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ABSTRACT 

Ashby, J.A. and De Jong, G., 1982. Farmer field preparation and tillage practices. Impli
cations for fertilizer technology rese;ich. Soil Tillage les., 2: 331-3,16. 

The purptose ,ifthis paper is to show how information from diagnostic research on 

small farmer decision-making about land preparation . ,dtillge practices may be inte

grated into experimental research on the design and evaluation of fertilizer technotogy. 

Analysis of dift'erett land preparation and tillage practices used by farmers in cassava 
piorduetinon inCauca department, Colnbia is utilized to develop a model of farmers' 

decision-making ii,the choice oif tillage tech:niques. 
The decision -nodel indicates that manual tillage practices which involve only partial 

field tillage are a respontse to relativel' fixed constraints, which imply that it may be 

difficult for farmers facing these constraints to adopt fertilizer tech,;ology which re

quires full field tillage. Variables associated with choice of tillage method are identified 

and rclated to imlplicatio; for experimental evaluationi of fertilizer technology and the 

distribution tof benefits from this research. The findings illustrate that diagnostic research 

on the agro-socioecononic constraints faced by small farmers citO alert researchers to 

lititing factors which require recognition in the design and testing of agricultural tech

tology, inorder to facilitate rapid and effective adoption by a majority of small farmers. 

INTRODUCTION 

In the phase of adaptive research when experimental testing of agricultural 
technology moves from highly controlled experiment station conditions to 
field sites, the objective is to expose technology to additional sources of 
stress. Among the factors contributing to stress in field conditions, and to 
variability in the resultant performance of technology, are farmer practicrs. 

These practices can be viewed as "treatments" applied by farmers which 
may confound results obtained in farmers' fields, leading to either incon
sistent findings or apparent :'iilures of the technology. Farmer practices 
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need then to be comsidered as variables in experimental design for testing 
techniology ill i('(f coniitions. 

Ill vx H'1iI,'il(al lIseallh (hsigln, (he resvar(chir is :ale)h to define 'ontrol 
vo lldil~ill;s v |ll[ I. ll l jpll];:lv It l,1S anld l,.v('ls (,I' 0-v'< m vtll' s~. FalrIlll. "trv'it. 

Inents" an,, ad;Iltttions of factors ill(, Ianil)ulhte in response.farner can 
to other condit~oyns beyond his control. l)iagnostic isearch on farmer prat ,. 
tices aim:; to identify how these practices are adapted to physical-environ. 
mental and socio-econoliiic conditions which affect how rapidly and suc
vesshilly farmilers are likely to adopt ntew I)ractices reqluired by imporovtd 
technology (Norman, 1980). Al uInderstandling o1" fanners' i)ractices, as 
variables likely to inlitince the perfo)riaice of new technology, and its 
indicators of agro-socioccolloli. constraints with which new technology 
must be compatible for farmers to a(Iopt, it, can serve to alert researchers 
to factors which require consideration in research design for technology 
testing. 

This paper reports dia.ngIsf 'c research on farmer field )re)aration and 
tillage pract ices for cassava 1)ro(lutlnl in CauCa de)artment, Colomuia, a 
component of research on armers fertilizer use practices in the I FI)C/CI Al 
Phosphorus Project, Colomiia. The Phosp horus Project is concerned with 
development of* phosphate fertilizer management strategies, targeted at an 
estimated I billion ha of' acid, phoslhorur-del'iiit soils in Lat in America. 
This area includes the main concentration of small farms, food crop)produt. 
tion and polpulation in the Andean countries (Fenster and LUon, 1980). 
The project's research on phosphate fertilizers is initiating a phase of exlwri. 
mental testing under conditions more closely alproxianatiiig stresses faced 
in farmers' fields than hitherto defincd for its researclh on the experiment 
station. This )hase of the research concerns the infer'face between experi
mental testing and farmer practices entailed in develoling fertilizer techimou 
gy which ultimately can be effectively used by farmers. 

