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IDENTIFYING APPROPRIATE TECHNOLOGIES FOR FARMERS: THE CASE OF THE
BEAN + MAIZE SYSTEM IN IPIALES, COLOMBIA 1982-1986

J.N, Woollayl, J.A. Beltranl, R.A. Vallejoz and M, Prager3

Summarx

This document gives a complete account se far of an ongoing on-farm
research (OFR) program. There is special emphasis on the evolution of
activities from vear to vear and on the integration of agronomic and socio-
economic Information, The document is intended to be used for exercises
and discussions in OFR training and to provide ideas and information to

sclentists working on bean + maize associlations.

An ICA-CIAT project was carried out on the bean + malze sub-systenm in
the Ipiales district of southern Colombia to test OFR methodology,
demonstrate 1its effectiveness and generate technology suitable for small
farmers. The target area has 10,000 ha of climbing beans + maize hetween
2450 and 2900m above sea level, 77% of farmers have under 6 ha and usually
own their land. Ninety-four percent of the bean crop is marketed, but

malze is a subsistence crop.

The methodology used based the degign of different trial types on a
rapid initial reconnaissance and formal survey which were backed up by
additional brief studies as needs arose., Four gessons' work on stepwise
changes in the climbing beans + maize sub-system led to the liberation of a
stable variety of local seed type and the identification of a stable early
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Adjustment, ICA Rural Pevelopment Section, Ipiales, Colombia. 3 Formerly
Research Associate, CIAT. Pregent addregs: FUNDAEC, Carrera 41 WNo.
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line as a candidate for release, Both may be planted at farmers' density
and spacing or at higher bean population, Other technolegical changes
identified as adoptable by farmers were an improvenment Iin foliar dJdisease
control and the control of Fusarium late wilt by use of the new varieties
and chemicals, New themes which arose during the work and which are
expected to lead to adoptable technologies are the change of maize
varieties to allow more malze or bean vyield, inoculation with Rhizobium
with or without increased chemical fertilization so as to iIncrease yields
without upsetting the maize~bean balance, and foliar sprays with magnesium
sulphate to cure foliar yellowing caused by cold weather. Short-geason
climbing-or bush-bean + maize crops which allow a rotation crop in the same

season have also bheen Identified.

The methodology wused was thus highly effective in didentifying
technologles adoptable by farmers, Farmer participation has been Ilmportant
at all stages, but particularly in trial evaluation, Spontaneous testing
and adoption by farmers of a line in the trials led to the decision for its
formal release. Unusually severe frosts and low market prices have held

back its diffusion.

The OFR has depended on a supply of bean lines and mailze populations
from the Obonuco experimental station, as well as close collgboration
hetween researchers and extensionists. Partly as a result of the work
reported here, ICA has embarked on an OFR project in six areas of Colombia,

of which Ipiales Is one.

1. Introduction

In many parts of the world there is Interest iIn the effleiency of
research in farmers' fields. There 1is however, relatively Ilittle
information on the execution of the entire process. This document
describes in detall a research program on small farms in Colombia and
analyzes some of its successes and problems. Since the project is still in
progress, conclusions may be modified in the future, and it is also

expected that there will be more achlevements to be reported.



Since 1978, the BRean Program of the Centro International de
Agricultura Tropical (CIAT) and the Gralan Legume Program of the Institute
Colombiano Agropecuario (ICA)}, have worked together on bean research. At
the beginning, work concentrated on breeding programs In experimental
stations, including Obonuco, in Narifioc department, However, work was
also conducted on the validation of technologies in farmers fields in the
departments of Antioquia (Tobon et al, 1982) and Huila (Ruiz de Londofic et
al, 1985),

Barly in 1982, I1CA-CIAT on~farm vresearch focused on beans was
initiated 1in WNarifio department, following an appreach teo CIAT by the
regional directors of ICA, HNarlfio was estimated Iin the period 1978-1982 to
be third in national bean production with 9535t (15,000 ha) out of a total
of 76,000t (113,600 ha) (URPA, 1985) (between 1983 and 1985 1local
extenslonists have estimated 25000 ha annually of beans iu Nariie). In
1982, PBRean Program activitles in farmers' fields were expanding from
technology validation (Sanders and Lynam, 1982) to on-farm research using a
model similar to that of other institutions, particularly CIMMYT. On-farm
research activities in NariBo followed the methodological Eramework
described by Woolley (1988) and included selection of the work area,
diagnosis (revision of secondary information, reconnaissance, survey, and
special studles), design (identification of problems, target groups of
farmers and their practices, identification of appropriate solutions, and
design of trials), and trials in farmers' fields {(varietal, exploratory,
economic levels, wverification, and semi-commercial) each with their

different methods of evaluation (Figure 1).

2. Selection of the Hork Area

Three potential work areas were identified from municipal production
data provided by ICA, Reconnaissance confirmed that beans were important
in each and that their eclimate, farmers' situation, and bean cropping

systems were sufficlently different to justify work in all. One area was



Ipiales district, the others {Funes and El Tambo) are described in other
documents (Woolley et al 1988a, 1988b).

The suitabilicty of Iplales district for bean on-~farm research was

confirmed {in May 1982 through dinterviews with ICA officials and by

consulting meteorological data and a previocus description of the area (ICA,

1980). Eight characteristics were important,

Ipiales district is important in the national agricultural development

plan,

Land holdings are small, with 77%Z of the properties occupying less
than & ha.

Beans are a main source of income for the small farmer (the survey
later estimated that 947 of production 1is seld); they are always
planted in association with maize, which 1s used for home consumption,
and is one of the main food sources {(potato, barley and wheat are the

others).

Work in the zone 1is supported by the experimental station of Obonuco,

80 km from Iplales,

ICA personnel, are asgipned to Ipiales district, but they concentrate
their work on potatoes, wheat, barley, and dairying due to the lack of

resources for work on beans/maize.

Ipiales district had an estimated 10,000 ha in bean + maize

associations.

The large seeded bean produced in the zone is easily sold at high
prices (U851/kg in the 1982 harvest).

The area has good communications thanks to the Panamerican highway.



Reconnaissance of the zone (see gection 3), identified five other
charvacteristics which confirmed its suitability for a research project in

farmers' fields.

i. Farmers in the zone showed interest when questioned about beans and

maize and asked if trials could be conducted in the zone.

j. Average bean yields were very low {400 kg/ha in nine months) despite
the fact that maize vields were acceptable (2000 kg/ha),

k. Farmers were used to using inputs, especially for potatoes, but also
for beans/maize. However all maize and beans planted were local

cultivars,

1. Technologies used in the Obonuco station were apparently appropriate

for the zone.

m. The association of beans with maize 1s attractive for producers
because it offers more return than wheat and barley, but implies less

risk and use of capital than potatoes.

3. 1Initial Diagnosis and Design

In three days, during May 1982, a group of 4 CIAT professionals
{two economists and two agronomists} carried out a reconnaissance of the
zone with ICA extensionists. All bean producing areas were covered in the
municipalities of Iplales, Pupiales, Contadero, Gualmatdn, Potosi, Cdrdoba,
Puerres, Tdquerres, Ospina, and Sapuves. The last three were eliminated
from the initial work area since beans were cobserved to be less important

due to the cool climate,

In June 1982 a survey was designed and executed, covering 45 farmers
in the other seven municipalities. Planning for the first vear of trials
was based on the information gathered through the reconnaissance and the



survey. Trials were planted 1in September and October 1982 in Ipiales,
Contadero, Gualmatdn, Potos and C(C8rdoba. Pupiales and Puerres were
excluded so as to make the initial research area more compact. To verify
the results of the survey and ask other questions, another survey was
conducted in Februaiy 1983 with 27 farmers in the flye municipalities where
trials were concentrated. Based on secondary information, on the
reconnaissgance and on the two surveys which were mutually consistent

(Pachico, 1984), a brief description of the zone is presented.

3.1 Desecription of the zone

The work zone covers altitudes between 2450m (the lowest part of the
valley of the Guaitara river) and 2900m (the limit for beans bhecause of the
cold climate; maize is grown up to 3000m and potatoes up to 3200m}, Slopes
are often steep and solls are of voleanie oripin. There 1s a drier perloed,
from June to August, and the mogt rainy months are October to December with
a smaller peak In March and April. Average rainfall is estimated to be 800
mm/year. Mean temperature varies from 1l to 14°%¢, deperding on the
altitude within the zone, Rainfall data taken at 2600 m on two farms in
Contadero and Ipiales municipios estimated precipitation in 1986 as 723 and
779 mm, More data is available from meterclogical stations, but all are
gituated at the upper limit of the zone. Mean rainfall in Puerres town
(2820 m), Gualmatan town {2830 m)} and Ipiales airport (2960 m) was
estimated as 898, 880 and 875 mm (mean 1980-1986),

Bean planting date varies slightly between the more humid
municipalities towards the east (Potosi, Cdrdoba, Puerres, and Chaguaipe
village 1in Ipiales) and the drier areas towards the west (Contadero,
Gualmatdn, Pupiales, and the rest of Iplales). PFPlantings in the east are
distributed from May to November with a maximum In August {30%2). 1In the
west, the planting period is more restricted, from August to November, with

a maximum in September (32%) and October (41%).

Beans/matze are commonly planted after potatoes (38% of the bean

plots), barley (27%), beans/maize (20%), wheat {7%) or peas {3%). In the



east, a higher proportion is planted after a previous bean/maize crop and
there are few plantings after potatoes; in the west, there are more
plantings after potatoes and few after beans/maize. Most farmers cannot
name the "principal crop” on their farms and face the varlations in market

prices by planting a little of all the crops.

Beans/maize are assoclated with other crops, including pumpkins
(84% of the plots, but with few plants/ha), row intercropped broad beans
(Vicia faba) (50%) or quinea (Chenopodium guinoca) (8%). Lupinus sp is also

found, but only on the borders of beans/maize plots.

Sixty-eight percent of the farmers prepare the land with oxen, 11%
with a combination of tractor and oxen, 12% with tractor alome, and 9% with
hoe, When oxen are used, the most common practice is to plow twice and
rake once. Maize and beans are planted simultanesusly. Almost all farmers
plant 4 seeds of maize and 2 of beans. The most usual planting dlstance is
about 1.0 m between furrews and 1.0 m between plants; the wmean is 0.83 =z
0.98m,

Seventy~seven percent of the bean plots are planted with the varieties
Mortifio or Mortinito, 10% with Sabanero, 13% with Cargamanto Rayado, and
less than 1% with Coneio., Morocho Blanco or Capia maize is used. All are
local cultivars: no improved bean or malze varieties were detected in the
zone,

Very few farmers (5%) used credit for beans/maize in 1982 and 1983 but
they wused i1nputs, especlally foliar fungicldes (85%) and foliar
insecticides (94%), in wmixtures and with an average of 3 applications
during the growth period. A large number of products was used, and farmers
had little infermation on the characteristics of each. The most common
fungicides were Manzate {maneb) or Dithane (mancozeb) (77% of farmers) and
the inzectdcides Parathion {(40Z%Z) and Roxien {(22%). Only 18%Z of farmers
treat their seeds before planting.

Farmers had applied chemical fertilizer to 58% of the bean plots

surveyed and wmanure to 28%. On plots where fertilizer had not been used,



69% of farmers said that the reason was that they had planted in potato
stubble or on "new land™, Practices for chemical fertilizer application
included side dressing at first weeding (43%); broadeasting at first
weeding (14%); above the seed at planting time (21%); and broadcast during
the second weeding (14%). The average fertilizer dose was 13.38 - 24.4
PZOS - 9.6 K,0. The most used product was 13-26-6, Followed by 15-15-15,

2
and 10-30~10,

3.2 Identification of problems

Unlike current CIAT and ICA surveys, the ones used in Ipiales in 1982
and 1983 did not ask farmers about their problems. Problem identifieation
was based entjrely on the problems identified by the farmers or observed by
researchers {during the reconnaissance, and was supplemented with
inferences from the survey results. The following meain problems were

found:

a, High incidence of a microlepidopteron leaf wminer known 1locally as
"toston'", Subsequently it wag didentified as Phyllonoricter sp.
{Gracilariidae).

b. Leaf and pod diseases, their approximate order of economic lmportance

being: anthracnose {Colletotrichum lindemuthianum), ascochyta

¥
(Ascochyta phaseolorum) , rust (Uromyces phaseoli), powdery mildew

(Erysiphe polygoni), and angular leaf spot (Isariopsis griseola)}.

Ca Root rots, mainly those causing damage after flowering, ldentifiled as

Fugarlum oXysporum.

d. An inappropriate balance of elements in the formula 13-26-6 leading to
unnecessary expenditure on potassium and lack of phosphorus {the soils

have high phosphorus fixation).

* Recent evidence indicates that this may be more correctly identifiled as
phoma blight (Phoma exigua var. diversispora). {Pastor-Corrales,
personal, communication).




e. The low population densities for heans, used by farmers because the

aggressive local bean varieties cause maize lodging.

f. Lack of time after beans/maize to plant another crop during the

agricultural year, restricting the farm income.

