poaition tor agriculture 
, but is ala• in the centre of the country which make• 

tranapertatien fr .. here very favourable. 

4. In the industrial zene of ltabwe there is a very advan
tageous area for the proposed Agricultural Machinery 
Factory, on one ufde of which run• the ~•in line of rail 
(with tho po•aibility ot building a aide-track up to the 
tactory) and on the other aide ia an a•phalted road. 

' 
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The •it• ia aupplied uith public utilities, whieh i• 
aaether impertant aapeet when building a new factery. 

There are seYeral W9rk• at Kabwe (e.g. Zambia!. Railways 
Central Repair Workshop, zinc mine 1 -etc.) vhicli could 
giYe cemnissien werk te the factery 1s ferge shop and 
f•undry. Ala• there are always reciprecal adYantagea if 
aeYeral facteriea are near t• each other, prefiting from 
ene anether•c equipment. 

The Zambia Rail\fa.ya Central Repair Werksh•P has a complete 
ferqe with equipaent ala•at perfectly unutilized. There 
~. a possibility that this ceuld be taken •Yer by the 
proposed A.M.F., er the workshep c•ulri be hired until the 
fact•ry is c•nstructed and start:·. preductien •ver there. 

There is a technical acheol near 1Cabwe 1 training students 
. for lathe eperatien, welding, mechanics, etc. Thi• sch•ol 
could supply the factery centfnu•u•lY with the necessary 
akill3d werkers. 

Besides the extra transp•rt ~•sta, there are •ther reaP•na 
fer net buillUng the factory in Lusaka. In particular, 
there c.re already ur.)lanization problems in the capital 
which weuld be even \f'Orse if ~ ne,., factory Gttracte~ 
eYen mere peeple te tewn. 

.. .:i 
l 
' 
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Estimated territel.· at ltabwe rex:imate 
prices ef furniture f•r informato 

Na.• 
• 

Denominatien • Technical data ef buildin~ • Acreage 
• 

·~C.st 0£ •Equipment• Total 
• •,construction:furniture• -- - -- -- - --- - ------ -.- -- .-. . ... . 

1 •• Producti•n building .Brick ateel frame suitable for • _.,, • • 
• (blacksmith .shop1 feundry• .the installation 0£ 5 ton • ._. • • 
• metal-cutting and joint · .cranes, top daylighting with . • ' ,,· .:~· ·• • 
.screw-makinq shop) ... .shed-roof 1 concrete flooring; • · ~·,.. . ', . • • 
• · .with electricity, water, sewers : '. •:. \ '· ·. • 

_ :,.: -~ ~ • .Three hall units/12 m width, • . 2 • '· .• . : 
~ ~: _ "··:. : .. , ... '.: :~ .5 min:ier height '.~~'.~?~·=.,• _!?~,o.,~oo .• ~45 1 120. 1t745.120 

; ~.- 2.' •Auxiliary aheps~. ,.;· . -· .steel £rame with corrugated. ::.' · ~-·., ~ ·· · r.-, :• · '.w - •. :J .... -O · '• ·• • 
,_. • ., ._. .. •tranait atorea , ·• .''. ' .strap1 top daylighting, concrete• ··. • ·· • • 
· · · •: • •·· ~ :i : . • fl~•ring; with electricity, • • ,. ·• • 

""' :~· ~~ . • . '· . ''. -: ._.·~ •
1 .water, sewers. Two hall uni ts •., : 2 • , • • 

.-_ .:_ , .. : :.:• . . ' : ,.. ' ./12 It& width 14.5 :i inner height.· • 2 1500.,111 •. ~50,000 • K)0 9000 • lt280 1 000 

..... :.... ~ ..... •4 :. • .... • • • •• •• ~ • • • • • • • • : • • • 

··~· ~":: ~~ ~ .. ~.Office buildings (m~age- !' •:rwe storey, brick wall building • ' •';: ; • .;: , -~ : .• 
__ ;_. ;: ·< · .ment 1 technical. ef't'ices, •2.5 m inner iieight, with the • · · ,.. . \ · • ; . 

::: ~- -~. :·· .• cec::lerC'ial sectien) ' '' · .. •necessary offices, conveniences;. ~- '.' 2• " ~- .: 
.._, ~~ ··~. . . , ·· •concrete fleoring i • 1 1 200. rn •. lt1!i..),000 •· r.:15,000 • JC165,ooo 

..... "'"" '•I .,. .,;, ·• • • . • ' • • ' 

... ~: ~ ~· • Secl:al buildings .(dressing~ .Drick wall' building, •ne ster-9y • 
:~. ~7 ;: •rec:::i, lavatory9· dining-hall,.2.,5 111 'inner hoioht, with the •" 
- l • ,. . • -1>• t id t . i :· .: ;.,. ~·· ~ ..1.l.rs a re1'-m, e c., · .necessary convcn cnces. 
:-: -~ ;! • ... . . . . ' • . 'j •• 

:.;· :~ ...... :!) •• Other buildings (cabin. •Buildings ltith brick w;..ll_s and· • · .... 
· _::: ~·: ..• substation,· rp]>rcntice , •steel beams, mixed • 500 m6~ 

- ~ :· .... sch..,Ql, ineendia1·y stock- • · • 10, 500 lil~ • 
, ::-, ~- ~·.house, f'uel store 1 · etc.) "' • 

~ - .\ . . . " .. ; .. . -~ . . 
· -~ -,: 6~. •Contingencies ' • 

. • ~· •• • ~ • t f I • 1 , , 

•J ;·: 7 •• T•tal territery required •Levelling o~ the plet no. 1239 
• (buildings and yard) •at Kabwe costs 'appre>x. 1B(m2 

. -

~ 
t', 

' ... I : ~ I' • • 

• 
' .. 

eoo. ·1112• 
• • 

x1oorooo. • Es,ooo • ~tos~ooo 
• • 
• • ie62,ooo 1<;,0,000> • K12,ooo • 

! . ~ 
• • ·•======· • • ,\ • • 

.. ! • ··f .. 
~ •K142 9 880 • K142,880 • • .... 

• • . ,.,. 
• 15 ,ooo m". 

• • 1t15,ooo • .. • x1s,ooo 
• ======== • • • • • K1,o6s,ooo .K4so,ooo ,}fJ.,515,oqo 

Plus acMiti•nal cost ef design work. 
?l.B. Co!'.~tructional coets advance by 8 t• 10% per year. 

I 
it-

"' I 

'-W---,~----·,.-. -·-.. ---·-~---·•- .:,-»__,.,.,_,.. ____ . ____ _ -r·---· -~ ... ·----~ 
... ., __________ ..,. ...... ___ ---·---~--- -----""·--------:--------

' -----~ '"" ~ __ .;J.. 
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Summary of the proposed A.M.F. calculation, determination of the 
ne. of year• for the inve:stment te be refunded (:"' k): 

Name 

1. Complete building 
of forge •h•p 

2. Shop equipment, 
machinery 

3. Contingeneies 

Fixed aaaets: 

4. Raw material landed 
e.st (in fa•tory) 

s. Spare part• beught 

6. C.st of energy, water 

7• Wage• 

8. General espenae• 

9. 8% intere•t on capital 

Variable asaet•: 

10. Ex factory aelling 
priee of finished 
product• (forgo 
shop) 

Less Yariable assets 

Reaul t (prefi t) s 

1974 

178.261 

70.000 
324.761 

24,5.641 

171.000 

a.ooo 
77.000 

Name 

1. Peundry, eutting and 
heat treating sh•P•t 
coaplete fact•ry 
(except buildings) 

a·. Shop equi:Jment, · 
maehinery 

3. Contingeneie• 

Fixed aaaetsa 

4. Raw material landed 
coat (in factory) 

.5· Spare part• bought 

6. Coat of energy, water 

7. Wages 

1975 

166.859 

. 30.000 

638.159 

397.243 

219.932 

19.000 

237.900 

28.700 

49.944 

,585.885 

8. General expenses 77.000 
9. 8~ intereat on capital 83.292 

Variable asaeta: ta.<>)4.)67 

842.805 10. Ex factory selling 
price of finished 
preducts (forge 
•hip) 

585.885 other werk•h•ps 

256.920 Total: 

Losa variable as•et• 

Result bretit) 

1. Office buildings and 
auxiliary building• 

2. Office equipment in 
the wh•l• f act•r7 

3. Contingenci•• 

Pixed a•set• of 
tetal inve•t•ents 

1a.105.025 

.314.980 

uJ.20.005 
UOJ4.l67 

385.638 

62.000 

42.880 

652.080 

1151.5.000 ·-··==··· 

--1 

~ 

I 
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Determination o:t the no. of years, for the investment to be 
refunded Cin JC): 

Average profit 

Pr.fit •f 
n " 
n " 
" • 
" ti 

1974 ?.56.920 
1975 J85.6)8 
1976 (1975 + 5") 404.920 
1977 ( 1976 + 10") 445.412 
1978 (1977 + 5") 467.683 

1.960.573 . s . 

fixed assets 
year • average profit • 1.s1s.ooo 

392.115 

= ).86 rear• ==:::==-==== 

• K392.115 (aYerage 
•ro:tit) 

I 



Preli'!l:it"l~'\ry :_;,1 .. ~ulnt..i~>r. n~ 1!':.e l:nhw•• ;u·icu..i.·-•l~·c,l .n{'n1:1P.r' Yactor~-
1

SJl"'Ofitab-, t~ty !or 1974 
:: :-;::=s:;::t:.:::::;;::;;; 

-;- .... sul t 
profil.abilit;• ·'" ~-:;ent 

When puttins into ser•ice the for!e-sho~ 
and the ed9in9-•bop: 1.8 rn~ 1 lion op<>rat i<>ns/ye.>r 

_.,... 1 • O f' J" I I It I I 5 1 I I I~ 0

, I . --..--__.!l_.--, 
N De . t. we19fii No. to to'"::.al ~at0r1nl ~ >.ot nr.ti":f' -i~ cc,st 

_ Q \...._ • 1 .~._.._...: . .:_ __ ,-r-1•~-- 15. 16. 17, --~19 2Q 
cost 

1
nrocrt1-•j,!- * . • g(:".,.__:'u C'lnt- ·'rate P 

1
uales pr• .. <- fac-

1 im~ort 4 

of .r.J"t1on • vP-~'d-·· ,,.1,f.•ct 1·t'l • in·lrr:-. of in-
9 

pro~- • 25 %_ • if;th-· to1·y'.pricP.s 
o. nomina ion •per lte pro- ·weit1ht • c:)tl!--.m:J.p- • tn~:al ri\w m;i-

piece. daced of tion+1~ wr:ght"t~rial 
«ner·- : .• t2 o1 ;::ent ,.-,~ac~ .:-::..·- CH .. ·~) terest uct1on .profit ilit.v f; fsP.Jlint:1 

of ca- cost ' ',;rll-

J1 .~ i C'(' -

.i.nd 
handl- qy & • :- i "'"J p ·l1'Jf::S • 

·in k9 in 1974 • 11roducts• in k~ • t ·an,; 1rn1·t 
• forqinq in9 • water ll!\!~ct s 

•. :!1') ',\ in K 

• co~t 
(buil-

• oing )· 
in tt • 

'bmo1·t-i;-

• pital • • >ng ' K/ kg 

8 % , • • pr;,ce (pricP/ 
!-it eie ! 

