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CIHAPTER I. INTFOJDUCTION 

provides a
l..i,.e many other developing countries, GtuatCMala 

The Guatemal.angood examp le of economic and cultural dualism. 

of a dynamic and growing modern ColIfier(t i.dI sect"r 
economy consists 

side by Side with a large subs i.stt:nce 5c,(!Or. Mhust of
whic.h exists 

a 5ttl r. cthe (level.opment .,(rk .i Guatenmal;a, aS iln Iflos V h \, ,lopl 

.ec tor. A(wIr lI ttr al deve lul)haseen c:ontc:on tr ated on the modern 

.arele jrosp, :ottm , C:omme1rclialto date have created 

, uarlhir ( )(1 a0 d llo-r relnt l v 

ment efforts 

farm-, which )roduce coffee , cot ton] 

LIt'C(
X))t( rt ma rkhets. Guatemal an indtwstrics [,rodlt': U'

h ee or 

ni.1 k Irtjlouc, s, and jell. ies, ctaItme.le i _ i.t S adt ",+(Ic tA -I jams 

animal. feeds, Ireads, candlies, vecet abl oil ,mruar.i e'- llsOtalt 

coffe, icecreaLsrc , a -1c'oIoI i- )cvok (Jc s , cicaL2ttCs , tcxt 12es, shoes, 

. tul e crt.i.izer s, chium .
furniture, paper produclis, tj.rC's, 


to nane Oniy a fewU the ally

cals, glass, cement , and t icyc .es, 

' ll.produ(:ts inenl..ioned .n the 11)65 1ndustir ia (T "l'hu - Jr' ) lmt ' s
 

an Co(mn

are ,sold .local Iy ts wellL as w.ithin the ACtlcr:i 


sare sold to( )U!) t ri5 OCttoutsi the (C(omIml(n)
Ma r t] . Some ri: t-u 


rea se'. A-, the alt I ist
 
Malkrkety, andl these sales will prol tbly i 


i( d'yV(lopmen

o f j roU.ICl Ut ot-e SS I..here has tee ll a t n soll erlbic t
 

se.tor. he110t moh., rtn 
 tt O1 
e ffort (lirted toward this modern 


Cil y, the net work of a lI-wealtlher ro(ds , 1(he eXteice of
 
Guatemala 


to the
 
mllode:n1 hotels and offices , tld a modern aki.rp ort a altt 

atirictuItural , inldltIL.ria.1, and ,ervice
fact that Guatemala' s modern 

c 

http:ctaItme.le
http:Guatemal.an


subsectors are developing. Over the past fifteen years, Guatemalan 

GNM has heen (3OWI 1(1i ait about 4.7- 5", a- year. Vir tu1a I I v a I I of 11h i s 

growl hs i,,titkon pl ace in the: modern seit: r. The traldi t.onal. sector 

stA(i I t 1.I(: a imd th1ehitS 1)20n a dtr ing this per iod, io, i t.1oi 01o t I w0 

smai]. tradLi.t.ional farmer has deteriorated consi.derably since the 

19 50' s. 

The Problem and the Setting 

The stagnation of the traditionaIl sector and the qrowth of the 

modern sector presents a pattern Jhch qu:ite familiar to st Lints.i-, 

of Ulld(Cril(evel oj'lmllt. Most lovel oimminent e-iorl.", lhSV, olC(,n-l t[l.m 

selve with p:omo tion of iino ttr ia l i..,a 1. ion a i hIi. eirlo ,rn s .1 s1oc 


.[dleoI, Jn this re,,wmct Gutonm(l a hai l(n- o( t1 1MOO sCCO'SS

-ul of the (level op i no CountirJs. This 5Lce55., Ion','v(r , ha, aI s)O 

CaUt'nd me irohl ens , . a ma jor:i tv of Gnat em;.Ala 's ,OpLIulAa lions becauISe r. 


1i 1 1 I .n he: trd: tional sector. I ls Jeen ("s imla tel I th;t
Ivns 1. 

a, 0.1 1)64, Iwo()-ti.rds Of the total i)OI)L.].at on 1.ived -in rural areas 

and 5. , of tese peoplie I. ived j.n the nine hi.ihland (lk artnen ts CoIm

tri Sin9 the ara commonly called the western thi.hlmds (Merrill, 

1074). Thus, Ilin. AieL __ CC idC] y reoiona 23 1.0 1l 10 :ul1.uoral 

;Uil Q. 011o i "iC113lo is,) which has been _in1. ens ~ficd liv 1hh .i. al indu tri 


'tt i t 'oe ,s,. Wh 1.1 p art of the Co ntr y iS growiii i an(l leveloj' 


ing, the rnra l.area;an particuloarly rLtral. areas in the western 

nigl-mlands are stagnating. This sitttation presents the country 

w. t h .o e serious problems. 
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First, the stagnation of the traditional sector replres(nt.n a 

dragl on the girowth of the overa] I economy and ''ontrjlhutos lo the 

Ine]ua itty of tlhe income (.istrii (Ut IOn. SeCOn(i, thw _1ail(ar(1 of 

liJvJinlg exlnrienced by 1he trai.tiona] farmer is a source of political 

isconten t i, if not al .1evia M, might le prol lemns ofwhIh A t) 

101 1iAal iJn-tbi 1 i ty. Third, aud perhals most iAqnorialit, the com

b11tiniof lo liv n , tandards, c ho~rtaus of land an1]U1w arab!] 

risi I U I att. hO created hich ratios thelas quiie man/la]/ in 

vesio('rl) h_;hl-Iand-s. In1 ma'ly cases this has resultedtl in out miora

tion, USUala 1ly to a regional capital, Guatemala Cily or to the south 

coast. Iho se migrants are for the most ),art Lisiki l.!ed (1IJ.01V "Are 

)i1i t:r.rt: . The c:it es, parti :ulartlv Gua temz ,Ia Ci ty, h at- not. 

ben abIe to absorb all of them. T'hds has Cause'd ulnem]iploVl'en t 

wh ic h often leads to increasing crime rates whch on! alq o 1ir 

source of discontent that could CuontrAib Ute to jol it i(-a l instability. 

Those m:i.grants who go to the south coast find that there is l itt. . 

unoI:Cul:iC!(t land. They may fi nd eWnj 1 mWiit (M) l ary F i Pnas as 

Ia.d1orers or share 'rol r,, 1 tt the cap)ac i ty of the i mica s to i)

sorb more of thiFs miqranI lalor -is being strained. Larce land-

Owlners wVou.ld prefer that this migration be hal ted 1'ec ausL Iaroc 

estates in c lose .ity with landless Ihave freouentlyrprxn peasants 

rusu ied in 1 tnd reforms. 

In short, the pjroblem is simply that people :in the tradit.ionzxl 

sector have loen Untle to earn sat isf-ac tory incom s and as a resuL.1.I 

have begun to migrate out of the wes tern highlands. The Goverrienl 
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this migration.
would like to redirect and preferably slow or stop 

upon the present Rural 
To this end, the Government has embarka2d 

are three distinct progruis in the plan:
Development Plcm. There 

credit an.d 
(.1) the Basic Grains Pro;rai1 feafuatLlring both aorIcu tural 

(2) Lui Agricullural Divcrs1j7cation11ntcc Conponents;tuc!nicalI, assis 

t ]nth1 trietif Hlandicrafts and Colagc
1Progrimi; and ( ') St iiluton 

first and sec on( p rojr am,, have 1 en iii il ialed 
ProJr:m. Only Lhe 

made on the Basic Graiis P'ro ;ran.
An , jjr estu ,I jroei:res-s has been 

are to: (1) increase the pro-Basic Grains Progray.mlhe goal.- (of the 

wheat, rJ.ce, and sorghum; (2) raise the IOeveL o]f
duction of corn, beans, 

by the small and medium s ized karmer (onu tar
in(:om(, exp)er imn-d 


Q1,I000 per faf.iily by 19,1-,0) ; (3) in
got lovel- ott mentioned is 


and (4) introduce
in traditional _rir]iculture;crease omqvloymunt 

farmer to ne agricultural tchnologlies which will be 
the smai.l 


the three goals iien tioned above. Given an

COM1il1i ntary .th 


)oals (1) and (4) are not

inel.as.i& teitmnad for b as i.c grai.0s, 


It was-, fo-r this reaso l that the

mi(I I(I, ,tA;ry witlh goJ k1 (2). 

Pro ,jia \,as conc:e2ived. The rat ionale
Agr icul turA] ID:iversJificication 


agr icu lural technolo ics are adopted, product ion

1is that as new 

ier huctare wi l increase so that la.nd presently occupied in i)ro

of b1.siC irains will be freed for p3roduction of otherduction 


irn.its and( 'eCletaLt) Os.
cro])s__jrA, i ii. l l( 


ion of ltandi.cra ftb andi Coltage Iln
I,'ventua,INy, th( StImn lat 

Plr )cfLa -, to be imi oemented , but at present this phase .is
dn strio'", 

stages. Some PeOPI.u have 1 luestioned
stil l i-n the initial. planning 



the need for this progran and there is hope in some quarters that 

the RasJc Gr, ins Program by itself will be capable of a:hieving 

ial in forsubs tan l ga.ins employment and income smal I f.armers ini 

the wcstern highlands. 

Objectives of This Research 

The general. objective of this study is to model. a small farm 

in order to estimate how different farm sizes, availability of 

agrJ( ul tura] crodli t , vlojtion of new technoloogies, and avai.l-ability 

of off-fatrm emiloyment w ] a-i ffoc-t the siuai ]-&rIfh1('r 's in.cliome and 

em )1oymc ni1, . The mode t can be used to iden timfy k%-i ,,(Iittr(is 

e ffecJ. ve1.y li ijit the farmer s decisions akn to i. LU I!ra.(' where 

pol.J:ymak<ers (;ould assist in the cl iminat ion Of ~rOduciion hot .tlc

necks . I1 can also lie used to identify the monetl.gkry vue )f re

sour-(:es whi.'h grc i.n short sut])pply; and perlhapis l Illi n tg , tie 

mode can l he u(1 to esti itate the income earninn ind empi loyment 

genera-t in effect of7 the current Bas i. Grains I'rot'iram tor indivi

dual farmers. 

The analIysis which i-s presonted here :is, o ourse,, only01 capil)[I.e 

of prov B iing est imates. The re-liat)] i t of . theseo itC will 

d.lelend pr.imirily on 1lhe vatlidity of- s"everal. key assumI,1 i(ns, one of 

kvlIh :i.S5 that the ,asJc Gra.ins Prooram will u ceSfu I Il 5 rea.ch 

, 

, 

t -adi tional farmers. Other key assumptions relate to the illpUt. 

and out)ut prizc(s spec(ified in the analysis, and will. be discussed 

further in Chapter III. 
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Perhaps the most significant contribution of the present analy

sis is that it provides estimates not only of the income and emply

ment. levels whic-h p.-rticip)ating farmers might achieve taut I.-o 

tihe goals wh.ich O] I:iyIimakers have set for Iho Basic Grains I'rogr aill. 

Will the Basic Grains lProoram be capatl]e oi 'ev.i f_( a fa-in ly in

land would the family need toCOmUe of QI,000 per year? low much 

continue to seekaclieve this income level? W1.11 smal farmers 

mligratAory emj .1loyme1 nt on the cotton and co ffee finc as if they be-

Co1e1 par tic i.p ants .inf the p)rogrm? 

While thu linear prooraamiJwi9 unodel cannot defin:i.lely answer 

all of these (jUe-,tj.ons , it does shed zome 1.iqht on them. T hi 

type of in formati1.0l1 should help.1jo ic ,makers understand the, trh)abe 

effects of the ir irogrmnsand to dletermine wheth er or not these-

P 0
,:aj.):(h " proqram s ar'(- 1 ach icyvin the1 esoft sI ie' ,! .1.' 

nt pr (ram . cannot do thi.s, then o)0iclvia'ake rs mu sl. eoi2.If c ur.r 

to p.an addit iolo]. program]s c_apja.c5 o: achieving present goals; 

or th( y lwtist rev(isc these (qoal.s 1 y reassessing the pri.ority rank:i.ngs 

which led to thdir adoj ion. 

The.e tre scv(ral reasons for estimating the effect of the 

Basic Grains I'rograIm at the individual farm Level. rather than al. 

the regional or natl.onal levels. First, this is the level at which 

the u.Lcram :is directed, and the ult:imate success o:1 failure of 

the jprogram wi I be determined tt the individual farm ]evel. 

Second, reqliolial and nat ional data on soil tyjpes -is somewhat 

sketchy. S immon s prepared a ,oil reconnaissance survey (Siimmons 
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et al., 1958) which is quite good, but it is not (and was not intended 

to bc) a high].y detailed soil survey. The lack of detai.led informa

tion on soil types is relatively more serious for a r(Iijonal or 

national study, although it hampers analysis at all level.s. Third, 

information on yields for different soil types is C(ompl-etCly un

awi 1ahl e at thie nlati.onal or reoional. levels. This study has bee. 

,
allc -Lo draw Ulpon samlle data (Johnston, 197 3a) wrii eVhrel TXte yJ.ild 

to Iol , an1 lien(', in(lirect]y to soil. type on a small, nlPi)er of 

h i.ihlland farm-. Fourth, information on the lercen t ace of th acirJ

cUltturai a1 force uses different acjri:u-titral. tchnoloqlesalor which 

Ls I.arnel y ulval I Al)Ile. This makes it very dii-:if'Attl I to effc(tjvely 

estimate ren ional roduction of basic crains. Furthermore, informa

t ion on the rural polmpuat.on and rural labor force A(- som(wha1t Un

reliable 1)0(:ause of tle difficulty of discrin ii-na.t-in the traditional 

agr icultura]I lalor force from modern farmers aknd nona(iricultural 

l aibor :iI rural areas. For these retsons amtd others it wa-s decided 

to resctr i.el the analysis to the farm leve] 

Method of Analysis 

The method of analysis which was deemed most appropriate for 

this study was linear )rogramning. Chapter Ill explains the reasons 

for this c hoice and describes some of the more important c:haract(ris

tics of the model. Most of the analysis is done by varyiny differenmt 

(:lombi)natiois of resources such as land, labor, k owlcdo andi al or 

sales opJportUl l i t i e S . 

http:polmpuat.on
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The weights and measures used in the analysis are primarily
 

those in use in Guatemala. The land unit used here is the hectare 

which is alproximately equal to 2.47 acres. Unless otherwise speci

fied, .ti IdsS are 1.,asured in (]uintales ((qq) which is Sp anish for 

hun(iredwe:i Unt (cwt) . Temperatures are given in degrees centigrade 

and r ;i measured millimeters The unitinfa] is in (mun). monetary 

is always the Qtet'ai (Q) which equals one U.S. dollar. A table 

conta in niDA measure in study included Ap.llnl]g OI used the is in 

pendix C. 

Organization of the Study 

Chapter II describes the geography, climate, population and 

some general cultural characteristics of the study area. Chapter 

III contains a description of the model and a brief presentation 

of the acti.vities and the data. Chapter IV ex],anos the discussion 

of the activiijes and data in order 4-o provide prsp c t].v( on the 

techno lonIg e s n I y i eld levels include,d in the alnalysis. Chapter V 

descriibJes t]he oxj rim.nial desi(n and th( ofa1 ]ro.sent :es uA1I- the 

O(till] -,solt.1 i0l1'-: . The anal.ysis begjins with ;a traditioial farmer 

who I ,ks I -iii.te d Umounts of savings , no credit avIa lity, only 

one he,,tare of land and produces trditional ('rop i witlh traditional 

4Ih mo Ioyv. Throu shtsucc'ess ve solutions he is (JVIen ciredit, laid, 

anO aWlUires lknowledqe of other technologies and crops through 

ptrtici pation in the Basic Grains Program. His crops, income, em-

Iployment, and other varial)les are noted and compared as his resource 
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se' is expanded. Chapter VI discusses the ability of the model to 

reproduce the position of the small farmer and then discusses and 

compares the results presented in Chapter V. Chapter VII provides 

a sunnary of the results, and makes suggestions for further research. 



10
 

CHAPTER II. THE STUDY AREA
 

the farm level, and, con-
The present analysis is directed at 


speak of any area largerseem inappropriate tosequently, it may 

representa
than a farm. The farm studied, however, is meant to be 

carried out in a particular region,
tive of a type of agriculture 

It is for this reason that information per
the western highlands. 

area is of interest.taining to the study 

is not clearly defined.
The western highlands, as a region, 

schemes commonlyfour separate regionalizationThere are at least 

the area. EHach of these regionalization schemes 
us d to identify 

and each is al)propriate for
has cOmwmITlab e or desirablf aspects, 

regionalization scheme used by
it5 purrope. This study uses the 

western highlands as an area fatl-
Merril (11)74) which defines the 

highland departments. This
nl-Ig Wit h in the boundaries of 	nine 


departmental census data which is

definition a ll.ows the use 	of 

region. It has the disadvantage of in
reai Iy avaIlale for the 

not strictl.y "highlands" because 1)olitical
c]luding areas which are 

divisions include some lowland areas of the south coast as well as 

Peten. 
some l(itwiand areas which are geographically a part of the 

one could define the study area as the highland or
More prec:isely, 

Jus region which centers around the I)epartment of Totoni
,i)oL1ntCAJ 

iC;aan and i*ncludes pai s of Quezaltenango, San Marcos, Iluehueten

and Alta ango, o i.ch(e , Chimaltenango, Solol', Baja Verapaz, 


Verapaz.
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Depending upon the exact set of departments and municipios 

which one would decide to include as truly "highland" areas, the 

total land area covered by this region would vary from about 9,800 

to 37,431 square kilometers. This would amount to between 9 and 315 

of the total land area in Guatemala depending on how restrictively
 

one wishes to define the region.
 

Population
 

Population in this region can be characterized as being largely 

rural and Indian. The 1964 census data in Table 2.1 gives a break

down on rural and Indian population by department. Population in 

the western highlands was 83.5% rural and 72.15o Indian in 1964. In 

the rest of the country, population was only 55.5%rural and only 

18.0,1' Indian. For the country as a whole 65.9% of the populiation 

was rural and 42.2% was Indian. These figures highlight the fact 

that the western highlands is distinct culturally as well as climati

cally.
 

Another important characteristic of this area is that population 

is growing. This growth has taken place in spite of the fact that 

man/land ratios are already quite high. Population growth rates 

by department and for the highlands and the country as a whole based 

upon rhanges i population between 1950 and 1964 are presented in 

Table 2.2. Hlighland population grew at the rate of 2.5/'%per year 

over this fourteen-year period. 

This growth rate if unchecked could have serious, possibly
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Rural and Indian populations in the western highlands,
Table 2.1. 

1964a 

Total Rural Rural Indian Indian 

Department 
popula-
tion 

popula-
tion 

as ,% 
total 

popula-
tion 

as 5 
total 

1964 

(1,000 persons) 

Chimal.tenango 163 101 62.3 122 74.6 

Solo1!A 108 70 65.3 101 93.7 

Totonicapan 142 121 85.5 135 95.1 

Queza] tcnanoo 271 173 64.1 -149 55.1 

Sani Marcos 337 295 87.7 169 50.2 

Huchuetenango 288 241 83.8 200 69.3 

Qui ]hL(" 250 217 86.9 212 84.8 

P1aja Verapaz 96 81 84.0 54 55.5 

Alta Verapaz 260 231 88.7 241 92.4 

Ilighi an1d 
sub- total 1915 1531 83.5 1382 72.1 

Other 
depzir tcnts 2373 1294 55.5 427 18.0 

ReCUb]ic 4288 2825 65.9 1809 42.2 

Source: VII Censo cle Poblaci'n, 1964. 

'~Merri.], 1974, p. 7. 
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a
 
Table 2.2. Population of the western highlands, 1950 and 1964


Total populationi Average annual 
in 1,000's growth rate 

)epar tment (r) 

1950 1964 

Chimaltenango 121 163 2.2 

SololaE 83 108 2.0 

Totonic apan 99 142 2.6 

Quezaltenango 184 271 2.8 

San Marcos 233 337 2.7 

Huehuetenango 200 288 2.6 

QUiche 175 250 2.6 

Baja Verapaz 66 96 2.7 

Alta Verapaz 190 260 2.3 

Slighland 
sub-total 1351 1951 2.5 

Other departments 1440 2373 3.6 

Republic 2791 4288 3.1 

Sourc.: Min:isterio de Economia, Direccion Genera. de Estadistica; 
1. VI Censo do Poblacion, 1950. 
2. VII Censo de Poblacion, 1964. 

aMerril], 1974, p. 2. 



14 

disastrous, consequences. There simply is not enough qood land to 

support a population growth rate of this magnitude. Census data 

6.2 ha )etwel 1050 zuaidshow_, that farm size shrank from 8 .1 to 

P)61. P.rJ.s (S.tilliates, presetnted in 'able, ..3, s low 1. ti.ihk i)(ah 

farm size and farm land per person will decrease drastical lyaVerage 

IttIrll]nds 01t].lIe. 117I resi)l grot,Ih ill j)O)Ll.atiollif the jildi(cat 

re a0l ll0I0I (C kC( , thC CUllOt 1..I._ 'iio land avaz l.ai Ic j ci. ,Crsoi by 

the year 2000 will be only 0.42 ha. Furthermore, this will lot be 

some0.42 haof good.I.alndIut would also conta 0i poor land as we l as 

unarabl land. Soil scientists agree that sonie of the land pres-nti y 

beinlg farmed inl lih highlalneIs shoul d be Classi Fied as onaratc alnd 

.iS Sot(.d 0111y folr .151.ttore ad forest use. AI idea o. how much o~f 

the l)j ( ) ( s' to ).42 hIa per pcr.son woil.d ie good land i,5 p ov.iled 

by Tal( 2.4 which rsent s .ercentacles of nood , poor, alid not 

arable land in each departmen it. These perceolitaices are b)ased utol 

the soil recOI-inaissance work l(on- by Simmons ct al., in 1058'. For 

l.ail ill farms WOLI].d cOllSiStputrposc s of argulent, 1(,1 US ass olnle that 

only of qood an(.l poor Land inl terils of this c Lassificatioll. If 

, tih 1 74.2> land in 1 hse ninethi is as, Ahen with in the of all 

dl,,arlinet , whi h c an he considered highland (as ojjosed to coastal 

or troj .icval land) 717.6'> of this land is not arabl-c and, hence, is 

a 5 suilmldI 1(1 t ( .10].ldarthdci als3 O17 the total land area in farms.to 
( t. .. , ... j . is. co(d land and. 76 57. is poor land. 

Thus, 4even tnder a favorable assumpltion regarding gual.:i.ty of land
 

area in farms, on-ly 23.81i of the projected 0.42 ha per capita
 

http:gual.:i.ty
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a
 
Projected farm size in western highlands, 1970-2000
Table 2.3. 


Nine highl.and departments
 

Number Average Farm land
 

Year of farm per person
 
farms 1) size 2) in rural
 

(1,000) (ha) 	 population 3)
 
(ha/person)
 

Census
 

1950 	 203 8.1 1.35
 

1964 	 256 6.2 1.03
 

Projections
 

1970 	 279 5.6 0.89
 

1975 	 298 5.3 0.78
 

1980 	 317 5.0 0.69
 

1990 	 355 4.5 0.54
 

2600 	 292 4.0 0.42 

Notes: 1) Projected number of farms based on the average annual
 
increase in the number of farms between 1950 and 1964.
 

2) Projections based on the assumption that total land in
 
farms remains equal to the 1964yalue of 1,581,600 he(
tares.
 

3) 	 Projections based on the assumptions that population 
will increase at the 1950-1964 rates aid total land area 
in farms remains constant at 1,581,600 hectares. High
land departments are: Chimaltenango, Solola, Totoni
capan, Quezaltenango, San Marcos, Huehuetenango, Quiche,
 
Baja Verapaz, and Alta Verapaz.
 

aMerrill, 1974, p. 23.
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the western 	highland depart-
Table 2.4. 	 Land classifications for 

ments (percent of total land area)a
 

Highland land types
 

3d , TotalDepartment i 2 
- Good Poor Not ; high

arable land 

6.3 	 63.9
Chimaltenango 18.6 39.0 


So Iol 	 1.0 61.6 19.4 ;32 .0 

¢i00.0Totonicapan 	 5.5 80.4 14.1 

6.0 	 27.8 8.2 42.0QuezaltenangO 

43.2 19.2 64.0
San Marcos 	 1.6 

Iluehuetenango 19.0 33.0 45.9 98.0 

Quliche 	 9.4 16.0 55.8 81.2 

Baja Verapaz 	 17.1 55.9 26.2 99.2 

Alta Verapaz 	 9.0 37.1 2.1 48.2 

To tal Q 	 11.0 35.3 27.9 74.2 

Morrill1, 1974, p. 20. 

1'Good agricultural land. Includes much of the land area pre-
Sently farmed'intensively in many departments. Much of this land 

.isrelatively flat or moderately sloped and frequently located in
 
highland valleys. 

Poor agricilltural land. The land at high altitudes is not 
Some scatteredp~articularly well suited for pasture and/or forest. 

exareas are suited for potatoes and wheat and, to a riuch lesser 
tent, corn althoigh frost is a continual risk.
 

Sd
 

Not arable. Most of this land is steeply srloped and highly 
eroded or wil.l erode rapidly if farmed. 

Totals are weighted averages. 

.	 /. . .. • . . .: . . )-. .
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Coas;tal land types Trojiic- ilI d tyJes 

4 
Good Poor 

6 
Good 

7 
'oor 

5.( 30.2 

18.0 

36.1 

14.7 

--

21.9 

21.3 

-- --

17.7 

- -

10.8 

-

2.0 

1.1 

0.8 

41.0 

3.7 5.4 6.5 10.2 
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would be good land. This means that a family of four in the year 

2000 would have a farm composed of 1.68 ha Of this 1.63 Iha, 

only 0.40 ha wou(ld tC (50ood lanw1 aiid 1.28 ha would 1)0 poor land. 

The j1,p] ICat-ioln of .)is resource hase for family income will be 

discus,(.d in Chapter VI. 

Geography
 

The western highlands is an area of great geographic and 

cI imati(: (I:iversIjty. Much of the region consists of very rough 

1.erra.in in which oix finds smal.]. areas that might he described as 

sub-tropical . These spots exist in contrast with the (genral 

(A1 imate of the region which is best descrih.( d as beoini a low 

noul, i.llcIm"ate and whichl in so-me ways, is quito similar to a 

mild tcrperat(., climate. 

There are two lmajor mountain ranges in the western highlands, 

the S i.-rr a Madr e and the Cu'huanus Mountains. GCol ()0ca LI y 

the,., are di.st i Ict rZai1Jo s , aind may 1)(-, di ff ren iiated by their 

:h;ar; t:teristie, soil (9rouj)-1n(Js . There are a I . so e :liI atjC d:i f

f.eren,:es 1)lw een them. The average altitude o1 the reg.ion ranges 

froi about 2,100 to 2,700 msnm (meters above sea level) 

Z) i.O Lir) Macire(. 

Th( S-ierra Madre I s centered around the Departments of Totoni

(:,Aj,M, QU(lza11 CnA1;ao and So.ola. It extends down from Mexico to El 

Slvador and tlondurab like the bzackbone of Central Anerica. Many 

of tle: .oil .. l the Sierra Madre are of volcanic oriqin and there 

http:1.erra.in
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are st:i 11 more than 30 active volcanoes along the southern edge 

of the Sierra Madre, some of which rise to altitudes of 4,000 

insnn ai id hi 0her (1)Donl rowski et ad., 1970, p. 44). 

B:.ar th iuakes,, o:hj are (.ILIC to vo lean i(e aCtivity as well as to 

the movements of faul-ts which I.c off the southerii cioast, are 

connon in this area. Today as in the past, earthquakes are a 

potentJaly dangerous and des tructive force. Al]thLough there have 

been no major earthquakes in Guatemala irice 1918 vhen a series of 

earthquakes did damage Guatemala Ci.ty Iremo ands ttb.Jantia] to ls 

'Jo l('Ali i.e' CrULJ)ti.OI)S Ar(e fai i y comml on . ihe se tremors (,, I. t I e 

(lalIIa( e , 1])(.C;a'IU Sc 1110, t h1(L.d1( ll I5 (onstrl(ieted si. l ice )i]91have t'lIoujh 

flexibi. ity to resist aill. blUt the mot severe 1 

The top~ography of the Sierra Madre is c.:harnseri.zed by volcanic 

peaRs, deep gor-jes, some valleys, and steep rid(ies, Much of the 

land is roll.i.nqg but more is "quebrado" or very steep. The gorges 

and ravines which have l eeli cutt throtnli the volc anic suii.s by short, 

abru.lly fal..1ing rivers impede transportat..on. Most rivers comnin.j 

OUt OI the Sierra Nla(re flow into the l'a Jfjl {_),_:el;m. They ar., 

Inay.i abli.e n y shrt e sz l'iesef-or I.o verv dis t.alu i n [L I oats. 

river s Curr e . Iy 'rCViCe lIlt('II of1Guntat lllIa s ecltir.ic power. 

Two im,Ortant lakes in this area are Lake At i 1 1 'k inliI he 

I)epartment of SololA and Lake Amatii. tt in the L)ep artment of Guate

mala. Lake Atitlln is cons:idered to be one of the most beautiful. 

lakes in the world. 

http:ecltir.ic
http:ortat..on
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Sierra de los Cuclumatanes 

The Cuchumatanes mountain range enters Guatemala from Mexico. 

It i s es.- ll t a]y -a mall if of dolomite and limestone in sharjo con

mrdni Lo(catel the D jartrluientact with le, 11 ., princ-i]p.l.1 v in 

of Iluehueten'tlngo aiii Quiche. The hiqh platau (j- tl e Cuhum;ala leS 

Mountains is approx.L1nately 3,300 msnin. This is a relatively dry 

and ujfertl -Ie area in wni(h sheep grazing is one of the more im

portant economkic ac.ivitics. Some potate 's and halhas (broad beans) 

a re grown. Corin an(l wheat arc generally no. (grown, hec al se most 

var.1 t 105 do ot respold well to the dryness, high alt itude , and 

shorter grow3ng s.1son cliara:teristic of the plateaul. 

The terr.in j2n the (CuhuMallitanes Mnta. is very ruged and 

presents a deeply l.ssec 10(1 gtur which reotr:Is ltlrsporl-tio)face 

a05 well. a a r i-l tura I eX ) 1.al.j o i.lln 110 t of th e atre'i. A ric ul

ture is usual ]. loated i S: 1ockts Of cood I ld tuckedt here 

and there albout the 1.andscape and arlong f1ood laims of fertil.ethe 10 

river val.loys. The rU(J(dless has liltil rcently j)oatcd] t sou 

ohlsta(lc to l.r aSp)lCirtat iol ai 1' was a la jor ;oilsrtral. l Lin:imLl in 9 do

ve I )pollo 1 * .Much of lhit krkIeaa 1s )owh inll 01) (ll0 ( U11 through the 

0115 1r1.00 Of al l-weath1(er roads-, whi(h rv ike ra:tnr access to 

allny ()f the ,mal l I-arms .11 inorthe.- I fuehue ano a11(i northern) 

)ti i e as ,'O 1I ,15L ,) to)wn" ill l k Va''rapL< i ,I Al I erapaz . .11[ 

ai ,ic i pled tha1 wil 1t (t arf o se r;l it otlJri(-lll:Lural arni 

. "onimi lv (ji )ln,)t over the rlex fIive to tei yea;tr s. 
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Climate 

Most of the western highlands enjoy a cool, invigorating cli

mate due to the altitude differential. Temperatures in the highl]ands 

present an enjoyable contrast to the heat found in p,)arts of northern 

Guatemala and a.lon9 the southern coast. Al thouh the avera(w alti

tule for the: region ranges from about 2,100 to 2,700 msnm, pai-ts 

of Chimaltenanrjo ('nd Sacatepequez whichl miclhil . l he ((oll.n:i hk'ed 

as par t of the wes tern h1hinand. a I thouLh i t wa 11ot mCntIoIIed 

,ear.lior as part of the_ reniion) ZArU located as l ow acs 1,500 insnm. 

Many of the Volcan jc leaks an(i tie to)is of th( Cuchumatanes Noun

tains, on the other hand, reach altitudes in excess of 3,300 msnin, 

with some peaks reaching more than 4,000 msnm. 

Precipitation 

Weather patterns in the western hiohlwids display two distinct 

seasons. The rainy season begins about the first of May andI lasts 

until the middle of October. The lheaviest rains generally occ.ur 

in the months of June, August, and Seplember. The dry season be

gins in October or November and lasts uint iI the next Nay with the 

driest months be i nq January, Februarv, and March. Noran Btir 90 (ca. 

1970, p). 44) estimates that 60"' of the region he identifies aks tht, 

western highlands would be typified by the above described a,,t tern 

and that an additional. 30% of his area is typified by havinq a dry 

or variable dry period from December through Narch which is followed 

by a rainy season from April to October with maximum rainfalI 
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in the month of August.occurring 

The average imount 	 of precipitation for most of the region is 

er in some areas, much of th i- mois
hetwe(e[ 1,500-2,000 mm l year. 

the C-rm Of (leW knd fog whii h (:o1)dcn sS L 0) ll lh Vego
01W.-turc c in 

drive 	 1t.g,()Iq to 
tat ion. Anyone who 	 ha-s e ver tried to .from z 

how 1C)( III t) t 	 ('O)fllt.il)U tU 
SolO.I a fogJy_n n i1ght c an a)prc titte 

unn of precid.itation. While ,ver Irc
s u)stant ial Iy 	 to total 

aboul amn, there: is (luite a larg, vkr i.lClkt(: asso
cipi.tation is 1,800 

Parts of central San
cijated with thi akvera(IC! n e Icclc(d areas. 

1 ,000 mm annulllllly wlile northern parts of
-ia.rcos may receive over 


man.
ChimalItenango might 	receive only 1,000 

lei eriturc
 

with e11c I t.itudce.
Normal teimfl{,raturc't vary considerabI.y 


QuezWa I tenang( at .about 3,500 msrun is :invariably cool er tlan Gal.'

hmna ln rt ieo 
a l0t I 10 	 lAfl hcma 311] l tlllI)('I-tkl,Ukl£0 Of III(.'

(C Ml 	 nisnll). in110allInlitl.amala (i~~l"ty ZAI,)k~tt 	 1,500 Th{C 

a
W(".1t,01:1IIi hI 	 k]lt{S ]] IWt0 h)OlW0011I 1-2' - 6 Co Summer] tv,; ! t m~e 

0 


S tgi ii ans 1 	 ~eiher ajend3vi-1wite Ct.eueperatueserahi xi 
averge tJmp rC-l lreSlutres vary from 1. - higher and winter 	

]

ZirC alOut 3 -3 C lower. Temperatures sol doi are e(ijst(rcd above 

311. 0C or below 	 30 C i)1 th-is; area, (Moran l, urgos, (:a. 1970, p. 43) 

Frosts are ( Lu.ite con}lunon at higher altitudes from Dccnbe, until 

Marc :h 
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Cu- tural Characteristics
 

fhe western highlands has traditionally been regardud as "]a 

tierra del indigina" or as the home of the i.ndiqCenouS peo)le-S 

generally recognized as the descendants of the Mayas. Af1. ,r the 

decay (disappecarance might be a better term) of the Mayn culture, 

the highland Indians came under the control of various Mcxican 

conq(uerors who, as the years went by, were largely assim.lated by 

the local ctlltur(,s. At the time of the Spanish Conquest, no s]in Ic 

homooeneous Indi an culture existed. During Spanish c'olonil times 

authorities divided native populations into munic ij,)ios or town-hjp]s. 

Wh ther this was done arbitrarily or in accordan(e with exi.stino 

tribal- and cultural delineations is not clearly understood. In any 

event, triba] groupings after this were rep laeed by a syslem of ap

proximately 31.5 munJiC. i.)os Lombrowski et al., 1970, .. 77). As a 

conse(luence of this division, the Indian ethnic groups today are 

composed of hundreds of comnunities with cultural si-mi,laritios, 

b~ut each lmulic IL)io is a distinct cultural entity. Each mnlniCipio 

has .its OwnI economi.c )atron sainl.t s, toscustomDS, specia]l ties, tumine 

spec .i al festivals and market lays. Even the language spoken in a 

municiplio can 1he! .:onsidered unique in the sense that Indiansl speak

ing the same lan(juage and dialect usually have at least slight djC

ferences in local. vocabularies. 
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Languages
 

In addition to Spanish which is understood, if 	not spoken, by
 

listed fifteen
 most people living in larger towns, the 1950 census 


lanuagoes which were being spoken in Guatemala. Today, four
Mayan 

large numbers ofof these fifteen continue to be spoken by fairly 

PeopL., in the western highlands. These four are Quich6, Cakchiquel, 

Main, and Kelchi. Some of the other languages listed in 1950 con

spoken, but they are of relatively less importancetjnue to he 

today. 

Each of the Indian languages is linguistically distinct as op

posed to being a dialect of a coimmon tong,,e. An Indian may speak two 

near hisor more of the indigenous languages if other municipios 

home use them. In general, however, the common language for Indians 

Indians knowfrom dl.ifferent [inguistic groups will be Spanish. Most 

enough Spanish to be able to carry on whatever social and economic 

contacts they ia-ve with people outside their villoage, although it 

would bo incorrect to assume on this ground that they are truly 

bi I inuaI. 

municil)iosThe linouistic diversity found among the indJian has 

been one of the more serious literary barriers. Few teachers are 

nofluent in an Indian language; most are Ladinos and have interest 

in learnino an Indian language. As a result, schools have become 

one of the primary places to ].earn Spanish), and teach ing of Spaniash 

is one of the school's primary objectives. Unfortunately, many 

Indian parents have not appreciated the importance of Spanish 
or
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for that matter the importance of schools. When one of the most 

visible results (to the parents) of schooling was an eight or 

nine year old child who could .peak Spanish whenever he did not wish 

his parents to understand his conversations with friends or siblings, 

many parents decided that school. was not as important as they had 

been led to believe. Consequently, some parents have been reluctant 

to have their children attend schools. 

Coimnunications between Ladinos and Indians are hindered both 

by the language larrier and by the assumed superiority which each 

group feels toward the other. Many neople are aware that some 

Ladinos have this attitude and have seen instances in which actions 

of Ladinos display their assumed superiority. This attitude is 

not as readily observable among the Indians but it does exist. This 

is not surprising because the worlds of the Indian and the Ladino 

are in many ways quite dissimilar. This is changing, but in the 

past the Indian has viewed his comnmunity as quite literally the 

center of his world, lie lid not recognize the municipio as an inte

grated part of a larger national entity. It is important to recog

nize that for the Indian, the municipio has been a closely inte

grated society bound by strong ties of religion and tradition. His 

language, local costume, the economic specialization of his munici

pio, and his local culture all reflect the fact that he considers 

himself to be different from other Indians and certainly different 

from Ladinos. As a fellow human being, his view of himself as 

being different would naturally enough be accompanied by his view 
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of himself as being superior. This view has helped to preserve the 

Indian culture to date, and it is in part desirable because one of 

the most important and difficult tasks of development is to find 

ways to preserve local cultures and at the same time to foster econo

mic development. It is generally agreed in principle that ways need 

to be found to merge local cultures and modern technology to make 

the process of development a smooth and orderly one. Unfortunately, 

it is often easier to embrace the principle than to accomplish the 

task. 

EconoInic orqianization 

The Guatemalan Indian appears to be somewhat of an anomaly 

among peasants. Applegate (1973, pp. 99-102) points this out by 

referring to the differences in the findings of Tax (1963) and 

Rogers (1969) with reference to the characteristics of a peasant. 

Rogers attemlted to synthesize what is currently known about the 

va] ucs, attitu(dus, and motivations of subsistence farmers. His 

find:ing~ presented a rather pessimistic picture of peasants as 

cand:idlates for agricultural and economic development. Tax, on the 

other hand, pictures the Guatemalan peasant as behaving in many 

respects almost like a "capitalist," albeit on a very small scale. 

The Indians of Panajachel, and the people among whom they 

live and with whom they do almost all of their business, 
are part o what may be characterized as a money economy 
organized in bingle households as both consumption and pro
duction uni ts, with a strongly developed market which tends 
to be perfectly competitive . . . because of the regional 
specialization of labor, it is also very strongly a market 
economy. (Tax, 1963, p. 13). 
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Evidently the peasants of Guatemala represent exceptions to the
 

ordinary expectations of what a peasant is, does, and how he be

haves. Redfield, in his discussion of Guatemala, observed that
 

conventionally the typical peasant village had been describeo as 

one in which there is no quest for gain within the (circle of those 

bound together by religious ties, and that in such a society the
 

village is one big family, united by piety and holding property
 

communally. He goes on to say:
 

These particular Guatemalan societies are about as far from
 
such a condition as is our own. The Rule of the Market has
 
entered even within the most intimate group. Neighbors buy 
and sell from one anocher. The price of goods within the 
village is the same as the price in the market center, al
lowance being made for savings in labor or transportation or 
the like. (Redfield as cited by Whetten (1961).) 

Whetten, wr.iting in 1961, suggested that some of the dif

ferences between Guatemalan and other peasanits might be explained 

by the relative scarcity of arable land in many highland r.egions. 

Arable land is so scarce in the highland regions of Guate
mala that not all municipios are able to produce enough of 
the basic miilpa (maize) to support the population. This 
factor, coupled with tradition, has led to a high degree of 
specialization among the Indians, not only in handicrafts 

)
and labor, but also in crops. (Whetteii, 1961, . 108). 

It is important to realize that while the Guatemalan peasant's 

life and culture are built around the cultivation of corn, he is 

usually not merely a subsistence farmer. 

Each township has an economic speciaity consisting of 
jparticular crops, handicrafts, trades, marketing or labor. 
The choice of a specializatri)n is often determined bv the 
variation in altitude, natural resources, or the (quantity or 
quality of land; however, similar geographic components do 
not )roduce the same economy, and the specialty in many 
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cominunities derives simply from tradition or inventive
ness. "I'oj..qnshJii s within tho samne renion do not ne<essar i]Iy 

specialize in the sane cneral occuptation. A1l communit:ies 
1)grow corn . . (Domrowskli_ eL al-., 1970, . 80) 

'hc' h.1 Illnd ncd.ianiI c:onoliv involves more thanl pea,-anl agr nit.[

tUre . .If' we Wi'3h to in -lAuence the .1level ()I illncowlm ill h-1e lioli-

U appear_ houi.d i he.( 101o L(01 lyl ands it I (Avuuld t Ltt it we be L, U( I llI( 1 O 

as, we I I as 11e ( highl.y .im.ortlant) agriCultUral setor. or Perhlaps a 

good way to begin this study would b by eon strLuPt ill! t .Ct0 . 

village (Jr reg-ional-) ac.counts designed to co.llc (lata on the 

vi.lage (or re-_oldonal) economy much as a sysi.Tem of national. aCCOLnts 

,rovides data on the national. economy. When we have a be)tter :i.dea 

of how the p)easant ecolomic systern works, we may discover additional-

polJi~cy Jni1strumlents which could be useod to favorably 1.nl~]icnlnc_ target 

vari.abl-es. Tt is poi.nt is probY)Zy of ilnI!ortance Ior most p2asant 

oconoli.eis, how(eve!r d.i.bsi.mjilar, and J.s not intended to lw repjresenta-

1,iV( o, olly GLAtem1hal.. 

0 
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CHAPTER III. THE LINEAR PROGRAMING NUDEL 

The Choice of An Analytical Technil ju 

.ea 

framework (or mo,le1) which can be used to estimate the potential. 

effects of air .I u It uIral (lve I opme. t lrogrzffs upcni siualH. iarl: LS 

The general objective of th:is study is to d'cOlo(4 an analyl1. 

-i
lw major sl, (cifi o jucwti.v. is l) lim:tt the ,o<cil ia[ L, ie.ts 

of the I aS Gra:i os Pr ogr am on sanall farm iIome and empLIJoymnII(il 

Ievel s The analytical to ttIe oiojcte:hoIi(tue Caho sen accomj,1 i.sh (se 

tives must sati.sly three genera. criterion. Fir.it, it should tbe 

capable of gneraling so.lutions for rel-evant ing, 2all ::r( :i rouMurCe 

set, and te(ehnol.oy .evel combinations. It MU t Itc d)ale to dJo lhis 

quickly and at a reasonable cost. Se:ond, :i.1sbould he COf.(a].e0 

of the farmer's resource5 are o,t . i'Int.il10.est inat.ing wihich 

These est.imates need to he made within a eoi is,.s t.,- t I alIraww

work thai ; 1.lows :hulusi-on of all. rulvant prodl t i ilat WA v.U S. 

it c jra)IJIIUnS to i0-Such :i.nformat ion wi.Jl iake possile to t prootiq 

crease the availability of constraining resources. Third, the 

technique muSt Ie flexible enough to capture all. essential as)ects 

of small farm product ion i n western Guatemal-a. 

Linear prografilning (I,1) is the anal yt.i a]. technicque which 

comes the clotisebt to J-fulfi .1 llg these require cIits. L' nod'e]is are 

cal)le of consiter lng many diverse typos of rodu t ioln ;id ILn

ro(lLIction ao tivities, can e)c design(d 	 lo a.lo (at( 1ar LcnubrS 

large numlbers of producti.onof different resources between equally 

http:producti.on
http:te(ehnol.oy
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order to achieve a specified objective, and can be
activities 	 in 

run at comp aratAveD, y low cost . I..ilnear )roo-Inun11fl I lml1)del s (can 

Usuaj..y be made as l].ibDe and realistic as the probltem demands, 

model !u:i.]der thoroujhI] ' LundCrstands the producprovi ded tha l. the 

tion process. Furthermore, Li1' models can be solved using conven

tiona,1 compltati ona.l. techniques and are therefore comparatively 

easy to uSe. 

apij ropr iate for the presentLinear )rorilming is part:Lt uarly 

the case with which the modc l. can be adapted toanalysis because of 

analyze the effect of new tcchnoloo:ies and chang'ne in the farmer's 

f-rmn leve1 A].C Iusullyset of Neesources.Nw technoloq.i eb at the 

embo(iJ(!d(1 nIe. pro(luctio) a(:tivities. Ibts For I he farmer, the 

whiclh techlno logy to emjl]o, reduces to a )hoit-'1wtkcIweonC1O.i ( of 

alternate activities in which the new activitAe.S (71mj1ct(e with older 

for the farmer's resources. The farmer's eJoal is to 

net income 

activities 

select that set of activities which will maximize hi s 

subject to 	whatever constraints are imposed by h.i.s 1imitAed set Of 

resour:(:s, 	 his personal desires, and existi-n iinst A luti ois.
 

siLtIy, farmer's .is
in thi. ; the set of resour(ces defined broadly 

CalI e .i)(' cl 	 uded asso 1h;aI. knlowlu(lge of agr.Lctl tural techno l.oieJi0S 


certain store of knowledge just as
a res0urce(. Fat 1i farmer has a 

he h'%" a all.Ai 'erlAtumnt ocf saving , land labw-u , 't(:, At, the farner 

IcII( , war f a L I'I t echnol-ogy, his knowledge -increases. or al

tor nale~ly, now t,' hnolojies requ.i.re more knowledge. I, crements in 

his participationknowledge 	 which accrue to the farmer as a result of 

http:requ.i.re
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in extension activi ti-es can be incorporated into an L model by 

parametrically adding to the farmer's total suppl]y of kiowledq(-e. 

]n this way, 1he a(l itional knowl edge needed for c tivilJes embhody

i.n 9 new te:hnoloJi.e s i. smade avaJl.abl.e. This ai tina l-knowl ed9je 

al.lows newer act iv:i ti(25 to (:om,(-t.(i Wi.th older acl 1v.l t.i( s for sc'arce 

resour(es, and l mhlode' yi.l (15 (.s timal(s for the e F fet t of thles. 

oymIit 1n.1(lnowl.edq 

ever, only one of several important resour'es Whose scarc.ty -an 

.1 [ni-t farm .iicome. Land1, labor, and workinou c'a ]t. Ila Must also be 

available i.f irodu, ti.01 s to taIke i ace. Iii Chapkt r V we wi1l. 

see how these ire sour( e s are( oml.iJ 00 (1 r (Aml .oied , and anal yzod to 

(leterini.ne t her re.lative i-injortanCc. 

The ju9o.lin9, testing, and recombining of farm resources which 

will be carrikcd out J.11Chapter V i.nvolves more than simp1ly see ing 

new lliiolonion farm uicomeemui 1 is, how

how a farmerl ' iiIicomu aiid empln.Oy ent -eve is are allere. ],V' a 'hannie_ 

in his set : f resources. It is also ncccssarjv to cons id(r tl ald 

how the farmer' s set o1f resoUrces J.s 0o.0(i o be (i ha ed. M()--, t 

small hinhloband farmers are ,robab ly not cap able (o17 s. nii icatly 

Changi.nq their eXJ.st ng set of resour:es. Any major ('hanges would 

require outs-.i.h. le .itervelitl1i1, probal ly from Governoont. :oi:.i.:CLuI. ura 

(leveloiment progrmns. By solving the model with various sets of 

farm resources, Jt is possildl.e to estimate the farm evcl, effect 

of successful. Government programns designed to increau.se the farmer' s 

supply of certain resources. Such estimates are often valuable in 

deciding which, if any, Government programls should le undertaken. 

http:increau.se
http:Changi.nq
http:empln.Oy
http:leterini.ne
http:scarc.ty
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For example, a Government planner may need to choose between: 

(1) an extension program designed to increase the farmer's supply 

of knowledge; (2) a credit program designed to increase the, SUpl-.V 

of capital ; (3) a IanmI reform progjram which wou.(l alter the average 

size of farm; (4) a migration incentive program which would alter 

the local Sulpply of hired labor; or (5) some comb.ination of the 

albove I rograms. 

"rhe, ] near progruriming model could aid the planner in his 

dc SiSJon by loilnting out which factors are in shortest supply now, 

,al w1 i k he i n shortest Sul )IA.y or c )min jon of" W()U 1(I if one a I a.a. 

these I)rogrjuils were successful in increasing resource SUpIliCs. 

The I inear progrinhiing mo(el .:an al.so he very heltpful in identify

ing and quanl.ifyine program targets. Taroet:s help clarify program 

goals an(i are an important aid in program evluation. 

The Linear Prograi-ning Model 

Over the past fifteen years , I .Lnear Iro(;rammii I has e)ecome a 

widely known techn.ique for agricultura]J p.]in. at both the micro 

and macro levels. To give a detailed (!,-planation of the method 

I liI
here would bie redulIdant, and the rea(Ler is referred t.o Iteady 

Candler (197)); [)or fmi, Samuelson, zincd (19 lacl.ey (1962);Solow Hd)l; 

or Dant;:i.e (1631) 1 or a more .xtensive treatment. 

The mictxim.i zat.ion for in of the linear prograiming model may be 

expressod thy thie fo l.lowiilg ecluati.ons: 
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Maximize 

n 
z = Z c. x. 	 (1)

Z c i x
i=1
 

subject to
 

n 
(2)a.. x.<b. 3(
3 1 

and 

(3)x. > 0 

where 

Z = the value of the program 

x.2. = activity i (i=l, 2, ... , n) 

c. = the net contribution to Z of activity i 

b. = the quantily available of resource j (j=l, , .. ,) 

a.. 	 = the amount of resource j needed for one unit of 

activity J. 

F.quation (1) is tlhe objective function. Equation (:2) is a short

hand notation for the croui. of constraint equations and transfer 

rows which make Ul) the heart of the linear progrzun and spuc iCy that 

no more resourc(.s can he used by the activities (xi) than are Ires 

ent in the resource base (b.). Equation (3) specifies that all. 
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activities (xi) can only take on non-negative values. 

Linear prograiuning is particularly use ful. for farm planning 

studies because i. IS a flexible tool and can 1)e easily ada)ted to 

a wide variety o1 farm inn situations. It has been .pi 1._led sue ys 

fuLy to studies of large highly mechanized farms .in the United 

States, to studies of collective farming in Eastern Europe and to 

studies of cooperatlive Jarmino in South Americ:a. 11, is equall]y 

adaltalIi.e to the a liust comp]ctely non-mechanized farming practices 

of- smal. I farmer s -n the Guatemalan highlands. 

The 0c1) Ctlye function 

In farm p.lanning models the objective function is geneally 

to maximize some income variable such as gross income or net in

come, although in some cases the objective :function may call for 

the mllzcuxiLzc t don o; total production or of employment rather than 

of income. The- present analysis seeks to determine: (1) what is 

the maximun Jincomo that a smal.l, farmer can earn from his tradi

t ional. set of (-rop production and labor sales activities; and (2) 

by how muc1h could income be increased if that set were expanded to 

include aot vit Le 5,mbodying new high yield technolo j.cS. Conse

qluently, th,2 objeclive function chosen for the analysis may be ex

pressed as: 

n
 

Max Y = 37 Pi A.
i=l 
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where 

Y = net farm income
 

)i = the net price of activity i
 

A.1. = the level at which activity i enters the solution. 

The linear programning matrix 

The linear prograiTming matrix consists of 59 rows and 70 

columns. The rows fall in five classes. Class 1 is the objective
 

function which occup]iCs the first row. Class 3 consists of 25 rows
 

which contain the resource requirements for the production activities 

and the anrounts of the various resources the farmer has at his clis

posa]. Class 3 contains two rows representing a psychological con

straint. Class consists four which the4 of rows limit sale of 

family and :farmer labor. Class 5 consists of 27 transfer rows of 

different 'ypes. 

The columns are divided into eight different classes. Class 

1 consists of 21 crop production activities. Class 2 is made up 

of twelve crop selling activities. Class 3 contains egoigi activi

ties which allocate savings and labor resources to the appropriate 

transfer rows. Class 4 is eight activities which hire in or use 

family and farmer labor. Class 5 consists of four activities used 

to hire in local labor. Class 6 contains ten labor sales activi

ties. Class 7 is made up of four capital borrowiiin activities, and 

Class 8 consists of three accounting activities. The matrix is 

constructed in such a way as to allow almost the entire analysis to 
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same basic matrix while varying the farmer's
be done using the 


is presented in Appendixset of resources. The complete Ll- matrix 

B. Aplendix B1also contains tables describing the rows and colwns. 

Assuru t AonS l1inear jrograuwiin() 

(n)1 ,f thlk crucial factors underI lyin0 the choice of an analyli

cal tJ:-lc i ue is the appropriateness of its assump~ti.ons. If these 

as stt-uLjci onsb are not ajpi ropriate , neiLher is the technJique. For tunat e

ly, the asstupn)t.ons o.f .1inear programming are approprIate for small 

farm produ:t ion methods in western Guatemala. 

Add~itiV ivy and linearity. The assumptions of additivity and 

Linear:ity rec iu-ire that when several productive activities are used 

tocj the(r, their tolal. product must be the sum of their individual 

prolucts. Similarly, the combined input requirements for several 

activitics performed together must I-e equal to the sum of the in

pcut requJ.reicn t.s j.f these activities were performed separately. In 

essence, c is means that no interaction is possible in the amount of 

]L:csu~rc{:e. rec iuired *)ier unit of out)ut regardless Of whetler the 

activ-L..i.e. s are ti)roducedl alone or in various proportions (1Lcady and 

Candler, 1958). Consequently, all linear programming activities must 

be characterized lby constant returns to scale. In most cases, agri

,u t LUra activit.ikb coniform to this requirement. This assunption 

might be a problem in a rotation activity where interact:on could 

takc plae between, for examle, corn and beans grown in different 

prol)ortions. This problem is usually resolved by defining each 
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rotation as a distinct activity characterized by different -input 

requirements and different outputs than are found for either corn 

or beans alone. This example illustrates the flexibil.ity of linear 

programming even though the assumption of additivity and linearity 

does not coincide exactly with the reality of all aric:ultural 

activit ies. 

Divisibility. This assumption states that activities can 

enter the program, products can be produced, and inputs can be used 

in fractional units. That is, resources and product,- are considered 

to be continuous or infinitely divisibl]e. The assumption of divis i

bi-lity may cause difficulties if production activities are defined 

as very large, whoLe production units. For example, it would be 

awkward to have an optimal production plan that calls for 0.5 steel 

mills or 0.157 petroleum refineries. In agriculture, the assumption 

of divisibility has not proved troublesome. For activities such as 

livestock production in which answers expressed as whole numbers 

are desirable, it is usually possibie to define tie productive 

activity on a scale which minimizes this problem. For instance, by 

def:ining animal raising act ivities in terms of 100 head of h(l1s or 

cattile, a result of 0.431 cattle units and 0.677 hog units can he 

rounded to 43 cattle and 68 hogs which usually solvet the problem. 

The assumption of divisibility creates no 1)p'rtirular problems in 

the present analysis. Most of the inputs and outputs being con

sidered are for practical purposes divisible; any indivisibilities
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t.;t exist can be resolved by rounding to the nearest whole unit 

without causing serious errors. 

Finiteness. Linear programning :equires the assumption that 

there are a limited number of relevant activities and resource 

restrictions. This is a very practical assumption which causes no 

problems. The model used in ihis analysis contains 70 activities and 

58 constraints. 

Sinqlie-value epxIectations. This assumLption states that in

dividuZ I resource supl)lies, input-output coefficients, and prices 

c.n be s Jeri fied as a s ryle value and that vari ations from this 

value can e :i ilnorell. AlthouICh often a ].:ittli unrealistic, I.his 

assumptionl is, acceptable for the purposes of the present analysis 

in which no attemlpt is made to determine how farmners respiond to 

di fferent decirees of risk associated with various crops. 

Advant, i .s and limitations 

of Ihe l inear projrauminn model 

The pri-mary advantage of using linear programming as a farm 

p1lannin or farm pol..i.( v tool is that it allows the farm manager or 

1.1wh 1l0l icyilkker to c(onsider ; wide range of aI ternat, ives ILlIckly 

and,.l 1. ;a -omart,-Avely I ow cost. The principal imi.lt ions of the 

linear lrooirawuiiling model are: (1) prograrmmino offers no help in 

formulatino )ri'c e:xpectations; (2) accurate production coefficients 

can )(' tui i.e dliffic-ult to obtain; (3) prograTmUling cannot substitute 

for incomplete knowledge of the production process; (4) all. 
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programning activities are treated as being equally risky; 
and (5)
 

activities which involve decreasing costs cannot be accurately
 

treated (Beneke and Winterboer, 1970).
 

lesource Availabilities and Constran ts 

The primary resources the small farmer has akt his disposal are 

land, labor, capital, and knowledge. Each of these resources is 

present in finite amounts and, consequently, represents constrainta 

in the linear prograuning model. In addition to these quantitative 

constraints, the model includes one natural and one psychological 

constraint. The natural (seasonality) constraint limits the timing 

of production activities in the model and results in all farm jobs 

and most resources being allocated to a specific quarter of the 

year. The psycholog --]. constraint limits the amount of time which
 

the farmer is willing 
 to devote to migratory labor sales activities. 

There are also two minor constraints. The firs L Ls a constraint 

on local. demand for farmer and family labor which iprohibits both 

farmer and family from selling more labor than they possess. The 

second is a constraint on the amount of local labor which may be 

hired to assist with crop production activities. No more than ten 

men are assumed available for full-time employment. For most small 

farm operations this would be equivalent to giving the farmer access 

to an infinite supply of local hired labor. All other row- in the 

model are transfer rows of one type another.or 
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The crop year
 

Weather is one of the most important factors influencing any
 

agricultural endeavor. Probably the most often cited effect of
 

upon yield levels. Our interest here, howweather is its effect 

ever, is not directed toward the effect of weather on yield levels, 

broader and more permanent constraint whichbut rather towar1 the 

weather places upon growing seasons. 

In order to more realistically determine resource resiric

crop year was dividedtions, particularly for labor resources, the 

into four quarters which coincide approximately with the growing 

seasons for traditional crops in the western highlands. All re

source suppl ies and resource requirements for both cropping and 

Labor sales activities in the model are specified quarterly. The 

months falling into each of the four seasons or quarters are: 

(1) first quarter--March, April, May 

(2) second quarter--June, July, August 

(3) third quarter--September, October, November 

(4) fourth (luarter--December, January, February. 

In most highland areas, first quarter is the t.ime for planting 

traditionaL crops. Exact planting dates depend on local variations 

.in rainfall patterns, but it is usually correct to say that the first 

rains will begin in March or Apiil. Planting usually ta]<es place 

as the first heavy rains have fallen. Second quarter is 

primarily a time of crop growth and development, cultivation, and 

disease or insect control. Third quarter is a period of maturation 

as soon 
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and 	of harvest for some crops as well as a period in which many 

highland farmers migrate to work on cotton, coffee or sugar cane 

farms for a month or two. Fourth quarter will be dedicated to har

vest 	activities, farm planning, migratory labor sales, and some land 

preparation activities on larger farms.
 

Labor
 

The primary source of labor on small highland farms is the 

family. It is assumed that ti.e typical highland farm family unit 

consists of farmer, wife, son, and daughter. Following the example 

of Gollas (1970, ). 42), family labor resources are divided into 

two categories: farmer labor; and family "farmer equivalent" labor. 

Gol.las classifies and weights family labor in the following way: 

(1) 	 Males between the ages of 16-55 are given a weight 

of 1.0. 

(2) 	 Females between the ages of 16-55 are given a weight 

of 0.5. 

(3) 	 Children under 16 and men and women over 55 are given 

a weight of 0.3. 

Farmer labor resources available on a quarterly basis are 

computed by counting the number of days in each quarter, subtracting 

the number of Sundays and multiplying by eight hours a day. The 

family's "farmer equivalent" labor resources are calculated by 

substituting the number of farmer hours available in each quarter 

into 	the following formula:
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FET = 0.5 FT + 0.3 FT + 0.3 FT
 

FET = family ',farmer equivalent" hours. 

FT = totail, farmer h)ors availabl]e in the quarter. 

The contrilbutin of the wife to th-e total numher of "larilier eqjuiva

l.ent" hours is rep resented by the 0.5 weight while the Con trilbut:ion 

of the son and daughter are rej resen od by the two 0.3 weights. 

This method of calcUlatjnci labor time available for croppi.ng or 

la )or sales activities results in the quarterly labor resource 

limit-) shown in Tabllc! 3.1. 

In addition to farmer and famri.ly labor, one version of the model. 

a1. lows hiring up) to ten men. A ftarm probably would 1,ave to be over 

five hec tar(s before as many as ten men were needed. Th s would 1(, 

that 7,
a complir)arat. v I y Iar(;e farm; I! ic 1.061 ceonsus reporI ted ,.' u C 

th( 1-arllms nilthe country were smaliler t t vxnc.) hoctares (Fletcher 

et al., 1970, p. 60). Wages for hired laborers are quiI c low. Thie 

in( 1(21 a]lo loca.l to hired al 7.0 cintslows labor be in t] e rate of per 

ho)ur or QO. ,0- per day which is a typical wage rate for most munici

pios in the westerrn highlands. 

l.and 

Land resources avai.lable to small farmers in the western liLgh

lands ar(2 quit(2 ijmited both in terms of quality and quantity. 

Simmonls' soil reconnaissance study (Simmons et al., ]-95-) divided 

l ,o-il into three cateories: good, poor, and nol. 

;a1rab],. Simmons k2ttimated that only 74 .2% of total land area in the 

nine hi -hland departments was actually highland; 9.1% was classified 

http:famri.ly
http:croppi.ng
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Table 3.1. Quarterly labor resource limits
 

Farmer eylu~ivalecnt 
Quarter Farmer hours eious 

hours 

MAM 632 695 

JJA 632 695 

SON 624 686 

DJF 616 678
 

as coastal land, and 16.7% was classified as tropical land (see 

'fable 2.4). If only the highland areas are considered the data 

in Table 2.4 shows us that only 1.4.8% of the total highland area 

could be considered as good land. The remaininq 85.2% is composed 

of 47.6/0 poor lands and 37.6% not arable lands. ObviousLy, the 

quality of ]Iand found on the typical highland farm I s not very 

high. Initially, it was hoped that interview data on yields per 

hectare could be obtained for each of the different soil cLassifi

cations Sinunons identified. Unfortunately, this did not prove to 

be possible, and the only soil quality variable on which informa

tion could be obtained was slope. This information has been used 

to the fullest extent possible. The crop production activities in 

the model, specify whether they require flatter more fertile valley 

lands, steeper poorer hilly lands, or a combination of valley and
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hil.ly land indicating that the activity is carried out on both 

bettor valley and poorer hilly soils. 

The existence of two typos or (qualities of land presents a 

prob.em. What should be the proportions of good and poor land on 

a represen tative h igh land farm? If the land which Simmons cateqo

r ized as unaral)le land was not farmed, then 23.8%of the land in 

1W nd 	 befarms 	 wold laooCXd and 76.7% would poor l and. l)hes(, 

tionS he the'071or cou1(1 used to define relevant percentages of 

good and poor land on the typical farm. There are two reasons for 

n)ot USif(J 1 First, the product ion survey data used 1ere. h LSmthod. 

did not promvidc information on the soil types used by Simons. it 

is therefore possibl.e that some of the activities identified in 

the survey as being carried out on good (flat) land might have '(en 

carried out on poor land by Simmons' classification, This is really 

quite likely ('onsidering thz high percentage of poor land. Second, 

it seemc, ]ike Ly that the Basic Grains Program will initIally reach 

tlose 	 small. farmers with more than an average amounL of good land. 

hlSi.,s sugge'sted lp the program's goal to hel.p a typical farm famii 

earn it last Q1000 per year. Consequently, it was decided to as

sume that 505' of the farmer's total land is good vall-ey land anLd 

50%, is poorer hilly land. This choice preserves the survey's dis

linct ion betweven good and poor lands. It also gives the farmer a 

higher pro)ortion of good land than Sinmons' study suggests. Thus, 

the Basic Grains Program is given the benefit of the doubt in its 

attempt to rewch the -forementioned target level for fmnily income. 
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The model. specifies two other types of land in addition to the 

good and poor land mentioned above. These are vegetable land and 

potato land. Vegetable land is limited to one cuerda (0.04 ha)
 

because: (1) the farmers in the 
western highlands are primariLy 

producers of traditional crops, not of vegetab]s (although vege

tables may be grown as an additional activity); and (2) vegetables 

require more water than do field crops and, hence, must be grown 

close to water. This is discussed further in Chapter IV. 

