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PREFACE

This report summarizes the progress made by the Plant
Production Department of CATIE under IFAD TA 38 A-D Grants
to CATIE. During the period convered by the Grants,
research was carried out on the major cropping systems
responsible for the production of annual crops in three
ecological zones of Central America and Panama. Research
activities were carried out by the support research team and
national prototype teams in cooperation with 1local farmers
and research and extension institutions. Other activities
financed by the Grant included training at different levels
for nationals of the countries in the CATIE mandate area,
outreach coordination of research activities in the area of
cropping systems, technical assistance to national programs,
and production of documents related to the research and
training activities.

This document was written by personel of the IFAD
Support Team, who were responsible for the activities
described. The editorial committee <consisted of Dr.
Franklin E. Rosales, of the support research team and Ms.
Susan Shannon, who edited previous IFAD reports. They are
also responsible for the English translation. Typing and
loyout were done by Maricela Chaves and Edith Bermidez, and
graphics by Hector Chavarria and Andrés Nunez, personnel of
the IFAD Project.

We would Tlike to thank the many national colleagues
and farmers who participated in various activities financed
by the grant and contributed to the progress made during the
year.

A special recognition is extended to IFAD for providing
timely and needed support to the activities of CATIE in
Central American region. This support has produced



important contributions in all of the Project components as
is reflected in this final report.

Luis A. Navarro
Franklin E. Rosales
Technical Coordinators



FINAL REPORT 1980-1985 (IFAD TA 38 A-D GRANT)
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CATIE UNDER IFAD ASSISTANCE

INTRODUCTION

The CATIE/IFAD Project (Grants TA 38 A-D) initiated in June 1980,
ended on March 30, 1986. It was designed to support CATIE's
activities in research and technology development for food crops as
well as to provide training for national personnel and technical
assistance to national research and teaching organizations.

The work, led by the Plant Production Department (PPD) of CATIE, was
implemented in the countries of the Central American Isthmus. The
main bulk of activities was carried out 1in three representative
ecological zones: the Lowland Humid Tropics (LHT), the Semiarid
Tropics (SAT); and the Wet-Dry Tropics (WDT). The LHT, which covers
more than half of Central America but contains less than 40 percent of
the population, is the area with the most potential for relieving
population stress. The SAT comprise more than one third of the
population area for maize and sorghum production systems. The WDT is
not as extensive or highly populated as the other two zones but its
potential is less limited by the problems which pose constraints in
the LHT and SAT.

The Project components were key elements in the PPD and allowed
the strengthening of CATIE's work through five lines of action: 1)
“Prototype Teams", for the above mentioned ecological zones; 2)
Support Research, to back up Prototype Teams and to provide training
and technical cooperation to national research and teaching
organizations; 3) Training Unit, to coordinate training activities of
the PPD and to develop visual aids and teaching materials for project
beneficiaries; 4) Outreach Coordination, to improve communication and



links between the PPD, national organizations and Prototype Teams; and
5) Operational Support to reinforce CATIE's different institutional
activities in Central America.

The technical personnel carrying out project activities consisted
of 7 Senior and 14 Junior professionals located in Costa Rica,
Nicaragua and Panama. The Senior staff formed the Support Research
Unit and included specialists in soil management, weed management,
genotype evaluation, crop physiology, farming systems, agricultural
economics and outreach coordination. This Unit reinforced work at
farm level by the Prototype Teams which were formed by three Junior
scientists in the areas of crop production, crop protection and
agricultural economics.

The main body of this document summarizes the principal
accomplishments of CATIE's Plant Production Department during 1980-
1985 under IFAD assistance through Grants TA 38 A-D; it also covers
the 1985 technical activities and results supported by the Grant TA 38
D presented in Annex 1.



BACKGROUND

The first formal contacts between CATIE and IFAD were in 1979.
In December of that year CATIE submitted to IFAD the "Proposal to help
small farmers increase food production in the Central American
Isthmus"; this Proposal, for US$2.2 million, was intended for the
period of 1980-1982. IFAD restructured it and approved the TA-38
Grant for US$560 000 for the period of June 1980 to June 1981. In
April 1981 an IFAD evaluation committee visited CATIE and the first
technical Report (TA 38 Grant) was presented to IFAD; at this time the
project was extended to September 31, 1981. Based on the evaluation,
CATIE submitted a new proposal titled " A proposal to support research
and training for developing crop production technology for small farms
in CATIE's mandate region". The proposal was approved as TA 38-A.
Grant for US$1.1 million for the period October 1, 1981 to December
31, 1982.