FProblems {(a), (b)), and (¢} were identified both by farmers and
researchers durlng the reconnaissance ({although farmers did not always
digtinguish all the different leaf diseases). Problems (d), (e), and (f)
werg fdentified during observations by the researchers, The importance of
problem (b) was supported by the observations from the survey that a high
percentage of farmers used ingecticides and fungicides and that they used

many different products,

So far, one problem has been temporarily eliminated from the list and
two have been added, Leaf miner was a major problem on a few farms in
1982/3, was slight d4in 1983/4, disappeared in 1984/3, and reappeared in
1985/6 on few farms, but not as an economic problem, It was thus
eliminated from the list after one year, but will probably return in the
future., One problem was implicit in the solutions tested, from the first
year, although not expressed until later: "Low yield potential of the
local bean cultivars"., Ancther problem was added after four years, after
better understanding of the effects of additional fertilization: '"Maize
needs more nitrogen, but its early application depresses bean yield due to

competition”,
The comments of the farmers during the reconnalssance and the survey
show that the new technologies evaluated must be compared on the basis of

profitability and risk in relation to other crops grown in the zone,

3.3 Identification of solutions and design of trials

Many of the sgolutions teo be evaluated during the first year were

apparent to researchers duaring the reconnaissance due to their knowledge of
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the technologies available from Obonuce station or because of their
experiences in Antioquia, Colombia, with climbing bean systems in relay
with maize. No explicit evaluation of solutions for ease of research, ease
of adoption and potential benefit was carried out, in contrast to what is
recommended today. However, during the preparation of the outlines of
trials, there was discussion on the feasibility for farmers of the changes
proposed and of their prcbability of success in the zone. Some 15
person-days were dedicated to internal debate during the prevaration of
trial outlines; these were discussed in a meeting among fzve CIAT and ICA
Research and ICA Rural Development scientists. A further 10 person-days

were invested in preparing the details of the trials.

In subsequent years, the time invested in design has been slightly

less, but the planning meeting, held each August, now has 10 members.

4., Experimentatlon, Evaluation, and Additional Diagnosis

Starting from the list of six problems, 10 solutions entered trials in
19828 (Table 1). Only two solutions {(plant mulching for control of leaf
digeases and the use of pyrethroid insecticides against the leaf wminer)
were abandoned after one planting cycle, O0f the others, only one has been
eliminated before reaching the wverification or demonstration stage.
Hawe&er, the treatments evaluated for each solution have evolved,
especially in the case of the genetic component, At present, 12 types of
solution are being researched for the seven principal problems recognized.
The wealth of research oppertunities and the large work zone led to an
aggressive search for promising technologies and to a great diversity of
activities. The strétegy in using different trial types {s therefore
described first, followed by a description of the progress achieved with

each type of sclutlon.

4.1 Btrategy for trials and speclal studies

An aggressive strategy of OFR has been used in Ipiales. In 1982B, the

stages of wvariety, exploratory, economic levels and verification trials
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were commenced simultaneously. The best three components from the 19828
exploratory trials went to verification trials in 1983B, The wvarietal
component (Frijolica 0-3,2) was Jmmediately acceptable to farmers and
entered semi~commercial trials 4in 1984B. Lines with one year's clear
guperiority over Frijolica 0-3,2 i1n variety trials passed te economic
levels trials the following year. Any component with one year's success in
economic levels trials passed to verification trials the next year and, if

succesgful, to semi-commercial trials the vear after that.

Components with doubtful agronomic, ecopnomic or farmers' evaluation
were either immediately disecarded or retested the following vyear. For
example, increased doses of fertilizer remained in economic levels trials
for 3 years before being verified in 1985B; follar applications of benomyl
were verified for two years before being passed to semicommercial trials in
19858,

As part of diagnosis, special studies were used to clarify the
acceptabllity te farmers of technologies being tested when the information

from the initial diagnosis was insufficlent,

4,2 Evolution of recommendation domains

In the first year of trials, the area was divided Into two tentative
recomméndation domains, eastern and western, which differed in farmers'
planting date (see section 3,1). Earlier planting in the east reflects
better molsture availlabilicy 1a the driest part of the year. For loglstic
reasons, it was necessary to plant in both tentative domains in the same
months, It was decided to use fields destined for bean planting in the
most popular months, September and OQctober. According to the iniedal
survey, this covered 73% of bean fields in the western zone but only 307 in
the eastern zone, where planting dates were very varisble. Equal numbers
of each type of trial were assigned to the eastern and western zone for the
first two years, No difference in results was detected for September—

October planting dates, so the tentative domains were reunited as one only.
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Bush beans suffered severely from foliar diseases above 2800 m ip
19828 and were therefore not tested again above that altitude. Similarly,
after two years' work, it was realized that, although farmers in the area
plant maize + beans between 2800m and 2900m, they regard it as risky due
to frost damage to beans and mailze lodging due to high winds., Winds and
frost indeed damaged all trials above 2800m in 1983B. Aresas above 2800m
were therefore separated inteo a sgeparate domain after 1983RB, but received

1ittle attention 4in trials.

Experimentation was commenced in a new area In 198538, part of the
municipality of Puerres. In thils area farmers use a wider spacing within
the maize row and place stakes alternately with maize plants as support for
beans. Puerres was therefore treated as a separate recommendation domain,
Variety and verification trials were planted. It was found that
technologles could be successfully extrapolated from the rest of the

research area, but thelr responses were different in magnitude.

Tentative domains which were more restricted were used for
experimentation of three types. Firstly, it was feasible only below 2650m
te shorten the maize + bean cycle sufficiently to include another crop.
Experiments and recommendations on crop intensification therefore
concentrated on the range 2450-2650m, Secondly, trials for the control of
root rots were only assigned to fields with a previcus history of root rot
problems. Thirdly, after 1982B, trials on fertilizer dose were not placed
on fields from which potatoes had just been harvested., The survey had

shown that farmers do not fertilize malze + beans after potatoes.

4,3 Trial management

411 trials were conducted with farmers who dedicated a majority of
their time to the farm, by far the most typlcal category in the area. The
lots requested were almost always destined by the farmer to bean preduction
that year, so as to obtain typical rotation practices., Fields with a

history of root rot problems were an exception to this rule.
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Within the tentative recommendation domain, trials were distributed to
sample adequately the range of varlability in soil texture, soil Fertility

{(usually soil analyses were availlable before planting), slope and altitude.

In 811 trials, farmers carried out routine operations when they were
not experimental treatments: land preparation, weeding and ridging-up,
foliar disease and dinsect control, Fertilizer was applied by the
researcherg in all except semi-commercial trials. In variety, exploratory
and economic levels trials, the check included in the trial was the mode
practice ddentified from the surveys and applied by the researchers. In
verification trials, the host farmer first planted his own practice as one
treatment. The researchers then, with his help, initated those practices
in other treatments changing only the components involved in the technology

under test.

The bean seed used in trials was a mixture of the seed harvested from
farmers’ trials im the previous year. Seed produced on experimental
stations was used only for new lines im their first vear of testing., When
maize variety was not an experimental treatment, each farmer's own maize

(almost always Morocho Blanco) was used.

4.4 Change of climbing bean variety

The varietal component has been evaluasted in a large number of trials,

including all those planted since 1983,

A variety trial with Morocho Blanco maize has been desigped each year
siace 1982, Half the lines included in 1982B had undergone preliminary
testing in 1981B on two farms above 2900m, Then and each yesar since, new
lines from Obonuco experimental station have been introduced (Table 2).
Since 1985B, these lines are the best cnes identified in two on~farm trials

of advanced lines planted the previous vear.

From the first vear of testing, TFrijoelica 0-3.2 {(released in June

1985; formerly known as Ecuador 605) showed promise. It was of good yield,
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2 to 3 weeks earlier to harvest than Mortific, more synchronized in its
maturity and tolerant to anthracnose, 1t was later identified as tolerant

toe Fugsarium late wilt {section 4,9).

TiB 30-42 entered trials in 1983B and is 5 to B8 weeks earlier than
Mortino, more resistant to anthracnose than Frijolica 0-3.2, and of similar

resistance to Fusarium late wilt.

The line 32980-1-41 was highly promisimg in 19828 but has since been
disappointing. Although often earlier than Frijolica 0-3,2, its earliness
varieg more with environment than other lines tested. It alse showed
anthracnose lesions on pods in some trials in 1984B, despite being classed
as resistant at Obonuco. Reusing seed each year in farm trials wmay have

allowed anthracnose susceptibility to show.

AND 53 is the newest promising line and 1s a rounded pure red tvpe,
early and resistant to anthracnose, The four lines mentioned all have seed
types acceptable in the area, All had bean ylelds superior to Mortifio and
Sabanero and depress mailze yields little or nothing. The net benefit
obtained from the new lines 1n the variety trials was usually superior to

the lines of high commercial value, Mortific and Sabanero (Table 3).

The results from all the trilals in which the lines have been tested,
not just variety trials, are summarized in Table 4. Frijolica 0-3.2 and
TIB 30-42 both yield approximately 200 kg/ha more than Mortifie without
depressing maize yield any more. Frijolica 0-3.2 was conslstent in
performance except in 1984B when its advantage over Mortino was reduced by
the "yellowing problem™ on gome farms (section 4.12), 32980-1-41, as 1o
variety trials, declined in performance after 1982B.

Adaptability analyeis of all lines tested In two or more years {Figure
2) confirms the superiority of Frijolica 0-3,2 over a wide range of
environments, TIB 30-42, 32980-1-41 and 32980~1-44 outylelded it by up to
100 kg/ha on average in farms of below average yield. However, Frijolica
0-3.2 was the most stable overall, with an adaptability coefficlent equal
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to Mortifio, but of higher vield. The performance of the less aggressive
line TIB 30-42, was similar to Mortifio at high fertility when compared
under similar agronomy. TIB 30-~42 responds, however, to high density

planting more than MortiBio does,

4.3 Change of climbing beans to bush beans

Regsearchers at Obonuco experimental station had proposed the use of
bush beans in sole crop or row iIntercropping as an alternative to climbing

heans.

Two or three sole-cropped bush bean lines were tested at the side of
the climbing bean varilety trial each year. From 19848, row intercropping
was also included. Despite an occasionsl good year for bush beans, like
19828 (1981B had also been good in ICA trials), their yields were generally
poor {(Table 5)., Bush beans appeared more susceptible to poor solls and
early-season drought than climbing beans. Surprisingly, bean vields were
depressed little by waize, so row Intercropplng was economically superior
toe sole cropping and even gave similar benefits to association with
climbing beans {Table 3). Frijolica 0-3.1 {(originally TIB 33462) appeared
slightly less stable in sole cropping from year to year than Antioquia 8
and TIB 33411 (results from other studies confirm this) and also appeared

to depress maize yields more when intercropped (Table 5).

4.6 Exploratory trial: check for interactions

Varlety, foliar disease control, fertilizer dose aud density Ilncrease
in beans {(achieved by establishing 2 maize and 2 bean plants every 0,5m
instead of 4 maize and 2 beans every 1.0m)} were studied in 1982B in a 2&
trial since all had been Identified as promlsing sclutions and all
potentially had strong iInteractions with each other. Fertilizer dose had a
slight negative effect on beans and malze (see section 4,10). The other
factors had highly significant (P£L 0.00!) positive effects on beans, and

the spacing change also had a positive effect on maize. These effects are
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discussed in the following sections. The only significant interactions
were slight (0.054 P £0.10). Frijolica 0-3.2 responded more to density
than Mortifno and improved disease control was more effective at higher bean
densities (Table 6). The three new components had similar effects in a
verification trial fn 19838, but their interactions were different ({(Table
7). There was a greater increase of net benefit for Frijolica 0-3.2 over

Mortino with farmers' practices than at high density.

4.7 Foliar disease and insect control

Three applications of benomyl plus mancozeb were more effective than
three of mancozeb In 19828, but the effect of benomvl was small in the
19838 and 19848 verification trials (Table 4), The apparent change between
vyears was at least partly an artefact of trial design. In 19838
researchers applied Dbenomyl <+ mancozeb 3 times as the "improved
technology", but farmers were left to apply their contrel. They applied on
average 3.8 times; of 13 farmers, 10 used Insecticides and not Jjust
fungicides; & farmers used sulphur or oxycarboxin plus mancozeb as
fungicide. A similar pattern was observed in 1984B., Thus 3 applications
of mancozeb 4+ benomyl is superior to farmers' present costly mixtures of

products,

In 1984B, five of the % farmers used products which contrel rust in
their applications but researchers did not, Mortific and Frijolica 0-3.2
responded to researchers’ disease control, but 32980-1-41 did not (Table
8), 32980-1-41 suffered more rust attack than the other lines and farmers'

control of rust probably explains the difference.

