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Abstract 

The survival of the small-farm sector in the process of agricultural modernization in Latin America has been a 
concern for many authors and institutions. It is generally believed that the small-farm sector is bypassed in the 
process of agricultural development. The authors analyze modernization of bean; maize cropping systems in 
Southern Colombia. Prices, production practices and profitability are compared for 1975 and 1989. By means of a 
production function, the effects of allocative efficiency, technical efficiency and technical change on productivity and 
profitability are analyzed. The observed changes reflect very well the price trends over the period. Between 1975 and 
1989, total factor productivity increased by 50%. Bean/ maize producers almost doubled returns to land and labor. 
Increased technical efficiency had most effect on profitability, followed by technical change. Allocative efficiency had 
more impact on yields than on profitability because it was associated with high input costs. Considerable 
opportunities for further productivity increases were identified. Conclusions on the nature of the modernization 
process are drawn. Implications for agricultural policy, research and the role of the small farm in agricultural 
development are derived. 

1. Introduction 

Agricultural modernization has received con
siderable attention in Latin America. Most stud
ies find rapid change in the large farm sector, but 
only slow change or stagnation on small farms 
(Pineiro and Trigo, 1983). Many authors con
cluded that agricultural modernization and tech-

* Corresponding author. 
1 Present address: International Service for National Agricul
tural Research (ISNAR), P.O. Box 93375, 2509 AJ The Hague, 
The Netherlands. 

nical change were achieved at the cost of the 
small farm sector (de Janvry, Sadoulet and Wilcox 
Young, 1989; CEDAL, 1983; Grindle, 1986; Gon
zalez C. et al., 1987; Hintermeister, 1985). As 
FAO (1988) indicated: "[with] the emergence of a 
modern sub-sector of large- and medium-size 
farms, progress largely bypassed the numerous 
small peasant farms." 

The equity problems that this would cause 
were widely recognized (de Janvry and Sadoulet, 
1990). Land reform programs were one solution 
(Binswanger and Elgin, 1990), but in Latin Amer
ica land reform often did not have sufficient 
political support to effectively address the equity 

0169-5150j94j$07.00 © 1994 Elsevier Science B.V. All rights reserved 
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problem. Integrated rural development programs 
became widely spread during the 1970s (Zandstra 
et al., 1979) as an alternative, supplying to the 
poor better living conditions and more technical 
assistance, but not more land. 

More recently, modernization is also associ
ated with reduced sustainability (Altieri and 
Hecht, 1990). Genetic erosion, excessive pesticide 
use, soil acidification, salinization and com
paction are often mentioned in the same breath 
with modernization. 

In the debt crisis of the 1980s, the need for 
Latin American agriculture to become more pro
ductive was strongly felt in order to compete in 
world markets and obtain foreign exchange 
(Krueger et al., 1988; Knutsen, 1990). The small
farm sector could potentially be very competitive 
because of its low capital intensity (Pineiro, 1988; 
Janssen and Sanint, 1991); however, its ability to 
modernize was often thought of poorly. 

In this paper we provide evidence on the pro
cess of modernization of small-scale beanjmaize 
production in Colombia from before the debt 
crisis (1975) to roughly its end (1989). Maize and 
even more so beans are traditional peasant crops 
(Crouch and de Janvry, 1980; Lopez Cordovez, 
1982), even though by now most production is 
marketed. 

2. Characteristics of agricultural modernization 

We distinguish three components in the mod
ernization process: (1) Allocative efficiency, which 
concerns movements along the production iso
quant, substituting capital for land or labor or 
(occasionally) vice-versa (Fig. 1, movement A). 
Allocative efficiency is principally driven by 
changing factor or input prices. When inputs be
come cheaper or more readily available, alloca
tive efficiency results in intensification. (2) Tech
nical efficiency which concerns the trial and error 
process of combining inputs and production fac
tors more effectively. Technical efficiency (or 
learning) shifts the average production isoquant 
on which farmers operate more closely to the 
isoquant that represents the production frontier 
(Fig. 1, movement B). (3) Technical change, which 

CAPITAL 

\ 

\ 

LABOR 

Fig. 1. Allocative efficiency, technical efficiency and technical 
change. Production isoquant P0 represents the average pro
duction isoquant on which farmers operate. P 1 represents the 
technically most efficient isoquant (the frontier isoquant). A, 
changing allocative efficiency; B, increased technical effi
ciency; C, technical change. 

concerns the application of previously unknown 
and unavailable production techniques. Technical 
change shifts both the average production iso
quant and the frontier production isoquant closer 
to the origin (Fig. 1, movement C). 