In 1982 two supervision visits (April and June) were made by IFAD
teams; this initiated a new project extension for 1983 know as TA 38-8B
Grant ("A proposal to continue support of research and training for
developing small farm crop production technology in CATIE's mandate
region") for the amount of US$1.4 million.

In 1982 CATIE presented to IFAD the "Final Technical report to
the International Fund for Agricultural Development on the use of TA
Grant No 38, June 1980 to September 1981".

In 1983 IFAD made two visits to CATIE's project; a supervisory
one in February and an evaluation in June. A detailed report
("Evaluacion de mitad de periodo del Convenio de Asistencia TA Grant
No#38, 38-A y 38-B CATIE/FIDA") was produced. After the evaluation,
CATIE prepared "A proposal to continue support of research and
training for developing small-farm crop production technology in
CATIE's mandate region during 1984" which was approved for the amount
of US$1,246 000 plus the use of the remainder of 1983's grant.



In September of 1983 the "Summary Progress Report; TA Grant
No#38, IFAD/CATIE" was send to IFAD and in January 1984 the "Progress
Report to the International Fund for Agricultural Development on the
Use of TA Grant No# 38-B CATIE" was also presented.

In 1984 1IFAD assigned to CATIE US$850 000 to support the
continuation in 1985 of the Project activities, subject to the
evaluation of the working plans. These plans were sent to IFAD in
January of 1985 as "Planes de trabajo para 1985 del Departamento de
Produccion Vegetal del CATIE con apoyo de FIDA mediante el TA Grant
38D-CATIE".



Two project components, the Prototype Teams and the Research
Support Unit, were responsible for the work of research and technology
development in the 3 selected ecological zones. The two components
were complementary elements with different activities but the same
objective; to produce farming technology for specific Central American
sites and to train technical personnel and similar workers situated in
the Project areas.

Their work included tasks such as: area diagnosis;
identification of the principal production systems and their problems;
programation and development of research necessary for solving the
problems encountered; formulation of production alternatives and
assistance in the spreading and transference of results, achievements
and knowledge development by the project. The principal achievements
in research are summarized below for each of the three ecological
zones mentioned previously.

Lowland Humid Tropics.

For the humid tropics site, the Canton of San Carlos, Costa Rica
(10019'-35' N and 440 18'-80' W) was chosen, occupying 3371 km2 in the
northeast part of the country. Most of the canton is below 500 meters
above sea level and receives 2500 to 6000 mm of annual precipitation.
The area is classified as having no dry season but in February, March,
and April, as little as 100 mm of rainfall per month may be recorded.
Like much of Central America, the soils have received a certain input
of volcanic ash but as this amount varies from site to site,
Paleudults, Dystropepts, and Tropudalfs are found in the area as well
as the expected Dystrandepts.

A11 of the farmers who participated in the project had obtained
10 ha plots through various land reform schemes. No work was done
with the extensive cattle producers who occupy ﬁore than 75% of the
area of the Canton. The most important crops produced by the 5000
small holders in the Canton are maize, cassava, beans, rice, papaya,



pineapple, cacao, and edible aroids. With the exception of maize and
rice, most of these products are sold off the farm as there is an
extensive, if poorly maintained, road system in the area.

Legume - Maize Associations.

A simple, low-cost method was developed to identify species and
varieties adapted to the association with maize of different growth
habits through the use of screens of dissimilar light transmission
capacities. The method also permits the separation of the effect of
above and below ground competition through different crops (sweet
potatos, adzuki beans, rice and soybeans) identified and used as
biological indicators.

Both maize and associated crops (soybean and cowﬁea) were found
to have altered growth rates when associated; the nature of the
alteration depends upon the crop phenotype (both maize and legume) and
the relative planting dates. Maize growth rates were affected most by
indeterminate cowpeas, 1less by determinate cowpeas, and 1least by
soybeans. Later planting of the legumes reduced these effects. Growth
rates of associated crops were principally affected by the reduction
of photosynthetically active radiation by the maize -hence growth
habit of the maize and time of association affected the growth rates
of the associated legumes, soybeans beidg less affected than cowpeas.
Soybeans would therefore be more suitable for association with maize
than cowpeas.