The potato land constraint allows potato activities to be 

readil.y included or excluded from the set of production alternatives. 

This is done pr.-inarily because potatoes, like vegetables, cannot be 

grown everywhere with equal success. Potatoes betterdo at hicgher 

altitudes (2,500 msnm) with good quality lighter soils and adequate 

water. Obviously, not all areas will be appropriate for potato 

production. This distinction has been built into modelthe by in

cluding a potato land constraint. The three highest yielding potato 

activities are assumed to require land that is appropriate for 

potato production, i.e., land possessing the proper combinations of 

altitude, soils, and water availability which will enable the new 

varieties to produce the high yields specified in the model.. At 

present potatoes tend to dominate other crops thus forcing them out 

of the model. Inclusion of the potato land constraint allows us to 

estimate the income earning potential which new technologies hold 

for the farmner who cannot grow potatoes, as well as for those who 

can. 
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Working capital 

Working capital is often recognized as one of the most con

for small farmers in developing countries.straining resources 

do not appear to be an exception, which is one
Guatemalan farmcnrs 

of the reasons for the Basic Grains Program. One of the major ob

capital constraint. The 
jectives of the Program is to relax this 

thirust of the Progrmv may be suimnarized by saying that BANIESA 

credit an-d the "promotores" of I)IGESA
provides small farmers with 

model, working capital- is
teach them how best to use it. In the 

savings, well. as from the
assulrled to he aviilable from Iersonal as 

Goverimmelit- sjunsured small farmer agricultural credit programi. 

of Q50 and Q150 are used in the model.
Personal savings levels 

Savings arez as sumed to be avi-]able for crop production at an op

cost of 5%. These two savings levels are used to show
portunity 


is for smcll farmers who do not have access

how important credit 


to Government credit programs.
 

is available an interest rate of

Government credit assumed at 

with re)ayfnlent10%. Loans are normally made in January and February 


required whien t.he ( rop is harvested and sold. The exact rep~ayment
 

Perijo deqends on the length of the growing season and is there
1

and borrower's locality.fore d.terminevd by hoth the specific crop the 


to

Loanb are assLuned to be crop specific. Farmers are allowed 

borrow up to Q450 for a liectare of potatoes but only Q8O for a hec

tare of corn or milpa. This restriction is imposed by the way in 

which BANDESA makes loans to small farmers. The farmer must contact 
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a "promotor," extension agent or other representative of RBANDESA 

to obtain a loan. lie and the representative (lisCuss where hie l.ives, 

how much lan(] he has and what cro)s lhe wants to grow. '111o loan is 

then jui Slo ific a]y those ]n a].1 , a . 1heaId j e for crojs. alImo s t 

amount of the loan be the farmer 1 I.I 1 uywill. a(equate; , aIbC.' to 

most or all (of the chemical inputs required for whatever leve . of 

technology he might wish to employ. There is, however, a m.[ximum 

loan for each crop. This maximum is set by a ironoinistb and (others 

working for BANDESA, and their recommendations are per.oic-a. ].y 

distributed to field representatives. The maximum loan si.C used 

in the model- for each crop is presented in Table .3. The mnount s 

were derived from a series of tables showing number of loans, total 

value of loans, and total loan area cultivated for the year 1972 and 

the period from January to August, 1973 (BAINDESA, ca. 1073a and 

,ANDESA, ca. 1973b). The tabled amounts are the amounts approved, 

and may not have actually been disbursed. Nevertheless, they pro

vide reasonable estimates of the amounts BANDESA will loan to small 

farmers.
 

Knowledge 

The current Basic Grains Program recognizes the importance
 

of knowledge as a productive resource in agricultural p:roduction. 

For this reason, both the provision of knowledge through extension 

activities and the provision of credit through lend:ing ,'ctlv:it~ies 

have been specified as dual objectives of the Basic Grains Program. 
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Average loans per hectare 
for traditional cropsalb
 

Table 3.2. 


Loan per hectare (Q)Crop 

80

Milpa 

80
Corn 

110Wheat 

450Potatoes 

450Vege tab le s 

a cNIF.SA1973a BANDESA, ca. 19731).ca. and 

b1he averaml- loan size per hec tare is assmned to )e rej resen

maximum loan size per
tative Of the Culuidelines used to specify the 


hectare.
 

loan per cuerda will be Q19.05 for VecJetal) ls. 
STh(, max imu, 

to grow one cuerdaz of vC A) in the 
Farmers arc on l v al lowed 
od -l. i o, c with larger amounts should probably )C)1 a(sified as 

v,,gje tz I( pro(ducers instead of traditional crop formcrs. 

at farm level as 
Knowledge and new technologies appear tie 

new production activities. As the farmer's knowledge of new tech

lie has a greater variety of cropping activities to
nologies grows, 

levels of crop knowledge are defined for this
,l-)oose from. Four 

all.1 or none propositions. The farmer either
analys is. Thuse are 

resources needed by an activity emibodying
posso,s s the knowledge 

not. Each level of crop knowledge is 
,a new tc:hnoAlogy, or he does 
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built into the LP model as a constraint, and each cropping activity
 

requires a specific level of crop knowledge.
 

Corn, milpa, and wheat activities are classified into three 

technological leve. These are: (1) a tradi tionaL or Jresent lay 

lower te(chnology c:haracterized by low usIe of agri,1u-ltura] chetinicals; 

(2) a plre sent day inltermnediat(2 teC lojgy Ch1ara: t(i: ze( L rise )1' 

some fort [.izerl bu t little else; aid (3) a presunt dlay f].inh tech

nology in which farmers use more fertilizers, increase tlieir plant

ing density and use insecticides, herbicides and funglicides as 

recommended by extension agents and others. Technology level. (3) 

is currently used on most demonstration plots. 

Potato produclion activities are classified into four levels 

of teclhnoloNy. The first three are roughly comnparable to the levels 

outlined above. The first may be classified as a low traditioilal 

potAto te (ho 1 ogy. The four1h or h)ighest of the potato ac I vitics 

I'V4, is defi lifel.y higher than the level of teclnnical knowledge re

quired for other crops. PV4 requires a crop knowled.je level of 'lJ, 

which is the highest level, of technical expertise required I)y any of 

the farmer's cropping activities. 

In addition to the knowledge resources mentioned above, the 

farmer may possess knowledge needed for vegetable pro(u(C t on. 

Here also there are differences in the amount of knowledge required 

for different crops. Early and later beets require the equivalent 

of a traditional knowledge input because they are: complaratively easy 

to grow. Onions, early carrots, and later carrots require al 

http:knowled.je
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This distinction was made becauseintermediate knowledge input. 

profital .e than 1eets, i-ndicati ng
onion- aid arrol are much more 

th;at fewer people have been able to grow them. By alternately 

grantrinu and then taking away knowledge resources neld( to tlrow 

on ions and carr)s, t3 we can see how income, employment and the con

position of crops produced are altered by including vegetables among 

the farmer' s sot of production activities. 

The effect of the Government's extension programli upon a partic

ipating farmer is estimated by running successive solutions of the 

model. in the first run the farmer is assumed to possess only tradi

.jonl owl edge. HIis alternatives are, consequently, I.imited to 

oniy those production activities requiring traditional knowlelge. 

In the second run he is given 1)oth present day inteoriiedia te and 

trai(i1.iA lin ] klOWledUO vhiich allows him to include ac tivities r(]uir

:ing an interme(diate level of crop knowledge in his set of cropping
 

reactivities. Subsequent runs enlarge his store of knowledge 

sources and, consequently, enlarge his set of croppini activities. 

Use of knowledge as a constraint is not too coilmon in linear 

programming. ConsequentIy, it may be helpful to consider ol example 

which demons t rates how knowledge is built into the model as a con-

Table presentsstraint. This has been done in 3.3. Table 3.3a the 

c omp ete ,el (.f crop and vegetable production activities included 

in1 the 1LP1m1ode] and identifies the level of crop or vegetable knowl

edge which each activity requires. Tables 3.3b and 3.3c present 

excerpts from the I.P matrix (which is presented in Appendix B) that 

http:trai(i1.iA


Table 3.3a. Level of knowledge required by crop and venetable activities 

Knowledge 
Activity level 

required 

MH 1 TLO 

MH2 TLO 

MV1 TLO 

MV2 TLl 

MV3 TL2 

CV2 TLO 

CV3 TLl 

CV4 TL2 

WHV1 TLO 

MWN 2 TLO 

WV3 TLl 
aCrop activilieti are 

relaive amount uf iorkin[l 
milpa; C=corn alone; 
of hilly and valley land; 

.
working capital; 1=a l. o 
capital. Vecotable ioiItio'e a 
inn to the ,iode: [V(ri 

codes are used in TaL' 

identified by 

capital they 
; P=hI': ot:toes 

l very li:tle 

a 
Activity 

WV4 

PHVl 


PHV2 


PHV3 


PV4 


EB 

LB 


GO 


ECR 


LCR 

cro, by type of 
require accordino 
; 1i=11 1 l 1_ d \1 
.or<iijci ca,.,ita1]; 

u uunt of workin: aj,'ital; 4- Q' 


arerecet identifiede e bL, e- ], 

=i]atc; (iir , o1~ 'oo-r 

b and 3.3c. 

Knowledge 
level 
required 

TLV2
 

TLO 

TLI
 

TL2
 

TL3
 

Low (0) 

Low (0)
 

High (1)
 

High (1) 

High (1) 

laznd they require, and by the 
to the fo] lo'inci Code: M= 

1le, , coh inationI X1\7,,, 

ntri ,oU Jtc 
hi ,j 

,lt. in£ 

Cbeot;((I: , t 

,on'I{ Of'nof
 
ut 

te accord

12hosc sw3if 

(nt working 



Table 3.3b. An excerpt from the LP matrix in vwhich the farmer with, one hectare of crop 

land has a crop knowledrie level of TLl and a lox: level of ve,.t able knowl

e,in 

Row Row Row- Crop activities Veoc. activities 

name type no. l M3 CVU CV2 CV4 W}-IX'2 PI{V3 PV-4 EB GO LCR 

TL b L 54 1 0 1 0 0 1 0 0 0 0 

TL2b L 55 0 0 0 1 0 0 1 0 1 0 

TL3b L 56 0 0 0 0 0 0 0 0 0 1 

TLV L 57 0 0 1 1 

aThis column contains the right liand side values. 

bcrop knowledge levels. 

CVegetable knowledge levels. 



matrix in which che farmer with three hectares ofTable 3.3c. An excerpt frou the L1 
a crop knowledne level of TL3 and a high level of vegetablecrop land has 


knowl ecine
 

Von. activitiesCrop activitiesRow Row 
CV3 CV4 MTR12 PHV3 PV4 EB GO0 LCRnaxne type noe. RHS a MI1 MV2 ,MV3 CV2 

TL1b L 54 3 0 1 0 0 1 0 0 0 0 

TL2 b L 55 3 0 0 1 0 0 1 0 1 0 

TL3 b L 56 3 0 0 0 0 0 0 0 0 1 

TLV 
C 

L 57 1. 0 1 1 

aThis column contains the right riand side values. 

bCrop knowledge levels. 

CVegetable knowledge levels. 
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show how levels of crop and vegetable knowledge restrict the farmer's
 

set of production activities. For example, in Table 3.3b, the 

farmer with one hectare of crop land and a crop knc, ledge level of 

TI,1 has sufficient crop knowledge to grow one hectare of M11, MV2, 

CV, (:\'3, or WIIV2. He could also grow a combination of the above 

crops which totals one hectare. He cannot grow MV3, CV4, PHV3, or 

PV4. In addition to these crops, he could grow oite cuerda of early 

beets, lie could not grow green onions or later carrots. In Table 

3.3c, the farmer is given three hectares of crop land, a crop know

a high (1) level cf vegetable knowledge.ledge level of TL3, and 

H1is crop k1nowledge level will now permit him to grow three hectares 

of any crop (or combination of crops) plus one cuerda of any vege

table in Table 3.3c. 

Psycho]ogical constraints 

Only one psychological constraint has been included in the 

model. This constraint limits the amount of time the farmer is 

willing to spend working as a migratory laborer. As a result of 

this constraint, the farmer may not allocate more than 416 hours 

to migratory labor sales activities in either the third or fourth 

quarters. Thus the farmer will spend no more than 60 days working 

as a migratory laborer on cotton, coffee, or sugar cane farms in 

third or fourth quarter. This restriction is supported by Schmidt's 

(19681)) finding that most work contracts among migratory laborers 

were for 30 to 60 days. It was felt tat here, as in the case of vege

table production, some type of restraint is needed to insure that
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the behavior of the farmer in the model roughly corresponded to the 

behavior of most small farmers. If we allowed farmers to migrate 

all year round (or to produce only vegetables), we would not be 

describing the realities of the situation. This is a model. of 

small farmers who primarily producers ofare beans, wheat,corn, 

and potatoes. This Is the population the Basic Grains Program 

is directed at, and it is the population the "typical" farmer of 

our study is drawn from. 

Prices Used in the Analysis 

Two types of prices are used in this analysis. These are: 

(1) farm gate prices; and (2) Guatemala City average monthly whole

sale prices. Farm gate prices are the prices received by the farmer 

if he sells his crop to local truckers. Guatemala City average 

monthly wholesale prices (as measured at the Terminal Market in 

Guatemala City) are an estimate of average wholesale prices in 

Guatemala. The difference between farm gate prices and wholesale 

lJr (- b 1)e_,hou(ld moderate and shou ld e(ual the cost of trans]porta

tion Plus a little extra to pay for market taxes, interest on the 

capital used in the operation, and a payment for the trucker's 

services. For most agricultural products in most areas of the 

western highlands, this difference was estimated as amuiounting to 

about QO.50 per hundred weight in 1973. Information on 1969 tranis

portation rates between Guatemala City and selected cities in 

the western highlands is given in Table 3.4. 
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Table .3.4. Transportation costs to Guatemala City from selected
 

cities, 1 9 6 9a
 

b 
Cost per qq Cost per mt 

Deprtment & City (Q) (Q) 

Sacatepequcz 

Cuidad Vicja 0.25 5.50 

Antigua 0.20 4.40 

Magdalena Milpas Altas 0.15 3.30 

('himail tenango 

ima I enaiio(' le z 0.20 4.40 

PerZrinos 0.30 	 6.60
 

To' :Vn 	 0.35 7.70 

H-luehue tenaoljo 

11.00
Ahuacatan 	 0.50 


Iluchuetenango 	 0.50 11.00 

Quezal tenango 

Quezal-tenango 0.35 8.80 

ZtLIi I. 0.40 8.80
 

8.80
Slulitan 	 040 


So I o I	a
 

Solo Ia 0.40 
 6.60 

Sajit Iiajo Atiti an 0.30 

Miniter(io de Agricultura, 1970. 

)'[he 	 Itransportation costs in this table were typical truck 

rates in 1-069. Rates are und'oubtedly somewhat higher today. In 

addition, rates may vary according to the type of product, condi

tion o)- the road and the individual trucker. 
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Small farmers are usually willing to sell their corn, wheat, 

beans, habas, guicoy -quash, ayote squash, and cihilacayote courd_, 

local ly. Prices used in the analysis for these produrts arc, COH

sequently, local or farm gate prices, and no attempt was made to 

build marketing costs into the model's coefficients for these crops. 

Potatoes may also be sold locally, h)ut it is qIuite conlunon or 

potato farmers to take their potatoes to the Terminal] Market in 

Guatemala City. Most of the farmers interviewe(d did th~i.,, and 

cons(.,u(nt Iy, the potato prices used are average wholesale price-, 

Transportation costs and labor requirements for 11he. trip to the 

Terminal Market have been built into the model's coefficients. 

Vegetables may te sold locally, taken to a renjional. market, 

or taken to the Terminal iMarke,. It is assumed that the f-armer 

takes them either to a regional market or to the Terminal Markel. 

Again, the cost of transportation and the time required to effect 

this transportation have been included in the model's coefficients. 

Four primary sources of data on prices have been used to 

estimate prices for the model. The first is sample data (Johnston, 

ca. 1973a) in which farmers we. e asked to estimate averaqe prices 

received for their crops over a five-year period. These data; are 

presented in Tabl-e 3.5. The second is a set of monthly averaje 

wholesale prices for the years 1966 to 1.971 which were collected 

at the Terminal Market in Guatemala City by the staff of the 

National Agricultural Marketing Institute (INDECA, 1973). These 

prices are given in Tables 3.6 and 3.7. The third important source 
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Farm gate prices reported by small farmersa
 Table 3.5. 


Crop Average price Unit
 

(Q) 

Corn alone 3.04 qq 

Corn in milpa 4.30b qq 

Rlack beans 10.33 qq 

qqIlabas 9.74 

Wheat 5.71 qq 

Mature guicoy 0.07 each 

Ayote 0.07 each
 

Chilacayote 0.07 each
 

iPotatoes 4.79 qq 

. 1973a.Johnston, 

1 Farmers were asked to report average prices. The data in
dl(:ate that for corn in milpa, some of them misunderstood what was 
wanted and reported actual. present (lay (1972-73) prices. These 

prices were quite high due to the drought which destroyed muich of 
the 1.971-1.972 corn crop. These high prices may also havi. caused 

som- fa-rme. , to estimate that average prices were higher than they 
were. For these reasons it is felt that the corn price given here 
of Q4.30 per '(l is a little high. 
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a
 
Average wholesale prices, 1966-1971
Table 3.6. 

Crop Month(s) Price Un:it 
(Q) 

Yellow corn December-February 3.53 1! 

B lack beans September-November 9.05 qq 

Ifah,.. Septemher-November 10.55 qq 

Chilacayote 
gourd ...... 

Ayote squash January-December 0.076 apiece 

Mature guicoy September-November 0.088 apiece 

Potato b 
average price September-November 4.70 qq 

Med ium 
green onions October 7.56 per 1,000 

Carrots September 2.20 per 25 
dozeln 

Carrots October 2.20 per 25 
dozen 

Beets September 1.64 per 25 
dozen 

Beets October 1.88 per 25
 
dozen 

aINDECA, 1973.
 

bFor additional information on potato prices see Table 3.7. 
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Average wholesale potato prices, 
1966-1971

a
 

Table 3.7. 


Variety Month(s) Price/qq 
(Q) 

Alpha September 4.75 

Alpha October 4.95 

Alpha November 5.66 

A].pha September-November 5.12 

Voran September 3.85 

Voran October 4.24 

Voran November 4.75 

Voran September-November 4.28 

Alpha F Voran September-November 4.70 

INDECA, 1973. 
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of price information is the set of tables, "Average Crop Production
 

and Average Price Data," by Dr. James Walker (1968). These esti

mates contain information on prices during the 1964-1969 period 

consequently provide an important perspective for judging more 

recent price levels. They are presented in Table 3.8. The fourth 

source, which presents information on vegetable prices is the re

port, Analisis de Actividades Necesarias para la Produccion de 1.1 

Especies Hlorticolas (Hortalizas), (Johnston, 1973b). 

The price differences shoi\rn in these tables are attribut-d to 

two factors. First, the sources quote price estimates for different: 

time periods. Second, they report two kinds of pric es. Farm g;,I e 

p~rices in 1973 are shown in Table 3.5 while Tables 3.6 and 3.7 report 

on average monthly wholesale prices between 1966-171. Table 3.8 

estimates average annual. wholesale prices for the 1965-1969 period. 

The prices finally selected as representative average prices 

for 1973 appear in Table 3.9. Farmers could probably get somewhal 

higher prices than are listed in Table 3.9 if they held back. their 

crops at harvest and waited for prices to rise. Some f3rmers do 

this, but it is not a realistic alternative for most small farmers. 
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Average price estimates for Guatemalan 
cropsa
 

Table 3.8. 


Unit
Price
Crop 

(Q)
 

3.00 qqCorn 

qq
10.00
Black beans 


12.00 qq
Hab as 

qq
5.85
Wheat 

Mature guicoy 3.00 qq
 

Ayote 2.50 qq
 

Chilac-ayote 1.00 qq
 

zqalker, 1968. 
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Table 3.9. Average prices used in the analysis
 

Unit of Place of 
uae

Crop Price/unit of measure 

(Q) measure Sale 

Corn 3.30 qq Loc:al 
market 

Black beans 10.00 qq Local 
market 

llabas 10.00 qq Local 
market 

Potatoes 4.75 qq Guatemala 
City 

Wheat 5.75 qq Local 
iarke 1. 

Gu-i.(oy or ayote 0.07 each Local 

squas h markel 

Chilacayoto gourd 0.10 each Local 
market 

Early beets 0.065 doz. Guatemal.a 
CitIy
 

Late beets 0.07 doz. Guatemala 
City 

Green onions 7.00 1,000 Guatemala 
City 

Early carrots 0.038 doz. Guatemala 
Ci~ty 

doz. GuatemalaLate carrots 0.088 

City
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CHAPTER IV. RELIABILITY OF THE PRODUCTION DATA 

Since the data used to construct production coefficients deter

mine the validity of the model's estimates, it seems appropriate to 

discuss the types of data needed, the data collection procedures, 

and the reliability of the estimates made for yields and inp~ut re

quirements . L.Iet us begin h is di scussion with a f-ew observations 

(:once ii :ing the overall quality and reliabil ity of the data ulsed ill 

this study, and of Guatcinalan crop )roduction (Iztt;k in (jeileral. 

The I'o-WtiomI cocff1ic-ien 1s used here are derivcd From ,i. ta 

containied in the two studies-, Produccion De Cultivos Tratdic liales 

En E-l A.tipl< amio De Guatemala (Johnston, 1.973a) and Anailsis ID( 

Act:ivi(lades Necesaa: .as1'ara Lt Produce ion D 1.1 Espelcias llorticolas 

(borta] izas) (Johnston, 1973b). The first study contains detailed 

crop) productlion information obtained by interviewing sinall farmers. 

The farmers zin] uded in the survey wore chosen as 1,eill(j representa

tive smai ll farmers by Ministry of Agriculture personnel, Peack, 

.
Corprs VolUtntLeer s ,ld others who assisted with th Inl.(erviewliJ 

The saiD; 'Ic wan not at random samp)]o ; 3 t was a judgme-nt -aul; c. The 

results are therefore dependent upon the judgment of the inter

viewers who telected the "representative" farmers. About half of 

the!; 1e interviews were conducted by volunteers. This allowed 

an increase in the number of farmers to be interviewed and expanded 

the size of the sampling region. Unfortunately, the quality of 

tile interviews conducted by the volunteers was not as high as had 
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been hoped for, and some of the questionnaires were not as complete
 

as they might have been.
 

It is recognized that the reliability and accuracy of the 

sample data are open to question. There are three main reasons for 

this: (1) the incompleteness of some interview questionnaires; 

(2) the non-random manner in which the sample popjulation was chosen; 

and (3) the relatively small size of the sample. As a result, it 

is probably hest to regard these data as first aI)proximalions or its 

benclmwark estimates for the actual underlying production coefficie.nts. 

Nevertheless, and in spite of these limitations, it is belleved thaLt 

the data are reasonably accurate and are a valuable sour1,, -1 in

formation on small farm production practices, costs, labor require

ments and materials. Furthermore, it is believed that the data are 

sufficiently reliable so that the model may be used to appJroximate 

the position of a small farmer, and, hence, to provide information 

for the policymaker on how Government programs and policies affect 

the small farmer and his farming alternatives. 

The second study (Johnston, 1973b) was used to construct pro

duction coefficients for vegetable production. It consists of
 

data drawmn from interviews with from three to five vegetable pro

duction experts for each crop. These were in-depth interviews, and 

each one was followed up by a second interview in which the data oh

tained earlie:L" was checked and verified. It is believed that the 

product ion coefficients derived from this information are quite 

accurate.
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One of the most striking things about Guatemalan crop produc

tion data in general is how little there is of it. Considering the 

which has been expended in Guatemala overtremendous research effort 

this problem for several years, appears 

the last 30 years one would expect to find much more and much betLer 

data than is presently available. Technicians have been aware of 

and it that the need for 

generation of better d;.a.a is being recognized as a priority research 

top ic. There have been several plans and projects in recent years
1 

to formation of a data base that would provide informationdedicated 

on production costs of small farmers. To date these plans have not 

been suc(cessfully completed, but it is anticipated that information 

on small. farm production will soon be forthcoming. One of the more 

optimistic recent events signaling future availability of higher 

quality data was the creation of the new agricultural institute, 

ICTA (Instituto de Ciencia y Technologia Agricola). ICTA should 

pLay in :importznt role in collecting, stoiing and generating informa

tioni on small farm production practices, although ICTA certainly will 

not limit its attention to this one area. ICTA could become a very 

important. source of research information for Guatemala. It is an

ticipated that the institute will become involved in a wide variety 

of studies and experiments pertaining to agricultural and economic 

deove ]opinen t. 
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Types of Data Needed and Method of Data Collection
 

Four types of data are needed for a linear programming model. 

to be included inThese are: (1) identification of the activities 

the model; (2) production coefficient data; (3) product and input 

price data; and (4) identification and specification of all relevant 

. these in turn.constraints. .& its examnine each of 

The first step in constructing a linear program is to decide 

what is to be minimized or maximized, and what activities are to 

be included in the objerLive 	 function. In the present context, 

net farm income, znd the activitiesthe objective is to maximize 

labor sellingwhich will contribute to this objective are crop and 

one have crop selling activitiesactivities. Obviously, cannot 

without crop production activities; thus, the first decisions to be 

made must be: (1) what crops will be produced; and (2) where and 

how much labor can be sold? The model presented in this study in

wheat,cludes production activities for five crops: corn, milpa, 

potatoes, and vegetables. These crops were selected after consult

and economists from the Ministry of AcIriculture.ing with agronomists 


In addition to their cropping activities, many small farmers earn
 

part of their income by selling labor. Labor sales activities are
 

of two types: local labor sale and migratory labor saLe. Local 

labor sales usually consist of selling daily labor to larger land

need assistance with crop production activities. Migraowners who 


tory labor sales occur in the third and fourth quarters when many
 

small farmers migrate to the 	piedmont and coastal areas to assist 
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with the coffee, cotton or sugar cane harvests. There are, of
 

course, other types of activities by which small farmers may sup

plement their incomes. These activities are not identified 

separately because, in essence, they are simply other ways of sell

ing labor locally. As such, their contribution to family income 

will be Subsumed in the local labor sales activities. 

The second step in the model's construction was to estimate 

the production coefficients. The basic data for these estimates 

were obtained with a crop production questionnaire which was ad

ministered to small farmers. The questionnaire was designed to be 

as inclusive as possible. All steps in the production cycle were 

identified and divided into specific tasks. Corn production, for 

exzmple, was divided into 22 separate chores. Not all farmers 

vould do all 22, and the farmer was asked to select from the list 

only those tasks which he did in his field, and to tell: (1) how 

iuch time it took him to do each one; (2) the quantities of any 

.)t'erials he used; and (3) what he estimated the cost of the 

materials to be. 

Interview booklets, each containing questionnaires for three 

crops, were d:i.trihuted to Ministry of Agriculture p~ersonnel, Peace 

Corps volunteers, and other volunteers living throughout the alti

pliano. Interviews were conducted with sixty-two farmers living in 

twenty-six different municipios located in eight highland depart

ments. The questionnai.res were distributed and the interviews 

conducted during March, April, May, and June of 1973. Fifty copies 
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of the survey results were distributed to technicians working in
 

the areas of agricultural production and agricultural development
 

in August 1973.
 

The third step in the model's construction was to obtaini price 

data. Input price estimates were available from the sample data. 

Where the sample data was incomplete, missing information on input 

prices was estimated from data provided by agricul Lural supply 

houses in Guatemala City. Output price estimates relied quite 

heavily upon information supplied by INDECA, the National Agricul

tural Marketing Institute, and are discussed in Chapter III. 

The final step was to determine resource availabilities and 

specify production constraints. The resources which the farmer 

has at his disposal include: land, labor, savings, and knowledge. 

Each of these resources imposes a constraint on the farmer's pro

duction alternatives. In addition, there are various psychological
 

and institutional constraints which could limit the farmer's produc

tion choices. These were also discussed in Chapter III.
 

Exaumination of the Milpa and Corn Alone Activities 

Milpa production is the most ch-racteristic production activity 

of the western highlands. The term milpa means that corn is inter

planted with squash and beans, and sometimes with a few potatoes as 

well. There are at least three types of squash that are interplanted 

with the corn: ,'chilacay't--" (malabargourd), "ayote" (crook-neck 

squash), and "guicoy" (acorn squash). Black pole beans and "habas" 



70
 

with the corn. The exact mix(broad beans) are al so interplanted 

the farmer. The mostof corn, squash, and beans depends upon 

characteristic mix of crops is to find corn, black pole 1eans, hab-s, 

sameayote squash, avid chilacayote qjourd in the field. 

land unit used in this renion is the "cuerda."The tiaditional 

There are various sizes of "cuerdas" to be found, but the most 

:om11on one is the "slandard cuerda"' containing 625 square 'varas." 

'hu "lv,ra"l is the Spanish equivalent of the English yard, and one
 

to
w'vara" is equal to 0.91.4 yards. The "standard cuerda'" is e(lual 

0.107., zTicros or 0.04307 hectares. 

When one speaks of mil.a production, it is convenient to . eak 

of lroduc ti ion on a cuerda because not all of the crops grown are 

pl anted as dens-ely as area would allow. For example, it is cus

one square grid with a meter betomarv to plant corn on a meter 

tween rows andi a meter between hills. Generally black pole beans 

hil.l Somewhereand/or habas arc plan ted in the same wilh the corn. 


be one or perha)S two hill-s of chil-acayote and
in the (uerda will 


two, or perhai, three hills of ayote or guicoy squash. Corn is
 

vary great ly dethe princil).al crul in this group. Corn yields 

pc.ndinoj uponi naturil fertil.ity and the input package heing used, 

but wi.l . often fall between 1.00 and 2. 50 qq per standard cuerla or 

57.35 qcdha. Bean yields are approximatelybetween 33.70 and 

0.17 to 0.35 qq per cuerda (3.89-8.02 qq/ha) if you measure bean 

yield as being equal to production of black beans + production of
 

habas. The cuerda vill usually produce from 3 to 10 chilacayotes
 

http:3.89-8.02
http:princil).al
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from each hill. planted and from 3 to 10 ayote squash or 3 to 10 

guicoy squash. The exact number of squash prcduced on the milpa 

depends to a large extent upon the number of hills the farmer de

cides to plant. There are farmers who engage in more connerci- 1 

production of chilacayote, guicoy, and ayote, but their operations 

are quite different from the milpa we are describiig here where 

squash are grown principally for domestic consumption. Corn and 

beans may more nearly be considered "cash crops" for the miilpa 

farmer because some fraction of total production is often so1(1 

while the remainder is consumed by the family or fed to livestock. 

To represent milpa production in the linear prograimiuing model, 

five distinct production activities have been identified. These 

activities are: (1) milpa production on hilly land requiring very 

little capital (Q22.87/hectare); (2) milpa production on hilly land 

requiring a moderate amount of capital (Q53.56/hectare); (3) milpa 

production on flat or rolling land requiring very little capita] 

(Q20. 35/hectare) ; (4) milpa production on flat or rol Iing land 

requiring a moderate amount of capital (Q54.47/bectare); and (5) 

milpa production on flat or rolling land requiring a relatively 

high amount of capital (Q79.66/hectare). It should be emphasized 

here that the data base these subdivisions are drawn from is quite 

small. Nevertheless, it is felt that these activities are a 

reasonable approximation to the types of productive activities 

carri.ed on in the region as a whole. A better idea of the similari

ties and differences between the various milpa and corn alone 

http:carri.ed
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activities can be ascertained by looking at Table 4.1b.
 

Table 4.1b also presents information on corn alone activities
 

in which the beans, habas and squash characteristic of milpa produc

tion are absent. The sample data indicate that there are three 

distin t "corn alone" activities which can be identified. Two of 

these activities are currently being used by small farmers while 

the third (Activity CV4) is an activity promoted by Peace Corps 

volunteers, extension agents and others who are trying to demon

strate the potential yields to be obtained by using a package of 

inputs characterized by denser stand (fewer cm between plants and 

between rows, hence, more plants per hectare), heavier fertilization 

levels, use of insecticide to combat the root worm or -grub called, 

"gailina ciega," and selection of an appropriate variety for the 

geograph ic region. 

It is interesting to note that of the two "corn alone" activi

ties being carried on today, one is a traditional method while the 

other aplpears to be an intermediate step toward the more capital 

intensive activity being recommended by extension agents and others. 

The traditional. method may be characterized by low fertilizer use, 

wide spacing between plants and between rows, moderate labor require

ments, moderate yields and spotty use of insecticides even though 

all the observations are from valley land where the gallina ciega 

is often a problem. 
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Table 4.1a. Definitions of column headings in Table 4.1b 

Column no. Column heads Definition of column heads 

Activity This refers to a productive 
activity or a croip. The i.ght 
activities in Table 4.1l) are all 
activities that invo vue gr(,w:i51( 
corn. In the first Jive of these 
activities, corin is grown ii) a 
milpa while in the other three 
corn is grown a-lone. It is rea
sonable to regard eazh a, t xivty 
as a different ( ro because the 
input requiremeits (which ofte!n 
embody different tehnologics) 
vary between activities; as do 
the propurtions of otitlitits, tie 
total val.ue of (ALtI)UtS anti c:ttt -

tural practices. 

2 Capital class This refers to the relative amount 
of capital required. The observa
tions from the samplk were div7idod 
into broad clas sificzations regard
ing their use of capital. Capital 
class 1 was from 0 to Q25 capital 
required per hectare. Cap:ital 
class 2 was from Q25 to Q50 per 
hectare and so on. 

3 YC Corn yield in "quintales" ((Iq) or 
hundred weights (cwt) per hectare. 

4 YB Yield of black beans and habas. 
Since the price of beans and habas 
are equal, they are treated as a 
composite crop. Some Farmers woeuld 
grow all black beans and no haiah)s 
while others would grow all habas 
and no beans or a mixture of habas 
and beans. In the linear progr~un
ming model we take the yield found 
in column YB and assume that half 
this yield is black pole beans and 
half is habas. 
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Table 4.1a. (continued) 

Column no. Column heads Definition of columi jeads 

5 KI The amount of capital needed in 
the first quarter. 

6 K2 The amount of calital needed in 
the second quarter. 

7 KT The total auount of capital needed. 

8 Li Labor hours required in the first 
quarter. 

9 L2 Labor hours required in the second 
quarter. 

10 L3 Labor hours required in the third 
quarter. 

11 [A Labor hours required in the fourth 
quarter. 

12 LT Total labor hours required. 

13 RLL The dollar return to land, labor, 
and calital from this activity on 
one hectare of land. This i s a net 
return; input costs are subi racted 
from the product of price and 
yield per hectare. 

14 LBF Quintales of fertilizer used. 
This includes the yi of urea used. 

15 DR Distance between rows measured 
in cm. 

16 DP Distance between hills of corn 
measured in cm. 
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Table 4.1a. (continued)
 

Column no. Column heads Definition of column heads 

17 ID Insecticide clummy variahle--if 
the insecticide dtUmmiy has va, I t 

of 0, this means that none of the 
farmers used insect:icide. I i t 
has a value of I., all, the farmers 
used an insecticide. 

18 TC This represents total ( uerdas. 
One hectare-'2.1.9 cuerdas. This 
gives us aun idea oF the average 
farm size for farmers who indi
cated that they practice this 
activity. 

19 TD Topography (hu UIY varial)1e. A 
value of 0 indicates that a] of 
the farmers said they farmed hilly 
or very steep land. A value of 1 
indicates they all farm flat or 
gently rolling land. A value . 
0.5 would indicate that 1 of t)em 
checked hilly or very steep and 1 
of them checked gently rolling or 
flat. 

20 No. of obs. The nunber of farmers : the 
sample whose production 
fied by the activil,,. 

is typi
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Corn and bean yields in Table 4.1b 

A careful analysis of Table 4.1b reveals that within the broad 

subject of "traditional corn production" there is considerable varia

tion in yields, inputs, planting densities, and adoption of modern 

based on a very smalltechnology. Since the data in Table 4.1b is 

sample of farmers, it musL be used carefully. Table 4.1) provides 

an important source of information, but it is only one source. Ad

ditional work needs to be done to corroborate and improve upon the 

information presented here. 

To begin with, how reasonable are the yield estimates con

tained in Table 4.1b? Yields in Table 4.1h ranne from 20.04 1q(/ha 

on hilly land with no fertilization to 122.74 qq/ha on the demon

stration plots run by the Peace Corps volunteers under the super

vision of Dr. James Walker and 	personnel from the Ministry of Agri

is a realistic expectation of whatculture. This range of yields 

farmers could achieve in 1973. Corn yields have been increasing 

in the highlands over tha past 15 years and, while a yield of 23 

reasonqq/ha or 30 qci/ha might have been high in 1960, it is quite 

able in 1973. This view is upheld by th trend of corn yields pre

sented in Table 4.2. 

In the decade 1950-1960, the Bank of Guatemala estimated corn 

yields as fluctuating from a low of 14.31 qc/ha in 1955 to a high 

of 16.89 in In 1961 Planning Council estimatedqq/ha 1960. the 

risen to 17.89 qq/ha and by 1964 FAO estimatedthat yields had 


in th-e publication, Estadisticas Mundiales de Cultivos, Roma, 1966,
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Corn yields, 	1950-1973
Table 4.2. 


Additional
SourceEstimated yields 
 information
Year(s) ( q/ha) 

1950-1960 14.31-16.89 Bank of 
Guatemalaa
 

3.7.89 	 Planning
1961 

Councila
 

FAOa

24.61
1964 


Hill andb Farmers using
1964-1965 25.50 

Gollas 	 fertilizer in the 

Dept. of El Quiche. 

Hill and Farmers not using
1964-!965 11.90 

Gollasb 	 fertilizer in the 
Dept. of El Quiche.
 

Schmidtc In the highlands.
1966 30.0 

1968 21.00 Walker d 	 National average
 
estimate.
 

P 6 rez a Survey of 264 small
.968 31.46 

farmers in wes tern 
highlands. l' 6 rez 

also found that 
farmers harvested 
4.29 qq of black 
beans and 1.7 c(] of 
habas or 5.99 qq of
 

beans and habas. 

] pp. 76-81.
1.971, 


bFalla, 1972, pp. 30-45. 

Schmidt, 1969, p. 45. 

dWalker, 1968. 

http:14.31-16.89
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Table 4.2 (continued) 

Year (s) Fstimated yields/a)((1cl/ha) Sourceino Additionalatnin format ion 

1.969 42.37 Fallab Observations from 
farmers who use 
fertilizer, Dept. 
of LI. Quiche. 

1.969 16.03 Fallab Observations from 
farmers who do not 
use fertilizer in 
the Dept. of ILi 
QuI.c hU. 

1973 20.04-60.46 
(weighted 
average=40.39) 

Johnstone This is the range 
for corn grown in 
milpa. Bean yields 
in milpa range from 
2.86-7.05( 1 ,/ha. 

1973 32.52-50.38 Johnstone This is the range 
of corn yields for 
corni grown al one. 

1973 122.74 Johnston e This is an average 
yield taken from 
demonstration plots 
conducted by Peace 
Corps volunteers. 

eJohnston, ca. 1973a. 
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that Guatemalan yields had increased 
to 24.61 qq/ha.
 

field work for his Ph.D.
 
In about 1966, Lester Schmid 	did 

some 


in the highlan-ds averagedcorn yieldslie found thatdissertation. 

Hill and Gollas reported in 1968 that corn 
30 qcl/ha (Scluid, 1968a) . 

of El. Quiche averaged 25.5 qq/ha for farm
yields in the Department 

and 11.9 qq/ha for farmers who did not use 
used fertilizerers who 

fertilizer.
 

(1968) compile(l informationDr. James Walker 	
on 

In 1968 

and Average Wolesale Price Data for 
Average Crop Production 

that national corn yields in the 
which he estimatedGuatemala in 


1968, Francisco Samnuel Perez
 
country were about 21 q /ha. Also 	 in 


in the western highlands and
 
of 264 small farmersmade a survey 


was
the average production of corn 
found that within his sample 


found that farmers
 
qq/ha "1.46 1971). In addition, 	 Perez(i*rez, 

habas p.er hectare.and 1..7 qq of
harvested 4.29 l(. of black beans 


Perez's data indicate
and habas together,If we ;k(d black beans 


farmers produced 31.46 o1q of corn and
 
in 1.968, on average,that 

5.99 	(l( of beans per ha. 

Falla (1972), a sociologist at Rafael 
In 1969, Father Ricardo 

spent a year studying adoption 
.indIvar University in Guatemala City, 

fertilizer use) in 
of gireen revolution technologies" (particularly 


the Department of E1

San Antonio 

an-d also trained locals 

the SmiciLI)io," 	 Ilotenango in 

Quiche. lie conducted interviews himself 

to obtain data on population,in an effortiii inlter\iew techniques 

economic situation of membersand thechurc(h membership, education, 
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of the local Catholic Action group. His interviews were limited
 

to members of this group because of the suspicion and distrust
 

which the Indian population displayed towards strangers. 
 lie was
 

also able te obtain data collected by an agronomy student in the
 

Canton of Patzala. In addition to these sources 
 of information
 

and his own informal conversations, he obtained 
data covering 46
 

soil analyses which came from ,
various "cantones. His find:ings
 

are presented 
 in Tables 4.3 and 4.4. Comparison of Tables 4.3
 

and 4.4 with the data 
in Table 4.1b suggests a general agreement 

between the yield data for corn and beans. There is also general 

agreement with the yields of guicoy and chilacayote mentioned 

earlier in the text. Unfortunately, Padre Falla's data are not 

directly comparable with the data in Table 4.1b, because it does
 

not contain information on insecticide use or planting density. 

Without this information, it is difficult to judge the seriousness 

of the discrepancies between these yield reports. Padre 'alla's 

data do suJpport the contention that among farmers who use f-ertili

zer, corn yields are increasing over time. His reported corn yield 

of 42.37 q(/ha and bean yield of 6.87 qq/ha in 1969 is a step be

tween the corn yield (31.46 qq/ha) and bean yield (5.99 q(/ha) 

reported by Perez in 1D68, and the yields reported in 1973 (for 

activities IV2 and MNV-3 which use fairly substantial amounts of 

fertilizer) of 53 qq/ha for corn and 4.58 qq/ha for beans (John

ston, ca. 1973a).
 

A weighted average of the data on corn grown in milpa (Table
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Table 4.3. 	Comparison of the results described 
in the text regard

ing average production of corn and beans with chemical
 

fertilizera
 

No. of obs.
Corn Beans FertilizerSource 
qq/ha qq/ha qq/ha 

la. (Sacxac) 45.5,7 5.50 5.95 24 

2a. (Patzala) 43.51 6.87 ? 21 

3a. (Suelos) 40.08 8.93 8.47 8 

4a. (Informal) 43.51 6.41 ? 20 for corn 

13 for beans 

Average 43.17 6.93
 

aFalla, 1972.
 

and ithout
Table 4.4. 	 Average production with chemical fertilizer 

a b)

(the fertilizer used is 16-20-)
 

Corn Beans Ayotes/ Chila- Cwts. fer

qq/ha qq/ha ha cayotes/ tilizer/ 
ha ha 

With 	 42.37 6.87 57 57 7.56
 

W:i thout
 
0 0
fertilizer 16.03 2.75 0 


aFalla, 1972.
 

bThis table incorporates some additional observations in addi

tion to the ones in Table 4.3. 
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4.1b) indicates that highland farmers achieved yields of 40.39
 

(1(/ha for corn and 4.58 qq/ha for beans and habas (:ombined. This 

is 8.93 qq higher for corn and 1.41 qq lower for beans and habas 

than Perez (1971) found in i968, but it is certainly in tlic saume ballpark 

considerng that five years of experience with use of newer tech

nologies intervene between these two surveys. Similar comparisons 

cannot b~e made with Padre Falla's data because observations on thle 

nunbers of farmers not using fertilizers are unavailable. 

If historical data on planting density of corn, yield of corn, 

yield of beans and habas, and use of fertilizers were available 

it probably would illustrate that as more fertilizer is used, 

planting density (or stand) can be increased. Increasing stand of 

corn means that there is less room to plant habas between the ihills 

of corn an-d, consequently, haba yield per hectare would probably 

fall even though yield per plant may rise due to increased avail

ability of nutrients provided by the chemical fertilizer. If this 

pattern is realistic, the differences between the 1973 survey re

sults, P'rezts results, and Falla's results may be a reflection of 

this trend toward increasing the planting density or stand per 

cuerda. In any event, the rough agreement seen here between the 

data in Table 4.1b, lerez's data, and Falla's data is particularly
 

important because all of these studies were based upon relatively 

in-depth surveys of small farmers from the same general geograplhic 

area, whereas the other yield averages are national averages. Even 

if the yields contained in Table 4.1b (and the yields found by P 6 rez 
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and Falla) are slightly high, this would not invalidate their 

usefulnss. The importance of thoee data is that they -suggest 

how yields respolid to different cultivation practi-cb and differenl. 

technolonies. The extreme range of vields found in Table -4.11) 

SUgorJOSts that several. toclinolo(4ics are currently used in the high-

Iands. This k'iew is supported also by Table 4.5 which presents in

formation on the range of yields found by l'erez. 

Exa ]i nat1. ionl of the2 te(:hl,olmlo ie. embodied in the act v:i.tis 

'l i main factors dote rmin ing miLlpa yields appearl to I): 

(.) oteepuesslaiid ich a imd:i.cator or soi l type andof we: is rouoh 

which i s fniasured I)y the topography dummy (TD); (2) (1'1 of fertili zr 

used ( lI.F); (*3) d-istance between rows and between p1 ants (DI\ and )l'); 

(4) uLse ()f an :i.nsc tiCide (ID); a.n1d (5) the relative :LmitJr tanc" Or 

cor11 ve-rsus beans in1 the out.ut mix. .ach a,:tivilt in lcd1 4 .]Lb 

represents a unique mix of these factors. For exa,mple, Aclivilo. 

Mill roepresei-ts a very low capital techno]ogy util].zed o1 qulto 

hi. lly terrain. Remember that "'hil.lyness" is used herk.. in an at

tenp.t to ipOmpel bate .fur the lack 01' il)forma tion on soil. t;)'s , and 

reiprcs,_.its poorer ,LaLity as well as slope. The labor requirements 

1.or milpa are gre: tcr on hilly .aiii than on -lat or ro ling land. 

This tould 1b (110 to a variety of" factors such as: (1) harde.r c' 

rock :Ler land is Couml on hill.bides than in v\,ieys; (2) c].iln)ing up 

and dowl the slope itself requires more energy and henc , slows work; 

or (3) farmers who must work on poorer soils are p~ooror and less 
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Table 4.5. Corn yields on surveyed farmsa 

Number of % of farmers Yield/ha 

farmers in yield/ha range (]q) 

in terv i(ewed range 
i n y .I /ha 

32 13 0 - 11.45 

73 28 11.45 - 22.90 

52 20 22.90 - 34.35 

48 19 34.35 - 45.80 

27 11 45.80  57.25 

14 5 57.25  68.70 

11 4 over 68.70 

a PPerez, 1971, p. 98. 
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nourished,than farmers on valley land and hence cannot 
work as
 

fast. It is difficult to know exactly which, if any, of 
these
 

explains the greater labor requirements for milpa 
grown on
 

reasons 


Never
hilly land, and additional research on this would be useful. 


theless, the data clearly reveal that farmers on hilly, 
poorer land
 

work slower.
 

Activity MHI in addition to being carried out on hilly land
 

Hills of
 
is characterized by no use of fertilizer or insecticide. 


corn are planted relatively close together considering 
that there
 

use5 very little capital, and has
is no use of fertilizer. MHI 


quite low corn and bean yields.
 

Some fertilizer
Activity MH2 also takes place on hilly land. 


Beans are much more important
is used, but insecticides are not. 


and the planting density
in the output mix than they were in MHI, 


for corn is reduced to allow more room for the interplanting 
of
 

beans and habas. Bean yields are consequently much higher while
 

the increase in corn yields, although positive, is comparatively
 

small. Note that the increase in corn yields alone is not suffi

cient to pay for the increased capital used if the corn price 
is
 

It appears that on hilly land, very low fertilization
$3.50/qq. 


levels such as depicted here have the primary effect of increasing
 

bean production. Farmers apparently realize this because they
 

plant less corn and allow more room for beans. It would be in

teresting to know if this is in fact the case, because one wonders
 

what would have happened to yields if planting density of corn 
had
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not been decreased. 

Activity MVl is milpa on valley or gently rolling lands. 

This activity uses very little capital because the costs of seed 

hoes, sacks, etc. are the on]y cash expenses.and depreciation on 

Less seed and less labor are used here than in Activity MII]. 

Valley soils are more fertile than the hillsides and non-f-rtlilized 

yields are al most 3 q(/ha higlhir than they were in Ml. ean yie.ld 

is also greater due, p erhaps, in part to the be1t(.t: soil and in 

part to greater sp acing between corn hills which allows more room 

for the interp)lanting of beans and habas. 

Activity MV2 provides the first dramawtic increase in corn 

land and involves a moderateyields. This takes pl-ace on valley 

Eight of the ninefertilization level and use of insecticides. out 

farmers who practiced this activity' used insecticide.interviewed 

Moderate ferti.ization allows increased p)]anting dens ity by provid

ing more nutrients. The reduction in planting densJty pl.]wes 

greater emphasis on corn production versus )ean product lon and re

corn and decreased bean yields. Insec:ticide usesul]ts in increased 


is an important component of this activity because failure to use
 

resul.t in a heavy
insecticides with a high plant density could 

rootworm population and reduced yields. 

Activity MYV3 is relatively capital intensive with fertiliza

tion being the key ingredient. Only one farmer in this class used 

ias not needed lbcause root
insecticide. It may be that insecticide 

worms are not a problem in this locality even though planting (lensily 
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in MV3 reflect both the in
is increased. The higher corn yields 

and the higher fertilization rate. lBean 
croas(d planting density 

even there compara
yields are also dramatically higher though is 

tively le ss room for beans. This appears to be a result of the 

is probably a yield in which black
higher fertilization 1evel and 

stalks) important than habas
beans (that c limb up the corn are more 

hills corn).
(which are planted between the of 

or
Activity CV2 is corn a lone (rather than millpa) on flat 

rol.lini land usilno ai small amount of ca)ital. Here again as 

ciL.so decCI.ines (DIR avid
fertilizer use decine., planting dens ity 

A comparison of capital requirements and revenue
I)P increase) . 

earne(I from sale of products per hectare reveals that, with the 

plot rcsults in Activity CV4, the
exception of the demonstration 

return to land, labor -and ca])ital from milpa activities such as 

alone activitiesMV?2 and MV? is oreater than the return from corn 

CV? and CA7\). If this is the casc , why do Carm-:rs grow(such as 


that corn alone re(luires.- 1(ss

corn alone? ()ne exp Lanation is 


labor than (1) mli la activities. The average farm size Jor
 

66 (:uerdas or ap)pJroxifarmers, who ]rodu(ce corn alone is al)out 

ma tel.' :-.( ha. l-arl ior work (Johns ton, ca. 1973d) with a smaller 

the most landd er roqramminj model indicated that 


8 fal)l.ly 01 I-our could farm without nir in£m local labor to assist
 

andI( .imn: lii Ir 1 

Jt in ak Labo: req(uiring months was between 2 and 3 ha. It
 

farmers who have providtd data for production of
:is likely that 


corn al.onc also grow some milpa and that the amount of milpa grown
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is inversel.y correlated with the amount of family labor available 

a.id the availability of local hired labor during peak labor re

quiring seasons. 

Activity CV3 represents growing corn alone on flat or rolling 

land with a fairly hiqh level of fertilization. As a result, corn 

yields are increased by about 18 (1(1 comp)ared to Activity CV2. 

Three of the 6 farmers in this group L used .i.nsecticide 'Lu-(losIill.(I 

that they are beginning to follow recormen(lati.oiim of the.ir ex ten-

Sion a(lents. Consequently, their yields are improved, h(ut not as 

much as would e possible. 

Activity CV4 :i.s based on a corn demonstration plot run by a 

Peace Corps volunteer, David Th-ompson, near Tecpan, Chimaltenanclo 

although the yield used is the average yield for all. Peace Corps 

demonstration plots in 1972 and was provided by Dr. James Walk..r. 

These demonstrations show rathor dramatical ly that corn yields for 

most farmers could be at least doubledi if the farmer hal the neces

sary ,al).tal and technic al. knowl edoc. This activJ, ty uses: (1) 

heavy initial fertil .ization and a Sep)arate applicalion of nitroolen 

about the 1.ime of the first or second cul tivalIiol; (2) an insecti

cide at planting with possiblJe later insecticide qipll)ications as 

needed; (3) greater planting density; and (4) selection of an 

appropriate variety of native or hybrid corn. This appears to be 

a rather simple, straightforward formula. As the Pural I)Devel opinenI 

Plan provides more farmers with credit and technical knowledge, 

further dramatic increases in corn production are expected. It 
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should he stressed that the yields achieved in these demonstration 

plots are not unseasonably hiigh. Alejandro Barrios, the corn 

spec ialsl -iatLabhor Ov-.dlc AgricuI. tural Experiment Stat io , has 
ll(:Iie x I a~mer,- ol l, average vield's of 114.8 i/ha, wh . h is 

onlIy ,. ,(1y/1;,t less than the yjield reported by I)r. Wallker's Peace 

Corps h( ,lmoiL- ,kraltioll t,]ots. The yield of 122.74 lc;]/ha wJi.li the 

eace-' Corp, hievetd is, of cource, a line yj(Id r(:Olmrel d lo 

nali .iolla \,(avraIOs, but it is only about 80 bushels jvr acre. This 

represents a very respectatle, but not. an :Mpossible, yield level 

for farmuers () attomp t to reach. 

The survey resu lts suggest that farmers use more capital in

telsive te-hf()lo(ics on their better land. They may do this be

caw.,( ). tat is ill fairlI y shor supply, or bee atse only i riers 

with cajital a1uy o00d valley land, or bc:auseo only la-,m-lrs oi 

(ood val ley l-md (ll earn enough to a(ctlltllate workiniI capial. 

Whatever the reason, it is illterestim)f_ to note I hat the net. :return 

to land , labor and cap-ital. from speIdlding al)ou I. Q54 onf Ia l or 

I; tier lnd is app roximately Q30/ha higher than a s i.il1ar cxl endi

ture on li.lly or )oorer lands. As will be shown later, this dif

f'erence is reflected in higher shadow prices for valley vs. hilly 

l and. 

'[he higher shadow Prices for valley land are in a way mis

lk adiang, le ;ause inlformualion is not avai lable on yield l.(vclb for 

farmers who use, c;I,:i.tal inten si.v e tuchnology on hil Ly, poorer land. 

This la(ck of information is unfortunate because one of tne major 
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benefits of the Government's agricultural credit and extension
 

program is that it would provide farmers with enough credit so 

that they could increase yields on hilly lands as well as on va.1ley 

lands. Activi ty M112 demonstrates the effect of using a moderate 

amount of capital on h.L ly or poorer terrain. It WOUld 1)0 iinterest

ing to know the effect of an activity similar to Activity MV3 which 

is reLatively capital intensive, if that activity were carried out 

on poorer quality lands. 

Before leaving corn and milpa activities and coinq on to potato 

activities, it is important to point out that the educational. proc

ess of teachilug farmers al)out the benefits to he gained from usu o1: 

fertilizers, see(Is, iLsec tic ides, and increaied plant inn (eisity is 

aL] reay eoguln. The fact that avera(Jo corn yields have iinrezased 

from about. 15 q(q/ a .in the d ade of the 1)50's to around 2_ (]q/ha 

by the later 11)60's is evidence that t his educati(,nai pro:es s is 

already underway. As farmers have more experience wi th chemical 

inputs a-mid as credit becomes more accesstibl , to a l farmers who 

need it, further dramatic increases should be recorded in national 

average corn yields. 

Fxamination of the Potato Activities 

Our survey result s indicate that potatoc3 are hcinciproduced 

in three different ways by most farmers in the wet.tern Iligilamids. 

These activilies are differentiated primarily by yie 1d, fertilizer 

use, use of non-fertilizer chemicals, variety and quality of seed 
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(which is represented by price), as well as by quantity of seed 

(which serves as a proxy variable for planting density). More 

detailed information on potato activities is contained in Table 

4.6b. The fourth activity shown in Table 4.6b consists of a highly 

l.c(hn:ifi(1eia(:kaoe of inputs requiring additional capital and pro

vidi.nU grealer yilelds. The yield figure given for the fourth 

a' xtivity wa - o)tained from the pul 4ication, "Atziml a" Variedad iDc 

l'a;a i PI';rza S i.t(ml t s I)e Ilivierno -n Guaitemala_ (Schi:Leer et al., 1 69) 

wh i.,h is I ; on the results of demonstrat ion triakls conducted 

.il P.)6' a'll~l It)6J). I n1tlt requirement informationi for Acti-vitif I'V4 

was jirokv>led by I). A. Fel.1) Dardon, one of the co-authors of the 

aLov 'uhi].icat ion , who is presently the potato specialist at Labor 

Oval.ie Agricultural Elxperiment Station. 

onstai n s ~F tc ini potato farmers 

A-, ,aii I,(- sten from ( olumn 1 1 of Table 4.6b, potatoes at a 

pi- (. F Q4 .75 t),r -1 t have quito hi gh returns to I and, ]albor, and 

,a-zi t; I . 'hese h(loll returns ref]ect the fact that potatoes are a' 

'l ,(. I t y cl( ' 1, tyr(ll lhy a sma]ll pyrcentage of highland farmers. 

There ar( I-our r :imary reasons for this. 

F~i rst , putatoes need much larger amounts of capital. than corn, 

in.i.1lpa, or wheat(..k, Lorat experts believe that shortage of capital 

has bkn a major constraint for .mall highland farmers. If so, 

olire potat.oo- shouIl he p)rodtU(Jd as the national agricul.tural loan 

zd techniJcal assistance progru administered by DIGHISA and I?,NDESA 

provides more credit to potato farmers. 

http:potat.oo
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Table 4.6a. Definitions of column headings in Table 4.6b
 

Column no. Column heads 
 Definitions of column heads
 

1 Activity 	 This refers to a potatto prOduc
tion activity or typ)e of tech
nology which was revealed by 
examination of the slipJio data. 

2 Capital class 	 This is a grouping of farmers in 
the samiple accord:i.nn to their 
usage of capital. 

3 QQF 	 The qq of fertilizer applied per 
hec tare. 

4 YP 	 The yield of potatoes in qcha. 

5 KT The total amount of capital 
required.
 

6 LT 
 Total labor required.
 

7 RLL 	 The return to land, labor, and 
capital from this activity on one 
hectare of land assuming a market 
price of Q4.75 rper qq. 

8 QQS The qq of seed required. 

9 PS 	 Price of the seed (Q/qq). 

10 IHF A dummy variable which registers 
1 if the farmer used insecticide, 
herbicide, or fungicide. If he 
used none of these inputs, it is 
given a value of 0. A value of 
0.85 would indicate that 85% of 
the farmers in the sample who gave 
information on the activity used 
insecticide, herbicide, or fungi
cide. 

11 NFCE 
 The total value of non-fertilizer
 
chemical expenses.
 

http:accord:i.nn
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Table 4.6a. (continued) 

Column no. Column heads Definitions of column neads 

12 STM The average storage, transporta
tion, and marketing expense in
curred by farmers who gave infor

mation on this activity. 

13 TD A topography dummny variable. If 
a farmer responded that lie en
gaged in the activity on hilly or 

steel-) land, the topography dITIuny 
is given a value of 0. If he 
farmed fl,-t or rol.ing land, it 

is given a value of I. 

14 No. of obs. The number of farmers in the 
sample who gave information on 

this activity. 



Table 4.6b. Potato production activities on one hectare of land
a 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Activ- Capital 
ity class QQF YP KT LT RLL QQS PS 

(10) 

IHF 

(11) 

NFCE 

(12) 

Sr"1l 

(13) 

TD 

(14) 

No. of 
obs. 

PHVI 1 0.00 45.80 206.06 974 11.49 27.25 5.57 0.00 0.00 45.80 0.50 2 

PHV2 2 13.28 233.58 441.23 1436 668.28 37.33 5.57 0.85 24.50 102.13 0.57 7 

PHV3 3 15.30 349.91 643.66 1436 1017.96 45.57 6.33 1.00 117.94 102.13 0.44 9 

PV4 4 22.90 429.38 723.81 1436 1315.66 45.80 10.00 1.00 112.90 91.60 -b b 

aJohnston, ca. 1973a. 

b Results of Ministry of Agriculture potato demonstration trials. 
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Second, potatoes are a more technical crop 
in that they re

if a problem
quire regular fungicide and/or insecticide treatments 

to diagnose an 
begins to develop. Thus, the farmer must be able 

carry out treatments based on 
insect or disease problem early and 

require more management skillIn short, potatoeshis diagnosis. 

assist
than do the other traditional crops. As DIGEISA's technical 

small farmers will develop the 
ance activities are increased, more 

It seems likely, however, that it will 
requisite management skills. 

technical assistance
take longer and be more difficult to deliver 

to small farmers than to deliver credit.
 

suitable for potatoes. Innot all land is equallyThird, 

at high elevations. Different varieties
general, potatoes do better 


better to different altitude ranges, but in

of potatoes respond 

general, potatoes need altitudes of 2,000 msnm (meters above sea
 
Tolimn
Tecpan- 6 9 andthe varieties ela-9adTlmnexample, hlevel) or higher. Foor. exipe aite 

2,000 and 2,500 msnm; the variety Zaculeu-7069 do best between 


to 3,350 msnm; and the

adapts quite well to altitudes of 2,000 


Most of the

variety DIA-71 does best between 2,150 and 2,900 msiim. 


land in the study region is between 1,500 and 3,300 msnm. Hence,
 

not all land wili be suitab!e for potato production. In addition
 

orto altitude, soil type and water availability from rainfall 


in successful potato
irrigation facilities are important factors 


Many farmers simply are not fortunate enough to have

production. 


level, and soil
land with the combination of altitude, rainfall 

from capital intensive potato production.type needed for high yields 
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Fourth, and perhaps most important, pota jes are a very risky
 

crop. In addition to risk from temperature and rainfall. variobility
 

there is risk from insect and disease problems, as well as consider

able risk due to price fluctuations. Retail August potato pri:es
 

for Voran potatoes as reported by INDECA (the National Marketlng 

Institute) fluctuated from a low of Q1.93 per qq in 1971 to a high
 

of Q6.09 per qq in 1966. Alpha and Flor Blanca potato price did
 

not fall as much as Voran prices. Their August, 1971, retail
 

prices were reported as Q2.48 and Q2.05 per qq respectively.
 

A retail price of Q2.00 per qq probably means that farmers
 

are receiving between Q1.50 and Q1.75 per qq. The effects of
 

fluctuations in farm gate price on the farmer's return to land,
 

labor, and capital are shown in Table 4.7. Potato Activity P V3,
 

which is quite a technified potato production activity, will yield
 

a return to land, labor, and capital of Q1,017.96 if the farm gate
 

price is Q4.75 per qq (Q4.75 is regaided as an average price for
 

the past 6 years). If the price falls to Q1.75, the return to
 

land, labor, ard capital falls to a negative Q31.32 per hectare.
 

The farmer experiences a net loss. If small farmers are risk
 

averters, one year like 1971 may provide a very strong disincentive
 

for further potato production even though average prices are very
 

favorable (potatoes reportedly sold for as high as Q15.00 per qq
 

in the Central Market of Guatemala City in Maj and June of 1973).
 

http:Q1,017.96
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of lower prices on the return to land, labor,
Table 4.7. The effect 

and capital in potato production Activity P1RV3 which hau 

qq/t'a and input costs of Q0.43.06/1)aa yield oC 349.91 

to land, labor,Price of potatoes Return 
and calJpital(Q) 

(Q) 

1,017.964.7 

930.944.50 

843.46
4.25 


755.984.00 

668.503.75 

581.033.50 

493.543.25 

406.073.00 

318.592.75 

231.122.50 

143.642.25 

56.162.00 

31.67
1.93 


-31.32
1.75 


http:1,017.96


olt fpa .ion rliurns to fators ,jtatu produc: ion 

Prhapi ' mcuoI -,triki ng as ,-ect of ihe (dlta i.n Tab(le 4.6h 

i' th( . ofj teh I . tlifl us'(I- in jn)tatoat(l Wl-t iOII. Nine 

of the(.. .n Snl1.rv ieie used juil ItVr je ailuouiits o F 

qua ;id in 

oihtt 11 alnur-s 

capita l. Thf., Svk'&raaj 1 -t .for tis oiroup (Ativity PIIV) .is 

341) * ] Wihll:i h :is ( u it a res ec 'tb yie Ld. The .lact that1. 

somn fNmers are ach Slyi J.fO V .ds L.ike this puts out thatI. nucl 

w,ork has, a] 1( ady been clone, with some of the better potaito farmers" 

(CoIluin ].1 of Tab le 4.6b shows thal, these farmor- are usin fuLIi

ide-, 11S0ctcde, ud othcrn( irtLer ce~c1poula

[jIW(6- 105 ensu;Lre' that th('_y lea I i/._C the h.igh yiel Ids I n-i r new 5,'(551 

var .lt us are c ap I le of prOduc .ilIg. A:t.iLvit,t Iq'IIV, i s At,) -: rl,i 

ca,.: ia inteu sive. The yiel d reported for ItV2 s ;.,/ 

Wh i.:h is -About 67, of the yield 'etpuorte1 in Activityi IIVi. 