The purpose of this pap)er is to suggest how diagnostic informatlon about 
farmer land preparation practices can be integrated into experimental re
search on the design and evaluation of fertilizer technology. The first sectio 
discusses briefly relationships between diagnosis of far'mer land preparation 
practices and research on fertilizer technology. Next, the research method
ology is reviewed. Analysis of differ-mnt land p.re)aration practices used by 
farmers follows, and :I model of far nets' decision-making in the choice of 
tillage techniques is presented. In c(mclusion, some implications for research 
on farmer fertilizer use practices and the design and evaluation of field trials 
are discussed. 

FARMER LAND PREPARATION PRACTICES AND FERTILIZER TECHNOLOGY 
RESEARCIH 

Changes in the use of fertilizer technology recommended to farmers can 
have repercus:;ions for an entire system of production activities. Hence, 
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Fig 1. Systcrn of factors proceeding farmers' df-cision to use fertilizer on a crop. 

farmer decisions about whether to uise' fertilizer and how to apply fertilizer 
are a subset of several interrelated management decisions. 

Fig. 1 illuIstrateS ho0W a set of practices, which are fai mer "'treatments" 

or factors the farmer can manipulate (e.g. chioice of variety, tillage, weedings), 

aire associated with a dIecisio~n to use fertilizer. For simp~licity, Fig. 1 is re

stricted to practices precedling a fertilizer applilcation, although subseqluent 
practices may also feed back into this decision aind can set parameters influ

encing fertilizer use. PrPctices associated with production of a particular 

crop) are interrelated in numerous ways. First, the small farmer hias to make 
decisions inl the allocation of a more or less fixed amiount of resources amiong 
Various inputs. Second, activities aire related over time as for example, tillage 

technique mlay set certainl)parameters for 'weeding or fertilizer application. 
Third, p~ractices are also dependent upon factors in the physical and social 

environment, showvn as exogenous in Fig. 1. Factors which may not directly 

constrain fertilizer use may nonetheless determine other p~ractices included 

in the system of production activities, and thus indirectly affect how farmers 

utilize fertilizer technology. For example, tie availability and cost of the 

extra labor input rehred to conrol feridcometition stimulated by fertil
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ization will affect profitability of using fertilizer and its acceptability to 

farmers. In this instance a labor constraint may indirectly affect fertilizer 

use via weed control practices. 
Farmer land preparati-n l)ractices are management factors which may 

nee(l to be considered among the design criteria for testing fertilizer tech

nology in field conditions in three major respects. 

First, the expierimental testing of )hos)hate fertilizer technology in the 

IFI)C/CIAT Plhoslhorus Pr)j(,ect includes evaluation of varihus alp)licaion 

methods which vary the )lacMnemient of phosphorus and soil fertilizer contact, 
associated with the rate of P)fixation (l,6on and Fenster, 1979). Farmers' 

land i)rel)aration techniques -.1e liot, always re'adily oml)atible with al1 of 

these experimental fertilizer application methods. For example, farn-ers vio 

plant in iqolat(,d hills prepared manually in an Unl)loughed field, leaving un

tilled soil between planting hills, woulI lined to adjust land preparation 

techniques as well as fertilizer application methods in order to adopt l)road

cast and incorporation methods of applying rock p~hos)hate fertilizer. 

The practice of such manual tillage techniques, which can influele tH 

fertilizer applications farmer adopt, alpplears to he wi(esfrea(d in traditional 

Colombian agriculture. The available census estimates report 6,.4% of all 

farms in Colombia and 58%. of farms in Cauca delpartment without animnal 

or mechanical power ()ANE, 1975). A more recent survey of cassava farms 

shows 95% of farmers in the ,.one including CaUca using non-mechanical 

land preparation techniques (l)iaz and Anderson, 1977). The majority of 

these farmers prepare the land without ploughing (Diaz, personal conimuni

cation, 1980). This survey also shows reliance on non-mechanical land pre

paratoion practices occurring primarily among farms of less than 10 ha, but 

it. is not restricted to such small farms: 37% of farms over 10 ha also utilized 

primarily manual land preparation (Diaz and Anderson, 1977). 