Leaf-miner was a serious problem in 1982B. Researchers' attempts to
contzol it with synthetic pyrethroids were unsuccessful in two trials and
metamidofos had to be applied to avold total loss for the collaborating
farmers. Leaf-miner incidence fell off sharply in 1983B making impossible
a further study of control which had been initiated. Leaf-miner symptoms

reappeared in a few villages at the end of the 1985B season.
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4.8 Density and spatial arrangement

There is a danger of maize lodging if the number of bean plants per
hill is increased. The first attempts in increasing bean density therefore
used a component which had been tested on station and farm in Antioqula
department, Colombia. Two maize seeds and two bean seeds were planted
every 0.5m instead of four maize and two beans every 1.0m within the row.
Inter-row spacing was unchanged. In 19828, this change In spatial
arrangement Increased maize yields, bean vields and net benefit for both
Mortifico and Frijolica 0-3.2 {(Table 6). ¥hen wverified in 19838, it
in¢reased bean vields but reduced maize yields, leading to a small gain in
net benefit for Frijolica 0-3.2 and a larger one for Mortifio (Table 7).
However, when evaluating the trials, farmers rejected the component owing
to the change in cultivation practices needed {forming ridges instead of
mounds), the difficulty of applying fungicide to dense bean growth and a
fear of maize lodging and lower yield.

4.8.1 Frijolieca 0~3.2

In 1984B, planting arrangements for Frijolica 0-~3.2 with maize and
bean densities close to 4 plaﬂts!mz but with maize spacing of 1,0, 0.8,
0.65 and 0.5m were tested and evaluated by farmers. 3 bean and 3 wmaize
seeds (3B 3M) at 0.8m gave economic benefits for Frijolica 0-3.2 similar to
3B 2M at 0.5m (Table 9). In the same trial, 3 bean seeds/hill gave higher
returns for Frijolica 0~3,2 given a fixed spacing of 1.0m and 4 maize
seeds/hill. Four bean seeds/hill gave higher returns, but increased the

rigsk of mailze lodging.

In 1985B, 3B 3M at 0.8m was verified for Frijolica 0-3.,2 and improved
maize yields, bean yields and net benefit over 3B 4M at 1.0m under all
conditions (Table 10). Meanwhile changes in the number of maize and bean
seeds at 0,.8m were tested in an economic levels trials. 4B 3M at 0.8m was

the most favourable (Table ll). No maize lodging was observed,
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Az soon as this less aggressive, early line was shown to be promising,

work was initiated to determine a suitable spatial arrangement.

TIB 20-42 responded well to high density (4B 2M at 0,5m) in 1984R
{(Table %), but even for this variety farmers did not evaluate favourably
the close spacing. When TIE 30-42 was verified in 19858 it was therefore
tested with 4B 3M at 0.8m. TIB 30-42 performed well with the early maize
Pool 7 in intensification trials (section 4.13). When planting densities
were examined for this association, 6B 4M at 0.8m gave highest benefits,
followed closely by 4B 4M at 0,8m and 4B 3M at 0.8m (Table 11}, Different
planting densities for the combination TIB 30=42/Morocho Blanco at 0.8m
were evaluated for the first time in 1986R,

4,9 Control of root rots and other =ffects of seed and soil treatment

In 1982B the two trials planted suffered no attack and the control
treatment yielded most. However, in an exploratory trial affected by
patches of late wilt, the farmer observed that Frijolica 0-3,2 lost fewer
plants than Mortifio, Thence began the study of integrated control by a
combination of tolerant wvariety and chemical seed or soil treatment, In
all three seasons 1983B to 19858, the effects of variety and chemical
treatment were found to be additive, not iInterascting, and are therefore

reported separately.

In all infected trials, Frijolica 0-3.2 was superlocr In yield and
plant stand at harvest, to Mortino, whose plants died due to late wilt
(Table 12). Potost | was of similar tolerance to Fridolleca 0-3.2 but
outylelded it on one farm in 19848 when yellowing symptoms {see section
4,12) affected Frijolica 0-3.2. The testing of Potosi 1 was discontinued
because of 1its lateness and anthracnogse suscepribility and because it
offered root rot tolerance no greater than Frijolica 0-3.2. Maize yilelds
were not higher for Mortife than the other lines, confirming that the
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elimination of competition (by death of plants) cccurred late in its growth
cycle. In 1985B, TIB 30-42 was observed to be at least as tolerant to late
wilt as Frijolica 0-3.2, in two verification trials planted by chance on
infected fields.,

The effects of chemical control have been more variable. Aldrin soil
ingecticide was the best control on an infected farm in 1983R, and channels
of an unidentified insect were observed in roots. Fungicides offered no
improvement (Table 13)., However in 19848, after Aldrin had been withdrawn
from the market in Colombia, carbayyl was uged and produced little effect,
but benomyl and benomyl/carboxin fungilcidal seed treatments were somewhat
effective (Table 13). 1In 19858 captan seed treatment increased malze and
bean yields on an infected farm (Table 14) but benomyl/carboxin was not

effective,

Effects of seed and soll treatment, positive and negative, go beyond
the control of Fusarium late wilt. From 1982B to 1984B, soaking seed in
benomyl solution before planting, reduced vyield slightly (Table 4),
Carboxin seed treatment had a similar negative effect., In contrast, seed
treatment wirth a mixture of benomyl and carboxin produced a yield increase
in beans in 19848 and 1985B, It produced negative effects on beans {(from
30 to 240 kg/ha) on 3 out of 12 farms. Possibly, when benomyl 1s absorbed
by the voung plant it slews the build up of anthracnose infectlon and
increases yield for this reason and not by controlling late wilt, Yield
losses in beans from seed or soil fungicide application may be the result
of damage to Rhizobium or mycorrhizal populaticns, but as vet there is no

evidence of this,

Soil fumigation at planting with captafol did not reduce late wilt
(unlike seed treatment with captafol). However, it caused over 300 kg/ha
increase in mailze vyields (Table 14), There was no interaction with
benomyl/carboxin application to seeds. Thus, tentatively, seed treatment

with captafol reduces loss to late wilt, but is best used in the presence
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of a tolerant variety., Benomyl + carboxin seed treatment protects against
the build up of foliar disease, and captafol soil treatment increases maize
yvields,

4.10 Fertillzer application

From soil analyses (Table 15), no response of beans to any element

would be predicted, There have however been some unexpected responses.

In 1982B, as mentioned in section 4.6, there was a negative effect of
increasing fertilizer dose from 100 to 300 kg/ha of 13~26~6, due apparently
to root burning of small plants. In fertilizer trials in the same year,
plants were also lost due to nitrogen and boron application, but not to
13-26-6 application (Table 16). Beans responded to at least 40 kg/ha P and
to magnesium, without malize yield being lost. Potassium increased bean and
malze yvields, but zinc and boron (which damaged plant stand when applied at
planting) did not,

In 19838, a trial with high fertilizer doses was specially designed to
check application methods. $Side dressing at ridging up was found to
produce the highest bean yields, and also damaged bean population least
(Table 17}. This application method was shown In the 1983 survey to be the
most used by farmers (section 3.1) and was used in all trials from 1983B
onwards. Fertilizer responses were hard to interpret in 1983B and so the
same treatments were repeated Iin 1984B and 1985B, No treatment by year
interactions were found, except in beans for the factor nitrogen. The

results are therefore presented as the mean of three years (Table 18).

Nitrogen x phosphorous interactions were absent. Nitrogen increased
maize yields almost linearly, but depressed bean yields due to competition
from maize. Bean yield declined in all years as N was increased from 13 to
39 kg/ha; it continued declining in 1983B as N was raised from 39 to 65
kg/ha, but recovered in 1984B and 1985B.
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Levels around 65N appear economice for the assoeclation, but the
investment is great and results vary from farm to farm. In contrast to
19828 with applications at planting time, the application of P at ridging
up gave modest marginal returns since beans responded gignificantly only to
high doses of P and wmaize did not respond. There was a response Lo
potassium in beans, but not in maize. It is inferred from these results
that the use of the formula 13-26~6 is appropriate since it is likely to be
cheaper than separate N and K applications and may sometimes obtain

response from P as well.

Response to magnesium was variable among farms and vears. Although it
was of no mean benefit, magnesium Increased the yvield of Frijolica 0-3.2 by
220 and 276 kg/ha on two farms which suffered yellowing (see section 4,12}
in 19848,

The application of 300 kg/ha 13-26-6 increased both bean and maize
yields by approximately 100 kg/ha and was economic in comparison to
farmers' present level of 100 kg/ha, which in turn gave a high warginal
rate of return over leaving the crop unfertilized (Table 18). 1In 1985B
only, levels of 200 and 40C kg/ha 13-26-6 were also tested, The latter
gave the highest net benefir,

Despite these results, 1in the 19858 verification trials applying 300
kg/ha 13-26~6 only increased maize yield on fields with under 60 ppm P and

did not inmcrease bean yield in any of the tentative domalns {(Table 10)}.

4,11 Inoculation with Rhizobium

The benefits of Rhizobium iInoculation were first studied in 19833,
with a wview to the development on—-farm of suitable technologies for the
area, There was a strong effect on beans on two farms, but little response
on a third {(Table 19), On farms where there had been a response to
inoculation, nodule counts were, surprisingly, lower in inoculated

treatments. Nodule counts were also lower in Frijolica 0-3,2 than in
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Mortino, despite the superior yield of Frijolica 0-3.2. Rhizobium
inoculation with or without nitrogen application may be a way of increasing
nitrogen supply to maize and beans without the depression of bean yields
which occurs when nitrogen 1s applied alone and malze responds strongly.
This is being explored in trials during 1986B. In addition, the response
to 1noculation of Mortifno, Frijolica 0-3.2 and TIB 30-42 with three
different cold adapted Rhizchium strains, and theilr wmixture, is being

explored,

4,12 Study of yellowing problem

Half way through the 1984B season, two months bhefore the release date
of Frijolica 0~3.2, a field problem was noticed which apparently affected
Frijolieca 0-3.,2 more than Mortifio. Leaves turned yellow, beginning with
the lower ones and gradually extending upwards., Sometimes purple spots
were noticed on the leaves., Svmptoms did not resemble Fusarium late wilt
and there was no evidence of root rot in affected plants., Occasionally
gymptoms were observed in Mortifio and other lines. Even when symptoms were
severe in Frijolica 0-3,2 and not in Mortifio, yield loss was only 280 kg/ha
{eg. 5.A. Mejia, Table 26), Eventually, over half of the farm trials were
affected, but Frijolica 0-3.2 still outyielded Mortifio by 63 kg/ha in
1984B.

As soon as the problem appeared, a superimposed trial was designed for
affected farmers' fields., The application of foliar magnesium increased
vield by 128 kg/ha (applied at mid pod-fill in a fileld where yellowing was
slipht) and 324 kg/ha (applied at late flowering). A mixture of
micronutrients (B, Zn, Mo and Mg) was not more effective than magnesium
alone {(Tahle 20). There was no response in Mertifio. In 19858 there was
lirtle yellowing., When the superimposed trial was repeated including a
treatment with magnesium chloride, there were no gignificant treatment
differences. It was therefore not possible to conclude definitely that
magnesium and not the sulphur from magnesum sulphate was responsible for
the benefir observed in 1984B although the lack of response to zinc

sulphate provided some evidence for it being magnesium.



23

In the I1984B fertilizer trial, there was a significant response to
application of 20 kgfha magnesium at ridging up {220 and 276 kg/ha) in two
fields with yellowing symptoms but not Iin another without yellowing.

Yellowing was raeduced in the magnesium treatments,

Seeds of Mortific and Frijolica 0-3.2 from different years were
analyzed for micronutrient deficiencies (Zn, Mn, Mo, B) which might build
up when seed is produced year after year in the area, but no deficiencles

were found,

In 1984B, the highest yields of Mortino were obtained when It
commenced flowering after 1l March, while Frijolica 0-3.2 only yielded less
than Mortifio in trilals where it commenced flowering between 20 February and
11 March (Table 21)}. Since the severest cold spells were in January and
early February, thils sugpests that both varieties are sensitive to cold
just before flowering. The seed weight of Mortifio was unusually low when
it commenced flowering between 200 February and 6 March, suggesting that
cold may affect seed weight too. However, the highest seed weights in
Frijolica 0~3,2 were pbtained when it commenced flowering on 21 February
or 10 March.

The present diagnosis of the problem 1s that 1t 1is a magnesiuom
deficiency aggravated by cold just before flowering. The problem can be
corrected by foliar applications of wmagnesium sulphate as soon as It
appears. Soil applications at rildging-up are also effective, but theilr
high cost (and slight negative effect in filelds without yellowing) make

them an unattractive "insurance poliey".

4.13 Intensifleation of the cropping cycle

Each year there has been an economic levels trial aimed at including

another crop after ar earlier maize + beans harvest.
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In 1982B, Cundinamarca 431 was the most promising early maize to
combine with the early bean ICA Llanogrande and offergd an attractive
marginal rate of return over the combination Moroche Blanco + Mortific as
well as enough time to plant another crop during the vear (Table 22).
Although Llanogrande vyielded well at high density in this trial, its
testing was disacn§inued because of very unstable performance in the

variety trial and verification trial in 19823.

In 19838, Llanogrande was replaced by 32980-1-41 which dominated
Cundinamarca 431 s0 much that farmerz staked the trial {Table 23).
329B0-1-41 was also later to maturity than in 1382B.