Activilties IIVJ and I1IlV3 both hatve blU.l e a highr torn to 

1 an l, labor and~i capitalI when coiluip'-.d to corn, iIIljaa-and .,heaLt, 

tj.t,: v i t i.s . "lab].e 4.8' pres , I s thu rketurns to land, I] )or nIl 

.:;il.a I which Lmiay be ;achieved from all. the v.r iou s .ro],s Lc.l udeO 

ill the ana ly is. PC) t ato Act.V.ity IMIIV2 hat, a ret r1 I Q ( .21 ' v!r 

Ihwe-takre. Plt to Activity PIIV~i has- a returni(1 0! 01I7.(10 per hectaro. 

The rturn to Ikand, labor, and ;apital from PIIV3 is al.not)t Q77) 

h ighe r . the a from ( WhiC.hthan rcl.u rn hi, ved rodtu'.:t iOlI (V4 has 

the h.ig(hest. relU.-1 all)on the corn alone, mA] lp'/, ;aidl whetat activj.

ties. The return on Potato Activity [I1V3U is so high hat p)otato 

farm gatle pices wou 1(I have to fall] as low as Q2.55 per ( (a drop 
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Return to land, labor, and capital calculated using
Tahl'@ 4.8. 
4.1b, 4.6b,the yield information contained in Tables 

4.15b and 4.171) with the price information contained 

in Table 3.9
 

Return to land, labor
 
and savings per haa
Activity
Crop 
 (Q)
 

Milpa MIll 88.45 

Milpa MHI2 124.60 

Milpa MVi 112.01 

,Mil pa MV2 163.44 

Mi Lpa MV3 216.05 

Corn alone CV2 66.59 

Corn alone CV3 88.43 

Corn alone CV4 247.98 

Wheat WlTV1 83.65 

Wheat WHV2 84.35 

Wheat., WV3 141.69 

Wheat WV4 186.15 

Potatoes I'IV1 11.49 

Potatoes PIIV2 668.28 

I'ota toes P IV3 1017.96 

Potatoes PV4 1315.66 

September leets EB 60.68 

October beets LB 106.25 

October green 
onions 00 1969.40 

September carrots ECR 631.35 

Octobci carrots LCR 631.35 

aThs is a net return. It is calculated by multiplying the 

its average ,,price and subtractingyield per ha for each crop by 
out the value of inputs plus depreciation on fixed capital re

quired~to )roduce one hectare of that crop. 
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of 46%) before they would reach approximately the same level as
 

the return from CV4. ISince potatoes are, so profitable, it.is
 

likely that, average potato prices will decline as more farmers 

have access to credit and technical assistance. Based on the
 

relative returns to land, labor, and capital shown in Table 4.8,
 

it would nqcjt be surprising to see average potato prices fall to 

Q3.00 per qq or lower over the next few years. 

Potato yields 

The profitability of potatoes is due partly to favorable 

market prices and partly to high yields (Table 4.61)). The effect 

of declining prices on a semi-technified potato production activity 

is shown in Table 4.7. Declining yields would have a similar of

fect. Yields are not expected to decline, but one may still ask,
 

"Ilow reasonable are the yields presented in Table 4.6b?" This is 

a difficuLt question to answer, because the yield estimates re

ported by different sources show substantial variation. 

Table 4.9 contains chronological information on potato yields 

from several sources for the period 1964-1973 that can be used to 

eva]LucZte the reasonableness of our survey yields. Table 4.9 con

sists of four sets of yield estimates. The first set is composed 

of studies carried out between 1964 and 1968; these studies are 

IThis comparison is only approximate because PHV3 requires
Q486.60 more cash for input costs than does C14, and the interest 
cost associated with borrowing this capital is not netted out. 
Nevertheless, the comparison demonstrates the rather extreme pro
fitability of potatoes when grown in a semi-tec.hnified manner such 
as Potato Ac tivity 1I"1V3. 
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Table 4.9. Potato yield information as reported by various
 

sources 

Study 
no. 

Year Source Yield 
(qq/ha) 

Additional information 

1964 Pereza 133.96 Perez cites the publica
tion, Estadisticas Mun
diales de Cultivos, FAO, 
June, 1966. 

2 1966 
b 

Schmidt 250.0 

3 1968 Walkerc 85.5 This is a national aver
age estimate. 

4 1968 Gollasd 134.0 Gollas' sample included 42 
farmers who grew potatoes. 
Total land area devoted 
to potatoes by all 42 was 
5.9 ha. 

1968 
d 

Gollas 197.0 If the farmers from 
Totonicapan are excluded, 
the average yield is 197 
qq/ha. 

6 1969 Pereza 274.78 The sample contained only 
12 farmers. Ten were 

from Almolonga, 1 was from 
Totonicapan, and 1 was 

from Quiche. The total. 

land area cultivated by 

all 12 was 0.42 ha. 

Perez, 1971, p. 111. 

Schmidt, 1969, p. 45. 

CWalker, 1968. 

dGollas, 1970, pp. 26-28. 
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Table 4.9. (continued)
 

uYie yd Additional information..
........ 


no.
 

This yield was attained
7 1969 Schiebere 429.38 

on demonstration plots
 
using the variety, At
zimba, at altitudes be

tween 180 and 2150 msnm.
 

8 1972 Palenciaf 646.75 Results of lower yielding
 
trials using the variety
 
Atzimba at lower altitudes.
 

9 1972 Palenciaf 727.52 	 Results of higher yielding
 
trials using the variety
 
Atzimba at higher altitudes.
 

10 1972 Dardong 572.46 Results of demonstration
 
and trials using the varieties
 
Espinoza Tecpan-69, Zaculeu-70, and
 

DIA-71 at appropriate alti
tudes.
 

h 

11. 	 1973 Johnston 349.9. The nine farmers with the
 
most capital intensive
 
production averaged this
 
yield. Another group of
 
seven averaged 233.58 qq/
 
ha. Two other farmers 
averaged 45.80 qq/ha.
 

Schieber, Dardon, and Velasquez, 1969. 

I alencia et al., .973. 

9Dardoi and Espinoza, ca. 1972 or 1973. 

Johnston, ca. 1973a. 
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for the first four studies (thentnllers 1-5. The average yield 

which is probabl.y a5th is a subset of the fourth) is 150.87 q(/ha 

re.asol] u I eiNqure for the 1964-1968 perio(1. Note h()wever thatlb 

(1q. T]his ilustrtesthis set of yields hat) a range of 164.5 the 

yield impact of different soil and :limatic condit ions as well as 

Gol las' data clearly illustratethe effect of mT3n1agerment practices. 

Thw averaqe y.ieldthis (observat ion inw)ier n 4 and 5 of TablI.e 4.9). 

artment of Totonicaj ,as 1_34 klq/haincluding farmr , from the Dej 

while the averaq yield excluling them was 197 (j(j/ha. Although it 

a widei.s 	 difficull. to draw ree i.sc inferences from data wiltl. such 

to0 cone.1Clude thatrange o:f observations, ii- is 'rob-k)hly reasonal.e 

most of the I etter farmers in these stU(liCS were -kciievjn.i yiids 

of betwecl 1.5)-.250 qq/ha lurin 1964- 1968 . Study NUOitIC: 6 i l)x sed 

on data for IL' farmers, 10 of whom were from Alnolonga.. 1'armers 

among the better farmers in the hinllands. 1)'rez' sin Almolonga are 

farmers had a(verage yields ofdata indicate that in 1969, these 

ztihout 27'5 q 1/iha. Stl:ie.s 7, 8, Q, azd JO are 1based on filAAd trial,s 

W hi{:C wt,,r. usual ly (cndu'cted .i.n1 coojp,.ati. %ion 1o larmer.i t . 

1968 andMost of- these trial. would have been (.:onduc ted betl..eCn 

1972. The average y ield for these studies (each of whh!ch is it

sei" an averago of a numii: - ) is -94 (qq/ha more thano trials 

100% h igiuer thluau the averacle yie1id in 'crez' s 1969) study. The
 

rather s)e; ttAacl ar di.fferenco het
be twec yields achieved by farmers 

ini Almolonga. and demonstration plot results conduc ted at about the 

even thesa-me 1. lne is probal.y duC 1o three major factors. First, 
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better farmiers may face shortages of cal)ital, time, or other re

sources which imi) ede them from using all the lechniCal ilpLts 

they have knowi(ed(g(e or-. .(,:ond -.he-famer -:iiil nolo nYay y have, 

cal. , hil ro..the t hr(:in l r . , whi wuuld allo, 1.() t puy-]Ai 

cluction levels achieved by farmers work:i.ry wvith airOnmiijsts in 

field l r . hJr]T, it was duri-I thl is ,r io that. n(ew high 

yiel1d var i.o.ics wre From The (Jronomv( be ing iniputrlote %kxit:o. ists 

were introduc Jny these high yield varjt.ies in their field trials 

and (hoos~ing tl)os(t, varicties that were most ;appropriate for potato 

Guat(!:mnlaTa i.f W 

and h ad money to IJuy the se(d, th(y uliht not ha've 1ueen ablIe to 

buy them beau00 s(! they were sill11 in the process of 1ti lng intro

duc(led a)d Zdap ted; onIy .limited janounts u) seed were available 

for comnercial jiro(uction. Consequently, fieild trial results show

ing ,otenti.al [produc 1.io [evu. were far ;lovc actual production 

level. IsCC.I.Ii onsm)st Jro(lucers (Jill uol 1,tV ct ess t.o these new 

area. :in Venl ialf a-rmr- knetw (dlt the. ,tvar Ji~tJ_. 

var .( t i. s. 

.Study NililWtC ]. ..s 1taset.l on dal.a from better farmers in 1y73. 

ragt y.Vicli( X y1('he siav, I ) "4 () (il/Ia Lb 75 (U /ha hig r thanl tlh..' ield 

reported 1by I '.re/ in 9i)6) and 70 q(1/ht lower tha, the cinnonstrat :on 

plot results nrCj)(. rteut by l ic i.n 1969. This suggests thatl. 

f.arMers y I):1 c inLn i o utse thle2 HOW varic t i-0e . If the data 

iln S udy 1] .- ! zkplproximcately (corret.: , in Cour year, ftar mers hiave 

been adle to reduce 11he ga ) b tweeD 1)oten t ial Wad not.cial yI.i. (IS 

as nwasurcd 1y Scl )(2 'CI and 'crc z's dal.at,- 1hy 50',.. trin lthese 

http:IsCC.I.Ii
http:otenti.al
http:work:i.ry
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yields have increased by over 100 
four years, however, field trial 

more succeSSfUl in determining which 
qq/ha. As agronomists become 

and as he neHW var.cc for each region,are most ajpprol riavaric.ties 

seems likely that avCra c yicl ds of 
ties )bcomemore a vilable, it 

Stchlr repx)rtedthe 429.3 qq/ha whdch
better farmers will re;-ach 

1.0d by
i 6,) . The latest fi(Id tr(ia 1.0 idu( 

as a bossiblC yield in 

- <
-
1d could he atta.ined.that even hiyiher yiDardon suigestWalker and 
1VLII' II' 

I, 'lV ', , V,Lv i. 1.i(- I'tlViI'otato AcI 

been , are being, and probably
The.! pa tat. y.eields which have 

length. Now let usdiscussed at some
ill he attai cd have been 

potato pro
to a more specific discussi.ofi of each of the four 

move 

4.6b.
duction activities Ipresented in Tale 

Ac tivity PIIVI represcil- a ver; traditional l1 roduction activity. 

is used. The seed is 
No fert:i lizr (,r aejricul tural chmIcalotiir 

[s oni )ought at a lo,:'al
from lIat year's jrouct or

l)robai)ly . cwtel 

]al, r, an ajpi l.a]is the lowest of 
ial-ke.. '[he returt 1toland, 

the anlal ys:i . IIjit-il
,ally of lhC cro) actlivAitis c:onidred iin 

(slly .is qui.te low; MIII uses M111y 4K as MuCi seel as it, roC-

Is t:iyjo! of act.ivily i.s [robably c:arri.ed 
)mwiendcd ill Ac:ivit y 1'V4. 

cosulil])a few I,)otatoes for 1he:r own 
tvant jrow 

farmers enagce ", Ativit' FII ias 

on1 by farmers ho w to 

tion. It i- dosubtfu that iay 

reasonal I.e expJianatioilThere is onl]y one a collmercial. "enlure. 

1-y us I I an a( t.i vty
why a farmer migt lrodu: I;otatoes ":omnerc ial 


i n hlir ing .1 t uarter
I C t he L-armer has di f-ficu. ty
sttth .as 'I IV1. 

o.l 

http:c:arri.ed
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local labor, he may put part of his land into potatoes because 

potatoes require no 4th quarter labor. He would do this only if 

he had extra land and access to potato seed but no money for 

fertilizer and (-ould not hire 4th quarter lalor. Labor require

ment!s for potatoeses and corn, !iil.pa, or wheat productio)n are very 

I.omp I omen tary. Ti rather tenuou, lInme of reason in' ould ox

plaiiil why ,)me00 fariier 5 Inighl (nqage iii an act i v. ty whL c' (le's not 

appiear to be very productive Jn :oinpar-ison with the other c'ropping 

activities included j.n this study, but it js more liik(ly that 

Act.ivity PIIVl invoLves only subsistence or home constuwlption pro

(luctioll. 

Activity P111V2 definitely represents commercial )roduction. 

Yield is less than one-half the possible yield levels reported 

by Walker and Dard(')im in Tahle 4.9, I)ut i. s nonetheless resje'talt.e. 

The average s ,c-d Iotato price reported iJn Coltmi I.."of Takblu 4.6b 

.nl(I1:ates thatt th(,e armoers ha0ve n1ot ]ecoun Io)LtrcKt the lew 

var i ties of eed' 1)laotatoes wiLkch are ts5 4i~ l t rials.itiin demonsr:e 

Fer tI i zr is beiLInc used. "lIose farmers avera'id .13.-2 qq of 

fert, lizer per ha wrhich is 5KV; of amoLuLt. recomUmended I tcnthe 'Cx 

s ion agen ts as sjoecif-1.0(1 il Act.i.vitV PV4 . As in the case of corn, 

u SC of z.- is ai]:LO'd by increased plant density.fLrti i Z bacomt ne 

Activity H IV2 uses 10.0,8, (1(tmore s ed potatoes tharn did Act i.vty 

PIIVI. Use0 of fertIl.:izer at IowA inj (hisjt.y o 1 atla isi 00reatseol l1n 

a goo(1 2xaml c o f t heu ty; e 0I Cal.i Ia 1 -.and s ut Jst ituton which is 

neck(od in al area like the h.i hlaiiIs in wlh1Ic .1) i.s aam aLmost1 
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fixed factor and is in relatively short supply. This group of 

but their usefarmers uses some non-fertilizer chemical inputs, 

inputs is only minimal. Farmers practicing Activity P11V2of these 

spend only 21Y, of the amount recommended in Activity PV4 for non

fertilizer cIhemicals. 

Activity 111IV3 represents the highest level of technology, the 

hignest yields and the highest use of capital of the farmers inter

viewed in 1U7;. Fertilizer usage is about 70',; of the level rec

ommewi c(d for demwnoonstration plots. Planting density has increased 

are in Activand an additional 8-.24 (f/ha of seed potatoes nceded 

i.ty l1llV2 . Average se(d )r i(ce has increased ly QO.76 (Ir (Itlover 

seed prices paid by farmers using Act:ivities PIIVl or IPIIV2. Most 

of these farmers are p)robably not buying certified seed such as is 

used in Activity VV\4 and whicl costs Q1O.00 per 1q, but instead are 

buying seed potatoes from someone who planted cert-ified seed the 

year bere. Thus, they are getting 2nd gencration cert:ified seed 

anid ar{ pty iinq mior f )r JL ihan for tradit:L.ot tal < ilut-.t ar' a lso 

irola]']y re e.i\, ng some of the benefits i.c rUiIg to U, k of t I (I2('W 

varietio.s. It is di:Lfficult to know if they I uy the se ord gcnera

t.i.on sed due to a shortage of capital or a shortage of crtiliCd 

seed. Probably both of these factors are important. Average use 

of non-fertilizer chemicals reported by this groL) was tQ5.04 h.Lgher 

comethan IIe use recommended in Activity PV4. These farmers have 

a tont- way toward learning how to use technified potato production 

inpiut pau(:gS. 

http:tradit:L.ot
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Activity PV4 represents a set of inputs recommended by Philipe 

Dardcn, potato speci.al ist at L.abor Ovalle Agr:i.cultural. .xpl)riient 

Stati(n, for use in the field to achieve the yield lve ,is j rodLIce'd 

i.n demon ,tration plots. The only significant diffeceice,, jet ween 

this activity and Ac tivity lIiV3 s .n usage of fertil].(,er a-d 

certified seed. Activity PV4 used 7.1 more 11 of fertilizer per ha 

and payS 03.67 more per (1(1 for certified seed. The return to land, 

labor, and capital from Ac1:ivity PV4 is Q1315.-56 per ha. This is a 

very attra(:tive production activity at 1973 prices. As farmers 

gain access to credit and technical assistance, some farmers should 

surpass the I'V4 yield. lemonstration [plot results are currently 

achj. ving yJe lds of 600 and 700 q1/ha; from 1.70 to 270 qq/hk higher 

thal 1.1e vield ue, d iII 'V4. It .s like ly tl--t, aS more larmilers adoy 

(ro(Iu( ti( ii a'ti.vitle.,s - ii lar to A(:t ivity P'V4, the suppl4y of Iot .ktoes 

wi ll. be increased anod average piotato prices will begin to decline, 

probably within the next 3-5 years. 

Wheat Activities 

Four wheat growing activities are identified in this study. 

They are distin:iLuished Irincipal ly by yield, total Quetzailes Caj)itaI 

requjre (l, 1-,r1lI i zer ttsed, herb.ic:id(e usage, de( ree oC nec han :izat ion, 

and top)ography. Again , it 1.s as suIIied that the toj ogr aphy(1d11iumlny 

variabl, Ie 2j[( L1I t-a ,:ru de proxy Cor land ficrtI Ii.ty or (Jlud It..y. 

This a)ssumption alI. lows us to identify two c.ass-e of 1lnd, and ro

vides a more reasonable estimate of the resources available to the 

http:speci.al


farme. Although topography is only one of several factors affect

ing soil. quality, the use of the topography variable to distinguish 

soil classes seems preferable to the alternate assumption that land 

on flat farms is identical to land on steeply sloped farms. 

Greini l Natcjonal de Tri.jueros 

Wheat is, the most Iiiqhly technified of the traditional crops 

in this study. The adoption of new technologies and newincluded 

farmers has been successfully promotedwheat varieties by highland 

by both the Ministry of Aoricu1ture staff and the Gremial Nacional 

de Trigueros (1.1w National Wheat Growers Assocljat ion). The Gremial 

Nacional. de T.r igueros was formed in 1958 (Fletcher e t a] . , I70) 

(IC Ilar ina (the Nationalby the Asoci.ac.Jion Nacional de Productores 

Mll erl, Asbso' i;ktion) to promote pro(duction of am I oMhat assure 

that ;it least _,O (oc wheII(At in Gutatemla I a is J u(:ALdthe Cons Itmed ]ro{ 

domesticmally. Table 4.10 (ontains information on (,I imated wvheat 

yields from 1-950 to 3.68. Much of the improvement in yields shown 

in Table 4.1.0 after 1958 is attributable, at least in pzart., to the! 

efforts cf the Gremial . The Gremial has introduced new whz at 

variel ie-s, p~rovided seed and fertilizer credit (in kzind) , and has 

conduciled yield and fertilizer demonstration trials. i addition, 

the Gremial. and the Asociac ion have worked togethe r to assure 

farmers, a re asonahlo price for their wheat. Ther ha,leer, some 

cri.t i.cism that nd.i.v iduaI mil L owners have uI)oi) occazis.on laid lk-ss 

for their wheat than the official support irice of Q6.00/c~q which 

http:occazis.on
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yield estimates 1950-1968
 

Table 4.10. Wheat 

Yield Average yield for 

(qq/ha) preceding yearsYear 
( -.:c/ha) 

12.89
1950-51 


13.62
1951-52 


1952- 73 
 13.44
 

12.37
1953-54 


12.03
1954-55 


12.87
19 50- 55 


9.32
1.9 55-56 


12.59
3956- 57 


12.021.957- 5,1 


19 5811- 5.) 14.07
 

1950-60 
 13.83 

12.37
1955-60 


14.79
1.960-61 


15.94
1961-62 


17.83
1962-63 


1963-64
 

27.14
1964-65 


18.93
1960-65 


20.13
1965-66 


20.83
1966-67 


20.1.5
1967-68 


20.37
1965-68 


aJuarez. P., et ca.al., 1969.
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by law in 1954. Prez reported that in 1.969 farmers was estal.ished 

to 5.5 ( /'rez,]1)71) 1,W IIwCrow 05 0 IO (l 

rece iVed by farmers
in 1973 showed that the averace pr ice

survew's 

n , c Za. 107 3a ) The difference betwen actual1 
wa Q5. 7 1/(q (Johnst 

farm gate prices and the offi(cial sUpport )rjce 15 1 i I ic, 1t to 

the way in which the miu. l rs and the 
cal: ulate, however, icause of 

ni iler hrings a
inter, 1 at harve st t.iiw,'. Fre(quenl1-y, the

farme(rs 

The farmer carries 
(j nitv iJne to a .oz:aI, ion near thei farm.

threshI 

to the threshe; and :immeddiately ells his 
hi,, w.heiIt (on tlhe tem) 

1 hresh(d qr;i)i to Ilhe illI.,r. Thu , the mI. ilcr prW' l. . thresh ing 

thlr1 ie. 'rot)al)ly
Ltrl .,ortz.iti-oi and ,ome .,tor,A(i serv.L(es for 

"At least ; )art of the djiscrvl 'an . 1,c twckdi, Ices re or ted by farmers 

Al su jort pr e of 06.O/qq refl.ects cbcrs for
,and the off ici 

i -c 

monopson istic expl.oita
ti eso servj.ce-s. Althounih there may be some 


it is difficul to quantify
the sma I. farmers by millers,1 i.on of 

1" ion.hIe c - (IShCxp-loiLat 

, onI 4,i I., I I Ii .1 AI I u l tlII 'ChIlI zaIi 

, 1,- IIJl'l.:]" ,k,, 'i cirou ,, I rarc;tdy-v arc])te 1 fert i :izer 

0111 ULA oth a)ricu tural ('.helnicalssuchl1'.I (A- Ar' 0() r 

;t-, l rhe id:-il, and, to a l esser ext(.it, in]sect.ic:ides(, In ;kuldi.t.i.ol), 

be ing used by the I;arger l anlih)wner5
.-k (liood deal of mi challizat iol is 

and al so by sint I1cr l.andownersol a c'ustom hire basis. Whrever 

(:OlI)inc ,i. Ia elowuqh 1c) loa w use of tractors a :ll(1 t L ic('y1.he 1Iand 1l;t. 

are !)cilng iintroduccd. 

http:kuldi.t.i.ol


Wheat special.:ists at Labor Ova] le Experiment Station report 

tha. ]arger landowners have been moving toward m c ,Ianized cul tiva

tion for quite some time, and that dumnandt for mecAnAized (:uston 

h irc serv: ccs frm siiall e r farme(rs 1 s in: r s in a we I I Sll. I 

f.arinm ': wi.t h r.]ati.ve.1y .f-lat sina 1. p ot (oF (Jood whoat .and will 

often re(_LIest larger wi.h 1(haniiZ(d ujipl)Xrent doa farmer ie e( 1 to Ceus

tom hire work for the wl,l (? foul). Sometimes this involves only 

land preparation or only comlin ing, lul in a few instanc'es the 

entire operation is moehanized. The small farmers aCi-nire seed, 

fertil, izer, and herbincide from the Grcmi'.] The mec(:hanized fairmer 

la.]ke!s thene inju t ,-an 1 then Idows, diks , il.ants, ai ; I ic- her1ic1de, 

and harvests. Tho group of sinai 1. 1LanchoVier-s n(n)-s not hin Mitat ,qd y 

for injputs and se.. the gran.. R(, 1lat . : smvl 1 1ando wim r s ( thosesma . 

with on l y -3 or 3 ha or less) o)lfte,c ind thin to In! a noodarramne

ment if they face a shortage of family lab)or durinq a peak labor 

requir i.n time such as 4th tiLarter. This labor short (,iCoco urs 

because corn, in partic ular (and wheat to a lcssr oxtent), re

,luircs rolat.ive.ly ]kricr a iounts of .Ld)or the -4:h Im er. Iyin .ar 

;us tol hirin Mnit or al.1 of the wheat ]roduc . ion work on one smal. l. 

par) el Of their lai , they are able to free Iaior resources amid farm 

.lhme ir reiiai.n ii I;amid more effectively. 

"i t ] abor sitl 151iitttt..itoh 

Wheat appear, to he the On lV traditional cr1) .in which aiy 

ubsL 1nt ia ~tdcgre( of iechan.iza t io . te i. n noduced ly smal. 

farmers in order to save labor dUr-ing peak .lal or re(luirmuno 1. )r iods. 

http:rolat.ive.ly
http:r.]ati.ve.1y
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As mentioned earlier, an initial study of traditional ajriculture 

using a smaller linear programming model (Johnston, ].97,(I) showed 

a farmer wi.th two or more hectares faced seasonal shortagesthat 

was his mostof family labor if he wanted to qrow only milpa wldich 

modIel. This pape r cxlj.-a.ined thatp:rofitable a].te:native in thtt 

tt from milpa to potatoes allowed "i11creased sale of an observed sh 

r a was ,ivated)r:imar ily hy th1 ,Iliorl ( if-4-thin (gra ory 0j tid mot 

qluarter Ifamily lahor -in that model. Also, as mentioned )r10viou-sly, 

f;trmers i'ay gr()w corn al-one( wh tt~u-alay has a Iower r(IUrn to 

and calat thani inila) be(:aue corn Al one requireslamid, Ldbor, 

IeQ 1Sal,)Or t~hal I a. 

hie sbhrta4 te of family labor on a seasonal bas 1 wih is in

dicaled Iy these findings witLl, be serious onl.y if there i-s also a 

shortge of hired aotri.( ultural labor durinl the samelcriods. It. 

WS M. IoSh'.ibW 1io carry ott Ia deta LieId aiiaJ.is )f setsonal ]abor 

(1IIIani] I ai I Ui j l.y ;at. a Iocal or regional level . (Consequentl1y I, it 

ia 5 )t been pIross.itle to invest igate the L s oL a I-a m... yser.ioune 01 

I ;tlor sIl ortage and on (-an on.y note that e I-,i ztn uh) rval le 

treind toward1 nsed iai liltirodlutiij(rea n 10l J wi teall t-o1(1l. Th iJ.s 

trend is probabL .y attrd.btahle to two factors. FJirs t, tiere appears 

c1 over 2 ha durin certaintom h e a shortage of family ]iaor on farms 

I.lles of the year. Farmers .re iKe-n osiven the op .:i.on of fj 1.l in 

lahor or by custom h ir.in i ian .i zeoltiil .,morlagei1ty hiriing9 lo:a] 


e( ijpmlieUt) . "I'iTfa 1 thi. fairmers arc, moving toward .i ncro;sd use
 

o f im han:i.zetd (, uinj en . .lin'.;ates that in some akreas t here i,, a 

http:aiiaJ.is
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seasonal scarcity of local hired labor given the prevailing wage 

rates for agricu]_tural. lalor in the highlands. A second important 

factor contr-ibutin 1 to the ,,bserved trenl towar(l irlircSnl mechc i

zation js that 1-1e)at today ;i5 mu': 1 less r.is]<y more irof-it.:.d lea .nd 

crop tham any j- 1.1w other tra(idILonal crops. The avaI.i lab ii ty o1 

imjroved soi. ds, fortil izer , and lier i-: ides through ti remia 1. tOIII

)in(,d( wth tje fa,:t that i rlfle s cn :ount on ro_ e.i %I - aj(-'pi ce oh 

.from Q.5.50 to Q6.0O)/ t, fCor t'e i(r grain means that they ,:am gifford 

lo bear the ri-sk ()I- muvingj aw.,ay Cron trad-i,I. -jonalj)1:oduc- i-IIn M leh,)l:-,. 

1 


an .

the acceptance o1 nTewer technologic. 

If the above observations are valid, ve can expectl m see se lec

tive mIechanization taking llace not only in whea lprOduc I on , but 

amenu all the trad i-t ona]. crops in t he future. >echamAa I Aon has 

oc 0-LI rred irs in vhe.oat )roduction hec-tuse wheat is a crop which is 

coMipar tively risk free, and liecaus'e wheat is a comparal'ively Simp le 

roi Whi.c1h ]el.n(1 i. tse]f well to met hA1iZ ed i;roduct i-I- The arnmr 

plows, disks, seeds, ferlilizes, applies herliic id,, and hirvests. 

A] I these oj erations are easil.y inechan:ized. P 0v. Ii Ii - .h.1 

ing, fertilizing, and appl.ication of hurluicide can almost tll b), 

done at once with perhaps two or three passes across the field. 

at a tine 

I lence , Lhe rovi, t()warld le 'chantl.za tioll may Siml)]y le out Irowi. h of1 

Harvesting is, of course, done later, but it too comes 

of the year when the farmer with two or more hectares may be cJuite 

busy. 

It is un.likely that mipa or potato production wi].1 become as 

http:chantl.za
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highly mechanized as wheat. Credit for milpa and potatoes will 

probably never be quite as readily accessible to small farmers as 

is wheat credit, nor will these crops he 5 rislk free or as casH]y 

mecharixed as whk!Iea . Ipa would ' < I I I I: (I IoN J. he ar Iy ]-I icull 

mechanize because of the intt.rpi antn19. P0otatU4s Gwu ld be dfIf:icul t 

to mD(ech'aljZe 1 ecause the. arct oftenl grown on very small plots, fre

quen tly on steep terrain. 1 t seems doubt ful that nec han iza tion 

wou ld be needed on \'ery small l)ots , or tlha t armers ''u (ald fford 

to al. ow somelon(' el se to dec ide wI en knd how mu'h .i se'-t.i Jle or 

fLtnoij.CJde(. ShOLId1 C jAI)jjliC(l )OeCause t.e11101, inc s of ai )jA-l'.I 'atio l J.S 

ril, 1 re Lan for thian wheat . l. less ,I l i ili]por I 1o t at toes f-or Never. 

there may Iho some tasks in corn, mi ipa , and potato troldutioii which 

,:oul d aIRd ho l1d 1,(' Me:han ized, seedbed pr.:e,;rialiL mi-lit hoe 

exal plt,. At p'ros(n. , the Governmente does not reid] I hz,( a llh

an izat ion poi Jcy. Parts for aericul tural ma('hlei:y are heavily 

ta-<ed whi cliac:ts as a disincentive to mechanization, but this tax 

jpoli.cy pro'aly was not ('11osell for this purpose. 

lI SIOk i, al1.tl iI5 ill illc-At yIA(1(] s 

yI1 -iIs, I ik.? ,-orn and potato yield s, have been .increaSt it . 

"liii' wl v.,i. "I 4.11 rather var. at ions the.;xl , iii'lTi0 show wide for 

same y\..o- lin (1) Who is lor Iin9, aim I (2)htlq';'|im upoan: '(Jl;lh:] 

reiportij19 uheSIJ 

essential l y from three di ff crent groups. ()b, rval ions I , 5, 6, 

7, 10, and 1.8 are estimates of average yields for more or less average 

Moure i1t1ortakt, who they are (,m. yield re,)ort s are 

http:jpoli.cy
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Table 4.11. Historical wheat yields
 

Reported 	 Additional
 
Obs. Year(s) 	 yield Source information
 

(qq/ha)
 

1 1950-60 12.62 Planning See Table 4.10 for
 
Councila yearly estimates
 

2 1960-65 18.93 Planning See Table 4.1.0 for
 
Councila yearly estimates
 

3 1964-65 28.63 Wheat Growers Average yield for
 
Unionb 7 highland depart

ments
 

4 1965-66 31.60 Wheat Growers Average yield for
 
Unionb 7 highland depart

ments. Yield for
 
Chimaltenango was
 
65.49 and the y'.eld
 
for San Marcos was
 
19.47
 

5 1965-68 20.37 Planning See Table 4.10 for
 
Councila yearly estimates
 

6 1967-68 23.0 Gollasc 	 Average highland
 
department yield
 

7 1968 27.14-31.46 Perez d 	 Based on 45 obser
vations in the De
partments of Solola, 
Totonicapan and San 
Marcos
 

aJZ_
Juarez Perez et al., ca. 1969. 

bGremial, 1967.
 

cGollas, 1970.
 

Perez, 1971.
 

http:27.14-31.46


Table 4.11. (continued) 

H 

. b s . Year s . 
Repor ted 

i e l d 
(qq/ha) 

8 1968 85.86 

9 1968 93.02 


17.0
1968 


11 1968-69 57.24-68.29 


10 


12 1969 45.79 


f
 
23 ca. 1969 60.10 


14 ca. 1969' 40.07 

eCruz, 1973.
 

fWalker, 1968.
 

9COMPACO, ca. 1969.
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Sou r c e . . . ........ 


Labor Ovalle 

Reporte 


Labor Ovalle 

eReport 

f
Walker


Labor Ovalle 

Reporte 


Labor Ovalle 

eReport 

COMPACO9 


COMPACO 9 

Additional
-i . ........ ... ..- --lor -

Yield trial results 
using the variety 
Narino 

Yield trial results
 
using the variety 
Xel aju-66 

Yield trial results
 
using the variety
 
San APudres-68
 

Yield trial results
 
using the variety 
Tobar i- 66 

Yield estimates for
 
farmers using the 
variety Narino as 
part of a capital
 
in tens .ive input 
package
 

Yield estimates for 
farmers using the
 
variety Lerma Rojo 
as part of a capital
 
intensive input 
package 

http:57.24-68.29
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Table 4.11. (continued) 

-Adiinl
Reported 

Obs. Year (s) yield Source information
 

(qq/ha)
 

15 ca. 1969 42.93 COMPACOg 	 An average yield
 
estimate for farmers
 
using an appropriate
 
variety for their 
region as part of a
 
capital intensive
 
input package
 

h 
16 1972 33.07 Palencia 	 Low yielding trials 

(drought)
 

h 
17 1972 68.34 Palencia 	 High yielding trials 

1.8 	 1973 34.34 Johnston1 Weighted average of
 
yields in Table
 
4.15b 

19 1973 67.78 Johnston 	 Activity 4 of Table
 
4.15b 

hPalencia et al., 
1973.
 

iJohnston, ca. 
1973a.
 

-
farmers. These observations show a rather steady upward trend in 


yields from 1950 to 1973 (Table 4.12). Although these estimates
 

are probably a little above or below the actual 	national average,
 

they are descriptive of the trend in yields which is taking place. 

Observations 3, 4, and 15 appear to be yield estimates for 

"better than average" farmers. Observations 3 and 4 were made by 
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Table 4.32. YieId estimates for "average" farmers 

Yield SourceOhs. Year(s) 
((J(L/ha) 

12.62 ,'lanning Council.1 1950-60 

i ,l ' :18 .93 11Lannl (Cc Iil.
2 1960-65 


Flamain9ng Councii
5 1963-68 20.37 


Golias
6 1967-68 23.00 


7 1968 27.14-31.46 1rrrz
 

1968 17.00 Walker10 

1.8 1973 34.34 Johnstonl 

Data tal,en Crom "ab l. 4.11. 

the Gremal I and are pr(oStUlI)ly rej Irosen tat ive of the more pro

e-.six,'e f-armerb who ar( nemli(ers of 11 e GreII.dI. (I)hsei.on ]
 

r resent. an .[llnle I'Awe yihl Whic h
es.% h() VV cmW 1).attained 

:if" farmers use2 an aprjr i-at( variety and a rclatively capIital. in

tcns:iv inil,Ut ackage. Table 4.13 presents the yield trend being 

experienced by these "better" farmers. 

16, are yields()bserval ins 81,, ), 1i, 12, 13, 14, 17, and 19 

a(:hlievel on dlenmns ra tion p.l.ots and i.n experliment stattion tri.al s. 

They provide importazt in format-i.on for this study for two reas,-onms. 

First they bhow the. directi.on, and to a certzJl extent provi(hle 

http:directi.on
http:format-i.on
http:GreII.dI
http:27.14-31.46
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Table 4.13. Yield estimates for "better" farmersa
 

Obs. Year (s) Yield Source 

Wlie; [-,
]964-65 28.6, lGrower iiion 

4 19656-() 31 .60 Whuat Grower, Union 

15 cA. 1969 42.93 OIAC() 

aData taken 
from Table 4.11.
 

estimates, of yiel(ds wh:_ch hiett(er frmers will be achievi.nq ij the 

future. SecolU, IlI oxtrenme, varia:il ity of these fio£luro, s-,h)w the 

i inpor tanc( (o C i n d In i _ jAppro I r I a to vari 1 ty of wheat fCi- a speci.

f:i.,:req :ioii. toph:ievoyields a ,.-'r:i must rjolhil linati]o 10;) el.y hew 

cal Ly, gcoogra,-)iila]y, and Wle one can quite-iseas--wise. breed 

SuCcSeSful.ly For (1 limate and geography and ach icve :L-1]live .y last

:ing resu1.s, this di ff:icull. achi\ove some ()Iis to for ty'o.s d i-ease 

resistan-c, espcially for the cIass of l~tUOS 1,cOI/unl-Ily klowii as 

wheal rust. At Least 275 distinct physiololica.l ra) os or t iotypes 

of the stei-rust orojanism have 1)0i) discoNVe1red, but Iolny a FC) fo 

1he.se are of ec:onom:(: iniportrn ce at: any one timc .j a req ion (MLartin 

;ind Leonard, 1)67). in addilion to stent-rUs, wheat ay aLso iN attacked 

by the Less v-irulent leaf rusts and/or stripe rusts. I?,utst is a 

particAularly serious disease problem because the funguses which
 

http:SuCcSeSful.ly
http:achievi.nq
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cause rust in a given region or environment may mutate or, as the 

recombination of rust geno
rust reproduces, there may be a sexual 

can result in the introdut.tion of a new variety of 
types. This 

in attacking the bred- in resistancerust which may be successful 

which the wheat had to tile or-iginal varieli(es of rust. ('onse lueiitly, 

wel l in a particular valloy in 
a variety oC wheat which did very 

t .es

adeiuate. 

]-()65 may not do nearly as well. ill 1970 because that \,af .1,y. s 

tal:e > to the original ]ocal strains of rust may noI 1i( icr be 

This mears 1 thait breeders must continually develop, 1e',,, wLeat strains% 

for the samie reooion. Alth ough it is occasiona] 1]y jOS-- i le to tran s

wh ere the localfer the or.ig nai variety of wheat to another Valley 

cannot attack it, this is not always jpossible. A wheat varielyrusts 

that (es ve.ry vxell ill Chimaltenango may not )e soil abA e for LICIlehue

tonaz in(o or ueza]tel ano , because the performance ()I- t variety is 

ofrten qjuite sons m lye to relat.ively minor altitude ()r 1nmj'raitr'e 

In Guat emala climates can varv from trpical t) tem},rte(chanes. 


in a (i stance of 20 miles with (:limatic po(kLts represent Lng a]l.
 

gradal lons in between. It therefore is often d.if Ii (llt to transfer 

bc(.-aUse thereaX su(cessflul variety in one valley to another valley, 


usual.ly are small climatic variations between valleys wlich may
 

affect yields for a Iarticular wheat strain.
 

for demons tration plot; akre extremely
The yield var iJdi ii]ty 

to select apiproj ir ate vareti.eswide even thoutghI Attempt s are made 

i.lli it jpZlkZa(kaS. The.Cand farmers presLtIma Iy use capital intensive 

toobservations are presented ill Table 4.14. While it is difficult 

http:vareti.es
http:usual.ly
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Table 4.14. Yield estimates from demonstration plots
a
 

Yield
 
Obs. Year(s) (]d Variety Source
 

8 1968 85.86 Nari-o I.abor Ovalle Report 

9 1968 93.02 Xelaju-66 Labor Ovalle Report 

1] 1968-69 57.24- San Andres-68 Labor Ovali] Report 
68.29
 

12 1969 45.79 Tobari-66 Labor Ovalle Report 

13 ca. 1969 60.10 Nari-o COMPACO 

14 ca. 1969 40.07 Lerma R j.o COINTIACO 

16 1972 33.07 unspecified Palencia 
(drought) 

17 1972 68.34 unspecified Palencia 

19 1973 67.78 unspec if ied Johnston 

aData tatken from Table 4.11. 

say anythin g definite about future yields where the range is as 
wide as the one in Table 4.14, il, would appear that hetter farmers 

with the correct variety could achieve yiel,ls of from 65-70 (1(1/ha. 

Whether or not averacie yields will eventually reach this level Is 

another thin9. Judging from the ralnge of yields shown in Table 

4.14, it app(ars LnIlikely that avraqe yieldIs will rise above 35

45 I(L/ha in the near future. 
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Wheat production activities used in the analysis
 

As was mentioned earlier, the work of the Gremial Nacional de
 

Trigueros, the Asociacion Nacional do Productores do 	 Harina, and 

use of chemithe Ministry of Anriculture has resulted in increased 

cal inputs and improved yie].ds over the past 15 years. The resul ts 

of this effort ;are reflected in the usage levels of aqr~icultural 

chemicals rkeported in the four wheat production activities of Tal-]e 

4. 15b. 

Activity WIIVI, the least capital and chemical intensive tech

nology presented, has an average fertilizer use ie.ve.I of 6.18 ql(lha 

as reported )y the 11 farmers who provided data for this activity. 

This 	 is in contrast to our findings for milpa, corn, and potatoes 

alw'ys one group of farmers who used no Fertil:izer.where there wa'n 

The higher lovel. )I* f-ortilizer use in wheat production is ;0.].0most 

sure]ly attr i I iutab Ie to) the incent ives provided by the 	 guaranteed 

plice paid by the: iii i lers (which is, of course, r(quired by law) 

and the prov-is.1Ion u. crdi.t in kind by the Greinia . 

used by farmersFertii.ize.r j.s the only agricultural chltemical 

in Activity WII]. Activity WI-IVI Lses no mc(hanizat ion, no herbic ide, 

or insectic ide and almost no urea (one farmer out of 	 11 used urea). 

Consequently, this is a relativ(ly more labor intensive technology 

than any of the 	 other activities. Column 5 of Table 4.151) sh(ws 

that l.abor requirements decrease as production act Jr:ivites become 

more techniC:ied. It is important to kee l) this in mind. There is 

a rather large difference in labor requirem,,.-ts for Activity WIIVl 
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Table 4.15a. Definition of column heads in Table 4.151)
 

Coluwn no. Coltun heads Definition of coluim heads 

I Activity 	 Identification numbler fo:: thu 
wheat production activity. 

2 QQF 	 The qq of fertilizer used per 
hectare.
 

3 YW 	 The yield of wheat in dlqha. 

4 KT 	 Total ancunt of ,:apijtal req(ulired 
(Q) per hectare. 

5 1T 	 Total nmnber of la(,r hours r(e
qu ired per hey tare 

6 HD 	 A dummy variab] for h eriuide 
Use. A valtie oF 1 meais tlhat al I 
of the farmers who per formed Ii is 

activity said that they uk5,(1 a 
herbicide. A value o 0.7) In1.mewm 
that half of the infacry Leed .ar
mers uSed a heZb iide 

7 ID 	 An insecticide dut'v .ia Le. A 
value of 1 s ionifi.e-s thal .O05 0,

the farmers in th i. activity (lass 
used an :inse tic ide. 

8 UD 	 A urea appl.i.catiori khtnMa va'kriable. 
A value of 1 --i.011i i(e tI 1OO' 

o.f the farmers in IhjS act .iV.i t 

class ap1lied urea. 

9 TI) 	 A topograp hy (dllfiltr y l ,. Ai 

valte of 1. l1hanlM I .1) ()', ()1' it 

farmers J-ii1erv ewedl ini l, - "I t.-, 

farmed land lhat was l,tI I : gently 

rolling as oppos(.d to a vaitl2 l I,-) 

which stands for hi I I y (-r very 

steel) Slopes. Sloip) ,.s bel..:eVcd 
to be a crude proxy varial)[c for 

quality with most of the better 
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Table 4.3-5a. (continued) 

Column no. Column heads Definition of column heads 

lands being found in valleys and 
hence, having a topography dummy 
of 1. 

10 MLPD A dummy variable for the use of 
machinery to prepare land for 
planting. A value of 1 signifies 
that 100% of the farmers used 
machinery to prepare their land. 

11 NMD A mechanized harvest dunny variable. 
A value of 1 signifies that 100%1 of 
the farmers in this activity used 
some type of mechanization in the 
harvest process. 

12 GTD A general technology dummy variable. 
This variable measures the degree to 
which the farmer uses mechanica.] and 
chemical inputs in wheat production. 
It has a possible range of from 0-8. 

123 RLL The return to land, labor, and cap.
tal from growing wheat with this 
activity (technology) on 1 ha of 
land. This is a net return with the 
cost of seed, chemical, and mechani
cal inputs being subtracted out. 

14 TC The total land area owned by the 
farmer measured in cuerdas. One 
cuerda = 0.04 ha. 

.5 QQS The qq of seed needed for one hec
tare. 

16 PS The price of 1 1q(of seed measured 
in Quetzales. 

1.7 No. of obs. The number of farmers interviewed 
whose production practices put 
them in this activity class. 



Table 4.15b. Whct t prod,:'t ion aic t i ii es on I h.i of land 

(1) (2) (3) (4) (3) (,) (7) (,) (9) (10) (11) (12) (13) (14) (15) (16) (17) 

Activ- No. of 
ity QQF YW KT .T lID 1 I I) TI) N PID :, 1l) GTD RLI, TC QQS I'S obs. 

WMIVI 6.18 28.17 78. 33 1006 0 0 0.1 0.4 5 C0 1.0 83.63 35.18 4.12 7.45 11 

WIIV2 7.79) 30.92 93.44 721 1 0 0.9 0.30 0 0.5 3.6 84.35 29.80 3.32 8.40 10 

WV3 10.53 46.03 122.98 538 1 0 0.3 1.00 1 0.3 4.7 141.6) 14.33 5.95 5.33 3 

WV4 12.60 67.78 203.59 538 1 1 1.0 1.00 1 1.0 8.J 186.15 48.50 7.10 8.50 2 

Johnstoi, ca. 1973a. 
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ic. , ;ynd 1hi.s diFference isthree activiao €:'jposc;(l to the other 

ref] ection o f Ihe c'ap,.ital ILd"r iliu-,l.itul K Iuth1 ha 
primarily a 

tlrcq a, tivities. (.u"ILiImn 1.3 (11 Table 
in the othertaken place 

ll wheat pro
the return1 to land, labor, and clal ita 

cautiOn in the interpretation 

4.1.5b shows 

of 
One must exercise someduction. 

labor , anid capital
It shows that the return to land,

Column 13. 

oi .1,I. This is because
WTVl and WIR12 are ainost C

for Activities 


addi t iona Lo: li'cOded 1y WlIV1
]lfor hir inC thenei.ther the charne 

I:ajital1. neededIionat cpI.borroi, ing the 
nor the i-n tolre:s chbarge for 


three hundred addl:i
(d in this cali ulation. Th!

for WIt1V2 is AlHl 


cost a farellr.l ao Ut
 
t ezial ;-Ibor hours required by WI i wt)uld 


c:lra i la1 r(' lUirO(' I I
 
022.50 at 7.5,/hr The f ifteen z;alIs QLct 

o.f 10:i,.an interest Lakte 
A( 1,ivi ty .2 1oul(10co-t )]. 50 d C borrokw2d at 

in this case FCarmsto the farmer wio
Thus, the return to lalnd (and 


uses Activity WIIV2.
 
his own land) is Q21.00 higher if trie farmer 

one makes only a ca<[sual (xailjnat.ion
This is not readily alpl;rent if 

whichAppc;.trs to use a varJet" of seed 
of C()ILuHnn 13. Act ivity WIRVI 


l~r ics only Q7.45/ (1
is not of the hig(het tiuality Na2tuse its 

of (,)..50/qT' wh.ich is paid For seed in 
ilS Opposecd to tie pric: 

)9 (TI)) t2ll.b Lts that 1.bi.s a-ti.v ity is typi-
A tiv:i ty WV4. Column 


1io I-h hily and valley lands.
 
,:ally carried out. M) 

both hillyl so ac:t iv.ity which is found oni
Activily WItIV2 .i. ;.a aln 

lIands. Wheat y ie-lds herc ir:e increascd by 2.75 qq/h,
and vale Iy 

WIlVI and use of fertilizer is inc.reased by 1.61 (l/ha. 
over Activity 

WI1V2 used herbicides
All of the farmers who responded to Activity 
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and 1/2 of them used some type of mechanical aid for harvesting. 

In most cases .his is limited to use of a mechanical thresher t) 

remove grain from the stem. Farmers using Activity WIIV2! are using 

urea in addil on to a balanced fertilizer and therefore are prob

ably making two fert ]. zer apclIi,. atiols. ]'his 5ugst tial. they 

arc adoptingj ti't rooi cli(]at .h. olf ageit.b- aim! o.erm whoof exte.,nsion 

are tryin Oj to teac h thein al out iew , igher yi.e.I]d techno iosL s. The 

awverage seed 1,re of Q .40/ic shovn for this group i ndic ktus tlal 

they are bLyncj c (IuAI it y sueeI. It ap)jears that they iiny i) 1 hce 

l 1 Allnti n as densely as they shoI1(1 )ecause they repcort us i10111 y 

3..32 (; of sued per ha. This relatively light. use of seed mi.li iht 

be due in part to the custorn of making s11ai1 terraces with one or 

two rows of seed per terrace on hi.lly lands. It is ;irotbahily also 

explained in part icy the observation that the fertilization level 

used hne is also quite low. Compared t) Ac tivit WV4, these far

ic(-er use 62%, as muh fertil]izer and 3c-)% as muCh Seed. Frmers may 

not 1) rerc.[vi ni, as 1111( 1h fer lii.zer As ib rec omllended in Ac livLty 

WV4 or they Imay hoi, rece iv in it i)Ut 1101u Sill i a Il I ,iH )a 1Ift I O . 

farmer s are tak.ini ar t of the ferti l izer ciovel to tlhemn by the 

atL wh(:al Sinc-iG(j i.' fo)r )rOd(iUI1 .1 ll Lan it con coi: i or co tatocs, 

then there would lii)l be much jccmi nt in using the recWoiOMulLeaied almtICL 

ol Seed, which mniqbht explain the relatively light seed usC fOLnd 

in Activity WiV2. 

Activity MIV3 app~ears to represent a new Le(chnolo-y (bctl iigh t 

in part be the result of farinng in at fort .uate climat Ac zone,). 
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yet the yieldfor this activity,
There are on'.y 3 observations 

and the general technology dummny variable found 
given .inColumn 3 

from Activare oist.iinctthese activitiesin (Toiuinn 12 indicate that 

stepan intermediateuse represents.WV4.Fertilizerities M2V3 and 

Yn) clens ity
and MV4 as ones yi eld, ifl at 

between Activit iLes WIIV2 

d , and the cenral I ulchand capitIto lanid, lah or,((X)S), return 

but only One of three 
List hurl)iride,'he se farmersno 1 o'jy (IlUnIy. 

used urea. lHielr seed price is relal.;ily low iod i -ating that they 

orn val lcy 
are not ,uyini certified seed. Activity WV' takes lace 

Cus toil hired servi.ces for land 
land, and all tthr(:e farmers used 


land preparati-on
Of LuSi l (cU;tOll h ir?As a rsesultpreparation. 


and some mechanical 
 harvest help, total labor 
services, herbi.c:ides 

WI V2.
by 1B3 hours as comlpare(d to Activity

requireimennt- decrease 

)-uiisome reduc'tion in latbor
There might also have been 

N:\ t iviljy WIIV2(onvalley landt wh i 
th11 a l. jvjity takes 1)1ace 

The hi lh yicld of- 40.01 

',2ause 

1,(bh hilly and valley land.
Was fOLn1d oni 

that these farmers are either bet
ivi ty WV3 indicates(lb/ha for Ac. 


than many farmers.
more fortunate 

I n tens i ve 

ler or 

vi tv WV4 is the most technological and cai ali
Act 

wh iii jjrov.ihled (ataOne oliservat-ionthe activities considered.of 

1e ing 
act ivity came from a fertili cr demonstration plot

for this 

. 
the inistry of Agricult1ure and the I-'ctre Corj). The 

COodO' tCd by 

(a:e from a farmer interviewed i.n our sanil . 
.ther ob)surva.ion 

thai did Ativity WV1.Iq more fertilizerAc t.v:ily WV4 uses 2.07 

urea, and (probably) (crti- fied seed. 
.t uSeS hCrl)it'ide , ilseCti':ide, 
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Planting density is the highest of any of the activities considered,. 

The farmer who engaged in Acl iv ity M74 useL mocha niz: ton to assi t 

him in 1 nd proitar at ion . at harvest tinc evn t ) uoi) his tota 

l.and ho)d-in(is were only 48.50 cuerdas or ap)roxim.-ttely ha.h.2 

The avera-ge yield for these two observations of 67.78' q(i/ha is very 

re SIA0C tabLC. It is not as high as some of the y :i e lds reported in 

Tab le, 4.14) hut it is a reasonable yield expe, tal ion for b1elter 

farmer01s using cert.ified seeds 11n favorable Ci ma tj: zones. Act iv

-ty WV4, like Activity WV3, takes place exci.usi.ely on valley .aud. 

Hill and Valley Yields 

One of the more interesting findings of the sample data for 

milpa, corn, potatoes, and wheat has been that the most capital. 

intensive production has in each case taken place on valey Lands. 

There are a variety of factors which might explain this finding. 

First, as was stated earli er, the yielld levels in the2 sanij Ie data 

suggest that hilly land . s often cc€w)rer Ia l in Guaitei:a * A i.

1.hough h.llin(Iss .5 a j)oor proxy for fertil.ity, sc e i.s the only 

ava:ilable varlalle thati prov-ides seime information on varInis J.f 

so:i I qua I i ty. Second, most of Ihe larger lowi s ar, located in 

This os lyvalIveys. mean that te vat far-rl. has grea-ter a:ccess to 

transpor tat ion fa 'ilit ies, technical. ass:istanck.e from Ministry of 

Agricul ture personnel, e(ducation, iniormat ion sujl i ed by merchants 

selling agricultural Chemicals, and credit which is Iusually avail

able i.n departmental capitals located in the valleys. Third, valley 
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not as to as are hil].. soils.soils ;re usually subject erosion uide 

Thus there is let.;s chalnce on valley sojl.s that rains will wash 

the planls.Certil.izr and other chemicals downhill and away from 

CS(JsLCquently, i i farmers fertilize only a part of theti.r land, they 

are probably better off to use their fertilizer on valley lands. 

milpa and potatoes.This appears to hold true for wheat, corn, 

V\.9e table Producwt on 

Vogetable production Ns 1 een ii u: uded nere to pr (vi.de inforrna

tOOdti.on on the r(I;xtive ,ro.it ,.iility of' vcetal1, pro, Lw.ion oin 

11010 rrigated land as odiopoed to traditional crop jprotu,-1 o,. To 

this end the analys is considers proItclK:Ion of inly three(I vegoetalbl.es 

which re (luire a, l1il.LmULD) of water if growvl du ring thC ra-iiny season. 

sc lbel (or (luriIAlthough some irr igation Wightl be needed in the 

the fir st t,() or h weeks (or )rc(lut tion), 1y the line io fI'rce carrot 

transpl anting, rainfall I CvelS should bC su-ftic ieiit to Jrovide 95

].00% of the water reqouired. Since vegetables are more sensit:i.ve to 

water requirements than are many f:ield crops, :it is necessary to 

differci ti;ate v .etalo Lan.d from oth-r land. Th is was d)ne h)y as

sumiti g that the fa-rmer has only one c'uerda (of l a-nd U)oi wh:i(l iWh 

call gruw vegoel U1leS. "'l'lte one (jucrda limit is :.uposedI bi:use the 

aTme. is atSAllNIedi to be- primarily a producer o t tradi timilal rops.
 

Thiss noni.rr igated land, it is locatcd relatively close to a
 

watOr Sulil) ly duri11t] the rai.ny seasen (during the dry season tilLs 

water suply is assumed to disappear). Labor requirements in the 

http:sensit:i.ve
http:vegoetalbl.es
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model are increased because the farmer may occasionally have to 

land carry water to his vegetables. 

It is important to emphasize that this production is not takiwn 

place on irr i ated land. If it were, then the farl R'- COUld g(row a 

much larger variety of vegetables than the three selc( ted, and he 

could grow three or four crops per year instead of one. The land 

used for vegetabl ( produc ton is sinilar to the better land used 

for traditional cropls, hut it is not typica] land, IiC-cause it must 

be located with in a few hundred yards of a water source. This 

would be esje(i.ally important at transplanting time, hUt might also 

he important lur inj the "'finicula" or the short dry period which 

usually occurs for the space of five to fifteen clays in the middle 

of the ra.iny season. 

Readers famniliar with Guatemala can consider this activity as 

be inni similar to rainy season production of onions nrown on mountain 

slopes near Zunil, or beet and carrot product ion on nonirrigated 

land :in the De)par lnent s of Guatemala and Chimalt(-man (mo. losI \'S( e

tab (' I)cprodl:t-ion Jin UuLI.tuiilllala Ii ., of .'oCursc, (, oicii oul i rI(latted 

]ant(, 1jUt k h (J.. at monthIly avera(Je wholesa , c asAi:i lt|Iu ] i-she d 

b'y IND)IA sugnest,s that additional land is lbing mtt il) pr1-olu,

t ion of some vec etables cur ing the raiiy season. T"l ,le 4.1( preC

sents in-ormat ion on montll iy who1.esale prices whi c h shIows t lat 

r~ces fall d(br 11(i Augo)LSI, Sej ) tember, and (ctuloer , Ilh( 1mmo tim _ 

when most nonirrigated ve(nJtab:les would bC marketed. 'ti exact 

month in which the farmer would have vegetables ready for market 
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for three vegetables, 1.966-71 
a 

Table 4.16. Average monthly prices 

Mcd i un 
CarrotsCgreenMonth 

oil J (mlS 

January 7.99 2.17 1.95 

February 7.38 2.12 2.00 

2.03 2.09March 7.59 

1.69 2.01
April 6.39 


May 6.46 1.96 1..98
 

June 6.78 1.94 2.06 

July 8.06 1.88 1.98
 

August 6.24 2.19 1.90
 

d 1.64d 
6.30 2 . 2 0September 

. 5 6 d 2 .2 0 d 1 . 8 8 d 
October 7 

November 8.06 2.86 2.16 

1.96
December 8. 90 2.37 

FNIFCA, 1973. 

Price :in Q per 1,000.
 

Pr ice in Q per net of 25 dozen.
 

Harvest month(s) used in this analysis. 
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wil.l depend on local. rainfall patterns, the closeness of the land 

to a water source, and the amount of time the farmer devotes to
 

hand carrying water. 

Average monthly wholesale prices were used to determine prices 

for the five vegetable activities considered here. Prices A-or each 

activity were selected by looking at inonthly rainfall and te"Ipcra

ture ,ata to determine the earliest and latest poss-Lb Le plaiting 

dates as well as the amount of time re(lu-ire I for the ve(Jetah].e to 

reach maturity. Within the limits imposed by climatic and agronomic 

data the farmer was assumed to select the most favoral de average 

harvest price. This determined the month of harvest which then 

determined the time of planting. 

Alternate employrment opportuni ties 

Ve qe table prodILuction was included in this study because it is 

frequently mentioned as an alternative to traditional crop produc

tion in the highlands. It seems reasonabl.e to expect that one o.f 

the next research prioriLties for Guatemalza ' economic de'velopnment 

is the i- id(-i IJIi(-'atL(on of j)ossJ.i'I.- a] rternat( ) oyialnt or Init iCs(,j)] 


for sm I fzI-riner-s, particularly siail h iJtlland 1-arm 'r.. 

The pre ,ent Governm-)ent progral o] anir.i(:uullrl crdit pro

vision and tec:l]ncai assistance shoul(d he0 sUccefSCU] in inireas ;ng 

average yieLds of beans, wheat, corn, and potatocs by at least 25

50",j over the next five years. Manger-Cats writing in 1970 noted 

that experiences of individuals and organized groups have demon

strated that yield increases of up to 505- are not difficult to 
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attain, but that scarcity of funds, technicians and inputs has 

impeded the diffusion of these yield increases to the rest of the 

presrural masses (Nanger-Cats, 1070). It is anticipated that the 

ent rural (level.opment program will be successfuI in reaching the 

rural masses, and that average yields will be increased. As yields 

will unless demand for tradit-iot 'Iincrease, prices probably decline 

markets or incre-sed crops can be increased through opening of export 

however,domest ic (:OlnSurnj)t ion. The expected increases in demand, 

are far less than the assumed increases in production. lence, it 

ducl ine This means t'Iat the income . s )robal) that prices wil 

increases actua1.y aw:cruing to farmers who ,arti:ilpate, in DIGESA's 

be dk1,enagricultural. cre(dit av d technical ass:1stance roorzmn wi.ll] 

dent on the int(rawtion wh ich lake.s pl]ace I etweel igher y.L](1S,
 

lower lr !iccs a I, higher i njmtt (:OS t . Without rc] I .e data on
 

domestic and (,xi)ort demand for traditional crops it is difficult 

to est matU how serioIs the decline in prices will be and what 

e f fec t it wi I I have on farm :incomes. Ironical Ly, the effect of 

be more serious for ,m.i iller f;rmers,declil l i ir i :s will. prol ably 

the group thi program is (es .ignje,. Io help. These farmers already 

are at a precariously low ]wimolme level b(cause their prodlt( tiolj zmid
 

botm on and vi i1]age are

c.lli!oyllil. a lternat i.ve,s the farm w.Lth in the 


.(Vere y .illl.i te . ( Siai .1 farmers wil.] Irol ALl y (AIOltin tie 1.0 ,ii 1(
 

farm a )doff-farm empiloyment for a few more years ht. eventLually
 

they will he forced to look for employment olportunities elsewhere,
 

and in the long zun, farmers with less than one hectare of land
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will probably move out of farming. Farming on one hectare or less 

of unirrigated land is simply not a viable economic alternative.
 

The problem facing the development planner then, is what (-LUi 

be done to provide these small farmers with an economic al.teriiative 

at home which is sufficiently attractive to dissuade them from mi

grating. Some o- them might find employment iin vegetahlc p roduction. 

Some of them might be absorbed by the handicraft indtostry. Some 
could go into service industries and cottage inl(Ltr]ics at the vi. 1

lage or delpartmental level. There probably exist p055sLi)il.s for 

expansion of agricultural processing industries ald some ex alnsion 

of agricul.tural service industries as well. All of these areas 

hold some promise for expansion of employment opportuities. There 

undoubtedly are other areas which would be equally promisinl. Ilow 

can planners decide which of the various alternatives to investi

gate first?
 

One of the lessons of development has been that the answer to 

the question, "Wat can they do?" is often contained in the answer 

to the question, "What are they doing now?" If one looks about the 

highlands, one various of small industries fromsees types ranging 

production of illegal alcohol and textiles in Sal(;aj&, Que'zaltenango 

to mining in Huehuetenango, broiler production in Chimaltenango, 

and strawberry, asparagus and mushroom production and canning in 

Quezaltenango. Obviously, some of the first questions for a develop

ment planner to consider are, "Which of these produrtion activities 

can be expanded? What are the constraints that have limited exaiansion 
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thus far? Is there anything the government can do to relieve
 

these constraints?"
 

The program of agricultural and economic development which has 

begun with the agricultural credit and technical assistance program 

adininistered by DIG-SA and IBAINDISA must be followed by ]rograns and 

policies desigoned to facilitate the development of rural employment 

be tollowed to accomplishopportunities. One approach which could 

this task would be to assist those rural industries which already 

exist. Peol)]e will continue to move out of traditional crop produc

tion and into other occupoations. A small. farmer producing tradi

t ional crops (,jione or two hec tares of land will not be ai 	 ]le to 

I is conachieve an acceltable income level. from croi ) roduc t. ion. 

tribution to the national economy will. always )e 1el. lgible and he 

is likely to become increasingly dissatisfied with his siiuation. 

lne will always e a candidate for migration to the soulh coast or 

to Guatemala City. In order to develop rural ayeas anud s.ow out 

migration it ib necessary: (1) to identify industries that are 

.,roducing and which have the potential to expand; (2) to determine 

the major constraints impeding development of these industries; 

and ('3) to cre2ate those institutions and policies which will remove 

ex:ist:ing constraints and facilitate the growth of simal l industry. 

Th.i.s may re(ju.ire :reation of an agency to conduct Feasibility 

studies for small industry, or creation of a marketing office to 

gather price and transportation information for industry. The 

exact steps needed to facilitate industrial development and rural 
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employment can only be determined by people who know Guatemala
 

very well. They cannot be specified here. One can, however, sucj

gest that now is the time for Guatemala to assess the effects of the 

present development program and begin plann ng for the nex1. progr .uf. 

The agricultural credit and extension program which is in ufefet 

today represents only a first step toward the development of the 

rural areas. The next step must be aimed at solviiij the proliem 

of employment creation for those workers who eventuall.y will leave 

agriculture. 