Table I shows several other cultivation systems used by small farms in 

Cauca department which entail manual tillage. In sugar cane (panela) for 

TABLE I 

Land preparation methods of snall farms'; Caoc a department, Colombl0ia 

Cultivation system Number of Area Manual Plough 
farms (ha) tillage (oxen) 
interviewed 

Sugar cane 766 1589 + + 
Maize--cassava in'ercrop 832 290 + + 
Maize--sugar cane intercrop .110 141 + + 
Maize 629 452 +
 
Cassava 371 1,11 + +
 

Cassava--beans intercrop 76 38 +
 

"Area ,4 20 ha, with ;, 70% of income derived from agriculture. 
Source: ICA (1978). 
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example, only furrows are worked manually in an otherwise untilled field. 
Maize, beans and cassava are planted in isolated hills or holes, leaving the 
remaining soil! surface unworked. 

Second, land preparation, as an aspect of soil management, influences 
soil fertility and yields, in particular with respect to wind and water erosion 
effects, and the benefits farmers can realize from fertilizer applications. 
With the majority of small farms in Colombia Ic 2ated in Andean hill farm
ing systems, where fields are often )repared on stee) sloper, this considera
tion is of particular importance for designing fertilizer technc!ogy for small 
farmers. 

Third, farmers may choose among alternative land iprel)aration methods 
from empirical observation that these affe'ct planting densities, weed control, 
and ultimately the yields and profits they obtain from a crop. A knowledge 
of how farmers manipulate these relationships can be Valuable in designing 
test conditions for evaluating fertilizer technology in farmer field trials, and 
for an unde-standing of factors influencing yield response in farmer-managed 
test plots. 

METIIODOLOGY 

Diagnostic analysis of farmer practices follows two basic steps: (1) identi
fication of practices, and alternatives among them, that farmers implement; 
(2) identification of criteria actually utilized in farmer choices among prac
tices, which discriminate empirically among users and non-users of a particu
lar practice. The use of decision trees or flow charts to model tlii.i decision 
process follows the methodology developed by Gladwin (1976).

In brief, a basic assuml)tion of the decision model is that decision-makers 
employ simplifying procedures based on decision criteria that are discrete. 
A set of alternatives, ai, can be characterized by the presence or absence of 
a set of discrete aspects, bj. Decision rules can be either: (1) an ordering of 
alternatives on an aspect (e.g., aI b, < a, b , where aibj denotes the value of 
alternative ai on aspect bj); or (2) constraints or minimum requirements that 
an alternative has to satisfy in order to be selected (e.g., aibj > cbj denotes 
the value of alternative ai on aspect bj, and cbj is a minimum value on aspect 
bj). h'letheory assumes that a continuous aspect, such as cost, is categorized 
by decision-makers to simplify decisions, such that it defines a discrete crite
rion on which alternatives are erdered (e.g. cost a, < cost a 2 ) or a constraint 
(e.g. cost a, < $500). Discrete aspects are ranked in order of preference or 
utility; alternatives are then ranked and eliminated by ordered aspects, and 
must pass constraints in order to be chosen (for elaboration see Gladwin, 
1980). The decision tree or flow chart is a sequence of discrete criteria, each 
of which must be passed with a yes/no response on a questionnaire, and 
which predicts a particular decision outcome. 

One objective in the present al)plication of this methodology is to identify 
those agro-socioeconomic factors, from the range of possible factors such as 



336 

those in Fig. 1, which actually operate as constraints in the decision process. 
The methodology is utilized for relatively small-scale, low-cost and rapid 
infornmation gathering to develop hypotheses for subsequent testing with 
farm survey data. Hence, data were obtained from interviews and observation 
of l)rOdlction activities with a small stub-sanple of inflormants selected from 
a village settlement in C(auca delpartment. The interviews covered one plot 
recently tprepared for cassava planting, so that each ol)sevivatiol represents 
a dlecision| ab(out land j)rel)aratio|i. The decision m(;del (,levelo)ed from these 
data was then applied to predict the choice of land preparation method with 
interviews on a second sample of recently I)rl)pared lots. 