• C-0 h/l<q 

• ".11\)j., t 

rh~rgc! 

of ~p~~e 

r'art~ • 

lH K • in It K/ • 
•piece /w,.ight 

7.il.1 i.un • ex f ar.toi-y 

21J15 1 Hoe 100.000 

hou n ! 1 t ---·-----~--.--- -·--;---- - .-.. ,_ --·------·------·r---- ·---:< ~·1 '!. 1i·q '(l ~Ylt:·; -=----~~;--~~~ 1,00 100.000 103,0,l(l 7 ~ () ~-~ .. 1 :'. ~ f\' 

----------.-----·-------- Malawi 1 

44.104• 1,25" n,44 o,'J9"1,2r, 
•Chinese: 

1,911. 3506 35.283 

2. Pick-axe 

): Shovel 

4 •• Pan9a knife with 
handle 

.2,5 

.1,2 

. 
o,85 

10.000 

5.000 

100.000 

25.000, 25.750 .1, "';'~ 

6.ooo. 6, 180 .O,lt~ 

35.000 87.550 s, Qf) 

;~. ·.~ ·.:; ~ 

1.()';1 

-14.11114 

l'id 

v~ 

10.oo:i '535 
(handlf': 

29::! • tJ5(~ ;;02 

(0 • It It 121' 121 

'l'JJ Q() .1,.6,2;_1) 1.710 

1225 

294 • 

4.172 

B7lt. 8. 794 

210 21154 

2.977 39.986 

0,65(1,1,4 
, tO.CJ•)J 1,25 1, 10 •Malawi: 

1,95/J,~ 
2,693• 1 1 25•0,54 •Malawi: 

2,40/1,:: 
with har1dle 

49.982 

s." Maize book ,o, 15 .)00,000 45.000. 46, 350 ,3, 16 i?. 8Ro • ;~.ooo 201, 
(leathei) 
]l,

0
()00 ·J,q4 

r •i r. ,_. 
I 2H1 •!!.li52 907 2.212 • 1.578 91.H:O 1130900 

1,25•0,50 •Malawi: 
o,75/o,fl5 

with handlf' 
1,25,,0,Jll • 

6." Harrow's teeth 

7. Sickle (with 
• handle) 

B. sc,.the ~lade 
•(with handle) 

9~0 Canterbur}' hoe 

J>,J5 .400.000 

o,i.2 150.000 

0,75 100.000 

1,52 100.000 

1o:eo.bination of hoe.o,66, 150.000 
.and Canterbur}' hoe 

11. Cow chain'• book •o,i.2 • 85,000 
12.•C:O..isaion work a 2,0 300.000 

(e.9. plou9b-share• • 
•for spare part) (for '74-'75) 

(freP capacity) 

14-0.ooo .144.200 

63.000 61t.8QO 

75.000 77.2~0 

152.000 156.560 

99.000 ! 1011 <)70 

.15-700 000
600,000 

J6. 771 
618.000 

.Q ,82 

It,!,~ 

5, ~(, 

10, (,(, 

• (,,94 

• 2. r;1 

'•2,0ll 

2'•· ~1'• 

.11.011 

.n. CJ 

.(!f, .h 1) 

17.JJS 

G. ~~:; I 

·10:;.060 

~ 
.1.806;000 -.1.-~-2,-~(.7QO~T.-!!ti8-:-f,71 .. 1l10,- ~ft().(1!rt 

l."t6i3, 5 

~~ ,.. q .. t) !1 1 

(bolt A 

& nt1ts 

IS.ROO 397 
lhan<ll<' 
25.000 '•73 
{handlC' 

')',ll 

625 

2JO 

JO.ODO J. 7il7 
(c-ommer· 

rial ar'-

i cl"") 

1.f.11> 

736 

ll76 

; • 776 

1. 1 ;1h 

1, t ll 
7. 010 

• 374 •7,620 

13fl J,4 }0 

'JO 4.0A2 

'-HJ fl.~72 

11B 5,Jll'.i 

77 
.2R1 

1.'l48 
.12.bJit 

2.818 • 6, 874 

1.268 I )o091t • 

1.510 J.682 

• 3 .059 7,462 

1. ')CJ2 4.858 

9,904 65,624 •fl2.010 

2. 2oe 37. JO:' • 46. 62B 

2.627 51.473 64,341 

1 1 25 0,21 Malawi: 
• o, 601~ 

1,25 O,Jt 
0
HAlawi: 
o,45/0,2 

1,25.0,61, 

5,324 53.556 °66.CJ45 0 1,25 o,67 En1lish: 
5 K with 

hand1'e,lar1er 
3.lt66 )lt,955 •i.3.694

0 
1,25- 0,29 HAlawi: 

o,80K 

no 1.757 1.254 12,655 •15,lllR 1,2:.. o, t'l 
12,078 '29.456 • 21.016 241.)42 JOt.677" 

171.01H>. q.ooo .1tJ.6~f: • ·1.701.J. 77.600· ~B.700 70.000 49.944 674.244 842.80<; 

1·.-1.1Hill l}.llf)fl 1-;-'il.:.~fil ;,-f> .. 'llH) 7/.(()() ~8 .. 7l)(l .;,·r1,.t)()(l • 4Q.91t4 <irt1nrt• tot..-11 • "10.(1!1(\ f\ Total capital 
requested: N.B. Calculations for thP amortization rate~ of fiXC!d assPt~ and h11ilrli11n~ and that of total wages see separately. 

• Amortization in 4!i years 

~tePl scrap fro~ 1.hr Mines 

!ncluoir.'1 thP Y"'ctrly t·equirement of the mining indu~tr" (aprrox. 1·--;.u,··n pl(\\ ,1nd (10.ono shovels) a& well as spare parts, etc. 

l 1 
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Calculation for the t..mortization rates of fixed assets 
====================~============================~;:== 

:. 

Fors~- sheut 

• Name • piece: •basic •total :cost of • t 0 t a l• 

• •price/ • ;foundation• 
• •machine • ;& erection• 
• • • •/machine 

•a. 10 C\rt electro-pneumatic• l ·1a.a27,20·56.481,60 . 2 .. 300 • 6.900 • 
• hammer • • • • • • 
·h. Electric forge furnace· • 3 • 5.000 •15.000 • 400 • 1.200 • • 
• c. J6" radial drilling • 1 • 9.479,75• 9.479,75 • 750 • 750 • 

machine • • • • • • • 
• rt. Eccentric press • - 1 •14.ooo •14.ooo . 2.1ot> 2.100 • • 
•e. Friction press • 1 • 9.000 • 9.000 • 1.600 • 1.600 • 
•f. Floor standing grinder • 3 • 1.200 • 3.600 . JOO • 900 • 
•g. Framed saw • 2 • 650 • 1.300 • 200 • 400 • 

* •h. Power alligator shears • 1 • 840 • 8L10 • 150 • 150 • . 
• i. Portal crane (0,5 t) • 3 • 1.200 • J.600, t • 420 • 1.260 • 
• j. Travelling bridge crane • 1 • 4.300 • 4.300 • 1.300 • • 1.300 • 

( 5 t ) • • • • • • • 
•k. Complete compressor plan\ 1 •22.000 •22.000 . 6.ooo • 6.ooo • 
•l. Welders (2 electric, 1 • 3 1.100 J.JOO • • • • • • • gas) • • • • • • • 
•m. Other equipment (work • • • 3.000 Boo • 800 

' hench, water and oil • • • • • 
containers, etc.) ·• • • * • 
Com11lete set of ~mith' 8 r ... .12.009 • • • n .. • • • 
i..ool • • • • • • : • .. 

K 'i54;9·01,35/10 years 23.360/ia··;,.. 
yearly amorti7.ation 
cost of machinery K 15.490 1.168 /year 
foundation & erec- + 1.168 
tion K J~~~~~= 

,. 
N.D. The machinery are supposed to work in double shift. 
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Calculation for the amortization rates of fixed assets 
c========================~=======~========~=~~=~=~~,=== 

Forge-shop 

11. Amortization rates of buildings: (Calculation for 1974) in K 
--------------------------------
Tho building cost of the forge-shop and auxiliary biildings: 

36 x 25 
2 .... = 900 m a 85 K = 76.500 K 

1. 700 K / year =========:======= amortiz~tion for 45 years: 

N.B.: The offices & administration, etc. buildings 
will temporarily be accomodated in the 
auxiliary buildings. 

12. !!~2~~.: (Ca!culation :for 1971*) in K 

·=· 

• F.mployee: • Person: • Cost/year/person 
• • • 
• 
• Skilled workers • 6 • 10000 
.semi. skilled " • 8 • 600 
.unskilled II • 10 • 500 
.1.'echni cian • 1 • 5.000 
.Certified engineer • 1 • 13.600 
•. Manager· • 1 • 16.000 
•. Cle:r~ :· • 1 • 2.L100 
.Maintenance mechanics • 2 • 600 

.Material handler .- 1 • 400 

.Cleaners • ' 
• l.1:00 

.Quality control inspectors 2 • ).ooo 

.Administration cost• • • 16.000 
• • 

• • • 
• • • 
• • • 

Total cost: 

• is certain to increase 

'.I' 

'J: 
• otal 

• 
•::i 6.ooo 
• 4.Boo 
• 5.000 
• 5.000 
• 1).600 
• 16.000 
• 2.400 
• 1.200 
• 400 
• 1.200 
• 6.ooo 
• 16.000 

• 

• 
• 

K 77.600 ;:======== 
~/ 

• 
• 
• 
• 
• 
• 

• 
.. 
• 
• 
• 
• 

• 
• 
• 
" 
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tJ. General expenses: (Calculation for 1974) in K 
------------------

a. Insurance 1.800 
b. Maintenance 2.100 
c. Town development cont-

ribution at Kabwe 2.500 
d. Semi-fixed assets 

(tools) 3.800 
e. Presecure 1.500 
f. A<lvertisment 2.000 
g. Transport (goods) 5.000 
h. Transport (personnel) 2.800 
i. Travelling 2.200 
j. Sundries 5.000 

Total: 28.700 K ======== 

14. Unestimated costs: . 
-----------------~ ·(Calculation for 1974) in K (contingencies) 

The unestimated costs might result for 1973-7'1' (estimated 
period of starting to build up the factory is the Jrd 
qunrter of 1973) from the following : change in price of 
construction raw materials, in transport hire, in connect
ing-up electricity, as compared to those in 1972; as well 
as from the cost of constructing the appr. 650 m long side 
track from the main line of rail to the site of the factory. 