Vegetable production activities 

The vegetable production activities investigated here repre

sent employment and income earning alternatives to traditional crop 

production rather than an attempt to estimate the income polential 

which exists from vegetables. As was mentioned earlier, most1 vee

tables have more stringent water requirement s than do the Irdi tional 

(,rO s. Vegetables, as a group, are also more pjer~ishal,le than are 

fiel1..1, crops aind will. require more care in marketi.noJ . Timeliloss Or 

plant:ing, disease and insect control, and harvest will also he mure 

important for vegetable growers than for traditional farmers. 1j) 

short, vegetables require more management skills, more vaita], aind 

more water tha-n do traditional crops. The attempt made here to in

clude vegetables as an alternative for the small traditional crop 

farmer recognizes these differences. In this analysis onl.y land 

close to water can be used for vegetable production and then only 
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if the farmer has the management knowl.edge requiredl to grow vege

tabes. CapitaL for vegetable production is assumed to be avail.

able through the Government's credit program for diversified crop 

produc t ion. 

The V(,gctab).es chosl.!n for consideration in this analysis are 

and onions. The main reasons for considerin9 thesecarrots, beets, 

rather than some othe-r crops were, ,irst, that these crops ar_ cur

rently 1cinn) grown in the highlands. Second, they are noL as 

t)e.-is hal)Ie as some of t e other venl.tab]e5. lh!jrd , Leinn ro 1- crops 

ay e)( etthey ;tr(, hzar(1. r aid need l(_,SS water t ala (1o tie .me v,,f kl) I s.,; 

hIence , they are, )or su..it i )e 1 o r Iilly (ba oll j-)r tdL1t i)01 W1 iOll

(:roj)5 canirri.goated Iaiid. Fourth, the barvest l)oiod(or thee, 

often he stret(:hed out by ejl.thr lcaving some of the less mature 

vegetaldes ill the ground or by harvesting and thenm storing thim ii 

a (Co. place. This is important for a small farmer who is leanrning 

vege tal, (2 p growing them on a small sc'ale, )e(cause_ itlrodluc tion by 

lessens the risk "ssocaated with short run price flucluat-ions. 

"11( Jpr()Odt(it..o information (oiicerlning ailloull.s of cap.i1l,]. 

lior , water, 1idtypes of chemical.s needeol for growiliq vetjetal)l[es 

that are ts5(l i;ii this anlyss is taken from the )hIl c<--..ion 

Anal l si , Ih' A .iVB~lxds N,{ecearias ara ILa l'rodu'(-c.i(oM De 11 s

ec. las IhI, n . ,,l, 1 ( or talizas) (Johnston, ca_. 197",b). T! d )s )ll 1)1.

catio i ., tlls oil -information obtained from vegetable p)1rOdLl(tiotn 

exI)erts who were asked about vegetable production ill thei.r geographical.-

In some cases, the expert opinionsand techni:ical area of expertise. 

http:V(,gctab).es
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differ due to the use of different technologies by different 

vegetable growers in different areas. Data provide(1 b,, sources 

., 4, and 5 were given more weight in estimating produc tioiI coef

ficients, because these sources had worked primarily as small 

farmers or with small farmers in different parts of tne altiplano. 

Veoetahl.l ac:tivit.1eb inculdt(d I.I th( model 

Table 4.i7b stummarizes most of the p-,roduction data needed For 

the I inear prograiming molel . (n Iy one te, hnology -I, considered 

for each vegetablle. This is the te(hnology jud(e(d rep resental.ive 

of small farm vegetable production on the1 a] tipl.ano I,\, 1) ex

perts interviewed. There are two activities for romduIti0n (,f beUts 

and carrots because the growing time required for th(-,a crops was 

short enough (or the rainy season lone enough) that it wa-, pussible 

to specify two possible planting anid harvesting datet.. The growing 

season For onions is longer, and consequentLy, ii was felt that only 

one on-ion dl-nting and harvest period would I)Q . appropriate for the 

highl and producer who did not have :rrigatJ.Atl l an1. 

Capita. and labor requirements are given in 'abtl.o 4.171. The 

amounts of chemicals noeded and hours requti.red for a pp3icat.ion as 

presented in the original interviews with vegetable 2X)rts per

.ained to recoimnendations for preventive treatments and a- such 

were al-ways prefaced with a phrase such as, "If there is not, a ser

ious problem, this would be an adequate dosage or treatment." RCc

ognizing that serious insect and disease problems do occur from 
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Table 4.17a. Explanations of row headings in Table 4.17b
 

a 
of row headinsExplanaions

Rfow no. Row heading 

1 T 	 re-The total amount ()i - ('a l ila ] 

quired to \,0(J't't(2,, .ld]0tl Vd((Q) 
on 1 cuerda (0.( ha,) W1 l ad. 

lkI -. ior"The total ]:khm Y t"l i-:LT 
vegetable (:ucd:(Ia(hrs) 	 this oln 1 of 

land. 

YV 	 The yield of this veoctzal.' jx."r
3 


cue rda.
 

An estimate of the month and the 

days when planting would probably 

occur. 

4 	 PD 

5 TD 	 The month and the day-; wien trans

planting wottl]( take 1l).A'e. 

6 HP 	 The probaItJ- durat-ion of the
 

harvest period.
 

7 1V 	 The )rice the Ve'jetable :is expected 

to se] l for.(Q) 

8 DS 	 The number of days the vegetable is 
in a seedIed. 

9 DAT 	 The number of days after trans

planting I efore harvest begins. 

aTh (,uer(da referred to below is always tlie standard cuerda 

contailnli ng 625 square varas. 



Table 4.17b. Vegetable production information 

Row Row. Ear ly Iater 
nos. headinos beets beet s 

1 KT 23.29 23.29 
(Q) 

2 LT 229 230 
(hrs) 

3 YV 399 doz. 399 doz. 

4 PD 24-31 May 23-30 June 

5 TD 1-7 July 1-7 August 

6 -P 1-30 Sept. 1-30 Oct. 

7 PV 0.065 0.07 

(Q) per doz. per doz. 

8 DS 35 35 

9 DAT 60 60 

Johnston, ca. 1973b. 

Green 
onions 

26.00 

292 


16,000 


med. size
 

1-7 May 

15-21 June 

10-30 Oct. 


7.00 

per 1000 


45 


135 


Ear ly 
carrots 

16.43 

302 


500 doz. 


1-7 May 

None 

1-25 Sept. 


0.088 

per doz. 


None 


120 


Later 
carrots 

16.43 

290
 

500 doz. H
 

1-7 June
 

None
 

1-25 Oct.
 

0.088
 
per doz.
 

None
 

120
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in vegetable production, the recommended amounts of 
time to time 

this study. This
increased by 10%, in 

capital and labor have been 

andof the amounts of capital 
a more realistic estimateprovides 

" 
small vegetablc producers

labor requircd by 

on the total labor 
1.171b (iontains rl.formfationRow .2 oc al' ,TI 

The slight differenceof the vegetabls.
hours required Ito grow each 

and early vs. 
ill Iz.do hours required to ()row early vs. later bects 

C2 inl m1Onlth l y rainfall
01 dif erOc(.is a ;olqu(ICnlater carrots 


for tlme lto (:-t) ivit zies "The rest of
 
average,s an( pl]ant:i(j dates 

be se I.-explanatoryamid 4.1-71, shouldTales 4.17a 
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CIIAPTER V. ORGANIZATION AND PRESENTATION OF THE RESULTS 

The Experimental Design 

The small, farmer faces a number of constraints which affect 

his ability to produce crops, sell labor, and earn an acceptable 

income for himselF and his family. In this study, a mo(,le] has been 

built whclih attempts to approximate the in teract.on t akinri plc:e 

S)etween )rodwtive activities and cons tra.intns on the small] hi. hland 

farm. Th(e model wi 11]1 hC used to demonstrate how relIaxation of these 

constraints (,an affect the farmer's i.nconme, thew ot Ima] com;,os-it ion 

(.of crops )(h oolu(:Ces, aid the exten t to wh-ich h c -1 F I lv\ emp)loyed. 

The major type s of resources wlh.icll the l-arml]r has to work 

with are: .1.an1d, labor, capital-, and knowlecdge. In Table 5.1, 

these general categor.ies have been subdivided into specific re

source components and the various level.s which each resource com

ponent takes in the analysis are listed. 

The choice of the relevant parametr ic variations 

Tail]e 5.1. presents eight spcci fic resources whose levels are 

vari(d. Six of these resources are assi(oned ool y two levels; one 

resource (potato .land) has three possibl.e levels; anl ole res()ur(ce 

(knowledge) has four possible Level.s. These level.s could be comn

bined in 384 dlifferent, ways ('3x 3 x 4 = '384), some of which are 

more impnortant than others. One way to judge the rel ative imlportance 

of the different resource sets or combinations would b to solve 

the model 384 times. This would be a lengthy, costly, and (onf1using 

http:teract.on
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Resources selected for consideration
Table 	5.1. 


Levels consideredResource
General category 

d
1. 0.5 ha hill land 'nlk
llil-l and
Lan 

0.5 ha valley landvalley land 

2. 1.5 ha hi.li land and 

1. 5 ha val I ey 1aznd 

Land Vegetablel andd 	 1. None 

". 0.0437 ha 

1. NonePotato land
L.,and 
2. 1.0 ha 

3. 3.0 ha 

1. NoneHired 	 laborLabor 
2 . Tel1 Ine) 

1.. Q50

Worki 	 g capital Savj-ngs 

"2. Q3.0
 

1. NoineCreditWorking capital 
2. Crop, 5pei L.ic credi. 

].. Traditional or low,Technology levelsKnowledge level 	 TVI.0for traditional 
crops 2. Present day inter

ume(diate , Ievel TII. 

3. Presenl day high,
 

level 	 TL-'! 

4. 	Very h:igh (only or 

potatoes), Ieve] T173 

a 1. Low l.evel., IcveI 0--

Vegetable
Knowledge 

only kl, l 'Wt(' of
produc tion 

I ee r)Yo.(I t iOi).knowI edge 
2. 	 1lj.l0 l(v( -l leve l I-

k1nowl.edl e ) hcet, 
-

o1.il lt(I car.o17()I 

J)ro(ILIC 1, on1 

1iriait 	vcegetal e
NV .W t adl.( . aild vegetaL-Ie knowledge bothlandI 


111 uy ciVeII .OIL) *l.ti.owill l)e bindingtion,). (111v one , theseIlFo(Iu 	 a 0:oino resource since knowledge wi.thout land
They are actual I.y 


value.

anI land withou t know ledge WoUld be of nO 
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process. Some of the 384 optimal solutions would be identical, 

because increasing the level of a resource wi.1 aff('- t thei opltifla . 

solution only if the resource was in s1o rt i lkatvprevious Iy .iupi.y. 

of the 384 solUtiojns WOU1. (11 similar eve n . ht ucl' th(,y wor, not 

iadentical and wou(d (contr ibute very ]:itte tu our undurstandiii(i of 

sma.. farm jprodu(:tion. ()bv iously, a method lust bc dcevia sd to so].c 

only the more imp)ortanit clianics i, tile farmer's set of resourues. 

The meth(d used to redLn:e the num)er of resotur(c sets was "to 

establ.i.sh ak ranking at:io]ic the rebources and to fol low a sinall1r 

to larger progress.ion ()F resour:ce sets. In other words, the study 

begins with rel.iatlively sinaI.. resource set 1:hal desc rilbes the 

position mny rarlers find thcmsei.ves in today. Suc:ess.Lve resource 

sets then lhec(tne gradual iv laro(,r and richer. III this way, the 

potential for increasi.nc; .farm fami ly incomes through agricultural 

development prograums is depicted in a step by step fashion as the 

restr.ctions iimpo,:d by one limiting resource after an-other are 

slackened or released. 

Ranking of resources in to catojor.Les and theln :i.l-11,1I £cs hIe' S 

used re 01'The ranking here .]ec lLs the Oin}f)orftie, e,st.)tti 

to the farmer , tile ptotentiat availabi.ity l ea(Ir -. sol e., alt 1 11, 

degree to which each resource inal.uences tile comiosit ic anI ml )n.

tude of the variables in the optimal solutions. RNsour ces are 

classified into three groups: ( 1) licc tares of crop LandI, avai.I 

ability of local hired labor, avail.ability of c(redit and .1evel of 

savings (working capital) ; (2) hec tares of potato land and level of 

http:increasi.nc
http:establ.i.sh
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vegetable knowl.edge; (3) level of crop knowledge. These groU)S 

resource sets
provide a method of organization which will allow 

in the smaller to larger progression mentionedto he presented 

earlier. 

studied in
The first group is the traditional set of resources 

1alor, and capital. These are fundamental re
econo1MICs: ]and, 

sour(ces whose levels are important for aniy e,'onumic tudy.1y. T e 

imay take we re, pr s( 'iil 2( inwhich these three resourcesl e v ., 

Iloeve'.Iil lstrates how the di -ffereiii. these
l';dhle 5.1. FiLgure 5.1 

o 
may take are combined to Form catecl(or 10 of r-sot'ri 

resources 

as "stomi-I i xoi'" rOsoures,sets . Pesource ; in Group 1 are defi.ned 

their .le'e ls vary )etween categories, but are Iixed within
because 

level of pe,rsonal sav.ings is an excupt:ion be
each category (the 

il takes on two val.ues in Category 1. It is, however, f7:ixed 
cause 

in the other three cater,( ries and is consequent ly regarded a5 b eing 

I' imfj) rlklnca "sem i-f i .xed"resour (-!). ',igure 5.1. shows utb 1.hAVO 

of crop land may he ii vestigated I.I :oVl~lpar.ingoC diffr(.re i. I .veis 


o) i re-(d I abor
reslts fromi (at.eJoies jo 2 and 4. The0 Importiie 

may b e illvesl igtttd lv omnparii g results ofC Cate(,r-i.!> "' and 4. 

The imiortw i (, redit may be investigated Iy c~omn]pari 1ng rest 1ts 
n o C 

of Catoor i-eL I and 2. 

ThC seUConld Oroup) o resources consists of p.otato Lalnd and the 

These are importanl resourceslevel. of vege(table know.ledge. 

considored to be as funda(particularly potato land), but were not 

mental as land, hired labor, and working capital, because the nLumil er 

http:diffr(.re


Group 1, "Semi-fixed" Resources Working Capital 

Local Hired credit Category 1-
Land Q50 andi.Labor 
a ld-"Sais


10 Mlen
0 Mlen or 

ha1 
Credit
 

Q50 Savings 

Category 2
 
Farmer 
and 

Family
 
Credit 

Q50 Savings Category 3 

10 M~en
 

Credit Category 4
 

Q7)( Savinos 

aTe results in Categories 1 and 2 are idenitical for solutions in which either zero 

or ten hired laborers are available because no hire2d lkdor is needed when the family has 
only 1 ha of crop land. 

Figure 5.1. Levels of the "semi-fixed" resources in the four catecjories 
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potatc land or a high level of 	vegetableof farmers who have 

to the total nLUTber of traditional.
knowledge is quite small compared 

small if potatoes and
farmers. Furthermore, this ntumber must remain 

.1.'II, :it
vegetables are to contLnue to be highly prof table crops. 

fk.rmn
Js, interestjinn to knoc: 1(c el 17(:ts which d:i.F Fern 1 leve ls of 

s1 Ze , local lahor -ivi ,d,. i Ity, and avai.l.ahiLi 1.*ty ()I work in a-i ital. 

5 ! 
IItve1l on) Cl ii V( 1- 1(2 firine l 1(Jlt aild eiIIj L oylLIl Itot.ti t ld 

L e re t)urc.e are al lo we( to t-Zaki on di.f-Ic VO 1.-. (ConbI( I 1 hWSI S 

ferent levels withiln each cat(gory. These resource, ,are defined 

as " s(2li-varial lel resources, because they are allowed to take on 

]t Vc Is wit.l iJ eatch a,.ategory. Ea ih di Fi ercit comlbi lat. ion 
di. f ferent 

(froll a
of resources consisting of a set of semi-fixed resources 

given category) and a set of semi-variable resour(cs (potato land 

is def ind oS Lt "re sour;eand the level ()If vegetaitle knowi edge) 

a resource set coul I cons.ist1 o1f the resour:es:.et. For exail]e , 


1 ha of crop land; 10 hired laborers avail.able; no, credit and Q50
 

saVin gs (ategory 1) ; ,.)U s zero 	hectares o: potato I and; and a low 

This is a sel. in which all resourcesl.evel. 0.1f vee tabLe ]lukwledge. 


are at their lowest level, and, consequently, it wil.l be the set
 

Resource Set IA. The A signifies that
used to begi the analysis, 

personal savings are at the level Q50. Resource Set IB consists 

of the same set except that personal savings are at the level Q150. 

Tlhe third group of resources consists of different levels of 

is varied within eachcrop knowledg-e. The level of crop knowle2dge 


of technical, assistance,
resour'e set to estimate how a 	 proorn 
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which increases the farmer's level of crop knowledge, could affecl
 

the income and employment opportunities of a small farmer with this 

set of resources. For example, the first three solutions examined 

are solutions for Resource Set 1A in which the farmer is given crop 

knowledge level TLO in the first solution, level TLi. in the second 

sol. ut ion, and level TL2 in the third solution. The levels of I rop 

knowledge associated with each resource set are idenlili when thc 

resource sets are presented. Levels of crop klowiev:lede are lefined 

as "1variable" resources in this study, because fhecir levels vary 

within each category and within each resource set. Table 5.2 pre

sents the resources which are defined as semi- -ixed, semi-variable, 

and variable :in each of the four categories, as well as the resource 

sets which belong to each category. 

Category 1 in Table 5.2 represents the situation experienced 

by a poor hiohland farmer in 1973. This farmer is assuned to have 

one hectar, o f lan(d, an(I he does not have access to credit. Two 

levels of savings are iiivest igated as sources of workii(i cai ial. 

Ten men are available as a supp].y of local hired labor in any given 

quarter. Their availability will, however, be irrelevant because 

the farmer and his family are able to supply all labor re(quiremilents 

for crop p~roduction activities when farm size is .]imited to onle 

hectare. Semi-variable resources in Category 1 include two level.s 

of vegeta)le knowledge and two levels of potato land. 

Category 2 continues the analysis for a farmer with one hec tare 

in 1973. The farmer's resource set is expanded here by assuming that 



Table 5.2. Presentation of the four categories used in the analysis 

b 	 c Resourcea 	
Variable resources esresourcesSemi-variableCategory Semi-fixed resources 

sets 

1 (1) 1 ha of crop land (1) Vegetable knowledge (1) Crop knowledge 1A, IB, 2A, 

(2) 	 No credit (2) Potato land level 2B, 3A, 3B 

(3) 	 Q50 and Q150
 
savings
 

(4) 	10 hired laborers 

2 (1) 1 ha of crop land (1) Vegetable knowledge (1) Crop knowledge 4, 5, 6 

(2) 	 Gov't credit (2) Potato land level 

(3) 	Q50 savings
 
(4) 	10 hired laborers 

3 (1) 3 ha of crop land (1) Vegetable knowledge (1) Crop knowledge 7, 8, 9, 10 

(2) 	Gov't credit (2) Potato land level uL 
(3) 	 Q50 savings
(4) 	0 hired laborers 

4 (1) 3 ha of crop land (1) Vegetable knowledge (1) Crop knowledge 11, 12, 13 

(2) 	Gov't credit (2) Potato land level 14, 15 

(3) 	 Q50 savings 
(4) 	 10 hired laborers 

a The levels of these resources are fixed within each category. The levels vary between 

categories. 

bThe levels of these resources are variable within each categorv and between resource 

sets of a given category. The levels are fixed within individual resource sets. 

CThe level of crop knowledge is variable within each category und within all resource 

sets.
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he participates in the Government's small farm credit program. Onl.y 

one level of savings is considered, Q50, since the farmer now has 

credit. Again, ten hired laborers are available to the farmer al

though he does not use them. The semi-variable resources are vege

table knowledge and land suitable I-or potato production. 

Category 3 expands the resource set in Category .2 by assumiiing 

that the farmer now has 3 ha of land instead of just o1e h('rtare. 

lie continues to participate in the Government credit program aid 

to have Q50 savings. As the farmer's land rises to three hectares, 

availability of local hired labor is limited to zero men in antici

pation of a possible shortage of labor on this larger i arm. The 

semi-variable resources continue to be vegetable know.ledge and 

potato land. 

Category 4 completes the analysis. As in Category 3, the farmer 

is assumed to have 3 ha of land, access to Government credi and Q50 

savings. His resource set is increased here by giving him access to 

ten hired laborers. The semi-variable resources are again vegetabl.e 

knowledge and potato land. 

Presentation of Resource Sets in Category 1
 

One of the most important insights to be gained from uialysis 

of the optimal solutions in Category 1 is an understanding of the 

role of working capital in small farm production. Since the farmer 

does not have access to Government or private credit, he is forced 

to rely upon personal savings for all his working capital. Two 
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demonstrate the
levels of savings, Q50 and Q150, are used to 


importance of working capital. 

Given two levels of savings, two levels of knowledge for vege

aVid two levels of potato land, it is possible to
table production, 

resourcespecify eiglt resource sets in 	 Category 1. Six of these 

enough to warrant finding solutions
sets were considered important 

for them. The levels of personal savings and the semi-variable 

resources (vegetable knowledge and potato land) for each of thesc: 

resource sets are presented in Table 5.3. 

Each of the six resource sets presented in Table 5.3 defines 

a set of resources ag7,inst which the farmer's level of crop knowl

levels of crop knowledge are
edge is varied. ')! !utions fo" three 

Tal. 5.4 spec-ifies an idhlenti.f-i cationfound for each resource set. 


land, veoeta le,

nulflber auid identifies the level of savings, potato 

crop knowledge Ior each solution. Solultions for oknowledge anl 

1A and lB are found by combining the resource levels in
sourc(- Sets 


three lowest levels of crop knowledge
each resource set with the 

(TIO, T[., T1.2). The highest level. of crop knowledge (TL3) is not 

combined with these sets because knowledge level TL3 is requ:ired for 

onl.y the most advanced nethod of potato production. Since Resource 

crop knowledgJeSets IA and I1, have no Iotato land, they carnot use 

and 3P, are also combined wi.thlevel Tl,3. Resource Sets 2A, 2B, 3A, 


only three of the four level of crop knowledge. For these sets,
 

only the thre highest levels of knowledge are used, necauSe We
 

wish to see how inclusion of the resource potato land can alter the
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Table 5.3. Resource sets in Category 3.
 

Resource set Savings
level (Q) 

Level of semi-variable resources 

1A 50 Low level of ve~jo tat 
no potato land 

l(, knolIedge , 

1B 150 Low level of V-i 
no potato land 

tVk l l nowl.edie 

2A 50 Low level, of ve(:j, I:,ta I.e ki wloe,(cj, 

one ha of p)olto Iland 

2B 150 Low level of vole tat to 
one ha of 1 )OlJt() land 

knowledo , 

50 Hligh level of vorget atto 
one ha of )olato land 

knlowledgje, 

3B 150 High level of vcgo 
one ha of potato 

atlk 
land 

knowledoe, 

optimal solutions of Sets 1A and 113. Crop knowledge level TLO be

comes unimportant here because the three highest yielding potato 

activities require a crop knowledge resource of at least level. T1.1. 

If the farmer has potato land but does not have a crop knowledge 

level of TL1, he cannot grow potatoes. The solutions for a farme:r 

with crop level TLO and po ,to land would be very similar (or 

identical) to solutions for Resource Sets 1A and 1B in which the 

farmer does not have potato land. 
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sets
 
Table 5.4. Solution identification numbers for the resource 


in Category 1 

Solution 
nunlber 

Resource 
set 

Savings 
level (Q) 

la. of 
pol ato 
land 

Level. of 
vegetable 
knowl.edge 

( rop 
klnowI edge 
I eve I 

1 1A 50 0 low I'LO 

1A 50 0 low TLI 

3 1A 50 0 low TL2 

4 IB 150 0 low TLO 

5 1B 150 0 low TLI 

6 IB 150 0 low TL2 

7 2A 50 1 low TL. 

8 2A 50 1 low TIh2 

9 2A 50 1 low TL3 

10 2B 150 1 low TLI 

I1 21B 150 1 low TL2 

12 2B 150 1 low TL3 

13 3A 50 1 high TL1 

14 3A 50 1 high TL2 

15 3A 50 1 high TL3 

16 3B 150 1 high TLI 

17 3B 150 1 high TL2 

18 3B 150 1 high TL3 
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The method of presentation used here is to examine the optimal 

solutions for Resource Set 1A in some detail to familiarize the 

reader with the model and the types of results which are Ibeing 

generated. The otier resource sets of Catenory 1 will then he 

presented briefly. 1Emphasis in th text is on p:rese!nt-ij an over

view of the important similarities and differences between the 

eighteen optimal solutions presented in Table 5... More letailed 

information for each solution is found in A)pendix A. 

Resource Set lA--Solutions 1, "2, 

This is the poorest of the resource sets considered in Cate

gory I. The farmer has only Q50 savings, a low level of vencltable 

knowledge and no land suitable for high yield potato produCILion. 

Figure 5.2 and Table 5.5 summiarize the more import ot rese Il wOund 

in the three opt imal solutions for Resource Set 1A. Table 5.5 shows 

the reader the tq)es of information contained in Apl)endix A. 

The croI knowledge level of TLO in the first sal ution of Table 

5.5 represents the level of technology usod( by many oo:er li-i liland 

farmers. The in:ome earned is low, the' olquite Zaid Otfr )eZsanIt 

life suqoes ted by these results is not a very hrig;ht ole. The fami. ly 

earne, ai tolal ;incomne of Q443.47. Only 24',- ().I this total income comes 

from sale of crops. The remainder comes from sale of migratory and 

local labor. The farmer migrates for the full sixty days all(we(d in 

both third and fourth quarters and earns Q93.20 from selling migra

tory labor. lie and his famiily together earn Q244.01 from sel.ling 

labor locally. This could be an overestimate because the mode!. 
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Quetza IPs W 
(Q) 

Total Income 

400
 

.300 

/Local Labor Sales Income 

200 

100 aCrop Income (-) 

Labor Sales Income (-)0'b -Migratory 

1 Knowledge Level (KL) 

TI1O TL1 TI-2 

Shadow Prices (Q)

Shadow Prices (Q) 


1.00 
80
 

0 .80
 

60 - Valley 0. 0
 

0%Lan 

0.4040Veetable 

0.20
20 

Hilly

Iand
 

TLO TLI TL2
 
Crop Knowledge Level
Crop Knowledge Level 


Levels of income and shadow prices in Resource Set 
IA
 

Figure 5.2. 






a 

Optimal solutions under 
Resource Set 1A of Category 


Table 5.5. 


b Crop knowledge Crop l:nowledge Crop knowledge 

level 
TL0 

level 
TLT 

level 
TL2 

Optimal solution number 1 2 3 

Total income (Q) 443.47 467.69 492.07 

Crop income (Q) 106.26 71.99 109.72 

Migratory labor 
sale income (Q) 93.20 93.20 93.20 

Ln 

Local labor 
sale income (Q) 244.01 302.79 289.15 

Total labor hours hired 0 0 0 

Total hours 
on crops 

used 
1173 393 570 

Ha. of corn alone, V, 4 0 0 0.1314 

Ha. of wheat, V, 3 0 0.3323 0 

Ha. of wheat, HV, 2 0.2617 0 0 

Ha. of milpa, V, 3 0 0 0.3686 

Ha. of milpa, V, 2 0 0.1677 0 



Ha. of milpa, V, 1 0.4215 0 0
 

Ha. of milpa, H, 2 0.3168 0 0 

Shadow price on 
potato landc 604.44 499.38 298.96 

Shadow price on d 
vegetable knowledge 57.30 49.55 38.38 

Shaclow price on savingse 0.19 0.44 0.86 

Shadow ,price on 
vegetable landc 0 0 0 

Shadow price 
on hilly lanic 6.02 0 0 

Shadow price 
on valley land 11.38 41.02 47.96 

Labor hours sold locally 3253 4033 3856 

aSemi-variable resources are fixed at: (1) a low level of veaetalle knowledge, and 
(2) zero ha of potato land. Personal savings is fixed at Q3O. 

The letters 11 and V followino the ha of crops produced refer to wheihcr the activity 
is carried out on hilly land, valily lan 'i, or a comi 'ination of hilly and vali1ev lands (HVR). 
The nmu-,ers 1, 2 3, _ describelhe ro]at ive a-ounts ofi capital used -,I t ha. act vitv. 
For example, Mi I pa, V, 3 uses ilore.- cwapital t han Ii j}a, V, 2. 

CShdow prioC i) Q pker ha. 

dShado, pricu in 0--the amount by which income would be increased if the farmer had 

a hiah lovel of veoetalfl-e knowledqe. 
0 Shadow price in Q per additional Q of savings. 
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demand for local labor sales. assumes that there is an unlimited 

the famiJlyThe only liiuitation placed upon local labor sales is that 

sell more labor than it possesses. The crops produced in
Lannot 

milpa and wheat. The farmer devotes 7?%. of his
this solution are 

sav
land to milpa and the remainder to wheat. The shadow price on 

had ainother Quetzal of 
ings is 00.19 indicating that if the farmer 

savings to devote to crop production, it would increase his income 

This ,ieanis that one Quetzal invested in crop produc tion
by 19¢. 

Q1.24 by harvest time because there is an
activities would return 

with using savings Cor cropop)portunity cost of 5% associated 

a fa i l-y low return
production (QI.2J4 - Ql.05 = (20.10) . This is 

to ca J~tal I for a peasant farmer. Var:ious studies of peasant agri

have olsCrved significantly higjher returns
:ul tur(e arolund the world 

to workinn cap :ital. Higher returns to workiJg capital will also be 

model. thll is thesolut 

workin ,al il al so low in this first solution? ()ne factor 

0l) 5(-rv(l in . ,0 , . ive ions0 1- this Why 

ret urn 1() 

farmer's very :imi te(l level of crop knowledgeexpla:ining this is the 

is aware of more )rofitablein the Cirst .olution. When the farmer 


capita] in tensive technologies, the shadow price on capital will
 

savings
rise. A second factor explaining the low shadow price on 


farmer and )-.'-s faiil.y are given an

(working capital.) is that the 

Labor at 7. 5¢ Per hour; they are neveroppLortuL:i ty to selal I their 


on cropping activities must
unemp Ioye . Thereifore, hours sper.t 


return more than 7.5, per hour to compete with Local Labor sales
 

the not
activities for the family's time. If family did have this 
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alternative use for its labor, the shortage of working capital
 

would be more serious and the shadow price on capital. would be 

higher. Shadow prices on land are also quite low (Q6 .03 and QI.38 

per ha for hi ily and valley land respectively. The most IJnportant 

factors explaining the relatively low shadow pr ices on land are: 

(1) the farmer is already short on capital, and at this point, 

capital is the more serious constraint; (2) the farmer has an al

ternate use for his labor, i.e., selling labor locally; and (3) the 

farmer's knowledge of new technologies is very' Limited. The shadow 

price on potato ].and is deceptively high in this first solution, 

if you can growQ604.44/ha. P'otatoes are quite an attractive crop 

them, but the farmer in Solution 1 cannot grow them, because he has 

polato land and his level of crop knowledge is too Low to allow 

hin to adopt high yield plotato technologies. The shadow )rjUce on 

vegetable knowledge of Q57.30 indicates that if he had one cuerda 

of ].and suitabl.e for production of green onions, and if he knew 

how to grow them, he could increase his income by Q57.:30. 

no 

Increasing the farmer's level of knowledge to Tll produces an 

interesting result. His total income increases by Q4.232 even 

though his crop income decreases by Q34.27. This is because he 

adopts the more profitable crop technologies which require a know]

edge level of TLI. These technologies usually require a little 

less labor input than the traditional technologies on a per hectare 

sale. Stillbasis which results in some labor being freed for local 

more labor becomes available for local sale because the level of 
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the farmer to use the entireszvings is not high enough to permit 

to adopt new technologies
one hectare. He uses what savings he has 

lets land lie fallow. 
on his more lertile valley land and the hilly 

could
Ac tually, the: farmer would probably rent the hilly land if he 

has not been included in the model
finl a renter. This possibility 

rates. If the farmerdue to the d(ifficulty of determining rental 

has a rcsourcewanted to rent to another traditional farmer who 

to the just examined in the first solutioi, the 
set similar one 

shadow price on hilly land in Solution 1 ndi cales that he would 

of hilly land for Q3.01 or less.
have to ren t his one-half hectare 

on hi11y lands
In later so lut ions we w:i.1]. see that shadow prices 

this rates probabl.y higher than Q6.0are not always low; rental are 

p1er he( tare 

(rop. production in this solution accounts for only 15", of 

t ita] The produced are again wheat and inilpa. Apncome. crops 

17%' is used forpro>;,i malely 'T>' of the land iF,used for wheat, 

mi ipa and 50%' (the hilly land) lies fallow. The shadow price on 

secoid solution rises to Q0.44 i ndicatino that thesavJini(s in this 


shortage of c aj).ital is even more estresict:ivo now that the farmer
 

all hJ.s land due to a
kl'okWs of olher 1echnotoies l)Ut Calnot use 

shor taqe( 0 1 workinrio cai tal, loe again, this shadow price would 

be even h ighcr :if we had not assuned that the farmer and his family 

labor as they wanted locall.y. If the famiilycou].d se1.1 as much 


members could not find employment locally, they would devote less
 

of their savings to the newer technologies and use all their land
 

2 
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for cropping activities. They certainly would not use all their 

savings to produce crops by adopting newer technologies and, con

sequently, experience a reduction in crop income if crop income 

were their only or their major source of income. The shadow pr ices 

on potato land and vegetable knowledge decrease somewhat in this 

solution because knowizgrkj, of new crop technologies makes product ion 

of milpa and wheat more competitive with vegetable and potato produc

t ion. 

Increasing the farmer's crop knowledge resource to TL2 allows 

the farmor to increase total income by Q48.60 over the, income he 

earned in the First solution. Hlis crop income i ncreases only 

marginally by Q3.46, but his local labor sales are increased by 

Q45.14. This is anain due to the fact that he farms only his valley 

land and lets his hilly land lie fallow. As in the previous solu

tions, he conlinues to grow milpa and wheat. The composition of 

his crop lrodu(tion changes here. lie now devotes 37[,' of his land 

to milpa, 13( to wheal and lets 50% (his hilly land) lie fallow. 

The shadow price on savings in this third solution rises to QO.86, 

and the shadow pri(:e on val.ley land is 047.96. These higher shadow 

prices reflect ' the fact that since lie now has knowl edIge of now 

technologies, his (:apital and his land resources are mor valuable1-. 

to him. 
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Resource Set 1B-Soiutions 4, 5, 6 

from Set 1A in that the farmer's level 
Resource Set ].B differs 

to Q150. The increased
savings in Set IB is increasedof personal 

savings allows the farmer to increase his total income in 
l evel of 

crop income 
a]l thr{ee solutions. Fairly substantial increases in 

in which the farmer has a cro knowl-edoge 
are recorded for solutions 

[ew1 of "I'L or '1I-2. For example, cropping income in Uesource Set 

Resource SoI iA for 
IB :incruases by Q56.74 over cropiA(ng income in 

in Set Il, arelnowlednelevel. TI,. The crops produced
farmers with 

ini Ipa, whekat and corn alone. With the additional QIC)O ,aviiigs 

able to use all] his land. Hilly
St the isavalbe in 1.1,, farmer 

becomes a constraint. The
land no longer li.es fallow but rathcr 

on hil. ly land increases from QO.00 to Q16.32 in solu
shadow pr ce 

t ions where he farmer iias cropi knowledge levels Ttl and TI,2. The 

is also increased. For farmers with
shadow pr:icu: o:) v,1 ley Land 


shadow price on vallIcy Land is in-

Crop) knIw c w level- "ttL2, the 

hec tare. Shadow prices on savingsher 

fall to zero 

creased from 0417.tgO to Q182, o3 

ranged from t.).t1 to Q0.86 in SCeL lA; in Set. 1, they 

full Q]50
for al lhret- ,ol.utions. The friner doesn't need the 


this resource
.vities with im-it ed
'.ion5a\Ii.lo1s 0r crojl Irodu a 

set. Some (ofC the more, ',: ],i tant results for Resource Sets ].A and
 

and 5.5. These

I, have ben inc orporated into Figures 5.3, 5.4 

al I the results in Category 1 and (live the reader
figures summar:ize 

results presented here but also of the 
an overv:i.cw not o iy of the 

r Iults to C()I low. Each of these figures is divided by dotted lines 

http:overv:i.cw
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Figure 5.3. LevelF, of total income (TY) and crop income (CY)
 
estimated by solutions in Category 1
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graph we are concerned with isinto thirds. The section of each 

on left which results solutions for setsthe third the in the of 

1A and 11B have been plotted. The Levels of the semi-variable re

sources in ea:hl resource set are idc-ntified below the figure. For 

Resource 1A semi-variable resourcesCxLunle, in Sets and IB, the 

are fixed at the levels 7ero ha of polato land and a Low level of 

verjetable klJow].cdtlC. 'or a more extensive presenlation of the re

sults i.n Sets 1A and 11, the reader is referred to the tables in 

Appendix A. 

PesouLr-c Set 2A--So...utions 7, 8, 9 

Set 2A differs from Set 1A by specifying that the one hectare 

of land the farmer owns is in a geographical and (climatic area 

which is appropriate for high yield potato production. The farmer 

once again is assumnd to have only Q50.00 savings, and capital is 

a very seriout(, 'constraint in these SoILutiOns . The shadow pr ices 

on saviii to in F iure 5.5 reflect this., They are much higher for 

Set 2A than for Set 1A. For examl)le the shadow price on savings 

for a fzirlmr with knowledge level TI1l in Set 1A was QO.44. In Set 

2A the corrsp(n d-ing shadow price is Q1.22. The compJosiilion of the 

.r--in li.x 'camoes low that high yielding potato activities are pos

site-,. l'otatoes are grown in all three solutions of Set 2A although 

not much o:f the total land available can be devoted to potato pro

duction because of the shortage of capital. In Solutions 7 and 9 

grown, andwith knowledge Ieveil T.I and TL3, only potatoes are 
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most of the land is not used. The farmers use the labor time freed 

from corn, milpa, and wheat production to increase their local. labor 

sales. This is, of course, not very realistic for the reasons ex

plained earlier in our discussion of Set. 1A where i shorlage o] 

use their Solutioncapital forced arners to only valley land. or 

8 in which the farmer has a knowledge level. of TI2 , bo th potatoes 

and milpa are grown. The apTJearance of milpa here is due to the 

shortage of capital. It demonstrates that even thoutph) potatoes 

are a very profitable crop, milpa can sometimes com(ipele with po

tatoes if the milpa is grown in a fairly technified manner. This 

considerably higheroccurs because the return to labor from mnilpa is 

than the to from labor It is proiitreturn labor local sales. more 

the ratherable for the farmer to devote some of land to milpa than 

very small amount of potato production alndto rely exclusively on a 


a large amount of local labor sales. This situation differs f-rom
 

knowledge level
the situation in Solutions 7 and ga because with a 


of TL2, the farmer knows about the most profitable and advanced
 

milpa and corn act:ivmties, which were unknown in Solution 7, but
 

does not yet have the expertise and knowledge re(quj.red 1 y the most
 

technical means of potato production which iJs used in Solutilon 9.
 

The shadow prices on hilly and valley land are depre.ssed in these
 

solutions due to the tremendous shortage of capi. al wlhich cx istb and 

the fact that the farmer faces an infinitely elastic demand for h.is 

local labor sales activities. As Figure 5.3 shows, total Jncome is 

i71creased slightly in these solutions, and cropping income remains 
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at the same general level as in Set 1A. The solutions for Set 2A 

indicate that, by itself, land suitable for potato production will 

effect on inc Theome. pote forntial increasing
have only a small 

income through adop~tion of" high yield potato activities is there, 

of capital is 
but it is an unrealizable potential when the scarcity 

50 acute. 

Resource Set 2I,--SoLutions 10, il, 12 

personalIn this set of resources, the farmer's level of 

.asedsavings is incr to Q150. As was the case with Set lB, this 

in a].] three So Lutions.hiJ(] 1evel s total 

ihe .nc rease in t a income here, however , is ili mh ranat ic 

results in ]2 of income 

1ore' 


incomc leveLs in Set "21 increase from the
than in S21. ,11,. Total 

average increase is
Q41,0-5.5 range to the Q61,)-670 range, and the 

' a rather large jump in cropping
about 0140. Thi increase is due to 

Income from the sale of migratory
incomes in all three solutions. 

lo al labor 
lalor renmains constant at Q9_.20, and incone from sale of 

an average 1 iecrease of about Q15.00. Although the extra Q100
has 

a.llows the farmer Io aclhiev( a suLsIlantial increase in total. income 

ftnic h more capital could be useo co achieve
by growin (j ,Oa toes, 

in Set 21B remains 
event higLh(r inci'tn. T.ihe siadlow p)rice on savings 

]enItlion .Jt 1 e iitade of average clianges in levels of different 

to is an
varilAbl's t.hroU(ghtout this cha])ter. The average referred 

For the variahle in the three solutions found for each re
avera 

average decrease in local labor sales
sou:C(! b(I . In this case. the 

.is Q15 fo(r the three solutions of Resource Set 2B in which the farmer 

was givett cr01) knowledge levels of TI.I, TL2 and TL3. 
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between Q1.22 and 01.62 as it was for Set 2A. The farmer is still
 

not able to use all his land, and the shadow prices on land remain 

as they were in Set 2A. The composition of crops grown as a result: 

of the additional QIO0 of personal savings is roughly uncthanged. 

Solutions 10 and 12 (jrow only Iotatoes. Solution 11 (TL2) grows 

potatoes and milpa. 

Resource Set 3A--Solutions 13, 14, 15 

In Set 3A, the farmer is assumed to possess a higher level of 

vegetable knowledge than he had in Set 2A. This allows him to in

ci. ude one . uerda of carrots and/or green onions among hi , rop pro

duction alternatives. All other resources remain at the same I eve Is 

as in Set 2A. In spite of the fact that the farmer only has Q5O.00 

savings anc that the shadow price on savings remains very high (be

tween Q1.22 and Q1.62 as it was in Set 2A), the farmer al.lo(ated 

part of his savings to production of green onions. In all. three 

solutions, the farmer grows one cuerda (the maximum allowed) of 

gren onions. Totlal income; and crop income are increased by ap

proximate-ly Q2.5 and Q[35, respeclivel.y, as a result o01 including on(, 

ctuer( lof O on ions uO-lg th( iroJrdut ion a(tivitieS. One olher chanyc 

in the compo(siAti)n of crops p roduced is that in Solution) 14 (TI1.2) 

green onions displace potatoes as the capital iiitensive cro) 'ille(n 

grown. The farmer in Solution 14 grows only onions and m:i.lpa. In 

the other two solutions, only onions and potatoes are girown. Shadow 

prices on land remain depressed here, because capital is stil.]. so 

scarce that the farmer cannot use all his land. Ile cannot even use 
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price falls to zero. Figureall his valley land, and its shadow 

for valley and hilly land5.4 capsulizes the shadow price movements 

very well. 

Resource Set 3t1_--Sol.u3.lons 16, 17, LI 

in SetSet 3', -iiicreascsthe supply of personal savings given 

3A by Q1O0. The rc.ults are very similar to the results found for 

of total. income and crop income are aSets 2A and 2B. The levels 

21B, but the general.little higher in Set 313 than they were in Set 

upon landeffect of the increased QI00 savings shadow prices for and 

for savings is very siimilar to the effect seen in Set 21- (where the 

level of peronall savinos was similarly in( reased by i-00 over the 

leve]. s ev if id in Set 2A) . In a 11 th-ee solutions of Set 3B,, both 

onions and potatoes are grown. About the only difference between 

in 2B, and is in 3B solutionthe solutions Sets 3P3 that Set each 

substitutes one Cenerda of onions where there was a cuerda of 

potatoes in Set 2B. 

Co1C 1usions 1.o te drawni from Category 1. 

1 are: 4.ne.ctareIr ofPesoitrees! held constant in Category 

crop, lanld; no availability of Government or priva.. c :.edit; and a 

maIXimum of l, n hired men avaii-lab1e to help with c-'opping activities 

eakch qutar ter. The :esour:ce s allowed to vary between resource sets 

were the level o.1 private savings, the am1ount of vegetable produc

that the.tion knriowledge, and a dummy variable which specified 


former's land was (or was not) geographically, climatically and
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agronomicalv suited for high yield potato production activities.
 

'The level of crop knowledge was varied both within and between re

source sets of Category 1. 

Category I has been used to reproduce the position which many 

sma].I farmerb in western Guatemala find themselves :in. It has in

vest-ilgated the effects of variations in the level of saving-, and in

the Levels of :ropJ and vegetable kniowledge as we .11 the ec u.as . off 

having land suitable for potato production. Scveral in terest:.ng 

conclusions may be draw-n from these eighteen op.i.ma so lutions. 

The first conclusion, which -is not very surpr i.: no, is that 

the distinction Ihetween farmers who can grow ])0 tatues and those who 

cannot is :important. If a farmer can engage ini h.i gh yieik. pota1to 

activities as descriLbed in Chapter IV, he :is in an entire ly dif

ferent league from the farmer who cannot. As more farm,rs acJu.irt, 

credit and knowledge -17new )otato technologies, more potatoes wi.] 

be grown and the comparatively high price on ].olatoes probalbly wil.] 

be decreased so that potato produc tion will become less profilable 

and more comarabl.e to corn, milpa and wheat production. Until that 

happens, potato farmers will be ablo to earn substantially higher 

incomes than non-potato farmers. At present, pota<o) farmers are 

quite a sinai I. group. If their numbers are ex}u-ded very rapidly, 

much of the advai tage which potatoes currently enjoy wolold lie 

wiped out ; helce, one cannot expec t potato )roduction to he the path 

which will lead large numbers of small farmers to slini.f cantly 

higher income levels. With this in mind, let us review the Category 

I 

http:terest:.ng
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and 1B in which the 	farmer was
1 conclusions obtained from Sets 1A 

not able to produce potatoes. 

of the solutions presented
One of the most strikinn aspects 

amount of 
in Sets IA anid ilE is that throulghout these solutions, the 

.pni act ivities is quite low. ()nly al)oul
income c!;irn d Crom croj 

by sale of crops. The remaindertotal. is 

local labor sales. T'he exac t 

'15-."5"; of ncolle earned 

m:gr1atory sales 

with the 

comes from 	 labor and 

total income earned by sale of crops varies 
percentage of 

level 
farmer's level of knowledge and his savings. The greater the 

the higher the percentagesavings,of knowiledje aiid the umount Of 

The relatively high
of total in come earned from sale of crops. 

of income from labor sales for the non-polato .irirmers 
propor tion 

family man, and teenage:i.s due to the fact that tv of wife two 

1	 3.1 farm laborers,Ch.ildre-n la:s a 1_abot supp-ly of approximately 

on a one hec tare 1.-arm. 
wh.i chi is tLan can be fully employedmnore 

When tie amui Iyvs sUpI)ly of personal savings is .imn:ited to Q50, some 

h:illy land lies fallow due to the shorlta( Of savj.ngls,of the poorer 

but when the- famuily has an adequate amiount o savings (Q150), the 

In some cases, the shadow prices on land
famIi.ly usbes all. its 	 Larnd. 


Labor first devoted to crop p)ro(luctioli
be'ome" (lui tC hioh . is 


ac ivitics aid migratory labor sales; any residual labor is sold
 

Tbi, reOsult provides two importzt pieces of formation 
oItl, ly. 

that non-pot.ato farmer in Category 1. The first i-
alou l. U sma l. 

the typ.ical small farmer .is essentially a marginal farmer. Even if 

he has sufj.(:iLnt savings or credit availability to take care of his 

http:famIi.ly


176
 

capital needs, he and his family will not be fully employed on one 

hectare of land. As was seen in Figure 5.3, the total. income earned 

in Sets 1A and lB ranges froin Q443.47 to Q524 .73; at most only 35% 

of this comes from sale of crops. The famnily cannot afford to rely 

solely on ero, :income add mutt devote a Sbstltnil. ial Iort-ion o. its 

time to labor salk-.ct-S t .ivi -ties if total ilcome is, to be kept above 

Q300. ConsejLuent]y, ti1 i farmer deljicted here can only be considered 

a marginal farmer lbecatuse off-farm labor sales are a more important 

sourc(-e of income than sale of crops. If the farmer anld his family 

are to )e fuL1 ly employed on their own farm, the2y must have more land. 

The second important )i)ece of information is that crop produc

tion activities in the model do compete effectivclv with local labor 

sales activilies :for the farmer's time. Thus, Ilaor e iuaged in crop 

production arItivitie; is not a form d'Ioy1i ed un- men t. Even 

for the lows(,t level. of crop knowledge (TLO)) whJih rle r'selti a 

traditional typ e of agriculture, Ilhe -k:riiwr v:titli ador uato savincis 

uses a] L hiis land for I)roducl.io aL shadow oncrop .orLl i 1 price lanl 

is .os it:i.V- (a]. though it is quite low) . When the level. of crop 

knowledge is increased, the shadow prices on valley land become 

quite large.
 

Figure 5.4 presents information on the shadow prices for hilL.y 

and va] lcy These prices 1 the facedland. shadow su uJ) situat:i.on 

by the small non-I otato farmer extremely well. Fi.urc 5..4 shows 

that when the farmer has Q150 sav:ings, both hilly aind va l. Ly land 

have pos:itive shadow prices. This holds true regard Less o0 the 

http:situat:i.on
http:I)roducl.io
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level of crop knowledge the farmer is asstuned to possess. Thus, 

of savings (workingeven if the farner has an adeqluate amount 

his income.capital), he must have more laid if he is to increase 

When the farmer has ()nly Q50 savinqs and either TI1 or TI.2, his 

all. his hilly
savings are in such short supply 	 that he does not use 

lie fallow. iven though the short
land but. insloatd lets part of it 

must age of land -is absoutely critical in the sense that he have 

more land to be fiul]y emiptoyed on his own farm, his shortagu of 

adlcapitali. 1inthe p0 s50 lacs solutions is even inore cr . t ical 

he has
1 )rOve;nts him from :fully utiliZiing what land 

The role which1 extension and other educationial. proorams can 

play in help-ing small farmers is aLso depic<ted in Figure 5.4. Since 

the more advanced technolociies are usually cmplloyed oin (he better 

valcy lands, one shiould look at the shadow tr icke e1):im2ate lor valley 

on va lley landladids to see th s-. For instance, the shadow price 


the farmer has only Q50 savings (VL ,A) is i.ncreae(Ic:ro Q1l.38

when 


the farmcr's crop, knowledge- :iLbincrezisecd from TIO to
t.o Q47.90 as 


T 1.. Tlhi./ deonstrates that knowledqu of lnw tecn'AIl-ologIes has
 

ptential to inc(reaise Carm- :Ln(:oTme s even whel saVII(JS aU ill short
 

suppl l.y. The .ilil- tanc: 01 collhinilg knowledge of new tochlologies
 

supply of savings (working caj . tal) is illustrated
with ail adequal e 

by the shadow ji)7ics, on valley land whenM the farmer has 015-) saving

the shadow ornieval cy increasesomm .and(VI,, E) . .Iltiws5e So lt:ions, 


from Q15._29 to pI82. ;3 as the level of crop knjl,,owledge is increased
 

from TI. to TI.2. A (u.i.ck glance at Vl ,I_ and Vl,A for Resource Sets
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IA and 1B in Figure 5.4 illustrates the importance of combining an 

adequate amount of capital with increased crop knowledge, thereby 

allowing the farmer to use new cropping technologies. 

The rather large differences between shadow prices on hilly vs 

valley lands are somewhat misleading. As mentioned i Chapter IV, 

survey data reported that more capital intensive, high yie]ding pro

duCtion technologies requiring higher levels of crop knowleuge were 

used almost ex('lusively on the better vall.ey l.ands while less capi

tal intensivc and l.ower yielding activities were carried out on hilly 

land. Consequently, in the model, the hichest yielding activities 

require valley land, and shadow ]rices on valley .land arc higher 

than shadow prices on hil.ly land when the farmer has knowledge of 

these higjh y:ielding activities. If, however, more capital inlensive 

te,hnol.oqIles were used on hilly lands, yields on hilly land activi

ties would increase and the shadow price on hilly land would also 

.ncrease. It is likely that yields would not reach quite as high 

a level on hilly lands as on valley lands because vall]ey lands are 

generally of a higher quality than hilly Ilnds. Nevertheless, it 

seems reasonable to assume that use of more capital intensive 

technol ogies on hi.l.ly lands would increase yields significantly. 

This woul.dt reduc e the differeinces in shadow prices of hilly vs 

val.Iey lands showni iii Fi(nure 5.4. 

Another interesting characteristic of non-potato farm pro

duction is thiat although the shortage of savings is fairly severe 

in solutions for Set IA, shadow prices on savings fall to zero for 
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all three solutions in Set lB. Ai additional Q100 takes care of 

all the farmer's capital requirements on the non-potato farm. 

In review, then, we may say that the non-potato farmer in 

Category 1. J., only a marginal farmer because he does not have enough 

land to Ful.y oc t:upy the family's labor time. Since so much of his 

time is spent, working off farm, increasing his level of crop knowl

edqe or hi-s supply of savings or both does not result :in a sub

stantial increase in either his crop income ur his total income. 

If he had one more hectare of valley land, bowever, ike Shadow 

prices on valley Laiid in lF'igure 5.4 suggest that providing him with 

an adWAlltt untli (A (:apital and knowledge of ncw te( ,moLogies has 

the' pOlential to increase his income (Solution 6) from Q.52M.73 to 

aloU t"Q7003. 'his would be a significant improvement; the effect of 

giving 1.1o farmer more land will be investigated in Categories 3 

and 4. Now lel. us turn to the solutions in lResource Sets -A, 213 

'
 3A and 31, i, i h the farmer was allowed to grow potatces. 

The situation for the farmer with potato land is quite dif

ferent than the situation for the farmer without polato land. 

Po tat.oes require re.lati.vely large umounts of caplital compared to 

courn, iL l.p a al l what. (Con5se(Luently, the potato larimer il Category 

1 i-, 1 i.i l. from iri reas Jtng 1his income not hy a shortage of Land 

PutL1y a _Mhor .aqe of savings (or working capital). This is true 

wl'(t,1rt INsourcA Se t and Set will be used synonymously from 
here o ilto ideitt.ify a partLcular group or set of resources. For 
examl, "Oesour:e Set IA" and "Set lA" refer to the same collec
tion of rebources. 

1 
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whether he i s givon Q50 savings or Q150 savi.ngs. The shadow prices 

on sav.inos these(Jn so ].ut]ions range from Q1.22 to QI..2 deul~)(lJ.ng 

UI)on the farmer's level of crop knowledge. LveiI though o1to1 o 

farmer-. earn average about non-pot(t )an of QI05 morc than C-armer ' 

the potato farmer co t.l )otentjally earn mimch morc if he ha ade(quatz 

savings. "The .- ofim;iortance additi onal. savings 11poin the .1evel. of tota.l 

income .is ii ustrated by the high .e: prr s i.11very shadow 'Yesente d 

a
Figure 5. 5. i t is a.so :i.nstruct iv to notiCC that al Ithouqh the over

all average income for polato farmers is Q105 more than for non

potato farmers :i.nCategory 1, the average for ;polato farmers with 

Q50 SaVi-ciLs is only a out Q45 more than for non-p'otato farmers whi..e 

the average for '(I tat o farmers with Q150 sav:inns -is about Q165 more 

than the tver,'t;_e for non-potat(o farmers. 

Although .incomes are sul'stantial.1.y higher for potato farmers 

:in Ca tenory 1, J is interest:ing to note that potato farmers rel ied 

very hetv.il.y on Labor sales act:ivi.t.es to suppl-emenl1 their incomes, 

F; rmers with Q50 savings earned an average o1 only 21"' of thei.r total 

:i.ncome from sale of crops. Farmers with Q150 savi.ngs earned an 

,averale of 42% of total, income from sale of crops. The im it us for 

sel 1inq Large amounts of labor Locall y comes from the seasonal. 

natur(! of potato production ac1ivit:i.es :i.s due to 1wand aIso hfa't 

lhat the farmer's Lwevel. .f perso al sayi.i (s is too ow to a lIow 

him to use al I the 1 thor and Land he h1as afori. 1a,-Ie for poi a1o 

produc tion. SavingDs, not :is most si~o-m ifi:cantland, 1hew constra.int. 

In most of the solut ions, the shadow prices on land are zero , an(d 

http:ac1ivit:i.es
http:act:ivi.t.es
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in all cases they are very o. 

the farmer is given aThe Catergory 3 solutions show 	 that when 

he always grows a cuetda ofiigh Ie10l of wtgCtaC l- kl1ow edce, 

,grecn onL.onso (ni.ons- ark-, even more proiit able than lotatoes. When 

onions ;ire(er:n1itted, they somc:times displacc a cuerdla of potatoes. 

When th::\' are not jerflitted, the farmer (rows only potatoes in solu

ti.oli]s th a (>r(j I knowedge level o1 Li or TI,3. In SO].utlions with 

milpa on his vall.eva crop knowledge level of TL2 , he aLso grows 

la-.n d s. 

Presentation of Resource Sets in Category 2 

with one hectareCategory 2 continues the analysis for a farmer 

of Land by adding availability of Go\ernmenl cred:it to the farmer's 

set of fixed resources . Since 1he farlner now has access to Govern

j,.: solla! savrTs are held constant. at Q5O throutlmoUtmen t credi.t, 

Ca'il e(ory L.-. [h e sevii-var iable res)ources in Category L are' vgelalhle 

knlowi ewkl and potato land. As ini Category 1 lor solutionb il) which 

the three Iowevst leve-lsili e fairmetr dues n ot have p01 ato land, oly 

'1 ,re 1((nowl ede( ('lhO, TI.1. TL.2) arc used to demonstrate the Offcl 
1 , 

()fj i 1(7('a 1 1151 the la-mer 's knawkwled(1(e t 1ro'LMh Govermient exI.lctnsiOn 

2an(l I 1 t A n I ronrml' s. SimilarLy, when 1he ia rm( e,: (1 1)' v. 

kw.o 1d(' (TI.].,,tkat.o, liand, onjly lh(e thrc highest levels of cro1( 

TI' .2 ~ TIh') are eSCd 410 deiml1115.12:-ato the e ffec t of,1i" llr ea'il)j h.i.- know]

edge of new tec'hnologics. Vegetable knowledge cont .mmuetCs to )e 

also is assignedpresent at two levels, low a-, high. Potato land 
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onLy to) levels, zero and one hectare. The threo resource sets 

spec ified for Category 2 are presented in Table 5.6. 

Resource Set 4--SOIl(,, 20, 21 

Re(our((2 Sel 4 al lows iurthor analy-\i of the employmel. and 

jncom(., 'ar n A I (1. ,At aI ,o siI.,1 . farmer v.,itli onl.y one ho!c,.are ol 

land and no pus lb.iI. I t y of adojp Iing e.i. ther h.ighIi y iecld )thi- ot Ito 

activities or the more lucrative vegotabl2 ac t.ivilie re 1 u irinj a 

higl level of vegetable knowledge. The farmer may be constrazined 

from engaginn in these 1)olato and ve10ta,lc act.iv; t:iesb bylack of 

suitab] ]an)I in suffIc ient. ]<nowoledge, or bol.h. I'0.soulr', Set 4 

assumes that IN, farmer has acress to tlhe Ekvernme.nt ' s irn) specific 

, red-it tro'-;r;un --ni a I .ows us to de.termine now the - v Iai i ty of 

addit.iona] worki-nU ona:ital was 1 imitiiio(1 inr (which a fa):lor Resource 

Set1 ]A) en1alcie the farmer to irlc rease iAs crop .ia'once. Wi thI:ih( 

exception of credi t availailitv, R eource Set -4 is i(entical to 

Resource Set. IA. 

Figures 5.6, 5.7 and 5.d, present information on income levels 

and shadow p'rices for sO IdtIonS in Re source Su ls 4, 5, and 6. In 

,ach of tese fIi.urc,. 011Ny Ih nolutions i I I LirsI ono-th i.rd 

of the figure ' orresjomnd to Set .1. F 1Lure 7.6 shows us thAt total 

income for fatrmer, in Rsourc(, S..1 ranqes from Q41*.6, to Q521.96. 

, 

Th is r m is l'onut the same as was U-Oumld for Iota WI (I (_11 i n Set 

lif. Tabl.e 5.7 poinl., out. the simi larities which :i.si. bttween the 

levels of tot.;al iAlfOIIC and crop income earned in Sets 1B and 4. 

http:kvernme.nt
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total 	and crop incomeTab-le 	 5.7. Levels of 

Type ()f Resource set 	 fLO TI1 TL2 

443.47 467.60 402.07 
TI;1 I 1A 

524.73447.81 480.9111.Total 

521..96446.68 478.994Total 

71.99 109.72106.26
Crop 1A 

88.63 128.73 181.02
 
Crop lB 


87.50 126.82 178.26 
Crop 4 

of these resource sets provide
l'his is not surprising, hecause both 


identical 1(evel s of all.
 
t he farmer with ample capital and contain 


of the tables in Appeindix A rcveals'
 
other 	resources. Comparison 

( ) f4 	 1BP are similar dn term i icoine earned,
t hat Sets and a1 o very 


]ld or lours sed, etc.
 
shadow price estimates, crops t-rown , 

prites 	on savings
Figure 5.8) iresents estimnates for the shadow 

, rices are a].l. QO.05, refIcc. ing the fact that 
:i.ni Set 4. The shladow 


weeOI nanling iroducto ,n irom 
 persol . 
there 	 i.s a 5 ° d i.- feren ; ' 1 

s ver sos us-i i 0 Govc'riulnen I. crei (IJ 1. CGoverimiefnl c re(li t is aSSUl1(1
saving" 

1le savings are chzar.oed 
t rest rate of 105', wh 

to It a lcl lce cIe 

of 5,. As was the case, ill Resource ;(t l, whore 
an oppr tun-ily Cost 

zero, 	 the shadow prices in Resource 
the shadow price on savings was 
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to 1If]{ 

cap.i ta 1. The amnount of capital actually borrowed in these three, 

solUtions is quite small and ranges from Q22.36 to Q55.31. he 

alount of ( aJ .I i ne'u.dhzd increases as the farmer's levvj I f ro 

knowledge Ji.- expal-led. 

Figure. 5.7 presents est:inates for shadow prices on land in 

Resource Set 4. As w;as the case for Resource Set -11 valley land 

lecomes quite valuable when the farmer has a c(rop) knowledtje level of 

TI.2 Tal I]e 5.,8,Oi.nts out that the chad{ovw prices for Sets 1I zuiad 4 

are very sim:il1ar. The differences be.twe the re fl t th..!. dif

ferent:ial in 11lie ((.)St of aCqlU.rinn working calpital througoh use of 

savings versus through the Government credit ,r{1ogram. 

As was the case in Set ll., the crops produced Ln 5'et, 4 are 

wheat, COrn alone ald m i.pa. The amountl_ of ezch Croi, JO:odLuced 

are indenti cal, to the amunts produc ed in the three corresIpond:ino 

solutions of Set lB. To sumarize, the solutions in Set 4 are 

nearly identical to the solutions in Set 1IF. In lhoth of 1hese re

source sets , land is thep imary r-straint; the farmer: lias an ami 1([ 

amount of capita].; and lie devotes ,onsiderable t imne to se llino lhd or. 

,1.4 .indiai.! th. the frrmcr has access alla n 1 lunofl t }.of 

Re source Set 5--So.uti.011S 22, -')-1 

In Sets -A ind -M, the ( tato -'armuer was seriously con trainedI 

in his to cIOJ-) byII is l :imited Ofefforts increase opicome AM1un 1 

savings. This situation it chanoed in Set 5 now that the farme'r 

has access to Government credit. The average level of total income 
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on land (Q)Table 5.8. Shadow prices 

Irype of Resource set TLO TLI TL2 

I and 

0.00
6.02 0.001A
Ill1-y 
16.32
30.02 16.32lB
Ill ]y 
13.64
13.6423.78
4Hil ly 

47.9641.0211.38
1A
Valley 
182.8395.19
15.29
1B
Val-ley 

89.04 174.9814.28
4Valley 


is QI,036.99. Thi s is 
three solLulions In Resource Set 5for the 


Set -I" when he had
in Resource more than average incomeabout Q400 


The averacle per-

Io tvii devo ie to ,otato prodIc tion. 

only 0i150 

d u i i
i j,1 these, three 
el 1a]j, of tol.aI inco(w earned from c rop r o 

Jill]portaltthai. crop 1i(J:( luIttion i.s more 
so lut. ()n ]s hil5. , i -d1(-0al. min 


La or s les are
tol o oilIe.in .he makeuj, of
tl-"n Labor bal. e s 


The farmer con t-inues to
 
an income source. 

st i (jUii mlortaiit as 


Q93.20 from migratory labor
 
the max 1Imum I . lowed and earns

migrate 


sizeable
 
three solutions. Local labor sales are also 

sa.] es iii all] 

the case in solutions for Sets 2A and 2B, 
and average 1)22,.38 . As was 


labor soldl locally are (lue in part to
 
wmounts of 

in part to the 

the rather laro I 

with potato production and 
the Seasona1lity assoc.(iated 

http:1)22,.38
http:QI,036.99
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farmer's shortage of resources which impedes him from growing as 

many potatoes as his ]al,or supply would allow. 