FAIM ElR I)ECISI()N C'IlTli1VIA FOR LANI) PREPARATION IN CASSAVA 
PRODUCTION 

Agriculture in the study site is practiced on the slopes of the eastern and 
central Andean rallges at an altitude from 1500 to 1800 in above sea-level 
in a region where slopes tverage .10';, and an estimated 60T4 of the land area 
is in slopes > 25; (FEIEAE, 1978). 

Soils fornied from igneous rotk materials and infl'lced by thin deposits 
of volcan c ash, are generally deep and well drained with an A horizon high 
in organic matter. In some areas soil erosion is nlarked in that surface depo
sits of volcanic ash have disa peared, leaving exI)osed a B horizon of red 
basaltic clay. Land for cassava I)roduction is prepiared primarily on slopes 
between 25 and 50'(, whi!e smaller slopes are allocated to coffee production, 
and valley bottonis to sugar cane. Tillage operations for cassava involve 
either manual tillage with plick and spade; or i)oughig with ox-drawn 
ploughs of a type with reversible steel blade; tractor-power is seldom utilized. 

An important feature of cassava production in Cauca is the rotation of 
2 to 41successive plantings with a 2-5 year fallow of weeds or natural pasture. 
A rotation with fallow is a characteristic of traditional farming practices for 

TABLE II 

Land use, and successive plantings on cassava plots, Cauca department, Colombia 

Whole farm (n= 25) 	 Cassava plots (01 = 64) 

Land use 	 Area Number of successive Number of plots 
(%) plantings (%) 

Coffee 17 1 47 
Cassava 28 2 30 
Other crops 9 3 19 
Fallow 46 ,1-, 4 

Total 100 Total 	 100 
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a number of other crops in this and other regions of Colombia (DANE, 1975; 
Dussan, 1977; Garst, 1977; ICA, 1978). Plot history, that is fallow or culti
vated status of plots prior to planting, has several ramifications for land pre
paration in the study area. Table II shows the proportion of area cultivated 
and in fallow, and the number ot successive plantings on 64 cassava plots 
for a sample of 25 farms iu the Yosearch site. 46% of the land is in fallow, 
and slightly less than half of the plots prepared for cassava planting involved 
bringing fallow land into cultivation; 4,7% of plots were planted for the first 
time. 

Farmers were interviewed about the differences among soils on their 
farms to elicit characteristics they use to classify soils. The categories identi
fied were incorporated in subsequent interviews in which farmers described 
soil conditions of a plot before it was prepared for cassava planting. Tables 
III and IV show the interrelationships between several of these classificatory 
terms and between plot history, soil structure and land preparation methods. 
As these figures show, there is a systematic and statistically significant rela
tionship between plot history, farmer evaluations of :oil characteristics and 
the choice of tillage technique. 

TABLE 111 

Soil characteristics and history of cassava plots (n = 14) 

Soil characteristic 	 Previously fallow Previously cul!ivated 

(%) (%) 

Structure a 	 Loose 43 100 
Compact 57 0 

Fertility" 	 Fertile 100 43 
Infertile 0 57 

OFisher's exact probability test significant P ;o 0.05. 

TABLE IV 

Soil characteristics, plot history and tillage system of cassava 

Tillage system" 	 Previously fallow Previously cultivated 

Loose Compi:ct Loose Compact
(%) (%) (%) (%) 

Manual 0 lo. 28 0 
Oxen 100 0 72 0 

Total 	 100 100 100 0 

aFisher's exact probability test significant P ;) 0.05. 
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In order to analyze the decision-making criteria utilized in the association 

between plot history, soil evaluations and choice of tillage technique, obser

vation of land preparation and interviews were conducted to identify differ

ences among alternative tillage practices. A brief description of each alterna

tive follows. 

(1) Manual tillage 

The soil surface is worked in only small patches of about 40-60 cm by 

70-100 cin and spaced 40 cm apart in the field. These broken furrows are 

worked with the pica or pick from the top of the field downwards and 

aligned in rows following the slope (Figs. 2 and 3). Two or three cassava 

stakes are planted in each patch. Cultivated patches will usually be replanted 

a second time after harvest of the first crop. 