Maize Monoculture

Monoculture maize responded markedly to phosphorus fertilization
on a soil quite extensive in the humid tropics of Central America, a
Typic Humitropept, fine, halloystic, isohyperthermic, with the
following chemical characteristics: pH 5.6, P (Olsen) 14.8 ug/ml;
exchangeable K, 0.17 (p+) cmol/1, exchangeable Ca, 1.67 (p+) cmol/1,
exchangeable Mg, 0.55 (p+) cmol/1, aluminium saturation, 35.2%,
organic matter, 5,5%. Maize yields increased from 2765 to 5642 kg/ha

ha when 250 kg/ ha of on5 and 75 kg/ha of K,0 were applied. There



was no response to zinc but an application of 461 kg/ha of Mg SO4
7H20, the only form of magnesium locally available, increased maize
yields by 700 kg/ha, although this increase was not statistically
significant. Increased fertilization with phosphorus, potassium and
perhaps magnesium and sulfur would <contribute significantly to
increased maize yields in the humid tropics of Central America; if
pricing structure made these materials more readily available, then a
better option to production is open to low income farmers.

0f 40 genotypes evaluated, five (Ferke (1) 8128, Across 7728,
Poza Rica 8121, Across 8042 and Ferke (1) 8129) were selected with
yield production of 4 to 6 ton/ha and recommended for farmers' use.

In 1985 the cultivars previously selected (Guaymas (1) 8022,
Ferke (1) 8129, and Across 7929, outyielded local varieties under low
management conditions by as much as 150% (local cv. yielded 1.0

ton/ha). The same varieties, wusing technology recommended by
government agencies, outyielded the local check variety by 80% (local
cv. yielded 1.6 ton/ha). Government's technology was not more

economical than farmer's

Maize - Beans

It was found that the proposed alternative (planting beans 20
days before physiological maize maturity) reduced possibility of
drought stress during bean flowering, 1leading to increased bean
yields.

Economic analysis identified the proposed alternative as the best
crop arrangement, especially when low leafiness maize type (such as "
Compuesto Blanco 2" and "ETO Blanco") are used. Yield increase of
beans were 20-25% above the traditional system which is to plant beans
at physiological maturity of maize.

In none of the experiments were significant interactions between
maize and bean genotypes detected, indicating that in the maize-beans



relay cropping systems selection of maize and beans can be done
independently.

Investigations with maize of different plant heights associated
with climbing beans, determined that maize phenotypes shorter than 2.5
m with strong stalks led to the highest yield of beans. The best bean
lines in the system were V7920, V7919 and V7918 with production of
grain above 1.0 ton/ha.

Maize - Cucurbits

Yield of Central American cucurbits (Cucurbita mixta and
Cucurbita moschata) in maize-cucurbit systems can be increased 60% by
association with double rows rather than single rows of maize. Maize
yield is reduced 47% in this planting pattern.

Maize - Cassava System

Maize yields were not increased by hand-weeding or by use of
preemergence herbicides in a well-fertilized soil, tilled previous to
planting.

Cassava yields were increased over those obtained by hand weeding
with metolachlor at 2.5 kg/ha, alachlor at 2.6 kg/ha and a combination
of linuron at 1.5 kg/ha and alachlor at 0.89 kg/ha. A combination of
1.5 kg/ha of 1linuron with 0.25 kg/ha of oxyfluorfen caused severe
toxicity to both maize and cassava. Atrazine at 1.25, 1.63 or 2.0
kg/ha caused 1light phytotoxic symptoms to cassava which soon
disappeared, indicating that further work might be done with this
product in the system.

Cassava and maize phenotypes were identified for the cassava +
maize intercropping pattern. The most desirable cassava plant type is
one of intermediate height (1.7 m), medium to low leafiness (like M
Col 22 or CM 342-180) and first branching at approximately 1.3 m above
ground. The best maize phenotype would be one of intermediate height
(2.2 - 2.3 m) and leafiness (50-55 dm2) and good husk cover.