In the same season, & speclal study found that 15 farmers interviewed
were generally interested In an earlier maize + bean association. Beven
mentioned the possibility of planting another crop {(usually potato or
barley), four welcomed meore time for land preparation, feur an earlier
harvest (teo obtain feod earlier or a higher market price). Four were
however precccupied with the guality of the early malze that might be used
(Luna, 1984},

In 1984B, two early beans (1, 32983 and TIB 30-42) were tested with
Cundinamarca 431 and two other early maize populations obtained frem the
CIMMYT Andean Maize Program (via ICA Obonuco}, Pool 7 and Pool &, Some

treatments from the trial were repeated in 1985B.

L 37983 was early enough to allow a second crop and not at all
aggressive, but Cundinamarca 431 was incapable of supporting it., TIB 30-42
and Pool 7 (white grain) was a well-balanced combination which yielded as
well as Frijolica §~3.2 and Morocho Elanco, hut was at least one month
earlier to maturity. The combination Pool 7 + TIB 30-42 was thus too late
to allow a second crop, but would suit a farmer who wanted more time for
land preparation, or an earlier harvest, Sole-crop bush beans were early
enough to allow a second crop (before or after). They yielded a 1dttle

more than sole cropped when intercropped with Cundinamarca 431 (in contrast
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to intercropping with Morocho Blanco: Table 5), but the presence of

Cundinamarca 431 would delay, by one month, the land preparation for the

second crop (Table 24),

In 19838 and 1984B, Cundinamarca 431 proved unstable and weak in
conditions of early season drought. A trial of early maize populations and
varieties from Colombiz, Peru and Ecuader, identified Pool 5 as the most
suitable white '"morocho” maize for association with L 32983 (Table 25).
Harvest of bhoth malze and beans could be obtained in 6.5 to 7 months at

2600 masl.
In 19868, the dntensification trial included Pool 5 either associated

with L 32983 or row intercropped with bush beans and followed by barley as

well as sole cropped bush beans planted before and after barley.

4,14 Fullwseason maize varieties

The maize populations MB 520 (yellow) and MB 521 (white) have been
tested to see whether they increase the vield of associated maize or beans

without affecting the other crop.

They appeared promising in observation rows and in the Intensification
trial in 19838 (Table 23) hut no direct comparison with Morocho Blanco was

possible.

In 19848 rthere was evidence of iIncreasing suppression of Frijolica
0-3.2 bean yield by maize, moving from Morccho Blanco to MB 520 to MB 521
{Table 24}, This was not confirmed by results from 19858 (Table 11}, when
MB 521 was the most favourable cowmpanion for Frijolica 0-3.2., Pool 7,
which was a good partner for TIB 30«42 wag an acceptable partner for
Frijelica 0-3,2 although there may be more risk of lodging than when

Morocho Blanco is used.
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Wwhen verified with Frijolica 0=-3,2 in 1985B, MR 521 lodged more than
Morocho Blanco. Only in filelds with more than 60 ppm P was there any
advantage of using MB 521 { able 10).

4,15 Semi-commercial trials

Frijolica 0-3,2 was compared with Mortifio by farmers in 19848 in
farmer-managed semi-commercial trials where each farmer's usual practices
were applied to both wardeties in plots of 1000-2000 wz. Degpite its
yellowing problems 1in 1984B, Frijolica 0-3.2 outyelded Mortifie numerically
on five out of seven farms (mean 95 kg/ha), permitted more maize yield on
four farms (mean 67 kg/ha) and led to a greater net benefit on four farms

{(mean 1600 pesos, or 1%) {Table 26).

In 1985B, benomyl was supplied to farmers along with Frijolica 0-3.2
and instructions on how to add benomyl to their existing disease and insect
control mixtures, It was azlso suggested that the number of zpplications be
reduced to three. Frijolica 0-3.2 plus benomyl outvielded the loecal
variety with traditional disease control on all 13 farms {(mean advantage
265 kg/ha; range 42 to 659 kg/ha). Maize yileld was higher (mean 195
kg/ha) on all except 2 farms (range -187 to 599 kg/ha).  Net benefir was
at least 16000 pesos/ha greater on 10 out of 13 farms (mean increase 35000
pesos/ha, or 40%) including three of the four farms included to extrapolate
technology outside the original work area (Table 27). The new technology
also performed well on all the four farms above 2850 m, despite earlier
fears that Frijolica 0-3.2 might net be adapted to such high altitudes.
Only on one farm was the net benefit slightly lower (3300 pesos) for the

new technology than for the farmer”s own practices,

5. Movement 0f new technologies In trials

There has been a rapid flow of technological components through the
stages of testing and a supply of new components, especially genetic

material, from Obonuco experimental station.
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Some lines have been discarded after variety trials, another, ICA
Llanogrande was dropped after verification triazls (Table 28)., 32980-1-41
was dropped after verlfication triale in 1984B, but reincluded in
verification in 19868, after re-analysis of its potential acress the years
198285, Potogl 1 was eliminated after two years in varlety and economic
levels trials showed wmore disadvantages then advantages compared to
Frijoliea 0-3.,2. Frijolica 0~3,2 and TIB 30-42 were both tested for two
vearg before verification, and then passed to semi-commercial trials in the
fourth year., The information on Frijelica 0-3.2 in 1982B was so positive
that it would probably have passed to verification triale in 1983B even

without the information from regional trials in 1931E,

ICA 1s considering TIB 30-42 for release, depending on the progress of
the 19868 semi-commercial trials,

Table 29 shows the progress of other technological components. The
use of benomyl for Improved foliar disease control reached gemi-commercial
trials for the first time in 1985E after two vears in verificatlon due to
doubts, now resolved, about the consistency of the bemefit obtained., After
the planting arrangement 2B 2M at 0.5m had been rejected by farmers during
verification, it was modified to 3B 3M at 1.0m and verified two years
later, An iIncrease in bean population to 4B 3M at 0.8m followed one year
behind and was being verified in 1986B while 3B 3M at 0.8m was in
semi~commercial trials. Bimilarly benomyl + carboxin seed treatment passed
to seml-~commercial trials in 19868, while the apparently more effective
product captafol, identified one year later, wae being verified. MB 521
maize was reverified in 19868 due to doubts about its congistency in 19858
while increased fertilizer doses were reevaluated in economic levels trials
for the same reason. Pool 7 maize, in association with TIB 30-42 reached

verification in 19843,

6. Diffusion and follow-up of technologies

One of the most remarkable experiences in Ipiales has been the

responge of farmers to technological components which they liked,
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Farmer initiative can be seen most clearly for the wvarilety Frijolica
0~3.2. Farmers' attention was apparently attracted to Frijolica 0-3,2
during verification trials. Seven sold seed from trial borders (in six
cases, mixed with Mortific, without price discount according to thelr
reports} and eighteen requested seed for the following year, which ICA
supplied in 5 kg packets., 1In 19848, zn estimated 40 farmers planted
seml-commercial quantities of Frijolica 0-3.2Z. This, together with
favourable trial results on farm in 19818, 19828 and 1983B, the favourable
progress of semi-commercial trials and the positive evaluations by
collaborating farmers (Table 30) led ICA to release Frijolica 0-3.2 in June
1985, This was a bold decision since the results of the first
gsemi-commercial trials were not yet known, and allowed seed to be
distributed in time for the 19838 secason. 158 farmers received 1 kg
packets of Frijolica 0-3.2 {a two field days, one in Obonuco experimental
station and one in the Ipiales area. During the fleld days, farmers who
had collaborated in trials answered the questions of other farmers ahout

practices, vields and marketing.

The acceptability of Frijolica 0-3.2 was evaluated with 38 farmers
after the 19B4B harvest (Guerrero and Pachico, 19853}, Results were similar
to those from one year earlier {(Table 30}, although more farmers now noted
the small price discount (Table 31), estimated as 6.3% in June 1985, 61%
of farmers sold Frijolica 0-3.2 alone, the rest mixed with Mortifio. Grain
size of Frijolica 0-3,2 and Mortific vary from year to year and farm to
farm. In 19848, Prijolica 0-3.2 was often inferior due apparently to the
yellowing problem. Farmers noted the size difference, but did not consider

Frijolica 0-3.2 more susceptible to yellowing than Mortifio (Table 31).

87% of farmers said they would plant Frijolica 0-3,2 in 1985B, and 857%
kept seed for this purpose, on average 6.7 kg of Frijolica 0-3.2 compared
to 18.2 kg of Mortifio. In the acceptability study, Frijolica 0-3.2 was
estimated from farmers' reports and crop cuts, to be approximately 100
kg/ha superior in yield to Mortifio. The estimate from trlals in 19848 was
similar (63 kg/ha), but higher in the other three years with no yellowing
problem (242 kg/ha) (Table 4),
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If farmers with other access to seed are included, we estimate that
200~250 farmers planted Frijolica ©-3.2 in 1983B. Two events slowed lts
spread. A severe frost on three consecutive days early in November 1985,
reportedly the worst for 20 years in that month, killied beans in many parts
of Ipiales, including 60-70% of farmers' plots of Frijolica 0-3.2., For
many farmers it was too late to replant. Then bean prices declined to a
ten-year low at harvest, which increased the discount suffered by Frijolica
0-3.2 to at least 30%. At these prices 1t was still as profitable as
Mortinio because of 1its superior, =stable yield. However, farmers who
depended on local iIntermediaries, rather than merchants 1in Tplales,
reported that the intermediaries were often unwilling to purchase Frijolica
0-3.2,

A study early iIn 1986B with a sample of farmers who had planted
Frijolica 0-3.2 in 19858 found that 20% of them had lost all their seed due
to frost. Fifty percent of the rest continued to plant Frijolica 0~3.2 and
had increased the area planted to an average 35% of their area planted to
beans which declined due to low prices. They were estimated to obtain on
average 692 kg/ha from Frijolica 0-3.2, and 515 kg/ha from Mortifio. Malze
vields were unaffected. The cother 50% continued to evaluate the wvariety
favourably for yield, resistance and earliness, but did not plant it in
1986B due to its low price {Pachico, personal communication). Current
research 1s aimed at understanding the reasons for the difference in the
strategies of the two groups of farmers. It 1is believed that Frijolica
0-3.2 1is likely to be adopted by a high proportion of farmers if bean

prices return to normal,

7. Analvals of resource use

Trials in Tpiales have been moye numerous than Is ususl in on-farm
research projects, principally because of our interest in the development
and adaptation of methodology (Table 32). In order to give us more

experience with different trisl designs and technological components, more
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solutions have been studied than is usual or advisable in adaptive on-farm
research. In order to obtain information on the minimmm number of trials
advisable in a recommendation domain, many coples have scmetimes been

planted.

The principal achievements reported in this document (that is,
excluding dinformation on fertilizer doses and cropping intengification)
could have been achieved with an initial diagnosis and only 61 trials
spread over four years. The liberation of Frijolica 0-3.2 could have been
achieved with initial diagnosis and 25 on~farm trials spread over 3 years
{Table 33). As part of methodology development, the Initial survey was
executed in 1982A and repeated with refinements in 1983A. With our present
knowledge, a reconnaissance of one week {(two to four professionals) and a
survey of 50 farmers (15 person-days execution and 15 of analysis) would

have been gufficient for fnitial diagnosis,

Thus, when farmer participation is included, on-farm research 1s

neither a lengthy nor a costly process,

8., Analysis of lessons learnt

Here is a summary of the ways in which experiences in Ipiales have
helped the evelution of the methodologies used, with particular emphasis on

gelfwgriticism,

8.1 Diagnosis and initial planning

The reconnaissance was useful in preparing the exploratory survey
which followed, and in preparing the 1list of problems and possible
solutions, More discussion of the results of the reconnaissance would have
perpitted questions to farmers about the reasons for certain practices to
be included in the exploratory survey, as we now recommend. In retrospect,
the trials planned in the first year generally took farmers' needs and

reasons into account. However, in the case of fertillzer application, a
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better initial understanding would have improved the relevance of the first
year's trials. 1In the recomnalssance, researchers found that some farmers
applied fertilizer at planting time. However, in our eagerness we deduced
from principles of plant nutrition and from application metheds on Obonuco
experimental station that this practice would be the most beneficlal on
farms. Root damage and low stand resulted (section 4,10). A survey during
the first year showed that few farmers apply fertilizer at planting, and
all of them apply it above the seed (which, incidentally, can also damage
plant stand, see Table 17}.

8.2 Farmer participation

Farmer participation can be divided into the management of trials, the
cholce of treatments to be Included in trizls and the evaluation of trials,
In small-plot and verification triagls, farmers have usually managed all
non-experimental varlables except fertilizer application, where
unintentional variations in dose could severely affect results. In
semi~commercial trials, all practices have been left in farmers' hands
(Woolley, 1988). Farmers have not been explicitly consulted about the
exact treatments to be included in trials, although their evaluations of
previous trials influence researchers' choices. Farmers' reaction to
components In future semi-commercial trials in this project will show

whether this strategy has led to wasted effort by researchers.