·r 

I 
• 



~~l~m;n~11; ~a!c~l~t~o~ ~f.t~e=K~b~e=A~ric~l!u~1 ~a~h~n~11: ~a~t~11:·~ ~~f~t~b~llt~ !o~ !915=· 

profHability 

Tbe COll•lete workahopa of the factory planned (see function schema) 

1• 2. l· '• 5. 6. 1. 8. 9. __ .-co.-t 0 • _ _ .price olcc11t enargy 
-lllaterial •" of raw aate-price & and 

Mo. to •total • cona-ptiontotal rial •hand! ing• water 
.......... .,._ ....... Of • 5" • .. toh< (<o ... ino oh~P•• in K 

. per duced • prochlcta •in kg ~teel) +.of spare• ... _,_ .. _ ...... 75 •• .. • tron........... . 
· •• in ... in 

19 
• • )10 K/ka. ~•oh< • 

• • • • •40 JC/t . ' 
. . . . 

t • Ani-1 dra..n l5 a.ooo 70.000 
• ploqgh (aingle.ha>•. ca.ooo> • 24'.000 
• furrow) (23) .. (a.ooo) 46.()(){) 

2 •• Ani-1 -·- • ]6 • 1.500 • 54.000 
plough (aingle(12)• (1.500) 18.000 

• furrow) 
0
(21t>•: (1.500) • )6.000 

J •• Ani•al dr•-
plough (single. . 

• furrow) 50 1.000 50.000 
.<is>;,. <i.ooo> • 18.000 
()2) ( 1.000) )2.000 

4." RPversil>le ploup 
• 115 • 500 • 57.500 

(2t.)• (500) 12.000 
• (91)o .. (500) • 45.500 

5 •• Ridging plough )5 2.000 70.000 
J 12)•. (2.000> • 21t.ooo 
J:n>•• <2.000> 46.000 

6. • Heavy 7. i 11zag 25 1.500 37.~oo 
harrow with oo· . . . 
teeth in 4 lines 

7,:Cultivl\tor 
. )8 • 1.500 • 57.000 

~~ :; 1 (15)• (t.500) 22.500 
• (2:; )~•( 1.500) • )4. 500 

ll •• ~ .. .,.,t,.1 part. 4 8.ooo • )2.000 . 
of hand weeders 

Jw••.h noountin9)
0 

25.aoo 
48.]00 

t.008 
B.211 

• 73.500 • 16,36. 9.21<J 

. 

. 

. 

. 

. 

. 

18.900 
]7.aoo 
56.100 

18.900 
JJ•600 
52.500 

12.6oo 
4z.z22 
60.)75 

25.200 
48.JOO 
7).500 

)9.)75 

2).626 
')6.224 

12.62 

. 
• 11,68 

• 11, 4J 

. 

. 
• lb, if, 

f3,7C . 

. 
-5<;.850"- 1).31 

)).600 7,ltR . . 

. 

. 

. 

. 

. 

756 
6.,4:!1-> 

7.18:! 

756 

2·' 1:! 6. 1,f;8 

.IJ04 

. 

H.121 1"[' 

8.<<!h . 
1.oog • 

~L . q •. ~ l f) 

f,. h<~.'t . . 

Ql.r; 

:.£.~~.''._ ~ 
~. 11"11 

s.71.:-~ . . 

100 lolltr, 

"l'' 811) 

QO . 811! 

. 
120 <lltt) . 

100 • 1. 1.:. 'i 

<>() j, 11 . 

:'-'•.} •1 l~ 

7('1 .-, .'· . 

18.000. .1tz.9.1t00 ·t->'-1 -bo.:!::1 .. ---;-.T-,-~ .. --;-;:-,, 

• h:, • .'.._' :~ -~ 'l1. l . -.,('' 

• l"ltf"P.l scrap 
1 1 d 1"<1 Sf'ction !'I el 

reault 

In;;';t.ent 

10. 11. 12. 13. 14. 15. 16. 11. t8. t'). 20. 
r t . • inveat. • 9eneral. • rate ot. • 1 • f- • f • import 
a-r 1- i prod- aa ea pro - AC• 

ti aent direct expense• ntereat 25 " i b , selline 
za on coat cont- · of ca- uct ion ta • ~ory 8 prices 

·rate of• {build-wage•• • ingen- • pital • coat 1• profit "ilitytlelli~ lt/kCI 
fh:ed i ) ciH 8 " pric" ( . I 

· aaaeta • . ng • • • • , • • • «/piAd! price 
5 "' 1n K 11n K f weight) 

2, ,. { ex ar.-
in K • amorJ:.. • • • • • • • tory • 

45 yra) 

China: .. "K 15 

2.552 • 1.1105 j!3,755. 6.855 • ).689 • 49.180, • • 210 , 56 Ha law i: 
"K 17 

1.961l 1.3q2 18.)24 5.288 2.8'66 37.975 2'j ):! 

t.822 • 1. 28ll. 16.960 • 4. 894 . • 2.634 • 45.460 . - . 1 • i.5 ,1.6. 

. . . . . . . . . • Uhnd•'""' '' 
2.oq; t.41l2 19.500 5.fi27 J.028 41.418 - 1 82,84 11.J .• t)CJ . . . . . . . . . 

Malnwi: 

2.5~2 • 1.Bo~. 2).755. (,_855 . • ).689 • 49.120 . - . I • 21t,5h. 31 K 

1 •. J1>6 11(,(, 12. 720 .J. 670 1.975 28.094 - 18, 73 MBl1nri: . . . . . . . . 1 . • K 26 

2.076 t. l,f,fl 1q.32f. 5.577 )0001 .19°?5J - 1 26.:.0 Ml\lawi: . . . . . . . 
• K JJ 

1.167 \2(, 10.Huo. 3.131, 1.687 23.980 - 1 3 . . 

• 15.5'l~' --;i:1.012-11,•;~.200. i.1.<ioo. e2.55ois• J1lo.980. 
tne 8% of the 

• cap it ai : 2r3 1. 8'3~ 

• tfi(,.l'.r;q i6:•'• t.10.(} 1 /t';.:..!OO• '•l .'H)O 
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Coatinuation ot the ?~~!!~~~~~~=~~!~~!'~~~~=!;'~~!=~,?~=~~~~~!~~~~~-~~~~~~tl=~~~~~rl!~ 

r~!!~~,b~~~~r~!~~=!~Z~ 
For1•-tlbop oal1: 

1. 2. l. '*· i• 6. 7. 8. 9. 10. 11. 12. 1l. 14. 15. t61 171 18. 12G 201 • • • • ... erial • I • ... • ~ I I I I • 0 • I I -

91 lloe • 1 •500.000 • .50C.OOO 
10• Pick-axe • 2,5• 20.000 • 50,000 
11" Shovel • 1,2• 8,000 • 9.600 
12" Pan90 knife ' • 

with haadle • o,8, 300.000 • 255.000 
1)1 Maiae hook •0,15• 600,000 • C)0,000 

•con•uaptioft 

•+ 3 " 

•515.000 
• 51.500 

9.888 

•262.650 
• 92.700 

• 25,85 • 87.555• 
2,58 • 8.755• 
0,50 • t.681• 

• 3.102• 4.306 
310• 430 

60· 83 

• 13,18 • 44.651" • 1.5B2• 2.196 
ni. 4,65. 15.759• 150.000• 556•· 

• 439 • 23.963• 9.073 • 7.755 •15.701 •151.894 •189.868 • 1,25 •0,37• 
44 • 2.392• 906 • 774 • 1.567 • 15.178 • 18.972 • 1,25 •0,95• 

9 • 464• 176 • 150 • 304 • 2.927 • 3,659 • 1,25 •o,46• . . . . . . . . 
224 • 12.218• 4.626 • 3.954 • 0.006 • 77.457 • 96.021 • 1,25 ·0,32· 

7'1 • loo311' 1.6)2 • 10395 • 2,825 °1770)33 °212,666 • 1,2.5 •O,J7• 

t4a llllrrow'• tooth 
•o, l5" 1too.ooo • 14o.ooo • 11t1t. 200 7,24 • 24.514• 16.000• 1\69• 1.206 • 12) • 6.711• 2.541 • 2.172 • 4.400 • 58.536 • 73.170 • 1,25 •0,18 • 

151 Sick.lo 
with handle o,lt2 )00.000 

16: Scythe blade" • 
• with handle 

0
0,75" 250.000 

11: ~terbury hoe • 
• 

0 1, 52. 200.000 
1~: Coabination • • 

• of hoe and "0,66° 350.000 
Canterbury 
hoe 

11) Plough share 
for all the 
plou9hs as 
"pare parts 

. . 
• 1,58 ao.ooo • 

126.000 

187.500 

304.000 

231.000 

)1.600 

• 139. 7&0 

:193.125 

)u.120 

0

3)7.9)0 

• 32.51t8 

7,02 22.063 

9,69 • 32.a31: 

15,72 53.:no: 

11, 94 • i.o. l.48. 

1,6) • 5. 533• 

18.000 842 

35.000: L 16): 

: t.686: 

• 1.1,33" . 
1q5• 

1.169 

1.614 

2.619 

1.9'89 

272 

119 6.508 2.464 . 
165 : 8.983: J.401 

267 : 14.512: 5.518 

0

20) • 11.068° 4.191 

28 • lo 510° 572 

2.106 

2.907 

4.716 

3,582 

1,a9 

'*· 264 

51885 

9.548 

7.252 

990 • 

57.535 71.918 1, 2'5 0,24 . . 
911949 :114.936 : 1,25 :o,46: 

92.356 :115.445 : 1,25 :0,58: 

70.166 87.708 1,25 :o,25° 

9,589 °119.862 • 1,25 • 

2,898.000 1.992.441 100 337.020 219.000 12.000 l· h. 658 1.700 92.700 )5.100 )0.000 60.742 8o4.920 1.105.025 

:n order to achieve a •ore favouraltle price for the )5 kg plough, which h the most popular one, the price of thi• plou1h could be re•11nerated by 
those articles which are produced at a lower price th;m t.he actual import prices. 