The presence of a significant maize genotype-by-system
interaction, emphasized the importance of considering the cropping
system before selecting maize genotypes. Cassava selection for
intercropping can be made in monocrop systems regardless of phenotype.

The best maize cultivars recommended for the intercropping system
are Guaymas (1) 8022 and Ferke (1) 8129, with yields of 1.2 to 1.4
t/ha even under conditions of low fertility and plant population
(18000 plants/ha) in which local materials only produced 0.4 t/ha.

The cassava variety most recommended for sowing in association
with maize 1is "Criollo =zamorano", because of its high potential
productivity and great ability to with stand maize competition.

For the maize+cassava system, the most economical fertilization
was 37, 40, and 37 kg/ha of N, P,0; and K,0, respectively, applied
only to the maize. Higher fertilization rates did not bring about
sufficiently higher yields of either maize or cassava to compensate
for higher costs of fertilizer. Both maize and cassava showed a
greater response to fertilization as well as higher overall yields in
La Fortuna than in Pital, due principally to differences in soil
types. The experiments in La Fortuna were run on Tropudalfs of high
base status while the experiments in Pi§a1 were located on Paleudults
with high levels of aluminium saturation.

Cassava - Bean System

Grain yield of the Talamanca bean cultivar (local) did not
respond to hand weeding or to the application of various preeemergence
herbicides when the soil was tilled prior to planting. A factor in
this finding may be the rapid maturity of this cultivar, which takes
less than 70 days from planting to harvest.

The best alternatives for weed control in the cassava bean system
were chloramben at 2.0 kg/ha, alachlor at 1.5 kg/ha or linuron at 1.5
kg/ha which did not cause phytotoxicity to either crop and resulted in
a yield of over 30 t/ha of cassava. Similar yields could be obtained
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with hand weeding but this alternative depends on labor availability.
Certain herbicides (oxyfluorfen 0.4-0.8 kg/ha and alachlor at 2.9
kg/ha and fluometuron at 2.0 - 4.0 kg/ha were phytotoxic to beans.

Bean varieties differ in their adaptability to this cropping
pattern. Best recommended varieties for this system are R-675, ICTA
Tamazulapa and ICTA 8164 with yields between 0.9 and 1.0 t/ha, 52%
higher than the local cultivar "Chimbolillo".

When beans were associated with cassava, bean yields were reduced
proportionally as bean populations were reduced while cassava yields
were not significantly affected by association with beans at any
population. It would seem best to use the higher plant population,
150 000 pl/ha when beans are associated with cassava as this produced
the highest L.E.R. (Land Equivalent Ratio) independent of soil type.

Neither beans nor cassava responded to increases in fertilization
from 0 to 6 qq/ha of 12-24-12 fertilizer (55 kg/ha of N, 110 kg/ha of
P205 and 55 kg/ha of K20), indicating that such a 1level of
fertilization of the bean-cassava system constitutes an uneconomical
practice.

Plantain - Maize

Association of maize with plantain was shown to be a beneficial
alternative for small farmers. Maize yields were reduced by less than
25% in comparison with monoculture maize. Plantain yields only
decreased significantly in association in the first year when the
traditional planting pattern was used. An economic analysis of the
results for the first year of the association showed that the
association in the hexagonal planting pattern would produce 75% more
income per hectare than if the hectares were equally divided between
maize and plantain monocultures. In the second year, there were also
no detrimental effects to plantain production, with the association in
the traditional planting pattern producing sufficiently more to
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compensate for its poor performance in the first year. It was shown
that this association could help low income farmers offset the cost of
plantain establishment.

Bean Monoculture

Five elite cultivars were selected, multiplied and reevaluated in
on-farm trials. Yields above 1.6 t/ha were obtained with ICTA 8164,
Negro Huasteco and Compuesto-1. These three genotypes outperformed
the improved variety "Talamanca" (recommended in this zone) by 13% and
the local cultivar "Chimbolillo" by 29%.

Moderate applications (2 t/ha) of lime to soils with aluminium
saturation levels of 15-50%, increased bean yields by more than 80%
(from 600 to over 1000 kg/ha); producing a greater economic return
than fertilization with phosphorus, nitrogen, or potassium, or than
inoculation with selected strains of rhizobium. Bean yield was more
correlated with levels of aluminium saturation than any other soil
factor; dincluding levels of exchangeable water or soluble or readily
reducible manganese, indicating the importance of correcting this
factor before applying other amendments.