Pineiro and Trigo (1983) conclude that mod
ernization was most effective when farmers' in
terests were guiding the supply of technology 
through a process of social articulation. Po
mareda (1991) mentions social organization as a 
condition for successful change. Social organiza
tion improves farmer access to innovations and 
supports their diffusion. Simultaneously, modern
izing farmers normally become market-dependent 
and more integrated in society's structure. 

Modernization may concern changes in the use 
of inputs forthcoming from the private sector 
(often fertilizer, pesticides, machinery) or changes 
forthcoming from the public sector (often im
proved varieties or crop management). Some au
thors, such as Arnon (1987), suggest that modern
ization takes place more rapidly if a package of 
complementary changes is offered, because the 
package enhances the individual effect of each 
change. Other authors (see Tripp, 1991) argue 
that it is very difficult to design an optimal pack-
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age, because of cash flow considerations, unfore
seen constraints or opportunities, or sensitivity of 
the package results to small changes in produc
tion conditions. They state that farmers evaluate 
possible improvements one by one, though they 
may be adopted stage-wise (Graf et al., 1991). 

3. Methodology 

In 1975, the bean production regions of Huila 
and Narifio, both in South Colombia (Fig. 2), 
were surveyed as part of the process to establish 
a research strategy for the Bean Program of the 
International Center for Tropical Agriculture 
(Spanish acronym: CIAT). In Huila, 60 bean 
farmers were interviewed and in Narifio, 64. 
Farms were visited four times: shortly after plant
ing; before the bean plants were flowering; at pod 
formation; and at the moment of harvest. Most 
farmers were using a maize I bean intercropping 
system. Data were gathered on farm characteris
tics, area planted with beans, yields, varietal use, 
disease and pest incidence, input use, labor re-

Tropic of Cancer 

oo Equator 

Tropic of Capricorn 

quirements, credit, marketing, and production 
costs. Soil and seed samples were taken (Ruiz de 
Londono et al., 1978). 

In 1989, the same regions were surveyed again. 
This time in Huila 79 farmers were interviewed 
and in Narifio 62. Three visits were made: at the 
moment of planting; at pod filling; and at the 
moment of bean harvest. Data were gathered on 
the same subjects as in 1975, with the exception 
of disease and pest incidence. 

Due to the absence of a complete list of bean 
producers that could be used for random sam
pling, a three-stage sampling procedure was used 
on both occasions. First the most important bean 
producing municipalities were selected. Within 
these municipalities, hamlets were chosen at ran
dom. Within each hamlet, five or six farmers were 
randomly approached. When it was impossible to 
complete all the three or four interviews, the 
observation was excluded from the analysis. The 
1989 sampling was done strictly independent of 
the 1975 sample. 

When analyzing the 1989 survey, the individual 
observations of the 1975 study were no longer 

Fig. 2. Location of Huila and Nariiio bean production zones in Colombia. 
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available. The results of the 1975 study presented 
here were obtained from the paper by Ruiz de 
Londono et al. (1978) and from the appendix 
tables that were never published. For 1989, the 
same results as for 1975 were calculated and a 
linear bean production function was estimated. 

The information on prices of inputs, land, la
bor, beans and maize obtained in the question
naire was complemented with data collected by 
the Cauca Valley Corporation (CVC, various 
years). Prices for 1975 and 1989 in Colombian 
pesos were deflated to the December 1985 base 
month and afterwards converted to US dollars at 
the average exchange rate of that month. 

4. Farm characteristics 

In the departments of Huila and Narifio, a 
total of 40 000 ha of beans in 1975 and of 36 000 
ha in 1989 were planted. The 1975 and the 1989 
surveys covered farmers with approximately equal 
land resources and production patterns. Average 
farm size, area in crops and area in beans were 
comparable from one survey to the other. Topo
graphic characteristics of farms were virtually the 
same (Table 1). 

The average farm size was 18 ha in both sur
veys, which is slightly on the large side for peas
ant farms. In 1989, 30% of the land was cropped, 
with bean/ maize systems, coffee, plantain, sugar, 
vegetables and a very diverse home garden. Cof-

Table 1 
Farm characteristics in bean production surveys, 1975 and 
1989, Huila and Nariiio, Colombia 

Farm characteristics 1975 1989 

Farm size (ha) 19 17 
Area in crops (ha) 5.0 5.1 
Area in beans (ha) 3.0 2.6 
Topography 

Plain-ondulating (%) 30 31 
Mountainous(%) 70 69 

Frequency of bean cropping systems 
Monoculture (%) 21 14 
Beansjmaize (%) 78 83 
Other intercrops (%) 2 4 

Source: CIAT Bean production surveys, 1975 and 1989. 

fee growing became more important after 1975. 
The remainder of the land was in pastures, fallow 
or wood land. Farm size and importance of pas
tures and fallow land were strongly biased by the 
presence in both surveys of a few large farms. For 
the 1989 survey, taking out six farms would re
duce farm size with 50%. Since these farms used 
the same production methods as the rest, we 
decided to leave them in the analysis. 