The constraining factors impeding the farmer from further in

creasing his income in Set 5 are land and capital. In Solution 22 

(TI1) , the only constraining factor is hilly land because the high 

yield IJotat(G activity the farmer has knowledge of (l11V2) requires 

54/,%hilly land and 46'1i, val1.ley Since has only 50 illyland. hc h'i' 

1;and and amid'Ie aumotnls (1C all o ther rc sourc(es, the shadow )r.ice on 

hilly 1and -in tl ", solution is quite high, Q76-1.11. (,a ila is not 

a constraint, aId the shadow price on savings is QO.05, because the 

farmer can borrow as much capital as is needed. The crops grown in 

Solution "22 are 0.88 hectares of potatoes and 0.12 hectares of 

wheat. 

In Solution 23, the constraining factors are valley land and 

capital. Valley land is scarcer than hilly land in this solution be

cause the farmer's crop knowledge level has been increased to TL2; 

now the farmer has knowledge of a new Potato production ac-ivjty 

(IIHV3) which requires 506"; val lcy land and 445, hil 1ly land. Valley 

land is cons(equently in relativel.y short supply, and the shadow 

price on vall.ey land is Q174.98 per hectare. Capital. al]so h)ecc)le, 

scarce in Solution 23. This is because the new potato activity re

quires more capital. The shadow price on savings rises to Ql.20. 

Crops grown here are 0.77 hectares of potatoes, 0.07 hectares of 

corn alone and 0.16 hectares of milpa. 

In Solution 24, the farmer's level of crop knowledge is 

http:Q76-1.11
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increased to TL3. The constraining factors in this solution are
 

again land unid capital. The shadow price on valley land increases 

sharply to Q514.98. This increase is due to the fact that the farmer 

hias knowledge of another new potato activity. This activity takes 

place uxclus i ye y on valley land (PV4). Thus, valley land is com

paratively in greater demand than it was in Solution 33. Since 

valley land is the more serious of the two constraints, we see a 

slight dip in the shadow price on savings. The shadow price on 

savings is only Q0.91 in Solution 24 as compared with Q1.20 in 

Solution 23; capital is, however, still a significant constraint. 

The crops produced in Solution 24 are potatoes and milpa. 

lven though the farmer has access to Government credit which 

allows hin lo horrow up to Q450 ior potato production, he has quite 

a high shadow p)r-ice.'on savings in Solutions 23 and 24. The am1Iount 

of capital borrowed in these three solutions ranges from Q352.14 in 

Solution 22 to Q468.68 in Solution 23. Another interesting point 

concerns the composition of crops produced in Resource Set 5. In 

Solution 33, the farmer grows some wheat, but wheat does not appear 

itn the other two solutions. This is due to the fact that Solution 

2:3has a knowle(dge level of TLi which represents the level of knowl

edge rouiid among better farmers in 1973. Li 1973, wheat was com

parat-iveIy a more 1eclinified crop than corn or milpa due to the ef

forts of th- Greminal Nacional I)e Trigueros and the Guatemalan Govern

mun t. ,A njood deal of work has been done with wheat farmers to teach 

them about new varieties, use of fertilizers and so on. Also, the 
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Government's support price for wheat has provided farmers with an
 

incentive to adopt the new technologies. Consequently, wheat was a 

more profitable crop than corn or milpa given the way all three crops 

were grown by Letter farrers in 1973. Field trial and delnonstration 

plot resul.ts, however, indicate that both corn and m:ipla aro p)oten

tially more profitable than wheat. lence, in Solutions 23 and 2-4 

whcre farmers are asstuned to have knowledge of corn and milpa p~r(

duction activities being used in demonstration trials, the farmer 

maximizes his income by producing potatoes, corn and milpa instead 

of potatoes and wheat. 

Resource Set 6--Solutions 25, 26, 27 

Resource Set 6 is very similar to Set 5. In Set 6, the farmer 

is assumed to have a high -level of vegetable knowledge which allows 

him to includl oreen onions and carrots anong his product.ion al terna

tives. Inc luding this possibility results in qreen onions being 

grown in a.ll three solutions. Total income is increased by an average 

of Q45.89 compared to total i iwo)(,O in 5,5 and income from sale of 

local labor is decreased by about Ul ()!her than these minor c hanges, 

everything else is about the same as in Set 5. The shadow prices on 

savings are identical to those in Set 5. Shadow prices on land are 

very similar. The amount of borrowed capital in Set 6 increases by 

about Q17 compared to Set 5. The reader can compare the solutions 

presented in Appendix A for these two groups to see the extent to 

which they are alike. Figures 5.6, 5.7, and 5.8 are also helpful 

http:resul.ts
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in pointing out the similarity which exists for solutions in these
 

two sets. They are so nearly alike that one can effectively stum
 

up the differences between them by saying that in Set 6 the farmer 

grows onions. 

Conc-lusions to be drawrn from Category 2 

As was the case in Category 1, the amount of incomu the family 

the family from earning morecan earn and the constraints which limit 

income are quite different for farmers who have potato ].and when com

pared with farmers who do not have potato land. For example, the 

avcrage incone earned in Set 4 where the farmer could not grow pota

toes was Q48:2.54 while the average income for Sets 5 and 6, in which 

4 
the famliil.y had one hectare of )otato land, was Q1059.9 . As a result 

of the essential differences between potato and non-potato farmers, 

it seems advisable to present the conclusions for each group separately 

as was done for the solutions in Category 1. 

The position which the non-potato farmer in Category 2 finds 

himself in is virtually identical to the position of the non-potato 

farmer in Set 1B of Category 1. In both Sets 4 and 1R, the farmer 

has all adequate amount of capital to finance production but does 

not have enough land to fully employ the family. The average amount 

of incom, earned from crop production is only Q130.86 for the three 

solutions in Set 4. 'his is only 21% of average total income. The 

family needs more Land to be able to support itself by farm;ing. 

Again, one is forced to conclude that the farmer who cannot grow 

potatoes and who has only one hectare of land is essentially a 

http:Q48:2.54
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marginal or a part-time farmer and will only " seive marginal 

benefits from Government programs which provide him with cr -dit or 

technical assistpr. 

The Iotato farmer in Catregory 2 is in qiite a differeic. position. 

The results of Sets 2A and 5 demonstrate how different iis position 

is. In Set 2A, the average total income for the three solttions 

was Q496.47. A serious shortage of savings (working capitci.) was 

the primary constraint and this shortage was 3o severe that in

creasing the farmer's crop knowledge from level TLI1 to levl TL3 

had the effects of bringing about a reduction in the anount oC land 

devoted to potato production, increas ng crop income by only Q15.16 

and increasing total income by only Q19.93. In Set 5, however, aver

age total income is Q1036.99, an increase of Q540.52 over average
 

total income in Set 2A. Increasing the level of crop knowledge 

from TI1 to TL3 in Set 5 results in an increase in crop income of 

Q236.86 and an increase in total income of Q220.11. Obviously, 

both the Governmentts crop specific credit program and its exten

sion (or technical assistance) program are capablle of helping the 

potato farmer. In fact, the Goveri-ment's programs have the poten

tial to help the potato farmer even more. The shadow price on sav

ings of Q1.20 in Solution 23 and of QO.91 ii- Solution 24 indicates 

that if more credit had been available, the farmer would have been 

able to achieve higher levels of total income and hence could have 

ben,_'ited still more from the Government's credit anid technical 

assistance programs. The fairly high shadow prices on land, however, 

http:Q1036.99
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indicate that land is also becoming a serious constraint in these 

solutions.
 

The shadow prices on savings in Solutions 23 and 24 a:e aso im

portant because they p0oin1t out that the uore advaunced potato technolo

gies being used by tile best potato farmers and ol demonstration plots 

arc very capi tal. intensive. The alUiOult 1f Ca)itat which tile potato 

farmer :in Calvgory -) cculd borrow was fixed at. Q450 1 eLause Illis was 

an averaic value for potato loans madc in P973. It is U) adOeua t,_! 

01Mf iJIt 10 S LIp)l.y the (L_,ital re ju irenunts o.f farmers who havc a cerop 

knowl.edge2 .evel of 't'L1, which was the level of knowlod(Je ut i~i zed by 

mnost potato farmers :iL 1973. A.l though the average s.lze loain was 

aZIlu(a tO to I)Eov1ih the Capital r Olu ired by the averac I )lr olocy 

in 197'3), i-s i oI adeqjLuate to financ e produ(:tion a t.ivi ties which 

1rec' lnCt av a.)\lt~l~kl whi ,el .he farmer's crop know.l.edge :i.s i.ii'rease 1 to 

I eve.I.s T!L" or T.l3. I.cvcl TL.3 al 1ows the farmer to adop t a pot alto 

pro(Lti.toil te: h rol.ogy wiich was used h ' the' be St lotattO farmers .i.n 

whil .II I e\,l. 'I'LJ the t tOC Iilt(ooly wh .icil1 7)7/:; a.1 ows arm r to ado)t 

.. . ill If v .-.


irmiit:oe( i.n ].73 sh ou .1d IlC 1OlO an1 Upper limit on loan sizo, it could
 

was utD i oill (hemno s trattor loots D-)7"3. the verl-age z . l,all 

• ir ict a(toJ 1..ion of the newer pol ato production actii.vti .5 being 

:introduced by turaI tU1r1i-ml.te'hni(cj.ans.
 

TI'( v,)'rloI) i Sets anid is
l(V((l total l( oln., ill 5 6 Q1059.9-1. 

'T'hre avorz eir l1oc c. (loi ) ill' one i-. Q747.78, and crop iil(rohle WCOtil ts 

for ahout 71% .o totat income in these solutions. In sp:ite of tile 

facts tiat shadow prices on land are fairly high in all three 
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solutions and that the shadow price on savi.ngs is quito high wheln 

the farmer has a crop knowledge level of TI-2 or I-3.,the .- lortkaw' 

not p,. vent (.l 1;11w..lJd thmese 1 lA,0-es Li- )of resour e'eSiri by shadow 

fanil.y from JOl(?-l.t IaI lv ca n.llii l)l-i()1Qpo .al f rit'r :ak hi s 

yea-,r. l e are, of -OLtLrS e O, l 1 y t)(en t a,1L.ca roings intk 0 1at 

irmer (apdi tal and knowledge w:i .lnJl 1.1he colt ox 
.L easieur lo jive te 

of the modelI than in tIe re!al world1, but thiri< -eSLI.I tsut s thtit 

the iaic (;Grains Program dol.<: have the potential of allowing 1oitAto 

farmers with (moe hoctare of land to reach the Q1000 target lovet for 

faunil-y income moenti.oned ejl. :Ler. This, of course, assulnes Ilai ult

achJeve thc,and produt iJr:ices ii a:einas they were in 197.3. To 

tt hesar al 0 feCarint.a -r 1 ,orr-ow vera 1 al 

cons trail lite by a skhort1.ao o1f 

ill .OTl e, . i C.id it ot 

Qd44) t roll) 1)k! Gov'im'rIllO 11 lie zsstiLl, 

illd he0 IS 1 CCOlll il( cons trained,ipqj)ita Il.in .ome of tIe s b2sOlUtiJons, 

by a shior t.,ael) illy or val.ley land de11nding u)o whiCh p)Otao 

t e i e.1 lall Iact iv i ty he ueS. The dh i1nct o 1ell :.'cI y ;. t \I, Qy does 

here lt,~ tli ilnportit ,ion wilnot 11nC(ill too lnTLImh e~aOA, mo-st 


u a5 n:IiS
all
respect to ]ald J.s that ihi. i.s [Otzato la l. Tl e amer 


o6. lie can st:i 1. :inLre.i ,as
land in al.l six s 0 lution5 l1or Sets 7) and 

or iwillp ii7,tl' h Cjrowin,] potatoes illstcid.income soinew%%I q moor1 ).0 of' corn 

cal. t.iin workimn l ci tal for ,oIZto j)i1O(lC1 ion, ad 1 htiMIo llh'he 


do i m - s 1 e because e line Iroat.y h ,t.k..:eell
i I- mm ed heczas,ot(, l .iat 1"17 

74-)1.' o f1 n.1s 0nt, hecta.re devoted lt potaltoe o r 1 allto(! sall[ ioreeli 

Furthemi s -zeai.e increases in ilbollne wil 1. jirol atlv onlyoni.ons. 

come about by increasing his land holdi.ngs. Family labor has been 

http:hecta.re
http:hort1.ao
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adequate to perform all production activities in these solutions, 

a fair of is sold locally. Local Iabor sal.es
and .ountlflt Iabor 

Ialor salesi.n these six solutions and migraloryaveragie al )out 0220 

Q93.20 t11rouhout CategoriJes 1 and 2. 
have remained constant at 

the farmerj.1(1 i.c ted thaI po r a toI I z edThe resu summ :tr here 

to Ie)je fit sut t -,tanl a I y fCoi I he 
in Category 2 has the o t.en I ial 

qr am. 111is i.n1 oMe can 10 tetIal- ILV rea,h 01000
liasic Gra ins I r er 

the prograi, benefit s from it and if 
year i f he parti. ipates in 

as were i973. major constriani for the
prices rmain they in T.e 

C'atotry 1 Ahe 
potato farmer i.n Category 2 becomes .land, whereas in 

ma jor conslira nt was catpita.1. The potato fariner still- l has a Cair1.y 

ed t . rop roduc
largo reserve of labor which couL.d have I)een dc\o 

if more .1land and working capital had licen ava:iable. l
lion 

.aor
 

largo but are no longer more imlportant h k

salos are still. fairly 

crop in( activi ties as a source of family income. Mt last. the farmer 

with one hey tar, of land cal- be considered primarily a fareiier r7atler 

than a Iaborer. 

3Presentation of Resource Sets in Category 

in the farmer's set of seimi-fixedTwo change., have. been made 

and most important of theser(Sour_:S il Cal eqolry :3. The first 


from one

'an ngIe is the CXj;alls.ion of tne farmer 's land ho Idlnos 

hec tare to three hec tares. The second change is to as sumC that the 

local labor to assist with cropping activif;uni.ly is unable to hire 

ties. Th:is assumption is made to investigate the seriousness of any 

http:f;uni.ly
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seasonal shortages of labor which might exist on the larger three 

Iectar4, farm. i t will be relaxed in Category 4 so that we may corn

pare the f rmer's relative positions when he is ]lowed to hirc ten 

la1 oror,5in every quarter and when he must rely xclu-si yely oil fm.i.ly 

I-ahor for cropjping activities. The other semi-fixed resoure-s remain 

at1 the same I ev(eis as iln Category 2. They are: avi .al1 Ii tIy of 

credit through the Government sponsored crop specific credit pronram 

and Q50 savings whic.h can be allocated to crop :rodw: tion. 

The sem i-variable resources in Category 3 are the sa-me as in 

Category 2. They are: (.) the Level- of vegetabl e knowle.dge; a . 

Ie 

ti.nues to take on the vailues high and low as in Cile(Iorics I and 2. 

Potato Iland is al[owed to take on three possibl Ieve] : zero he(

tares, one hct are and three hectares. The )attern of present inn 

solutions for different levels of the, varialdc resource, crop knowl

edge, is Lii:1han 2IM1d.WI01n tlh, farmi.r has no pta1alo land, solutions 

wil.] h e calcul.ated for the thro levels of crop, 'knowledge TL0, TLI, 

31mnd TL2. When the farimer do(n, have potato land, optimal so.lut ions 

wil]. be Cal (Al a ted for the I ev\,els TIA , T12_, and TI13. Table 5.9 

specifices tieo levels which put1a to land, vet re table knowledge and c7ropj 

wil ach in 

(2) ':h amull n. o[ po'tato ]iand. The level ()f veg,.ci hlo 'eknivow.1edo( ('l)-

WnowledgeItke. in resOLtrce et n ea h ,o.ut.101) 

kesourtl((e e(. I -- %n I Ui t.in.C1]_ " ' 

.11 RCS0LIEC S( !,-et 1A and -4 oi C tegori: s 1 and 2 resp)c( Le'L y 

the cl l.ect ivele ss of i.riculturzil recd.t and technical. assistance p ro

grams as instruments for helping non-potato farmers was investigated. 
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The results from those solutions indicated that these instrumlents 

were not )articul-arly effect-wee because th. fafarr and his family 

were ob1iged to sj end most of the ir time working off the fariii. The 

farmer d:id not have enrLouh1land t(o make a L.ivinci from f;armi-i and 

could b est he (ons -Idored as a part- t ime or marginal farmer. 

In Resouree Set 7, the non-pjotato farmer has lieein qiven more 

land. lie now has 1.5 hectares of hilly l3nd and 1.5 hect ares of 

valley land. This is one lectare more of both hilly and valley land 

thai he had in Catogories 1 or 2. The farmer in Set 7 is not allowed 

to hire local l.abor to assist with eropl)in actiV-tles , hut with 

these two exc. tionls, hj.i other resources are the ,une as they were 

in Set 4. 

The effects of these chan us upon the levels of cropping and 

total income are quite interesting. The average amiount of total. 

income earned -in Set 7 is Q5}:)4. 53. This is an increase of QO1.1.081 

over the a\,erage total income earned I) Set -4. It :is both interest

ing all,. eaSbur:Lng to note that in each Of the three solutions in 

Set 7, the level of total income :i. very close to the sLTn of the 

level. of total income splecif~ied in the corresponding solLItion Ul 

Set 4 and th amlnount estimated for the shadow prices on hill.y and 

valley land(. for the three solutl.i-ons in Se-t 7, the total ]incobe 

e stimated l y the model is ,etweeIn Q2 .62 aInd Ql2 . 50 o. theICoellco 

estimated .in Set 4 plus tIC estiiuated shadow r ices on land in 

Set 4. For examliple, the income estimated in SoLution 19 of Set 4 

(in which the farmer has a crop knowledge level of TLO) :is Q446.68. 
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The shadow prices on hilly and valley land are Q23.78 and Q14.28. 

These sum to Q48-1.74 which is only Q2.62 more than the amount of 

total income sj )ec-1.jd iln Solution 28 of Set 7 ( in wh ich IIh.earmer 

S JUL larrly I as I ri j ki low.1.edge level. o f 11LO) . The_ fact that the 

iIIJAme( :s timates in Set 7 come this close to the estimates in Set 4 

sLiIStailtJi.atCs our earlier conclusion that land was the only serious 

constraint limiting tle farmer's ability to increase, income in Set 4. 

The relationship of crop income to total income in Category 3 can be 

Se.e l I:n Figure 5.9. Crop income, is al o ut 54% 0of tot1aI iic omc in 

RUS{Oert:C0 Se 1 7. This is tile first set of sol ut ions in which the 

non-t Jo tato farmer has earned a higher percentage o incoine from:f 


sel I ingo crops than from sell-ing labor. Crop income should C-11, :t ito Ite 

an eve n hi.Oiger Jer (-enJ;age of tota I income iI Catejory 4 when the 

tarmer j, a l_-owed to hire local labor to re ieve the 're:.eont fourth 

(]UaIr t r labor shor t- je 

Tho pr~imary constraints limiting income in Set 7 are land and 

fourth ttarter labor. The shadow price on savings of only QO.05 in 

al I thre SO iutioJns indiiCates that although more savinois are to he 

referred to ]ess, ca idtal is not a : Dnstraint in any of tleso solu

i ons Shwidov(w Jr ices on land in Category 3 are irc setel:I in Figure 

5.10. The slaklow rices for Set 7 ill Fioure .5.1.0 show uL-tch the sai 

tvI ef pzitl.I. orn o se rvd in Set -4. Increa se s in the faX1e: 2s oLu111: 

of c rop knowled(1( hcive the e ff-ct of increa-.i!ng the shadow pr i'e on 

val l1Iy land. ,hen tho l evel of crop know.ledoe is incroased from 

TLO to TL,2, the shadow price on valley land increases from Q3.70 to 

http:Q48-1.74
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Q164.45 per hectare. This shadow price of Q164.45 per hectare sug

gests that if the farmer were given another hectare of valley land, 

he woul.d curtail either some of his milpa prodluct.io n or some of 

his fourth (Juar ter sal.es of mil -ratory 1ahc or and us(, thet ad ltional 

valley Land For crop product-ion activities, thus increcasing his 

total income. The shadow irice on valley land in Se1. 7 is nearly 

as high as it was in Set 4, indicating that even though the farmer 

has a total of three hectares of land, shortage of val.ley l.and con

tinue5, to be the most serious constraint in the model. 

Fourth juarter labor is also a constraint in these so]lutions, 

al-hough it is not a vcry seri.ous one. The farmer continues to 

sell the maxi.mtuu amoiint of migratory labor al.lowed b-y the model 

even though ai shortage of fourth quarter labor constrains his crop. 

)rodu(ction activi1:ies. the haxs crop knowl-cdge levelj When farmer a 

of Th(O, the chadow ]irice on one hour of hired alor -infourth (It;,rer 

is QO.0U3. When his crop knowlele is increased to level. T1.1 or 

'L2, the shadow l)r ice on hired labor rises to Q0.026. A shadow 

price of Q0.O23 or 2.3¢ per hour means that if the farmer could 

have hired an additional hour o.f local labor, that hour wou.ld have 

allowed him to achieve a 9ross increase of o.9 in total income 

m.i.Is hourly U.(9.9( 1 the wage of 7.6- equals This also mealls 

that his own last hours Used in croI production activilt:ies in fourth 

quarter were worth at l.east 9.0¢oer hour. As was po in tCd ou t, this 

is not a high enough return to induce hin to curtail iniratory labor 

sales activities which earn ii¢ per hour, but a return to crop 

http:prodluct.io
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production of 9.9¢ per hour is fairly close to the wage he could 

earn as 3 migratory laborer. This is a significant result because 

it provides two important pieces of information. First, even when 

the farmer has c n.ly a crop knowledge level of TLO, fourth quarter 

labor hours sp)ent on c:rop production are returning 9.9o' per hour 

farmer earns as a migralory laborer.which is al.most as much as The 

This ].nS ul)ort to the idea that workers mirate because they 

are unemployed rather than lbecause the wage paid to migratory 

croplaborers is ,,innificantly greater than the return to labor from 

their own farms. Second, increasing thepro(duI:ion ,cti v it ie.s on 

the value offarmer's l.evel of knowledge to TLI or TL2 increases 

9 inthe farmer's labor from 9. per hour to 10.2¢lper hour. This 

crease cfle s(-about even thouC111 the farmer is using part of his Labor 

on c ropl .i.no ac tivities wich require only traditionaL crop knowledge 

(T[.O). le (loces this because he has an excess amnotunt of h i.ly land 

wh:ich in the mo(Iel can only be used with traditional lechnologies. 

farmer could use the money he borrows from the Government toIf the 

adopt more capi tal. :intensive high yield technol ocies oin hill.y lands 

as wel, as o valley lands, tlen the return to labor from cropping 

of newac tivit:ies woulid probably rise even more. As farmers learn 

:apit al. intens,:ive )rodtuc t ion activities which can be used on hilly 

is on va.ley .ands, the return to an hour of fourth quarteras well I 

lahor spe)Ont oli c rop p roduction could rise well above 1.il¢ per hour. 

Thus, one effect of the Government's technical assistance program 

would )e to increase the value of labor hours spent in crop production 
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activities. This might cause local wages to rise if in the aggregate 

there is either a seasonal or year-round shortage of labor and if 

this shortage is not overcome by increased mechanization. Thould 

local wages rise above ll per hour, there mioht be some compe.ti tion 

between local labor demands and migratory labor demands for the small. 

farmer's labor. If local wages did rise, the small one hec tare 

farmer considered earlier in Categories 1 and 2 would achieve in

direct benefits from technical assistance programns through tWhie 

higher aUri(u]Ltural labor wage levels even though his land holdings 

were too small to allow him such benefits from adoption of new tech

nologies on his otni farm. 

The cro)s prodtlced in Set 7 are wheat, corn and inilpa. With a 

knowledge level- of TLO, the farmer produces 71%,* wheat, 28%' corn 

alone and 1'7, milIpa. When crop knowledge is increased to level TII, 

he produces 50, wheat (on his valley lands), 30'; milpa anid allows 

the rest of his land to lie fallow, because he is short on labor 

and the return from selling migratory labor is creater than the re

turn from using labor to grow crops on hilly lands. When crop kliol

edge is increased to TL2, lie discontinues wheat production and in

stead produces 50i. corn alone (on his valley land) and 19% milpa 

allowing the rest of the land to lie fallow. 

Resource Set "--Solutions 31, 32, 

In lesoLrCe Set 8, the farmer has one hectare of land suitalle 

for potato production and three hectares of land in total. These 

results are essentially a continuation of the results discussed 

http:compe.ti
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In Set 5, the farmer's main conearlier in Set 5 of Category 2. 

Both of these constraintsstraints had been land and capital. 


average total. in
have been eased considerably with the result that 

over
coifle for the three solutions in Set 8 is increased by Q354.19 

Set 5. As was seen in Figure 5.9, crop 
average total income 	 in in

labor
total income in Set 8. Local 
come constitutes about 89% of 

sales have been considerably reduced and average only about Q66 al

labor sales remain constant at Q93.20 throughout
though migratory 

these three solutions.
 

8 are again land and hired labor. The

The constraints in Set 

on potato land. The shadowconstraintmost serioub off these is the 

on another hectare of potato land averages Q723.30 for the
price 

three solutions. Figure 5.10 suimarizes the shadow price estimates 

for hilly and valley land. The pattern observed in Figure 5.10 is 

price land 	 is highor than the 
a familiar one. The shadow on valley 

shadow price on hilly land and increases with the farmerfs level of 

his land c-r l) knowledge. The 	 farmer does not use all hilly wlen he 

level, of TL2 or Tl3, and, consequently, thehas a crop, knowledge 

two solutions. As was the case
shadow pr:i(ce fal ls to zero for those 


in Set 7, a shortage of hired labor is responsible for the farmer
 

being able to use all his hilly land. In Set 7, the shortagenot 

of to(.al hi:red labor was in fourth quarter. In Set 8, the shortage 

is in fourth quarter 	for cro knowledge level TL2 and in second 

has devoted all the labor hequartc." for l.evel T1.3. The farmer 


and the fauiily have in the second quarter to crop production and
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are
 

allowed i.n second quarter, the shortage of second quarter labo'.
 

cannot be attributed to migratory labor sales.
 

the amount was insufficient. Since no migratory labor sales 


The crops produced in Set 8 follow the same pattern seen 

earlier. Potatoes, wheat and milpa are produced 'when the farmer 

has crop lknowledge level TLl. Potatoes, corn alone and milpa are 

grown when crop knowledge is increased to levels TI.2 and TL3. 

Resource Set 9--Solutions 34, 35, 36 

Resource Set 9 adds a high level. of vegeta) le knowledge to the 

of veeresources considered in Set 8. Addition of the hich level 

table know]edge causes two changes in the solutions: (1) an increase 

in the average level of total. incone; and (2) inciliusion of one ci'erda 

of onions ;uong the crops produced. The average level of total in

come inc(:reases by Q50.42. This increase is due to an averac: in

crease in c:rol, income of Q33.83 and an average increase in local. 

l.abor sales income of Q16.59. Local labor sales are increased be

cause the cuerda of onions requires less labor than the crops it 

displaces. As can he seen from Figure 5.9, crop income is again a 

high -ercentage of total income. Local labor sales now account 

for only about 5:2% of total income. Migratory labor s.Aes remain 

constant at Q9"'.20 throughout Set 9 and constitute about 61§"', of 

average to-al. income leaving about 88%; of total inco:o to be ac

counted for by crop sales. 

The major constraints in Set 9 are potato land, valley land, 

vegetable knowledge and local hired labor. Potato land has an 
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average shadow price of Q707.33. The shadow price on valley land 

averages only Q138.56. This difference reflects the tact that the 

imlorta.,t constiraint is the c limatic and agronomic ap l r rateness 

03: Ue I 301l rather th nL!ithe 1.a13( i.tthC ],u(I 0l] il ot)0ato prolU( 

seI f. 11P havI) r3i.ice on hi1ly 1and i s zero in a]] I three sole u 1(tions. 

all his hil..y land due to a shortagie 

o 


Ihlle farmer is not m.le to use 

one hour of secondof- second quartecr 1ahor. The shadow price on 

(lU,-_ter lalor is X (.:6i all. th ree sol.ut ions. This means tlat 

ain hour Of second tuarter labor could ad1 0,.12 or 1.1.2¢. per hour 

to gr:oss ui could 1m hired ,and, conseluently, 1.1hat theincome :it. 

farmer's last hours devoled to cro], activities in sec olnd quarter 

arc earninjg at eas t 1. .2.1per hour. The averatno sdiadow jiri.,e on 

o- g.)0.1 nictia .tS that if lIh<. latrmer had one
V\,otall1 knowloe,[, 

I( :uercLh I all It< Idl.e do t~c c o l¢ nii, al for \.etl)Le Jol 
ou OIIh Iiismoea 

crea,.sec hi s Ixl, i~omeo aliou t Q50 by growing! iiore v.co ttl ) .es. This 

shadow m.ice is oil O'(ictal).le knowledoc hU1 (:.O0l.d have I)eonl on vege

1.all lan IW two are t ie(t totlthCr. Te'h Farmer is gJive 

Oil ]y one ').lrd.Ia of 'ojuetable land and also -li1.y enough knowl.edge to 

al] ow hIimLto ;,r oduce v\e' tati ('1 on that. on( cuerda. 

The womwsition of (frops produced is very si-lfli.lar to the .:ro] s 

of green onion., j.ji:O(Iuo:odproduced in L, 1 e xept tl.hlat one (uoerda 1s 

)I S t ). SoUlion 34 w.ith a cro) kno:l.O( ige .level 

ofC 'L1 yrsin eb "uo3 (:0 rda 01f (3110115, (o11 hcetare tr1 ( 1al 005 

ill C!.Wth S()ILLIDMI 

1.02 h3,c tares of wheat, lnd 0.74 heetares of m.lpa. Wlen the level 

of cropI knowledge is increased to TI.2 and T',3, the farmer continues 

http:ictal).le
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to grow a cItorda of onions, a hectare of p)otatoes, and under a 

hectare of mipa, but no does not grow wheat. instead, corn alonc 

is grown. The alnounts of corn alone and mi lj a grown in 1:heso: two 

solut :ions are al.lere(l with rc sj'ocLI. to the aWHount5 crown Jin Ihe cur

ro{S])Onlij~ 0solLiti.0o15 of Set 8;as a result of incllUdilnIg a cuIQda Of 

orlions amon'c tlIio crops produced and also as a resulI eO- the shortage 

of SO-ontd (]Luartcr labor. 

lHsourc( Set, 1O--Solutions 37 38, 39 

In No sourc:- Set. 1C0, the farmer's level of potato land is in

creasc(. to three hectares. le continues to have a high Lovel of 

voge13)l.o ]nowl.edge, but due io the extreme shortaoe of second 

quarteIr Ial or , jO green onions are cirown (onions require a -air]_y 

]U ( ,kamouiltI of second iiartr Ikl or) . 'The only ( r)o ' rown in those 

5o tu I i on-, js pota toe . Averaoe total income for the three -,olutions 

in Set 10 is l882.10, an incrc- s of Q400.03 over average tol a I in

come in. Sot 8 where only .]ne hectarc, of potatoes 1miI no vegetale'1s 

are growl]. Crop income is Olout 8,. of lotal incom.c 

The most :im ortanlI illnO ino( . 'n , rain 1 her, -i., second q(tL1krter 

.labor. The s hadow pric:e on hired ]alor in:c{econd juz rtr ranges 

between QO. 66-Q1.17 per hour. T-'i. cx tremely li_h shadow price 

for farm .al')or on the altip.lano of westetrn GuateinaIa mdicates 

that the pzart icu lar combination of resources SI 'cc: i, I i Sot 1.0 

has IOSt. touc h w:ith reali.ty. For th i s rca.c(in, hthe rsU Its airo on I y 

I)roscnl ed hr;ofly. The iil.erestetd reader may refer tco Table A13 

for more information on these solutions. 

http:reali.ty
http:66-Q1.17


CoHc I u1s AirS :for theZ fnon-potato farmer in Category 3 

In C(atewory "-,t1 most seriou:S constraint -for the non-potato 

varltlert,;ttu I The non-potato Iarmerfarmer 	 was i any v.,Icy nd. 

crop (, was Q2LI.)6 totalwith a knowli etic level of T1LJ abie to earn 

inconie I n ury In 17 oettjor. -;wivth another hetitre t hillyin. at 

.land and ;atitcr hetare of valley land, the farmer willi a crop 

knowl edge level of '12L is zd, Le to earn QOOOQ. 09, a-kn increase of 

Q1.76. 11. This increase is ach ieved by nLn (e1 lire. 1 .5 heclaresusi9 

of valley 1l-d ad 0.58 of his 1.5 lectares of hill.y land. This 

means that, 02%(. of the additional hectare of hillv land is not used 

because of a shortage of fourth quarter labor. Three important con

C].1s ions can be drawn from this in formt.ion. 

First, thc fact that the farmer did0 not use 0.92 heCtares of 

his hi l1y land Jmdi.ndiczi2s t 17atly a -HUj (M_ LI.iVaI.enth a with labor tilt, 

to 2.1 farm lalborers w:i.l1 begin to experience shorl aoes of Labor as 

frm .,Izo;-qa r.atvhes three hec.tares. As was men t Iolrcd (, I ier -, the 

liLiur!n to 1Iw a hour whi:ciu the faz-Iner devoted to crop prod(-ct-iol 

.ih )l lfl t t Vw s,r Stilated to b_;e 1) twee .'Os laddj 1l0 . e;tendtkti] 

.ill(Lj t ti It inm' -atrl - leve .1 of crop knowledje . This was 11l a I Jgh 

rop v,,]i 

labor .a les f-r the farmer's fourth quarter lalhor, but it is (jettii 0 

.lo.)s( o the utirat)ry labor waotjc of 1 1i)(.r hour. I f the frmier 

e 011tli01 	 r('ILr i to) al.oW e_ trod LIC:1(A01 to cor;etc h migratory 

se1l he 41 ho)Lurs wh ic.,i ,reol.d .s fourth qu,rl enr m.iira lor v
 

labor Cor .i I pt rodtult ion on lill y land, lie lna-ve- ;,rodlu:(1ed
 

had ti(I 

A could 

A.lotl Ialt ;ad(Iitiola.1 0.83 hee-tares of mA.lpa. If this had 1 eon lone, 
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approximately 1.41 of the 1.5 hectares of hilly land would have 

been used for crop prodlu(tioln. The farmer and his fanvi ly would not 

have been a .le to farm i he ir ontire three hec-tires oi hiii y and val

1ey ] and, hut they woulli have been abl.e to use 071* of il. Thus, i 

azipears hat I-or ak family wJth a total ]alor suI)!.y c.etji.vA]QI)t to 

').1 adult fli)A'I farmI. ;o-er three hec tares ap prox.imate an upperi s, 

limi t for farm s iJz if the family is to do all the work itself 

without turn ii q to riec 1 tn 1ed p roduc(t ion methods. 

A secondt .imlortan t. conltus io rel.ates 1.o the fact that the famnil.y 

did not use all its Li. ly land in Solutions 29 and 30. As was men

tioned earlier, this was due to the shortage of fourth ,u -rter labor, 

but it is al so due to the fact that an a .tivity such as mi..pa on 

h iL..y .1 tnd uses a very lov. level of toeehnoiogy or crop knowledoje 

(level TLO in this model.). If data were avail l.e. on capit,.i in

tensive prod- tiion practices for use on hjly l1ands (suCh as we have 

on valley I ands), it seems . i.ke ly 1thZa h:i_.ly Land act vi t iC s Could 

'omne¢te wi tJ m.i.ril ory lah)r sal i( a:t ivi 1ti.es for the .f - ler ' 

1 ilnme aknd thil liolles earned from c rop1 rotltut-L ion on hily 1;ii llds 

would a;)j)roae:h the levels of income earned on val-ley 1.ands. It is 

very ilmi!or tanl that this data beee C0o]. ted, be.catusO Tablt 2.4 I)ointed 

out thait 76. 2" of' arable h. _ljilacd inl the nile :h igJhlancid dep;artments 

is poorer hi.l y land. Ulntil i1f1.1)rma,t ktLon1 I)eLIo1leS aiva A.,1.ii Io the 

yield (offer t of emthoyiA.n9(j e a tcqltal i.nlensive ;ro ic i01) lr a tiCes () 

hi.l.y land, j.t wi I1. COntilue to hke diffiut to et. uitte the 0L111 

of income the farmer can earn on a farm COms)OS.Cd Of ho ti h111.1y and 

http:COms)OS.Cd
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val ley land. 

level of income the 	farmerThe third coClusion relates to the 

has three hectares of land to Use for earns. In Set 7, 	 the farmer 

In Solution 28 with A crop knowJedge level of TLO,croi f)rod(Il ion. 

he uses a 1 three hec tares hu I can earn a t otal income oC only 

his crop knowe-odge is increasedI, his totaL incofl' ;oesQ482 .2. As 

upI, iut his LIso of hi ilv I11n dOc 1 ins dIe to the sllorltagO ()eClOur th 

and the relat ily Itow reiurnn fnnn fmarmingI i iL.ly land.
(juarter Ialor 

For exgimlple, in Solutlion [,0 kit. rop knowiege Level (f1o Ti2,, the 

onI y 0.5c-, hetares offarmer's total. J.inome is Q698-.0), but he U,,OS 

hilly land. The on].y sVri()us consira inI in S)lution 3) is thehis 

(he ;ould di v'r t ..abor: from mi.ratery latorshorta e of valley 1,n I 

but even if the farmer had another hectare of valley land,sales), 

t '-shadow jr ice of 01(4.45 suormests that total income would not be 

more than Q8 6 2.54. With two more hectares of valley Land, the farmer 

lvi(Iht be able ICo increase his income to the target level of Q100 

per year. Now le t ts assume that hill , lands, a I thommoh natur al]I y 

i)oorer , were c'alpl) Io o f pro(LW':i n1. yi c(ds comnaral) I to the yj u -ds 

esl imated for valley la-ids in this sIl-I(ly. S in,- the farmer in Set 

7 do(ob not use almost one hectare of h 1.1 y land, it is i lausib lo 

to exlecO t thal 1.(Aat i.mcolnlc could ncr( e.(t hy -l(ait. Q105 (thelhe 	 tI 

on lal in 	Sotii.ni I o ) ii thev\alue ol the shadow 	 price val ley 


use this h-ill1y Land witi new cati til intensive
farmer were atb.le. to 


cro)J )rod(uctiOn techllO ogiCes. Cihese techoloic, won Id be similar
 

which require
to the technologies 	 used in the model on valley lands 

http:Sotii.ni
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a crop knowledge level of TL2. Use of hilly land in this way would 

raise total income for the non-potato farmer :in Category 3 to about 

Q860. If the farmer were then given an additional hectare of land 

wi.ch might be com)osed of 50% hilly and 50% valley land, it a]ppears 

likely that his level of total, income mih t reach the tar.cted Q1000 

per year. This means thaL to inc:reaise income to Q1000, the farmer 

needs: (I) a croi k(now]edqe level o f TI2 which 1)ud enable hi.m ito 

achieve yieo.l ds on h.ilI y and v'I ley 1.-ands that would be c'ol-jx rab.Ie to 

the yielhds ac h ieved on demons tralion ip]ol s in 1972 and 1973; (2) 

Govornmenm I c Clit; and (3) a 11tA] O1f f0tt: hetzares nC land. Yet, 

in Chapter 2 .i.t was s t:immate, tlait (.i.vel the resont alounts of good 

and poor land and the present rates of populai_i on growth, a famnily 

of four in the year 2000 would ihave farm of only 1.6 hectares, 

and only 0.40 hc ta.re .sof this would be what has been cIas's i.fled 

as good valley lanii. Thus tle reslts iii Cateouorv 3 su00905;l to 

us that it wiii l,not 1w possilde for farmer s to earnil Q1000 from 1.68 

hectares. Non-potal o fiarmers woul.d 1ne0d mt than1 1wire' t.his amlout 

of land to reacin the taromet level of income _ive 1)present price 

levels and present levels of technology uscd on demon-stratiol 

plots . Category B estimates that the farmer would i);cohai ].y no0t 1)e 

able to earn more than Q700 from 1.68 hectares of valley lanI, and 

only about Q450 of this would b)e from sale Of cropjs. It (os not 

aIl)ear as througlh the n01-po tatoI farmor in the year 2000 wi.1 be 

able to earn Q1000 per year un!,.ss there are: (1) major Ireaklhrouhs 
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in cropping technologies; (2) increases in prices of corn, beans, 

and wheat; or (3) increases in farm size. 

for theLL)0 ta 1. .- riler inl Catenorv 3(Conc'] s i () 

with theTile sotci::ioIs, ill Sets 8, 0, nd 0 of Category 3 deal 

dh) ,5 hAv( p)tato .and. "These S _outiols a,:e interest.ingfarimer who 
because'hat hey shMtw olentia income i()r the p)olato farmer reaches 

lhei h t s whJich are really (uite remarkab~le when compared lo the level.s 

of potential income earned by non-potato farmers. This is no1 a new 

or surpr i sing insight because the income p I entJ a1 from pol ato plro

duction was ma(le app1 arent in Cc- tegorie s I ald 2. The only new in for

mation whice:h (Cateory .3 reveals .s that po tao farmers, Like in

are aced with a seasonal labor shorta'me when theypotato flminar s, 

arc given three hectares of land and are not all.owed to hire local 

labor. We saw earlier in our discuss:ion of non-potato prodIuc tion 

that the farmer expem:i enced a shor ta( e of four t (Liar ter I l or. 

This is hectwaiAse labor demiands tend to h e par icul.:ar lv hi oh in fourth 

(ulart-er I or wlheat, corn, ad(I mi il paroduct.on. This shortage 

also appt tears .in oe, solut ion of Set 8, but the more ser.ious period 

of labor shorI ge for potato farmers is second quarter. Seven out 

quarterof tihe nine solut iions in Sets 8, 9, and 10 show that se(olnd 

i s the time i.'heml the shortage of labor is most resLtrictive. The 

shadow prices on scond quarter hired labor range from Q..026 1.o 

Q].17, indic'atinq that :in some of these solutions the shortage of 

second quarter labor is very severe. Table 5.10 presents information 

http:paroduct.on
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Table 5.10. Shadow prices on hired labor 

Resource Solution Quarter of Shadow Ilectares of 
set S ihor tage pricu potato land 

7 28 4th 0.02'3 0 

7 29 4th 0.026 0 

7 30 4th 0.026 0 

8 31 None 0.000 1 

8 32 4th 0.026 1 

8 33 2nd 0.036 1 

9 34 2nd 0.036 1 

9 35 2nd 0.036 1 

9 36 2nd 0.036 1 

10 37 2nd 0.713 3 

10 38 2nd 1.170 3 

10 39 2nd 0.660 3 

concerning shadow prices on local hired labor in Category 3. 

Table 5.10 shows- us that the most severe shiurtaqes of hired Iabor 

are in Set 10 where the farmer has three hoc'tar3et o1f pOta to Lalnd. 

Again, the aoLunt Of potato land the farmer is g(ven oversladows 

other variables. Since this is the case, let us briefly review 
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and contrast the solutions for potato farmers with one hectare of 

potato land against the solutions foj farmers with three hectares 

of potato land. 

Farmern wi Iih one hectare of potato land were arixlyzed in Sets 

8 and C). These farwners earned an average total. income of Q1416.39 

twjhich Js U,8;31.86 more than the averaae total income earned by non

potato farmers in Category 3. Crop income for potato iarmer- twith 

one he of potato wa abotIt O1f total in anid-tare land . '8,' oi ,iverag 

well over QIOTO The )1oj lroduced included. potalt o"'.'ad nIl -lpak :i-n 

al. I six So lu I o.ns. In thoe(' so. tt ions whcre the' fASier as sunied 

a cr01) knowi edue level of TL.I, wheat was also JrodUc(d . Where the 

farmer was assumed to have a crop knowledge level of TI.2 or TL3 

corn al.one replaced wheat. Onions , re produced in al.1 three so~lu

i ions o f Set 1) where the farmer was h ioih l(2veI ofeiveln vegetable 

know'd Whil. hired 1.alhor was in short supl y in five of theseIeqo. 

Six solut.o ns, it was not. in c riti(a]ly short supp]ly. The shadow 

prceb oi loca. hired Labor for thi.s oroutp rano(o from QO .00 to 

Q0 .036 per hour . The on.lyv restraints other than h ired labor atre 

potato liand and valley land. Shadow )rices on an ad itional, hectare 

of )otato land averaJe al out Q715. Shadowtr ices on valley land 

range between Q83 .05 and Q1.66.1"32. lf more valley l-and wore made 

avail-ab le, it woul-d pro)atl y h e used for additional. production of 

wheat all corn alonet. S ince ab)r i,.,scarce in Some of I hos' -o lu

)ions,the Ialor noded for I)roducti on of wheat or corn alone on 

va Il.Cy land would probably b(- made available by (tecrea.1il( n il.lpa 

http:U,8;31.86
http:Q1416.39
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production on hilly land.
 

The farmer with three hectares of potato land has an average 

total income of Q1882.10. This is Q465.71 more than average total 

incom(e for farmers witlh one hectare of potato -land and Q1297.57 

more than for .arit(irs witlb no potato land. Cro) inCome for farmers 

with three )iO(, tares of' i)otato ].1and is a]OtIt 'f 1 al Inagain t. 

comeK. . The only ': rop reduced in Set 10 is Jotatoes. 1,*-AlveI1hou011 

the farmer is asstmed to have a high leve] of vuCmetahld knowl]edqe , 

no green 0) ions are grown. 'This is Lue Io the fa:t thLa t gr o ns 

requ ire t :oi sjder a].c a-mount of second quarter la)or, andl secant 

(LUarter la]bor i s in very short S ulqjly . T11e s0h11o, r . e on so(ond 

(Uarter .a] or raie s from( 0.713 to QI.17. The only nttr:tint 

other than sec{'oni quarter al'or is a shortage of valley land in 

Solution 39. More va I Icy land could ie used in this soloitio lie

cause -the mosI Alvan{ed method of lotato rI(dni llJi] mode] 

re( lulires i](Y ; val.ley land. The farmer has a crop' knowk.,dgc level 

of T.3 and, therefore , has knowledge of this advanced method. 

Presonat ion of Resource Sets in Cale(jory 4 

In Category 4, the nuner of laborers that may he hired in 

any given quarter is increased from zero to ton. All. other re

sources remain as they were in Category 3. Consequently, the semi

fixed resources in Category 4 are: three hectares of land; access 

to Government-sponsored crop specific credit program; Q50 itersonal 

savings; and availability of ten hired laborers to assist with
 

http:Q1297.57
http:Q1882.10
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two levels
cropping activities. The semi-variable resources are: 


of vegetable knowledge and three levels of potato land. Crop knowl

edge continues to lbe the variable resource. As in Categories 1, 2, 

and 3, tho resources have been divided into several sets; these sets 

are presented in Tal e 5.11. 

The welhtod of presenting results will follow the samue pattern 

established ii the first three categories with one minor exception. 

Pesour('(c e 1 14 wi I not be discussed in the text. The so lu isons in 

Set 14 are quite similar to those in Set 15, and the degree to which 

they differ is approximated quite well by the differences between 

Sets 12 and 13. Consequently, it was decided that a discussion 

of Set 14 in the text was not necessary. The solutions for Set 14 

are, lhowever included in AppendLx A. 

Resource Set ].1.--Solutions 40, 41, 42 

In1 IesOrr (e Set 11, the non-potato farmer with a low vegetable 

knowl(ciIe l(evel has been allowed to hire u ) to ten men in any qluater 

to ass ist wi th crop production activities. This is a con ti nat.ion 

of the results presented in Set 7 of Category 3 in which the farmer 

was not allowed to hire any men to assist with crop production activi

ties. All other resources in Sets 7 and 11 are identical. The 

reader wi.ll. recall that one- of the conclusions made with regard to 

the so lutions in Set 7 was that although fourth quarter labor was 

a constraint, it was not a very serious one. This conclusion is 

borne out in the solutions of Set 11. Allowing the farmer to hire 

local labor results in an average of only 26 days' labor being hired 



Tableo ,].I ,Isource, Is in , Ioor, 4 

° Resource Opt imaI !lw 1ares of I evcl of Cropj Nublcr of 

sets solution p"otato land vecetalIe knowledoe h ired 
number knovledgo I evel laborers 

11 40 0 low TLO 10
 

11 41 0 low TL1 10
 

11 42 0 low TL2 10
 

12 43 1 low TLI 10
 

12 44 1 low TL2 10
 

12 45 1 low TL3 10 

13 46 1 high TL1 10 

13 47 1 high TL2 10 

13 48 1 high TL3 10 

14 49 3 low TLI 10 

14 50 3 low TL2 10 

14 51 3 low TL3 10 

15 52 3 high TL1 10 

15 53 3 high TL2 10 

15 54 3 h igh TL3 10 
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in fourth quarter, the only quarter in which labor is hired. 

Figure 5.11 [presents information on total income and crop income 

presentedearned in Category 4. The pattern of total and crop income 

here j.s (luite :imi].ar to the pattern observed :in Category 3. The 

amount of total inc:ome earned in,, Set 11 is inc:reased by an average 

of only Q5.41 over atvera{-e total income in Set 7. This increase is 

caused by an ; veraqe itrease in crop income of -',.8 and an average 

d,,'rca-,e in lcdhor sale .nmcomc of Q33.47. The perceli ge of total 

income earned from sale of crops is 60' in Set 11. as compjared with 

541'' in Set 7. ,Miratory Labor sales remain constalt at Q93.20 

througlout olh Set,, 7 and 11. The prilary effec t of al.lowing the 

farmer to hi.re Ioclal ].a'hor has been to sl]ishtly inc rease the amount 

of income earned irom cro)ping activities and sl.ightly decrease in

comie earlied by sel] i:ing I ;aor. The increased a-ountI of nc oifie earled 

from crop iminq ;i'l ivitics result s from two I:ypt-s o))f chimglye;5. Witl i a 

Crop knowlI ,'dgIe lve, )1- rLO, the ftrmer alters the r(Jls he grows 

so that his ainii (:roI, tre wheat anld mil.pa rath(,r than I lie, wheat 

aid corn a]one whic werc grown i the, 'or re spondLi q >o.lttion of 

Category 3. WIen the level. of i rop knowledgo .is _in:reased to TL1 

:i.ii Category 4 , the farmer (:Onl t±lnUe S to prodLi( C Vheat alld mil 1.1a 

just as he (id in Category 3), but the tv .ilabilily of hired Labor 

in Category 4 allows the farmer to increase the amount of land he 

farins, and he iicreases his produc ti on of mil.pa from 0.89 hectares 

in Category 3 to 1.5 hectares in Category 4. Similarly, when the 

fatrmer is given a crop knowledge level of TI-2 in Category 4, he 
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milpa (as he lid in Category
continues to producc corn alone and 

3) , hut he increases h:i.s prodiuction of milpa from 0.58 1o 1.02 

hec tares. 

The main constraint preventing the farmer in Set 11 from in

are presentedShadow prices on ].and
creasing his income is land. 

in Ficiure 5.1.2 f.t" Set 11 1-. 
in FiJgure 5. 12. The pattern o served 

ih aiiI valcy landsprices on 1ot h-illyfamiliar one. Tie shadow 

]leri \el of TLO. 
e farmer hat, a know . 

sha low prices on vally_. 

are fairly low when he 

A,, the Level of co l)knowl-edgce is in(;roasett1, 

a11 -1.ls and shailow rie.es on hilly laa.1. '1 e shadow 1'rico 

on h11 la1id cma ins positive in So1Lit ions -10 and 41 1)111 ial1. 1. 1o 

drop in the shadow p:ice for hilI y ].and 
zero in Solu1i.iA ) -1:2-. This 

is cauiscd ly a shortage of cap.Lttal. which roliihits
in Solution 4 


Ii-s hilly land. Capl ta.1 )e(.:ome s a con
the farmer from us:,in a. 1. 

ct) 1"orr.kv Ill ax 1.ill]Ul of 
,trainta l ecfxt-, taln imoel(. a].lows the farller 

aLone ai id milyla om a th ni . Il"are
Q240 for prih.':i in of corn 

farm. 1(ThW the ori alone activ:i.ti cs in So ltn:ioll 12 reLtires in

1th)1tl{I I tile QHC)
put5 total:iino (177.06 eor hectare wh:i i h . a l.1 l 

t he model . 'lle Lini. 1 of QB0 e r
I(.'): Ihiltare Lia i SpQC.f... ied :in 

1 loans wat- adopt1.0 be
and inila production.ohe( tLare for corn alone 


v,,as iust
 
ause the av'{raii sJize loan aij]roved, Iy tINI)ESA i1, 73 

a-liti l . to finance proUli(cer Q20 t}w, - hw,-tI-are. Tlh is is an ade(tuate 

or mil pa with a cre1p knowl-edge level of "FI1O
,.Iuntion of co()rn aI one 


.ove .]. Of TI.' theI y0VeI. that

TI...1h t 1 wni. a,- ropI kl0WlC.OOA-:JLOr 

This points out the need was Lttse(l nI elmons tration plots in 1973. 

http:activ:i.ti
http:1"orr.kv
http:Solu1i.iA
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for loans in the future. 
for i.ncreasing the 	autnorized amiounts 

be adoPting niewer capital intensive
It is expected that farmers w1.11 

level of crop klowiC(1je L0(d oin demonstra
technolog:ies ald that the 

1 y 1,ke1.I( 12 tarmerl-, in) 1980.wi I 1We wide lV usedti.on p lots i.n 11)73 

-e the 1701a lIol. -h.it, 	whcl oxisi.t.graphici lly illustralFijiure 5.31 

1, sayingstechn ol(1)0ie-, an1d shalow prics on)e0twee() a lop 1J.oi1(it l)0w 

in Category 4. 

ont 4.3,-- Lit 1(11) 44, 45]e'si)urz-0 Set 

-t io s ib iJi	 Set. 11 is 
The set if'produc(tion pi0 es presented in 

e iare t Ij))ll .ill Se 1.'12 by sjI1i..fiy.ing that one of theo three hoc'

it suitAb le for potal.o protIit t.i n. The oarosof I and in Set 1.1 

restL1t j.s ti(e ULiaI one1. On -hoctare of 1')0 ttoes J-S (Jromn ill each 

soluti.on of Set 12.
 

very s ijij.3ar to the solutions
The so.Lutions ill Se t 12 are in 

to be ox] ,,cted sin(ce the two oirou.c,
Set. 8 of Cate(()r 3. This :Ls 

share i common resoli' :( 1 ase save for the amounl ol ],or ,h.i ch may 

(.1. Al t ho -,lh tle tarmr .il Set 12 is a.11Owe(1 to hiire 11) tole Ihi 

Vry lit I I.e, a1)o1-	 is hlr((1. 111 So.Iuliontoin in.-ii -ill (,Vory (iJi :Il.er, 

J, hi,red and th( solo .1011s ieni.al to S)olUtj(o)l] 3141, no labor 


]II 44, the oinly lCd h r j.

of Set 8 Ii.ii (atego1ry ln. Solut-ion 

22'L hours 1i1 .)rtll (]Uarter. Ill) 11J.lt.Oll1 ., ti lt, l:o1' hiresill ho 

S(cOld . TtIlil. s 
7", hortt , ill -ol1111) ']Liar t.er andl 5t',hiur5 -in 


hours fo r al I three solut iols. That.
adlds, to a tol-;l of 	 otilv 1533 


hired in Set 12 is a testilmoily to the ,conipleso Iittl.e la)or is 

production and other activitiesmentiari.ty which c.xi.sts )etween p)tato 

http:mentiari.ty
http:soluti.on
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in the: model. This complemcntarity results becaus' potatoes re

q]u ire their la;rgest 1.31or input in scond qutkxr er whil(ie corn alone, 

in iljta and heat th( 1o0S t labor in fourt.11 Iurtr. MigraV,,1 :0(1u ire 

in th and fourt (lutr le(rs I(, I -() (Lit e om . etory Ia)I or . .I.-(is 

men.tary with potato produc tiol. 1'his (omnj len t Ir ty a] lows the 

fale: w).ho )r( ILIZC('S 1)O tatoCs iii ((oM i nai1_,11 l a, C0r1 a.lne0W_t Ii iI 

I It 7d (I 'a .1071 I xl)or (10 iDV01d Sc ho(ILIl0or whei at to I ia\.e a more 

. i there very erpnce solutions.11n hc .ino .. i t:l c, diff- lie Lweenand reso 

in which tlc farmer can hire ten men ;and solutions in which the 

mus, t (t1 . I. the work itself. For exanil I e , the dLi. ffe..renc_.efamily 

rze 1ot,-l for Sels t.- an(:1 . -i.s ()il], Q1.20.1 etweell a, 1. I icome 

The flarimer in Set 12 is in quite an cnv.iwbl. josition cnoMql])r( 

to) many of h is neighbors. lie earns between Q105i2.7 and Q1.671. 1.4 

( le(end .ilog uj x)ln h.is6 1("ve.l of cro) I.owledoc. HIS incomoe froml sal]e 

of c-rolis is le),le, , n7(, 1 5i30.0-). -,oth he, and his CL i .1 

are al.oiiOSt L1]y xiiii]1)y(Od. Ini thit 510cOlid andil/or fourth quarter, 

11h(y may h(re a few labor hours , and in first anI thi:]rd quarters, 

they may sil1 a little labor, but neither the labor hired nor sold 

has a very .arqje effect on total income. The only (ionstraint. facin( 

the farmer in Set 113 :i.s land. If he had anotlher hti..Cro of potato 

Iacnd , he con].,1 iiC(nr('ask his income 1y Ml out Q725. If he 1,d another 

he'tare_ ()f' y or he! use ,it .Iit(n LiVe texchva,I 1land, ilf L:oU..(1 C _I 

11,l-oglies on h il.y IZAnds CIand achieve yieIds (coImpai)rnddc to his yields 

on val Iey I ands,, lie could increase income by abiout QI'.0 . More land 

would, hoever, mean the need for more hired labor or a move to 
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mechanized production methods. A great many high]and farmers wou.ld 

we Ioml o111 ity 1 erofl ge ti to eel ii Ial orthe {AI {trlun.t to lar cnou , hired 

or lfet:hkn i Zal, joll, bIM', I)r~hal W there j8re 1 eal asl 1fl80,' (o)r per

h aps .a 1,rger numi br) who W,uld he 1 ]. to have tiree I kertaros 

of 1and and grow appt rox:imately one hectare of potatoes, )no hectare 

of wheat and one bectare of milpa as does the farmer in ' . 12. 

Resour,'e bet 1 '--SoLutions 46, 47, 48 

le sour(,( 1]3 1I 8 a high Level of wvegetable know I.edoe 10 

the farmer sI re ourc{e :1n Su1. 12. This al. low- th J (rmerto grow 

0110 l(. (r1 of u:(.'1] O] (Ions ii each of the t hree op1timal- solu tions 

and increase s f is average total income by a1-ou tI55 over average 

total income in Set 12. This increase is composed of an average 

increase of Q65.71 in cropping income and an average decrease of 

Q10.73 in labor sal es income . 

The s) ul ion-, in Set 1:3 are gu ite similar to the corresponding 

S{Ilutons i.n Set ') of Category 3. The onl.y difference between Sets 

0 and 1' i s that: the farmer In Set 13 uses an average of 170 hours 

(about 21 (days) o~f hired labor in these three so lutions. This extra 

labor is used to increase milpa production on hilly l.ands. ILsa{_.n 

of hired lal ,or does not, however, have much of an .llI act. o1) average 

total income. Average total. income in Set .13 increases ihy onl.y 

Q5.43 over average total ncome in Set 9 in wich no .alior was 

hired. The increase of Q5.43 can be attributd to an incrase in 

average crop income of Q36.05 and a decline in average labor sale 
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incomc of Q30.62. The crops produced are very similar to those 

iroduc ed ill Sets ( rild .2 (a l'thooh no onion s are produced in Set 

12) .Set 13 combinles onek ::uewrda~ oi- olions-- and one hec tare of 

maIIi )1 1- LL(' t i-on or corn anld, mil pal)()I a I0. wi( t hI. Ia.i wi (o(i-thowr 

5.12 and 5.1.3Iproduc(tJon in all I th(, o1.Ution3s. li'jures 7.11, 

1)iI1. oUt the, j I xr I ti -,-, whj 1 (-xi s t 1) twen Sets 12 and 13 and 

al so ehl(ionstitit thItit Set 1" diiers frol) Set 12 in much the same 

way that Set 9 differed from Sel in Ctcory 3. 

I'll( only constrain1 in Set 13 is L.and. Tile shadow prices 

on hoth h:il .y aknd valley Land are osit-livc, ref lectinq the :fact 

uses h i.s entire three hecttaros of land for cropth,,at I he farmer 

ijrodoct ion. As Jis the case w-it h ztlmot ai the other sets con

vla I ty I ai i(I - i c rea s(e s as the .1.Cve.[s jderu'(I ) the sh adow pr icu on 

of c roj knowledrie r.isos. The shadmo. price on hilly land foL.lows 

the same patt rn observed in Set 12 and remains relatively constant 

,- I aboit. 01,P3 

eoboure S-t I ,--SoLutions , 55, 54 

.1n S{ .115,the I.armer i avon three hectares of potato land, 

;a hi9Ij h.evl o()I-fv , 1 availability of ten lIiredldI knowl edyc-e, 

l rahorer' c (1,i.l , uverVthi. lj. i.vLery vrl-iah] e I., at the h](Ja CjSt 

hovel which will 1t coiisider,it in the analysi. The farmer's 

r, 5)11, o to i e l Liot) plV 0ltho ra o re sources .s to farm the
 

I t 1-eQi. thr(e h( and , h i,ver t o 1 i il i n(ome to
tar( s rI se aqe 

Q2237. 89. ""ii s 790.806 more than the avraco total income 
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earned in Set 13 where the farmer had only one hectare of potato 

land and a high level of vegetable knowledge. c(rop income is aboul 

(",% of total income in Swt. 15 ;u. av'ra()es (<0..23 fr tlii three 

sol.II)Ialions.t labor ales a rS=aL! Q71.46, =rni migratory abnor 

sales remain constant at Q93.20 in al I three S(lu i _os 

The. severe shortage of Ia]or eX)eriencedt by tlherillr i.iw 

Set 10 of' Cate€)ry 3 who was al so given three lecztare-s , of ol ato 

land has (conn Iciely disap]t,,aret. The farmer i St. 5 ires an 

average of a,out 170 days' Ialor in firsi and secondI quarters. 

This is eqluivalent to hitring just over two men full-time in each 

of these two quarters. This amount of hired labor is well within 

the tell men allowed, Labor is definitely not a constraint in these 

solutions. 

The two resources which are constraints are land and capital. 

In Solution 52, hilly land is the binding constraint. This is be

cause the onily potato activity the farmer -is aware of withI a crop 

know] I,! (I e v>] of TL 1 re(luire, s i ioh I .v mor, I i.i I , I; n It Itlia va ley 

Iand. Since the farmer haks ,. c tN,., of l.al or, c ai it la ;ulit vand .. V 

land, the shadow pr.ice for hilly la: must absorbl the ciiire 

burden as the resour-ce which prohit)its 1he farmer from tjrow ii i 

more 1)otatoes. The shadow rpri(e on hilly l.and is conis tjmi Vly 

quite high, Q836.75, in SoltLiOn] 52. Th", crops p roduiced in thi-s 

soLution are 2.63 he:tares of 1)0oatoes , 0.:32 he't ta-r oi wi iaI anI 

one cuerda o onions. In Solution 53, the farmer's c rop knowledge 

level is increased to TL2. With a crop knowledge level of T.2 , the 
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a more productive and profitable potato activity
farmer knows of 

wil.i re(Iu.ire s slicj hti v more cap).tal than the average szize loan in 

of these
1972 surd sllUhtly nmre valley land than hitl y 1.and. Both 

hecc ttres of p'otatoes,
fac tors imj t(do 1t farmer Lrom trirowini thrul.E 

vawl.Ley land 	 are ctnstraintb in So lu
and so both 	 work inig c:aj:,1tal an'1 

isl th, more 	 tori.ous; 
on 52. Of the t..' , the T_hortaoew of c-':itplti 

j ,rire )n va[Jey
the shadow price nii ap ital is Q1.2JO. The hadov 

shor tcU 0s 01. worl< inf 
]an'l ib approximately 23.75. 	 Due t.) these 

farmer Cannot ,OLIC(7 three liectares
ca)ital and valley land, the 

of )otattose,
of J,)t AI0es 	, buttt [1C (toe S manaze t() produce 2 .1,-I ctare b 

() f mi 1) a , a )1n (I er (Ia
0.'24 ho tarc!. , o c o rn c .1oii 	 0. 54 ho c ttr2s 

lve ]. of TL3, 
0f green 00i1011. InA SolItiOl, 5-1) with a crop knowlod(. 

I me I h( ((1" )1 oa1to )rOdUt 
o f an even mor tdvantcd11he farmer .l earns 


that va. 1 ey Iland
 
wh ich rc(I ire at1 . vaa...y Il 	 d. "]'his In

1 ion 


qai tal. Owi s.clow rice
 
is nmw a more linimilnq cons .tra t than 

: [I wh.il 1 ,heshadow 
on vall ley lan l 4orreslll( J l51...v .iIn]71) e n 


to1 . 1) .. "1lbtT farim :: produces

p171 )o l anVi I (hI(.linos 1.' 	 ba),I. 