Massive applications of phosphorus (200 kg/ha of P205) increased
bean nodulation in the field but brought about smaller yield increases
than 1liming in a soil with moderate 1levels (30%) of aluminium
saturation. The high cost of phosphorus fertilizer in Central America
is the major constraint to using this method as opposed to liming to
overcome soil deficiencies which 1imit crop production. However, in
soils with low levels of phosphorus and exchangeable aluminium, liming
did not improve phosphorus availability.

In a greenhouse study, using a soil with high levels of aluminium
saturation, nodulation and total nitrogen recovery was improved more
by high levels of 1liming than by applications of lower levels of lime
with phosphorus and molybdenum, There was an interaction of rhizobium
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strain with treatments, indicating that certain strains are more
effective than others when soil deficiencies were not corrected.

Sorghum Monoculture

A sorghum genotype ICRISAT M 91057 was selected for tolerance teo
conditions of high soil moisture and high levels of soluble manganese
as often occur in the lowland humid tropics.

Alley Cropping

Four years of data (a total of eleven crop harvests), were
obtained from an experiment to determine the possibflity of wusing
woody legumes as a nutrient source for annual crops. Yields of maize
and beans could be maintained at over 2.5 and 1.0 t/ha, respectively,
using only prunings of a leguminous tree (Erythrina poeppigiana) as a
nitrogen source. Using ammonium nitrate as a nitrogen source resulted
in significantly lower yields of both crops.

Cassava (Manihot esculenta) was associated with the maize and
beans 1in the first three years of the experiment. Yields of
commercial roots of this crop, declined over the three years
regardless of the types of mineral or organic amendments employed.
However, total biomass production declined only slightly when mulches
of leguminous or non-leguminous trees were applied twice yearly. It
would seem that deterioration of soil structure rather than decline in
nutrient levels was responsible for the trend in cassava yields.

Growing the 1leguminous trees on the same plots as the crops
(Al1ley-Cropping), produced about similar yields as a mulch of the tree

prunings 1in the case of Erythrina poeppigiana. However, alley
cropping with Gliricidia sepium at a somewhat higher density (6666

trees/ha), considerably reduced yields of maize and cassava but not of
beans. It would seem that beans are much better adapted to alley
cropping systems than maize or cassava.
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Total biomass production and <crop nitrogen recovery, was
significantly higher than the control treatment only when a mulch of
Erythrina poeppigiana was applied or the nitrogen contained in the
prunings of the alley <cropping system were included in the
calculations., The Tlatter finding could imply that the 1leguminous
trees were contributing considerable nitrogen to the system, since
total biomass in the alley cropping treatments contained over 200
kg/ha/yr. more nitrogen than the control treatments.

Efficiency of recovery of all applied nitrogen was low; less than
20%, whether mineral N or organic N sources were used. This low N
efficiency is typical of volcanic-ash derived soils, however, applying
organic amendments increased the recovery of mineral N.:

Benefits of the leguminous trees was not confined to nitrogen
nutrition, Potassium recovery was also higher in plots receiving a
mulch of leguminous tree prunings; analysis showed them to contain
almost 2% potassium. Significant increases in 0Olsen extractable
potassium were observed after three years in both 0-20 and 20-40 cm
depths when mulches of leguminous trees were applied. Exchangeable
aluminium and extractable manganese increases are less with leguminous
tree prunings than with mineral nitrogen applications. Thus, the
prunings would appear to produce 1less undesirable effects of
acidification which is a problem with mineral nitrogen sources.

When the experiments were set up it was not thought that the
prunings would be able to supply sufficient potassium, phosphorous and
magnesium for crop production. A1l plots, therefore, received 88, 130
and 17 kg/ha/yr. of P,0;, K,0 and Mg0 as triple superphosphates, KCL,
and magnesium sulfate. Extra plots were included, however, which
received only either prunings of Erythrina poeppigiana or dairy manure
at a rate of 40 t/ha/yr. over the four years of the experiment. In
the fourth year of the experiment, yields of maize and beans in these
plots were higher than in the ones receiving complete N'PZOS'KZO'MQO
fertilization each year. Soil nutrient levels were not lower in these
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extra plots. It would seem that the need for mineral fertilization on
these soils has been over estimated.