Bean production in both departments was a 
commercial activity. By 1975, already more than 
90% of total production was marketed. Between 
1975 and 1989 the importance of bean monocrop
ping decreased. More frequently than before 
beans were planted in intercrops with maize. 

5. Prices and production practices 

Prices and scarcity 
The prices that producers in Huila and Narifio 

were facing, changed drastically between 1975 
and 1989. Day wages increased by 12%, and land 
rents by 65%. Real agricultural interest rates 
(nominal interest rate - inflation rate) were neg
ative in 1975, but positive and rather high in 
1989. The cost of mechanized land preparation 
(excluding labor) fell by 10%, while the cost for 
preparation with oxen was 20% below the 1975 
value. Costs of inputs diminished. The average 
price of a basket of fertilizers in 1989 was only 
50% of that of 1975. Prices of fungicides and 
insecticides were 103% and 88% of the 1975 
prices. Bean prices went up and maize prices 
came down slightly. In 1989, many farmers de
clared that labor was difficult to hire. Credit 
availability improved (Table 2). 

What hypotheses should be derived from the 
price developments? Increasing land rents would 
have put upward pressure on productivity per ha, 
otherwise bean production would have lost out to 
more profitable crops. Increasing day wages and 
the arising labor scarcity would have put pressure 
to increase labor productivity. Relative price 
trends and topography would suggest that animal 
traction grew in importance. Both land and labor 
productivity could be enhanced by input use, 
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especially of fertilizers, Credit use should have 
fallen. Price trends, if any, would suggest that 
beans became more important in the cropping 
system. 

Bean production practices 
In 1975, production costs of the bean; maize 

system consisted of 61% labor costs (Table 3). 
The land rental cost (imputed for owners) and 
the cost of seed were the other important cate
gories (17% and 12% ). The total cost of agro
chemicals (fertilizers, herbicides, insecticides and 
fungicides) was only 1% of total production costs. 
Only one of six farmers applied proper rotations. 
Almost 50% of farmers used credit. 

In 1989, labor remained the most important 
cost component, but now it only counted for 43% 

Table 2 
Prices and scarcity confronting bean producers in Huila and 
Narino, Colombia (US$ of 1985) 1 

Item 1975 1989 %Change 

Prices($) 
Day labor (1 day) 2 2.14 2.40 +12 
Land rent (1 hajyear) 2 70.82 116.73 +65 
Nominal interest rates for 

agricultural loans 4 21% 36% n.a. 
Average inflation rates, 

1974-1976 and 
1988-1990 5 22.4% 28.8% n.a. 

Machinery cost for plowing 
1 ha of land 2 57.06 51.62 -10 

Animal+ equipment cost for 
plowing 1 ha of land 2 10.35 8.30 -20 

Fertilizer (kg) 3•6 0.48 0.24 -50 
Dithane (kg) 3 3.00 3.07 +3 
Malathion (I) 3 4.70 4.12 -12 
Beans (kg) 2 0.62 0.69 +11 
Maize (kg) 2 0.21 0.20 -6 

Scarcity 
Farmers agreeing: 

Labor is scarce 2 40% 54% +35 
Credit is scarce 2 21% 9% -57 

1 US$1.00 = 172.20 Colombian pesos in December 1985. 
Sources: 
2 CIAT Bean production surveys, 1975 and 1989. 
3 eve, various years. 
4 Fondo Financiero Agropecuario, Bogota. 
5 DANE (Departamento Administrativo Nacional de 
Estadfstica), Bogota. 
6 Average of urea, KCl, 10-30-10, 10-20-20 and triple super 
phosphate. 

of production costs. Land cost increased, absorb
ing 25% of production costs. The share of seed in 
total costs stayed the same (12%). Cost of fertiliz
ers, herbicides, insecticides and fungicides 
climbed from 1% to 10%. The use of rotations 
doubled. Credit use diminished to one-third of 
the sample. 