Fig. 2. Manual tillage with the pica or pick. 
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Fig. 3. Field Lfter completion of manual tillage. 

(2) Ploughinlg wvith oxen 

Oil a fallow plot a tealn Of two oxe1 plloughs the entire field following 
the contour, with furrows alpproxiniatily 15-20 cm wide and 10-20 ell, 
deep. After the entire field Ires been worked one in this fashion, furrows 
spaced 1 im apart are made with the plIough for planting the cassava stakes. 
After harvest of tile first cassava crop, only this second furrowing may be 
performed to prepare for tile Subsequent planting. 

(3) Plou~ghingwith tractor 

As with ox ploughing, tractor l)loughing follows tile Contours and tile 
entire surface of tile field is worked. Furrows spaced I ni apart are made 
for planting, as above, and this operation is usually performed with the 
ox plough after the tractor ploughing has been completed. 

A farmer's decision to use one of these three options involves conlsidera
tion of several aspects, which are used in the decision-making model to 
define the rules of choice among alternatives. 
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ASPECTS OF TilE CHOICE, AMONG TILLAGE METhiODS 

(1) Size, slope and accessibilityof plots 

Farmers' decision-making anong the three alternative tillage methods 

consides constraints that alternatives must pass in order to be feasible. 
the slope

can eliminate ploughing by tractor are: 
'Three constraints which 

,ze of the plot.:.road; and 
of the plot; access to the plot from 


One reason for preparing land manually is when farmers estimate that
 

that ploughing will he slow and therefore costly. A
 
the slope is so steel 


small plot, aplroiiiat'ly less than 0.3 ha, does not warrant the effort of
 

to visit the p)lot. Typically, a farmer will 
arranging for a contractor of oxen 

a small plot but will prepare it manually with family 
not hother to plough 

farmer in ;)village owns a tractor, hiring one illthe 
labor. Moreover, when no 

oxen can be 
market town involves extra coists whereas day labor or 

local 

found locally.
 

manual tillage of course. Given 
None of the above constraints apply to 

remains as an alternative after evaluation of these plot size 
that p~loughing 


m)er of other factors are considere(.

and slope constraints, a 

(2) Field preparation 

Manual tillage or loughing includes considera-
A farmer's decision to Use 

as the actual tillage 
tion of the entire l)rocL(ss of field preparation as well 


reIelielt its differ among tillage tech
operation, since field preparat ioni 

niques particularly for bringing fallow plots into cultivation. I,and in fallow 

years oftell re(luires removal of tree trunks and stoles 
for more than 3--.1 

which imnpede the passIVgi of the plough. For manual tillage tree trunks and 

possible to uproot and 
stones are left in the Field. ()ften trees are judged i 


)loughing.

a factor which can eliminate the choice of 

are 

(3) Labor requirements 
The lahor itensity of ol erations illassava is an important consideration 

for farmers, because of seasonal labor shortages and management prol)lems 

with hired labor during the local coffee harvest, whiich can restrict labor 

availability for cassava. on 
The total labor re(lir'melIs for land Irel)aration de)end partially 

fieid clearance, and whether the plot has been fallow. Most farmers burn 

plot to clear weeds. If fallow land is to he 
off only limite(l areas of a fallow 

Cut with the machete and 
prelared by hand, secondary brush and weeds are 

roots. Iffallow 
only planting holes are carefully cleaned of weed stems and 


more 
labr intensive weeding is required 
land is to be ploughed with oxen, 

to the entire soil surface for the plough to pene
to cut weeds close enough 

trat( the soil. Ploughing with a tractor requires only clearance of tree trunks 

or stones without weeding. 
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There are also differences in labor input to subsequent weedings, associated 

with ploughing and manual tillage. Farmers estimate that weeding after manual 

tillage which leaves areas of weeds rooted in the in the untilled soil, requires 

about 50% more labor per Ila than weeding after ploughing. 