From the start, farmers have participated 1In the evaluation of
verdfication trials. In 1984B and 1985B, evaluation of all trials by
farmers was introduced, We have found that, for effective evaluation, the
farmer has to be introduced toc the treatments from the time the trial is
planted.

Farmer evaluation has sometimes been nisleading, or possibly badly
organized by us. For example, farmers who managed the 0.5m within row
spacing in exploratory trials did not detect any problen in its mapnagement.

Even those who worked with larger plots In wverification trials, only
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expressed near harvest time their reservation about the new cultivation
practices. Farmers were also over-optimistic about selling Frijolica 0-3.2
mixed with Mortino, without a price discount. They may of course have been

influenced by researchers' enthusiasm.

8.3 Communication between farm regearchers and the experimental

station

This has generally been excellent, and on-farm research can be said to
have drawn together groups which were originally more separated. Both farm
and station researchers have been involved in the planning of OFR and visit
each others' work. Copies of farm trials have been planted at Obonuco to

compare the results with those on farm.

Only on one occasion can communication be saild to have falled due to
omlssion. A decision to release the bush bean varilety Frif%lica 0-3.1 was
taken bagsed on limited OFR results from other areas. OFR research results
already obtained in Ipiales and another OFR zone (Funes) from 1982B~1984B
indicated that this variety is legs stable than others like Antioquia 8 and
TIB 33411, Discussions had centered on the prospects for climbing bean
varieties., S8ince bush beans were apparently of little interest to farmers
in Ipiales, these results had only been discussed superflcially. Thus,
researchers should be alert to apply their results to areas other than

thelr own project area.

8.4 Use of an aggressive research gtrabegy

In general, the rapid progress to verification and the simultaneous

ipitiation of several avenues of research were successful,

Verification trials were not successful in the first year, mainly
because the two fields chosen were unusually unproductive. ICA Llanogrande
happened to be ill-adapted to the area, but farmers were not discouraged by

this (both continued as collaboraters). In general we can state that if
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verification is commenced in the first year, it should be done on

sufficient farms (at least four per domain even If risky).

The variability of responses from year to year can interfere with an
aggressive research strategy, but has not generally been a problem in
Ipiales. The consistent response of Frijolica 0~3.2 was important in its
rapid adoption by farmers and release. The response to changed spatial
arrangements (section 4.8.1) and foliar disease control {section 4.7) was
different in 1982B and 19838, Thege components had passed directly from
exploratory trials to verification trials, which reevaluated similar (more
limited) trestment combinations. This strategy was more fruitful than
simply repeating the exploratory trial in 1983RB, since both components thus
made more rapid progress to modification {(spatial arrangement)} or eventual
recommendation (foliar disease control), The Inconsigtency of fertilizer
results when verified in 19853 (section 4.10) 1s probably due to factors
other than year to year variability,.

The aggressive strategy has alse evaluated certain technological
components (fertilizer dose since 1982B and spatial arrangement/density
since 1984B) only in the promising variety Frijolica 0-3.2, and not in
Mortifio, the local variety. This has been indicated because farmers appear

to adopt the new variety before the other practices,

8.5 Design of trials

B.5.1 Plot size and total number of replications

Groups of 3 or 4 trials of one design have usually had LiDs (10%) for
bean yields of the order of 100~150 kg/ha before factorial effects are
combined, This gives sufficient precislon for most technological
components, sinece smaller galins would not be of dinterest to farmers.
However, seed treatments are not costly and farmers may be interested in

smaller average gains, especially as insurance against occasionally severe
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disease attack. Trials have not generally been precise enough to determine
whether seed treatments produce small positive or small negative effects.
It is however difficult to justify investing more rescurces in increasing

the number of replications in order to increase precision.

LShs for mailze are usually about three tlmes greater than those for
beang, since maize is an outpollinated crop and thus more wvariable from
plant to plant than beans, which are sgelf-pollinated., However since
bean:maize price ratiog have averaged 3:1 (range 2.4:1 to 4,5 to 1) over
the four years, errors iIno bean vyield have on average three times wmore
effect on estimated net benefit than errors of the same size in maize

yleld.

It is not therefore necessary to increase precision in maize data,

unless the bean:mailze price ratlo falls sharply.

8.5,2 Problems iIn defining disease control treatments

In section 4.7 the effectiveness of benomyl was underestimated by
comparing variable farmer disease control practices, adjusted according to
the occurrence of rain, with calendar treatments by researchers. Comparing
new disease control practices with those of farmers is a complex problem,

discussed further by Woolley (1987).

8.5.3 Number of replications/farm and number of farms

Data from four farms has usually been necessary for trials of
climbing varieties, to detect the strong genotype x environment interaction
of some less desirable lines. Four copies of the 1982B exploratory trial
would be the minimum desirable (there were in fact five) and four coples
seems to be the minimum desirable for trials dealing with changes in
density and spatial arrangement. As many as nine trials (spread over three

years) were necessary in order to understand the effect of fertilizer
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applications, Maize seems less variable, and the results from only 2 farms
in the earlv maize trial are thought te be reliable., Two infected farms
per vear may be gufficient to understand root rot control, but more farms

have to be planted since infection cannet be guaranteed,

In verification triale, two replications at the level of each farm are
certainly necessary In our experience, Data from 19838 was hard to
interpret since the end plots were often suspected to have been affected by
a non-experimental source of variance, Eight harvested verification trials
wag the minimum necessary to stratify a variable zone like Ipiales, in
19858B.

8.6 New themes which emerged from unexpected results

Two lines of work which arose, show the adaptability of OFR to new
situations., Trials on the benefits of dinceculation began as a background
study to determine the potential of inoculatien and compare the nodulation
of Mortifio and Frijolica 0~3.2. However, incculation appeared to be a way
to increase nitrogen s=supply to maize and beans without 1ncreasing
competition from maize, prejudicial to beans, and in the secend year is

already being tested in treatments in a fertilizer trial.

In a different set of circumstances, studies of the yellowlng problem
began because of dits sudden appearance, and led within 15 months to a

preliminary recommendation of curative foliar applications of magnesium.

In a different way, seed trestment with benomyl + carboxin powder was
tested as a control for root rots, but instead appears to give early
protection against anthracnose. Captan soil fumigatvion did not protect
against bean root rots, but provided an unexpected yield increase in maize,.
Neither of these results had been reported previously. Adaptive on-farm
research may therefore lead to new themes for background or adaptive

research.



36

8.7 Naming of varieties

It is unfortunate that the name used for the line Ecuador 605 as a new
variety was chosen without consulting the local researchers and farmers and
using a set of criterla apparently designed only for the convenience of
research administraters. Our knowledge of farmer practices in naming
materials would have permitted us to predict that farmers would shorten
"Frijelica 0-3.2" to "Frijolica™, the same name given to three other bean
lines liberated in 1985 and 1986, We would recommend short, attractive
names, which are already part of farmer's vocabulary, Names of local
areas, from which the adaptation of varieties can also be inferred, have

already been successfully used by ICA (eg. ICA Pijao).

9. The future in the Ipiales work zone

9.1 The future of OFR in the area

Influenced by the success of this project, and by the experiences in
OFR of varlous national programs with CIMMYT and IDRC, ICA decided to set
up six OFR pilot projects. One was initiated in Ipiales during 1986 and
strengthens the contacts between scientisgts at Obonuco éxparimental station
and those based in Iplales. The mailze-bean sub-system is included among
various sub-systems being studied. The municipalities covered, Potosi,
Cordoba and Puerres, cover part of the zone where this work was initiated,

80 results from the project reported here are being used extensively.

9.2 The future of beans in Ipiales

The price of beans will undoubtedly influence farmers' enthusiasm for
the technologies studied with them in this project., Given prices similar
te the 1982B and 1983B harvestsz, most technologies which have reached
verification or farmer-managed trials iIn 1986B are already belng adopted
(Frijolica 0-3.2 and maybe use of foliar benomyl) or stand a good chance of

adoption. Farmers would apparently welcome the avallability of a range of
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varieties of different maturity and different commercial seed-types and
there ave promisging lines and a released variety (Frijolica 0~3.2, TIB
30-42, maybe AND 53 and, in bush beans Antioquia 8~II) which meet these
needs. Fusarium late wilt is a problem apparently on the increase,
fortunately the first two lines are knowa to be tolerant. Leaf miner is
expected to be a problem in 1986B and this will at least provide the

cpportunlty to study its control.

Marginal rates of return for the components tested were calculated
from the effects in Table 4 and are presented in Table 34, The bean: maize
price ratic 1ig the parameter that most affects which treatments are
economic, The variable costs and net benefits presented were therefore
caleulated using mean costs and prices of products {corrected for
inflation) for three seasons when the bean:maize price ratio wag around 2.5
(19828, 1983B and 1985B) and one when it was near 4.5 (1984B), These
approximate the bean:maize price ratios over a longer period, for which
data are available. Of course, bean:fertilizer and maize:fertilizer price
ratios also affect the interpretation of some trial results and these are
not constant either, Variability of economic returns on particular
technologles from farm to farm are outside the scope of this document but
are digcussed elsewhere (Luna and Valderrama 1986) using some of the data

from Ipiales.

9.3 Summary of present recommendations

For full-season associations of maize and beans {occupying 8-9 mounths
at 2600 masl), the following components c¢an be adopted independeutly by

farmers:

- The variety Frijolieca 0-3.2, planted at farmers' normal spacing and
with farmers' maize, or, if closer spacing is desired, with 3 maize
and 3 bean seeds every 0.8m within the row (the advantage of using 3
maize and 4 bean seeds 1s expected to be confirmed shortly).
Alternatively, the earlier line TIB 30-42 may be used with farmers'
practices, or with 3 maize and 4 beans at 0.8m in the row. It ism
expected that Pool 7 malze will be confirmed as a suitable partner for
TIB 30-42.
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- The addition of benomyl (0.5 kg/ha) to the disease and insect contrel
fumigation used at present, with a reduction of maneb to 1,0 kg/ha.

- Bean seed treatment with 0.75 g/kg benomyl + 0.25 kg/ha carboxin 300
powder (provisional recommendation, captafol powder expected to be

included instead of, or as well as, benomyl + carboxin),

For a short season crop of 6-~6.5 months at 2600 masl, the cropping
system c¢an be provisionally degeribed as Poel 5 mailze (early white
"morocho'” type) associated with L 32983 (M4) early climbing beans (medium
sized red seed) or row intercropped with Antioquia 8 (II) bush beans.
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Teble 2, Summry. Varety Trials, Ipiales district. 1982B-198B.

Frijolica 0-3.2%

TIB 30-42

900-1-44

00-1-41

Potost 1

A M8

Mortifo (chedd)*1
Sabarero (chedd)*

TIB 3341

59

Cargamentn rayado {chedk)
lancgrande®

Sanrb 36

32080-1-43

2976141

vV 1003*

Ferador 521%

Selencifn Mat: loml V2
Selerrifn Mat logal, V1
A M4 (L 32983)*
TIB 19-42

TR 1941

Ab 53

. 1)

a0 37

2

Mortifo x Llanogrande-413
AD 3B

LD (10%)

Weeks to Yield (kg/ta)

Harvest Wedghted

at B00m 10 Seed Weight  Guain Golor 19828 19638 19848 19858 Mean

(estinare) ® B M B M B M B M B M
k) 72 Purple/cream 07 1920 5 03 570 1404 615 1860 “9 1522
0 60 Red/cream - - 461 1235 S84 1724 515 1786 €01 1582
32 43 Purple 754 nn 485 1305 479 1366 - - 566 1646
32 56 Crean/purple %6 1745 55 1060 31 1701 40 1767 553 1568
3% 65 Black/Purple - - 355 1193 311 1373 - - 412 1526
3 47 Red &9 2178 231 11l - - -~ - 6 1737
35 85 RAnple/crean 466 2062 K4} 1107 129 1484 416 1922 ¥8 1644
% 97 Pink/red 485 2149 30 1377 173 1355 - - 33 1763
3 43 Red - - 28 1255 2X) 1704 - - 277 1797
31 5 Red “w o 2% - - - - - - - -5
% 3 Beige/black 4% 185 - - - - - - - -
2 49 Cresm/purple 23 1747 - - - - - - - -
¥ 57 RAnple/crean 606 1965 - - - - - - - -
2 5% Purople 572 2327 - -~ - - - - - -
32 46 Red 361 2260 - - - - - - - -
31 52 Wite 545 2367 - - - - - - - -
% 51 Red 537 2291 - - - - - - - -
35 &b PAnrple/cresm - - 23 1097 - - - - - -
35 %9 Rurple/crean - - 276 113 - - - - - -
28 0 Fed - - 21 1550 - - - - - -
0 51 Rople - - - - 212 188 - - - -
X % Puple - - - - 123 1670 - - - -
3l 55 Red - - - - - - 65 1 - -
0 & TFad - - - - - - 4% 1713 - -
31 & Red - - - - - - 418 1897 - -
31 46 Red - - - - - - 35 262 - -
A 71 Cream/red - - - - - - 342 1801 - -
Ky 62 Red - - - - - - m 1858 - -

ar 572 131 290 131 422 97 45 - -

% Lines testad oan 2 fams in 1981B.
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Tahle 3. Variable cost and net benefit of various

systems tegted in the variety trials,
Calculated using mean
cogts and prices of the four years and
expressed in December 1986 pesos.