Deno• inat ion: 

•• Rid1ing plough • 

bo Zigzal harrow 

c. Cultivator 

Production price: • Import sellin9 price 

K 24,56 

K 18, 7J 

K 26,SO 

K J) 

26 

31 

~ • savings/machine 

!)I, • + 8,44 
0 -39 ·+ 7,?.7 

• -24 .. (,, ~o 

Production 
pieces/year •.Total profit 

2.000 

1.500 

1.500 

• + 12.66o 

• + 10.905 

• + 9.750 

+ 33.315 

In the ca•e - want to achieve an ex-factory price of K t'l,50 for th<' 15kv plough, which will be produced at a price of It 24,56, K 10.120 (K 5 1 06 p<>r 
piece) •ust fie deducted fro• tbe total profit of K )).)15, in ord<'r ta reniuner'.ite the 2.000 pieces of plou9hs to be p.-oducad thia year. 

l 
The altova deduction would change into K 190120 (K <>,56 per 

'!he foregoing co•pariaon ia ••de on an ex-factory (local) 
can coapete with the actual i•port prices. 

piece) if wr wa.'1t to 

and sell in~ ( im~ort) 
achieve the Ciiinese price level, which ia actually K 15. 

price basis, which aims at proving that the local production prices 

Mention •uat be •ade of the forge-shop, tho total products of which havf' ·~~ 
are lover than.the actyal i•port prices, even at snch " hi9h rate of profit 

overall profit of 2'i ,,;. The ex-factory prices of the forae-ahop'a product• 
(rate afpralilability: 1,2r,). This cortainly mean• that all the other vork-

'i: 
I 

•shops o·r Ule factory can lte profitable. 
• Proposed for Kabwe • N.B.: CalculatHm" for the amortization ratus of fixed assrts an•l hl'ildinn" and ":hat of total .wage• SM aeparately. 
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Calculation for the amortizatibn rates of fixed assets and 
=~==~========~-=====;~==================================== 

t I 
10. Amortization rates of fixed assets: (Calculation for 1975 in K) 

10/1. Equipment of foundry: 

. Basic Cost of 
• price/ Total:.founda~ion Tota 1: • • 

Name: • Piece:. machine . :& erection 
• ./ ma ch inn • . a. Three phase, arc- • • 
• light melting furnace 1 22.000 22.000 3.000 3.000 

h. Charging instrument 
• w.1..;h basket and • • 

casting ladles 3 1.000 3.000 400 1.200 

• c.Dies for 9 different 
• machine types • . 13.100 . 
• d. Travelling bridge • 

(5 t) 1 4.300 
. 

4.300 
. 

1.300 1.300 crane . 
• e • Floor standing 

grinder • 1 l.<200 1.200 jbo 300 • • . . 
f. Other equipment 

(work benches, hand • 
grinders, pneumatic • • 
flogging chise 1, • • 
sup:nly Of compresse~ • • 

• air, oxy-acetylene 
chisel, etc.) • 1.900 '·60 • . • 

• • 
K• 45.500 • •K 6.260 

============ . ===::=.;.::== 

10/2. Cutting and joint screw making shon: 

• • Basic • Co fit Of • 
• • price/ • . foundation . 

• Name: •piece: • machine • Total: • & erection . Total: 
• • • • .!'.machine • 

• • • 
.a. Uni versa I . lathe; • • 
• centre-to-centre dis-. • • • 

tance: 7.50-2.000 mm 1 • 6.ooo • 6.ooo 1.200 1.200 
)>.Automatic screw machine 1 • 10. 609 10.609. 1.500 1.)00 
.c.Screw cutting automat. 1 • 9.500 9.500 • 1. tioo 1.1.00 
.cJ.Drill press for a maxi.- • • 
• mal boring Of 40 mm 1 • ,5. 000 5.000 • 1.000 1.000 
,p.Bench drilling machine. • • • 
• for a maximal boring • • • 
• of 10 mm • 3 700 • 2.100 . 100 • )00 
f.Framl3d saw • ~ .1.250 2.~00 . 400 Bno 
• Other equipment (work • • • • !J. 

bench, hand tools, • • • • • • 
• toolR, etc.) • •• 1.400 " • • 

K :i7.109 ========= =!,C == ~~ ~~2-~ 



Calculation for the amort.t.zation rates o!.' !'ixPd assf"!ts and 
========================~=~~=====~-,===~~;====;====~==~=== 

10/:;. Heat treat ins and edain2 shol?,: 

• .Basic • • Cost of 
• • price/ foundation Name: Piece:. 

. 
Total: Total: • machine:. .& erection 

• ./ machine 

• . 
• • 

a. Continuous furnace • • • • 
for the heat treating. • 
of ca~tings (in order. • • 
to norma li ze i ti ca~ • 
pacity: 1-1,2t/m • • 
bottom 1 • 12.000 • 12.000. 2.000 2.000 • 

• b. Flame hardener 2 1.600 . 3.200 • 200 400 
c • Portal crane (0,5 t) 1 • • 1.200 1.200. 420 l.1:20 

• d. Auxiliary equipment • 
(cleaning drum for • 
castings) • 3 • :no 990. 60 180 

e. S12all size universal. 
cutter grinding • • • ·=· 
machines 4 • 1.0()0 4.ooo • 150 600 . 

• f. Blade grinding machine 1 Boo . Boo· 200 200 
Grinding machines with • g .. • 
double abrasiye disc • 2 500 

. 1.000 • 150 300 
• h. Complete dust col le ctr • • • 

equipment 1.900. • 400 or • 
.i. Other equipment (work. • • 

bench, material table, • • 
etc.) • • 

K 26.090 K 1 .... 700 

============ ============== 

10/4. Cold pressing and sheet shop: 

• • Basic • Cost of 

Name: • Piece: • pri c~/ 0 Tota 1 
machine• 

• foundatlon • 
Total: 

•a.Shearing machine for 
rolled section steel 

• b.Eccentric press 
• c.Travelling bridge 

crane (5 t) 
• d.Elcctric alligator 

shcArs 
• e.Hnnd opcrat·ed metal 
• snips 

• 
• 

• 
• 
• 
• 
• 
• 

• f .Other equipment 
(material table, hand • 
tools, mechanical 
attachments, etc.) 

• • • • • • 

1 
1 

1 

1 

2 

• & erection • 
• / machine 

• • 
• 2.600 2.600. 
• 12.800 . 12.800. 
• • • 
• 

• 

700 • 
• 

:500 • 600· 
• • • 
• • • 
• • . 
• • 1.000. 
• • 
• • • 

)~ 22.000 
c: := ==:;:;::: ::-; :~:::~ ~.::: 

250 
1.200 

1.300 

100 

!jO 

• 250 
• 1.200 

• 
100 

• 100 
• 

• 

• 
• 

i 

I i 
I 

~ I 
i 

. f 
. I ' . . 
. • 

. I 

.. 
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Calculation for the amortization rates of fixed assets and 
====================================================~======~ 

buildings and that :for wages ============================ 

10/5. Welding shop: 

.Basic .cost o:f 
Name: • Piece:.price/ .Total: .foundation .Total: 

• .machine. .& erection • 

--=:....--~~~~--------~--~--~----=:....--------=:-..----~--=:.....~----.....;·~l:.....~macl1i•~1~e---:.. ____________ _ 

. c. 

. e. 

Resistive welder 
Gas welder equipment 
Equipment for gas ab
sorption • 
Travelling hoist (1 t) • 
Welding cabin, work 
benches • 

• 
• 
• 

10/6. Locksmiths' shop: 

• a. Work benches, • 
hand tools 

• • 
b. Travelling hoist • 

( 1 t ) . 
• 1 

• 
• 
• 

10/7. Assembly shop, quality 

Hand tools 
.• 

a. 
• 

• b. Travelling hoist"' 
( 1 t ) • 1 

Other equipment • c. 
• 

' 1.500 
. 

4.500 
. 

2 Boo . 1.600 
. 

• 500 Ii SO 
1 • E ".Q 600 . 2. __ 200 

• 

' 66 • 220 :n 100 

• ·=· 
• • 

K 7.400 
::::::::::;::;== 

• 

2.400. 2.400 . 100 100 

• 
• • 
• 600 • 600 200 200 

• • 
K 3.000 K '.)00 ======:.;.::::: ===:::.=== 

cr,ntroi. • 

·1.000 ··1.000 
• 
• • 
• 600 • 600 200 200 

1100 • 1100 • 
• • 

K 2.000 K 200 ====;.:== ===:-:=::".:.~:;-
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Calculation for the amortization rates of fixed assets 
==============:===================:========;====~====~=~ 

10/8. Paint shop: 

.Basic • .Cost of 
• Name: • Pieces:.price/ • Total:.foundation • Total: 

• .machine. .& erection • 
• ' machine 

• • .a. Electrostatic ;:colour 
distributor • • • :soo . 900 ' • b. Electrostatic painting • 
equipment 1 

. 800 . 800 200 200 .c. Easels, mobile drying 
• hanger • • 300 • 

K 2.000 
=====:== 

Total: K 145.099/10 years 

-~. 

K 200 
=====-:= 

K 21. 760/20 yrs 

K 1.088/ycar 

Yearly amortization 
cost of machinery 
foundation & erec
tion + 1.088 

K 15.598 ========== 

11. Amortization rates of buildings: (Calculation for 1975) in K 
--------------------------------

Forge-shop (complete) . 
Auxiliary buildings, stores 
Cutting shop · 
Joint screw making shop 
Heat'b-eating and edging shop 
Cold pressing and sheet shop 
Welding shop 
Locksmith's shop, assembly shop 
Quality control, paint shop 

2 2 
36 x 2lt m = 86/i m2 @85K/rn 2= 73.11/10 
12 x 60 m = 720 m2 @ 50 K/m2= J6.ooo 
36 x 24 m = 864 m2 @ 85 K/m2= 73.1!!10 

36 x 5 m = 180 m2 @ 85 li/m?= 15.3co 
36 x 12 m = '•32 rn2 @ 85 K/rn;= '.)G. 720 
36 x 12 m = 432 m2 @ 85 K/m0 = 36.720 
12 x 12 m = 1lt4 m2 @ 85 K/m~= 12.2110 
36 x 36 m =1.296m2 @ 85 K/m2=110.1Go 
36 x 15,8m= 568 m @ 85 K/m = '17.280 

Amortization for 45 years: 

The construction of the offices, administration and auxiliary buil11jnns 
can be started a~ tho beginning of 1975, for the planning won't be fi
nished before the end of 1974. - Thus the amortization rates of the,1c 
buildings cannot be calculated in before 1976. 