'Fable V summarizes differences in labor input to clearing, tillage and 

weeding operations for the three tillage altrnatives. No data are shown for 

tractor use on previously cultivated fields because no examples of this prac

tice were found in the farm survey. 

TABLE V 

oxen and tractor field clearance, tillageFarmers' estimates of labor days for manual, 

planting of cassava and weeding per ha 

Tillage operation Previously fallow Previously cultivated 

Manual Oxen Tractora Manual Oxen 

Clearing 
Tillage 

6 
19 

8 
8 

3 
5 

13 
17 

5 
6 

Planting 
Weeding 

8 
31 

11 
20 

11 
20 

S 
25 

9 
20 

Total 6.1 7 39 63 40 

Number of plots 3 3 1 2 5 

aTractor tillage includes ploughing by tractor followed by furrowing of the plant row 

with ox plough. 

In sum, mechanical uloughing is of course least labor intensive. Manual 
labor extensive than ox ploughing: onpreparation of a fallow plot is more 

the average farmers' estimates show that field clearance and manual tillage 

require about 60% more labor days per ha than required for ox ploughing. 

lowever, the time required for ox ploughing also depends on soil structure: 

a compact soil is estimated by farmers to require 50--100% mor2 time to 

plough than a loose soil. This factor is reflected in the ureference for 

manual tillage on compact soils observed earlier (Table IV). 

The speed in land preparation achieved by ploughing reduces labor 
hired on contract with a pricemanagement problems. Oxen or tractors are 

fixed in advance. In peak seasons of labor demand day labor for manual 
topreparation can be unreliable. Far: jers may engage in wage "warfare" 

attract scarce labor from other farms especially when at, operation requires 

speedy execution by several laborers. Labor has to be supervised; and when 

meals are provided, this places an unwelcome burden on the women who 

prepare meals. 
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(4) Availability of hired labor or draft power 

The fourth aspect farmers consider in chosing among possible tilage nvth

ods is trir availability. liltiing a traictor was viewed by inforaants unanli
fOtslsv as the iost t.roulreS,-olne: oftt'ii a farmer may have to visit the 
Nin ist r'y Of Agriculture several times to seCUre a contract; paymllnIIt must 
be made inr advance based ol an estimate of the time I'eulire'ed , bUt over
estimates are niot. refulnded. 

Although only a few wmalthirr farmers own oxenl, con tracts to hire ox 

teims are more readily ',rr'a'gd than is the case for tractor hire. Ox team 

owners estimate the cost of i)hLIrghirg alld settle a contract ill advalnCe. 

AlthoiughIthe scarcity of rOx tranis means the contract may have to be ar

rarigeud fron 7--- 15 days ill advarcr, it is reliable. 

In contrast, farmers can havr diffircult,, irr hiring labor. Seasonal outigr;r

tion of local labor to higher-wage c()ffe producing regions causes a shortage 

of Iired labor during the rofflee harvest s. At other seasons of the year, labor 

may be hir(ed more readily - and at shorter notice -- for manual lnd I)rIl)ara 

tioni than for ploughling. 

(5) Cajpitrl rrquirementstrrd profitability 

lss labor iritrmrsivr' than tillgr, loughiig can 

more 'capital.'l'dThbl V I presents av'vrage costs frr' land preparation, planting 

and weeding olpr'atiorrs asociatrd with each tillag. Ltechniquet,. As these 

figurrrs ilIlustrate, for' j)r'r'parilig fallow plo)rts ox l)lrhghing r'cquires a hirlher 

Cash o(itl\'. On lr('vioursly ctiltivated plots, greater' speed of field prepar'atiorn 

arid pIlorgliiniv virtually eliminates this diffelice. 