(),6 hwe:tares of I0otatoes by 	 this m1ost a.,vall :0(1 let hod (I'Vi), 1.45 

by the next 	 most adval'Od method (IIIV- ,) , ().8(hectares o)f 	 1, talocs 


mi). Ipa onle uen1ra.en of or( onion - I rod(uctin 1f
 
he-',tares u.f and 


is c.oif
ji yes him a cro) :i.n),oe otf (2312.77. When this 

the,se , ros 


a to ta l inloiie of
 
I,.inet[ v,ithL his La)or sa.les inI i(me , he earns 


five times the income earned by 11e
 
Lj24 59.-3' . This is about 


ConsequentLy, it a)pears

farmer in Solution 1 of Category i. 

that the resource levels considered here have the potential. to 
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increase income by about a multiple of 5 with respect to tile levels 

of incomne coniderecd in Category 1. Further increases would, of 

COLUrse, he possible on a larger farm. 

Cone . LUs ions for the nor-polato 7a fmer in Cat(,Ocory 4 

A l.owino the non-io tztto farmer to hire labor does not appreciably 

(Clange the s itnal.ion 1)ie fa :o t in Category 3. l and up on wh]ch capitaI 

intensive to Ihnologc , an l)( uCd to ac:h ieV hi yiII.0 s i_., the pri

mary constraint in Category 4 just as it was in Category 3. Giving 

the farmer a cfhance to hire labor allows him to mae somIewhat bettor 

use of his other resources, hut it does lot alow .im to ajj r(,c.ialt)y 

increase total inocome . The increases in the value o. cro; p-jng 3in

come are largely offset by decreases in lalor sales income. If. the 

farmer dicid not have the op tion of selling all. Iiis labor locally and 

was unemplnoyed dtring parts of the year, the effect of hiring local 

labor to ass .st at peak periods would I)e greater. In this case, 

hirinoi local ]klaor would result in an average in-rease i.n total in

come of about Q40 ior year. 

The only difference between Category 3 and Cate(n)ry 4 solut ions 

is that the addit.i onal- hired Labor in Category 4 allows the f-;\rmer 

to in:ease crop income by albout Q40 and decrease l.aor sal es i.n

come by about Q35. The farmer makes some minor adijustments i_11the 

crops he produces and is able to increase produIct ion of 11.114a on 

hilly lands. This results in slightly more land being used in 

Category 4, but the net result of all changes is to increase average 

total income by only Q5.41. 
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the farmer is 
Savings become a constraint in Solution 42 where 

in this so]lution, the farmer 
given a crop knowledge level. of T1.2. 

capitalon valley land uSil(J a very 
grows 1..5 hectarcs of (corn alone 

whic 1h 1i].()73, was ust,d only ii 
illiies.iVC produ(ction activity (CV4) - . 

act ivi.ty rql9uire s considerali.y more 
demoistration p lots. This 

or mil.la acvti.vitya] col1rn a lotne, tare thanu did a lyatcaplita lper ho

hae {nough ca'ital to protiduc, 1.5 1eiclares of 
Ln 1973. The:. farlln r 

of usi9O so imLih Ca pital,. on his valley
but as a resul.t 

mili a on hilly 

corn alone, 

have enouoh caLital to) produce
lands, he does not 

htarec ()C hillyto lcve alllost one-h
land. lie colsequ]Jently has 


n hi 11y 1ul to
t shad rio:" 
OW. liIs nu:sa t,,lan(l lying f3ii 

,iidLhe shiadow price (on c.:q.ita. t.o increa se frolm Q).05 
f;].l to zero 

tech
to (X) . 30. Agai n , no :is reminded that as farmers lcar ii of new 


to increase

wl 1. lhe a neel for lend:ing aut horitics

nlolo,jicjS th(:ir 


sufficient czapital

size (ioan s to ensur,? that farm(rs have averaoe 

,1 ,()It new t :hll.og 105to allow 11hem 


Catetory 4 sugmcists that
 
Th' avcua io()ullt of 1Odor hired in 

wi1.1 not result in any major changes. L-abor is hired 
hirinn labor 


ter, a~id ain averz.c o oii].y 20o days (of fourth
 
011,1 y i.n1 fourth (u;kr1 

these thrC:e SO]LIt..,lib. 'hel ,-,hdow price
(u;arter ]l)or i, hi red for 

.I2) whe(re Lhe f:riner I ias a crop 
. . (Sol.tiotinOi V, Ilicy l:ktlI ()f 

ki io I e c l .,v(l ,I X i.idicates that as .l Catit(g(Iry "3, va -iey land 

sec tion deal.tlot 
is t!"? imary c1 straint. As was me1idl i.oned 11l the

ipr 

lr the non-potato farmer in Category 3, the farmer 

which he can achieve higher yields. If hilly 

with toI1ut I I i11b 

lOeds more 131nd uttl, 
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land could be used with capital intensive technologies, then itl might 

be possibl.e to earn a total income of Q850 from farming three hec

tares of hilly and valley land. If not, it appears thiat total in

come wi.] 1. Iot be increasedt much above Q700 for farmers with 1.5 

hectares of hi. ly land and 1.5 hectares of valley l and. 

CoI(l.SionllS I-or the potato fa-irmer in Cat eoory 4 

The potato farmer in Category 4 with one hectare of potato 

land receives only a marginal amount1 of help by being allowed to 

hire labor. As was the case with the non-potato farmer in Category 

4, availab iil..ity of hired labor al.lows the farmer to make better use 

of other resources but does not substantially increase his level of 

total income. Crop inc:ome is increased, labor sales income is 

decreased, and total income remains about as it was. 

The a.mounts of labor hired by potato farmers with one hectare 

of potato ind for the six solutions in Sets 12 and 13 average about 

fourteen lays per solution. More labor is hired in Set, 13 than in 

Set 12, and more labor is hired with higher levels of cr0)p knowl

edge than with lower levels of crop knowledge, but the differences 

are not very important, because the, amounts hired iln all solut:i.ons 

are quite small. For exaiple, the amount of labor hired ranges from 

zero hours with a crop knowledge level of TLO in Set 12 to 274 hours 

(about 35 clays) in Set 13 with a crop knowledge Level of TL2. The 

reason for this low use of hired labor is that p)otato production re

quires the most labor in second quarter while wheat, corn and mil.pa 
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require the most labor 	in fourth quarter. The difference in periods
 

comproduction being
of peal, labor requirements results in potato 

other crops. A combination of potato 
pien etary with ir(oductJon of 

thecorn production 	 allowswheat, or alone)roduc t.ion and mii a, 

there
have i(? )alanced quarterly demand for labor and,

farmer to a 

not as mU: l extra abor is renuired at peak Ir:i.ods. Avail
fore, 

to potato farmers
hired labor m,e<s -little differenceability of 

of potato land. The rosiul ts -il Sets 1.2 and 13 
with one hectare 

very similar to the results in Sets 
of Category 4 are conse(]uently 

the farmer was not all.owed to hire 
8 and 9 of Category 3 	 in which 

wilh crop produc tion act iviti L.
1.ow al labor to AS , 1 

lr ()t;1toIa I'ar('r w Ih thr(I e no(.ares 01 po0 tato Iand is in aln 

j ,sil ion. in St, 10 of Cateotory 3, the potato
eot.irel.y (I.ifferntl 


of luarter labor. Al
farmer cxlerimpe(I a severe 	 short age second 


to hire labor re leases this labor con-

Iowin the farmer in Set 15 

u average o:f 187 hours 
straint. Ihe j,otato farmer in Set 15 hired 


(23 days) oF hired l.abor in ist (uarter and 713 hours (8) days) of
 

farmer
 
hi:red 1.abor in Lc(5ondl quarter. This hired labor allows the 


- of land in potato p roduction from
 
to exlian his, averaic	 amount 

2.2 hectare's :in Set 15. It 
albout 1.,i hewt-ar ' in -et 10 to about 


a lso ;%I lows Ihe farmer in Set 1.5 co produce onlioi , wheat , corn
 

a I n , arind n.i la at wel I as potatoes. The exjal-ioll. ill _tandl do

vi, ti Wi Iota to pr(tultion aind the increased i.ncome from sales of 

I

in Set 15 to earn all avora (' income 

0liot croj)s a 1Iow the farmer 

Q360 over the average total income
of Q223 7 .8 0 , an increase of 	about 
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earned in Set 10. Thus, the availability of hired labor for the 

farmer with three hectares of potato land proves to be very bene

fic iaL.
 

Another result of increaseing the amount of labor ava.tale 

Jn Set 15 j to make land and working capita the primary constrail.1.S. 

Work.inu cap it; 1wu les a constrani.nt as the f:irmor kc jui.re- a.i1iona I 

(2rop ]<rjAwl.(j wich h iin of netwer, more capital. intenslb.i.velhlll]<( aware 

te( hn lo i., I a iis a the three ] ,evel.sof cropI 1-. constraint 11ecau Se-

knowted(d(Je do11(,)t have potato activities which re(tuirc exactly one

hal f hvil.].y alld one-hal f valley land. The type of -Land wh icli .i.s in 

shortest suplIly is, therefore, dependent upon the farmer's level of 

crop knowledge. 

http:constrani.nt
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CHAPTER VI. A DISCUSSION AND COMPARISON OF TIE RESULTS 

This stud(y has attmlI)ted to reprOdUCC tile economic .life of a 

min:fundista, o)r ,mk1a.Jl farmer, .1ivinn in tl~e western h i9g.hlands of 

Guateml,,.a. .1t i 1_O(lt ti>-(lprnarily on prokllC t ion o)f traditio.nal 

crops wth as corn ao ne.oiC',milpjia, wheat and j (otal(OS hUt a So in

c:udes five vegetll lo act ivit ios amonrt the farmer's pi oduclion 

alternatiwes. The study legJins with a smal I farmer who has only 

one hoctakre o1 1alld, Q50 saVinlS, 1o a{((e2SS 10 a soturCte of credit, 

n() ava I a IliItV (,) hrd.Lr(I1 ibor, no potato landi , a low Level of 

vegelah.I e knowledge, and a low lev(el_of crop knovwledne. The study 

then c-st ilmates how the farmer' s and e ol].)yIllyen 1I(-income wOLI 

affec t bd a GA'ujrnment rogram(s) to thehy designced in-creas; farm

r s sqq dAy of one or more of the abt)ove montioned resoUrc'(s. 

I't i n:ynker s' i- Gatemal, have identifled a shortagzei( )f working 

ca; ci. ta Iand insuffijient knowiledue of new t'lh no. 3s two of the(logJis 1 

most restr:L t ive constraints .acn" smllf]..1 larmor. Tht Minis try of 

AgriclitUre, ,x-ork i n.lhrouLnh 1il:s General. Agr!i(1tUral. Services Ad

.1si t.ra io (I)]JGI.SA) and the_, Natioi al Agr i('Li.1t.I :.kl )eCv I.('me1nt 

,
ai " (BANI)E.SA), ha 1, .. 1i t.iated a Jrogram tl .led the Iasic Grains Pro

gram. ()1 s of the primary ooals of the BasiAc Grain s :'ro(iraIlm is to 

)ruvidle sma .l farmers with agriculiural credit and technical assist

anice vh. vi:l] enatihl, them to adopt newer high yield agricu.tLuLral 

to.,hnol 11K; pT ob'resent analys.s has ex-amined the impact of this 

goal on small farmers b~y estmating tie farm level effects of a 

http:BANI)E.SA
http:I)]JGI.SA
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credit p:-rovision and crop knowledge increasing progran. 

Two farm sizes are J.nlvstiolAted in this study, one and three 

hectares. At present. there is no Government progrml which has the 

primary task of i~vestigt't'g the importance of farm size as a con

strain t upon the farmner I, a) :i Ii 1y to) inci: 'ase hi-s Inc 1cRm, 'ii Ii) 0001M) 

this J.. ret(-) 11.iz(,,. ' a . a very ser i s const.r .ii-i. 'h0 (1Sl5o1 01 O) ' 

the optialnt or th( no es,sary farm size to (emalel -mIl I F:rmers to 

e arn a givei level of family inc :ome is an J.flj)(or tl.It eo,, * 1J_01) for 

Guatemaia. It is important from 1oth al itcl a1JOd agricultural. 

1policy vie.wpoints, because most of the farmers in Guatemala are 

minifundistas and ]ivo very Ido on small. farms. 

Tables 6.1 and 6.2 provide us with informat Eon on the ntumbers 

of farmers who lived on different sized farms in 1964. Table 6.1. 

shows us that in 1964 4.5,, of the farmers in the nine high[and d,

partments whi:h ri.rril l (1974) analyzed I i.ed on farms that were 

sma'Llor than 1.4 heo tares; 75,7 of 1.110,so fa-.rmers livcel )n farms, Ictt 

_' ectares. oAtwere a I I .r than 3. o5 Table . jilll.s tha in the 

dejpartmonts tJ- Solol.za, Qu.-zalIenainc 10 , and To/tonic aj z i thie cOrce ntage 

of very far .i si ni.l. 'cantly hzi.ohor hl i i.n the reoifon aksmalli. ]-- as 

who Le. in thecse dicpar tmnl s , more L an 60'; oIl all 1 farmllors had 

farms that, wore sml, lor than 1.4 hlctires. S inceo lhu IPe sic Gr acins 

Progr amii has be]n conceived ais ao meiis 01f hc.ll.p.110(l 1110 sulre I Ilfarmer, 

u.t was dc:ided that this analvsis should LJmit itself to farms of 

one and three hectares. Table 6.2 oints out that about 22% of 

all farmers in the nine hiighland departments have le.ss than 0.7 

http:Solol.za
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a
 
Land distribution, 1964 
Table 6.1. 


Farms Ar(-a 

Farm s ize_ 

. . C,
in Ie ale ) ',00 

Total niln Iii(O]tai ic iar tmflents 

Less than 1.4 114,055 45 72.2 5 

1.4 to 3.5 78,069 30 168.4 11 

3.5 to 7.0 35,340 14 166.0 10 

7.0 to 45 2.5,131 10 351.0 22 

Over 45 3,243 1 816.4 52 

Total 255,836 100 1,574.0 100 

Republ.ic 

Less than 1.4 183,741 44 128.1 4 

1.4 to 3.5 129,116 31 270.7 8
 

3.5 to 7.0 52,023 12 242.8 7 

7.0 to 47 43,656 10 650.1 19
 

Over 45 8,808 3 "2,157.0 62
 

Total 417,388 100 3,448.7 100
 

Ztmerril [, 1974, p. 34. 

http:Republ.ic


Table 6.2. Percent of 

Department 

Chimal tenancio 


So tola 


Totonicapan 


Q.' :lttenango 


San Marcos 

Iuehuetenango 


Quiche 


Alta Verapaz 


Baja Verapaz 


Total nine
 
hicihlanld departments 

a1964 Aciricultural 

farms with less than 1.4 


Farms with less 
than 0.7 ha 

No. 

3,548 16.7 

5,065 32.3 

11,037 48 ,7 

11,100 42.7 

9,900 24.4 

6,169 14.8 

4,809 12.9 

3,332 9.0 

1,157 8.4 

56,117 21.9 


Census, Volume II 

hectares, 1964
 

Farms with 0.7 
to 1.4 ha 

No. O 

5,755 27.1 


4,393 28.0 


4,976 22.0 


6,001 23.1 


8.705 21.5 


9,091 21.8 


6,903 18.5 


9,277 25.1 


2,835 20.5 


57,936 22.6 

Farms with 
than 1.4 ha 

No. 

9,303 


9,458 


16,013 


17,101 


18,605 


15,260 


11,712 


12,609 


3,92 


114,0 3 

less 

%
 

43.8
 

60.3
 

70.7
 

65.8
 

45.9
 

36.6
 

31.4
 

34.1
 

28.9
 

44.6
 

0 
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are larger than 0.7
zund another 23%,, h-ave farms that

hectares of land, 

The one hectare farm has
1.4 hectares.hectares but sma.er than 

for these two groups.
been cose;n as hc2.[ng a 	 representative size 

have farms largjer than 1.4 'iectares and 
Another 30". o f farmers 

has b)el (:ho scm 
''. 5 t tres. TbiCe three he tare, farm 

imi] I er than 


ll. la ve farm size for th-is- gro 1 . dcIpenlden t compar i
as a repj resc 

1. anded:itechn.ical assistaicethe agriculturalso)ns of re slII t., frOm ami 

Grains 'rogram will. be presented for these
o.f the ,asiccomponl~en ts 

two farm sizes. 

saw that farmers who grew potatoes earned sub
'In Chapter V, we 

not. The al :1].ity to 
s tantialI.y larger incomes than farmers who did 

-in the model] as being at
yield jiotatoes was representelgrow hpim h 


The farmer needed knowlcdo c o.f new
 
trii)ut.&I.e to two factors. 

that was c]:imati
high yi.el( po tato te IhnII]o :i s , and he needed land 


t i 
(or 1)0la to() IlrOd1 . on. TIh, COn

'a l1y aid( agronommi al Ly soital )le 


e sel- (0)nsidered in ('haizktr V were,
(:lu jo(3n, (,)0 l h.l four re 5urc 

who had 1)0t ato landV 
5 ( I.N1y, (iIAled(I in 10o r -soI.lts for farmners 

The samiie pattern wi..ll, be fol.
;an1 reso I ts for farmers who did not . 

results of the 
l owed herc . The overall evaluation of the potential 


for farmers

asic aGrai.ns I'rot roin w.i.].]. be subdiv-ided into results 

who grow potat(,) s aund farmer s who do not. 

of the Basic
(lee.. 1"i) to s:,ltaratel y 	 consider the effectsThe 

0IA1 L-irmers with different farm sizes and
Grtin,, 'r )grn upon 

not) ab.Ic to grow potatoes means that the 
farmer who ar'e, ((oI- are 

V will need to be 
on onj 	 results from Chapter

dIt,('Uus S I ;i (a(mIdr r ison of 

http:aGrai.ns
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divided into four subsets. These four subsets will be: (1) the 

of c rop land; (3) the norn-potatonon-potato farmer with one hectare I

farmer with three hectares oC crop land; (3) the io talo farmer 

with one hectare of crop land; and (4) the potato atlr(>r withi 

three hectares of cro) and. Theose four subsets repres(nt the 

heart of the linear pirograeruning model.':-, contrl)ut ion Io the present 

analysis. As such, constit.ule bas is many ofthey h11C upo.,n whI1h 

rest an I ire a (m-,tral .nciementthe Co 1.owinj concI usions lnstt 

the anal.ys is . There is, however, one other elemont, which is as 

important as the couc lusiois dcir ived from th1e 1 ijiear )rorcu _ng 

so Lutions, which has not been presented thus far. Th is other 

element concerns the retl.ab ii ity of the moe tl anid, consequently, the 

reliald ity of the .onclus:ions. It is a discussion of the moCdels 

1.he j of sma.I I farmer.ability to reproduce present. osition the IC 

the mode[ is .o succssfully estimate potential effects of Govern

ment progralL , its estimates should be firmly grounded in reality. 

Let us now c-:onsider how realistic the model's estimates are. 

The Ability of the ModelI to 1ej roduco 

the Posit-Ion of the Sinail- Farmer 

It is dif:icult to judcje )recisely how wel.l. the model repro

duces the position of the smai.l farmer, because there is not much 

to tell. us what the small.information which (:an be relied upon 

farmer's position is. There is not even a c lear d(i i-tio of who 

is a small farmer. Does the small farmer have one hectare of land, 
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of land? Is this valleyland, or five hectaresthree hectares of 

studies have in
land, mountain land, or 	 irrigated land? Several 

of small farm and agricul tuald labor
vestigated the question 	 in

come .evels, but their results are not always comi arahl e-. There 

rk ason.s for this. First, the studies d not break out 
ar-' several 

vwaler, or soil 
information on the f eets of farm size, irr igat ion 

quality in de termilling f Tli].y inlcome. All of these factors are, 

In four of the studies which will be 
of cours(e, very important. 

there is information on average income and average 

as mu(: h Its they reve-al. 

referred to, 

f arll iZ(2, ;t(. vA(JCSe so le times con ea1 

in the way ini which income is measuLred.
S(-, ther-c are di. L ereCe 

firewood['or Drxamjc.,l~r. zkngjer-Cats (1966) includes valtes for 

an(1 sale o.f livestock 
maihtered, halmd.iL:ra fts rodu(e(d, cons tunpt ion 

labor sales in addition to values
anild local and migratoryproLlu:ts, 

and sale of crops in :-onstruct ini est imvtcs of
for counS,tion 


have not inch.1luded est eates .1or all

fami:i.]y :income. Other studies 


)o5si le to tell which of
 
these sources of income, and :i.t is not 


cons ideret in com
the al )ov? income earn inn activ it i.es iv e 1 eem 


ThstimatIhir d, limere tre j rolhalbly

)ut:iimi the eli. tff r(-nl in ome s . 

wh.ijic the'se _micOmie
lifferellices 1 et,,n the ,,-nlpie poj ulat ions from 

(h.r.ived. For (xaflmj ]e, il SOmel- highland commnlitie..s,estimates are 

I and.iera frt, p)rodUCt.oll and other non-croppill( sources of :inicome such 

as mingrat ry labor sales are more important than in other coinuni

t ies. Average family incomes may, therefore, vary between communi

ties lecause in one coimnunity migratory labor sales may be a 
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traditional activity whi l.e in other communities tradition may 

dictate that most fTilies do not engage in miratory labor sales. 

There are undoubtedly other reasonaldl.eI xplwiai a Vions C(Ur the (lIl

ferenCS in inComo estimates reior te.'d 3n Tale 6.: . The.,exlaj.nati ons 

presented here arc gjiven sImpl.y to su9cyjs t the difficulty which 

arises when one tries to compare those ust:i.lua to s too c:losel.y 

Table 6.3 aIso presents Jncoll_,of estimate, wh i:h w.ere gi ieratod 

by the l incar )roIramiln in; Im0(I( l ILui (Ill. I 1 Cnj cr as 4.ions, 1fr-ci:toO(orln

the amounts of land Anld other resources which the farmer may lein 9 


assumed to have availalt,]. L-.. toS 6 and 10 were madle fro11 sol.u-

Lions in which 1.h farmer and h.is I-amil y were not. allowed to sol.1 

as much of their l-alhor lo('al.1las they p)leased. The so two estimates , 


were made by averalging iiIcumo kstlmates for Solutions 55, 5(0, 57, 58, 

and 59. in ths'os IolttionS, the lazrmor and hifa icnly were al.1owed 

to sel . only o their l.al)r y in I,of totl. sipl locally I rs 

and third (lut r ; 1infourth (lwar t.r thy wore al.lowod to sil 

of their total, labor sUI)lly local Iv. ore lo d. lalbor ales wore 

pcrmitted 1i fourth quart,_r, t)C(ZLSCaiso1 there ncraly a .arger 

deinland f1or h.ired labor tur ing theo:)l and wheat, harvests. Thi s 

restricti.on resul ts in a reductjon of total income, an increase in 

crop income, and a reduction in other income for E-stimalltS 6 and 

10 when com)ared with Esti iat -os7 and 11 which wore l-so (wlierated 

by the model. In Estimates 7 and 11, local labor sales were no t 

restricted. The fzuiil.y was allowed t.o sell al. Lits labor loca ly 

if this would increase its income. Hence, in Estimates 7 and 11, 

http:restricti.on


Table 6.3. Peasant far"ily incomes 

INo. 
Total 
incomincome 

Agricu ! ural 
ncome (Q) 

Other 
income (Q) 

Averacic 
-size (ha) Year Sou rce 

1 396.00 69.00 327.00 0.7 1965 Manger-Catsa 

2 520.00 324.00 196.00 0.8 1965 Manger-Cats 
b 

3 206.77 Unkno\,n Unknown 0-0.7 1966 Orellana c 

4 268.71 169.90 98.81 Unknown 1967 Hill 
and Gollasd 

5 258.00 213.00 45.00 0.87 1970 
, e 

Perez 

6 h 325.97 127.31 198.66 1.0 1973 Appendix A, 

solutions 
55, 56, 57 

7 459.21 98.14 361.07 1.0 1973 Appendix A, 
solutions 
1, 2, 19, 20 

8 286.26 Unknown Unknown 0.7-7.0 1966 Orrellanac 



1966 Gremialg

221.17f 3.3


9 542.19 321.02 


10 h 478.65 325.43 153.22 3.0 1973 Appendix A, 
solutions 
58, 59, 
60, 61 

11 524.62 276.91 247.71 3.0 1973 App ?ndLx A, 
so lutions 
40, 41,
 
62 63 

gross income for 35NTanger-Cats, 1966, pp. 110-11'). Thiis is an estimate of average 
Of --his Q396, Q2--5 is fromagricultural laborers that :orked on the southern coastal plain. 

wages, Q82 is from fringe benefits, and Q69 is irom val uc of crops produced on the 0.7 hec

tare plot which the owner of the farm let then use. 
b.Tu-ger-Cats, 1966, pp. 139-I-'l. This is an ex imate of inccflies earined by mini

fundistas in the western highlands. The an.ri(cultural income includes Q91 from sale of crops, 

Q45 from sale of livestock products, and QIjd from value of crops mnd livestock products 

conswuned on the farm. 
COrellana, 10566, p. 119.
 
d 1il], G. W. and .1. Gollas, 1968.
 

,c 
Perez, 1071, p). 157. 

fThe Q321.02 is income from only wheat production. The Q7211.17 is income from sale 

of other crops plus all other income. 

gGreuial, 1967, Table 76. 
1 Local labor sales are :iited in this solution. 

http:Q7211.17


247 

will be fully eriiployed.the model implicitly assumes that the family 

The levels of crop lklowledge specified in the solutions used 

and 11 were TLO and TI1.to calculate :ncome Estimates 6, 7, 10, 


These are the two Ilowes t levels of crop knowledge cons ider('d in this
 

study. IjAv( TIJ) .i." a traditional level OfCiroj) l* i iowl edge used by 

I.1 iJs a level which 1.he t tcter 1iflers werepoorcr farmers. IA \v. 

used to estimate incOellleLISi.1O .lli1973. "l'le i1mj)l iC it assumption 

farmerslevels in [ stiin ales 6, 7, .0, and 11 is that 50%1 of the 

in a typcal- village have crop knowledge level TLO and 50% have 

the farmer's level of crop, knowledge in thelevel TII. Increasinq 

model woul1(d have the effect of i.nI reasinc the level of total. income, 

increasing the 1evel- of agricul.tural] inome, an(l dec reas ing the level. 

of other in:ome i n Talble 6.3. E.stimates 6, 7, 1.0, and 11- also i11

p1licitly assome l hat 50"1 of the farmers in a vil lar.e have only Q50 

per hectare of .land ava.ilahle to .t inance crop Irodti ion ;arid 50'. oi 

tile farmers are ;l e to obtain credit (Government cr()j sli 

of credit here, but ilhe r:re(lit mightcredit is usC( as the source 

have come from any source) 

The levcl.s of total income esiminated by the model in Table 6.3 

are not in C(omj l.ete, agreement with any of tile other estimates. In

stead, they appear to be intermediate or almost average estimates. 

of total. income forFor instance, i.f we simpll.y average the amiounts 

-stimates 1, 3, 3, 4, and 5, we get Q329.90 which is very close to 

E'stimate 6 (prc luced by Solutions 55, 56, and 57) in which the 

faun.i ly's sale of local labor was ]imiteu to '4 of its total supply 
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-in the first three quarters and !, of its total supply in fourth 

that some of the f7anil. ics oiving inliormationcjuarter. This suggests 

O1 income. luve~l. ill F.St.lates 1., 22 _, 41 and S were not al e to 

devote all their labor hours to activities which( earned at ltoa. 

7.5,; per hour and that they were unemploye 1 or underemi loyed (lur in9 

certain times of the year. This is adlittcdly a rather crrude way of 

making a comparison, because as was pointed out earlier, these es

timates are probalbly not very comparable. 

One linight, on the other hand, believe that the level of income 

i Es.stimate 2 (p5L0) made 1)y )r. Mancger-Cats is the most realistic 

es t imate. As was mont i oned earlier, Di. Manger-Cats includIed a large 

number ol income 'arning activities in compiling his income estimates. 

D~r. Manger-Cats wi~h 

The mjni umllidtas in the hiclhllands qjenerally work mot. 

of the time (2 ;"lays) outside the farm inM diC-er nt, a ctiviA

ties A(t llh ar workers, help the nenlijhlborsU as i c.oltural as i()r , 

as cra 1l- lmen or in trade and bus i-ness. 'he ( toione ; Iptl t(erl 

is that ncar y al..1 n in ifundistas work :ill a com .i atiol of 

many differctl (itoccupatJi.ons.it wIs ak].,'Itt l dk tl .s s tudV 

that on the ) II h thex, J(averao(e , '%, ol- ti~ tl ine were Iu. 

The wide variety of jobs 'and ivi i ic I-ts siesd ho, ,:lrk on 

their own Fiemds means, that they are loss uemil.l1oytd (,r 

underoemjI oycd than would SeCmIl to tine the a sW .1mst :ill'.f 

This do l o t contradict. carl i_or romirk -, a)out I 1.' oI J1 
oiportunit t05 though 1st 1.:i. it a<rebecause , I ul . 10t s 

availialde whic1' keep them busy, the mar(i mai rotor ii i veiy 
1).1ow (MaIner-Cats, 1966, . 1.16) 

If I)r. Manger-Cats' findings reqard(i n employment cmt I)(-, telraLized 

to other parts of the highlatds, then pterhap s F.stimatc 7, which was 

produced l y the mode.1 under the assumption that the farmer and h-is 

family are able to find unlinited local employment at 7.51; per hour, 



249
 

it is not quite astotal income.
is quite a good estimate for 

but it is a good deal closer 
high as found by Dr. Manger-Cats, 

than any other 	 estimate. 

10 and 1.1 were generated by the model for the three 
Estimates 

to agree quite well 
F.stimate 11 (0524.62) appears

hectare farm. 

was nae 
with 	 (nunbier 9) (Q5-2.10) which 

the only other estimlate 

size (3. 3 hectares). The problem of 
for a farm of about the saine 

emp loyment i.s not as serious in Estnm'ate 11 as it was in 
off-farm 

able morefamily arc to be 
Estimate 7, because the farmer and his 

on the three hectare iarm than on the one 
nearly Ful1y employed 

average size
Estimate 8 (Q286.26) does not g:.ve

hectare farm. 
an 

judge to what extent it can be compared
and so it is difficult to 

thre( hectare farms of Estimates 9, 10, and 11. 
with the 


in 6.3 illustrate that income es-

The dala presentcd Table 

timates do differ, sometimes quite widely. 	 As a result, it is
 

the model re)roduces

quite difficult to judge precisely how we] 


Table 6.3 does , however, show us that the
 
the ac tual. situation. 

hall parkare (lefinitcly 	 in the samie 
estimates the mo(el generates 

studies cond(uc-ted in Lhe field. 
as the estimates made by different 

that the model does doto concludeseems reasonableIt, therefore, 


situation.
 
a satisfactory 	job of reproducing the present 
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The Non-potato Farmer With One Hectare of Land 

As was pointed out in Tab.e 6.1, 45% of all farmers in the 

nine highland (hlartmnis (and 445 of a.ll farmers in Guat emala) 

have farms that are sina lr than 1.4 hO tje ()nly kbout.2' of 

these farmers grow ,OtatoO 5. Therefore when ore discusses the 

situatiJon exj-or nced by the non-potato farmer wi th one hectare of 

crop land, one ( :it(u!,s a )os i. Lion which is shared by al)out 42% 

of alI Gute.malQ11 lI l farmers. 

Cal. ecori.s( iiad :2of Cha ter V discussed the ,. .tuation faced 

by the. f a rj.er w. ih one hec tare of land. Within the se two categolies, 

Resource 5:!t 1Is,\,]R :anl - were devoted to analyzing theos O ition 

of--.r the non-p ota to farmer Under (1ile1:01 t assumj)t:io-s CoICeer ll.i(l 

availali l1i tIy of worl .il1 cat)IaL. to f.inanc0 (2ru:o prol-(nc 1ton. In 

Set lA, the farmer na" asbuned to have WTIO twrsonalI savings vMhlicoh 

Used finaiice was alJUi re'C0otld )e to prodUCtiOn, lIl hC u11ahle0 to , 

credit. .IIn St. , he was0 anslmud to hlave sa vines :olt wasVFb Q150C) 

st...l Unah e to borrow ad(li.lI onalaIitial. In Su2t .4, the farmKr: 

had Q50 savi.nIs and was a1s.attne-1d to 'A' abl, UoL)b)orr()w akddii. IoAt I 

money by enroll.ilg :i.n the GOvt rIlmen ' s cc rop Sji) eC" . liC Crr il j r~ gr n.am 

One of the most sign.i.fican.t .f.i.imlings in Ca'.teoor i.s I and 2 

was that the estimates of crop~s prod)Cuced, Of income1 eaneand 

so on for Set 3t , were near ly 1idenlical to the corresponding ostJ

mates maa(e by Set 4. Th:i.s occurred l caLIS0o iln Set ].A, the s.I)gI. 

most .impoiorltan t constraint hadl been tho farmer 's LI.mito1d ,uOtiot f 

worki.ng capital.. In Set. 1B, th i s.savings (.ons'tra int was eased Ihy 

http:worki.ng
http:ad(li.lI
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provid.ing the farmer with additional savings, whi-le in Set 4, it 

was eased by Jprovid~in the farmer with credit. In both Sets 1B 

and 14, prov(d.ing i.he farmer with an ade uate ,amnount of working 

capL tal, to finanCe C:o p roduction act iv.i tjo had the e-fect of 

causing val.lVey 1.311( to roil.3:0 inCs 3sAs\ the most bindi.ng co

stra ilt. Fj.urcjres 6.1 and 6.2 }present iinforlation on shadow prices 

for val ].oy anwld hil.y land in Resource Sets 1A, 111, and 4. These 

figures sugejost three of the most important conclus ions which can 

hie (Irawn from 1he so Iuttions for the no-jpotato farmer wilh one 

hoc t-lre ofl .r(q) 1 ln I. First, they shoW uS that trov:i,:111c the 

tl). .,,1. T mount sayVin (5(1e 1 or source 

of credit (Sel 4) wil al low tile farmewr to increa se( the amrounlt ( f 

iocome he carl earn from anr additiollal hoctare of e.ither hi Liy or 

vala.ey land. The increased value of shadow prices on Land :i.nSets 

M1 an 4-(1suC-estLs tiat savings had 1)een the iofst severe constraint 

inlSet lA, hut that witl an adequate amount of savings or credit, 

land 1)e00om10s l1most severe on-traint. Second, the fact that 

-hadow prices on hil.y and val-ey .-and are pos:l-tive when the farmer 

has i .roik iw lpl .1\,e..of T1.0 i.n i-cates that crop) 4wliv.i. ties 

Can LW:(',s, LIi1,I I Imile ot wi ti labor sa Los ac't ivit ,s I or th1.hfarmer s 

l1111 a 1 ltma 1 1 ,tit I 1:l. crop1 )rod(Iuc tion is I1ot k form of (.iS)tl ised 

fai-iWJ w: A , a I of s ) a 

Inl oyll n t. i rl , f i g ures .1 lustrate the farmerI0 I'll ' tIle se tha t can 

make 1111( r k,-(: (if 1dd.it.oral say:i.rngs or credit whon he has aICh 1llw1. 

hi~lhel: level )I- crop knowLedge. With a crop knowledge Level- c f TLO,, 

o.i.v il0 the farmer additional working capital increases the shadow 

http:bindi.ng
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Shadow Price 
on Valley I-and 
(Q) 

/ 
150 / 

/ 
100 / / " 

0 

20- ?0IA I I 
IA 1 

Rtsource Set. 

Semi-fixed Resources 

Savinns 50 150 50 

Credit 

Fla. of crop land 
Local laborors available 

None 

1 

10 

None 

1 

10 

Gov t 

1 
10 

Crop knowledge 
Crop knowledge 

level 
level 

0 
I 

Crop knowledge level 2! 

Finure 6.1. Shadow prices on valley Land for the one hectare non

potato farmer
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Shadow Price 
on }li I v
(Q) 

Land 

100 

50 

0 - U 

1A IR 4 Resource 
Sets 

Semi-fixed Iesources 

Sav inn- 40 150 50 

Credit None None Gov' t 

Ila. of c:rop land 1 1 1 

Local lahnrers available 10 10 10 

Crop knowledrie level () 
-- Crop knowledne levels I and 2 

Firiiro' r).2. Shadow prices on hilly land for the one hectare non
potato farmer 
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(the shadow p rice oil vall.eyprice on hil.l.y l.and tby only about Q25 

land rises by Only aboul. 0)4), but when Ihe le:vel of cro] knowledge 

is incretsed to To3, additional working .,ap.iltl caLLSe.S t110 tlZadow 

price on 'allev l.nl to increaseo y, about The coinmjra t lyetly]130.) 


higher shadow :ices on v,-,lle:y land for so]u tI.on1 in whi c.tI tie farmewr 

' heIasi
of TIA and TL2 l1nt out that Ihr
has a crop knowledge 1.,eel 

Grains Proqrain ho](I, ,:onsid(raler I(,otential for hel.1,i.ni farim ,r wv it1 

fa]rm s of two, 1.hree , (jr oill) Iicc The am.is lu i.tere areso )r(orw not a 

t ive at he.I]pino tne farmer with one hectare of I alld )eCa-use fIi seffec 

farm is too small to fI.ll y em1)l-ov the farmer and his fain ilv. 

Figure 6.'4 suimnar izes intformat i-on oin the levels o total and crop 

Total. ilincome earned by non-pota t farmers ill a leoori.e indi1 2. 

b y alout. Q8O whenC1h 1h farmer ist provided with creditcoie i ncreases 


.a1nd te. hii .iatI a sta- -n '- , .i.I.e ero, .ilc:(o e iiicwr eases by aboitt Q90.
 

an a.nnual incomle of W-0 ret -An increaise of (.W0) for a farmer wit h 


rca se ,but .1inCollie
sent 5 an .all il rcas(t. This i a0) i.nto1r ant in 

.(-j(() t l evetet' mlit1ioied il Chapterst-i.l.I fal I I 1r short of- th 

1 zpkd 1.1. Fio1ur 6._3 also point , out. that Income iron sale of crops 

iS lnot anl wi]. 1. i1o t be the famil1%1 m jort"soureo (.:o i.nOllie . C -roj 

{'OUlntS only about "'" of to tal i.incolle On tIhe o110 hc ;incOm ac for 


[)rov:Lde
tare non-potato farm. The one hetcare farm i-s too smal . to 


tl jul valI cii t
non .
 

to ).1 ,arm ilallborers. Cowselu Cnt.1yI 1theI ne ht.tare corn, in:i.1.j,,
 

and wheat farmer is and wi.llI b2 essentially a margii.ial farmer,
 

off-farm work f
 

.fu11. CMll,.ovl for a f-inily wi.th a totl.l1 libor sujI. 

because he iiiust SUpplement farm em.loyment with :i. 

http:hel.1,i.ni
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I nrome 
- -4(Q) 


500 - Tot a I 

- - ------- O Income.......-
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200 
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•---I ncome -
1o 

IB 4 Resource
IA 

Sets 

SOmi-f ixed ReoUr'es 

50 150 50
SaVin 
C'rod it 
 None None Gov' t
 

1 1 1
lia. of Land 

local I.hor'rs available 10 1.0 in
 

Crop knowledge [evel ) 

Crop knowledge level 1 

Crop knowledge lovel 2 

Levels of total and crop income in Resource Sets IA,
Fioure 0 " 
I R, and 4 
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he and his famnily are to be fully employed. 

One quJalification must be mentioned here concerning the modelts 

income estimates. The levels of total in(come presented in Figure 

6.3 	 impl B: 1tly assuMe that the farmer and his CamJ]I y are fu L 01m

the 1ows1hem tpiloyed , hucauso mlodlaI. d.1 to sel. L , U,)-100" of 1.heir 

labor local.ly. If this assumpdtion .is unwarranted, and If farmers 

are seasonally underempl]oyed or uel(11oyed, then thel-vCe]s of :i]n

(:0oV earned from lUtbor sales activities shooul(d he1 reduced, whiclh 

would c'ause the levels of total income in Figure 6.3 to be reduced 

ihy about the sane amount as the reduction in labor sales income or 

perhaps by a little less. 

The Non-potato Farmer With Three 1Hectares of Land 

Categorics I -kn i mirease the farmer's amoutnt of crop land 

to three he :are. In Cateqiory 3, the farmer was (iven three hec

tares of ]-ami, but was not allowed to hire local labor to assist 

,,ith cro lprodL(Ction activities. In Category 4, the farmer was 

permitted to hire local labor. The resource sets which presented 

solutions for the non-potato farmer in Gate(liorics and -1 were 

Sets 7 and 11. 	 Figures 6.4 and (.).5 slow how 1he farmer", Level (.l) 

total- and c rojp incm ome and the shadow Ir*i-re on va L,:v land are af

fec ted 1y t.hese 	 changes in the resource sets. The est.A mated Va 1l.e 

in Fiqures 6.4 and 6.5 from Sets 7 and 11 are tresented with the 

estimated values from Set 4 in which the farmer had only one hectatre 

of crop land. This is done to facilitate comparison between t:h(se 

http:local.ly
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results and the rosults presented earlier for Categories 2. and 2. 

the )een an additio >na l hectareIn F i our(,0.4 , farmer has given 

l. lows 
or hilly ald kil add(iti.onal hectare of valley lnl-U. This 

.1il](*Ole
th( f,%rmer wi. th ai(:rop knowledcle leve l , C T112 lo ach lk -v all 

al]out Q4 50 of this Q7( wotuldleve.] of oppjroxilla lely 070(. Only 

bJe earne(d Iy so l. liYno ro] s; th(e remal.nder woUld 1)2 der;ived from 

local and inJ.ralory labor sales activities. 

of hired labor avail al o does no' have inlucl effectThe amount 

Upon tlhe, le,,ve l -)f total income the farmer earns in these solut:lons, 

his level of crop inCOilIO.all.1c1u9Igi iI. (oes jAvO a small effect on 

'he sol Utiollos for Sets 7 land 11 whic:li were ,resented in (haptur V 

pointel out tht the farmer with thre hc tares of crop land was 

only l ioninn.! im to exper ience seas.oinal. shortages of hir(Id labor. 

Those shor ta'je s were not partiu I ar ly imlimortantV, h)ecrause the ainount s 

farm are qluiAte sniaIl. Theof h ired labor n,:,dd on a three her:.'are 


hectare
offec t of- al lowingm local labor to he hired on the three 

fanrm (Set. 11.) was to increase the farmer's use of hilly Land for 

minlt )rOdLl( 1.iOll, to incr(ase crop income )yabout Q30 or Q-O1, anid 

to d(lerreas, I o a. kidor saleos :i.nomle. I y ab-u V (J"rQ)1O. Alto cnh
 

re, tr . t. inc) hir inq of local labor didI not have a very 1.11t;ortant
 

eI'fec l. on 	 lhe r(-,u 1o,-,for the three hectare Carm, th e farct that 

some.( e I -,' l. indi cates that ;a 1.hre herl-kre 1-trm i. aioutVthere was 

as .1ar(le ;1,a '1 faini.ly with a L.abjor StLu).ly e'l01vat_:1. to 2.1 adul.. 

of over three hertares wi.lI.ma]le workes ank fa-rm ,5 itsel f. Farms 

need to reLy on i larger pool of fmiily labor, on addi.tional suppl.ies 
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of local. hired labor, or on mechanized means of lroduc.tion il order 

to rel ieve the seasonal shorlages- of faumil.y I gd)or ob-,erved here. 

The 1. v,1 of -incne earned om the threc hec:1.aru farm varies 

amd (o( no t:he s -evO re 

knowl.tel1(. The potelt ia I l"airm level effec of thc technical assist.

boetween Q48) (9700 , hnd.i Oin far-,er e of7 

an(C:e (C o)lj ont -l t of I he lIa -sc Grains l]rogrAjn CO.1 d, therefore, be 

s :ima.tedl as an il('.AS ill 21l]cOI11 Of about Q220 (an :i.ncreao of 

40%). This ilic rease will1] only be pussib.le if the farmer has an 

adequato 0 V working The of pro\,:idedS4L)1 of capital- amnounts credit 

by the Governmc-nt 's crop s)ecific credit prociram were adequate in 

ali sol.ut ions 1'ut one. When the farmer was niven a crop) know oedge 

Ievcl of TI- ill Set 11, the farmor eXI er ience( a shor tao of credit 

for corn and miil.. production, c,(Icause Leve. TIL2 inc.Lude s a corn 

alone activity wnii,:0 r(q]uires more wo.rkiiic; catpital per hectare 

than is current I y mad avai Iab I e. The shortane was Iot , however, 

too serious. 

It does not appear that it wil.1 )e ipossiJ for the non-potato 

farmer to earn an income of QIO00. Even assumino that yields on 

hil.ly lands cold be increased to the same level.s specified in the 

mode]. for val..e, Iands , the farmer would 000(1 four hcctares of Land 

to earn- an iI))nine () f Q].OncO. In Tat lde 2.",, we saw th-o, the avorace
 

farmll SJi/C? :in [ )8) 1 :. r 1)1-n ocrjectcd to he f i vh I ares or 0. 00
 

hectares I(Or I crs(oil in lIe rural I ojil.alion. The fain i IO 01f four 

hyI othes ized here WOUI,. then have onIy :2.76 hecttres o.f 1.aid Ily 

1980. In Table 2.4, we saw that only about 241,, of this 2.76 hoctaros 

http:pussib.le


261
 

all good land, it is unlikely
would be good land, but even if it were 

of from farming it. The
that the family could earn an income QI00 

hectares
results in Catecgories 3 and 4 suggest that a farm with 2.76 

earn u income of about Q000, but only
of good va].ey land could 

would )c qood va1.lIcy land.
0.66 of the 1)rojec(ted 2.76 hectares 

Ily 	 the Near -!000, average C ,rm size is ro)je-(ted to dec.ine to 

projectced to decl.ine to
four hec taresc, and farm Land icer )erson is 

1If )resent con1tinuC, a I I-' in the.
0.42 hectares. trenlms famiy [our 

farm of (nly 1.68 hec tares. The r esults in 
year 3000 would ha.-ve a 

with 1.6 hectares of good valieyCatecjor ics 3 anild 4 suggest that 

aot QOf ), but amiainincomeland, the C m].]y could earn a total of 

realize that only 0.40 of the projecled 1.68 hectares 
one must 

(,.01ouprobably be classified as good valley land assuming that good 

on a typical farm in the highlands in
vI-[cy land were availabl( 

to cxist in the highlandsthe salic, L.roj)ort ioins as it is estimated 

capital in-The Lack of information on yie]d levels for newer 

on hil.ly p)oorer lands makes i.t very diffi.CUltten,,iJve technologies 


income levels even when one asswunes
to accurato ly ,stim..ate family 

that the Bas~ic Grains Program will be successful in providing small 

farmers with credit and knowledge of new technologies. For the 

capablemoment, one caan only observe that even if hilly L.ands are 


to on d(oes not
of I)r()duciig y icIs C(IUa] yields valley L.and, it 

aq w,ear that fakrms wi. I h e Large enough to a 1 ow a Launiy of four in 

earnthe yearzs 1980 or 2000 to an income level of Q1000 per year. 
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While it does not appear as though a non-potato farm family of 

four persons with cithez one or three hectares of crop Land wil.1 h e 

able to earn an income of per year 1 ihere appI earQ1000 by t80, does 

to be a sl.Jh t Joss iilli ty that a family of s.ix c oul d. A- w;is me,i1

tiooned above, tlhe estimates presented in Category - st1gJ.O5 I that, I e 

farm family woU3.d need at ].east four hectares of g(eood valle I. l 

to earn this much incoui:c . In 19830, the unount of Land p'r e-rsoj 

in the rural ,Oputl.ation is projected to be 0.0)(: tare. Six 

people. times 0).69 ha/Iperson eq(uaIs 4.14 hectares. Thus, :jn terms 

of the almoun t of land avaiL.1abl Ier person in . -80ap roj e,ted , 

fam Ly of s Jx would] have the re]u.i red am1OUnt of.].lald. ()C :our s',e 

only 24% or 0.))9 hect,res of the 4.14 hecl ares could IMe class ified 

as good .and. If, however, the farmer was al. to achieve yields 

from h.il.ly porer lands cquivalent to the yields the model sp ecii.els 

for good val11c,.v L1tnd, then there is at least a possilili ytof reach

ing the tayget level of income. If the typ ical family of sJix would 

h)? (:o1rseoSt d of husLI-)and , wife, two children and two orandj arli s , theni 

there is hol e that Gua tolna.la wil] be able to increase la-m:i ly incoles 

into and through the 1980 s. If, however, the fami.Ily of six womu.ld 

be conposed of husbandl , Wi fe an' .four ch il.,lren, the'n there is l ittlte 

-amily
hope of increasing incomes to the target level. of Q1000 hy 

the year 2000. It is vitally ilnj ortant that )opulai.[oll growth rates 

be brought under control, because projected man/land ratios for the 

rural p~op~u.l.ation suggest that in the year 2000, f.tunj.ly size would 

have to be increased to 9.52 persons for the family to have a farm 

http:f.tunj.ly
http:tolna.la
http:st1gJ.O5
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does appear to be 	 a slight
of four hectares. Thus, although there 

income to Q1000 per
tiope of chl.i.eving the goal of increasing family 

taken to 
year by 10)80, it i s clear that measures will need to be 

ifove workers out of tradi-tional agriculture Zand a].so to halt or 

slow the rzpld growJth in rural population. A fanily of six might 

well. on a four hectare farm whIcli )rovides 
ue t alon: compltrzitively 

per yexr , hut a family of nine would not do nearl.1y as well.
Q]O00 

WithuLt .1 .1 ili L11ion oil the a-mounts b y which yict(1s call 1e ill

creased throuwoh aplj)ication of newer tochnologics on hi].ly andl, 

famnily will- be able to
it is diff-ictl t to predict whether the farm 

r(acI the tarle te income l evel oT Q1000. It was paointed out. that 

" tec.:hn ifled v:i e ds on hilly Lands were comparable to tec umnified 

ads, then a family with four howctires of Landy:i cIs :,II val Iv y 


this target love]. for in icoe.lc. The

Wo t1l d j1r37t1ali1y lhui i.e to recch 


may not, however, he the

(lIMesi.oln 01 yi('.1d 	 resj oiise onl hilly land 

it 1he- technmically possibl.e forlw1y .issue. i.e may l i 1isi a]. l.y and 


to earn p1000 from iour hoc tares of land, it may turn out
ai 

1(2 mIIust forget that a tremendous 

a rzml y 

to h)e 1i0,lic'aly i ,.possii. c One nt 

take place bjefore the typical.rl I.is trJ1t1t1..ioil of Lon I wotuld have to 

present, 4155 of
farm size could be increased to four hectares. At 

the farms in the highlands have less than 1.4 hectares of Land, and 

farms have Less than 3.5 hectares. Land redistribu751'',%of highLnd 

alt esti.on n Q countries.developing11.i(m or reTorn is ofttn a dei 

Itt i, 1crtainiv a dcl. icate issue J13 Guatemala., and it is not clear 

that land is a given existingredistriAbution 	 Oven possibility 

http:nearl.1y
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political structures. Nevertheless, the results of thle linear 

proranmlinJ analysis suggest that there is no ,-hance of farm fwmli.l.y 

incomes reachin QIO00 on the one or three hcctare, farms. Farms 

would have to 1W(e at 1east four hectares before ilncoMllls )ld r-ach 

this level , and evenl then the farmer woul( hav to have: (1.) an 

adU(JuAte StJ)[jL-y of working (capital ; (2) a crop kllowLod(e ](,vel. of[ 

T ..3;;ani ( 3) tour huectare s of lan( vhli_'h wii. produce yields corn

parable to the yiekls; tle model sj ecifios for proIuC:tion activities 

whiCh "-u .ire a (1-r,)p knowIldee level of TL. 

it is not. xinreasonazble 1.() expect1 that the Basic Grains Program 

w.l L be sue e s fu]uln J)rovivdin( far mor's w:ith technical ass is tance 

and cr di(.t. Co n stulenLyy, .it -q1 :1l,- that Me of the major offe 1 s 

of the Bas :i( Grailn, I'rogr am w l 1W to Causo .and to r,01)11 u ( r ,d i. 

as the farmer' s most restr.(: tive (:onstrzkint. ]In thc jr.(e-, the 

j)rogramU 'bih(o l1d Zkl so i ticrca se amIi lv inicome.s by 1)t weell 1 -o ld .451'',, 

de],en( li($ LI v.l thU farms 5size. These ost:i.nates are 1 ased utpol the 

assumpti(on thall input and crop prices will reni nfl at al ,u t the same 

Levels whiich prevail.ed in 1973. It does not appear as thougih the 

group of non -- ota to f.ariner s that current ly haVe-/ one, or tI110 hoc

tare s of land xvi.l earn incomes of Q.O00. ( f-,ore the.,se far'mers 

find it possiit Ie to earni a total ilncole of Q1000, it xill he ne-' s

sary: (1) to awhieve adlit ional lbrec kthroucih- in (1op01lpilly tocO hrl() 1 

gies; (:3) to achi.ewy' a more favoratbl.e .J )t.lt I rOdLICt Icee Ialt ilo I

ship betweel prices of acrlL:(- ltral inp u ts :cli corn, Ican, an(I whoa t 

prices; or (") to .i.0r1'se the size of the typical highl.and farm to 

a IfinlilRUll of four hectares. 

http:prevail.ed
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Potato Farmer With One Hectare 
of Land


The 

on the effect o:f
and 2 also presented informationCategories 1 

for the potato
savings and provision oi cred-it 

different amounts of 

farmersland. Solutions for potato
hectare of cropfarmer with one 

3A, 21 , BA, [3,, 5, and 
- and 2 were presented in Setsin Categor.e s 

in wh.ich potato farmers 
6. 	Sets 2A, 211, and 5 presented solutions 

Sets 3A, 311,) and 6 
ta)]c knowledge

WOre ( ji.v(oH ai low leI of vom 

a hi.gh level. 
-in which polato farmers were (1iven

s i l. ionspresen t(.I 

sets, ve(qetd)ie pro-
In all these resource

of V(e( Ie l ',owledge. 

or 0.04 ha, because i-t is renarded 
it ed to on Curda,(lu(t ion was li 

on (ILlitIe small 
)ecause vegetalbles are usuall-y grown 

as a sidell.ne aid 


of land. As a result of this decision to lIlmit production of
 
plots 

high 
one cuerda, the sol.utiOn1S for farmers with a 

vegetables i-o 


quite similar to solutions for
 
level of veotal]e kno]-aedo are 

income levels 
with 'A IW level of vegetable knowledge, although

those 

with the higher level offor farmeisteid to 1b about. Q30-Q50 higher 


a

Since vegetable productior i.s regacrded as 

vcecl.zal,]o knowl edge. 


the solutions 
 for farm
',l1in sj ('eca]. l.and, and because 

are lLi.te sim..lar to 

s iel0 ince jr 

-'.v of vegetable knowl-edge7 h . ,i 

have a low level of vegetab,]e knowi.

ers w.it. 

.1illw-i Ai farmersthe solutioli' 

the .ralrmer has a high level, of 
edge, onlyI b e soutions in wh i-ch 


Consequently, t his
 
vege taIL.e kLnowll Ic wi. ii be considered here. 


resalts presented in Resource
 
will be confined to thediscussi.o1 


6 of Categories I and 2.
Sets :3A, :31,and 

severe shortage of savings
In Sets 3A and 3B of Category 1, a 

http:discussi.o1
http:sidell.ne
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the potato farmer's 	most serious productionwas observed to be 

constraint. Giving the farmer access to the Government's c(rop 

specf i-.credit prora i~n Sct 6 of Cateoiory 2 relieves this savings 

:ii::s 	 ofconstraint somewhat, a]lthough the Shadow j r on savings Q1.20 

and QO.91 for soI UtltJ.0s with crop know.edge levels of TI.2 arnd TI, 

CoUld I ave used ti I 11101:0re s)ect:ivly, jndiciate that the farmer 

QI() add-_ .onal.credit. Th( major ef:fc-cts of (1]1v _ the farmer Ii 

-11Eand in 6 (I) allow farmersavings in Set. credit Set are: to the 

of total and crop income; and (.3) to useto increase his levels 

more of his land for croJ) product ion. Table 6.4 present s informa

tion on the percent 	of land devoted to crop prodluctih in these 

ninc sol utions. 

in Set 3A, the farmer's shortage of savings was so acute that 

he usCd only between 71' and 34% of his total land area for crop 

savings allowed him toprodu(:tion. In St 31, the additional QIO0 


55% 60 withlGovernment
increase th:is to between 215- and ,. In Sot 


ie was able to use 100% of his land for cro. production
credit, 


in all three solutions.
 

Figure 6.6 shows how the farme-, 's levels of total and crop
 

i.s .increased,income increase as his amount of working capital 


for 
-i 1on.


thereby permitrtinci 	 him to US( more of: his land crop tr (iduL t
 

income in Set 6 increases by ltwcn 7T". zind
The ].,vcl of total 

121% (depending on the level of crop knowledge) over the level oi, 

Q5) savlngs. T"]hctotal income the farmer earns in S"3et 3A with only 


income from increases 21% in
iv'rcent of earned sale of crops 	 from 
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of land used to produce crops in ResourceTable 6.4. 	 The percent 
Sets 3A, 313, and 6 

TI-3TLI 	 TL2
Resource Set 

9 34 	 73A 

32 55 21 

6 I00 100 100 

3B3 


7157 in Set 6. The firmer in Set 6 withSet 3A to 42% in Set 3B to 

a crop klnowlellge level of TL2 or TL3 earns a total. income of ap-

About Q850 of this total comes from sale ofproximately Q],150. 

'rOS. "l't'lore, we see that the potato farmer with one hec tareIhI 


of Ian i .s able to reach the target level. of Q1000 total income 

q9iveil 1.17] :iin1m)0 and crop prices. lie would earn this amount by 

gro) . atp)roximatcl.y 0.75 hectares of potatoes, one cuerda ofiii 

(r(ell o)]imis (0.0-4 ha) and about 0.21 hectares of corn alone or 

ijI ,,a. JF the farmer did not have the high levcl of vegetable 

kiojW] ,,egc which Ijermitted him to grow green onions and carrots, he 

could havve earned a total income of Q1,100 by growing 0.75 hectares 

of potatoes and 0.25 hect ares of c:orii alone or mi-l-)a. E ither way, 

the farmer is able to achieve a total income of over Q1000. 
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Tnromr' 
(0) 

1500 

snoop 
II'1 	 I ncom 

3A 3R 6 Re SOti ynr 

Sets 

Semi-fixod Pesources 

Sa Ivinns 
Crodil 

Hii. of 1Ind 
I.ol 1ahorers 

50 
None 

I 
a-iv'aiahle 10 

150 
None 

I 
in 

50 
Gov't 

I 
In 

Crop kno:l('(e Ilevel I 
Crop knowi. .Ldei lvel 2 

Crop knowledge lovol -3 

Fi rire 6.6. 	 l.evelq of total and crop income in Resource Sets 3A, 
3RV and 6 
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Figure 6.6 also presented information on the amounts of total 

income which could be earned with different levels of cropand crop 

3B that the farmer earns approxiknowledge. Notice in Sets 3A and 

mately the same aml1ount of total and crop income with all three levels 

of crop knowledge. This is because a shortage of working capital 

prevents the f armer from fully utilizing the knowledge he has. In 

Set 6 where the farmer has Government credit, this constraint is 

This causes tota.l income earned to increase and also resul tseased. 

with (1Lifferen1in an increase iii the spread between incomes earned 

]eve] ()f crop knowledge. We w:ill olhserve 11 the nexl sect ion that 

when tlhe farmer has three hectares of land, this spread i; imILCh 

hec tare famii, becauselarger. The sj read J.s larger oni the three 

enough to fully employ the family.the one hectare farm is not large 

lnttchKInow.edge of new technologies cannot benefit the farner very 

if he is sljending a large Lercen tage ol lifis time selling labor at 

7.5i per hour. The farmer needs more than one hectare of land if 

he is to be fu] ly employed on his own farm, and he needs to be 

ful.ly emlloyedl A own if is to receive maximum ben1efitson0 his farm he 

from a ro(ralll of technical assistance which teaches him about new 

techn 1ooies. 

Providing the farmer with credit allows him to use i00 of 

his lanid,, and, consequently, land becomes a limiting factor for the 

one hectare potato farmer in Resource Set 6. In Sets 3A and 3E, the 

farmer had not been able to use all his land and shadow prices on 

land had, consequently, been zero, while the shadow price on savings 
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was very high. Figure 6.7 demonstrates how the shadow price on 

savings is reduced in Set 6 when land l)ecoifles a limiting factor. 

The shadow pricC on savings is reduced in Set 6, 1)(cauC)se in Reosource 

Sets 3A an d 3I; savings had been the only .1.imi.t :Lno fac l1or. IhO 

shadow price on savings of Q0 .05 (TLl ) irldical es tht t.he munt 

of credit provided by 'he Govornment s crop specif..i: cred-t ]pro(ram 

was adc iuatc for all. farmers who used the j,)ro(dhct.ion tee hliolo(ly re

quiriiog a croI knowledge level of TI.]. The higher shadow pr ieos 

on savings for solutions in which the farmer was giVen a ,rop knowIl

odoe level of T1.' and TI,3 .ndicate that if farrmers ado, 't the newer 

technlocies which are currently be ing used by only the 1)0st farmers 

and oii demonstration plots, it will be necessary to raise the averago 

size loan ,adc to potato farmers. 

It is interestino to note that onions are grown in all the solu

t ions consid(ore, for these three groups. Iln onle case. oilions v0el 

(hisplace p)otatoes due to an extreme shortagje of-savings. Th is is 

not a jarJticL:uarly surpr ising result, ecau so i t h as loi)l1 ln 

ro:ogi izd lht1 per hectare income and emnployment opporllunitios a:e 

great In vetlutahl e,production. The fact thal onions have the cd,!L I 1.v 

to compe to with and displace potatoes indic uts 111I 0cn in, (anlid 

other vegsta L.s, too) are just as profitable as ,octatoes wijd hold 

similar potential for allowing famiilies to earn compirativo.y I.-kroo 

incomes on comparatively small farms. Since land Jis such a severe 

constraint on most of the altiplano, many peoCl.J ha:ve, suggested 

that the Goverrunent should encourage development of cool season 



271
 

Shadow Price 
on Savi n1s 

(Q) 

I .r,, 

1.00 

0. 50 

I _ 

3A 3B 6 Resource 

Sets 

Semi-fixe(l Resources 

Sav i n is 30 150 50 
Credi t None None V I t 
Ia. nf [andl 1 1 1 

lora[ laborers available 10 10 ,0 

Crop knowledge level 1 
------ Crop knowledge level 2 

-- Crop knowledge! level 3 

Figure 6.7. Shadow prices on savings in Resource Sets 3A, 3B, and 6 
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vegetable production on the altipliano as part of an agricultural 

and occupational. diversification prograI des ijnOd to begi i FIIovin9 

farmers out of corn, wheat and m;i[pa produ(: t loln. ,hi.: i a lo d 

one realize 17rQidea, b)ut must that: (1) vCegCtah.l re (JuAtC 

unstab-le; and (:2) it is quite easy to have an exce(s , sup) ly probl.em 

with vegetabl 1es 110 :auso produc tion per hectakre is o() h:gh. on 

sequently, v,(Jo tal ]le produ:t.ion 11'] .c 1)O t ato produ,t..ion, can onvly 

1W0 luI'rativ for a fairl.y S,14a l1 nLulL ,r o l ftrmers. AnY programs 

desiined to stimulate lroduction oIf potatoes or Ve0(etab los must 

I.ake tthis 11otent:ia l oversupply prb(ilem into account . If vCe t atAhl' 

J)rCOdUCtj.on1 is increa.sed through a veot be I roducti-onI1rogram, it 

will]. ,rothabl.y t)0 to10 :iJ1110 10)J;o( IClu 0 I 011:alsO he11 I0005sAr 1,.101 

withI a ve(J eta I.c markel.ing t-ogram, , whereby i)art .of the ii' reased 

vuqe table ]produc tion could he expor ted to ot.her Ceniitral Amer.i can 

(lotlntries. 

As )OI Luation and income 1evlIs rise in GUMAInalZa and in Central 

Am ier.ica,there Sh 11(d b,)(oHI, 111()0t ill) fcic0 s (1ni tidtloxi(kI ()r ( oo 

season fruitS and vegetabAles which could 1)c mot i, 5 ,a we I l.- Imnetd 

lI:ogrZ o I aO :it:iu ural l 1liversfj, iCaftiL). Such t pro(Jrtm wv(Iu d onl.y 

bolnefit a smal. percentage of hlghlan,.t farmers, hol even J. " it 

l~ellefi, ted only 1% or 2,. of h .ioh. lan .f.trnim rs, .it W(IUld1 t I .as I 

take I",' or 2"''; of the total. oulat Ij.n and a very -lmal II.):0' tale 

of total. land area out of corn , wheat. and mil.] )a r id,., t 1on ,l I erely 

reducoi both the numbler of traditional crop farmers and the poten

tial supply of traditional crops. This is an imliportant (7oisiderati.ol , 

http:7oisiderati.ol
http:probl.em
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as farmers begin to adopt higher yielding technologies for
because 

crops, the supply of these traditional crops will he
traditional 

will be needed to feed a
:increased. Some of the increased supply 

pc)u lation, but if yields increase dramnaticaily over a short
grow~i.ng 

the SUpply of tracl:itional
period of time, there is a danger that 

crops could increase faster than the demand. This problem (1f over

suj yly may tu:n out to be an important one. 'The reul. ts )rec.nted 

in (Chapter IV show us that per hectare production (I corn , mi[lpa, 

be doubled if all farmerspotlatoes practicallywheat, aod could 

decded ovorni-ht to adopt production activities which rec(iire a 

11 is important that the Governmient crop, knowl.edueo level of TI..2. 

the Basic Grains Progr.mn in promoting the
monitor the suc:ess of 

If tne Basic Grains Program is successful use of new teh(nologies. 