Between 1975 and 1989, the number of labor 
days per ha fell by one-third. Mechanization and 
herbicide use helped to reduce the time for land 
preparation. Oxen plowing increased, but tractor 
use remained the same. Minimum tillage meth
ods began to be used. Other labor savings were 
obtained by better crop management. Planting 
took on average 16 labor days per ha in 1975 and 
9 labor days in 1989. Harvesting took 37 days in 
1975 and 30 in 1989. More even plant establish
ment reduced weed control by 20% (CIAT, 1991). 

Lower labor cost paid for increased input costs. 
Fertilizer use increased roughly 34 times, use of 
insecticides and fungicides roughly 4 times. Her
bicides were not used at all in 1975. In 1989, only 
7% of farmers applied them. 

Changes in production practices reflected price 
developments over the period. Input use in
creased, labor use decreased, and oxen became 
more important. Though cash expenditures (on 
inputs and mechanization) increased, the share of 
farmers that used credit was lower than before. 
The increased use of rotations cannot be related 
to price changes but resembles increased techni
cal efficiency. 

Varietal and seed management 
In 1975, 16 varieties were identified in the 

study region (Table 4). Six of them were red-mot
tled varieties, the most important market class in 
Southern Colombia. The red-mottled varieties 
made up two-thirds of planting material. On the 
average farmers planted 1.8 varieties. Improved 
varieties represented 51% of the seed and were 
released by ICA, the national agricultural re
search organization. 

Between 1975 and 1989, ICA did not release 
new varieties for the region. The share of the 
improved varieties fell to 40%. Three varieties 
disappeared from the region and twelve new ones 
were introduced. In 1989 farmers planted close to 
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Table 3 
Average bean production costs, Huila and Narifio, Colombia in US$ (1985) per ha 

Cost item 1975 1989 

Average costs 1 % Production %Farmers Average costs 1 % Production %Farmers 
costs costs 

Oxen land preparation 2 2.17 0.5 21 3.10 0.7 38 
Mechanized land 

preparation 2 12.56 3.1 22 10.86 2.3 21 
Inputs 
- Herbicides 0 0 0 1.13 0.2 7 
- Seed 49.37 12.0 100 56.81 12.1 100 
- Fertilizers 2.32 0.6 10 39.55 8.5 77 
- Insecticides 1.48 0.4 15 3.90 0.8 57 
- Fungicides 0.85 0.2 3 3.80 0.8 57 
- Other inputs 3 19.63 4.8 100 32.35 6.9 100 
Labor 252.17 61.3 100 199.58 42.7 100 
Credit n.a. 47 n.a. 34 
Land 4 70.82 17.2 100 116.73 25.0 100 
Total 411.38 100.0 467.83 100.0 

n.a., not available. 
1 Averages are calculated for the total sample, not only for users of certain practicejinput. 
2 Only concerns machinery, oxen, equipment and energy. Does not include labor. 
3 Bags. 
4 Land rent value imputed for owners. 
Source: CIAT Bean production surveys, 1975 and 1989. 

2.5 varieties each, a 30% increase over 1975. The 
proportion of the red-mottled varieties in the 
seed stock stayed the same. 

Table 4 
Varietal and seed management in 1975 and 1989, Huila and 
Narifio, Colombia 

Management item 1975 1989 

Varietal management 
Total number of varieties identified 16 25 
Number of red-mottled varieties 6 9 
Number of varieties per farm 1.82 2.44 
% Seed of red mottled varieties 63 66 
% seed of improved varieties 1 51 40 
Varietal disappearances 75-89 3 
New varieties 12 

Seed management 
Seed selection(%) 72 87 
Seed treatment(%) 0 57 
Seed establishment rate 

(% of seed planted) 59 82 
Seed density at planting 

( 1000 seeds per ha) 262 272 

1 All improved varieties were released before 1975. 
Source: Bean production surveys, 1975-1989. 

Contrary to the hypothesis that modernization 
leads to genetic erosion, farmers increased their 
gene pool. Similar trends have been observed in 
Peru (Ruiz de Londono and Janssen, 1990). The 
farmers' search for new varieties was not sup
ported by the agricultural research system. New 
improved varieties did not become available. 

Seed density at planting went up 4%. Seed 
selection before planting increased somewhat, but 
from a high initial value. Also, row planting in
creased, from 65% to 93%. Maize seed density 
fell from 21 000 to 19 500 plants per ha. 

In 1975, none of the farmers treated seed with 
protective chemicals, whereas in 1989 this prac
tice was common for over half of the sample. The 
seed treatments increased considerably the rate 
of seed establishment. In 1975 the average seed 
establishment was 59%. In 1989, among the farm
ers that did not treat seed it was 66% and among 
the others it was 91%, for an average of 82%. 
Seed treatment is an example of innovative tech
nical change. It was unknown in the region in 
1975 but had diffused widely in 1989. Its costs are 
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below US$1.20 1 ha and its absence in 1975 was 
not caused by its costs. 