I 
i 

·1 
I 

•I 

I 
I 

~-·--



1
2

• =e~eE.:. (Calculation ror 1975) in K 

Pnr::;onnol ior the :fol!.ouing ·workshops: i'oundry, cutting and joint 
screw 1?Jakino shopn, heat troatino nnd edoina sbop, col<l pro!;.sing 

,. ,'. and zbcet shop, uolding shop, locksaitb'n, ausombly v!-:ops, ~uali
ty control mid paint shops) 

• • • • • Employee: • Person: • Coct/year/porson • Total: 

• Skilled workers • ,0 • 1.000 • .30.000 
• Sotii .&ldlled " • 40 6oo !!11.000 • • • Unskilled n • 50 500 25.000 • • • Toclmi cian • ' • 5.000 • 15.C.iCO 
• Ccrti fi ca ted enaineer • 2 • is.Goo ·• 2(.3()0 
• Hnintena11co nechanicn • '* • Goo • 2.1.i-00 
• Hate rial handler • ' • • 4oo • 1.2co 
• Cleaners • 6 • 400 • 2.1!-C-O 
• Qu~lity control inspectors 2 • 3.000 • G.oo~ 
• Administration cost • • 12.000 • 12.000 
• . • • • • • • • 

Total cost: K 1tl:r..2~)() 
=====~:;::::.::: Personnel £or tho :forge-shop: 

• Ski l lod workers • 10 • 1.QOO ., 
10.000 • Sctii .skilled n • 11t • Goo • 0.1.:.-:Jo • Un:;;Jd.llod " • 1.5 • 500 • 7.500 • Technician • 2 • 5 .. 000 • 10.oco • Corti tied cnoinoor • 1 • 1,.Goo • 1::;.Gc~ • 11aintenanco rnochnnics • 2 • 600 • 1.::.00 • Uatcrial handler • 1 • 400 • l&DO • Clcn11cro • 

' 
• liOO • 1.!'";00 • Quality control inspecto~ 2 • ,.ooo • 6.cco 

• Ad~ini~trntion cont• • • 16.000 • 1G.cco • Clerk • 1 • . 2.1.i-00 • 2.!;GO • Manager· • 1 • 16.000 • 16.C{;Q • • • • 
Total cos~: K ']2. '/i.>U 

=~==~;-..,.=~::-== 
•is certain to increase 

a. lnsuranco 
2!!:2t-?!2t~::;b2u:!! 
2.Goo 

b. Maintenance 
c. 'l'olm dovo lop

nont contribu• 
ti on 

d. Somi-fi:it"ed 

,.,..1:00 

,.ooo 
as~ctn(toolo) 4.Goo 5.2co 

o. I rcnccurc 1.500 2.?.oo 
f. Advortim:iont 2.000 2 • .tOO 
D• Trnnl}port ( noods) 7. 5C?O 9.ooo 
h. " (pcroo1melJ ~.r..oo ~.·oc~c00 · i. Travolling 2.~00 ~ 

~. Sundries ------~5~·~v.c_1c_) __________ .•-...--.... ~G~·-·~'°°~--
Total.i,"...,'.55.10{1 1 .. 1.900 

c~S•••n• ••••D•• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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YI. Pr9posal for the equipment of tha propo•ed new Agricul
tural 1-lachinery iFacteg 1 n workdhops, with outline of 
t~e technolonical processea 

VI/A. Forge-sho! 

Agricultural machinery and implements 11boulcl they be hand 
tools, animal or tract$r-drawn implements - are expected t• 
be attrition-resistant and ef long life, conaiderang that 
they ~re exposed te censideraele physical and mechanical 
~earing ferces during the eultiYati~n •f soil. These bearing 
forces are eopeeially considerable in the Zambian heavy, dry 
and eften gritty soil conditions. 

C.neequently 1 ee•eral parts of the agrieultural maehinery and 
implements (e.g. pleughshare, •furr•w, harrow tine, subseil 
knife, carriage axle, etc.) as well as some finished geeds 
(hee, spade, bush clearing knife, hatchet, etc.) must be 
ferged in order to make them hard and l•ng-wearing. 

Fer s~veral technical reasons a blacksmith's 11hep is ebselutely 
necess•ry for the production of agricultural machinerye This 
investment is te be cenaidered as elementary, especially if 
we take int• acceunt that this V3Uld be Zambia's first black
smith's shct:p. 

Te produce eertain parts ~y ferging and generally by plastic 
shaping is much cheaper than shaping ~y maChine tool. E.g. 
the productien of a scotch cart•s axle needs abaut 5 beurs/ 
piece by shaping by machine tool, and a~ut 6-8 minutes/piece 
by forging in tw• steps in a die. Medern preducticn technolegy 
requires that •haping by machine tool be only applied when it 
is.inevitable. 

Forging is the most economical and suitaDle manufacturing 
process for the production of agricultural teols and machinery, 
requiring great toughness and long duration of life, this 
technolGgy being cheap, qaick, accurate and terming the struc
ture of the raw material no that the produet will b• consider~ 
ably strenger and mere compact and wear-resisting, with more 
durable edges. 

Further.more it is also important te consider that this 
forging-machine is very suitable for mas• production of spare 
parts. These spare parts will be goed for aupplying the 
artisans in the future~ 

It is als• the aim ef UNIDO te pro•ide tecbnieal advice for 
the Zambian GoYernment &Ad these competent,en machinery t• ~e 
ch•sen eorrectly. F•r this purpese I •hould like to mtate 
some of the most impertant requirements cencerning the forging 
machine. Tho terging machine muat ~• able to de tho following 
teur main tatJk•s 

. -...... 1- -~ 

I 
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iuring the placing and turning ef the pieces to ~e forged 
the hammer should stay in a secure, upper positien (against 
~ccicl.ents); 

if we want t• press the werk-piece against the anvil, the 
raa aheuld stay let dewn on the w•rk-piece; 

lturing forging, thehhammer sh•uld perf•rm alternate 
kmcks; 

the ram sheuld be c•nductea plumb se that the upper and 
l•wer parts ef the ciie cannet meve c&;.ipared to each ether. 

In order to give a chance of cheesing, the characterintics •f 
three differeat kinds of ferge sh•p are enumerated here: 

t. mixed eperAted 

2. with die 

l• blAcltsaaithto sh•p fer the predu~tie11 •f agricultural 
implements. 

Products to be manufactured are: 19loughshare, furrew, knife 
c•ulter, reversing lever, bee, ue., pick-axe, l.msh knife, rake 
harrow tine5, hand-eperated weeder, sickle, fertilizer 
4istributor spoon. 

Weight ef the piece te 
be ferged in the case 
ef free ferging 
mc.ulded, in kg 

Wei~ht ef the piece te 
be fergcd in die, in kg 

Character ef the 
preductien 

.Preductien/year in 
t/year 

Name ef the'blackamith shop 

Mixed eperated 

1-100 

piece or 
•mall •erial 
preductien 

With die For the 
prtJduction of 
agriculture! 
irnelements 

medium and large &erics 
large 1>crial 
productien 

3,000-10,000 2,000-5,000 2,000-10,000 

I 

.... --·· . ---· L 

; 

I 
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Weight •f the free 
11eulding ha.uaerts·raa 150-1,500 
·in kg 

Weight ef meter dri-. 
Yen pneumatic haaaer•a 
r- i11 kg -
Weight of die hamaer•a 

-;: ram in kg 300-3,000 
• It Weight. •f ~ush-pull 
·~ hammer•s ram in kq 
~ 

., Weight ef the dr•P-
·' . : ha1111er•s ram, prevideli .. 
·,.,.. 'dth •trap, in kg 
~ 
:s Pressing force •f the 

100
_200 ':flash press, in t ... 

~ Pressing force •f the 
eccentric press, in t 

Pressing farce •f the 
frictianal press, in t 

Surface ef the chamber 
kiln, in m2 °•2- 1•5 

Surface •f the breach 
furnace, in a 2 

Capacity •f the trav-
: el 1 ing furnace 1 in . t/hr 
u f Surfaco ef the rc.tary 
~ furnace, in m2 

Capacity of the centact 
heated er inducti•n 
furnace, in kW 

Capacit7 of the beam 
~ crane, in t 
t> 
E. Capacity ef the crane 
-a bridge, in t 

! Capacity et the hand

-

-
2 

3 

t •perated retal"J' crane, 0.5-1.0 
•in t · ,.. 
~ Hand-•perated trolley noce••arJ 

j: Electric trolley .. 

I ' 

-.. ' 

,500-4,ooo 

fer the 
pretluctien et 
agricultural 
imple:nents 

75-750 

500-4,ooo 

' 6,000-13,000 6,000-13,000 

... 

60-300 

-
-

0.1-1.s 

30-100 

2 

' ' 

5 

,!: 

neee••ary 
n 

50 .. 1,000 

60-JOO 

50-200 
.. 

.50-200 

0.,5-3.0 

0.5-2.0 

0.01-0.3 

1.0 .. 3.0 

: •·' 

"' 

2 

5 

,, '. -; 
nece•sary 

" 

-
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Mixed •!terated \fi~h di~ 

for the 
productien •f 
agricultural 
implements 

-, \iidth ,lf the main 
re; ~ WSl

1 kshep, in • 
8-12 12-20 8-16 

M 
: ~Free height under the 6-8 8-10 7-9 
~ ~ crane bridge, in 11 

The estiNated capacity of the 1..lacksnaith 1• ah•p sheuld be from 
•haut 800,000 te 1 million forging eperatiens per year. 

One will haYe te take into consid~ration several requirements 
bef•re making a cheice aa far •~ the purchase ef machinery 
anti equipment ia concerned. E.'g. the seil c~nditions en the 
ground where the setting up 5f the w•rkshe~ is eencerned; the 
eff'ects ef the escillation caused by the ferging machine on 
the surreundings, neigh&ouring ho~sea, etcf the price, 
peasibility, etc. •f the machinery t• be purchased (c•mmercial 
market research). 

These are the reasons why the p•ramet~rs, giYen above f~r the 
different types •f machinery are aimed at ctn a b~.sis only fer 
a subsequent technical study, for the technolgical planning. 

The main ~asic c•nditien of mass production is the ferging in 
die. The preduction ef agricultural teels a.nd implements and 
the forging in die require hammers with quidi power impulse, 
rather than slow machines like the forge-press. As I said 
b~fere, agricultural hand teols and spare parts must be har~
wearing as they are expesed to large bearing forces. The 
teughneios ef the material i• en.su:..·ed by forging in die, as the 
re'1 het nteel takes en the l!bape •f the die on the impact •f 
the stroke. The amount •f steel put in the die is ~!ways 
greater in volume than that neoded f•r the filling up of the 
die, therefore the forged piece will be more compact. The 
structure of the material is fermed very quickly during 
forcing which enables it t• meet the abeve r~quirements. 

Auxiliary ferginq plants 

1. Ferging takes place when the material ie in a malleable state, 
i.e. at a very high temperature. C.nsequently a fur11ace must 
be eet up in the blackwmith'• sh•P• The primary conditi•n •f 
a geod furnace is a mini~um f•n:iatien et scal8 (it wear• 
d•wn the die very much), therefere the atmosphere of the 
furnace 111uet not be gxidizing. Thie ia why it is alse imp•r
tant that the "•rk-piece sheul4 net be in tho furnace for 
longer than is absolutely necessary, the atmosphere of the 
furnace being more or leas •xidizing. 



