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TG OF T OGY WfTH SMUL FAR 

I.. Introduction 

Development and diffusion of new technology -ims usually through a series 
of stages, like problem identification, controlled eperiments, on-fam trlsi 
pilot production progra , and firally large scale diffusion (2,7,11). The on
farm trials play an important role in this process, because there it must be 
proved whether the technology packages are adapted to the prevailing conditions 
of the target group. 

TNo packages with maize and beans in association and maize as a sole croF 
(where hunidity was too high for beans) wrare tested in collaboration with 
farmers in the highlands of Jinotega, Nicaragua. The purpose of this paper is 
to report on the approach used and the results achieved during the first crop
ping cycle. 

2. Characteristics of work areas and farms 

Within the Departmnt of Jinotfga, trre roking areas were selected whic 
differ greatly in climte and altitr'_a (see Table 1). -Wauing systens are hily 
diversIbied and adapted to their mological ewi-oirants. Maize, beans, and tb 
some degree, sorghum are the vrir-Inilial stable crops and are produc:ed mainly fo 
subsistence. Coffee and vegetables the lasthave gained in importance during 
decades and are the predominant cash crms of the wall farn!- in the study 
areas. Yields of grains and coffee are rather la ompared to other areas of 
Central America or to expernmental remlts within the Jinobtga region. Low 
yields and drastic price increases for agricultur-l inputs during the last years 
resulted in low net. farm inocmes (see Table 1). 

3. AProach and technical packqes teste 

The testing phase was preceded 1y an area description with epthasis on the 
phisico-biological and socio-ecnic conditions. This information and results 
from experiments from the working area or slmilat" areas were used to elaborate 
the technical packages to be tested. They were then discussed in meetings with 
the collaborating farmers and adapted when necessary These discussions had a 
stinmlating effect and motivated the farmers to collaborate actively throughouj 
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the cropping cycle.
 
The paxticipatirag faun 
won mmuts of the grow ueleftad :Er tho 

which was condtted simultaneously with the on-farm triala. Obnse
queitl,diectcx iari between tralitional and re=&IVmJ]edU teclnaology was 

possib e. 
Field assistants helped in the establishment of the plets (1000 m2 each 

for inproved and traditional technology) and visited the fields weekly together 
with the farmers. All activities, however, were carried out by the farmers 
themselves. The recctnended technologies tested included a maize-beans (en SV.6) 
and a maize package (in Sisle and Los Robles) with imprcmed varieties, increastx 
plant densities, application of fertilizer, and insecr ... trol. 

Table I: Characteristics of fans and their envixonawnts in three 
areas of Jinotega. Nicaragu 

A R E A S 

SM LOS6 M SISLE 

Annual precipitation (im) 850 1.500 1.800 
Altitude () 700-1000 1000-1150 1000-1500
 
Farm sizes (ha) 5°4 8.4 
Thereof: annual crops z.2 0o9 2.2 

perennial crops 1.6 0. 7 
pasture + fallow 2o,9 2.9 5.5 

Total value of production2)  31.500 3T.000 31.500 
Thereof: grains 11.000 3 000 7.000
 

vegetables 15.000 
 1.500 9.500
 
coffee + fruit trees  27.500 6.000 
livestock 5.500 
 5.000 9.000
 

Net farm income 24.500 
 22t500 21.000
 

1) Only farm witl less than 50 ha were included. 
2) Cordoba (C$) := LE $0.033 in the unofficial market.
 

SOURCE: (10)
 



-3

4. Comarison between traditional and rexmended technology 

4. 1 Agronnic aspects 

.1.1 Maize-beans-yields 

An analysis of yields reveals that with the recaT nded technology, Mean 

production for maize and beans is 1659 and 869 kg/ha respectively. These per
fonances are 300% (maize) and 50% (beans) greater than those obtained using 

the traditional techmology. 

In Figure 1, the distribution of gross returnis for the maize-bean associa

tion can be observed. With the faxmers' technology, approximately 54% of them 
realize less than C$00/ha; this is in contrast to 18% earning that amount 

under the recommended technology. When the major production groups are compared 

for mean Nalue, only 42% of those using the farmers' technology attain that 
value in co-ntrast to 72% for those employitrg the recomended technology,, 

4.1.2 Maize yields 

Yn Sisle, with the recxrrended technology, 1975 kg/ha was obtained which 
represents 781 kg/ha more than with the traditional technology Hwver, in 

Los Robles, the resulting yield of the two technologies are similar given that 

with the zemizc ed variety (NB-3) approximately 20-30% of grain was lost in 

the field as a result of fungi and insects,. 