digstrict 1982B-1985B,

Iplales

Beany variety

Clnbing bears aseoctated with madze

Frijolica 0-3.2
32380141
32980-1~44

TIB 3042

A 53

Mortdre {chedd)
Ssberero (hedd)

Bush beans row dntevcropped with mdze

Relative

Varizhle
Cost

Net Benefit (thousand pesos/ha)
19338 1984 19838

to Mrrtifo  thas. pesos/ha 19808

Acloguia 8
T 33411
Frijolica 0-3.1

Sile cropped bush beans
Mntioqida 8

TIB 33411
Frijolica 0-3.1

0.9t
£.61
.67
0.72

1.18

0.62
0.5
0,55

0.62
0.59
0.35

10.3
6.7
6.0
7.3

12.6
16.1

21.7
2.4
8.9

16,9
17.9
16.5

75.3
£6.0
72.1

59.9
0.5

23.5

123.9

96.8
128,06
119.3

109.¢
150.0

8.8
20.0

153,2

92.9
6.8
153.1

61.9
8.5

107,5
114.4
112.0

42.2
5.7
11.9

8.4
455

61.3
674
67.1

9.1
48.5
0.7

-11.0
-10.8
-10.8
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Table 4, Summary of effects. TIpiales 1982B-1985R8. kg/ha of
beans and maize

Effect 19828 19838 19848 19858 Mean
B M B M B M B M B M
Gerge of Bean variety
Mortifo to Frijolica 0-3.2 23 =131 B ¥ 6 58 2 142 1% 3
Mortifo to TIB 3342 91 & X6 17 28 -13% A5 43
Mortifp to 32080-1-41 & SBI7 1B -3 X0 M % -15 10 8
Charge: of Maize variety
Morodo blaco t 18 520) (03,2 & Mt), 4 T4 % -2 1%
Morecho blarco o MB 521 (0-3.2 & Mort) -187 %3 133 7 <27 4
Change of fertilization (at ridgingp)
137 o 3N -126 4% % 47 81 2B 80 3%
I to BN =44 513 15 ®2 U1l U9 57 3l
1,3 o 3P o 1 B2 7T 218 52 -5
3P to 56.7P ¥ -3 133 -9 2 48 N 10
0 o KD kgfta 13-26-6 1% B2 12 19 157 &% 145 55
100 to 30 kgha 13766 My 12 67 ¥ -S54 -8 5 16
0 to 2 Mg (n presence of A0 kefha 13-26-6) ~52 221 10 ~357 -53 -55%2 18 -2
0 to I¥ (in presece of IN + 34P) 0y A7 18 X # BB OB OB
Chanee In denslty
8478, Im to M 2B, 0.5m (0-3.2 & Mort) xXP B 1% 15 AB 2 YR §]
&4 3B, Im to M 3B, 0.8 Frij 03.2) 92 =24 139 2B I R
Control of foliar disenses
Farmers'contre]. to mencozsh + benong2(3) 61 IC T B [ (% 3B 52 -0 127 =37
Seed axd soil trestmnt
Scaking dn benmyd, ~75 - X% -3 -1 12 ~53 £
Carbadn ~59 - =106 20 1 &0 53 130
Beromy] + carbondn 311 % -8 37 B 56:;1 26
Captafol applied to seed s 33 18t 2P
Aldrin aloe w23 - 12 1 & 1
Carbaryl alore 4 -2P 41 -XR
Famers' mean yield O 197 6% 1838 557 2A37 515 632 327 1901

a2 FResult from aly | fam with Resardun dnfection
b 1% effect neasured anly in FrijoHea 0.3-2
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Table 5. Summary of maize and bush bean yields (kg/ha)
in variety trials., 1Ipiales 1982B-19858

Sole avp beans
Bem 19878 19838 19848 1988 Mem Weighted Mean
Variety 4 fams 3 foms 3 famm 4 fams  19B4B & 19BSB 19838 to 18
Antioquia 8 - 6 39 1728 670 616
Frijolica 0-3.1 - - 4576 788 632 60
TIB 33411 1445 625 575 735 (&35 &2
TIB 3331 23 pitt - - - -
150 (10%) AR 31 131 124 - -
Beenys yow intercrvpped with maize

Mo
Besnt 19848 19858 19848 & 19858
Variety Bean MaTze Bean Malze Bemnt Maize
Antioquda 8 &% 1928 Cith 1993 463 1960
Frijolica 0-3.1 424 1752 510 1820 49 1786
TIR 33411 i3 288 528 1768 448 1913
L8 () 13 522 124 514 . -

a In 1988 Antdoguia 811 (selectio of habit 2 plants) was wed: in the previous years a mixture
of growth hebits 1y 2 wes usad,
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Table 6, Yield, costs and benefits of new technologies
with Mortifiec and Frijoldiea 0,3-2 {(from an
exploratory experiment on disease control x
variety x fertilizer x density) Mean of five
farms, Ipiales 19821
Increnced Bproved Foliar  Incresced Bean
Farmer Bem Disease Dengity + Tnproved
Teckrology Deveity Control Foldar Tisease Crrl
Bem Mafze  Bosn Madze  Bemn Mifze Bem Mafze
Yield Qkg/ha)
Mortifiy A3 1832 550 AR 638 1462 90 2049
Frijolica 03,2 52 1617 88 1874 87 e 1253 1736

Varishle cost (thousands of posos/ta)®

With Mortdfo
With Frijolica 0-3.2

2.8 6.6 8.4 2.2
11.8 16.3 15.5 19,8

&mnxmn{ﬁugmhcfgmxﬁma

With Mortino 1Z7.8 158.6 0.7 210.0
With Frijolica (-3.2 1349 179.1 163.4 28,7
L (0 for yield {ke/he), sae disease ocontrol 159 41
ISD (I0%) for vield (xg/h), different disease artxal 168 513

a  Fstimted osing mean coste and prices 19878 to 19858 ayd expressad In Decenber 1966 pesos,
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Table 7. Comparison between Mortific and Frijolica 0.3-2
at different technology levels, Verification
trial, Ipiales 19B3B. Mean of 12 farms.

Inproved Disesse
Fatner Tproved Gntrol add Tneveased
Technology Disease Control Bean Density
Bean variety Mort., Frij. 03,2  Mort, Frij. 0-3.2  Mort,  Frij, 03,2
Bean yield (kg/ha) 62 %65 €8 971 879 1128
Maize vield (g/ha) 1618 1578 1663 1563 1488 1418
Variable ooets a 12,8 11,9 16.4 15,5 20.2 18.4
{thousands of pescs/ha)
Net et 146,6 84,6 152.3 185.6 175.8 198.5

(thousands of mﬁn}a

LD (107 for yield: bears 267 kg/ha; mafze 302 kgftn,  Fixed costs: 38,8 thousand pesosfha.

a [Istineted using mean costs and prices, 19828 to 19858, and expressad in Decarber 1956 pests,
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Table 8. Compariscn between Mortifio and Friitolica
0.3~2 and 32980-1-41 at different technology
levels. Verification trial, Ipiales 1983B.
Mean of 9 farms.

Famer Tedmolopy Tnproved Diseace Gontyol
Bemn Variety Mt Foij 043.2 29041 Mat  Frij 03.2  32900--41
Bean yield kgfha 7 374 33 150 15 5
Maize yleld ky/ta % am 2065 199 2% 2191
Varisble oosts 8.4 7.5 6.1 16.5 15.6 14.2
{thowsards of pesos/he)™

Ret return 129 137.0 1%0.6 s L1 1142

(thousands of pesos/ha)

1D () for vield @ bems 68 ky/hay mafze X% kg, Fixed oosts: 39,8 thousand pesos/ha.

a Fotimated uvsing mesn costs and prices 19828 to 19898, and expressed in Decanber 1966 pescs



49

Table 9. Bean varleties x planting arrangement trials.
Ipilales, 1984B.

Bean Sacirg, betveen Seed/Sites Yixaid (ke/ta) Variable Hat
Vaciety ﬂmmﬁgsues@@ Bem  Malze Bean~ Maize Cesits Rettumn

{2 farms) (Sﬁﬁmﬂ(ﬁnuﬂnbcipauykﬁ
TIR 30-42 0.5 4 2 1057 1285 16,4 176.6
TIB X042 1.0 4 4 762 1116 9.4 128,2
TIB 30-42 1.0 2 4 a3 150 6.9 133.7
329680141 0.5 4 2 877 1350 14.5 98.0
37980-1-41 1.0 4 4 515 157 8.5 97.7
32980-1-41 1.0 2 4 332 1540 6.5 92.0
Frijolica 0-3.2 0.5 3 2 1 1327 17.7 175.0
Frijolica 03,2 0,65 3 3 666 1189 15.4 138.9
Frijolica 0-3.2 0.8 3 3 654 137 11.5 156.0
Frijolics 03,2 1.0 4 4 653 1401 119 153.1
Frijolica 03,2 1.0 3 4 562 14651 10,1 1.3
Frijolica 0-3.2 L0O 2 4 357 1355 8,2 97.2
Mortifio {dhedk) L0 2 4 476 1346 9.3 127.4
1D (10%) 115 35

Pl coste: 48,3 thousad pesos/ha

2 Interraw spechyg wag abays L0
Estimted using mean oosts and prices 19628 to 19858 axd expressed in Decenber 1986 pesvs.
Varisty, arrangerent ayd variety X arrangenent effects were significant in beans bt oot in mrdze,



Teile 10, Verificarim trial. Ipiales 1988, Yields of besss aod maize (ghen), and net benefits,

13266 Mesm of 2 fertile felda(l) Mem of 4 infertile Helds (2) Mem of 2 Fiplds in Poerres () {4)

Beeny Variery Mrize Variety Mmmmm o/t "s’_ieid Vadisble Ber | Yield Varishle et _ m \&m&g{a m
B M M  csts lbeefir B 0M asts”  benefir B
kg/ha “thows. pests/ta kg/ta thias. pesos/ia kg!fa thws mﬁa

Frijolica 83,2 M 54 0.8 3 i 44 96 U&7 e 181.0 ha7 2267 27.9 i76.8 Wy s M3 248.3
TIB 3042 Moredo oo 28 4 3 149 £3 22 160 147.4 fraa paais 16.0 4.7 120 B0 354 193.3
Frijalics (-3.2 Morodo Bo 0.8 i3 W e« 12» ws A2 37 20 16.8 175.0 78 4w 88 P
Frijolica 0-3.2 MWorxtp Ben+ T OB i 3 W W™ s A AN T I 8.1 117.5 1256 3K8 W04 35.2
Friialica 0-3.2 ook Bo 0.8 3 3 X0 872 98 B0 155 527 a8 8.0 BL.2 LoC T T+ A ¢ O 136
Frijolica 0:3.2  Morodo Bo 1.0 3 4 w0 152 155w 53 1AL 15.2 138,5 &7 1227 Ml uzs
Mortith Myrocho Bo 1.0 2 4 o 3/E W2 44 0.9 27 xe? 14.4 118.B 8 25 8lA ARG
Yortifio Muodo Bo 1o 2 4 0 %4 1375 ldbG 1482 A4 2N 15,4 163,6 %5 X633 189.5
Ve s I 41 ) 41 A% 08 198
D (10 151 X6 17 643 #5157
% Lodging i Momocho Blanco Medee 0 0 0
% Tedging in M8 21 medze o ¥ k1]
Frijolica 0-3.2 (M) to TIB 3042 (M 4B) ~169 &3 1134 54 62 81
M o X igfha 13066 B0 -9 -6 -2 =237 W3
Benwyl +erboxin (ghe) V -8 A3 X m arowmA

Morodto Rlanco o MES2E &4 2B Z 1% ME -l76
m;mmo*s.&(mss)lomm{zma}ﬁam B =: 0 X3 3) I 3

Mot (M7 1.0m to Frijolica 0-3.2 B LOm 28 <37 px RN Ly Lol W 8%

Fimdd comrmy 4.7 thomsed pesefha

{1) Fialds with high P voent { 80 ) and poeviosily cropoed with poearn

(N Fields with intemediate P oonter: (21 0 45 v and rec previamsly cropeerd with potarn,
{3} ¥aixe dam from anly ae famm in Puerres

(4) Couts e vary inchre the vahe of stakes used in each plot. |

2. Caleniated using mem prices for 19828 to 19858 and egressd in Decenber 1986 pescs.

T. Seed trestoent; |, benowy] -+ earboxdn,

%, (e fmrer wed Corgamento ravad, ot Moredio
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Table 11. Maize varieties x bean varleries x planting
arrangements trial, Ipiales, 1985B. Mean
of 2 farms.