As a result of the changes in plant density, the 
improved selection and planting methods and the 
introduction of the chemical seed treatment, the 
established plant density rose from 155 000 to 
223 000 plants. Of the total increase of 68 000 
plants, 8200 plants were due to increased plant
ing density, 19 000 were due to improved selec
tion and planting methods and 40 800 plants were 
due to chemical treatment. 

6. Profitability and productivity in 1975 and 1989 

Productivity and profitability comparisons de
pend on the yields obtained in the years of analy
sis. There is a risk in comparing yield levels 
across years, since they can be affected by cli
matic conditions. In 1975, estimated losses due to 
climate were small, while in 1989 farmers indi
cated that yields were below what they expected. 
The climate favors 1975, the year with the lower 
yields. 

Bean yields in 1989 were substantially higher 
than in 1975, whereas maize yields increased only 
slightly 1 (Table 5). Yields caused gross income 
per ha to increase by 30%, and higher bean 
prices caused an additional increase of 8%. As 
reported in Table 3, total production costs in
creased by 14%. Nevertheless, costs increased 
less than benefits and net income per ha in
creased by 112%. Returns to land almost doubled 
and returns to labor went up 80%. For family 
farms, where the cost of land is often not consid
ered, returns to labor would have surpassed US$7 
per day. 

At the same moment the structure of produc
tion costs changed strongly. In accordance with 
the observed price trends, labor was replaced by 
inputs, such as fertilizer, and by oxen land prepa-

1 Yield statistics by the Ministry of Agriculture show a 20% 
bean yield increase in Huila and stagnant yields in Narifio. 
These data are not very reliable, as recognized by most 
agricultural economists and by the Ministry itself. We trust 
the surveys provided more reliable data. 

Table 5 
Yield and profitability parameters of bean production sys-
terns, Huila and Narifio, Colombia 

Parameter 1975 1989 %Change 

Yields (kgjha) 
Beans 575 820 42.6 
Maize 900 940 4.4 

Gross income (Col. $jha) 1 545.44 752.26 37.9 
Costs 

Inputs 88.39 151.52 71.4 
Labor 252.17 199.58 79.1 
Land 70.82 116.73 64.8 

Net income per ha 134.07 284.44 112.1 
Return per ha 2 204.88 401.17 95.8 
Return per labor day 3 3.27 5.70 74.2 
Return per labor day 4 3.87 7.07 82.5 

1 US$1.00 = 172.20 Colombian pesos in December 1985. 
2 Assuming zero cost for land. 
3 Assuming zero cost for labor. 
4 Assuming zero cost for labor and land. 

ration. To understand productivity changes inde
pendent from price changes, total factor produc
tivity (TFP) was calculated. To calculate TFP, 
non-factor costs were subtracted from the gross 
income per ha, and the resulting figure was di
vided by total factor costs (Griliches, 1988). In 
1975 prices, TFP was 1.42 in 1975 and 2.13 in 
1989, for an increase of 50%. In 1989 prices, TFP 
was 1.19 and 1.87 in 1989, for an increase of 57%. 
The average increase of TFP was 54%. At chang
ing prices between 1975 and 1989, TFP increased 
from 1.42 to 1.87, by only 32%. Growth in TFP 
was thus partly absorbed by price changes. Higher 
bean prices and lower fertilizer prices could not 
fully compensate for higher land rent and in
creased day wages. 

7. Input and management sensitivity of bean 
production 

What part of the productivity improvement 
was due to technical change, increased allocative 
efficiency or increased technical efficiency? The 
1989 data were used to estimate the effect of 
changing production practices on yields. We as
sumed that input use and sanitary control were 
directed at beans (the dominating crop in the 
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system) and we did not estimate the effect on 
maize yields. The following equation was esti
mated with OLS: 

YIELD = 401.2 + 0.00153 * BEANPLANTS 

( 4.98) (7.70) 

- 0.0145 * MAIZPLANTS + 310.8 *ROTATION 

( -5.94) (7.36) 

+ 0.01709 * SANCON + 0.01075 * FERTAP 

(2.47) 

+ 6.2 * NARINO 

(0.16) 

( 4.70) 

R 2 = 0.79 

F= 100.9 

where YIELD is bean yield in kgj ha; BEANPLANTS 

is established bean plants per ha; MAIZPLANTS is 
established maize plants per ha; ROTATION is a 
dummy variable: 1 if plot was not planted with 
beans in the previous crop cycle; SANCON is cost 
of sanitary field control (Col. pesos/ ha); FER TAP 

is cost of fertilizer applications (Col. pesos 1 ha); 
NARINO is a dummy variable: 1 if plot located in 
Nariiio; and t-values are shown in parentheses. 