Figure 2 demonstrates the, variation in the distribution of yield within 

the two technologies. Thus, for the recczmwnded technology, only 38% have 
values greater than the average (1975 kg/ha) and for the traditional, 24% are 

above their respective average (1194 kg/ha). Figure 3 demonstrates that in 
Los Robles, for both technologies, the higher frequencies correspond to groups 2 

(1000-1499 kg/ha) and 4 (2000-2500 kg/ha). In addition, it can be noted that 
with traditinal technology, the number of farmers obtaining a yield higher than 

the average (1840 kg/ha) is greater (50%).
 

The low yield of the recomended technology is probably due to the variety
 

of maize (NB-3) used, since "t does not perform w.ll in area- of high precipita

tion. 

4.1.3 Factors influencing yield 

In order to compare the technologies, different factors in the regression 
models have been included in an attempt to ecplain observed differences in yield 
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FIGURE It 	DISTRIBUTION OF GROSS RETURNS OF A MAI"E-BEAN ACKAGE 
IN SUNI. 
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FIGURE 3: 	DISTRIBUTION OF MAIZE YIELDS IN LOS ROSLES. 
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Farmers' technology
 

In the first analyses, the following variables were included to explain 

the yield: planting date, tirme between first planting and first weeding, phos

phorus as the most limiting soil elcment, density of population, and labour 

cost in man-days/ha. The first variables nenticned do not sufficiently explain 

the variation in the observed yield, and noreovar, none of the regression coe

fficients are significant. -Pc72Eiticn eansity -nd lur utilization explain, 

for the Los Ribles area, 94% of the variation of yield (within the observed 

range). 

The OCbb-Doxiglas functicn best explains the relationship between the dif

ferent variables. The partial regression cx-afficients (see below) demonstrate 

that an increase of 1% in population density raises the yield by 1.43%, and an 

increase of 1% in orkdays raises it by 0.44% (maintaining constant the other 

factor of the model)i) 

The t values (in parenthesis) indicate that the_ coefficients are both sig

nificant. 

1.43 0.44 2 
Y = -9.41 X1 1 R = 0.94 

(7.18) (2.A4) 

Where: 	 Y = maize yield in kg/ha
 

X1 = po,_ulation density in plants/ha (at harvest)
 

X2 = labour -sts in i,,-i-days/ha
 

= sijific-rn; with 5% probability
 

** = significant with 1% probability
 

Rexmviended Technolcv 

As with the farmers' tcU-noicg-y, diffeaent regression models have been 

employed fzr the rec=-xrendod technology 2 ) . T e chemical elemints of the soil, 

the planting date, and the tume between planting and first weeding do not explain 

the variation in yield. 

1) 	 It must be noted that this model is valid only for the ranges Of observation,
 
for ecample: population density: 27.000-50.000 plants/ha, and labour:
 
39 - 124 man-days/ha.
 

2) 	 Factors outside of the faners' control such as temperature, precipitation,
 
and winds have not been taken into account.
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The 	mrst important factor in the .ork areas, as one wouid expect, is the
 
population density which ecplains 
a high percentage of the observed variation 
(see 	'Table 2).
 

Additionally, 
 the labour input used for the productia, of maize seems to
 
be a significant factor in the area of Suns. 
In short., popLilaticn density seems
 

1)to be the most mnqorant of the marigen-nt factors 

Table 2: Factors ifluanc .. three areasyield in 	 of Jino.ta 

AREA 	 FU,;T:ON R2
 

Sunf 	 Y = -760.62 + 0.045 X + 17.93 X 0.80 
2 

(2.13) (2.68) 

Sisle 	 Y = -1201.20 + 0 .093 XI 
 0.95
 

(10.34)
 

Los 	Robles Y = 42.23 + 0.054 X 
 0.87
 

(8.02)
 

Y = 	 maize yield in kg/ha 

Xl 	 . (at harvest) 
A2= labour cost in rran-deys/h 

4.2 	 Bconcndc a- cct 

To evaluaete the _ 2t~en' Pd tec.nolcgles, different criteria may be used. 
The relevance of each depends on the etonc-dc situation in each area and on the 
objectives of the fanrart=. In the following sections, cash costs of the to tech
nologies and the gross nirgin per ha and p- areman-day cxar13d. 

After analyzing the risks involved in the technological packages, for the 
case of nmize-beans in Sirl, the r:rginal benefit-cost-ratio for replacing tra
ditional technolcgies will be interpreted. 