-
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C.m;prehen:d Te table _•n __ the erder of die fo_r._111~n~--- equi~".1c~t 

Fer~• -.,iece Mechanical Drep-hammer .t'llan-pU.1.1 .:.a.••.u. If'.& s••t, 
in t · ' 

Pu p 

~ ... ... pneumatic hammer, in t 

= 
11 ~ .... "'4 hammer, in t in kl 

• 0 Cl c:: .s tn r:: 
Cl r:: ""' Q s:: •rt t) 

.. 

lr')•rt u •rt 
Q)..., min max - min max min max min 

• ~ Cl " .. I> cC .d 
"'•'4 5 M •rt a M Qt 
I> .... "4 .... C> •"4 
>- •rt ... ;:I •rt ... ~ l "C 'l;9 .. • -is .. 

\ 

.. 

20 3.14 o.o4 o.a 0.2 o.a5 0~25 - - so 
40 12•6 0.2 0.2 0.3 

: 
0.25 o.4 '· - - 70 

60 28•3 o.6 0.3 0.5 o.4 o.6 - - 100 

80 so•3 1.2 0.5 0.75 o.6: o.a - ~,ooo 125 

100 78.5 2.0 0.75 1~0 o.8. 1.0 2,000 3,000 125 

120 ' 11) 3.0 
.\ 

1.0 1.35 : ' . , 
1.0 1.35 2,000 hOOO 150 

140 \ 154 4.5 
.. ' 1.6 1.8 r.,ooo 160 1.25 1.5 ,3 1000 

• 
160 201 6.5 1.5 2.5 1.8 2.7 3,000 5,000 200 

180 2.54 B.o 1.8 3.0 2.3 3.4 3,000 ~,ooo 200 
~ 

200 J14 o.o 2.0 J.~ .... 2.7 l.t.O 4. 1 000 B,ooo 250 

N.B. The mitaimu.m value i• 6.5 - 7 kg/m~2 cencerning r•un~-ahaped forge 
piece•~ The caximum value is 9 - 10 k~/mm2 fer long-shaped ferge 
pieces. One can interpelate between the twe value•• 

max 

10 
100 

125 

160 

1200 

250 

1300 

JOO 

350 

.350 

• 
°' ~ I 
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The •e-c•nd. c•r.r.I.itiwti ia th._t the. l·.;.te :f h:;•tir..g r;:b~ulc n(.'\t 
ll}Xceed a certain lhlit. If it :tc..;;.,,, i.e. the c:'..:;>f~r~nce 

between the temper91ture of the l'l8.rk.·~piece an,1 that of thCJ 
furnac:e iB toe> big, the surfac,., cf the ~.'1.trl:-pi~ce Wt'>uld 9et 
everheated too quickly, uhile th<! iw;ide ef it 1.~ulcl be 
ht&Lted m0rc slowly. This procc3~ coul<l e2'.sily r~sult in 
cemddere.ble stres& and strain.. 'rhe eut . .side, warrue.i· parts 
would stretch better than the insic!c, cold~r p;.i.rts. This 
couli leP .. d to fractures or ta th"! breakin::i off of the 
cutting edges {i1lgughshQre, k .. riii'c CGultm< etc.). 

I mention the above requirem~.nt s .in ci.·~:'!l' to shttw sen:e of the 
precise prG>cedures which 2.re te ~e follo'A·ed, a!!- they ar~ 
ne::essa.ry for tr.~ pe:rfect tf:c1mol·lgy caf feq;ing. 

The different kinds <>f furn"-cess indicatcJ in the first tabl<! 
ef this chapter, can al~a be diEtinguished a•cordino t0 their 
need ef combustible m.atcri~l. T;:.king into ceneider&tion the 
ener~y ba::e of Zambia, the; :"~J iitive:ly c~:t!ap elect.:.·ic ci.:rrc,:-.t 
wcul:i effer mrtive.s for using c:l.$.Ct~ ic;dly.~h~al;c<l furnr.ces 
(electric, resistance furnc-.ce, inctuc·i.;·:"n 'md contf\ct he<'ting). 
There are altse .i:ur:aaces hel>\tell with liquitl :fuel (U1a.zeut, gas 
oil) •r with gas (natural gai::;), but the:ie l'1tt"'r 11ncs cs:.nt;Gt 
be ret:Qmmend.ed because Bf their be inn :t:'.i•h more ~::,t;ensi ve 
than the previcus ~1'.es. 

The electrically-heat ·.'d furnace, e. G• inducti•n ht:;i.ting (by 
genera.tor) is much qui~'-~IH4 thoi.n .-..ny Btl"tr kir.<l &f ft..rni1.ce. 
Ite great ec•nomic advantl'l.ge is tlud., c-wiug to tho s~14ilrt 

heating up peried, the fon;,a.tian ~i L1cale is roi.ther limited 
"·hich ens1n·eo <>. negl:i.r il.;le ·, ;}5S of m;;.terif.ll. The ·;.:se 4.)f this 
syotet1t mnkcis tne ferging prucetJs very f~::t, especially in the: 
i>roduction of ariricultural 111-.chincry which cc;i11::>ii;ta gf the 
large scale production of parts af th~ l":u:1'" size (plouqhzhares, 
harrGtw tines. hc;tes, (!tc., ). 

2. Th-: CQmpresaor plant supplying CH1pre!Jsed. air fer the forge 
11hep (fDr the blewing of the die, for the door-m~·;ing rolls of 
tbl) furnc:::.ce, etc.) alse provic!e::: the cor1plete worksh<J!> with 
cemr1resae1.1 air, (E>.g. in uise:nbly shii:;.>: hand-driJling 
mrtchine, ecrewinlJ machine; painting zhop: pa.int diatri but11r, 
etco ). The capacity 11f the comprc:J:::;11r Cil.nnot be .specified 
until the d~t"iled tecimolegical plaL r~ady. 

CGnstructien requireme~ 

Owing t• ita heat c.utp'Ut rulil flu~ ntic pl!'llt1ti~n, the ferge 
shep t:iust be nccommede..ted in a se:;;arr<te part of the builiing. 
The zhe•p itself n:uflt be hion, spaciouf~, bright ...rid ea.uy t, 
oir \dth naturr•l air d.r1tught. Artificial airing must only be 
ui;ed in the for, . ..:hop if inevit1:1ble. It is :i.mp•rt1mt t" ma.lie 
the 1':.nmda'tien @f the fvrgeo, requirJ.ug _j_r,:portant depth, •t 
the na.111c t:i.l!le ao the fQUndt\tic;m ~f the wo1·kshop, whc:n there 
iw n• re8tricti•r.. 
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InferrnatorT Yalttel'J en the aimensions cf tha mnchincrv's 
founc1at ion 

TlI?e Minimum Area ef Yelume 
Charac- depth •f hearing of the 

Name terintic feundatien or the f'oundat i•n 
weiaht ef in m foundatien in mJ 
ram~in kg ,., 

i12 4H 

Mechanical 750 2.3 807 20 
;pneumatic 1,000 2.8 12.4 J5 
hammer 2,000 4o2 13.1 55 

3,000 5.0 16.0 80 
3,500 5oJ 18.0 95 

Drep 500 2.2 • 5.5 12 
hammer 750 2.4 6.5 15.5 

1,000 2.7 7,.4 20 

t 
Fla:!lh press 150 1.2 3.9 4.7 

200 1.4- 3.4- 4.8 
.'.JOO 1.6 J.5 5.6 
JSO 1.7 3.5 6.o 

The data indicated abeve are valid only when tht. minimum 
depth of fQundation is acc&mpanied by a soil ef Qd~quate 
bearing capacity. 
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VI/B. SMall Founrlry 

When m.:tnufC1.cturina aaricultural m:icnin~ry .... nd implements, 
there are several parts of sophisticate~ f~rm (e.g. shiftina 
device ef the two furrow half-turn plouah, wheel centre of 
plouuhs, scotch carts, ~tc.) which will require the establish
ment of a small, mixed operated foundry for grey iron and steel. 

In Zambia there arc only two foundries, one in the Copperbelt 
"-nd the other in Lus9l.ka (Foundry Salvage ai.nd .Supply Co,. Ltd.). 
The foundry in Lusaka is •1.lready overcharuect and that on the 
Copperbelt wc-rks only for the mines. 

Thus the foundry proposed to be set up at Kane would be the 
third one in the coui<try and besides manuf~cturiua parts 
necessary for agricultural machinery Pnd irnplements, it could 
also undet"take corn.mission work (e.g. for th~ central workshop 
of Zrunbia Railways at Kabwe, etc.) lf the foundry were 
eperated in two shifts, its investment costs would be repaid 
in a relatively short period. 

Pre~umably the following parts should be manufactured by the 
proposed small foundr_y in a whole proc'.uction year: 

9,JOO pieces of wheel centre for ploughs (@ .. kg) 9.Jt grey iron .. 
5,500 " " " II " ri<lgcrs (Q1.2ka) 6.6t II 

1,000 II II It It II Beeders (@o.8kr1> o.8t II 

I; ,OOO II " cellular wheel II see<lers (@o.5kg) 2.ot stetel 
2,500 It II shifting device ef two- cas 

(@2.5k::i) 7.5t II 
furrow half-turn plot.ah 

j;dOO " It wheel ce11tre of many 
~ided cul 1. i vat•r 

(©to]kg) 3.9t grey 

1,600 II II rnnnino wl:eel centre for 
(@2.5kg) 4.ot .eter1 

!J roller ploughs cas 
:300 " II lifting device for tie (@t!.Okf) 1.2t II 

ric!cers 
600 It II wheel centre for scotch (@3.okg) 1.Bt II 

ca:cts 

Acco11ding to the character of the product, the ff'undry will 
.star.dardize preduction Go that the preparai.tien Qf meulds, 
the meltina ef metal, the casting and emptying are done 
oimul \. .... 1eously. 

Technical equipment ef th~ mixe<l eperated feun<lry: 

a. }leltino equi11ment: 

Con~idering that the price ef electricity in Zambia is very 
favourable and other eources of energy are i·.nported into tho 
country (e•!J• fuel oil, gas, coke), I can only prop•se the 
u.ee of meltino equipment operated with electric arc-light. 
Thie can be: (a) ene-phase arc-liqht melting furnace, 
provided with graphite eticks; (b) three-11ha.ee arc-light 

II 

II 

iron 

' 
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melting furnace (He rot.: it in type); Cc) n~l ting furnace 
pravided with su·c-linht ~nd h0tt'-ir..-electrGde; (d) arc-light 
melting furnace uith inductive bettor.i-hcating. 

From ar.iong these furnaces the H~roul t type has the best 
q_ualities for cn:sting steel and iron, grey cast iron of quality 
and profile nteel casting. 

Considering that an economic analysis must be done prier ta 
inv cstoent, in order to ~c~ how muc!1 cennission ,;c rl: coin be 
done in th"! feundry besides the factory's own requireMents, I 
am indic&ting herewith some char•cteri.stic datQ. ctf ~l•e arc
light fm·naces of different ores, gi vino inform~.t iCJn fc:>r 
final investment plnnning: see foll<;iwinJ :t)au~o 

The electrode regulation can be: electric - mechanical -
electronic - hydraulic, etc. 