Bean yields depend positively on bean plant 
density, rotation practices, fertilizer use and 

Table 6 

chemical control, and negatively on maize plant 
density. Yield levels in Nariiio and Huila were 
very comparable. Since soil quality and climatic 
differences were not included in the estimation 
because of measurement problems, we consider 
the R2 to be very satisfactory. More sophisticated 
forms of the production function with quadratic 
components for plant density, cost of sanitary 
control and cost of fertilizer application, and with 
interactions between fertilization and rotation or 
bean plant density, did not improve the quality of 
the estimation. 

The production function allows us to dissect 
the yield increase in the three components of 
allocative efficiency, technical efficiency and 
technical change. Regarding allocative efficiency, 
four changes can be distinguished: increased bean 
seed density at planting, reduced maize plant 
density, increased costs for sanitary control, and 
for fertilizer use. The bean plant density increase 
of 8200 plants contributed 12.5 kg/ ha. The maize 
density reduction of 1500 plants allowed bean 
yields to grow by 21.5 kgjha. US$5.60 was spent 
additionally on sanitary control and led to a yield 
increase of 16.5 kgjha. Cost of fertilizer applica
tion increased by US$37 I ha, leading to a yield 

Effect of productivity changes on profitability, Huila and Narifio, Colombia 

Productivity component Prices % Contribution Prices % Contribution 
of 1975 to increased of 1989 to increased 

profitability profitability 

Allocative efficiency 
Gross income increase 83.11 91.03 
Input costs increase 84.98 45.17 
Labor costs increase 6.39 7.17 

Subtotal allocative efficiency -8.25 -10 38.69 29 

Technical efficiency 
Income increase because of rotation 32.93 36.63 
Income increase because of better seed establishment 18.08 20.11 

Subtotal technical efficiency 51.02 65 56.74 42 

Technical change (seed treatment) 
Gross income increase 38.77 43.12 
Input costs increase 0.56 0.58 
Labor costs increase 2.14 2.40 

Subtotal technical change 36.07 46 40.14 30 

Total profitability increase 78.84 100 135.57 100 



W Janssen, N. Ruiz de Londono 1 Agricultural Economics 10 (1994) 13-25 21 

increase of 69.8 kg/ ha. The total effect of alloca
tive efficiency on bean yields was 120.3 kgj ha. 
We assumed that the maize yield increase of 40 
kg/ ha was also due to allocative efficiency 
(mainly the increased fertilizer use). 

Regarding the technical efficiency, two changes 
can be distinguished: improved planting methods, 
and increased frequency of rotations. Improved 
selection and planting methods helped to in
crease plant establishment with 19 000 plants per 
ha, which led to a yield increase of 29.1 kgjha. 
The fact that 33% of farmers rotated in 1989 as 
opposed to 16% in 1975 increased average yields 
with 52.8 kg/ ha. The total effect of the increased 
technical efficiency was 81.9 kgjha. 

Regarding technical change, the introduction 
of seed treatments increased average bean den
sity by 40 800 plants, for an effect on yields of 
62.4 kgjha. 

The observed bean yield difference was 245 
kgjha instead of the estimated 264.6 kgjha. The 
difference is consistent with the fact that in 1989 
many farmers declared that yield levels were be
low their expectations. 

8. Contributions to increased profitability 

The profitability of the three productivity in
creasing components was calculated by estimating 
the changes in input and labor costs that they 
required (Table 6). At 1975 prices, the changes 
made for reasons of allocative efficiency would 
have negatively affected profitability. In 1989, 
output prices had increased and input prices had 
fallen - the total effect of the changes was posi
tive. The effect of the increased technical effi
ciency would have been highly positive in both 
periods, because there is no obvious cost associ
ated. However, the issue is whether farmers had 
sufficient land and were capable to develop a 
farm production plan that allowed for more rota
tions and improved planting methods. The inno
vative seed treatment would have been highly 
profitable in 1975, but was not known by then. 
The higher bean price raised profitability further 
in 1989. 