1) Plant density is not a purely exogenous or indeper3ent variable since it is

influenced by soil quality, precipitation, insect population, etc. 
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4.2.1 Input costs 

The cost of inputs for maize-beans is estimated at C$584/ha at the farmers' 
level compared to C$1770 kg/ha fo' the recmi£ed technology (see Table 3). 

Pegardhig maize production as the only crop, the costs withc the fa ers' 
technology are C$195.o00 and for the improved package, C$1.707 as can be seen 
in Table 4. 

The hioher costs for the two recamnended packages result from the use of 
greater quantities of fertilizer and insecticide with the new technologies. 

Table 3: Inpu!t costs per ha for mize-bean association 

'ainers Rcn'ne 
Technology Technology 

INJU 
Quantity

(kg/ha) 
Value 
(C$/ha) 

Quantity
(kg/ha) 

Value 
(C$/ha) 

Seed 
Maize 14 31 14 130 

Beans 45 382 36 300 

Fertilizer 

N-P-K (12-30-10) 1) 36 138 47 180 
N-P-K (17-44-3) - - 82 370 
Ursa (46% N) - - 70 280 

Insecticide 

Fadan- - 19 230 

Clorahep - - 26 180 
Interest (12%/year) - 33 100 

Tbtal costs 584 1770 

1) Only three farmers applied fertilizer. 
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Table 4: Input costs per ha for maize production 

Farmers' Recmmended
 

Technoloqy Technology 
INPUT Quantity (kg) Value (C$) Quantity (kg) Value (C$) 

Seed 
Corn 20 51 42 390
 

Fertilizer 
N-P- (12-30-10) 1) 20 76 140 530 
Urea (46% N) - 70 280 

insecticide 
Furadan 19 230 
Clorahep 
 _ 
 26 180
 

Herbicides 
 57 -

Interest (12%/year) 11 97 
Total costs 195 1707 

1) Only four farmrs applied fertilizer 

4.2.2 Economic efficiency 

For small farmers in the Jinotega region, the possible loss of invested
 
capital (input costs) to be
sees a major preoccupation. 

As can be seen in Tables 5-7, the minimum value of gross mnrgin/ha (value
 
of production less cost of inputs) 1) 
 is almays positive, signifying that all
 
farmers could recuperate 
 their invested capital. However, a more appropriate
 
evaluation is the corqarasion of gross margin per ha and 
 per man-day between
 
the two technologies2 .
 

In the case of nnize-beans (Suni) the averages for the two criteria are
 
higher for the recommnded technology (see Table 5). The 
 range of observation 

1) The labour costs included; is supposed thatare not it all work was executed
by family labour and that the farmers' objectives is to maximize net income
 
to family resources.


2) The gross margin per man-day can be a major indicator than gross margin per

ha as it incorporates the labour input.
 



(min. - max.) is larger in the improved technology, but the variation of gross 

margin is higher in the case of the farmers' technology 

In Sisle, the maize package produced a gross margin/ha that is 60% higher
 

when compared to the traditional technology (see Table 6) Nevertheless, the
 

coefficient of variation is almost double in the case of the recommended tech

nology, indicating that the average conceals mch information; 37.5% of the
 

parcels have a gross margin/ha lower than C$500 and yet, the same percentage
 

of parcels have given a value higher than C$5000/ha.
 

The gross margin per man-day is lower in the case of the reommended tec
 

nolcgy because of its greater work-day requirements.
 

The gross margin for maize technology in the area of Los Robles demonstra

tes that the recommended technology was clearly inferior to that of the farmers 

traditional methods. This conclusion relates to the two criteria: gross margin/ 

ha and pe± man-day 

Table 5: Comparison of gross margin betwen famers' and recommended
 

technologies in the Suni area.
 

Farmers' technology Recimded technolcxry 
(n=15) (n=17) 

Gm-s .Mari (C$/ha) 
Average. 5084 9075
 

Min -max.: 1165 - 10.296 210 - 18 370
 

C.V. (in%) 57 47
 

Gross nargirA'Wm-day 

Average 73 112
 

Min. - max. 13 - 178 25 - 262 

C.V. (in%) 58 

4.2.3 Estimation of risk 

To estimate the risk, the concept of "stochastic dminance" was utilized;
 

that is, the recommended technology has to demonstrate a proability of receiving
 

53 
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Table 6: 	 Comparison of Soss margin between the faners' and the 

recammnded technologies in the Sisle area. 