.in spreading adoption of new technologies to a large percemit age of 

plans need to be made now to devise program's whichsmall farmers , 


have to .leave
will: (.) provide empiloyment for farmers who wi] I 

IratdiI- 1 1it I aor I u.Iture to allow theo typical ma I1 farm slize to in

*tease; and (2) to p].an anu imp lement. an agricultural divers . fi.(a

traditional ( rot prodtction.tion p :oornm wi ich will divert land from 

AMrrcu]ltural diversification needs to be carefully plannied to assure 

traditional crops whilec at theGutateinal a of an adequate supply of 


san time taking care to avoid a problem of overproduction.
 

http:Progr.mn
http:grow~i.ng
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The Potato Farmer With Three lectares of Land 

This discussion, l.ike the precedino one, will. limit, itself to 

those resourceA' sets from Cateoqori-s '3 and 4 :i.n whicl the farmer :Ls 

assuned to have J ()tato 1and and a high leve l of v0 c1.cld 1.(e knowledge. 

Consejuently, only Sets 9, 1.0, 13 and 15 will he discussed here. 

These resource sets exanine the effect of: (1) having uithwr one 

or three he ctares of ,otal o lad; and (2) )ein0g able to hi., e:i.ther 

zero or ten J.(ca.1 laborers to assis t with crop pi:(u( l ion lask.s. 

In Sets 9 and 13, the farmer Jis given one he(:tar, of p)tato lIand. 

III Set ', he is not al lowed to hire local labur, while in Sot 13, 

he may hire upj to ten 1 IH any given quarter. III al Ii1ien other 

respects, Sel s 9 atid 13 are ident.i.cal. I r. for these tworesuIlts 

sets are very ., ini.lar, 'cctkause aval ld'1itv of h:ired labior is not 

very important for the three hec tare f,irer with onl.y one hectare 

of potato laind. l1 Sets 10 and 155 th., farmer is al.lowed to cirow 

up1, to three-hco tars 01- potatoes. In Set 10, he cannot hire Local. 

lco or to assist w.ith ( roj, prlodt tionl tasks. Thi.s Is a falilIy 

serio)us (i:Oi1 t]Lt.~ ]for the three he(tare 0 arner. in SetLpta3to 15, 

this constrtint i-s easod and he is allowed to hire up to ten local. 

Laborers in) each (luartur. 

IIn the recedilli suction, it. becaIne apparent. that potaloes are 

a very lucrative crop . In this sect:ion, we w:i. iIlvestio_-I.c irst: 

how lucrative lotatoc s can be I-or a farmenr wkith three lhectares of. 

crop land. Figures 6.8 and 6.9 present inforniation on the level s 

of total and crop income wh:ich can be earnel fCrom potato produc tion 
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Total 2500 
I n('om(, 

,(Q) /" / 

/ / 
/2000 

1300 

100
 

I I 1 I I ,, 

6 9 13 10 15 Re source 

Sets 

Resmurces 

Ila. of potato 
Total ha of land 
L.ocal laborers 

available 

land 1 
1 

10 

1 
3 
0 

1 
3 

10 

3 
3 
0 

3 
3 
10 

---
--

Crop 
- Crop 

Crop 

knowledge 
knowledge 
knowledge 

level 
level 
level 

1 
2 
3 

Fioure 6.8. Levels of total inccre in Resource Sets 6, 9, 13,
 
10, and 15
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Crop 
Income 2500 

(Q) 

2000/ 
/ ,/ 

/ / 

500{ -	 / 

1500haofln/TotaF 
----- ro '	 ee/nweo 

II l I I 
6 9 1.3 10 15 ~suc 

Sets 

iRes our c es 

Ila, of potaito land 1 1 1 3 3
 
Total ha of 1land 1 3 3 3 3
 
Local laborers 10 0 10 0 1.0
 

available 
'(Crop knowledgie level 1 

-----------Crop knowledge: level 2 
- -Crop knowledge level 3 

Figure 6.9. 	 Level s of crop income in Resource Sets 6, 9, 13, 10, 
and 15 
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These figures also present informationon the three hectare farm. 

on the levels of income that were earned on a one hectare potato 

is provide us withfarm, Resource Set 6. Set 0 included here to 

a basis of comparison between results for the farmer with one 

hoctar( of pol-ito Land and results for the farmer with three hec

tar's Oif ])(o)lato L.nld. 

As wais mont iwned above, farmers in Jets 9 and 13 have three 

Ictare ,O f crop land of which onl\' one hectare is su it able for 

potato prod(Ct.io10. As can be seen from Figures 6.8 Z11( 6.9, there 

nU'h df10rQ1Kc.e of total.. inom, the farmeris nol {lI in the leveLs 

(.:Al ."kiZ n from Sots 9) ild 13, and crop ilc:ome stays at a dtout 88 of 

total income for 1oth groups. The avai l.Jabil.itv of hired 1.abor in 

Set 1.3 turns out to he relat!LvelV unimportant wilh respect to the 

love ls of total and crop incomes wh'ich are carned. The farmer in 

Set . 1, an 21 days' in seconid (ituarter, huth ires ;'.'oraoc 31 labor 


tlis is tt1w only quarter in which labor i7 hired. Tills additional.
 

.1.al)or is used to incvrease lroductioll of milpa on hiL.l.1y lands 1y 

heet. el 0. 2 and O0 hoc tares, tthereby al.low:iiuj the farmer to use 

ii S entire three l10* taros of land for crop produc(t ionl. Pe ilng abl-e 

13 to more -i-]ly.. utiiJI.elo hireo la.;xbor pormits t.he farmer in Set 


1h(ho Ianl and lahor resourcCOs he has been given. The farmer in
 

5'.t Y'3 uses al.1 his land for crop production, whereas in Set 9, he
 

lets an averacie of 0.42 hectares lie fallow due tIo the shorlage of 

s501ond qurter lzl()r. The farmer in Sct 13 is also more nuail.y 

ful.[y umlj loyC'ocl on Il)is own farm than the farmer in Set 9. In Set 13, 

http:hiL.l.1y
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tie farmer sells only 701 hours of labor locally, a decrease of 37% 

from the average of 1109 hours sold loca]lly in Set 9. The on.l.y dif

ferences between I10 solulions .n Sets 9 and .3 are the three that 

have been menl::.ono.d h ,r'e (1.) the perccnti:age of total land that is 

used rr )poj (2) number .local lcdoc ;)rolu:lion; the of . hours that 

are hired; and (',) the number of loval- labor hours that -kre sold. 

The no 1. effect of thc so differences on the level(: of total income is 

ossent .i.al.].y to cancel eaich other out. Tot:4,]. incomes in Set 13 are 

onl.y Imarginal ly higjher than total- incomes in Set 9. 

TIle fa Tl/llt orows onc. hec tare of potatoes, one cuerla ol onions 

ald either l!vil pk OT 0()]-I1 ZiNone in kl.l SiX SOL1i.t-i-Ois Of Ro0 trIOt7Ce 

Sets 9 and 1.3. When he has a crop knowledge Level. of TI .]. he al.so 

grows wheat. nther than a shortage of second quarter hired l.abor 

in Set 9 (where iei., not al.lo owed to hire labor), the on.ly Ihidino 

constr a ints for 1.h(,so two sets are valley 1.an. and pol.alo I.and. 

The shrhow 1pr)ice on potato land averages Q71.5 , anl the sk avlow pr ice 

on val. ley .ald is between Q83.05 and Q16 .32. The. -,.om:r has ce:: 

to the Government's crop specifi. credit trograi-. and work in( ca.pital 

i S (CO 1.1.1), no1t a const :a:i.nt in1 aly o , -O o .(] I.0-) 1- ( -:ix Itl. .i.Oi 

Now that it' farlner has al ad q(ttAto . worlkinl Tji1;.l,SLI-I.11 (if t alid 

eough 1.andt to flt. l.y Cml)loy t-he 0 1.ire fanily, toc:h ii(Ta assi.slance 

.is ca le of ao much il pac 1. onl the l10vOl. of total inlal havin. a greater 

co01e2. Figure 6.85shows .hatL Mh difference in the amou t o.f total 

income earned with c.op,knowledgce levels TI. and TI .3 has increased 

to al-Out Q600 in Resource Sets 9 and 13. This is approx.mate ly QI00 

http:SLI-I.11
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in Set. 6 whereincome levels observed 
more than the difference in 

an.. demonstrates the 
one hectare of crop land,

the farmer had only 

know]edge of new technologies with credit 
irnjortance of com-binilno 

and an adequate farlm -:,i.z7. 

not very iIportant in Resource
of hired labor was 

have a different pattern of labor 

Availabilit y 

Sot-, () and 13, 1"Icausc potatoes 

re,,.o~i ro,tents 11)i the other traditional crops. This difference inak1's 

corn, Injllat, or wheatl pro
10tat ) llroduCtiOll ui te uoflnp.l'mentary with 

o tat , lat-d. 0l'at t(2-,
I w:ith (101.y one hect. tre of'luct]( o n the jtarin 

tl , ,j(( od f fa.i.r'Ia ITidMus.t.1l .' i~r I the tt t al or (uI-( C tttd 1 

[or corn,, i.1.ja4, alld WhetL. (')ri, ll - Ipa 
I ow I o~: froeltjireinet-ti 

labor , .ur fourth luarto-r whellinIarg-

1"y Olni Ltpo tato(e s with 

alnd w at I'reqtttir- lre ,I'tOutlII Of 

no kihbr vitlsoev("r.0 ta~toS reqluirtO 

i n ldu to am er 
IniiIpa1 or whoat 1 'roduc 1 iontt tlt' O rwnrorn . 

tV 's aid, therefore, to
 
r ihte' I rettltsllc;%]oll' j l 1;ai ( 


more I and ,:itIt fjxeNd .laor C lly.
Iarm 


0ofan I .i tnnou)tl
ier'l- ai(ltt (ui
Ill [ ,t IA( .'Sot(-tt the f 


rime
l whi.( loc al ltljoi avail ziabi lit'.'

C'tao!<k (l tUo thrc, 

l()r 1-horla -,k'OIT4' , iI 1 0,LS iattS(-5VCQOV SPOt,It t odto ,]ro ilt . Thi 


i I .ik( o.U) t .threc h t.aros (11 '0 af to''
O
ot 1 atkW ti1te i1:atr oo11 

ltitgeo of labo(r in sec d 
bmLi i., o nbtri.ttt ftroit (ingt- So by a 


in Set I) rangie

'Fht lhaizqdow prictk0 ONt ',e;(()lld Clulrte.r labor 

,utartr. 


01
and Q1.17 per hourw refle:cti.ng the sr itu swsml ()f 1ii. 

htetweoun (I ).713 


'lto l(-ruor (rows
are orown in) Set 1.shortao,. Otyt Ipotato-


The shortage of
 
I.,Ti5 hoctare, ()I1)ojtaloe0s in al__l ,1hree sot ions. 

http:refle:cti.ng
http:dMus.t.1l
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second quarter labor is so severe that although the farmer has a 

high level of vegetable knowledge, no vegetables are grown. This 

occurs 1 ,C, L v Qgetal.1 es , IJke potatoes, relu(I :c, a fa:i r Iy .Iarge 

,-1nounHt Of seCoPd cluarter labor. Although the sihortagcj of labor is 

a serious constraint, the farmer is able to grow 1.835 ha of puta

toes which increases his total income by an average of about: Q450 

over .evels of total. income earned in Sets 9 and 13. The spread 

between income earned with different levels of crop knowledge is 

really very large in Set 10. Farmers with a crop knowl.edge l.evel. 

(of TII earn a total income of about Q1375, while farmers with a (::op 

knowledge level of Tl13 earn a total, income of aboul Q2275. Th:is 

means that having a crop know Ledge level. of TL3 a. lows tle !)otat 

farmer in Set 0 to earn an additional Q900. Thus, the farzz lvel 

Iene fit of a technical. assistance program is potentia.ly QO0 fToi 

the lputato farmer in Set 10.' 

In Set 15, the farmer is all.owed to hire labor. Ite hires an 

<tve:,raf of 2 dlays' labor in first quar:ter and 89 clays' labor i.11 

sCcond quarter. This hired labor allows the farmer to use his 

entire three hecc tares of land for crop ])roduction. Pot ato I roduC

tion i.s increased from 1.835 ha in Set 10 to) an averagqe (of 2.300 

ha in Set 15. In addition to potatoes,_ the --krmer g-ows ei ther 

wheat ,ilpt, or corn alone an(I , cuer a of On1iO1- il ach so l.tiin. 

The pr:imary constraints :i.n Set 15 are savings and land. More 

working capital i.s needed to increase production of p)otatoes when 

the farmer has a crop knowledge level of T,2 or T13. The shadow 

http:potentia.ly
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riHce on savings wilh a cr1. in)wlede level- of TIL2 or TL3 is 

1 .20<and Q0.93], re-sj ectively, Indicati ing that the shortaje of 

working cal i Ik i - fairl.y restrictive. The shadow price on val-ley 

Land ranu-, bet%,, kti Q8),.70- and Q.514.66. The shadow rYiCe o. 

Q514. 66 r(- I , . i(, fac1 t I hat the most ]rolukC it 1 .1.lakto act ivity 

retu ires and. o oi iad.]. val ley 'This shadi)w r ca: onn( vt I.ey is fairly 

h:ioh, lecause the farmer has the other resources whic:h he would loed 

in ordecr to (Iev()ie additional val-iley land to )otato p roduction. 

"'M farmer ' s incoue in Set 15 inc:reases to an average level. o t 

',237. 88i. Th.is is an increase Of ab tt Q360 over t1he tveracle level. 

of" i n ome earned in Set 10. li Wures (,., ;nd 6.9 show us that both 

lie loeIs of total. inicome and (cro) inCom)le hl;a\e a sj )re(.k1 of about 

Q580 in Set .5. Threfore, the farm l vel_ e.l-ffer 1. ofl zt lechnincaa 

as si.sI. aine rogram whirh increases crop ) knowl.e ge froill 1.A. to TL.3 

is a I so inlerc .st ini to iot h 1hl,0, .rot] income inis about Q580. 1 

at ab1out 88% of totat ;i comn . Thlj.b is a piroximately 

the sare poerentage that was found in Sets 9, 13, and 10. 

Set 15 remains 

http:Q.514.66
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CIAi'TFAI Vi L. S1JMMAIRY, CONC1 .i_.ONS AND 

SI JGGL I.,NS FOR 1(1HRlTli ESVANCII11 

Level .Ef fec (s of the Easic Grains PrograflThe Farm 

present ed in Chapters V and %1.The resul.ts and conc.lus ions 

are sumlAr i'e(d _in i this chapter. The major con(iluscnins art rol.ated 

base :iiifI t.elwc h, incoll
_il tIe i farmer s resourceto how c:Il.liiJeS 

to which he i!s omjlovyeyd on t1 c .lar1. "' p, , ii 
;illd t he oxtent 

whii h are asbsicngd d(if terent 10eve0s ill tlhe ,arioUb r,'
reSources 

sotur,:c- sett, olisidere(d here savinlgn- ' , -rel. ;u',-i I ahil. ily 

labor vkilalilt. ii vaib
k low I edge of new tech nlogioq.e s, Land, 	 Local 

pot ato land. 

Study ha,-ks beenl to investi otte 
()no of the main interes is in thi.s 

the 1ev,,.1 o.1-asie Grains Pron ran upon
the potential- effect of the 

OC7.1 i.s eWAilul in suinmar.iz in( 1Ie result..
fami.1 ii|Onome, Figure 

h ow the I evel oL fam:ilyi -lc (ll efi showsthis invest igaltion. This ure 


s reso urt b . expanulQ . I H i yv."i

i nr e scl as I he farmer S,' s 

cr (OA, I 1, c.to .) a! O,l 

it, 

7.1, resOUr t, sets are identificd 117 	 Mu11t11 


sets are si.mt-,ly Jl:OUIs Of
axis. TheseC resourcethe hor.:izont al 

ma conlajorwhlrii serve to identi.fv7 th(? levels ot the
IQsoUrL:(s 


mod l.. The JCv1-s wli i-ch t1h'-,C
 
in the ;inear progralnuling.traints 

presentecd ill to C.01-1L,1 hk,1.l.owJ 
resources (or constrakints) tak: Oil are 

the ko yex.am!l e, the .[evel. of
the iLunber of each re sourc - bet. For 


hrcctare, ol 1.and tu:itZal)] 0.1or C)tat0

il Set IA are: ,roresources 


no across 1.o t sourc'
 crop land in total.;)roduction ; one( hectare of 

http:suinmar.iz
http:resul.ts


/ / 

OTe he t.Are hectareq Ono her tar / 

2000 of land of land of 1 .md 

No potatoes No pot a to(-[ Potatooo
 

loon 

' I I uThree hectares 

7-01 n1of land 
0--c 

r toY sePotatoes 

100 L J L -1----I..I I I[ I 
.A il 3A -3p, 6 1 - in I15 

Resources 
Ha, of potAto land 0 1 1 13 1 3 
fi. oflrc I.n I. 1I 1 . ? 1 -3 3 '3 

No No Yes Yes Yes Yes Yes
 
No NFe 0rdi es Yes 


S. 50 150 50 50 30 50 150 50 50 -50 50 50
 

Local lairrors 10 
 10 10 n in l 10 10i 0 10 0 10 
AV3i II-,1 e 

--- Crop knowledge level TLO ----- Crop knowledge level TL2 

TL3
Crop knowledge level TI -- Crop knowledge level 

Figure 7.1. Leve]., of to.l li: _o;-e bor 12 d-ifferent resource sets 
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of crodit; Q50 savings which are used for work10in (::ptittI ; md a 

max.i mum Of tell ]o{:( l laborers wh(1 could assist 11w,.' famn-i].y with crop 

prOkiLi .iion tasks .i (' li (Juarter. The thre(e lee.,., of t(til iii t,)lu 

.,o( .ifi'(d for each re(:sourJ : sot in Fi.(iure 7.1 were g(un ratu( I y 

level-. of crop 1lnoi edge wiil eav-Ch.I1 rifOtl p. Not eJaramieter:izin3 the 

that for rcsource sets i.n which the armer IhIA, no. hikv p(o at) 

land) the levels of crop knowledge us ed to w(jner akt o Itt i oil aWO 

j.s n(t inJl. ud 1 aus<:,it .i -,cI.evelS "'.O, "L 3.., ald TL2. I.eUVo 'T1.3 

0 armur d(w1es 1IaVe"nly used to grow potatoes. For sets in whh tALI 

potato land, the leve..s of crop <jowe.dgc used to conerate '{,.l Lit.oll 

are 1evels TIJ1, "rI2 ald TL3. l evc.l ILO s not. mlu]tI t I)',:her hd 

c7ause hi. yi1ld pot ato a:t:i.vj. tic s Arl c a, t rop kinovAu dc !e'o l 

If the were crop knowl1edge l.ee Iftar nor aiven]of TI.]. or hiJher. 


of PLO, he :otul.d lot - _ Iotatoos, anld h.i level s .ftl . ill O1110]
 

1oU )e sa llit I 11h0hu1h1 d 1i(f hu1m U.1i e(..CO) j.lCOCIlC, 0to. W, d the S . 

potato 1.and. It is ilmtort.ant tor lmeiihor thait .if a .'arIor 11,s crop 

know l ,.oe 1Ovct 1"12, he w.ill al.:-o h)kve l(eve'1 TLI. illtl TIO. Wi th 

('ro klnowl edge 1.2v l I L2, tile .armcillol - an Votl 1o lJr dL1 C m' ('7)rd 

that reqlu iros a crop lnowld coef f.cion for love Is 11.2, 

ilroduCC: WalCALiv-ity tlhaJt 

actLvity 

TLI, or TFIO, alth()U1clh he (7ould1 not C1O.1 to 

requires a crop Ino(iwledge 1.\,ve.lk of T1,'_3.
 

.7.1 atnd 7.2 (-( mili.i c th1 resul. tswil w ore()rOSeIll ted
F.iouro 

o Chlapt er Vi. They SUlaunnr iz. tie imnforma:n i ndepoelldell t sec t iOI1 s 

reader to readil.y CO(I:01are andtionlresented ear.liort xnd al.ow the 


of the o11 and three hottare, lotat(o fIarmer
contrast the )osition 

http:1.\,ve.lk
http:a:t:i.vj
http:eav-Ch.I1


Crop I nromo 2.400A 

ta~.r~P ~ r Onte :ec tare 
10 ) -- of I anti hIe" tares of I ant 

of -cld0 

,,o potatoes No ;ponUi',-s Potatoes o / / 

/co 

200) 

0 a ]A I,' t I- i! A -6 : I 9 I i10 I15 , 

Resources 
lia. ofpotzito land 0) 0 0 I ] 1 " 3 

Ha. of land 1 ] 1 3 3 i ] 1 3 3 1 3 

Credit No No Y'es Yes Yes No No Yes Yes Yes Yes Yes 

S avin ols 50 150 5() .30 50 50 150 50 30 30 50 50 

Lxocal labor 10 1( 10 0 10 10 10 10 0 lO 0 10 

available 

---- Crop knowl.edo level TL ------Crop knowledge level TL2 

-Crop knowlrdtyc level TLI -- Crop know.,ledoe level TL3 

Fioure 7.2. Levels of .ruP - jIui .l ,i r C )fcr, C L r -2 sot_ 
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hee tare non-p()otato farmer.witt the m.}tion of the one and three 

lAO WI Wjg I i' 1 t-ViOW of major (-iocl(uSiol5 by con1d dor.nl the

role wh(ich (:re(.lii avail abi.l it )]ay1, on the onli h(I( tare non- potato 

farm. 

of credit foi the non-j intato iarmer was invest:i-Th - impor tajnce 

gated in Sets W , liH, al:A -. A5 (:an he seeni n Figlure 7.1, the 

.amotl oFr l-aI loe 11)! I-armer in Set IA erns raige slls tota in, which 

When the far;n r is given credit Inhe.!tween Q4431.47 and Q41)2.07. 

6 
Set 4, h is tota.I income is increased to between1 a44,il d.6"Q521.96 

I) farmr has adeo iending ulpOll his level, of cro wedrhe 

crop knowledege level of TI.O, the increatse-d .Iincome v.hl]. h he earn,,-, 

Q3.00 creatn: than he ear ned w.ithouI credjit.wv.ith ,redi t is ionl.v 

[C the [,armer has a crop knowledge level of TI-2, credit allows 

to about income than he couldthe farmer earn Q30 higher total 


doet, hel.1.) ,-hefrmer
earn without crolait. Clearly, credit not 

in Set 1A to earn a very significant. inc rease in I(ot,.l. income. 

Woy is tlhis? The an- wor is that the 'iarmor in Set IA is spend

of his total labor time on crop production.in only about 

The rest of his time is spent selling labor. fie pr ,duces crops on 

which he has been g:iven, iut onethe entire one hectare of land 


land to fultl.y em; Joy -a ()Iuni-y with
17[or
hectaro is nOi enough 


a total lal cor suql t y equivalent to 2.1 adult mate workers. The
 

that neither credit nor
results presented in Figure 7.1 indicate 

http:Q41)2.07
http:Q4431.47
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assistance can substantially benefit a farm family with 
technical 

only one hoctare o. crop land. 

of crop land is increased to three
Whclj the famil-y's amount 

atl le to oaxr 0 a total inconeknd 11, tlhe farmer ishectares in Se 1, 7 

of ahon t Q48) with a :ro) lvel. of TI A) and ai total in :ome oC about 

0 of P4 '0 ;s albou t Q37 hii hr1 Ol of 	 '11-2. An inc 

S(t 1A with t crop knowle dge lo ve I of TLO 

Q700 w-itlh a crop 

t.lan the .Lilt ll{_ earnl ed in 

ired:it and an ad Iti.tioiiai twothat iv-in tie farmerand indi.catcs 

by only about Q237.increase total incomehectares 	of land could 

I[f. , however, the farmer in Set 1A with a crop know].edgc l.evel. of 

credit, cjm(1 tech-
TLO was given an idditional two hectarr:s of land, 

.evel of crop1 knowledge toincreases 

:i.s an increase 

ni: a1. assistance (]).i.,Le his 

he could 	earn an income of akbout Q700. This
T[-2), 

be tweel QLU56 ind Q37 relire
of aipproximat Iy Q,-6. TIh2e difference 

moire .and, credJt.-fof t of n-ivil tlie farmersents the fCirm lev, 1. 

AlI three ilgrei.. itS are u(Oeled if tle
aInI( I I (Ihn ic ;a I Lt SJ tal' e . 

in inolme . Cred-i t by
farl-141: is to ch.i.cOe a subs tant.ial incroase 

by itself, or credit and technic:al]itself or toohili(al assbistance 

be enough.ass.S Itance wiJtlout lanid wil.l not 


1evel, oft crop inclloIe
Figure 7.2 tpresent information o the 

, ifferen t levels o1 crop knlow]edge.whic h farmers :an a ch:i(o v witli 

that on thc one hoctare
We can see by comarin9 Fi Ures 7.1- and 7.2 


total :inom. come-s from sale

non-Ipollato farm only ;alout 20-35% of 

romaii ler (:ome s from l.a)or sale inco(.mJne . On the threeof croI s. The 


hIctare non-.o tato farm, the iercen-taqu of icrop to total. income is
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non-potato farmer with three hec
inrreased to about 45-65%. The 

(tuarter,tares of l and e).lerences a shortage of ]labor in fourth 

the 0,th.r three quarters.
but he stil.1 sells a great deal of labor in 

a1tuOuIt OtF 
Although the ainountS of cro ) income are lower than/ the 

tota.l, income, F.guro 7.2 presents the same pattern observed in 

land, credit and technia assistance if
Figure 7.1. Farmers need 

they are to substantially increase their level.s of crop income. 

helping the(-! potato
The role of credit alone as a:t means of 

hectare of land is pre:.onted in Sets 3A, _;, and 6. 
farmer with one 

larger unounts of workin(I cai ctalsub stantial lyPotatoes require 

have higher
than corn, wheat, or mil.ja roduct.ioi). Potatoes also a 

wheat, or miilpa.
per hectare value f production than do corn, 

,rov i(ding a farmer with credit for 1.',Late t)rodUCction
Consequently, 

v ireatr fmunily incomes th, providingiimpact onhas a compuaraitivel 


t)roduc tion of other trladitioiial crop)s.

the farmer w.ith ,dit for 


clearly in Figure 7.1.

This diff.rence ,-an b~e seen quite 

of land that call be used
In Set 3A, the farmer has one hoc tare 

:income wh ich the farmer earns 
to grow potatoes. The level of total 


Of crop
and Q52.6. 1I, dependilng upon his ]eve-L
is between Q517.24 

effecthas acrop knowledge only marginal
knowl-edge. The level. of 

the farmer experiences such lremena 
on total incomne here because 


dous shortage of work:ing capital. In Set 6, the farmer is given
 

and his level of total income increases to between Q949.22

credit 

alone therefore
and Q1154. 2 7 - Providing the farmer with credit is 

total income by approximately Q430-Q630. The 
capable of increasing 
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by a farmer with crop knowl
spread between the total income earned 

Q30 in Resource
levels 	 T1.1 and TL3 is increased from aboutedge 

that wvnile
Set 3A to about Q200 in Resource Set 6. Thus, we see 

:imp ortant, combining credit and technical
(;red it alone is q1uite 

assis tance allows farmers to achieve significantly higher levels 

of total income. Technical assistance could potentially yield even 

to the potato farmer in Set 6, because even though
higher returns 

capital.
he hlas credit, the farmer experiences a shortage of working 

amounts of credit provided by an
This shortage occurs because the 

not to supply all the 
average 	 I1ANI)IBSA loan in 1973 were sufficient 

cai,ila le,led by the most advanced potato activities (those
workino 

cl ivi tieos reJUl ir ing crop knowledge levels of TI-2 and T13) . It must, 

tie amount of working capital provided
however, be 1)0inted out that 

by HANI).SA was sufficient for the potato activity used by most farm

in 197:3 (1he- activity requiring a crop knowledge level of TLI).
ers 

Potato farmers in Set 6 experienced siortages of land, partic

as well as a shortage of working capital. Con
ularly valley land, 


farmer wa.s given an additional
sequently, in Sets 9 and 13, the 


the proviis on that only
hectare 	of 1 o li hiilly and valley land with 

one of his total three hec tares of la1nd could IeW used for potato 

])rodu(:t i.(ij. Tleh resuL] t was to increase tile I eve.1 of total illnome
 

in Set 13 to Ql!, 724.85 for a farmer with a crop knowl edge ].evci. of
 

a farmer with a crop knowledge level of
TI.3, and to QI,109.61 for 


TLI. Now the spread between income earne-1 with crop knowledge
 

levels T1.l and TL.3 has increased to over Q600, and the amount of 

http:QI,109.61
http:HANI).SA
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total income which the farmer with a crop knowledge level of TL3
 

amount of total
could earn has increased by almost QI,200 over the 

in Resource Set 3A.income he could( earn 

In Sets 10 and 15, the farmer's amount of potato land is in

creased from one to three hectares. The l.evel. of total income in 

The spreadSet 15 increases to between Q1.,876.05 and Q2,435.32. 

earneu with crop knowledcje levels TI and TI.3 is
between incomes 

now Q583.-7, a slight reduction from the sprcad of over Q600 ob

but still a very large amount. The level of totaL
served in Set 13, 

a farmer with a crop knowledge level of TI.3 ].s now
income earned by 

knowledge levelin Set 15 than in Set 3A with a cropQ1,942.08 higher 

of TI1. 

in Figure 7.1.
The l rogressJon of increasing incomes observed 

f.rmer with a 
illustrates the importance of providing the potato 

credit, technical assistance, additional. land, and
(lfll)b inat)ion of 

with crop producof loca l hired labor to ass :stan aleqtate 5)lt.y 

caL incase 1inCOIIe 
t ion tasks (hUril peal< periods. Credit alone 

and technical assist
by about Q400 on one hectare of land. Credit 

() land. 
ance increase family income by ab hectareout Q600 on one 

()ne hectare of potato Lr I.icn a three hectare farm, credit and 

technical assistance increase incom: 1y about Qi,200. Three bec

tares o f potato land on a three bectare farm, credit, and technical. 

Three bectares of
 assistance increase income by about Q1,700. 


credit, technical assistance 
potato land on a three hectare farm, 

local hired labor increase family income 
and an adequate supply of 

http:Q1,942.08
http:Q2,435.32
http:Q1.,876.05
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by about Q1,9
50. All of these ingredients are important, but as 

was the case w~ith the non-potato farmer, land is probably most im

one hectare farm 
portant. This is again clue to the fact that the 

small- to fully employ a family with a total labor
is simply too 

adult male farm laborers.supply equivtlent to 2.1 

Piefore leavincj this discussion of income levels which can be 

earned by potato farmers, .i is necessary t(.) make some qualifying 

There is for farmers to increasepotential someobservaktion~s. 


their incomes hy adopting new potato production technologies and
 

potatoes. The number of farmersdevoting more of their land to 

who wil.l be able to benefit from these new te(hnologies is, however, 

ac tually earnquite sima 1 . Furthermore, the inicomfes farmers will 


results cond.tj.onal.
are considerad y overstated here. These are 


ton .input and output price levels remaining at the Levels speci

f i ed in the mode] , or increasino in such a pzoportion that the net
 

as was in 1973 It is
value of production per hectare remains it 

uni ikely that th:i.s will happen because as the Basic Grains Provery 

in providing 	 credit and technical ass.istance to
gramil is successful 


small farmers, potato yields will increase and more land will
 

lrobly be devoted to potato production. The supply of potatoes
 

will be increased and this will cause average potato prices to 

d(ecline. In 	 Chapter IV, it wAs suggested that potato prices which 

Q4.75 per qq between 1966 and 1971 will probablyhid averaged 


decline to around Q3.00 per qq during the next five or six years.
 

An average price of Q3.00 per qq would reduce the total income
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levels presented in the model considerably.
 

The fairly high average potato prices nich have prevailed 

in the past can be attributed to the fact that potatoes have tended 

to be a specialty crop growni by only a small percentage of all farm

esl irated ers. The 1964 Agricultural Census (Direccion, 1971) 

that )tatoes were grown on only 3,071 hu ctares as comp tred with 

corn which was grown on 437,555 hectares. Thus, the Aai lt1 (IOVCote(l 

of the Ian'. dOVoted to cornto potato production was only about 0.'7,% 

the Census estimated ti'at potatoesproduction in 1.964. 	 Similarly, 

farms while corn was gr'wn on 320,788 farms.were grown on 12,878 

This means that only four farmers grew polatoes for ev(ry 100 farm

three main reasons why potatoes were ers who grew corn. There are 

grown by such a sIna]. number of farmers and on such a small W111in111 

of lZnd Oven1 though they are a v y lucrative crop. First, potatoes 

cannot be grown everywhere. To achieve high yielts , Ihe farmor must 

have land that is agronomically, altitudinally and cl.imatica]ly 

appirop)riate for potato production. Second, potatos require relIa

tively large amounts of working capital, and many farrmers do 
 rot 

havc enough capital. to make it worthwhile to try and prodce 

potatoes in a technified manner. Third, potatoes are luite a
 

can h~e serious and
risky crop, Risk from disease or insect damagc 

risk from price fluctuations is even more serious. In spite of the 

fact that the i.umber of farmers who grow potatoes is quite sila-..l, 

year can be quite high. Thus, although theproduction in a given 

favorable, pJotato prices are average level of potato prices is quite 
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tlb3j(:lt to .Eir 2 fluctuations, and this makes potaloos very risky 

a farmer vwho does not havc (2inC)uioh wolk <-Itl o1im.. he ahle to 

t;kk(, aL lart) l' s. "1"5i.s cumti :inlti.on of limnito ti ,unl () -f apprt,. e. 

[ iate lani, ; ).j - i~t: ], 1ul.3 if r }aLa, re

tit! lhy It 	 I t' oifiii farmers.ol.y ,im.] 	 4)1,ul.t(ed in ],ota ,,es [hemi",0 ,j Iru 

of t-IIle 1tasi.co]i.2'u()Ile 	 the 

Ca..1.fl I'.l 0( [rtai.i wi. 1 rolhlt y le to ial th2 s1L.1p1y ()f potatoes 

-- . 

As ,).1, l 1 ) , of ( 1f.,, ts 

w~h i rh sho It res.ul 	I .i. k (IOC111ine i.n a\ve a3((o t)()I )1 p rin c s Thu. 

es t.ima h the l i o)t.() -Zkl.Ire s shottl dthe .ili:ome l ke I I 1)y licO< ful 

. ' t' hld {As ovres i.mates 1)e(-aLseC the ,IasiAc Grdain Ojl'r kigl)wi I. 

IreI l:ieve some o 1t in ')nS trti niis whicli were resIon silde in the past 

for teire bc. no such t hirih average potato p):ricc PL)ltatoes do, 

Im)W(2V(i" 1 ],i, ila for .in:reas:i.n(i s all [ar i icnl o ew ; VC10hold . 

thtelth 1)1fU(IL i ) 1(0 L 5iItUi.i..tz" al.. 1 C must I i.ZCLo:potent -tJ. 	.1, reaZl 

1.ht jmt tto(es 11141 	 vegeltld)](2 s are no1-.1t answer 4. the rohle C Of 

farm iinCoes 1(CZauSe potato and vegetable product ionr:ai .Iii9 small 

ran n,.lL! t 1 y atk sInaI 1 erc-enta ge of the total number of small 

fa mler." . 

'I earl i.c2" chapters, it was po.i-nted out that another :i-mportant 

(io;a. (,J- the Itas ic Grai.ns Pro9rain was to increase eirlJ.oyment on the 

.n mi grat i.on.iiizka.. I Ckrm,, thereby redlu. ing the leve.l of rural.- Uri 

i. fu I Iy ()y,:(2 theThere foroe , th(, ex tlent to wh icIih thel Uii. Ly i (2!])Il1 oil 

f'.-11m i- prh( hal)l y a lmost as :i.l);ortzii . 1 t , 1ktmunt ()Ci i1(oi e, ned. 

a le (lh y On -]iolalt)I)trl.ilii tile oe ] (lrLiSsi+(rn]d, otheil llie wa,'s m 

. one hLtare llth ,1 0 :,i~n t mad .(t tl one hiectaretfarmerI.1s on1 li ofl I an 1. wast 

http:farmerI.1s
http:inlti.on
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of land is not enough land to fully employ a family with a total 

labor supply equivalent to 2.1 adult male workers. Some of the 

model's main conclusions regarding tlis .question of on-farm employ

ment and underemployment have been summarized in Figure 7.3. 

In Figure 7.3, the extent to which the farmer. is fully empl[oyed 

on the farm has been represented in an inverse fashion by lookin() 

at the average amount of income the farmer earns from selling labor 

locally in each resource set. The reader widll recall that local 

labor sales activities play two roles in the model. First, they
 

provide an alternate and competing use for the farmer's labor hours. 

atThis competition forces crop activities to return the farmer 

least as much income per hour worked as he could earn by selling 

Iabor locally. If a crop activity cannot do this, it will not he 

included in the optimal. solution. Second, local labor sales ac:tivi

ties allow the family to always be fully employed. Any Labor wh:ich 

is not required for crop production activities or migratory labor 

sales activities is sold locally. The model implicitly assumeS 

the family will be fully employed, and all income estiiates gene

rated bythe model are telling us how much income the famil.y would 

earn if it is fully employed. This assumption was built into the 

model because the study attempts to find the maximum income the 

small farmer can earn, and also because Manger-Cats (1966) has 

nearly fully employed due to the
estimated that small farmers are 


fact that they devote considerable amounts of labor to off-farm
 

labor sales activities.
 



AvraC Lnra labor 
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The order of the resource sets in Figure 7.3 has been altere(d 

from the order presented in Figures 7.1 and 7.2 in an attempt to 

asemphasize the importan :e o.f farm size a fa iitor (let miLi the 

amount of l.al)or that is sold locally. With the c,'it on (,f th i 

one (:hange, however , F-igure 7.3 is organized in the cao way as ure 

FiOUreb 7. 1 and 7.2. 

In Resource Sets 1A, ].B, and 4 of Figure 7.3, we .eoe that 

providing th(e one hectare non-Ito tat1o ]are] 1 w llh (:re ]1 $.ts- ,

average reduc li on in local labor sales incoii (t f aoij ±,x ma te i . 

hLi-s rej re 51 its a r-dUCt-iO11 (f al oat 2 u7 hoUr -, 17 I. .in thI 

means thlat 1,r)\vi,!.ino t Ii1otal a1to1un1 Of local, labor sales. This 

farmer with rcdit allowed him to increase (on-Farm ciilIym(, 1 iv 

In Sets 3A, 3B, and 6, we see that o(J:j'vtin ak armI/]Or wiltl33% days. 


1o tato Iand red I t, wi 1 . reduC e aver(aIeZ1or I] a]ke t,5 I
V.1C loca al .l()i

ma te Q8 :,,11 te ince .i ncrease on- en ,pIovm(n n I ,v l ,,t t . .II'I v n will farm 

days. Even wi.Lth credit, however, the family tn Grojtt ( .i st .ll. 

theyearl iii approximately Q210 from local I.abor salesa wh.i,h mmec 

are selling 350 days aIaor locally. 

Giving the farmer more land in Sets 7, 11, 13, 1., and 15 

ianses the ainoulit 1, 1.alor ,old locallI.y to decline sI..1 more. 

Notice that averagc lo(al labor sal-es are signif:i.canll.y hi oher in 

Sets 7 and 11 where the falci ly was not allowed to hire Ioc al labor 

c r ir tt: imi (dtie: ng oak labor regut 1i.r.1el.I. tcr.i ods.to assist with 


a

Ti. s oc(e trs because i" br s airlt a .esat crtal ead Iter ods cauise 

labor 1tott] neck which limits the k11t)OlIt Of land that can boe devoto I 



297
 

hire labor to relieve thisto crop prodtio1n. If IIhe farmer" can 

he has in cropsilldbott lneck, he can ll n rease. th(? uioml i of Land 

heuce i(uncrn t Ic Ici a. n unber d i, yedea 	 Of <ays. he emll Oil the farm 

r(edtu1e the average munblcr of I ays so .d loal Iy). 

It is intcrest11i)0 to note that the farmer in Set 13 is able to 

n on his Own farm t.han the farmerS]pend t ms-idealyl-V more ti(e workhilt 


in Set. 13. Who also has three hectare s of Land and can hire too a.
 

L.abor to releve lhott.l :Ipcks caused by seasonal 1albor shor t ages. 

1tr.i ment iolledThs o (t urs I ecalSe o the cin lemn 	 Iv earI. i.er whJ( i 

t andox i st.s Jeteen labor rTe ljiremets for i,0rato, lOd't ion lalbor 

T-e'(U irelen ts bor )r)l (: 1.ion of the otheir I rd i tionaci c rops 

7. ", (-,,i pr()al y i)est 1)e SLUIPIZI-The resul ts con tained in Fiiur e 

rizedl1y1 one observation. 'roviding R-nmers with tryedit is important 

.in a] l owing t hem t o be more, nearly full.[y em.loyed on the ir own farms 

important. veln1btt pruovding them with larger farms -is even more 

on the hree he,,tare farm in Resour(' o Sets ]., anId 15, the farmer 

I I.ib family are not fully employed in .11ite of the fact thatan 

three hec tares amd (an hire eLoal. Laborers tothey faryi I.ho 01)l. ire 

I (01 i 'Vk.' I(X1501)lI atl"O shoj tages. "11 1 armor in Set 1 3 earns aboul 

(0 t .11 ii|g laluor locally whiJ.:li means he and his fcunii ly sp)end alhoUt 

83 lays a yea/tr or 12. 6% of the faLnI.y's anUal laha( JY sUipl I, soI1110],1 

.Iahor Loctl ly. This is p~robably an1)ac(ceptabl,- leve'l .fr): local. Lal)or 

bsales. The fam:ilylW Set IA, however , Spends aboUt1 447 days or 68% 

of it' alnual labor SUpAply sell.ing Labor locally. Thi- is probably 

level. If farmers are to be fully employed ornot an acceptabl.e 
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nearly fully employed in traditional agriculture, the typical farm 

size will need to, be expanded to three or more hectares. 

One other question which the mode I .heds nimiled .I up, 0.ight is 

tIe (jueSI ion (fI- the exten1I, to wl h Ia-thei: Grci:ot lnr(),rcmn ou 1 

disrUIJt thO 503SOtlt micjrat jot of ti jih]i ld farnmwr- who %-ilhtwi 

IIatVU:,I. A'tIi.t A'S ol (coff(!(, (cotton , an( stga- r I Ars. T!neoTt

r esul-s of thire. rent analysi s ind icale that (, ilI ,d no ilL, 0 

IinterriLjtioln Of this aWt ivitv. The reason for hl, ha f:i.,ins 

-t. re(,ent. ir( not 11argoe enough to i-,ly eimplo farnw rhs., old .S,() 

Pin at orv Iakl)or sa leis aro ]ikel.y to con ti.nue. ] A ikn vscre m, i: ((> ; 

the incrca sed y ie 1.ds and income, I the new Icc h no lo willvi:ich i c s 

makC pJossihle Could chanLoc this. In all soluLtiols ener-t(1 IN the 

however, farner mItXiMlUI) oL i Ir-t 

lalor allov ed (1.20 day,). This OcCurs for seeraI roe a>il-. For 

so lht ions -t wh Jch tile f armer has only one het-are of ].Lacid, he Ias 

aiiI .1c0 Jl)or to allow hill to produbce crojis and ini.a1 c( the maxium 

,ip, iLII, and SO) h(! mirates. For ill Wh i I1 1 -rt:1),-ks 

model , the els the 0i1,1 (I' C] J. 

So I.ut: ()IIS h 


,)0 land, his labor ome Sec-od fo: l1ot
tat.o shortales in j lar Old (10 

(:ol'lict with iigratory activities in .hi rI d o(itll:lh (l1al or ; 

'l501je(nI(lt y, mgrates. sol-ti. .l0S iln t Ii he artlerhe For wh lw - is 

allowed to hire Local l.abor assist c roj 'rot tluI,:tioto w.ith tasks 

he can hire local. labor at 7. 6 (i pcr houtr aInd etrn 11 Ioj17 hoT 1.)y 

selling migratory labor; therefor., h viikiratcs. The only sol.U tiol 

in which migrato ry lalbor sales atrc lrough . into direct comp)ltion 

with crop activities is in Cateoory 3. Resouroe, Set 7 is ono of 



1n Set 7,this comptition 	exists. 
the sets in Category 3 wher.' 

he does this be
farmer does migrate the mnaxfl)mun aIllowed, but 

the 

'e:al that valley land c 
cause lie has a shortaoe of valley al. 

, a mlp1A I a activi
hi ghe st vi.el d: .llo Icr wi1e 

is requ.i.red for 	 the 

mi(rate aitni prioduce 'rutslabkor 1()
tie!s. Tihe farme!r has enouifl 

-
tIh bolesuse the- newel: 

on hJiV vd1.ey la 	d. where he val] 
lie 

land.to also i-arm al] 	hi s hi]. y
[cIV('
be- 11o.I , however 	,'1aLve eouglh 1.abor 

with the newer highis not used
the reader wil..l 	 recal.l,tl:illv lIand, 

ijly land is
As a resu 1t, part of his I 	 eft 

y ieldi.ng to hno loqies 

As was meintioned in 
o,f the. so.u tions for Set 7. 

ulILUS(2( ill two 


V when c]oncI us0.1(5 were l)resented for non-potato farmers
 
('hapiter 

labor indicate that on local hired
in Category 3, the shadow prices 

l-abor from migratory laborto divertingthe farmer caume very ilose 


to cropp ing activities on hill.y Land. I f there
 
sales kc tjvities 


sal-es and :rop1 )ing

had been a (:onfJfi(it between mioratory labor 


vl I.ey .1ands, the farmer would have curtailed h is
 
ai ti.v.i ties (n 


but as it was, he migrated the ful1. 120
 
m.i gralory ]aLor sales, 


days all.owed by the model.
 

for Further ResearchSuggestions 

The firsttwo parts.divided intoThis section has been 

of te ,resent analysis and is essen
lart deal-s with 	extensions 


()! a' I i.i. -JlWalIneSt .0115 or I. 1(2esof study Which
 
tial.-ly a seri es 

this data. The 	 second part
tJ in ' 1110i10.modeand 

:OUld 1)(' a/-L ze I-l 

would be veryof basic data that 
i-deIIrtJfi Os: ( 1) 	 several types 

http:ieldi.ng
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useful. but which are presently unavailable; and (2) some general 

areas for future, rescarch. 

Ixtellns i -, () 1i) Lr ,r ew i ralysit 

II 1 l1 1S tu , :k profit mztx imizing objective function has 

1)een tt(l :1.nkeS Jiiql ( th )otenta.al- level. of income a sma].l:I) 

creldit aid technical assistaiwe.Farncr (:011ll l earn 1-. ie- were (livn 

Whilx.e th(, rofi ma-iximizinO assuuniJt.ion was ajpro)r iate for 1.he pur. i 

t it. is . Are .smaI I
osC s of thi.s study, one may j tie- ttion how,i n a 

Carmers primarily interestedt i.n InTc.,%.Lni-iI I:fU)ro i ts, ()r j-s o I t(01w]: 

SIHj c tiv( more important than profit maxj.m.izat i.on? An .t.ternatc l)

for small farmers r.i sk
which is oftell 	 sucjOest.djective function 

extent that smal. farmers emtlaje in st stistvii.'miuiimization. To the 

t)),At ri C k ininiza tion
Zk.jriiul ture, it seems reasoICti) to as tuic 

Sin.c small I farler 
:is at lcast as 	 important as profit maximizal ion. 

whic h is n)ot ILtl: IVin a type of agriul.tur.in Guatemala are engaOi2d 


it seems 
 to trytorIhwhiie
sull si.stenee or 	 commerr:i:.al, agri.C0] turo 

-goal s of )Otl profit maxim', zati11 and risk mim.i
IM(i J.incorporal, 0the 

mimza t i~o .ntt the I' model . This coul.d be do1 bky n acImUdiin atJI iv:

lbec atuseti cs for mollie 	 ollsoiullItion of corn and ileans in the model , 


are staples for most smlln. Ifarmers. ConsUm) ti)n

corn anid Ib als 

farmerts p ro)_Ldtme
would be constrained to ensure that the 

corn arnd L)eani,.s. Cropj s 

at:tivi.ties 

ing and cons-umnnq a giveni mm llZIJ.IlUl GIiOUlt of 

market prices to juaranltec thathomie would I)(e ,aIueLLd a0CUOlSUllOd at 

Inclusion of
they are counted as part of the farmer's total income. 

http:commerr:i:.al
http:otenta.al
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would limit the farmer's 	choicesthis minimum c(onsulnption constraint 

not choose a set of pro
of production activi l ies, because he could 

on levelsnot 1i ludh' miJAirn. j'roductluction activities that did 

.rest a9 Io see how lll:is <onfor corn and1 cans. It 	 woul.d 1Ic S. 1 

leve ls (A crop,s tip)t, ed1, .notnues e.ar ned andstraii-it wool all(r the 

hours rO(LUir( ' for un-.farm Cmlli,](ylnwi vdwIten (:oinp :d with the solt

tiolls examilel .1 the p:esent a-alys .s. 

A second, but related, area for further research concerns the 

small farmer js wi ll-it g to 1orrow. In thisamiouI1 of crelit Ihe 

st U(ly , i. t was as sUmCd that the farmer would h(orrow work.itig c-tp.tal 

as Ot(J as s :h 1h orrmwin(j a].loved hi-m to i.llcr(aS- I lnt rOvelue, 

c. 	 , so l.oiigj as the return from uSi.ngo al d1itionl Que tz.l of 

exceeded the cost of horrowmn' it. if farmers areworking rapi tail 

may t Ibe w:i.i1. ing to horrow thisri sk m:i.niizer' , however, they 

only up t.o a 1oi0tmoeICh worv,,rkjn(1 czkpi. 1 a I. Tihcy mj_ tht iji.sltad brrow 

where re turn from using workinig c apital exceeded the cost of borrow

dol].ar 1borrowecl. Thi sing by an arbirary alnount, I erhaps 1 3. per 

]54 would rejpresent. a inarg in of safety to the sma IlI armur. St ldi C s 

have shown ti;it some farmers in 1.1e Ui-i.eIe St aitis hav at. t.i.me s been) 

W'" 'zmii capi tat to the joji.. where the shadowS'IlU tatlI. to brrow 

a I fall s to zero Given th.hou rall'lI Utl:cerainty
Iri :e, ii work-ij ,g( ap t 

assoc iatied w.iLth l ytl ing new, small Gualetnal-an farmers may be wi. ]S[n 

to adolpt new t'htiolooies arid borrow work-InI ' Cij tA] needed for these 

new technloio'ji Cs, but they lmay be2 hesitant to borrow 	 as mu1tch]] aS
 

to actually
.l.,nmdinug aget. Si.es a llow or as mllLuhcb as they would need 
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inaxi-nize profits. The effect of this hesitancy could be investi

of working cipitlal I endinggated by paramleter:Lzing the amount 

authorities are wvi1llin9 to len. d and noting'sha.low ,rices on working 

Cajt .al for eac aoullot. When the shadow Iine on workinin capital 

falls to 15 . (or some other arbitrary Liimit), the farmer's level 

of income-, composiit ion of crops produced and ell ploylenit levels could 

level W1 these nav(, variableslx. noted and contrasted aailnst the 

notO the level.when tihe shadow price falls to zero. (neiA.' .,1a ]5(1 

of total. income the farmer earns w:ith eacTh in crement in working 

of the amount of working capital needed tocaji.tal as an estimate 

earn a given level of total income. 

A third area to lie explored is thc importan:e of labor sales 

versus croqj ona Livitic s. li tie ,r'sent analys is, local labor 

3, andsales were virtuall y unlimited nronghot Cateories 1., 2, 

in juite cuip.e amounts anditwere 

for a total. of 120 (Iay s -in every solution. Thi 

4. Migratory lahor sales allowed 

farmers iigratod 

j.s not very real istic , because most iarm,r s do not migjrate 120 

lays, 	 siimie do not iii iqr, t. at all., and very few ac tual 1y have 1' 


al- their I alor local ly. A more realistic 1imit
option of sel:ini 

for local labor sales michi lhe 2 5 " of the familv's iota] 1l or 

some l d or to I.arr1ersupply. T) is woulId allow the farmer lo sell 

]a ndoaier s who need assistalnce with urcr'iqng tasks and t(,ttll al so 

provide a means of accounting for uiy oilier economic activities 

the farmer or the famnily engagoe in (such as markt:ing or firewood 

gathering) which 	 are essentially alternate forms of local employment. 
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the level of local la.bor sales wasThe effect of constraining 

c( -sidered briefly in Solutions 55-63 of Appendix A, but it would 

this analysis to get a better idea ofhe worthwhile to broaden 

he were con
how the .nla farmer's 1ositioni would lIc aLtered if 

a
strained from sel.l ing migratory labor and allowed to sell only 

labor.limited amount of local 

demanz-d constraints inA fourth extension would be to include 

the typical small farm model. A typical simall fCarm model is not, 

aia .vzJii 9 demand constraints.Of Course an appropriate framnework for 

Ideal ly, a inational !I' mode.l would be (.ol1strttc:ted for this type of 

anal ys S.S 'he n ational. model would :IIcILI(, C,-krms of al. sizes and 

of di.fferent a Large iumber of different crops utilizing a variety 

technoologjiCs. Wi.h isuch) a model, one could attlal a much more 

sut 1 dly res (insc whi±h woould result from
ro.Liab e('5t imateof the 

a Ji.Vol area, or on a certainin trodtcl .i olf .,i technoloies into 


for the various

s.ize of farm. If information on price clastic ities 


effects

) wereaLk]SO nC(l.uded in the model, one could cbs1. ilnate the

,:(rOp 


o f intro(,iuc intq SUIly inc reasing tecninologies on: farm 'Lncom(es; 

ol c IA ta; ]irod on anI' 1) ,rices i.l v i.<u;L icemployme, it to l.;a] i ]r,; 


tidata 1.as' is. 11ot adk(uate for
gra ins Is1fortulito tly, the Oxisti 


I.' modl)d(] aiid thlre are no estimates of
()!s rWtll.s.nqI a im;1t.io n 

priceCO 0as 1.1C.ilt 3 05. (.1)1 0(quclit .y, it ai I )ear-s as .houglh delmand 

I/U t tler or al-low(t I-or irn so11 artificialcon0straints 0 .i. be ignored 

lminner. Ne.iI 1hr of thelse a l.tern.tives is desirab](, but of the two, 

it Inj1lgt he less undesirable to artif:iciali.y allow for demand 

http:im;1t.io
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This could be accomplished byconstraints than to ignore them. 

to wheat andcalculating the percent of land devoted corn, milpa, 

potatoes in the nine highland departments. These j }rce.in a ('s3 could 

be norina ]ized to ,rov.id(( est j-nates tof the averacge amoui t of I and 

farm. ProdLut i.on conde(li.cat(d to each crop on the typi-:al sinalI 

t l be typical Cisstraints iniglgt ii built into tle farm modle]I :1Fyiii(t 

that the unou it of land devoted to each C:rOn) ':ou 1 not devi ate froii 

lhe average percentage by an arbitrary ainouit--erh laps IC0Y',. In this 

:ay, the mix of crol:)s estimated bv the model would Ihe closer to the 

mix of crops found on a typical small fairm, and tle mode]_ would 

would beavoid solutions in which only potatoes or only corn alone 

grown. 

Areas for adlitional research 

A cosi.derahl e wiiount 01 work remains to be done in the area 

of data col l cction. (ne of the most important types of data needed 

is a semi-de tailed soil survey. At present, the only ava.i lalle 

data on) soil types and character1sti -:s is a so.il rec.)li,-a:iss5 I 

st mdy made lby Simmolinl s, arTZiinnaI ad i o (Silnuhlon' ct aJ., I'),8). 

"rhis study identified major soil tyj,',s, described their characteris

tic:s an( made an aiproximate maijlpino ocfhose soil tyes. lis i.s 

a fine lJ:C" of work, lut a seiii-detaild soil map which would ui Ild 

upon earlicr work is badly iweede. At present, no one real ly klnows 

of cach soil- typc exist in a given muntiil, io,how many hectares 


department, or in the entire country.
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Dr. James Walker of the International Soil Testing Project
 

has used the existing soil classification system to group similar
 

If a semi-detailed
soil types into 	"agricultural quality classes." 

soil. map were made, fairly accurate estimates of thesoil survey and 

and, hence, in each "agriCul.turalamnounit of ]i;j l in i.each soil. type 

(]uaI ty C:la'" WOul d 1 ecome available. Sueh in formationi would bC 

Indecd, :it is difficultvaluable for future ar:icultural planning. 


to do any real. )lanning without it, because at present the planner
 

does not have a very precise estimate of the amounts and kinds of
 

land comprising the resouice base lie is work-ing from.
 

A second area in which basic research needs to be done is in 

estimating the yield response of new technologies on different types 

i.ty Ideally, technology demon(argriC.ultural qualit lass2s) of soil. 

strat on lots oii lifferent soil types could be conducted at the 

samne t.inc a scm i-'. tai.led so il rmap was be:ing constructed so that 

studhies w(ou1]ld become available more or less simu.]1taneousi y.
the two 

This information i , important for two reasons. First, without 

knowing the expected yield that a given technological package will 

is very difficult to
produce on (jood, average and poor soils, it 

regional supplyestimate either the farm level income effect or the 

eff((ct Ol aricultur-al development programs. Consequently, the 

1l1]icymaker is left in the uncomfortable position of either doing 

nothing (a!though he suspects something needs to be done) or of 

.iijitiating a prograun without knowing what will be the likely effects 

of this program on key target variables such as total production, 
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farm incomes, and so on. Second, if it t'irns out that present 

technologies are not capable of achieving acceptable ,ields on 

poorer quality soils, then a research program needs to he initiated 

to discover a technological Iackage which will achieve higher yields, 

particularly for milpa, on hilly poorer lands. 'his is essential, 

boc3.use one of the most important goals of the 1,3sic' Gra.nsProgrm 

farmers to mainla:i.n theirwas to increase yields to enable smal.l 

of on plots of Land. Itsubsistence siandard living fairly small 

was holped that introduction of InUre labor and (.alita] intensive 

)roduction tchCniJques would cause enployment, )rodu:tion and :incolle 

that ritral-urbanto be increased or at least to remain constant so 

migration would be reduced. In this respect, the Basic Grains Pro

as a holding action 3-2signed to temporar~ilygrain can be depicted 

alleviate certain conditions and thereby give the Government time 

to under take 1cirth control, educational an1 . employment croeat ion pro

grams whi-ch are needed if the small farm population is to enter the 

of Guatemalan economic life. If existinq technologiesmi)n stream 

cannot do a satisfactory job o~f increasing milpa )roduct:ion on 1),)gr 

lands, the Basic Grains Progru will not be successfIII lii t1 erJorIiIg 

this holding action, and, consequently, additional research will. he 

needed to find a technoloclical package which will increase mil.Ipa 

proCLI(:tion on poorer lands.
 

Another important area in which research is needed is the col

estimates
lection of information on demand for basic grains. Some 


have been made for income elasticities of basic food groups, but
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elasticit ies. This information
there is no informnat ion on price 

[S alWays dii]t tO Obtaill,1 l would he ver'y usefLI and , il 

it. was col lec:t(d.Valuabl.e 0110 

()no last area in which research neeIds to be undertaken is t1hC 

he increased. One 
o: areas in which eniOylomunt canidentification 

of the most import.aiflt cOllc 1 us ions CA 11 .i.s study ha', he,, thtt, the 

ii or ussoil i allyV a margina-I armmr kand 
ima.l one he are farm -s 

agr.iu .Aure. Iarqe, Lunhcrs (,f infi.i.ies
eventually w:i.1] havc to leave 

need jobs. To 
are in this "Margji.nal.farmer" group, a-nd they will al. 

jobs, it will he nue:essary: (1) to identify roral. (or
provide these 

at .least ion-Gual.iemla C.ity) jndustr tos that are produci nA and which 

(2) to d0termine time major constraints 
iave the tpoteniI.Lal to extaimd; 


to create insti.tu
.impedinj deve.opment, of these industries; and (3) 


and fay-i.lit ate
to remove existn 1:011s5 traintstionms and pol].-icies 


be aii task,

the crowth o0CTsIMnn1 :i,1dustry. Tihi.s w.i1.1 not easy bUt 

small alam populaton IS to enter 
it is a very important on( .if the 

Goal emalai (0on1omic I 1f(1.
the main--,tru;kml o 

http:insti.tu
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APPENDIX A: LINEAR PROGRAMMING SOLUTIONS
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Table Al. 	 Optimal solutions under resource set 1A of
 
Category la
 

Crop Crop Crop 
Variableb knowledge knowledge knowledge 

Optimal solution
 

number 1 2 3 

Total income 443.47 467.69 492.07 

Crop income 106.26 71.99 109.72 

Migratory labor 
sale income 93.20 93.20 93.20 

Iocal labor 
sale income 244.01 302.49 289.15 

Total labor 
hours hired 0 0 0 

Total hours used on
 
crop activities 1173 393 	 570 

Ha. of corn alone, 
V, 4 0.1314 

Ha. of wheat, V, 3 0.3323 

Ha. of wheat, IV, 2 0.2617 

Ila. of milpa, V, 3 	 0.3686 

Ha. of milpa, V, 2 	 0.1677
 

Ila. of milpa, V, 1 0.4215 

Semi-variable resources are fixed at the levels: Q30 savings; 

a low level of vegetable knowledge; zero ha of potato land. The 

semi-fixed resources are: 1 ha of crop land; no credit; 10 hired 

laborers available. 

bThe letters H and V following the hectares of crops produced
 

refer to whether the activity is carried out on hilly land, valley
 
land, or a combination of hilly and valley land. The numbers 1, 2,
 
3, 4 describe the relative amount of working capital required to
 

carry on the activity. In this table and in all subsequent tables,
 
crop production activities are identified according to the following
 
code: H = 	hilly land; V = valley land; FIV = a combination of hilly
 
and valley 	land; 1 = very little working capital; 2 = an intermediate 
amount of working capital; 3 = a high amount of working capital;
 

4 = a very 	high amount of working capital. 
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Tablo Al. (continued) 

CropCropCrop 
knowledgeknowledgeknowledgeVariable level TL2
level T~l
level T110 


Ila. o f1, l, 

II, "2 0.3168 
5ahlcow p2r7 WC Oi 

potain, la nd c 60.4.44 499.38 298.96
 
.8,hadu\ [iri I ( Of
 

ven~e I pr.V nowiedge(d 57.30 49.55 
 38.38
 

0.86
Shadow iCC Oil 

5 vlilSe 0.19 0.44 0.86
 

Shadow%,'i:1)re I onolaltl 0 0 0 

' Shadow i I Oil0
 
hi 11'' land 6.02 0 0
 

va ] l(o} ;Cull 11.38 41.02 47.96 

JLahor h(J1T' S01 d
 
lo l y 3253 4033 3856
 

potato land, vegetableShadv.p:ic units in Appendix A for: 
valley land are Quetzales per hectare.

lmd, hil y 1and, and 

(hShl.dw idmi:uC uit ; in Appendix A for vegetable knowledge are 

if farm
z.] 2}7 ]r i1Jl level of Vegetable knowledge j i.e., the 


QUto 
knowledge" to grow another
 

or had nough "'high level vegetable 
his income would be increased by this amount. 

r:uerda of w.9elabd,]cs 

CShahw prjiice units in Appendi-x A :for savings are Quetzales 

Ir Zo tzal Of.i av ings. 
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Table A2. optimal. solutions under resource set IL of 

Category la 

Crop) Crop Crop 

ialI e knowledgj knowledgce kInow], edgeVal 
TLl level TIL2level. TLO level 

Optimal so] ut :ion 
64 	 5numlbr 

480.91 524.73Total income 	 447.81 

88.63 128.73 181.02Crop income 

Minratory labor 
93.20sale income 	 93.20 93.20 

Local ] aklor 
258.98 250.50sale :ilncu'm' 265.98 

Total ]abor 
0
0 	 0
hours hired 


Total hours used on 
973 	 1087
crop act.vities 880 


0.5000
Ila. of wheat, V, 3 

Ha. of wheat, IV, 2 0.7143 

I-Ia. of corn alone, 
0.5000V, 4 


Ila. of milpa, V, 1 0.2857
 

0.50000.5000la. of milpa, 11, 

Shadow price on 
488.28 801.15
potato land 721.40 


are fixed at the levels: QISO savaSe11ii-variable resources 

ings; a- low level. of vegetable knowledge; zero ha 	 of potato land. 
noThe semi-fixed resources are: 1 ha of crop land; credit, and 

10 hired laborers available.
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Table A2. (continued) 

Variable 

Crop 
knowledge 
level TLO 

Crop 
knowledge 
level TLI 

Crop 
knowledge 
level T 2 

Shadow price on 
vegetable kn1owledge 

Shadow ri(;ce on 
savings 

Shadow pr:Lc- on 
vegtable land 

Shadow price on 
hil ly land 

Shadow Imlice on 
valley lan(d 

Labor hours sol d 
locally 

62.13 

0 

0 

30.02 

15.29 

3546 

58.64 

0 

0 

16.32 

95.19 

3453 

54.81 

0 

0 

16.32 

182.83 

3341 
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Table A3. Optimal solutions under resource set 2A of 
IaCategory 

Crop
Crop Crop 


Var iab 1e 	 knowl edge knowledge knowl.edge 

level TLI leve] TI2 level TL3 

Optima] solUtion 
number 7 	 8 9 

506.10
Total income 	 486.17 497.14 

73.23 120.76 88.39
Cro :income 

Miojratory labor 
93.20
sale income 	 93.20 93.20 

Local labor sale 
324.51
319.75 283.18
income 


Total labor hours 
00 	 0hired 

Total hours used on
 
crop activ-ities 163 649 99
 

0.0691
[la. of p-otakl.o , V, 4 

Ila. of potatoes, 
0.0170
HV, 3 


Ila. of potatoes, 
0.1133
IIV, 2 


0.4905
Ha. of milpa, V, 3 

Shadow price on 
0 	 0 0potato land 

levels: Q50 savaSemi-variable resources are fixed at the 

ings; a low level of vegetable knowledge, and one hectare of potato 

of crop land; no credit;
land. Semi-fixed variables are: 1 ha 


10 hired laborers available.
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Table A3. (continued) 

Var lab 10 

Crop 
know edgci 
level. TLI 

Crop 
know l.edgc 
icvel T1.2 

Crop 
know Icdtle 

] ( l I 3 

Shs 'ine? koni e31.07 27.1.4 20.71 

5Th;d hlow c~it.oh 
1.22 1.36 1.62 

$1 )a( l1uw j '1-cIo\'OI V t l 0.and 0 0 0 

Shado.iwhci._1 Ilaico onf] .tand 0 0 0 

Shadow I
vaiiv.l7 

icc}n
land 0 8.21. 0 

lo(al l 4263 3777 4326 
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Tabie A4. Optimal so]utions under resource set 2B of 

l aCategory 

Var jal ile 

Opt.inal. solution 

]iuml,r 

Total income 

Crop> :in(come 

igratory lab~or 

'ale ilcome 

lo,:al. ].a) or 

sale nc:)me 

Total. 1ator 

hours hired 

ota l 
cro) 

hours used 
act:vi.ties 

on 

Ila. of. 
V, 4 

potktocs, 

I-la. of 
IV, 

potatoes 
3 

11a. of potatoes, 
I V, 2 

Ila. of milpa, V, 3 

Shadow ]r 

potato 

i: on 

1.ilad 

Co I 

knowl edge 
]evei 'TI.1 

10 

608.22 

219.69 

93.20 


295.34 


0 

488 

0.3400
 

0 

( 

]_w l.c2ig( 
levye TI.2 

( rop 

, )v'i 'dt 
,I\,ve1 TI. 