The labor cost reduction between 1975 and 
1989 (roughly 35 days/ ha) is more difficult to 
explain. We tried to estimate the effect of labor 
on yields in a Cobb-Douglas production function, 
but its coefficient was not significant. Some of the 
labor cost reductions are associated with the 
changes that we found (e.g., mechanization and 
land preparation, plant establishment and weed
ing) but they would only explain a small part of 
the total reduction (between 6 and 9 days). The 
most feasible explanation for the moment is to 
consider labor cost reduction as increased techni
cal efficiency. Farmers may have reduced ineffi
ciencies forthcoming from the days when alterna
tive employment was scarce, and the relative price 
of labor low (see Table 2). 

In 1989, allocative efficiency contributed 29%, 
technical efficiency 42% and technical change 
30% to the extra profits obtained with the higher 
yields. In 1975, the effect of the changes made for 
reasons of allocative efficiency would have been 
negative. 

What further possibilities exist to increase 
profitability of bean production systems in Huila 
and Nariiio? The previous analysis suggests that 
increased diffusion of seed treatment, row plant
ing and rotations could raise yields further. If 
instead of one-third of farmers half of them would 
rotate, average yields would increase by an addi
tional 54 kgjha. If all farmers used seed treat
ments and row planting, the rate of establishment 
would increase from 82% to 91%, with an effect 
on yields of 38 kgjha. Input use could be in
creased profitably, especially for chemical con
trol. Doubling chemical control (from a low level) 
would raise yields with 16.5 kg. 

Other possibilities, not forthcoming from the 
previous analysis should be explored. For 20 years 
no improved varieties were made available. They 
could be expected to contribute to yields per ha 
of some 200 kg (Janssen and Teixeira, 1992) and 
if 50% of farmers would adopt them, they could 
raise yields in Nariiio and Huila with 100 kgjha. 
Herbicide use was very low. Mechanized weeding 
(with so-called 'weed eaters') and threshing could 
further reduce labor costs. Labor cost reductions 
and yield increases could raise productivity con
siderably above the 1989 level. 



22 W Janssen, N. Ruiz de Londono I Agricultural Economics 10 (1994) 13-25 

9. Impact of research and extension on 
productivity changes 

We attributed the changes in beanjmaize pro
duction practices to research and extension insti
tutions, following recently developed methodolo
gies to measure returns to crop management re
search (Janssen et al., 1991; Traxler and Byerlee, 
1992). For the seed treatments, some experimen
tation was undertaken by CIAT in the late 1970s 
in the Huila department, but without a follow-up 
by the extension service. CIAT may be associated 
with the innovation; however, its diffusion took 
place mainly on account of the farmers them
selves. The extension offices of the Colombian 
government had been promoting row planting 
and minimum tillage systems and we attributed 
the improved planting methods to their efforts. 
Rotations have long been recognized as a benefi
cial practice, but was not subject of specific diffu
sion campaigns and should not be attributed to 
the research and extension system. Increased fer
tilizer and pesticide use was principally due to 
changing input-output price ratios. The articula
tion with farmers of the machinery industry and 
of seed/varietal improvement research was poor. 

Of the 245 kg/ ha average yield increase, 120 
kg was due to changing allocative efficiency. Of 
the remaining 125 kg/ ha, research and extension 
services can be attributed safely the improved 
planting methods (29.1 kgjha) and part of the 
seed treatment (62.4 kgjha in total). If we assign 
50% of the effect of the seed treatment to the 
research and extension services, their total contri
bution to productivity improvements would be 
60.3 kg or US$40.2/ha (Table 6). 

10. Conclusions 

M~ny changes took place in the beanjmaize 
croppmg system of southern Colombia. These 
changes assured that bean/ maize cropping re
mained a viable income alternative to small farm
ers. The process of change had some expected 
facets. Employment per hectare went down, but 

without leading to marginalization of landless 
people. Chemical control increased but not to the 
extent of exerting ecological pressure. Fertilizer 
use increased to modest levels (150 kg/ ha). 

Modernization also had a number of unex
pected sides. Input use increased, but credit use 
fell. Monoculture bean growing lost importance 
to mixed cropping. Instead of genetic erosion, the 
number of varieties increased. The trade-off be
tween sustainability and economic growth did not 
(yet) occur. Zero tillage, rotations and increased 
genetic diversity favored sustainability. Modern
ization and sustainability went hand in hand. 

Components of modernization 
Allocative efficiency had a large effect on yield 

but less on profitability. Technical change had 
more effect un profitability but a smaller effect 
on yields. The foremost contribution to increased 
profitability came from the increased technical 
efficiency (better crop management). 