Fanrers' technology Reccmmiled technology 
(n=8) (n=8) 

Gross margin (C$4/a) 
Average 2.479 2.638 
Min. - max. 443 - 4746 53 - 7093 
C.V. (in %) 54.3 	 102.6 

Gross ma-g !4an-day 

Average 50 46 
Mil. - max. 6 - 135 	 9 - 172 
C.V. (in %) 70.1 	 105..5 

Table 7: 	 Cogoarison of gross margin between the farmrers' and the 

recommended technologies in the Los Robles area. 

Farmers' technology Reccmmended technology 
(n=10) (n=13) 

Gross margin (C$/Aa) 
Average 

ilin. - max. 

C.V. (in %) 

3850. 

807  7526 

53.7 

2304 

493  4673 

62.5 

Gross nui 

Average 

Min.  max. 

C.V. (in %) 

i -a 

51 

20 - 75 

41.3 

31 

7 - 62 

61 8 
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FIGURE 5: CUMULATIVE DISTRIUTION OF GROSS MARGIN/he
 
IN THE SISLE AhfA.
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a higher gross margin at all levels (1,4). The estimation of risk is based on
 
only one year. Consequently, the results are very limited because the climatic
 
risk, one of the most important, can not be evaluated in one year.
 

The probability estimate of receiving a gross margin at a specified level
 
can be seen directly in Figures 4-6 
 For the maize-bean association in the area 
of Suns (Figure 4), the reccu-ended technology has fewer risks when cczpared to 
that of the fanner (the "Recjyned Technolcgy" cure is to the right of the 
other, except for one very low observation). 

The probability of receiving a gross margin less t-han C$6000/ha is estia= 
tes at 32% for the reccrnended technology and at 63% for that of the farmers. 

The situatin dith the maize package in other areas is quite different
 
In Sisle the two orves cross; in other words, the recmnyxded technology holds 
greater risks (high p:obability of a low gross margin) but also offers greater 
opportnmities of receiving a high gross margin 

In Los Robles, the obtained results are campletely opposite to those of 
Suni. Here the curve of the farmers' technology is always to the right of the 
other, indicating that the farmers' traditional technology carries less risk 

4.2.4 Marginal benefit-cost ratio
 

Frwn the previous econcnic evaluation, it can be concluded that the. maize
bean technology tested in Suni has good chances of being adopted, especially if
 
credit for the purcha.-ie of inputs is available1 )
.	 Howevr. it is necessary to
 
take into consideration that maize and beans are not the onjy crops available
 
to the fanners BTsides these, faimers principally plant sorghum for hoe ci
stmption and onions as a marketable crop. To better estimate the possible adop
rion of the maize-bean package, the marginal benefit-cost-ratio (MBCR) of the 
tested package %as calculated along with the cnion production which could possi
bly replace the farmers' technology (see Table 8). 

The MBCR for the recomuended package was estimated at 3.5, which testifies
 
to its attractiveness to the farmers. Howver, the MBCR for onions is clearly
 
higher (9.7) and appears to be a favorable alternative to farme-rs. With this 
information, it appears probable that the farmers will adopt the r 
technology for maize-beans only at the level of hme-onsumption.
 

1)	The availability of credit was investigated during the second phase of the
 
project "Area description".
 



Table 8: Calculation of the marginal benefit-cost-ratio (MBCR) 

Crop Gross income 

(1) 

cash 

VAR C 

labour total 

(2) 

net inccai 

(1-2) 

marginal 
costs 

(4% 

Marginal 
income 

(5) 

MB 
to 

replace 

(5/4) 

(A) 

A. Maize-bean 
(Farmers' technology) 5668 584 19601) 2544 3124 - -

B. Maize-bean 
(P techn.) 10.845 17.70 22682) 4038 6807 1494 5177 3 5 

C. Onions 
Famirs' technology) 

)
54.6005) 36023) 40044) 7606 46.994 5062 48 932 9.7 

1) 70 man-days at 28 Cordobas 
2) 81 man-days at 28 Cordobas 
3) including 76 man-days at 28 Cordobas for contracted labour 

4) 143 man-days at 28 Cordobas 

5) Yield: 18.6 t/ha, price: 325 C$/100 kg. 
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Therefore, if the fanter can find capita]. and labour, an increase in the 
cultivation of onions will be probable. This tendency will change if the price 
of onions decreases drastically. 1) 

5. Farmers' opiions on the acceptance of the packages 

At the end of the first harvest cycle, a questionnaire was campleted with 
farmers who had a "Technology Test" parcel. 