. 
; 

i1 

632.9"2 

265.57 

12 

668.00 

265.57 

93.20 93.20 

274.15 309.63 

0 0 

770 298 

0.2072 

0.1839 

0.3970 

0 0 

,eHltll-V;> ai, 10resour"es are 'ioxed at the .leve s: 1 sav

ings; a low level o - ve(tetat le. knowledge; one hec tare of pltO ato 

land. Seln-fixed resources are: 1 ha of cro land; no cedit; 

10 hired laborers available. 
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Table A4. (continued) 

Vair i.A1, I cI 

Crop 
1llow 1cd(l 
I evel " 

k1nIowl ed(J, 
eve I'ov 

Cro 
know I 

l 
dqeO 
TIe.3 

Shadow f 
VC9(t l.XL. 

on:iC012 

k-,(Juwl )AICI 31.07 27.1.4 :20.71 

.SIiadov.' i;e 
I ) I C I le(t I-..0 

SI 13,i(\':; 

lltt~() ]J-2i',( 

o 

o}1 

1.1.36 1.62 

hi lyx Iand 
1 il].) ,1):11CC 0102 

Shl.adov}w prlJ-cc Oil 

val yevland 

Labor hourb 
"o]d l ocally 

0 

0 

3938 

0 

8.21 

3656 

0 

0 

4128 
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Table A5. Ol lai] solutions under resource set 3A of 
1 aC:tc ory 

Crop (rI ( -

Vari a 1e kno.,w I kn( ' ()(". 'I e do',: V h 

I e'Vv e LI I V(1 1'J I 

i).'III Al1 ci 1 'L "1"I22 ]vc "II 

Op1, il;, I 

526.81Total :itl(:oin( 51.7.24 52:.01 

Crop income 119.85 148.59 127.13 

Migratory latbor 
93.20sale income 93.20 93.20 

Local I ahor 

sale: I-ncome' 304.19 281.22 306.48 

Total lab)r hours 
0hired 0 0 

Total ho0urS used on 
.roj) activitles 370 676 340 

Ha. of green l oriS 0.0437 0.0437 0.0437 

0.03321a,. of fol tatoes, V, 4 

11a. of potatoes, 

IIV, 2 0.0544 

Ia. of mi L1a, V , 3 0.3013 

Shadow }. i ' on 

potato lan( 0 0 0 

Sha(ow pr)ic (on 
24.82 20.71veietahie knowledge 31.07 

Sem.i -v;o: d4') resource, are fixed at the lCvel s: Q50 say

inks; hi (IiI I ovel. of vecie table knowledge; 1 ha of i Otato .1ard. 

crop land; no credit; 10 hiredScmi-ifxeA reobOurCOeS are: 1 ha of 

laborers avi -I alLe. 
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Ta')I c A5 (continued) 

Crop Crop Crop 

Va ri 1 1%nowledqe( knowldedele kllw I odnle 

level TLi vIowl\,ee] TI2: 

Shadow p.r.i 
on .s;,v nillgs 1.22 1.46 1.62 

5h; lo)w p1 -1 Oll 
"',.je t 'i.1c and 0 0 0 

.h-1;t v:)'.]. ie: (-o 

1, i II1yI cy-and 0 0 0 

ShAd(ow jlri.:e2 on 

Icyle?,' land 0 0 0 

soll oc l y 4056 3750 4086 
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Table A6. Optimal solutions under resource set 3B of 
Category i at 

Crop] C(rop, Urop,} 

1.eveII.2 1 II(1 ]. I. u 1. 1( I )c1 1) 

Optima] scjlut l 

number 17 18 

Total. income 639.29 660.06 688.71 

Crop ir:nce 266.31 308.39 303.91 

M:igratory l tU)or 
.sale :incolne 93.20 93.20 93.20 

Local I abor 
sal: i.ncomc 279.78 258.47 291.60 

Total lal)r 

hour t h-iredt 0 0 0 

To tal hours used on 
cro l activi.ti-es 695 537 538 

Ila. of green onions 0.0437 0.0437 0.0437 

Ila. of potatoes, V, 4 0.1713 

la. of pIot atoes IIV, 3 0.1463 

I-Ia. o:f potatues, IIV, 2 0.2810 

la. of mil.pa, V, 3 0.3744 

Shadow )ri.c on 
potato Lam 0 0 0 

Sem:i-varlalble resources are Lxc-Od at the, leve l-,: Q1 A" -lav

. ngs ; a h Iier of knowlcdd c'; one: (,).I otatolevel Vctable hectare 


land. Semi-fixed resources arc: I ha of crop land, i cr,dit;
 
10 hired laborers available.
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Table A6. (c'ontinued) 

V\ r isilNO II 

Crop 
ow] ocklj 

le ve! TI. I 

Crop 
ki iowl 
le l 

gcc 

l I i 

Crop 
know]. 

I evel 

c, 
21L3 

sht(lo., I 
ve9,_ah 

(e 
(, 

0011 

k. i 1 le 31.07 27.14 0 

.-kv i 1.22 1.36 1.62 

. l-, i(.d})W jI, ire 

vcJkldule. 

on 

land 0 0 473.82 

Shado, pore 
hilIy Iuld 

on 
0 0 0 

Shakox Iic-'Lcm 

val le'y landt 0 8.21 0 

1 (1rhltml ly
Soild hl{:atly 

3S3731 3446 3888 
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Table A7. OPtimal solutions under resource set 4, 
(lateoory' 2d 

Cropi Crop Crop, 

Var j d Lec 1 (',I.c k.i 1,, 

()j,1 i mc I ',o] w I, 

fltI~fl ,x' 1 .' 20 21l 

Total 1 ON(I1' 416.8 478.9 9 521.C6 

Crop illcomle 87.50 126.82 178.26 

Migratory Labor 
sale income 93.20 93.20 93.20 

Local 1abor 

sale income 265.98 258.98 250.50 

Total labor 
hours hired 0 0 0 

Total. hours used on 

crop activitios 880 973 1087 

la. of whea , V, 13 0.500 

la. of whoeat, IIV, 2 0.7143 

Ia. of (corn alone, 

V, 4 0.500 

ia. of milpa, V, 1 0.2857 

la. of milpa, H1, - 0.500 0.500 

aSeli-var c.ib., resourco.,,! are fixod at the levels zo

hectares, of ,otatO). land and ak low 1 evel of vegut ab I. know Iedtc. 

Selmi-fjxed resources reZk: 1 hak oC (':o1) lanld; Govermmelnt credit; 

Q50 savinris; 10 hi red laltorer, available. 



329 

Table A7. (continued) 

crop Crop Crop 

Vari;b le knowledgu 
level TlO 

knowledge 
Level Ti! 

knowledge 
level. TI,2 

Shadow price on 
potato land 667.19 704.55 742.36 

Shadow pr'ice on1 
vegetal)e knowl edge 60.88 57.61 53.85 

Shadow ipr 1( c 

On savlgIs .05 .05 .05 

Shadow p ri:ce on 
vcge tal)Ie Land 0 0 0 

S]adow, pri 
hi I ly land 

n)lI 
23.78 13.64 13.64 

Shadow j 'rice on 
vaIh].v land 14.28 89.04 174.98 

l- AhOl h(oLrs 

hold locally 3546 3453 3341 

Total amount of 
borrowed capital 22.56 38.27 55.31 
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Table A8. Optimal solutions under resource set 5,
 

Category 2a
 

Vatriable 

Optimal. solUt ion 
number 

Total i iomu 

Crop income 

Migratory labor 
sale income 

LAocal abor 
vale income 

Total labor 
hourn, hired 

Total. hours used on 
.:op activities 

Ha. of potatoes, V, 4 

Ha. of potatoes, IIV, 3 

1fa. of potatoes, IV, 2 

Ila. of wheat, V, 1 

1la. of corn alone, V, 

1ala. of ,iilpa, II, 2 

Shadow pri ce on 
potato land 

Crop 
knowi dge 
level TLA, 

22 

891.(1i 

565.90 

93.20 

232.52 

0 

1326 


0.8772 

0.1228
 

4 

0 

Crop 
know Ledge 
level TL2 

23 


1098.63 

777.59 

93.20 

227.86 


0 

1387 


0.7768 

0.0650 

0.1582 

0 

Crop 
Iov;e ItnI , 1,h 
leVel TI,. 

24 

1120.72 

802.76 

93.20 

224.76
 

0 

1430
 

0.1755 

0.5794 

0.2451 

0 

a Semi-variable resources are fixed at the levels 1 ha of 

vegetable knowledge. Semi-f ixetlpotato land and a low level of 


resources are: I ha of crop land; Government credit; Q50 savings;
 

10 hired labolrers available.
 



331 

Table A8. (continued) 

Var iab 1e 
Crop 
knowledge 
level TLI1 

Crop 
knowledge 
level TL2 

Crop 
knowl edge 
level TIL3 

Shadow price oii 
veoetabl e knowledge 60.89 53.85 39.00 

Shadow price, 
on savings 0.05 1.20 0.91 

Shadow p rice on 
veetable Iand 0 0 0 

Shadow price on 
hilly land 

phrd~t~i.,-.e on 

val Iey Land 

764.11 

14.28 

13.64 

174.98 

13.64 

514.98 

lalor hours 
sold locally 3100 3039 2996 

Total amount of 
borrowed capital 352.14 468.68 463.12 
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Table A9. Optimal solutions under resource set 6, 

Category 2a 

Var iable 

Optimal soluti on 
nuiiler 

Total income 

Crop inc:ome 

Migratory labor
 
sale income 


L.ocal ]alor 
sale income 

Total labor
 
hours hired 


Total hours used.1 on 
crop activities 

Ha. of (green onions 

la. of potatces, V, 

Ila. of potatoes, I-IV, 

Crop 
knowl edge 
level TILI 

25 

949.22 

643.64 

93.20 

212.38 


0 

1595 


0.0437 


4 

3 

Ia. of J'otatocs, IIV, 2 0.8772 

Ila. of wheat, V, 3 0.0791 

Ila. of corn alone, V, 4 

Ha. of mitpa, 1-, 

Crop 
knowl edge 
level T1.2 

26 

1145.16 

843.20 

93.20 


208.75 


0 

1642 


0.0437 


0.7669 


0.0268
 

0.1626 


Crop 
k ) W1(( 

levol TI A 

27 

1154.27 

853.60 

93.20
 

207.47
 

0 

1659
 

0.0437
 

0.0724 

0.6855
 

0.1984
 

aSemi-variable resources are fixed at the levels I ha of 

level of vegetable knowledge. Semi-fixed 
potato land and a high 

1 ha of crop land; Government credit; Q50 sav
resources are: 

10 hired laborers available.
ings; 
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Table A9. (continued) 

Variab le 

Crop 
knowledge 
level TL1 

Crop 
knowledge 
level TL2 

Crop 
knowledge 
level TL3 

Shadow price on 
potato Iad 0 0 

Shadow pr:ce on 
VeOOtadl)c knowledge 

Shadhow jr iCC 
57.61 23.87 16.70 

on saviJngs 0.05 1.20 0.91 

Shadow prLce 
veqletabcl 

on 
(and 00 

shadovw, 
lly , land 

ilon 
838.88 13.64 13.64 

s;1 a, loJw pr 1iCC on 

\aV IyV lan1d 89.04 174.98 514.98 

Lalbor hours 
sold locally 2831 2784 2767 

Tot al auhoun t of 
b)orrowed capital 372.7, 482.57 480.27 
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Optimal. solutions under resource set 
7, Cateory 3

a
 

Table A1O. 


Crop Crop Crop 

Variable knowledge knowledge knowledge 
level TLO level TLI level TI-2 

Optimal solution
 
number 28 29 30 

Total income 482.12 573.37 698.09 

420.59Crop income 216.92 302.82 


Migratory labor 
sale income 93.20 93.20 93.20
 

Local labor 
sale income 172.00 177.35 184.30 

Highest shadow price 
and 1uarter it 0.023 0.026 0.026 

occurs for labor 
hours hired 4th Qr. 4th Qr. 4th Qr. 

Total hours used on 
crop activities 2132 2062 1968 

Ha. of wheat, V, 3 1.5000 

Ha. of wheat, IIV, 2 2.1429 

1.5000
Ha. of corn alone, V, 4 

Ha. of corn alone, V, 2 0.8549 

HIa. of milpa, V, 1 0.0022 

0.5843
Ha. of milpa, H1, 2 0.8909 

aSemi-variable resources are fixed at the levels zero hec

and a low level of vegetable knowledge.tares of potato land, 
are: 3 ha of crop land; Government credit;Semi-fixed resources 


Q50 savings; 0 hired laborers available.
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Table A10. (continued) 

Var iable 
Crop 
knowl edce 
i.evcl TI0 

Crop 
knowledce 
Ievel TI1 

Crop 
know l edtJc 
level- '1'1L2 

Shatdov, pri(( oi 
jfl}l;ill) ] AIal( 

Sh:,dow lr.i, e' (, 
vel d~l eCknow] ecdoe 

674.36 

61.34 

717.67 

57.95 

754.26 

54.31 

Shutlow f rice 
savin9 s 

o'1 
0.05 0.05 0.05 

.ladvw p~ri(:e on 
veqetalhle land 0 0 0 

5hadow p.r ice 
hi.1lyIland 

on 
18.39 0 0 

Shadokw 
val 

pric e on 
y .and 3.70 81.30 164.45 

Labor hours 
local I y 

sold 
2294 2364 2458 

hIrla] . 
l)orrowed 

apiot
rapita] 

18.
185.09 

1802
182.19 216.89 
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Category 3a 
Optimal solutions under resource set 8,

Table All. 


Crop Crop Crop 
Variable knowledge knowledce kno\.'ledge 

level TLI level TL2 l(vel TIL3 

Optiiiial solution 
ntumber 31 32 33 

Total income 1052.07 1452.34 1669.11 

Crop income 876.00 1296.10 1522.04 

Migratory labor 
sale income 93.20 93.20 93.20 

Local. Labor 
sale income 82.87 63.04 53.88 

Highest shadow price 0 0.026 0.036 

and (luarter it occurs All 
for labor hours hired quarters 4th Qr. 2nd Qr. 

Total hours used on 
crop actJviti es 3322 3586 3707 

Ha. of potatoes, V. 4 1.0000 

Ha. of potatoes, HV, 3 1.0000 

Ha. of potatoes, I-V, 2 1.0000 

Ha. of wheat, V, 3 1.0700 

Ila. of corn alone, V, 4 0.9400 0.5000 

Ha. of milpa, 11, 2 0.9300 1.0166 1.3420 

aSemi-variable resources are fixed at the levels 1 hectare 

of potato land and a low level of vegetable knowledge. Semi-fixed 

resources are: 3 ha of crop land; Government credit, Q50 savings; 

0 hired laborers available. 
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Table All. (continued) 

Var Jah Ie 
Crop 
knowledge 
level TLi 

Crop 
knowledge 
level TL2 

Crop 
knowledge 
level TI.3 

Shadouw li F (2lOn 
jpolato land 470.39 754.26 942.25 

VI, iltIJ)ok.olO edge 57.61 54.31 47.82 

Sfl'. hIJ' .i"1i'(.2 O)1 

suvinys 0.05 0.05 0.05 

SJC uIwUI'p rICC on 

Vwge,tadile Iand 0 0 0 

Sh,(ih)\w ])r iiC 
hi. I y la nd 

on 
13.64 0 0 

Shadow j-ice on 

valley land 89.04 164.45 166.32 

[-,thm- hor",J-soldl 

I , Y 1104 840 719 

Jo I I mlint . 1 

gar:r we(d ca)ital 572.63 795.74 824.22 
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a 
Table Al2. Optimal solutions under resource set 9, Category 3 

Crop Crop Crop 

Variable knowledge knowledge knowl ege 

level TL1 level 'LL, ] ev , TIV 

Optima solution 
number 34 35 36 

Total income 1107.06 1500.80 1716.93 

Crop income 930.91 1322.15 1542.57 

Migratory labor 
sale income 93.20 93.20 93.20 

Local. labor 

salo income 82.96 85.44 81.17
 

Iqlghest shadow price 0.036
and (lLuarter :Lt 0.036 0.036 

occurs for labor 
hours hired 2nd Qr. 2nd Qr. 2nd Qr. 

Totail hours used on 
c:ropl activities 3321 3287 3344 

I-Ia. of green oinions 0.0437 0.0437 	 0.0437 

1.0000Ha. of potatoes, V, 4 

IIa. of potatoes, IHV, 3 1.0000 

H-a. of potatoes, l-IV, 2 1.0000 

Ha. of wheat, V, 3 1.0263 

Ha. of corn alone, V, 4 0.8963 0.4563 

0.9000
Ha. of milpa, H, 2 0.7384 0.6208 

• a 

Semi-variable resources are fixed at the levels 1 hectare of 

land and a high level of vegetable knowledge. Semi-f ixedpotato 

resources are: 3 ha of crop land; Ckovernment credit; 050 savings;
 

0 hired laborers available.
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Table A12. (continued) 

Var iab 1e 
Crop 
knowledge 
level TL1 

Crop 
knowledge 
level TL2 

Crop 
knowledge 
level. TI.3 

Shadow price on 
potato Land 

Shakdow )r.(-'e on 
Vegetable knowledge 

Sh. low pr ice 
on sav ings 

Shadow l)rice on 
vecetahle land 

Shadow pi ce on 

hilly land 

Sha(dow price oon 
val ley land 

l; hor hours 
.1o(d locally 

To tal amountI o-f 
b)rrowed cap i tal 

453.64 

51.46 

0.05 

0 

0 

83.05 

1105 

582.99 

726.11 

47.82 

0.05 

0 

0 

166.32 

1139 

793.68 

942.25 

47.82 

0.05 

0 

0 

166.32 

1082 

819.68 
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10, Category 3
a
 

Table A13. Optimal solutions under resource set 


Variable 

Optimal solution 
number 

Total income 

Cro1 income 

Migratory labor 
sale income 


Local labor 
sale income 

lighest shadow price
 
and quarter it 

occurs for labor
 
hours hired 


Total hours used on 
crop activities 

11a. of potatoes, V, 4 

H-a. of potatoes, HV, 3 

Ia. of potatoes, lIV, 2 

Shadow price on 
potato land 

Shadow price on
 
vegetable knowledge 


Crop 
knowledge 
level TII 

37 

1375.55 

1148.08 

93.20 

134.28 


0.713 


2nd Qr. 

2636 

1.8354
 

0 

0 

Crop 
knowledge 
leve] TL2 

38 

1981.04 

1753.56 

93.20 


134.28 


1.17 


2nd Qr. 


2636 

1.8354 

0 

0 

Crop 
knowi edoe 
level TI'3 

39 

2291.51 

2064.04 

93.20
 

134.28
 

C 66 

2nd Qr.
 

2636 

1.0731
 

0.7623
 

0 

0 

aSemi-variable resources are fixed at the levels 3 hectares 

of potato land and a high level of vegetable knowledge. Semi-fixed 

resources are: 3 ha of crop land; Government credit; Q50 savings; 

0 hired laborers available.
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Table A13. (continued) 

Crop Crop Crop 

Vari abl.e knowledge knowledge kowl-edge 

level 1I.1 level ,vel TL1)3 

Shadow pr ice 
011 sa'ino~x0.05 0.05 0.05 

Sh,hi v. pri(!(' 
\'1_( g(I ¢Ii 

oil 
.Tc 1 0 0 0 

Shce lox. p iwe 
hi 11 v I and 

(M 
0 0 0 

Sh. do , I)ri,,"( onl 

va II(,N l'nd 0 0 657.54 

lcAl)or hou)jrs. ,oLd 

1 ol l;]y 1790 1790 1790 

Tota] uounl o 

borrowed cptl) tal 759.84 1131.38 1217.39 
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set 11, Category 4
a
 

Optimal solutions under resource
Table A14. 


Crop Crop Crop 

Vat iable knowledge knowledge knowl]edge 
level. TLO level TII level T_2 

O)pt:iln l solution 
number 40 41 42 

Total inco(-e 484.63 581.38 703.76 

Crop income 249.31 352.12 455.52 

Migratory labor 
sale income 93.20 93.20 93.20 

Local labor 
ilome 

sale 
142.13 136.05 155.04 

Total labor 
hours hired 108, 4th Qr. 307, 4th Qr. 217, 4th Qr. 

Total hu(rs used on 
crop activities 2531 2612 2358 

fla. of wheat, V, 3 1.5000 

fla. of wheat, NlV, 2 2.1429 

Ila. of corn alone, V, 4 1.5000 

Hla. of milpa, V, 1 0.8571 

Ila. of Inilpa, II, 2 1.5000 1.0159 

Shadow price on 
potato land 667.48 705.03 770.16 

are fixed at the levels zero hectares
aSemi-variable resources 

of vegetable knowledge. Semi-fixedof potato land and a low level 
are: 3 ha of crop land; Government credit; Q50 savings;resources 


10 hired laborers available.
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Table A14. (continued) 

la,k.at ,le 
Crop 
.nowledge 

a2Olevel TlO 

Crop 
knowledge 
level TLl 

Crop1 
know 1cdce 
level. TI2 

Shadow ]pri. e Oil 

vegeta le knowl edge 

S .v lj.ice oil 

savings 

5Sla,'J~w rlic on}I 

\ve('(I(;d I e Ilnd 

Sh1tdow ,j.ri ce oil 

hilly land 

Shadow r-ice on 
valley land 

Labor tho rs5 sold 

locall-

Total- .umnooint of 

borrowed rtpita] 

60.90 

0.05 

0 

23.56 

13.84 

1895 

167.67 

57.62 

0.05 

0 

13.14 

88.76 

1814 

214.81 

55.55 

0.30 

0 

0 

136.06 

2068 

240.00 
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Table A15. Optimal 

Variable 

Optimal. solution 
nuMber 

Total income 

Crop income 

Migratory labor
 
sale income 

Local labor 
sale income 

Total labor
 
hours hired 

Total hours used on
 
crop activities 


Ila. of potatoes, V, 

Ha. of potatoes, lIV, 


Ha. of potatoes, HV, 2 

Ha. of wheat, V, 3 

I-a. of corn alone, V, 4 

Ha. of milpa, H, 2 

solutions under 

Crop 

knowledge 
level TLl 

43 

1052.07 

876.00 

93.20 


82.87 


0 

3322 


4 

3 


1.0000
 

1.0700
 

0.9300 


4 a 
resource set 12, Category 

Crop 

knowledge 
level. TL2 

44 

1453.91 

1299.62 

93.20 


60.09 


Crop 

knowledge 
level TL3 

45 

1671.14 

1530.99 

93.20
 

46.95
 

22, 4th Qr. 73, 4th Qr. 
& 58, 2nd Qr. 

3625 3800 

1.0000 

1.0000 

0.9400 0.5000 

1.0600 1.5000 

aSemi-variable resources are fixed at the levels one hectare 

of potato land and a low level of vegetable knowledge. Semi-fixed 

resources are: 3 ha of crop land; Gover-nment credit; Q50 savings; 

10 hired laborers available.
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Table A15. (continued) 

Variable 

Crop 
knowl.edge 
level TLi 

Crop 
knowledge 
level TL2 

Cropi 
know I edcle 
lx're TL3 

Shadow price oil 
potato Iand 470.39 742.80 960.59 

Shadow pr LWe 01) 

ve I ld) c tkniowiedoe 57.61 53.87 53.71 

u,] -viI f(J 0.05 0.05 0.05 

shadw price 

Vegetbd.e.. 
011 

] ind 0 0 0 

Shadow prwe 
hilty land 

on 
13.64 13.14 12.78 

Shadow price on 
val ley land 89.04 174.59 174.36 

Labor 
1ocally 

0ourssold 
1104 801 626 

Total. XCuiion, of 
borrowed capital 572.63 798.07 832.68 
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set 13, Category 4
a
 

Table A16. Optimal solutions under resource 


Crop Crop Crop 

Variable knowledge knowledge knowledge 
level TLl level TL2 level TL3 

Optimal solution 
ntunber 46 47 48 

Total incomc 1109.61 1506.63 1724.85 

Crop income 948.45 1362.01 1593.30 

Migratory Labor 
sale in(:ome 93.20 93.20 93.20 

Local labor sale 
income 67.96 51.41 38.35 

Total labor hours 
hired 70, 2nd Qr. 160, 2nd Qr. 218, 2nd Qr. 

5, 4th Qr. 56, 4th Qr. 

Total hours used on 
crop activities 3520 3741 3915 

Ia. of green orlons 0.0437 0.0437 0.0437 

Ia. of potatoes, V, 4 1.0000 

I a. of potatoes, HIV, 3 1.0000 

H-a. of p)otatoes, fiv, 2 1.0000 

IHa. of wheat, V, 3 1.0263 

Ha. of corn alone, V, 4 0.8963 0.4563 

Ila. of milpa, I, 2 0.9300 1.0600 1.5000 

a Semi-variable resources are fixed at the levels one hectare 

of potato land and a high level of vegetable knowledge. Semi-fixed 

resources are: 3 ha of crop land; Government credit; Q50 savings;
 

10 hired laborers available.
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Table A16. (continued)
 

Variable 

Crop 
knowledge 
level TL1 

Crop 
knowledge 
level TL2 

Crop 
knowledge 
level TL3 

Shadow price on 
potato land 469.94 742.36 960.59 

Shadow price on 
vegetable knowledge 57.44 53.71 53.71 

Shadow price on 
savings 0.05 0.05 0.05 

Shadow price on 
vegetable land 0 0 0 

Shadow price 
hilly land 

on 
13.28 12.78 12.78 

Shadow price on 

valley land 88.88 174.36 174.36 

Labor hours 
locally 

sold 
906 685 511 

Total amount of 

borrowed capital 593.25 817.21 851.82 
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Optimal solutions under resource set 
14, Category 4

a
 

Table A17. 


Crop Crop Crop 

Var iab le knowledge knowledge knowledge 
level TL1 level TL2 level TL3 

Optimal solution 
number 49 50 51 

Total income 1818.62 2324.63 2420.50 

Crop income 1623.14 2160.31 2270.15 

Migratory labor sale 
93.20income 93.20 93.20 

Local labor 
57.15sale incolme 102.30 71.11 

Total labor 
hours hired 635, 2nd Qr. 508, 2nd Qr. 512, 2nd Qr. 

281, 1st Qr. 117, 1st Qr. 106, 1st Qr. 

Total hours used on 
crop activities 3062 3478 3664 

Ha. of potatoes, V, 4 0.7615 

Ha. of potatoes, IV, 3 2.1751 1.3187 

la. of potatoes, IN, 2 2.6316 

Ha. of wheat, V, 3 0.3684 

la. of corni alone, V, 4 0.2820
 

Ila. of inilpa, I, 2 0.5429 0.9198 

Shadow price on 
potato land 0 0 0
 

aSemi-variable resources are fixed at the leve Is three hectares 

of potato land and a low level of vegetable knowledge. Semi-fixed
 

resources are: 3 ha of crop land; Government credit; Q50 savings; 

10 hired laborers available.
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Table A17. (continued) 

Var iab ]e 

Crop 
knowledge 
level TLI 

Crop 
knowledge 
level TL2 

Crop 
know] edge 
]evel TL3 

Shadow 'ric' on 
vegetable knowledge 62.65 56.27 41.42 

shadow )rice 
"" savingS 0.05 1.20 0.91 

Sha&IOV; 
veg'oetadhlc 

mr 

lanrd 0 
01 

0 
0 

0 

s51 d low 
hilly land 

o 

776.79 13.07 

1 .0C7 

13.07 

5Kh1Wlow 1) i({:e oil 

val'.:y Ki:nd 28.83 174.63 514.66 

Labor hour L 
sold locally 1364 948 762 

Total laiOun t of 

borrowed capital 1156.44 1423.37 1399.26 
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a
 
15, Category 4


Optimal solutions under 
resource set 


Table A18. 


CropCrop 	 Crop 
knowledge knowle(dgeknowledgeVariable 

level TI'.3level TILI level TL2 

Opl.imal solution 
5452 	 53numFber 

2459.32
2378.30
Total i1wl(ome 	 1876.05 

2219.95 	 2312.771686.98
Crop income 

Migratory labor
 
sale income 
 93.20 	 93.20 93.20 

Local labor 
53.34
65.14
95.89
sale income 

Total labor
 
hours hired 799, 2nd Qr. 669, 2nd Qr. 672, 2nd Qr.
 

126, Ist Qr.
300, ist Qr. 	 135, ist Qr. 


Total hours used on 
3715
3557
3148crop activities 

0.0437 	 0.0437 
Ila. of green onitons 0.0437 

0.6435 
1Ia. of potatoes, V, 4 

1.4514
2.1750
Hla. of potatoes, IV, 3 

Hla. of potatoes, IIV, 2 2.6316 

of wheat, V, 3 0.3247Ia. 

0.2383I-Ia. of corn alone, V, 4 

0.8614
0.5430
I-a. of milpa, 2 

Semi-variable resources are fixed at the levels 3 hectares 

level of vegetable knowledge. Semi-fixed
land a 

3 ha of -. op land; Govermnent credit; Q5O savings;of potato 	 and high 

resources are: 


10 hired laborers available. 
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Table A18. (continued) 

Var iable 

Crop 
knowledge 
level TLI 

Crop 
knowl edge 
level TL2 

Crop 
knowledge 
level TI.3 

Shadow ojn.((20n 

potato ]land 

sha()low )i JA 01 

v(e ;g I knwlee 

ShaLw pr ice 
oi saVI (-,15 

Shadow ]r ice on 
V0(3t|hl-IU llnd 

ha dow price on 

hilly land 

Shadow price on 
val.ley land 

I.ahor hours 
l"{,olocally 

To l I a ollult of 
lhorru~wCd :ajta l 

0 

57.43 

0.05 

0 

836.75 

88.79 

1278 

1177.06 

0 

53.67 

1.20 

0 

13.07 

174.63 

869 

1442.50 

0 

38.82 

0.91 

0 

13.07 

514.66 

711 

1422.13 
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Table A19. Optimal solutions under resource set 
16a
 

Crop Crop Crop 

Variable knowledge knowledge knowledge 
level TLO level TILI level. Ti'l 

Optima] solution 
number 55 56 5, 

Total. income 314.72 335.03 339.35 

Crop Jncome 115.66 136.79 141.12 

Migratory labor 
saLe income 93.20 93.20 93.20
 

Local labor 
sale income 105.87 105.04 105.04 

Total labor hours 
hired 0 0 0 

Total hours used on 
crop activ i ties 1444 1344 1344 

Ila.of late heets 0.0254 

Ila. of injlpa, V, 2 0.5000 0.5000 

Ila. of milpa, V, 1 0.4746 

Ila. of milpa, II, 2 0.5000 0.3692 0.5000 

-Ia.of milpa, I, 1 0.1308 

Shadow pr i~ce on
 
potato land 771.67 189.58 770.27
 

Shadow price on
 
vegetable knowledge 81.82 52.46 77.92
 

aResource levels are hold constant at: 1 ha of crop land; 

0 ha of potato land; 10 hired laborers available; a low level. of 

vegetable knowledne; and Q50 savings. The amount of local labor 

sales is restr:icted in these solutions. 
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Table A19. (continued) 

Var iab .e 
Crop 
knowledge 
levi TIL0 

Crop 
knowledge 
level TII 

Crop 
knowledge 
level TLI 

Shadow ),r ce 
on savings 0.002 1.13 0.05 

Sha,lo\' price 
we(:.1al~ 

on 
1.and 0 0 0 

Shadol, }jrielA 
hilly Land 

on 
84.00 23.71 81.44 

Shadolw pr.]ice on 
val ley land 78.32 66.65 125.36 

Lal (Jr hours 
sold locally 353 350 350 

Total amount of 0.00 No credit 4.02 

lbor rowed cac :ia 1.al 
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under resource set 16a 
Optimal solutionsTable A20. 

Crop Crop 

Variable knowledge knowledge 
-. .vel TLO level TLl 

Optimal Solution 
numb~er 58 59 

504.66Total income 445.65 

363.36Crop incofe 290.23 

Migratory labor 
93.20sale income 93.20 

48.10Local labor sale income 62.22 

Total labor hours hired 376 436 

Total hours used on 
crop activi.ies 3142 3273 

Ila. of wheat, I-IV, 2 0.7852 

Ila. of milpa, V, - 1.5000 

la. of Inilpa, V, 1 1.2645 

la. of milpa, 14, 2 0.9503 1.2751 

Shadow price on 
potato land 1266.81 1867.46 

Shadow price on 
vegetable knowledge 74.57 47.50 

Shadow price 
on savings 0.012 0.58 

aResource levels are held constant at: 3 ha of crop land; 

0 ha of potato land; 10 hired laborers available; a low level of 

and no access to credit. Localvegetable knowledge; QI50 savings; 


labor sales are restricted in these solutions.
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Table A20. (continued) 

Varilable 
Crop 
1knowledge 
level TLO 

Crop 
knowledge
level TLI 

Shadow jpri ce on 
vecetdble land 0 0 

Shadow priCe 
hilly land 

on 
57.63 0 

Shadow price On 
val ley land 53.20 43.82 

Labor hours 
oc:a .ly 

sold 
830 641 
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set

Optimal solutions under resource 

16a
 
Table A21. 


Variable 

Optimal solution 
number 

Total income 

Crop inco-ie 

Migratory labor 
sale income 

Local labor sale 
income 

Total labor 
hours hired 

Total hours used 
crop activities 


Hla. of wheat, V, 

Ha. of wheat, IIV, 

la. of m:i.lpa, V, 

Ila. of milpa, V, 

Crop 


knowledge 
level TLO 

60 

441.10 

292.55 

93.20 

55.35 

430 

on 
3325 


3 

2 .5085 

2 

1 1.3475 

Ila. of milpa, If, 2 1.1440 

Shadow price on 
potato land 104.30 

Shadow price on 
vegetable knowledge 72.54 

Crop
 

knowledge 
level TLI 

61 

523.18 

355.58 

93.20 

74.40 

337 

3071
 

1.3000 

.2000 

1.5000 

131.04
 

73.49
 

aResource levels are held constant at: 3 ha of crop Land; 

0 ha of potato land; 10 hired laborers available; low level of 

vegetable knowledge; Q50 savings; and Gover-nment credit. The 

is restricted in these solutions.amount of local labor sales 
Potato price of Q2.75/qq. was used in this solution. This is why 

the shadow price on potato land is lower than usual. 
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Table A21. (continued) 

Crop Crop 

Variable knowledge knowledge 
level TLO level TL1 

Sh1adh.w i]ce 

oi -,aviims 0.05 0.05 

Shakdow , rice 

veocetal, e 
on 
land 0 0 

shadow pr i.e 
hil ly land 

oi 
53.03 63.19 

Shadlow 11- :(c 

val IlyI Ianl 
.11 

49.64 107.66 

Sold( locally 738 992 

Total aillount of 
borrowed capital 86.22 201.10 
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Table A22. Optimal solutions under resource set 16a 

Crop Cro 
Variable knowledge knowledge 

level TLO level "[ilI 

Optimal solution 
number 62 63 

Total income 479.73 552.76 

Crop income 290.23 215.98 

Migratory labor 
sale income 93.20 93.20 

Local labor sale 
income 96.29 243.58 

Total labor hours 
hired 376 0 

Total hours used on 
crop activities 3142 1179 

Ila. of wheat, V, 3 0.9969 

Ila. of wheat, llV, 2 0.7852 

Ha. of milpa, V, 2 0.5031 

Ila. of milpa, V, 1 1.2644 

Ila. of miipa, II, 2 0.9504 

Shadow price on 
potato land 602.99 499.38 

Shadow price on 
vegetable knowledge 57.22 49.55
 

Nesource levels are constant at: 3 ha of cropland; 10 hcired 

laborers available; 0 ha of potato land; a low level of vegetable 
knowledge; no credit; and Q150 savings. Local labor sales are not 
restricted in this solution. 
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Table A22. (continued) 

Var ial le 

Crop 
knowledge 
level TLO 

Crop 
knowledge 
level TII 

Shadow price 
on savings 

Shadow price on 
vegetab I land 

Shadow price on 
hilly land 

Shadow price on 
valley land 

Labor hours sold 
locally 

Total a inount of 
)orrowed capital 

0.196 

0 

5.30 

10.86 

1284 

No credit 

0.441 

0 

0 

41.02 

3247 

No credit 
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APPENDIX B: '.-HE LINEAR PROGRAMMING MODEL
 



unit, RYIS value and description of the rowsname,Table B-I. Identification number, type, 

RIISd Row descriptionRow nameb UWcIdentifi-a 
valuecation type 

number 

1 INCOM 1 Quetzal e Objective function to be maxi
mized
 

1st quarter hours available for
CHTI* 1 hour2 L 

crop activities 

3 L CHT2* 2nd quarter hours available for 
crop activities 

3rd quarter hours available for
CHT3*4 L 

crop activities 

4th quarter hours available for 
L CHT4* 

crop activities 

aRow types are N, L, E, G. N identifies the function to be optimized. L means maxi

or equal to). B means equality restraint. G means minimum re
mum restraint (less than 
straint (greater than or equal to). 

bStarred row names belonc to transfer rows. The numbers 1, 2, 3, 4 refer to quarters 

of the year.
 
cBlank means that the unit in the previous row applies. For example, 1 hour is the
 

unit for rows 2 through 17. 
dRHS values are the rinht-hand-Side values in the equations that make up the matrix. 

star indicates that the value given
All transfer rows have a zero (blank) value. A here 

are for Solution 54. RHS 
was subject to parametric variation. All RMIS values given here 


V and VI.
values for other solutions are given in Chapters 


eDoes not apply.
 



Table B-I. (continued) 

Identifi- Row Row name Unit RIIS Row description 

cation type value 

number 

6 L THAl* Total hours available in 1st 
quarter 

7 L THA2* Total hours available in 2nd 

quarter 

8 L THA3* Total hours available in 3rd 

quarter 

9 L THA4* Total hours available in 4th 

quarter 

10 L FTAI 632 Farmer time available in 1st 

quarter 

11 L FTA2 632 Farmer time available in 2nd 

quarter 

12 L FTA3 624 Farmer time available in 3rd 

quarter 

13 L FTA4 616 Farmer time available in 4th 

quarter 

14 L FEAI 695 Family "farmer 
1st quarter 

equivalent" time, 

15 L FEA2 695 Fa-:i]%,, "farmer 
2nd quarter 

equivalent" time, 



Table B-1. 


Identifi-
cation 

number 

16 


17 


18 

19 


20 

21 


22 


23 


24 


(continued) 

Row 
type 

Row name Unit RHS 
value 

L FEA3 686 

L FEA4 678 

L MD3 208 hours 416 

L NED4 416 

L LD1 1 hour 1327 

L LD2 1327 

L LD3 1310 

L LD4 1294 

L 

L 

FL 

M 

1 hectare 1.5* 

1.5* 

Row description
 

Family "farmer equivalent" time,
 
3rd quarter
 

Family "farmer equivalent" time,

4th quarter 

Migratory demand for farmer 
time, 3rd quarter 

Migratory demand for farmer
 
time, 4th quarter 

Local demand for farmer and 
family labor, 1st quarter
 

Local demand for farmer and
 
family labor, 2nd quarter 

Local demand for farmer and
 
family labor, 3rd quarter
 

Local demand for farmer and
 
family labor, 4th quarter 

Flat or valley land
 

Mountainside or hilly land 25 



Table B-I. (continued)
 

Identifi- Row Row name Unit RHS Row description 

cation type value 
number 

26 L VL 0.0437* Veaetable land 

27 L CNT* 1 quintal Corn transfer row 

28 L BNT* Bean transfer row 

29 L HT* Haba transfer row 

30 L GAT* 1 squash Guicoy or Ayote transfer row 

31 L CHT* 1 gourd Chilacayote transfer row 

32 L PT* 1 quintal Potato transfer row 

33 L WT* Wheat transfer row 

34 L EBT* 1 dozen Early beet transfer row 

35 L LBT* Later beet transfer row 

36 L G1T* 1000 onions Green onion transfer row 

37 L ECT* 1 dozen Early carrot transfer row 

38 L LCT* Later carrot transfer row 

39 L MrxCM 1 Quetzal 240* Maxitun loan for coin and milpa 
product ion 



Table B-i. 


Identifi-

cation 

number
 

40 

41 


42 


43 


44 


45 


46 


47 

48 

(continued)
 

Row 

type 


L 

L 

L 

L 


L 


L 


L 


L 


L 

L 


Row name 


MnW 

MLP 


MV 


MLH1 


MLH2 


MLH3 


MLH4 


TKCM* 


TKW* 

TKP* 

Unit RHS 
value 

330* 

1350* 

19.65* 

1 hour 6320* 

6320* 

6240* 

6160* 

1 Quetzal 

Row description 

MaximLum loan for wheat production 

Maximiun 
tion 

loan for potato produc-

Maximum loan 
production 

for veaetable 

Maximum hours hired labor avail
able, 1st quarter 

Maximum hours hired labor avail
able, 2nd quarter 

W0C%
Ln 

Maxilmum hours hired labor avail
able, 3rd quarter 

Maximum hours hired labor avail
able, 4th quarter 

Transfer row provi.iing working 
capital for corn and milpa 

Transfer row providing 
capital for wheat 

working 

Transfer row providing 
capital for potatoes 

working 49 



Table B-i. 


Identifi-

cation 

number 

50 

51 

52 


53 


54 

55 


56 


57 

58 


59 


(continued)
 

Row 

type 


L 

L 

L 

L 

L 

L 

L 

L 

L 


L 


Row name 


TKV7* 

TS 


CYLL 


CYN 

CYC 


TL1 


TL2 


TL3 


TLV 


PTOL 


Unit 


Level 1 


Level 2 


Level 3 


Level V 


1 hectare 


RHS 

value
 

50* 


0 

0 

0 

"" 
3 

3* 

3* 

1* 


3* 


Row description
 

Transfer row providing working
 

capital for vecolables 

Total savinos available 

Accounting row for local labor 

sales income 

Accounting row for migratory 
labor sales income 

Accounting row for crop sales 

income 

Crop knowledge level TL1 

Crop knowledge level TL2 

Crop lnowledge level TL3 

Vegetable knowledge level 1
 
(high)
 

Potato land available 



Table B-2. 	 Identification number, name, unit, objective function coefficient and
 

description of columns
 

Objectived Column descriptionIdentifi-a Columnb Unitc 
functioncation name 

coefficient
number 


Milpa grown 	on hilly land requiring
60 MHi 1 hectare -22.87 

very little working capital (cor

responding description applies to
 
75) e 

Columns 61 through 

-53.56
61 	 MH2 


62 	 MV1 -20.35 

63 	 MV2 -54.47 

MV3 	 -79.6664 

65 	 CV2 -40.73
 

aContinuation o:: identification numbers in B-1. 

bStarred column names belong to transfer activities.
 

cA blank means that the unit in the previous row applies.
 

dNegative values are net cost of the activity; positive figures are revenue from the
 

activity; a zero (blank) value indicates that the cost-revenue of the activity is accounted
 

for somewhere else in the model or that the column is only an accounting activity.
 

eAccording to the following code: M = milpa; C = corn alone; W = wheat; P = potatoes,
 

H = hilly land; V = valley land; H1 = a combination of hilly and valley land; 1 = very little 
3 = a high amount of working.aorking capital; 2 = an intermediate amo nt of working capital; 

capital; 4 = a very high amount of working capital. 



Table B-2. (continued) 

Identifi- Column Unit Objective Column description 

cation name function 

number coefficient 

66 CV3 -77.82 

67 CV4 -157.04 

68 WHVI -78.33 

69 WHV2 -93.44 

70 WV3 -122.98 

-203.59 
71 WV4 

72 PHVI -206.06 

73 PHV2 -441.23 

74 PHV3 -643.66 

75 PV4 -723.81 

76 EB .0437 hectares -23.29 Early beets 

77 LB -23.29 Later beets 

78 GO -26.00 Green onions 

79 ECR -16.43 Early carrots 



Table B-2. 


Identifi-
cation 
number 

80 

81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


92 


93 


(continued)
 

Column Unit 

name 


LCR 

SCN 1 cwt 

SBN 


SH 


SGA 1 squash 


SCH 1 gourd 


SP 1 cwt 


SW 


SEB doz. 


SLB 


5c0 1000 


SEC 1 doz. 


SLC 


CHI* 1 hour 


Objective 

function
 
coefficient 

- 16.43 

3.30 


10.00 


10.00 


0.07 


0.10 


4.75 


5.75 


0.065 


0.070 


7.00 


0.088 


0.088 


Column descriptio:i
 

Later carrots 

Sell corn
 

Sell beans
 

Sell habas
 

Sell guicoy and/or ayote squash
 

Sell chilacayote gourd
 

Sell potatoes
 

Sell wheat
 

Sell early beets
 

Sell later beets
 

Sell green onions
 

Sell early carrots
 

Sell later carrots
 

Transfer column for total hours
 
available in 1st quarter
 



Table B-2. 


Identifi-

cation 

number 

94 


95 


96 


97 


98 


99 


100 


101 


102 


103 


104 


(continued) 

Collun Unit Objective Column description 

name function 
coefficient 

CH2* Transfer column for total hours 

available in 2nd quarter 

CH3* Transfer coltumn for total hours 
available in 3rd quarter 

CH4* Transfer coltun for total hours 

available in 4th quarter 

UFT1 Use farmer time in 1st quarter 

UFT2 Use farmer time in 2nd quarter 

UFT3 Use farmer time in 3rd quarter 

UFT4 Use farmer time in 4th quarter 

UFEI Use family "farmer equivalent" 
in 1st quarter 

UFE2 Use famcily "farmer equivalent 
in 2nd (Juarter 

UFE3 Use fwnilv "farmer equivalent" 
in 3rd quarter 

UFE4 Use family "farmer equivalent" 
in 4th quarter 

time
 

time 

time 

time 

0 



Table B-2. (continued)
 

Objective Column description

Identifi- ColuwI Unit 


function
name
cation 

coefficient
number 


Hire labor 1st quarter
- 0.076105 HH1 


Hire labor 2nd quarter
- 0.076106 HH2 


Hire labor 3rd quarter
- 0.076107 HH3 


Hire labor 4th quarter
- 0.076108 HH4 

23.30 Sell migratory labor 3rd quarter

109 SMF3 


23.30 Sell migratory labor 4th quarter

110 SMF4 


Sell farmer labor locally in 1st
0.075
ill SFTl 
quarter
 

Sell farmer labor locally ir 2nd
0.075
112 SFT2 

quarter
 

Sell farmer labor locally in 3rd
0.075
113 SFT3 

quarter
 

Sell farmer labor locally in 4th
0.075
114 SFT4 

quarter
 

Sell family labor locally in 1st
0.075
115 SFE1 

quarter
 



Table B-2. 


Identifi-

cation 

number 


116 


117 


118 


119 


120 

121 


122 

123 

124 

125 

(continued)
 

Columl Unit 
name 


SFE2 


SFE3 


SFE4 


BKCM 1 Quetzal 


BKW 

BKP 


BKV 

ASCM 

ASW 

ASP 

Objective 

function
 
coeffic ient 

0.075 


0.075 


0.075 


-0.10 


-0.10 

-0.10 


-0.10 

-0.05 

-0.05 

-0.05 

Column description 

Sell family labor locally in 2nd
 

quarter
 

Sell family labor locally in 3rd
 

quarter
 

Sell family labor locally in 4th
 

quarter
 

Borrow working capital for corn and
 

milpa activities
 

Borrow working capital for wheat 
activities
 

Borrow working capital for potato
 

activities 

Borrow working capital for vegetables 
activities 

Allocate savinos to corn and milpa 
activiti es 

Allocate savings to wheat activities 

Allocate savings to potatoes activities 



Table B-2. 


Identifi-

cation 

number 


126 


127 


128 


129 


(continued) 

Column Unit Objective 
name function 

coefficient 

ASV -0.05 

AYLL 

AYML 

AYC 

Column description
 

Allocate savings to vegetables
 
activities
 

Accounting activity for local labor
 
income
 

Accounting activity for migratory
 
labor income
 

Accounting activity for crop income
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Linear programming matrixa 

Table B-3. 

Name Model 5
 

Rows
 

N C 
L CHTI 
L CHT2
 
L CHT3
 

L CHT4 
L THAI 
L THA2 
L THA3 
L THA4 
L FTA1
 
L FTA2
 
L FTA3
 

L FTA4 
L FEiAl
 

L FEA2
 
L FEA3 
L FEA4
 

L MD3
 
L MD4
 
L LD1
 
L LD2 
L LD3 
L LD4 
L FL 
L ML 
L VL
 
L CNT
 
L BNT
 
L HT
 
L GAT
 

L CHT 
L PT
 
L WT
 
L EBT 
L L13T 

aIn the RtS section of the m',trix only the vector for Solution 

54 is reproduced. The RHS values for the other solutions are dis

cussed and explained in Chapters V and VI.
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Table B-3, (continued)
 

Name Model 5 

L GOT 
L ECT 
I. LCT 
L NLCM 
L INIHW 
L MLP 
L MLV 
L MlIII 
L MIH2 
L MLI-13 
L MI H4 
L TKCM 
L TKW 
L TKP 
L TKV 
L TS 
L CYLL 
L CYML 
L CYC 
L TLI 
L TL2 
L. TL3 
L TLV 
L PTOL 

Columns 

MIlI C - 22.87000 CHTl 206.00000 

Ni1 CHT2 364.00000 CHT3 334.00000 

nil CHT4 504.00000 ML 1.00000 

MI-1l CNT - 20.04010 BNT - 1.43000 
M171l IT - 1.430W0 GAT - 137.00000 

MI-Il CHT - 70.00000 TKCM 22.87000 
Mill CYC 88.45000 
M12 C - 53.56000 CHTl 206. 00000 
n-12 CHT2 364.00000 CHT3 334.00000 

MI2 CHT4 504. 00000 ML 1. 00000 
MH2 CNT - 22.90000 BNT - 4.30000 
MH2 HT - 4.30000 GAT - 137.00000 
NM12 CHT - 70.00000 TKCM 53. 56000 
MHI2 CYC 124.60000 
MVI C - 20.35000 CHT1 147.00000 

MVI CHT2 369.00000 CHT3 325.00000 
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Table B-3. (continued)
 

Name Model 5 

MVI CHT4 435.00000 FL 1.00000 
MVI CNT - 22.90000 BNT - 2.01000 
MVI I-IT - 2.01000 GAT - 137.00000 
MVI CHT - 70.00000 TKCM 20.35000 
MVI CYC 112.01000 
MV2 C - 54.47000 CHT1 147.00000 
MV2 CI-IT2 369.00000 CHT3 325.00000 
MV2 CHT4 435.00000 FL 1.00000 
MV2 CNT - 50.52000 BNT - 1.73000 
MV2 HT - 1.73000 CAT - 137.00000 
MV2 CHT - 70.00000 TKCM 54.47000 
MV2 CYC 163.44000 TL1 1.00000 
MV3 C - 79.66000 CHT1 147.00000 
MV3 CHT2 369.00000 CHT3 325.00000 
MV3 CI-T4 435.00000 FL 1.00000 
MV3 CNT - 60.46000 BNT - 3.98000 
MV3 HT - 3.98000 GAT 137.00000 
MIV3 CIlT - 70.00000 TKCM 79.66000 
MV3 CYC 2 16.05000 TL2 1.00000 
CV2 C - 40.73000 CHT1 112.00000 
CV2 CIT2 231.00000 CHT3 32.00000 
CV2 CHT4 309.00000 FL 1.00000 
CV2 CNT - 32. 52000 1KCi% 40.73000 
CV2 CYC 66.59000 
CV3 C - 77.82000 CHTI 112.00000 
CV3 C1-1T2 231.00000 CHT3 32.00000 
CV3 CHT4 389.00000 FL 1. 00000 
CV3 CNT - 50.38000 TKCM 77.8200C0 
CV3 CYC 88.43000 TL1 1.00000 
CV4 C - 157.06000 CHT1 112.00000 
CV4 CIIT2 231.00000 CHT3 32.00000 
CV4 CHT4 389.00000 FL 1.00000 
CV4 CNT - 122.74000 TKCM 157.06000 
CV4 CYC 247.98000 TL2 1.00000 
WHIV1 C - 78.33000 CHT1 275.00000 
WIV1 CHT2 387.00000 CHT4 344.00000 
WliVI FI .46000 ML . 54000 
W-V 1 WT - 28.17000 TKW 78.33000 
WIlVi CYC 83.65000 
WH4V2 C - 93.44000 CHTI 275.00000 
WIV2 CHT2 160.00000 CHT4 286.00000 
WHV2 FL .30000 ML .70000 
WHV2 WT - 30.92000 TKW 93.44000 
WHV2 CYC 84.35000 
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Table B-3. (continued)
 

Name Model 5 

WV3 C - 122.98000 CHTI 92.00000 

W3 CI IT2 160.00000 CHT4 286.00000 

WV3 FL 1.00000 WT 46.03000 

WV3 TKW 122.98000 CYC 141.69000 

WV3 TLI 1.00000 

WV4 C - 203.59000 CHT1 92.00000 

WV4 CI ]T2 160.00000 CHT4 286.00000 

WV4 FL 1.00000 WT 67.08000 

WV4 TKW 203. 59000 CYC 186.15000 

WV4 TL2 1.00000 
PfIVI C - 206.06000 CHT1 401.00000 

PI IV1 CI IT2 458.00000 CHT3 115.00000 

PHV1 FL .50000 M. .50000 

PHVI PT - 45.80000 TKP 206.06000 

PiNV1 CYC 11.49000 

PHIV2 C - 441.23000 CHTI 598.00000 

PHV2 CIIT2 723.00000 CHT3 115.00000 

PHV2 FL .43000 ML .57000 

PfrV2 PT - 233.58000 TKP 441.23000 

PHV2 CYC 668.28000 TLI 1.0000 

PHV2 PTOL 1.00000 
PI IV3 C - 643.66000 CHTI 598.00000 

PIV3 C IfT2 723.00000 CHT3 115.00000 

1)I I73 
PIV3 

FIL 
PT -

.56000 
"49.91000 

ML 
TIQP 

.44000 
643.66000 

PlIV 3 CYC 1018.41000 TL2 1.00000 

PI IV3 PTOL 1.00000 
PV4 C - 723.81000 CHT1 598.00000 

PV4 CHT2 723.00000 CHT3 11.5.00000 

PV4 FL 1.00000 PT 429.38000 

PV4 TKP 723.81000 CYC 1315.75000 

PV4 TL3 1.00000 PTOL 1.00000 

EB C - 23.29000 CHT1 7.00000 

EB CHT2 184.00000 CHT3 38,00000 

EB FL .04370 VL D4370 

EB EBT - 399.00000 TKV 23.29000 

EB CYC 2.65000 
LB C - 23.29000 CHT2 157.00000 

LB[' CHT3 73.00000 FL .04370 

LB VL .04370 LBT - 399.00000 

L13 TKV 23.29000 CYC 4.64000 

GO C - 26.00000 CHT1 23.00000 

GO CHT2 171.00000 CHT3 98.00000 
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Table B-3. (continued)
 

Name Model 5 

GO FL .04370 VL .34370 
O GOT - 16.00000 TKV 26.00000 

GO CYC 86.00000 TLV 1.00000 

E-CR C - 16.43000 CHT1 101.0000k) 
ECR CHT-2 117.00000 CIIT3 84. 000(Y) 
ECR FL .04370 VL . (4.7 
ECR ECT - 500.00000 TKV 16.4 iOO 
ECR CYC 27. 57000 TIV 1. 00000 
LCR C - 16.43000 CI IT-' 201.OC000 

LCR C11T3 89.00000 FL .04370 
LCR VL .04370 LCT 500.00,00 
LCR TKV 16.43000 CYC 27.57 00 
LCR TLV 1.00000 

SCN C 3.30000 CNT 1. OnO0 
SBN C 10.00000 BNT 1. 00000 
SH- C 10.00000 IT 1.00000 
SGA C .07000 GAT 1.00000 

SCH C .10000 CI IT 1.00000 
SP C 4.75000 PT 1. 00000 
SW C 5.75000 WT 1.00000 
SEB C .06500 EBT 1. 00000 
SLB C .07000 LBT 1.00000 

SGO C 7.00000 G £ 1.00000 
SEC C .08800 ECT 1.0000C) 
SLC C .08800 LCT 1.00000 

CII1 CIITI - 1.00000 THA1 1.00000 
C12 CHT- - 1.00000 TIIA 1.0000" 
CH3 CIIT3 - 1.00000 TU3 1.0000 
CI-14 CI 1T4 - 1.00000 TIIA4 1. 00000 
UFTI TIIA1 - 1.00000 FTA1 1.00000 
UFT2 TI-IA2 - 1.00000 FTA2 1. 00000 
UFT3 TI 1A3 - 1.00000 FTA3 1.00000 
UFT4 TI IA4 - 1.00000 FTA4 1.00000 
UFEI TI1AI - 1.00000 FEAl 1.00000 
UFE2 THA2 - 1.00000 FEA2 1.00000 
UFE3 THA3 - 1.00000 FEA3 1.00000 

UFE4 TA4 - 1.00000 FEA4 1.00000 

II1 C - .07600 TIA1 - 1.00000 
HI-I MiLl 11 1.00000 CYC - .07600 
S1]-I2 C - .07600 THA2 - 1.00000 
I 112 MILH2 1.00000 CYC - .07600 
1H-13 C - .07600 THA3 - 1.00000 
H-13 MLH3 1.00000 CYC - .07600 
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Table B-3. (continued)
 

Name Modc 5 

HH4 - .07600 THA4 i.00000 
H4 MLH4 1.00000 CYC .07600 
SMF3 C 23.30000 FTA3 208.00000 
SMF3 MD3 208.00000 CYML 23.30000 
SMF4 C 23.30000 FTA4 208.00000 
SMF4 MD4 208.00000 CYML 23.30000 
SFT1 C .07500 FTA1 1.00000 
SFT1 LD1 1.00000 CYLL .07500 
SFT2 C .07500 FTA2 1.00000 
SFT2 LD2 1.00000 CYLL .07500 
SFT3 C .07500 FTA3 1.00000 
SFT3 LD3 1.00000 CYLL .07500 
SFT4 C .07500 FTA4 1.00000 
SFT4 LD4 1.00000 CYLL .07500 
SFE1 C .07500 FEAI 1.00000 
SFE1 LD1 1.00000 CYLL .07500 
SF52 C .07500 FEA2 1.00000 
SFE2 LD2 1.00000 CYLL .07500 
SFE3 C .07500 FEA3 1.00000 
SF53 LD3 1.00000 CYLL .07500 
SFE4 C .07500 FEA4 1.00000 
SF54 LD4 1.00000 CYLL .07500 
BKCM C - .10000 MLCM 1.00000 
BKCM TKCM - 1.00000 CYC - .10000 
BKW C - .10000 MLW 1.00000 
BKW TKW - 1.00000 CYC - .10000 
BKP C - .10000 MLP 1.00000 
BKP TKP - 1.00000 CYC .10000 
BKV C - .10000 MLV 1.00000 
BKV TKV - 1.00000 CYC - .10000 
ASCM C - .05000 TKCM - 1.00000 
ASCM TS 1.00000 CYC - .05000 
ASW C - .05000 TKW - 1.00000 
ASW TS 1.00000 CYC - .05000 
ASP C - .05000 TKP - 1.00000 
AST' TS 1.00000 CYC - .05000 
ASV C - .05000 TKV - 1.00000 
ASV TS 1.00000 CYC - .05000 
AYLL CYLL - 1.00000 
AYML CYML - 1.00000 
AYC CYC - 1.00000 
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Table B-3. (continued) 

Name Model 5 

RIS 

FFTA1 632.00000 FTA2 632.00000 
B FTA3 624.00000 FTA4 616.00000 
B FEAl 695.00000 FEA2 695.00000 
B FEA3 686.00000 FEA4 678.00000 
B MD3 416.00000 MD4 416.0(00 
B 
B 

LD1 
LD3 

1327.00000 
1310.00000 

1,D2 
1,D4 

1327.OOO)O 
1294.000 

B FL 1. 50000 MI. 1.5000 
B VIl 0. 04370 MLI HI00 6320.I 
B 
B 

MLtf2 
ML 14 

6320.00000 
6160.00000 

ML1 I1 
ICM 

620 n. 0(0)(() 
240. C)0OC) 

B MIEW 330.00000 ,I P 1350. 00000 
B 
B 

MLV 
TL1 

60.00000 
3.00000 

TS 
TL2 

50. 00o0C) 
3.00000 

B TL3 3.00000 TLV 1.00000 
B PTOL 3.00000 
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APPENDIX C: UNITS OF MEASURE
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Units of measure used in this study, their abbreviation
Table C-i. 

and equivalence
 

Units of measure 


Length:
 

Milimeter 

Centimeter (-10 mm) 


Meter (=100 cm) 


Vara 


Surface:
 

Square meter 2 

Hectare (=10,000 m ) 


Manzana (=10,000 v2 ) 


Cuerda (of 625 v ) 

Weight: • 

Kilogram (=1000 grams) 

Quintal (=100 ib) 

Metric ton (=1000 kg) 


Money:
 

Quetzal 


I' ' ;. 

[(I
 

Abbreviation 


nm 

cm 


m 


v 


2
m , 

ha or Ha. 


mz 


cd 


kg 

qq 

mt 


Q 

. 

Equivalence
 

0.03937 inches
 
0.3937 inches
 
0.032808 feet
 

39.37 inches
 
3.280833 feet
 
1.093611 yards
 

0.914156 yards
 
0.835906 meters
 

10.76387 square feet
 
2.47104 acres
 
1.43115 Manzanas
 
22.90 cuerdas
 
1.72661 acres
 
0.69874 hectares
 
16.0 cuerdas
 
0.1079 acres
 
0.0437 hectares
 
0.0625 manzanas
 

2.204623 pounds
 
100.0 pounds
 
2,204.623 pounds

1000.0 kilograms
 

1.0 U.S.$
 



--
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Table C-2. Equivalence between degrees Centigrade and Farenheit,
 
a
 

from 30°C to -30OC
 

Farenheit Centigrade Farenheit
Centigrade 


-1 	 30.2
30 86.0 
2k 84.2 -2 28.4 

28 82.4 	 -3 
 26.6
 

27 80.6 
 -4 24.8
 
-5 23.0
26 78.8 


25 77.0 
 -6 	 21.2
 
19.4
24 75.2 	 -7 

17.6
23 73.4 -8 


22 71.6 -9 
 15.8 

21 69.8 -10 14.0
 
-11 12.2
20 68.0 

-12 10.4
19 	 66.2 


8.6
18 64.4 	 -13 

6.8
17 62.6 	 -14 


-15 5.0
16 60.8 
-16 3,.215 59.0 


14 57.2 
 -17 1.4
 

13 55.4 -18 
 -0.4
 
-19 -2.2
12 53.6 

-20 -4.0
11 51.8 


10 50.0 
 -21 	 -5.8
 
-22 	 -7.6
9 	 48.2 


8 46.4 	 -23 -9.4
 

7 44.6 	 -24 1.2 
-25 -13.0
6 	 42.8 

-26 -14.8
5 	 41.0 

-27 -16.6
4 	 39.2 


-18.4
3 37.4 	 -28 


2 35.6 	 -29 -20.2 

1 33.8 	 -30 -22.0
 

0 	 32.0
 

aFormula: F = 1.8 C + 32, where F is 	degrees Farenheit and
 

C is degrees Centigrade.
 