Application of mulch of Gliricidia sepium to maize and beans in a
farmers field in the lowland humid tropical zone, increased yields of
both by 25%. Thus, a low cost alternative to nitrogen fertilization
exists.

Living Mulches

Use of velvetbean (Mucuna pruriens) to control weeds in maize was
highly successful, if velvetbean was seeded 40 days before maize
planting and cut back or killed with herbicide following maize
planting. Later use of herbicide as a growth regulator of the

velvetbean in this system was less successful because of unfavorable
effects on the maize.

Growth Analysis of Paspalum fasciculatum

Growth analysis of Paspalum fasciculatum, a particularly
rroblematic weed in the 1lowland humid tropics of Central America,
showed that it has to be controlled within the first 8-9 weeks because
at later stages, stolon production makes its control more difficult.

Rice Monoculture

In a minimum tillage system, two products (oxadiazon or
oxyfluorfen) provided good weed control. Oxadiazon at 1.13 kg/ha
produced 3038 kg/ha of rice and only 278 kg/ha of weeds, while the
lower priced oxyfluorfen at 0.24 kg/ha produced 2652 kg/ha of rice.
Non-weeded rice produced 1100 and the hand weeded check produced 2267
kg/ha. The oxadiazon 1.13 kg ai/ha treatment had the least ground
cover by weeds, the lowest weed dry weight and the highest rice yield
of all the treatments studied.
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Rural Credit and Grain Storage

It was found that in the San Carlos area of Costa Rica, banks
were the most important source of credit because they offered the
lowest nominal interest rates. Although, when additional costs were
considered, real costs of credit was frequently higher for banks than
for other sources (friends, relatives and private lenders).
Predictive curves for the demand of credit in the area could be
determined from the relationship between the amount 1loaned and the
real cost of credit and between the amount loaned and the extra cost
of credit. Additional costs affected the total cost of small 1bans
more than of large ones because they tended to be independent of the
amount of capital.

A study of grain storage practices was realized in the San Carlos
area. Sixty-four farmers were interviewed with the following results:

1. Ninety seven per cent of the farmers store beans, 31.3% store
maize, and 7.2% store rice

2. Farmers store an average of 230 kg of beans, 240 kg of maize, and
80 kg of rice

3. A1l of the rice and maize and 94% of beans stored are consumed
by the farmers

4, Eight percent of the farmers who store beans, sell part of the
production (156 kg, average) either to neighboring farmers or
middlemen

5. Twenty nine percent of the farmers who store beans use some of
their production (21 kg as average) for seed

Most farmers (67%) use oil drums for storage, 39% use cloth bags,
while 11% use plastic bags inside cloth bags.
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Twenty eight percent of the farmers reported having losses in
storage. The average maize loss was 14.0%, while the average bean
loss was 6.0%. No farmers reported 1losses of rice in storage.
Fourteen percent of the farmers attributed the losses to insects, 7-8%
to unfavorable climate, 3% to disease and 3% to rats.

TROPICAL ROOTS, CORMS AND TUBERS

Cassava Monoculture

From thirty eight local and improved cassava varieties, thirteen
were selected based on superior agronomic qualities for further
evaluation according to sensory testing and quality demanded by export
markets.

This work, started by the Project in 1982, resulted in the
recommendation of the following varieties: Tilaran-1, Brasil 14-47-
70, Mex-59 and P 77-14. A1l of them yielded above 27 t/ha of
commercial roots of equal or superior quality to the 1local cultivar
"Valencia" which yielded 18.8 t/ha. The variety P 77-14 (27.2 t/ha)
and Tilaran-1 (37.8 t/ha) are (in this order) the best in appearance,
color, shape and root flavor for export market according to farmers
testing study.