Although h rrannual r'eruire 

TABLE VI 

Farrmiers' estimates of costs of land preparation, planLting of cassava and weeding for
 

different tillage m2thods, per ha (Colomrbian pesos)'
 

Operation Previously fallow plots Cultivated plots 

Manual Oxen Tractor Manual Oxen 

--- 1560 720 

tillage b 2280 .t560 .4050 20,10 3300

Clearing and 

Plarnting 960 1320 1320 960 1080 
Weeding 3720 2.100 2-100 3000 2.100 

Total 76SO 8280 7770 7560 6780 

Number of plots 3 3 1 2 5 

l00 Col. pesos erpual about US $2.00; I man day valued at 120 pesos; I oxteam day
 
at .150 pesos; 1 tractor hour ar 300 peos.
 
bVlien performed and paid for as separate operations, separate figures are shown. 
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Since field clearance is often performed for ploughing b the contractor 
Who Supplies the oxen, the cash outlay for ox pfloughing is inore lumpy,
while for manual preparation cash outlay can be spread over time in smaller 
units. This (an be anIadvantage of manual land prelaration for small farmers 
with cash flow constraints. 

Farmers calculate the profitability of ploughing vs. manual preparation 
on the basis of costs of field clearance and tillage, expected weeding e'osts 
and yields. Farners estilate that on "fertile" plots (associated with previous
fallow) ploughing can result in anI increment of approximately 30','c in yield 
over manual preparatioln, for several seasons. First, the soil is more thorough
ly worked by ploughing which is percived as advantageous for rapid growth
of cassava tubers. Second, planting density is higher in ploughed furrows 
than when confined to small holes. Third, weed control is improved by 
ploughing. 

Reported cassava yields averaged 25% higher for plots ploughed by oxen 
than those reported for manually premared plots. Although there are too 
many unmeasured variables which affect yields for a comparison of this 
nature to be more than suggestive, these data substantiate farmers' expec
tations of an association between lugher yields and )loughing. ilence 
farmers universally evaluated ploughing as more profitable than manual 
tillage. 

DECISION MO)EIL 

THe lreceedling section has discussed several aspects on which farmers 
evaluate alternL tive tillage methods. These vere listed as a series of questions 
;In an interview .o identify those decision criteria which distinguish users of 
a particu ,,. This decision model was subsetillage method from n1on-usCrs. 
quently tested for a second :,anil)le of recently prepared plots.

The results are shown in flow-chart form in Fig. 4. All respondents ranked 
tractor or oxen as more profitable than manual preparation; and tractor, 
followed by oxen as less labor intensive. These criteria do not discriminate 
users and non-users of ploughing vs. manual tillage but are aspects for order
ing alternative tillage methods. Ranked in order of preference on the profit
ability and labor intensity aspects, the alternatives tractor and then oxen 
pass through the constraints shown in Fig. 4 which determine whether either
is eliminated and manual tillage is performed. 

Of a total of 47% of farmers who prel)ared ploL manually, 28% did so as 
a result of field preparation, steepness of slope or plot size constraints. Capi
tal and labor constraints accounted for manual preparation of 19% of plots.
The distribution among tillage teclhnques of recently prepared plots sur
veyed for testing the decision model corresponds quite closely to that for 
all plots included in a separate sample of farms (Tablle VII). As farm size 
decreases, the percentage of plots l)repared manually increases, while average 
plot size decreases significantly. These figures confirm that constraints lead
ing to use of manual tillage are most likely to occur on small farms. 
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Fig. 4. Flow chart of farmers' decision to use manual, ox plough or tractor tillage (49 
plots). Percent of cases at each decision outcome shown in parentheses. 



TABLE VII 

Distribution of tillage methods on cassava plots for three farm size ranges, Cauca 
department, Colombia (n = 184) 

Farm size 
(ha) 

Tillage Method 

Manual 
(%) 

Oxen 
(%) 

Tractor 
(%) 

Mean plot sze 
(ha) 

__ 

>10 35 62 3 1.32* 
5-10 54 46 0 0.67 

<5 49 51 0 0.45* 

All plots 45 54 1 0.85 

*t test significant at P > 0.01. 