Distaxe between Seads/ Yield Varishle et
Bean Var., Matze Var,  hills(e) i (kg/he) Costs Retun
¥F M Bean Maize (thousads of pesoe/ha)

TIB 042 ool 7 0.8 6 4 541 %9 15.0 175.6
TIB 3042 Foal 7 0.8 4 4 488 2817 1.9 172.2
TIB 3042 Fool 7 0.8 5 3 670 A2 1.2 175.7
TIB 3042 Pool 7 1.0 4 4 75 7160 9.8 133.5
Frijolica 03.2 M. blawo 0.8 44 2759 146 156.1
Frijolica 03.2 M. bianw 0.8 4 3 531 2 4. 186.8
Frijolica 0-3.2 M. blao 0.8 34 2% 6 123 139.3
Frijolica 0-3.2 M. blaxo 0.8 3 3 1B 2191 1.7 1%.8
Frijolica 03.2  Fool 7 0.8 303 1 59 121 10,7
Frijolica 0-3.2 MBS0 1.0 3 4 20 2353 9.9 145.4
Frijolea 0-3.2 M8 521 1.0 3 4 B0 T4 9.9 2136
Frijolica 0-3.2 M. blanm 1.0 3 4 2% %5 10,1 15.3
Mortifo M. blao 0.8 2 3 128 213 I8 15L.1
Mortifo M8 0 1.0 2 4 214 E16%) 9.2 191,0
Mortifo ¥ 52 1.0 2 4 85 3190 9,2 157.3
Motifo (checd) M. blaxo L0 2 4 1% 279 9.3 140.3
Mo 337 2516

15D (107) 19 %8

Fivad aosts: 48.3 thousand pesos/ta

a Estimated using mean 1982B to 1985 B costs and prives, and expressed in Decenber 1986 pesce,
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Table 12, Variletal response to
Fusarium late wilt

Beem vield (kg/ha) Matlo  Prijolica03.2  Rotosl1 1D (10%)
1983B famm with dnfectim 2 980 9 18
198°B farms without dnfection (2) &7 641 615 128
19948 farm with infection 148 479 483 124
1995 famm with infection and yellowing 3 510 916 88
19658 famm with infection 149 V.4 - 35

B&nthmaWﬁ&dCﬂz

TR fam with dnfection 57 82 75 11
1999 famms without infection (2) &0 55 50 8
19%¥R fam with infection 50 50 57 -
19848 farm with #nfection and yellowing V5 68 72 -
19858 farm with dnfectim 50 55 - &
Malze yield (kg/ta)
18 00 jlece s AT8 19]
19848 2171 2124 B4 x5
19858 94 1046 - 166

1 s peroentage of rueber of seeds planted,
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Table 13: Effect of seed and sodl dhenical tremtrents,
Ipisles, 1988 axl 1948,

Been Yield % bem plats”  Maize
Seed Sedl Tame with Fams without hervestad _ Yield
Treatwent (g/kg) Treatrent root Tots ook rots 19848 TRE 1000 1B 1005 1998
{ke/te) 198381 198382 -t -2
OB (1) Tsectdpide 675 €51 5% 73 % 62 197 28
Berenwl  (0.75) + Treecticide - - 7. J B
carberdn (0,25)
Byl (D) Tnsecticdde - - 522 - - 6 - 1798
Carbescin (1) Tneecticide 78 50 & 7 3 6 W3 290
Beronyl (soaking 5 gf1)  Insecticide 719 811 ¥4 0 % 6l 195 2142
Without Tnsecticide 86 710 73 08 % % 63 2P
Withot Withaut 71 607 £ % Sh 6 AP WY
Without Catbofuran () 91 619 - % % - 19 -
Without OB (6) 645 572 - 8 & - 9w -
+ dnsecticide
1@ () 210 15 15 16 10 T WS

a Aldrin (0 kgha) in 198B; carbaryl 8¥ spray with 2 kp/ha in 19868
b As % of neber of seads planted
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Teble 14, Seed treatment trial, Ipiales, 19858
(meen data for Mortdio and Frijolica 0-3.2)

Yield ke/ha Fetablshed popularion (9P
Seedd il Pamwith P wlthout Farmwith  Feam without
treatment treatnent s%th Reswhom Syoptane Prprlim Serptore
{g/ke) captafel Ben  Malze Bemy  Malze Bean  Maize Ben  Maime

Pyl (0.75) + Mo 1% N ) 1150 B 8 W0 74
Carbendn 0.25)

Benyl (0.75) +  Planting M Um L7 065 57 € 59 68
Carbowdn (0.25)

Orthocdde (2) Planting 10 g8 w6 19% 5 6 & 7%
Captafol {1} o %5 87 3 2 5 63 Sl 63
Mo No 137 W% LN 158 % 85 &
BB () Planting w0 37 W6 8 T ¢ 67
Mo Planting e U2 M3 18% 48 0 W 75
No Plating ad 3 171 8 X 1763 57 0 47 &3

mxths

Mem 177 100 3m 16® 2 6 52 &9
1 (00 70 B3 A 536 9 1212 8
Mem effect benmy) + carbaxin” y2) 68 0 0 4 8 0
Moo effect captafol (to soil)© 41 B/ - B7 3 6 =2 1
1D (1K) 49 75 13 AR 6 8 8 6

a 3kghe in 150 1 water
b As % of nrber of seeds planted
¢ Estinated from the 2 x 7 factordal seb (Be coporents showed 1o interaction),
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Table 15. Soll analysis summary (0-20 cm).

Ipiales District, 1982~1985,

Total 129 samples

First Third

Minimum quartile Median quartile Maxdmim

0.M. % 1.4 2.8 3.2 4.0 7.7
P ppm Bray II i5,1 39.4 69.0 109.5 560.0
pH 4,9 5.6 5.8 6.1 6.7
Ca meq/100g 1.7 5.0 6.2 7.7 14,9
Mg meq/100g 0.43 1.09 1.4 2.1 4.8
Ca/Mg 1.40 3.2 £,2 5.6 14.0
K meq/10Cg 0.1 0.6 0.8 1.1 3.4
Na " 0.04 0.06 0.08 0.1 0.66
CEC " 6.4 11.8 13.8 17.6 34.0
B ppm 0.4 0.64 0.87 1.11 1.9
Zn ppm 1.2 2.7 3.5 5.1 14,7
Mn ppm 6.0 20.5 28.0 39.3 84.0
Cu ppm 0 0,47 0.81 1.28 5.5
Fe ppm 3.9 26.8 29.8 38.4 112.0
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Table 16. Fertilization trial. Ipiales, 1982B
(fertilizers applied under seed and covered at
planting). Mean of 4 farms for beans and 3 for

maize,
Yield (g/te) Established plants’
Beons Mzize
Kefa Frijolica 0-3.2 Morecho blaxe Pers Maize

e I 98 1857 8 84
of P &5 84 17% 72 77
Iovels 9N 820 1979 ) i
Men e 677 1774 65 71
of § {£p 4] 1881 72 82
levels P B 1960 75 77
10 (W) 133 777 1 8

Addicioal trestuents
2 0P 855 1559 79 82
N 4P g8 1851 & &
LR 4P Mg 210 193 78 &
R 4P 1B 0 1730 & 75
487 40P 5 85 1973 71 5
48N 4B HK 32 21730 65 84
X0 keg/ha "13-26-6" 8% 1618 9l g1
1D (107 Vel 478 23 13
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Tabile 17, Fertilizstion methods dn Feljolica 03,2,
19838, Megn of 2 foms.,

Kefta fpplication Yield %plmt:ss}_ Z plats Yield % plants , " Z plants
13266 Tositin Tie  kefta  establided hevested  kgfhe  estiblished  harvested

WP/ Under  Platig 192 2 0 ™ % 8
ed

50 Barxd Ridglrg-p 484 & 3] 1216 51 4

30 thier Flanting 440 32 =8 1586 & 49
seerd

50 tbow Plamtirg 3% &3 47 1247 i 38
sed

50 Hole at  Platdng 445 62 51 1812 65 48
side

50 Side— Ridging<p 752 &6 74 1199 &7 42
dressed

0 Side- Ridgdrgap 461 ) 5 1263 62 42
dressad

19 (U 247 g i9 58 i) 15

1  As perventage of mnber of seeds planted
2 &6 ndla B+ 79 DAP + 110 Urea + 50 K1 (kp/ha) (nutrfent rates equivalent to 500 kg 13-26-6/ta)

3  Estsblisted ad harwsted plant ounts were made in different rous of the plot, thus estimetions of
plants harvested my be greater than plants established,
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Table 18, Fertilization trial. Ipiales, 1983B~1985B
(fertilizers applied side-dressed at
ridging-up). Mean of 9 farms (3 per vear)

Yield kg/ha Varizble Net:
B Maive Costs rehne
kefha ov Frijolica 03,2 M. Blaxo Ghnmﬂbgf {&nﬂmkgﬁ
pesos/ha) pesos/ha)
Mom of P 12 7% 176 17.0 13%.2
levels N 627 74 N4 159.3
6 679 230 7.8 2.3
Mean of N 1.9 571 X60 1.2 156.6
levels Y0P €57 018 2.4 160.8
56,7 7t 206 27.7 163.8
1D (K00 5 161 - -

Additioogl trestments

N 3P 632 280 0.4 160.5
N+ PP+ 1K 79 2119 217 177.9
A0 kg/ta 13066 658 200 19.7 170.7
T0 kpfha 13066 + D Mg %6 1869 1.3 146.8
100 kegftn 13-26-6 509 1981 9.5 160.6
0 (nfertilized) 54 1563 4 19,2
LS (10 16 o8 - -

a FEstimared uging mean 19878 to 19858 coets and prices, and expressad in Decenber 1986 pesos.
Costs and retums for the N x P factorfal set ave calaulated by adjusting the other elemnt
to its lowest level,

b Equivalent to mean famer application acconting to 1962 and 1983 arveys.



Table 19, Brdzcbium froculatim trial, Ipiales, 19838

39

Mean of 2 varieties

Tooulated with a
mixtire of 3 straing

With 50 kg Nha
Without mitropen
13 (19

Mo of 3 practices
Frijoldea 0-3.2

Mortdin

1D (107

Ty farme with respores e farm with ro response
to froadarion
Beant Nodules/plat Bemn Nodes/  Maize
yield Gg/ba) vield (kg/e) _plant _yield Gg/ha)
3R 17.3 156 14.8 388
221 1.5 215 5.3 4575
9 25.3 %0 12.3 B2
9 7.4 76 6.5 114
3 15,3 8 12.4 4123
172 26.1 126 15.9 4012
75 6.0 62 5.3 53

There was mo vardety x practice interaction.  All treatments received 20,3 P + 9 K ot rideingop.

1 Famers hervested nedze in both trials. Maize dowed fmproved growth in B-fertilized trestments,
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Table 20. Superimposed trial on foliar fertilization.
Ipiales 19848 and 1985B. Bean yield in kg/ha
Coreentration G, mug G. Ezmnz S. !&:mmg Mean 2
Fertdlizer &/1} 0-3.2) Jortin) ©-3.2) Men Fams
Oegmipe  Chagoaipe Swaz__ (03.2) 1985 B
Mogresiim sulphate 10 &9 733 %5 437 152
Misture 833 %6 95 289 27
Borax 2 82 728 735 798 x2
Ammorhum molybdate 10 &8 €65 719 773 154
Urea 20 82 758 4% 765 -
(heck - 731 &6 621 676 am
Zirc sulphate 5 647 69 578 p12 144
Magnestim dhloride - 183
1 (1) i 33 W37 196 53

1 Minge of mgresin ailphate, borx, amroiim mlybdate, ad zine sulphate at the same rates as
iodivideal trestments.

2. Applicatioos at pod filling. Fem with sme velloving visible in Frijolics 03,2
3. Applicatias durdng late flowring, Visible yellowing 4n Frijolica 0-3.2.



Teble 21, Yield and 100 seed wedght of Mortifo ad Frijalica 0-3.2 in relatio to Flowering date,

Tdales, 19848
Estfmated Flowering date Yield Gg/ha) 100 Seerd Werlghe(2)
¥, of
Prijolica O=3,2 Mortiin trisls Mort-iio Fritaliea 0-3.2 Difference Mortdio Frijolica O-4,2 Differae
% Javery 15 Febmumry 1 6 45 HE9 X 63 -7
31 Jarnery 2 February 3 24 51 257 66 8 -8
1 February 2 Febnary 1 h &3 H17 6?2 52 )
3 Febmury 73 Yebnery 1 578 630 52 at nt nt
14 Februery 6 March 1 I8 412 +X% & €0 o
15 Februay 7 VMarch 3 39 s +13 ! 58 =13
16 February 8 March 2 Kt} 3% +3 71 & -8
17 February 9 March 1 k] 510 +87 » % -13
19 February 1 March 1 19 72 +83 &, % ~23
21 Pebmary 13 March 3 540 49 5 ro 5
22 Febmary 14 March i 757 a5 438 77 5 ~19
10 March 30 Maxch 1 573 415 ~158 77 o7 ~10
11 March 31 Mexch 1 31 4l -0 n t nt
Linear regresgion coefficient m 7.3 2.2 9.5 0,32 0.23 ~0,10
daye to flowering
Standard ertor of coefficien 3,22 3. 393 0.11 0.1 0,12

19

! Based o planting date and hedght sbove sea level

z No dats taken

3 Pata from cre trial ady
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Table 22, Results of the intengification trial.
Ipiales, 1982B. Mean of 3 farms. The
most outstanding treatment for each
varietal combination is included.
Varizble Net
Costs Retions
Meize varieg Rean varisty {thausands of {thougands ef
(4 plantsfm’) and population {énz) Beans Maize pescs/ta)” pesos/ha)®
Tocal Llarcgresde™ (8) 582 2706 4.5 160.6
Cacatuaint e Llarogrande™ (8) 637 2557 4,5 158.7
Ordiserare 431 Llanogranded*® (8} 861 847 4.5 192.4
B 556% Llarcgrande®® (8) 477 13N 4.5 85,7
Local Mortiio (chedk) (2) 55 2147 3.8 1356

[V I

2 moths enrlier than looal vardety
I month earlier then local variety

Eatfmted ugdne ween 19878 to 19858 onsts and prices, and expressad in Decenber 1980 pegos.