Differences in management practices were evaluated according to
whether cassava was the first crop planted following clearing (Class
A) or whether another crop preceded the cassava (Class B). The
following differences were observed:

1. Land preparation costs for cassava as a first crop were 50%
higher than for cassava following other crops

2. Planting practice is similar for both systems (A and B): stakes
planted horizontally, using 9000 to 9300 per hectare

3. None of the farmers using Class A system fertilized, while only
20% of those in Class B practiced fertilization
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4, Farmers practiced more pest control in cassava planted immedi-
ately following clearing

5. Cassava yields in Class A were 1.5 times higher than cassava
followed by another crop

In an experiment with 1low levels of inputs (no fertilizer,
disease or insect control), the highest yields of cassava (21.2
t/ha) were obtained when cassava was weeded 4, 8 and 10 weeks after
planting. Beginning weeding after the 10th week significantly reduced
yields; a single weeding four weeks after planting resulted in lower
yields (15.5 kg/ha). It was concluded that the period 4-10 weeks
after planting is the most critical one for weed control in cassava.

Cassava - Yam

In an effort to combine a crop with export potential with a
traditional food <crop of the 1low elevation humid tropics, an
association of true yam with cassava was tested at the Turrialba
experiment station. It was shown that only by planting both crops in
May and using supports for the yam, could acceptable production of
both crops be obtained (13 000 kg/ha of commercial quality cassava
and 13 972 kg/ha of export quality yams).

Plantain - Cocoyam

Increases in productivity could be realized by associating
cocoyam with plantains in the year of establishment as this practice
did not affect plantain yield with respect to monoculture. The
economics of the practice would depend on relative plantain and
cocoyam prices with the critical ratios being 2.9:1* and 2.4:1 based
on production data over the first two years. When relative prices are
above 2.9:1, it is most economic to produce monoculture cocoyam; when
relative prices are less than 2.4:1, the more economic practice would

L4

¥ Ratio of price of 1 kg cocoyam: 1 fruit plantain.
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be monoculture plantain. When relative prices are between 2.9 and
2.4:1, the association is the most favorable practice.

Ginger Production Systems

In a cassava-ginger production system, yields of export quality
ginger were quite poor (4396 kg/ha) when no weed control was
practiced. Yields were increased to 70% by hand weeding at monthly
intervals and by 101 and 95% respectively with preemergence
applications of diuron at 1.7 kg/ha and oxyfluorfen at 0.97 kg/ha.
However, disease incidence 1in ginger associated with cassava was
greater than in monoculture ginger under high rainfall conditions
(3200 mm/yr).

Undar monoculture, the most effective weed control treatments
whiri produced the highest ginger yields were ametryn 4.0 +
w-tolachlor 0.7, ametryn 4.5 and 4.0 kg ai/ha. The diuron 2.8 kg
ai/ha treatment produced the next highest ginger yield, but was not as
effective as the other three treatments with respect to weed control.
None of the treatments evaluated caused phytotoxicity to the ginger.

Yam (Dioscorea) Monoculture

When yams are grown under high input conditions (fertilization,
nematode and disease control, and use of stakes), loss in yields due
to weed competition principally from grasses was 35% (yields were
reduced from 44.8 to 29.2 t/ha). In the 9 month yam cycle, the most
critical period for weed control was 4-10 weeks after planting when
low growing grasses are the principal weeds.

Different weed <control experiments indicate that the best
alternative for chemical weed management in yams could be found in the
diuron 2.5 + paraquat 0.26 kg ai/ha treatment and the linuron (3.5) or
ametryn (4.5) combination with pendimethalin (1.0) kg ai/ha.
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Aroids

Use of 1large planting pieces produced higher yields of edible
aroids  Taro (Colocasia esculenta) and  cocoyam (Xanthosoma
sagittifolium) but was uneconomic because a high proportion of the
production is thus used for seed. Removal of apical buds can regulate
the size and number of cormels produced, enabling farmers to adjust

production to market preference.

Sweet Potato Monoculture

Two outstanding sweet potato clones (8523 and 8467) were selected and
multiplied. Yields over 55 t/ha with 82% marketable tubers were
obtained with clone 8523 as compared to only 23% marketable tubers in
local varieties. A relationship between skin color and commercial"’
root production was established. Red skinned varieties had 94%
marketable roots while dark and light skinned varieties had only 75%
and 69%, respectively, marketable roots. Another clone 7170 was
selected for animal feeding since it produced more than 50 t/ha of
above ground biomass.

OTHER PROMISING CROPS FOR THE LOWLAND HUMID TROPICS

Soybeans

Greenhouse and field studies showed that soybean genotypes differ
in their ability to withstand unfavorable conditions associated with
flooded soils.