IMPLICATIONS FOR FERTILIZER TECIINOLOGY RESEARCH 

Farmers' decision-making shows the importance of recognizing farmers' 
fertilizer use practices as part of an integrated system of management prac
tices, in which tillage requirements can be a potntial limiting factor in the 
capacity of fixmers to adept required application methods effectively. Re
search which identifies such constraints faced by farmers can alert researchers 
to limiting factors not previously considered in experimental design, and can 
help to orient agronomic and economic evaluation to specific constraints 
which characterize a particular group of potential users. 

The atcision model shows that farmers' choice of manual tillage is a 
respoiise to relatively fixed constraints: slope, size and access of plots, 
limited access to draft power, and capital scarcity. These findings have two 
major implications for evaluation of fertilizer technology. It may be difficult 
for farmers faced with the above constraints to adopt fertilizer application 
methods, such as broadcast and incorporation of rock phosphrate, which 
requires full field tillage. These difficulties Ere more likely to appear on small 
farm units. 

Hence, possible methods for combining phosphorus incorporation with 
manual tillage, although these methods may be agronomically less than opti
mal, should be included in experimental testing. 

A second implication is that economic analysis of the profitability of a 
fertilizer recommendation requiring full field tillage will need to include 
the possible additional costs of changing from manual tillage to ploughing, 
and any changes in costs of weeding, in addition to costs of fertilizer. These 
factors may alter the profitability of a recommendation for certain groups 
of farmers normally practicing manual tillage. If it can be demonstrated 
that fertilizer application technology requiring full field tillage is more 
profitable than traditional alternatives, taking into account all the additional 
costs, the possibilities of adoption of the recommendation will be enhanced. 
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CONCLUSIONS 

Small-scale diagnostic research on farmers' decision-making about tillage
practices can provide information towards the design and evaluation of
 
experimental 
research on fertilizer application methods. 

Farmers' decision-making shows that tillage and weed control variables 
need to be evaluated to arrive at reconmendations for fertilizer manage
ment which are compatible with farmers' circumstances.
 

The integration of diagnostic research on 
farmers' practices such as illus
trated in this paper, into the l)anning of experimental design and evaluation 
can maximize the likelihood of recommendations which are compatible
with farmer circumstances, and thereby increase the probabilities of effec
tive adoption by farmers. 
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ABS'rRjkCT 

Steinhardt, R., Van der Ploeg, R.I. and Ehlers, W., 1982. Comptiring forms and
 
solutions of the single root soil water extraction model. Soil Tillage Res., 2:
 
3,17-357. 

Different forms and solutions of the single root model (SRM) arise from: assumed
 
functional relationships between the radius of the SRM soil cylinder and the rooting

density (Lr); averaging modes of hydraulic coluctivity (K); steady-state or steady-rate
flow ;issumption; and methods of evaluating the root geometry factor (B). SRM forms 
and solutions, in particular B approximations, were evaluated by analytical comparison
and by performance, when incorporated into a water uptake simulation model for oats.
The approximation of I? as a constant, or as an exponential function of rooting density
('), had only a small temporary effect on soil water extraction rates and potentials at 
the soil--root interface. A combination of B' with exponential rooting profile estimation 
is proposed as an optimal SUM form for water uptake analysis. It is shown (in appen
dices) that: (1) assuming SRM steady-state flow to originate on average from the volu
metric middlo of the SIM soil cylinder is nearly equivalent to the assumption of a 
steady-rate flow; and (2) utilizing a geometric mean K for the SRM soil cylinder may 
cause soil water extraction rates to be underestimated. 

INTRODUCTION 

The single root soil water extraction model, the SRM, as developed by
Philip (1957) and Gardner (1960), is l)art of the majority of the water flow 
simulation models of the soil-plant-atmosphere continuum, the SPAC. 

An important aim of tilage is the control of soil water uptake by crops 
through the modification of: (1) soil water characteristics; (2) rooting den
sity; and (3) rooting depth. The influence of factors (1) and (2) on soil 

*Joint contributibn of the Georg-August University, G6ttingen, F.R.G., and the Agri
cultural Research Organization, Bet Dagan, Israel, No. 181-E, 1980 Series. The work was 
supported by the German Association for Scientific Cooperation MINERVA. 
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