2 pied costs = 41,3 thousand pesos/ha

Otter populations evaluated: 44 28, 4448, M8
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Table 23, Bean and maize yields in the intensification
trial. Ipiales 195838. Mean of 3 farms.

(kg/te)
Beas Maize Beans Maize
32980141 Curlinamerca 431 4 4 1.0 959 153
32980-1~41 Qurdiremarca 431 & 4 0.5 1100 104
32080-1-41 Curcliremerca 431 6 4 0.5 1323 12
22980-1-41 CoreHnamenrca 431 8 4 0.5 1226 %
32980141 Cundinamarca 431 5 6 0.5 1260 189
3IXB0-i-41 Qretinamrca 431 8 8 0.5 1277 an
32980141 M3 52 8 4 0.5 1230 1597
32980-1-41 g ;AN 8 4 6.3 1% 1015
Bouador 605 Morocho blanco 4 4 0.5 1124 1074
Mortito Morodho blaneo 2 4 1.0 1242 779
LD (102}2 o 170

1 Distance within wws. PRows alsays at 1.0 m,

2 For trestments with Qudiram s 4313 miltply ty 1.414 for 19 between other treatments and by
1,225 for oeatwents with and withoot Godlrensrca 431,

3 There ses a famn X treatment interactiong evaluatlons with this I are valid for the vhole zone.,
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Table 24, Intensification trial., Ipiales 19B4B (mean
of 2 farms) and 1985B (data from 1 farm)

19848 19858
Beant Maize Yield (kg/ta) Time for Yield (kg/ha)
Variety Variety Beens Maize seond crop Beans Maize
TIB 042 Omd. 431 693 1187 No 147 %%
L 2834 Omd, 431 6% 503 Yeous 01 6
TIB 3042 Feal 7 619 71 Ko 461 1779
L 329834 Tool 7 459 2773 No - -
TIB 3042 Fool B 628 1974 No - -
L 3%834% Rool 8 513 23 Mo -
TIB 33511 (amh.) G, 531 8% 108 Yes 50 8%
TIB 33411 (arb.) - 06 - Yes 498 -
Frijolica 0-3.2 ME 5% 527 2390 No - -
Frijolica 0-3.2 B 521 484 »15 No - -
Frijolica 0-3.2 Morodo blaxo 671 20606 No 2y 1327
Mortiro Moo blanco 422 1750 o 416 1466
L (1) p¢2 o2 323 79

A trial ves lost de to woot rots in 19848 ad oe was eliminated In 19838 de to its very variable
experimental Held,
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Table 25, FEarly mailze variety trial, Jpiales, 1985B,
Bean and Maize yields in kg/ha. Mean of 2
farms at 2600-2630 m.
Sole
(b}ﬁr/h Weeds to Asaeciated Amxiag:é Cropped
Maize variety texture rarvest. Maize Besns Maize
Batan 8104 Y-F 37 2% 3% A4
Oriental Catalina 804 Y-F 37 2437 3 39
Fool Andiro 5 WM 0 271 1% 2568
Choclero 101 W ¥ 1551 1 75
Fool Andro 3 ¥-M X 1468 3 204
Morocho 501 Y 37 1347 26 213
Pool Antiro 1 W X 1345 237 1652
Pool Andiro 6 Y- ¥ 1147 w2 1833
Canchenn 301 Y-F % 1095 32 135
MB 524 pay! B 89 K5 1129
Hean 1591 2 A7
18D (%) 11174 162 02

a  Perxs L 32983 046), red-colored, sedght 50.3/100 soads,
b ¥:vellm W white; Fi flowry; M: movxho (samd-flamy).

At

e



Table 26, Semi-commreisl trials, Ipiales, 19848,

Yield (kg/ha) Net retums
Bedght Planting With Friiolim 0-3.2 With Myrtirp (thamands of pesoasha)
Fanper Village sl date Bemis  Maize Peans Maize With Frifolina 0-3.2 With Mortifio
. Pincheo (hageipe 2600 16 Oct %0 170 g5zt 164! 2.1 732
G Rosero Cregedipe 260 2 Oct X 1540 ¥7 1% 120,8 9.4
S. Ramero Suraz 2680 15 Ko 610 1520 %6 1170 0.3 151.8
M, Rodrfgez  Ste. Lucia 2710 i6 Oct 815, 2050 50 238 271.9 2419
V. emdnder  Sta, marm 2800 22 Oct 380, 1120 412 9B 106.8 115.7
S. A, Mejia San Antrrio 2650 19 Oct 533, 130 813 136 19.3 2263
A Mxillo Sen Fradse 2600 18 Oct k<t 130 e ANV ¢ 0.7 8.5
Mesn 578 1521 483 1454 171.7 170.1

1 Locel cherk was Cargamno Rayao and ot Mortdio

2 Frijolica 03,2 plated in an infertile alopy fleld, Mortiio in a flar ferdle fHeld

3 Severe vellowing symptons in Frijotica 0-3.2

4 The famer applisd more fertilizer to Mortiio than o Yrijoliem 03,2

a Fstimatad for each fam using 1984B aosts and prices and expressed in Decenber 1986 pesos,

99



Table 27. Sam-comercial trials, Iplales 19683,

Tet Benefat
Yield (kg/ha) (thousands of pescs/ha)
With
With Frijolica 0-3.2 Frijolica 03,2
Alrinde and beranyl With Mortifio ard With
Muicipio Village nasl Bemns Mzize Bemns Maize berenyl Mortitio
Tpiales Sz 2 1010 7786 678 238 8.4 140.5
Tpiales Soledad 2650 7% 1538 612 175 %.0 9.3
Contadero San Francisco X670 480 1124 48 1005 511 48.0
Contadero Sa Franedsoo %20 1200 prgs) ot 2% 5.1 187.3
Contadero Peblacién 200 &% 1896 65 1732 0.4 123.7
Contadero Peblacifn 2600 Tt 1% 58 1064 79.1 62.8
Gelmtin Gmris 00 812 1518 420 1125 9.6 16.4
Pgfiales Sentn Lucfa 2850 wm 15% 650 1490 1267 88.0
Puplales Santa Lucia 2850 1110 1694 70 1542 147.9 9.9
Tikperres Arrava 250 5% 1562 % 1462 1.1 85.0
Toperres Chalitalik 20 1200 1730 satt 1532 162.7 89.8
Osprima San Migael* 280 430 780 %6 gn’ 31,0 25.4
Quitarilla Sen Germiin® 00 80 180 B 1432 135.2 83.8
Mem 83 1686 58 1491 1235 8.5

I Tocal check was Bolin Rojo, not Mortifo.
2 local dedk was Cargamnto Rayacdo, ot Mortiro.

a Caloalated for each fom, using prires of the 19858 seasm and expressed in Decenber 1986 pesos.

* Trials ast=ide original work area.

L9
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Table 28, Movement of prowmising lines in on-farm trials
in Ipiales. Data refer to total number of
trials planted that 1neluded the line.

19818 19828 1983R 19848 19858 19868
ICA Llanogrande 2R 10V
Frijolica 0-3,2 2R 14 33v 40VS L&YVS 42VS
32980-1~41 4 8 20V 5 15V
Potosi 1 * 8 6
TIB 30~42 4 10 28v i8vs
AND 53 * 5 4
L 32983 2R 0 4 3 4 4
(For intensification
studies)
R Included in regional trials before the project began
¥ Included in verification trials and others
8 Included in semi-commercial trials and others
*

Evaluated only In nurgeries or observations rows

(LR LRTAR
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Table 29, Movement of non-genetic technologies in on-farm trials.
Ipiales District, Data refer to the total number of trials

planted that evaluated the component,

Tedrology Before 1982 1678 19878 19848 196858 19968
Addition of bercswl to control Sxyesghil in ) 14V v 118 e
foliar digenses anther region
2 malze, 2 bem at 0.5m Successful dn & 14V 3

axther region
3 mafze seeds ard 3 ben 3 15v 16
seads at 0.8s for Frijoldea 0-3.2
3 malze seeds and 4 bem 4 1w
seeds at 0.8 for Frijolica 0-3.2
Trcrease In use of 10 6 3 149 3
13-26-6 for Frijolica 0-3.2
Maize MB 521 with Frijolica 0-3.2 3 v 1y
Madze Pool 7 with TIB 3042 4 6 15v
Byl + Carbordn seed treatment z 1% 18
Captafol seed treatment 3 v

¥ Ielded dn verifieation trials,
S Treluded in semf-ocmescial trials.
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Table 32, Type and number of trials planted in Iplales, 1982-1985

15828 1983R 19848 JA? 2551
Rurber Nwber Nutber Nuober MNuober  Nober HNeber  Hrober
planted Ist  planted lost  planted  lost plarted  lost

Techrology development
Berefits of dnocudatim 3 0
Advenced Lires 1 i 1 O 3 2
Stage: varieties
Bean varietdes A g & X 4 2 5 1
Eaxly maize varicties 2 0
Stage: eplomtory 6 1
Stage: determination of
ecaomic levels
Intensd floatdon 4 1 4 1 3 o 2 L
Var. x moot ot conbrol, 2 (Zp) 4 (%) 2 0 3 1
Fertilizatim {rates) 4 0 & i 3 4] 3 0
Tneect control (Jeaf winer) 2 0
Fertilizatim (metixds) 2 0
Variety x planting arrangenent 3 13 4 2
Stage: verdficatiom 2 0 14 1 13 4 1 3
Stage:  Semi-commercial

i1 3 3 0
TOIAL 24 2 33 5 0 10 4 10

p Nuber of trials with ro infection
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Table 33. Use of resources In on-farm research in
Iplales, 1982-1985.

Achlevements desired Number of trials necessary

13828 19838 198458 19858
Actually executed 24 13 40 47
(including methodological
information)
Main achievementsl 10 20 31 38
Main achievements 6 It 22 22

{reducing trials to the
minimum recormended)

Frijolica 0~3.2 released 6 1t 8 0
as a stable line
(minimum recommended)

Possibility of intensifving 4 4 3 4
preduction (additional)

Recommendations on 4 4 3 3
Fertilization of Frijolica 0=3,2

{additional)

1 Frijolica 0-3.2 released; TIB 30-42 candidate for release; AND 33
in progress to release; benomyl use In demonstration; uvse of increased
density, use of benomyl + carboxin and mailze MB 521 in verification,

2 d.e. 3 farms for small plot trials, B for verification trials and semi-
commerciazl trizls,

1 2 W o R O

NE—

g

S T
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Table 34, Marginal rates of return (using mean 198ZB to 1983B prices
and costs) for main effects.

Fffect 19828 KB3B 10848 19858 Mean
FertdTizacim
1 o 3N 3.4 7.1 0.4 3,6
N to €N 8.4 14.3 8.8 0.5
11,3P o P 14,7 6,7 -0.6 6.9
3@3 m 563?? "'15@ 1903 26&0 1‘{'&9
0 to 10 kg/ta 13266 1.2 3.1 4.9 8.0
103 to 30 kg/ha 13-26-6 2.5 2.6 -1.2 1.3
0 to 0¥ (X0 kg/tn 13-26-6) 0.3 0.3 «3.0 .8
0 to 15 K O + 3%P) -20,0 40,0 3.0 18.8
Crenge in dersity
2B, nto MB, 0,5 fa4.6 5.9 9.1 9.8
44 3B, Im to 3 3B, 0.5 (rty. 0-31.2) 13,4 %9 23.5
Poliar disease ool
Famer control to maneezeb + baeryl (3) 5,7 0.6 4.9 2.4

Seexd and a0t trestment

Sceking in bencowl ~34.0 ~3.7 -47.8 8.3
Carbomdn -153.0 2760 8.9 -137.8
Berery] + carboin 321 56,7 2000 B4
Captafol 13840 1384.0
Aldrin alore 2.1 0.2 4.0

Carbaryl alooe ~2.6 2.6
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1600 — Frijolica 9-3.2 175%;
Merrifo {79)
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Vig., 2: Adaprabiiity analvsis of lines on farms of Ipisles district.

Number of trials

in parenthesis. The regression lines are drawn only within the range in whicgh

they are valid.
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