5.1 Reasons for a good or poor harvest 

Even though the yields are not independent of climatic cnnditions per se
 
they constitute a factor by which the 
farmers can consider the advantages of a 
technological package. 

In the case of the two tested packages, in Sunl 100% of the fatmers were
 
satisfied with the maize-bean production. This contrasts with Sisle and Los
 
Robles where 42% and 43% respectively were satisfied with maize yield.
 

The factors considered inportant by the farmers for good production are
 
found in the following table:
 

Table 9: Factors influencing high yield acording to farmers' opinions 

A R E A S 

FACTORS 
 Suni Sisle Los Roble

% of farmers 

Fertilization 56
 
Fertilization and good seed 25 
 20
 
Fertilization and insecticide 
 6 
Good seed 
 29
 
Plant density and good ger

mination 
 14
 
The total package 
 .41 60 

In Los Robles and Sisle, 60% and 41% respectively attribute their good 
return to the total package. Other inportant factors, according to the farmers 

1) Lacking at this time is a study of the onion market. 
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in these areas, are the components of seed and fertilization. 
Most of the faners in SunT (56%) consider fertilization the most influen

tial contributor to the yield, 25% mention the 
combination of fertilization and
 
seed, and only 6% consider the cobtined effects of fertilizer, urea, and insec
ticide.
 

Table 10 indicates the factors that the farmers believe influence a reduced 
yield.
 

Table 10: Factors influencing low yield according to faxnnrs 

A R E A S 
FACTORS Sisle Los Robles 

%of farmers -Heavy rainfall 57 17 
-
Close spacing between plants 8
 

Erratic climate and maladapted maize 25-

High plant density 8 

In both localities the farmers agree in expressing that rainfall was a l2zmi
ting factor affecting production. However, sawe. from Los Robles consider that
 
rainfall was the tmost negative 
 factor for the crop because there was a greater
 
detericration 
 in the grain due to rot, for which reasons they do not consider
 
the variety usable.
 

The reasons given as factors influencing a good or poor harvest are incon
sistent with the results of the regression analysis. It seemr that "uncontro
lable factors" play an inportant role. The reported problem of "heavy rainfall" 
indicates the importance of evaluating this technology over several years. 

5.2 Fanners considering adoption of 

The partial or complete inplementat of 6 depends upon the dif
ferent acceptance rates of its components, w1hich in the farxers' judgement 
increase yield. 

For example, in SunS 88% of the farmers are considering adoption of the 
nuize-bean package, and, even though same suggest certain chanjes, those proposed 



Modifications could wel] be due to needs or preferences which the farmers have
 

for certain crops.
 
Compared to the other areas, the percentage of possible adoption seens to
 

be high; nevertheless, it carnot be said that sae package c 1vonents are defini
tive, like fertilizer rate, plant densities or spacinq. 
We feel that these adjust
merts can be carried out by the farmers themse]ves in a trial and error basis 
according to the specific conditions of their fields and their personal preferences.
 
Only 43% and 48% in Sisle and Los Robles respectively are considering putting into 
practice the maize package. 
In these areas the lc implementation rates are due
 
to, on the one hand, the lower acceptance rate for the seed ccnponent (75% 'sent
 
to try another variety), and on the other, the high cost of inputs.
 

6. Conclusions
 

The approach used for testing of new technology where farmers are participa
ting in the design, execution and evaluation process can be regarded as successful.
 
It ensured farmers collaboration throughout the whole testing phase and strengthened
 
the dialogue between farmers, extension workers and researchers. 

An analysis of the two packages indicates that the reccruencled technology for 
the maize-bean association was better when coni)ared with the traditional techno- j 

fogy. This result is consisten withe opinions of the farmers who participa
ted in testing the new technology. Nevertheless, it must be taken into account 
that the conclusions are preliminary because the experience of one planting season 
is not sufficient. On the other hand, the farmers in Sunf also plant onions, and 
consider it as their principal cash crop as it pnduces a marginal benefit-cost
ratio higher than the recomended package. Consequently, the adopticr of the 
maize-bean technology could be limited by this alternative, The maize package is 
not yet regarded as ready for diffusion. The variety used (NB-3) is not adapted 
to areas of high precipitation, and the selection of varieties for these htnid 
zones deserves greater attention during the next year.
 

Before entering the diffusion phase of the new technology, its relevance must
 
be evaluated by the farmers, extension personnel, and te investigators. Two tecb
nology packages serve as examles for camparison with traditional methods. The 

agro-econmnic analysis together with the opinions of famers indicate the possi
bilities for an adoption of the technological packages.
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