The furnace-body tripper device of the arc.-- furnace Ckn bf'l: 
mechanical (with electric engine) - hydraulic. 

ME..thods of charging: 

- by hand; maxim-ail ~fficiency of supply 
- by electric crane; maximum efficiency ~f suprly 
- by sl ipwny' tripping the furn.::tce cy l.15°; " " 
- wi tL bucl--et; maximum efficiency of supply 

65% 
appro 45% 

50% 
95% 

The production ef stccl-cnst in cu~vertcr r~quires che~per 
inve11tment nnd its runninu is nlso simpler, but the quality of 
this steel-cast would be the poorest. 

Iron has a relatively l•w melting point nnd thus its meltina 
in the electric arc-furnace c~uses no difficulty and requires 
n~ special treatment. 

It must be tnken into account that the cheraical co~position of 
th~ iron would change, to a certain extent, durino meltina: 
the silicon and manganese content of th~ iron would decr"ase 
•nd that of the carbcn l;ould slightly increi<-se. 

The carbon content of the iron-heat can be d~creaced on 
purp~se, by adding steel scrap. The less in silicon 1md man~_i:inefl~ 
can Le decreased by adding sufficient lirneston'! for sca1·ification 
and bJ ensuring sufficient air for the melting. 

The phosphorus content "'"uld stay almoftt unchanged and the 
increase in £ulphuric·content is negligibl~ in the arc-furnace; 
in the case of core or fuel-e>il heating the sulphuric cantcnt 
would consitlerably change according t• the sulphuric centent 
ef the comhnstible. I de net want t• give details hcra on 
the melting precess ~f the chill~<l cast-iron, but it mu5t be 
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5.6 75 0.80 5,750 Goo 

5. 1-J: :~ 5 1.05 7,5:,0 750 
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~cO 115 ~ .. )7 1.1, ::no 72c 

( •. 7 1)5 :") 1)t'1 l(i; 000 700 <. ......... 
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'-"·· 0 
'?' •·" ,v G. (;c) 'iJ' ::·.,·;'.) G70 

·----·---____ .. _ .. _____ ..._ .. _ ----
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"'" inf<.irm0ttive d:'li.a only lcGn~ider~ble diff~rences ar~ pafisibl~l. 

I 
J', 
,0 
I 
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mentioned that its surcharge nbove appro~. 1,456°C is 
definitely advantageous since it ccntritutes to the refine
ment of the graphite gra:mlarity, tnus increasing the 
solidity o:f tlie chilled cast-iron. There arc othe1· methods, 
too, for the regulation of the uraphi te' s crystallization, for 
distributing it extremely finely c~.g. treating with fci·rous 
silicon, etc.} but this must be worked out in detail in t:ne 
production technology. 

The steel casting technology has seYeral.important differences 
from that of the chilled cast-iron. Steel has a higher 
melting point than iron. The fusing of the steel t~ces place 
in the above-mentioned electric furnace which kind 01· furnace 
assures the best quality ~teel. 

It is important that the electric nrc-furnace r.iust have a 
lining of acid reaction, which would prev·ent th~ dross, 
resulting :f1·om the melting of the steel, from sticking; 
consequently it is easier to manufacture mouldings in this 
kind of :furna~e. 

There arP. several pos~iblc wo:::-king proccs~es for the rneltiuu 
of steel, re. t!-1e 1:1anufncture of st~el-cast J.n tht'! electric 
furnace, but the relating details must be worked out in th~ 
production technoloqy. 

Mention must he mftde of ~nc fnct thnt the rough cast st1~cture 
is chnracteri~tic of any kind of st~el-c~st. In orrler to 
achieve a grain-refinement, the stee:l-cast must generally be 
heat-treated. The heat-treatment consir;ts of ur.iin-refining 
heating. On the effect of this h~ating the gr~ins would 
become considerably finer and the expansion and shrinking 
power o:f the cast, and even its solidity would increase, 
which is an important st.a.ndp,-iint in the caFe of th<! parts of 
agricultural implement~, exposed to remarkable attriti0n and 
bearing forces. 

In the case o:f steel-cast with thinn~r wall (about 10 r-ir.i thick 
with 0.1% carbou content), where the micro-structur~ is not no 
rough, owing to the quick codlling down of the thin wa!Jed 
caBt, the heating is generally omissible, but even in this 
case the cast must undergo a heat-treatment releasinr~ it fror:J 
the Btre3s and strain. 

b. The casting moulds: 

These are the negative forms of the parts of aaricultur~l 
impl~ments to be manufactured. They can Le prepai·cd of sand 
or metal. Taking into consideration tha;t in the n~w agricul
tural machinery fact9ry propo3ed for Zt>.mbin, the sDJne pzirt 
will have to b~ manufactured by mnEs production in large 
numbers, for several yee.rs, it is advisr..t·le to u~e rnetal 
moulds, in tllpit~ of the f1tc.t that the cost of shot.ping and 
production of the metal m~uld~ is high. The us9 of theae 
rnetal QOUlds allow~ A production of larger numbers at a time, 

' , 
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which makes it pay ilnd there is no need t~ d" t.hf'! .~onritl~se 

operations nec~ssc..ry fo1· the preparatio1: of sand r.1culd3. 
Also, the use of wetal moulds doef; not require specinl 
qualificatioas, which is the case when using sau;.d moulds. 

When melting grey iron it r.m.st also be taken into consider
ation that t;1t"! meta mould conducts the heat mor".' quickly 
than the s<.nd and tlus the iaaterial of the mould will have an 
effect on the texture of the cast. For this re~son the 
moultls must ~e lined with fireproof material '<lien casting 
an~y iron. T!1e ca.st can touch the metal mould i tl'lelf on 
pl•ces where we want to have a firm, cerncntite-bearing ~truc
ture (e.g. the boring of wheel centr"l, the :!<Upporting :surface 
of the slliftino device for the two-furrow, half-turn plough, 
etc. L 

On the :surface where the contact with the metal mould rc!tultd 
in qliicker ccoling down, there will be a firm crust developed, 
but the cooling speed of the inner parts is amall for the 
development of grey cast iron ~y fallout of uraphi te. 

lfl1en casting in metal mculd, the surface of the mould, which 
i.s in ~ontact with the cast, ~ust be rubbed with oily 
graphite and the cast must be taken out from the mould when 
.still in light red heat. The further cooling down r.ust take 
place slowly to let a grey c.nst iron COilie into being. This 
in very important, esp~cially in t:1e cas:! of parts of 
4>.f;ricul tural n;c...chineryo 

From the technical point of view these c~sting processes are 
very aclv.otntageous, because the hard surface is vear-resistig 
while, Oldng to the inner orey part of it, the cast is not 
so brittle, aG if it consisted of cast-iron in its full cross
section. 

The fonno.tion technique of the steel-ca.st is, in principle, the 
sam~ as tli<>t of the iron-cast. There ure Yery important 
differences, however, between the gate-charuiels, the placing 
~nd size of the cut of the mould. 

In order to "lake casting in metal moulds quicli;er <'.nrl more 
productive, one mould ceo.r. be used for castinG simultnneously 
several, SLlallcr p~rt~ of the agricultural rn~chin~s. In this 
case". one gate-channel can be used for on(! mould, containi.:JO 
several smaller moulds. The metal is then forwarded by a 
nunifying channel system to the individl~Rl woulds. 

A5 far ns the casting.techniques are concerned, it is much 
more difficult to ~ake steel-cast, than iron-cast. One of 
the difficulties is raised by the higher ~elting point of the 
t>teel. The st(')el-caat al:lrinks rnore, whii:;h vhould be taken into 
con::;idcration when making the moulds, nnd precoution.-iry 
rneasurel'.l must be taJ{en allowino the cast to clid.nk without 
restraint, etc. 

l 



These factors smst be cm::::ihasized in order to give an idea of 
the necessity of ensuring a m;IDO fa1.m~~;:-y expe;;:-t for the peri.:;,~s 

when scttinJ up the foun~ry o.nd when it starts to fm1ctio11, 
for at least one year. 

Since I propose the use of i;:ietal liloul d~, thtH"e is no need to 
give details of the techniques and t~chnology ..: u~3ing sand 
moulds. When using sand moulds, which is a cor'.lplicated procef;s 
in itself, more space, material and machinery (moulding 
machine, mould drying fun:ace, etc~) as well a~ more manpower 
is ne~ded than in the c~se of metnl movlds. 

c. Auxilinry equiprcent and castinp appli•:m.<;:~; 

For servinJ, feertir.g aiiC te>eming the 1urnace, a fi·•e ton 
capacity electric travelling crane i~ ueeclecl in the foundry 
workshop. The caterials must be tr~n::sp·:ii·ted wh~n stocking, 
mea~uring and portionino. This can be ~one by magnetic lifter, 
mechanically controlled balance convey•mce and mechanically 
controlled portion collecting conveyance, etc. mounted on 
different kinds of cranes. 

In the case of the electric arc-furnace with m.:iterial lifted 
'by bucket, the transport of r.iaterial can be sel ved Ly bucket 
transportina conveyance, operated r.i.cch•n.ica.lly, by goods lift 
or by transferable bclt-co~veyor. 

Th~ liq11id ii·on L'..l1cl steel respectively '\-:ill be drawn off and 
teemed into a cr~ciLle which can be transported to the place 
of casting by a cr~.11c equipped with cruciLle fork. The 
crucibl~s are made of steel anc lined with refractory matter. 

There are different type;: of equipment for cleaning the cast. 
The cast .serun v.nc the rest of the feetl-heacl can be re:rno\rcd by 
compresse(l ~tir chisel, oxy-acct.yl~ne or arc-liaht cutting 
device or by special saw or other equip1::cnt. The superficial 
cleaning of the cast can be d0ne by cifferent kinds of cquip~ent. 
The final deci!<ion must be rr.ade in the investment plan, on the 
basis of the technological plan. 

d. Comrosition of the heat: 

For chilled cant ircn r'1is will be <leterr.iincd by the detailed 
technolooical plan anci the production plan respectively. 
NevertheleM1, when deciding on the location of tl1c proponed 
factory Rt Kebwe, it must ~e taken into co1.sideration that the 
mines on the Copperbelt, whict. a:;.-e relati v~J y near ~nd easily 
acce5sible, appear to be a rather goed source for foundry 
and steel i;crap. 

Finally, the composition of the required c~st must be ensured 
by the mixture of crude iron, o,m and outside cast~ and ~tcel 
scraps available. Only the sm,;1.ll0r qti~ntity of rcady-mu<lo 
alloy can br! used eY.pedi(!ntly. The fi1d.shccl castfJ will have 
to tmderoo n technical CQntrol before beina used (outside 
defects, chemical composition, weight, structure, porosity, 

otatic properties etc.). 
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e. Requir~ments of c~n$truction: 

These arc !!:i1uilar to those of the blacksmith's workshori, 
with the differenr::e that in front of the r.i.elting furnace3 
there raust be a free piece of ground as well as a separate 
area for castina. In ~ddition to this, there arc strict 
requirements for the storing of the material. 