Farmers made progress by using many techno
logical opportunities to achieve more intensive 
crop systems. Nevertheless, we did not find evi
dence for a package that was finding its way. 
Some farmers intensified their input use, other 
started to use rotations or to treat their seed. 
However, there were no strong interactions be
tween the diffusion of the components (as already 
suggested by the results of the production func
tion estimation procedure). 

Some conclusions should be drawn on how to 
improve the competitiveness of the agricultural 
sector. First of all, technical change contributes 
more than allocative efficiency, which would stress 
the need for technology generation, also when 
domestic prices start to follow world market 
prices. Secondly, input use (fertilizer) was mainly 
decided by the input - output price ratio. Re
search on inputs may help to reduce some techni
cal inefficiencies, but we wonder if its pay-off is 
worthwhile. Thirdly, increased technical effi
ciency should be supported by farmer education 
and information. Education and information 
should not be directed to solving specific prob
lems in specific ways but should improve the 
general management capacity of farmers. 
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Sources of modernization 
The changes observed only partly fit the theory 

of Hayami and Ruttan (1985). Farmers used fer
tilizers to enhance land use and reduced the 
share of labor in production costs. Other ex
pected changes did not take place because the 
technologies were not supplied. Small machinery 
that could help to remove labor shortfalls was 
neither developed nor introduced. Improved vari
eties were not released in the 15 years between 
the two studies, even though the bean grain type 
that these farmers produced dominated the 
Colombian market (Luna and Janssen, 1990). 

Multiplied by the 36 000 ha grown in the two 
departments, the impact of the 60.3 kgj ha yield 
or US$40.2 I ha profit increase that could be at
tributed to research and extension would be 
US$1,447,200 for the year of 1989. We do not 
dispose of cost data for regional research and 
extension in bean; maize production systems, but 
we do not expect that they exceed US$300,000 for 
1989. The 1989 Benefit/ Cost ratio would then be 
close to 5, suggesting that the research and exten
sion investments for improving bean/ maize pro
duction systems were probably quite profitable. 

At the same moment, we should be aware that 
the largest part of yield improvements was due to 
farmer efforts. Crop management research is a 
field where the advantage that the researcher has 
over the farmer is not nearly as big as in genetic 
improvement. Researchers may have more tech
nical and analytical skills, but farmers tend to 
understand their farming system better. The sug
gestion for crop management research and exten
sion would be to work in very close collaboration 
with farmers, not only for diffusing results, but 
also for defining researchable issues. To develop 
such contacts and to make the research and ex
tension process more efficient, some form of 
farmer organization would be useful, as empha
sized by Pomareda (1991). 

Other conclusions 
Linkage effects have received much attention 

in recent years (Pineiro, 1988; Janssen and Sanint, 
1991). Backward linkage effects of peasant agri
culture were initially estimated to be rather small, 
because of limited input use. This led to the 

suggestion that the small farm sector of Latin 
America would not be a good focal point for 
policies that try to create economic growth, be
cause such growth would be restricted to the 
small farm sector only. This study provides evi
dence that small farmers use inputs when price 
ratios permit. In accordance with the conclusions 
of Haggblade and Hazell (1989), this suggests 
that the linkage effects of the small farm sector 
may not be as small as previously thought. Cou
pled to the high multiplier effect of additional 
income in the small farm sector, the effects of a 
growing small farm sector on the rest of the 
economy may be substantial. 

The overall impression created by changes in 
bean/ maize cropping was rather positive and 
optimistic. Small farmers were able, mostly on 
their own, to modernize their production system. 
They doubled their productivity in a 15-year time 
period. The bean; maize growers did better than 
the Colombian economy on the average and were 
not at all bypassed by economic growth. The 
bean/ maize production system was very resilient, 
and it was easy to foresee another doubling of 
labor productivity. 

Why were these farmers successful in 'de
marginalizing' themselves? First of all, they pro
duced for the market and were fully integrated in 
the cash circuit, which facilitated the use of pur
chased inputs. Secondly, they faced a relative 
strong market for beans, as expressed by increas
ing prices and growing per-capita consumption 
(Luna and Janssen, 1990). Thirdly, the infrastruc
ture improved for input availability and trans
portation. Fourthly, agriculture in Colombia was 
favorably influenced by profitable coffee growing, 
which allowed many farmers to invest in other 
activities (Garcia and Montes, 1988). 

The modernization process took place with 
limited financial resources, with a traditional 
peasant crop among small farmers and in a sus
tainable manner. This study would suggest that 
even without turning to high value vegetable crops 
or fruits, many small farmers in Latin America 
can join the group of capital-efficient en
trepreneurs that the continent requires for suc
cessful economic growth and development in the 
1990s. 
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