The oelting-sbop building 1:mst be attached to the store. 
The hciyht ef the buildino nust be are~ter than that of t~e 
averase buildin0s (simil;i_r_.te the blacks!:li th 1 s shop) in ci-1'.cr 
to assure good, natcral ventilation (see illustration), bu~ 
the cle~ning app~ratus for castings must be equipped with a 
special aspirator- and must be set up, as far as possible, 1n 
the outside hall of the foundry. 

The flooring of the foundry is stiff clay. The .arc-1.i\",:ht fur
nace must be, if possil,le, at the end o:f the workshop h?.ll.. 
~ep~rated ty a heat-insulated wall, the tran8for,ner, chokillfJ 
coil, con<iencer, etc. of the electrical foundry lre. m"'l t. i:1~i 
furn<Acc) arc also sit~1ated in thil!! part of t!1e workshop hall, 
so that they are easily accessibl~ from outside. 

f. ,:S_toraue of pater:i.nl and equipment: 

The raw materials, steel and iron scraps,will be tr~nspo1·tcd 
by rail to the proposed Kabwe Aa~icultural l~chinery FactJry, 
partly from the po.i."t of Dar-es-Salaam, via the new Tan-Zam 
railwny (pnrn~ntly be in a built), p~rtly from the Cc•Pl·t'!t·bel t 
by the e:xistin~ n1ilv.:;.y. The unloatlin'.J will be done '!::y liftin•j 
magnet., nountecl 0n a cnu:e-hook, into n co\·cred materi01 l 
15t0re (of iron or reinforced concrete structure); er ir.to ::i. 

reinforc~d couc.rete bunker on the flUrfacc or sur,l~ :i.rit(J \.Le 
{lrounrl. 

The different kinda of materials must be stored in separate 
bunkt'!rs, on the basis of the quality certificate ;i.ttach~cl to 
tht: con~iannent. It is inp0rta.11t that nt. lc<l.st two bunkers 
are pn1vic1e(, :c r ev~ry ki11.d of natf;rial so tlio..tt the r.;atcrial ~ 
in stock can al w,,_yr; he ur.c<l tip ent ir<~ly and :,he ncwly- ... .rr i vc_,d 

material rmst 1:ot be put on the old. 

It is i·~cor.1r1enc1~c1 that the alloys \Je stored in carcf\1 l ly 
separated dry boxes ~r cas~s; 

the electr•)des of the electric furnaces Prnst Le sto._ ed free 
of water ~nd dirt; 

The slaaaino r.H~cliums (limestone, fl11orftc 1 ma~Jne~ite-, f:tc,.) 
Bht!>u ld be r.tored, as far as possible under sliel te1·; 

when fltorinn the cl~aninL,· arcnt~ (de-o:dt;L;ing, d"'-s-.~:.;inri 
unit, protect inf] ~t'!.lt1 chlorine gr.s, soc(u.J;n, etc.) tht- r.iain 
point i::~ the co;~)fk.l"~ lle.pu·ntion of the cti-ffcrent oV'"mto iiril 
thei-r protcctjo11 from dirt and th~ inclt!ml!'nCi('s of the weather, 

the rcfr~\ctory Pl"tcr~.1:>1 for the ace-furnace ;;:nd the en.sting 
ladle :r.u:;t be J~e;1t. un1Jer cover ;.i_n<l wel 1 t'~pr.rat~d from each 
nthcr; 

the auxiliaries for tlJI'! foundry, l'!tc. (tools, working dresses, 
etc.) ar~ kept in a C~Ptral ~~p?t; 



whc~ t'.eci:l:i!:.9 on the siz;"'.'\ Qf the store-house for fini.sheG. 
prt:'t'.<•cts, t!:e <;ll:.r•tit:;- o:f the castinas to b-? storec: L!.nc· tl1e 
·~u::::-i.L_ian l.'tf storage rnvst 'le t01.ken into conzi.deration. 

Con!'idering tha;; the proposed Knbwe Auricultt.'rnl .Machinery 
F~~to!·~· "'iI! ;,,,_"·e t" si:!'re c: :.iis~ioned "'erk l_ .. .?sic~.s it ry; .. ;::. 

products, separ«te .!lpRce r.mst be a~sured for this purpose. 

r1c inner Witys Of the stnrchO\U'l~ will take up &?.bout 5'.:'i% oi' 
tl1~ sur:f:;tce. T!!e side t:!.·ack of the railway ·Kill be built t:p 
tu the stor~~ 1 with a platfer~. 

In Qrder to make the t.e-;t use of the material hal 1 f s sp .... cc, 
equipp"d with cranes, t~e bunkers near the r<'il-trfl.ck ~'.1c: .. :J ,; 
r.ot be higher than the platform it&>elf. In t.his way tl;~ 

dista.:1ce b~t.··'ePtn the rail-track .uid the wall of the bt;:-,!-.e~' '·rii.l 
he reduced i:o A. r.iinir:mrn. It is to be recor"men1led thnt. tL~ r;:u._ .~ 

tr~ck to be •_<sec'! for tl!e tri'.nsport of rJaterials be bnil. 4: :c-1 

th91t it can serve the st..,rehouse for finiEhec castinr_;s ci:•o. 

The space b~t,1een t.he storing bunkers •.nd the daily po:ri: ;,,.;in 
container. as well as ~etween the rail-tracks mus~ b~ pav~~ 1 
se t~at public vehicles can also use this epac~. ~he 
bunker :for keepin£ dust nnd refuse must be put above 'me .;r
th~ side-tracks, pol'3:sib1y outside the material h11.ll. 

On 1m2 of the storehouse ab')ut 1t -; f C6l.:Jtino can be store 
-:>n a»·era:1e. In order to o.cni,"!Ve qL'ick and precise hand! i;i:i, 
th<· -::ast h1gs should be k~pt in shet:t. metal boxes 1 equip1i1"'d ,.,.j t•, 
::.~~ns, ~·~ that the?)' c01r. ·Je put on each other by fork-lift ~n:i.::.. 

!i'~r i.!?..t!.lr~ati'='n, ! a?~~ givir1g h.~r~ a sum~!!r:t cf :fir;ure:; c::. :;~c 
storage \.;ei.\,Jht Ol.nd h!:i[lht of the fcunclry 1s raw r..;;-_terc.2ls; 

M.;;iteriatl 

cr.;d"' iron 
c.-.:'3t i~o?l scrar 
st~l'!l scr"-P 
c;\m ~;crap 
alloy 
ccke 
J. imcC!t•.>n~ 
refract.i.~g sz~.r1d 

C.-ll.ncl 

clay 
;s-9·,,·du ."It 

p~at 

coal dull~ 
I'll a.g 
aoh, fl;.:o-du~t 

-----...... --·----

Spe:cific ~:.:avi ty . Heif!ht of storag~ ....:::_!:!.-3. 
~/m> in non- in 

J-J.5 
2-2.5 
j-2.5 
1-1.7 

J-l.1: 

8.1!;-o. 50 
1.5-1.8 
1.5-2 
1.2 
1.5 
(1., (j 

o .. 6 
c.8-0~9 
1.6-1.8 

c.7 

mechanized 
store 

1.5 
1.5 
1.5 
1.5 
1.5 

2 
2 
2 
'.l 
J 
2 
2 
2 
2 
~ 

mechani7'ed 
store 

.3 
6 
6 

1 .• 5.~2 

1.5-3 
2.3-4 
J-5 
2-J 
5-8 
5-8 

J 
3 
3 

3.5 
3.5 

l h.i.ve put do"m ~11 f,l;.,c:·c• detail• on the 111.h•v• \lerk•hops 
'iHH.:auoe th-.;.y at·• th• ta:>tSt. itnJ1ert.-nt oru1.ii. 

n its pr•p•sed tha~ d l tl'" eti1e:.~ ·w·1rk•heps be •pecified in 
the Peaeibility Study. 
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The functi nn sr.llr:m;; r;f thP. K;ihit1P. r1nri cu] tur2l 

P~ODUCTION PROCESS 

a 

b 

l ______ . ---1 

l. RlRcksmith shop 
2. Small foundry 
3. Tr2nsi tiomil store for the cold works'lop 
4. Chipping ar.d joint screw shop 
5. Heat treating and edging shop 
G. Cold stamping and plate shop 
7. Uelding shop ' 
8. Locksmith shop 
9. Assembly shop, quality and production control 

10. Painting shop 
11. Spare parts' store, joint screw packing 
12. Finished goods' and comrnissio9 work store 
a. Combustion and foundry refuse 
b. Ctiipring anr1 pl3te scrap 

mar:hinerv fc'"lctorv '~ 

c. R~~ material supply, outdoor stores 
d. sales, Namboard, spare parts' transport to Rucom workshops 

... 

t 
' 
i. 
j 

t 
I 

f 
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Conclusion 

t,.fter having finished and studied such a report, the question 
is raised in almost every c.:ise, 1-1hct;hcr th() devc-lopm~nt of 
agriculture is effective or not? 

As l'1 matter of fact, it cannot be a deter£'1ir.ant principle to 
produce only what is needed by a subsistance fami:y itself 
(more tlurn half of Z~bia's population are subsictence fanners) 
i.e. to produce the minimum necessary for existence. 

Zr;..mliian agriculture cannot meet the requirements amt fulfil 
its obligations for developr.ient if it does not in-::rcasc its 
eff~ctiv~ness, i.e. if the majori~y of the populntion does not 
channe fron subsistence f11rning into emergent fa:r<'ling, etc .. 
All the possibilities are given for this chnngc~ th•~ country 
hti" ing fri.vourable climate and l':!Ufficient rain .. 

In order to rul!ke use of theflc favourable conditions, 1:1ore and 
up-to-rlate hand-tools and o~cn-dralm impl::t:e.nti:; oir!) :-.::~quired. 

This means trr..t agriculture cannot develf)p unlesz r:ieveral 
bri!.OC.hes Ol industry provide it with SUfficicmt CJOOd qua.li ty 
and cltcap it".plernents. In ordc,r to meet these requirements, 
the f.i.rst step i~ to set up n new Agricdtural llachinery 
Fo.ct.ory in Zambia. 

Ho.ving rsriv~cl at this concludi.:in nnd made my proposals for 
its practical implementntion, i wish succcs& and good re~ults. 
I bope t:~y study will be put to good use nnd enm1re ain improved 
livelihood and prof'pcri!:y for all the peopl,~ of the Zambii-.n 
nation. 

.. - - - -

__ L ___ _ 
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