The yield of several varieties increased when the soil was
saturated rather than at field capacity.

Continuous flooding reduced yields of all varieties but this
reduction was only 25% of yields at field capacity for the varieties
SIATSA 194-A and Baru, with production of 1.7 and 1.2 t/ha,
reépectively. The latter was also the best adapted to intermittent
flodbding (1.1 t/ha).
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Under saturated soil conditions, the best varieties were Jupiter
and PK 7394 with yields above 2.5 t/ha.

Four cultivars (Papillon, SIATSA 194-A, TEX 297-192C and TGX 536-
100C) under normal (non-saturated) conditions, yield above 3.0 t/ha,
showing good potential for LHT conditions.

A seed storage method for small farmers (sealed containers) was
tested and identified as a viable alternative; it maintains seed
viability up to 6 months, being equally efficient as cold room storage
at 150C and 60% relative humidity. ’

Three genotypes with superior seed storage capacity were
identified (TGX 307-047D, TGX 342-356D and TGX 742-02D), all with
yields above 2.9 t/ha. Local varieties do not store well. '

Interaction between soybean genotypes and storage methods was
detected, dindicating that finding an easy screening technique for
improving selection for storage capacity will be difficult.

Winged Beans

Forty eight lines of winged beans were tested for grain and root
production; the best line was UPM-207 with a yield of 4.0 t/ha.

Groundnuts

Thirty two-iines from ICRISAT with high potential for the LHT
were introdur:i to be tested in soils with low pH; six lines were
selected (!7%¢S (E)-2, -22, -8, ~-15, -5 and Robust 33-1) with
experimer.r station yields above 4.0 t/ha and high levels of resistance
to Cer-.spora.

Flooded Soils

A study of adaptation of different crops to flooded soil
conditions showed significant differences in performance. Only rice
was. completely unaffected by negative redox potentials associated with
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flooding. Taro and soybean showed a moderate yield reduction,
confirming the need of Taro for high oxygen levels when grown under
flooding. Liming, to offset Mn toxicity, only improved tolerance to
flooding in sorghum. Cocoyam showed no ability to tolerate even
moderate levels of flooding.

SEMIARID TROPICS

The area selected to represent the semiarid ecological zone was
the department of Esteli, Nicaragua, located between 12°58' and 13°922°
N latitude and 86°14' and 86936' W longitude. The department includes
the townships of San Juan de Limay, Pueblo Nuevo, Condega, Esteli, and
La Trinidad, with a total area of 2173 km2. There 1is considerable
variation in climate and soils in the department; some areas receive
less than 800 mm of annual rainfall, while others receive more than‘
1500. Six soil orders occur in the department, accounting for the
following percentage of the total area: Mollisols (31%), Entisols
(22%), Alfisols (19%), Inceptisols (13%), Ultisols (13%) and Vertisols
(2%) .

There are presently over 100.000 hectares of farms in the
department: there are 33 081 hectares of state-owned farms; 67 814
hectares of small farms, of which 80.6% are smaller than 35 hectares;
and 5 042 hectares of privately-owned large farms. Basic grains are
produced on some 19 704 hectares, with the predominant production
systems being: maize associated with photoperiod sensitive sorghum
(Millon), maize in monoculture, two successive <crops of bean
monocultures, and maize relay cropped with beans. Most of the
research in the areas was carried out with these systems or proposed
modifications of them, such as substitution of photoperiod sensitive
sorghum by non-photoperiod sensitive sorghum.

Millon (Photoperiod Sensitive Sorghum)

A collection of 1local varieties of photosensitive sorghum was
made in the Esteli region. This material was compared with
introductions from other areas where this crop 1is grown. In
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monoculture, the best materials were Criollo (local), Peloton
(Honduras), and Esteli 4 (local). For association with maize, the
best materials were Esteli (local), Criollo Sapo (E1 Salvador), and
Chaparro (E1 Salvador), all of which yielded over 3 t/ha.

Photoperiod Insensitive Sorghum

Work with this crop began in 1982 with the introduction of 52
varieties from the ICRISAT program in Mexico, as well as 111
experimental 1lines from ICRISAT in India. From this material, 10
lines were selected in 1983 for testing in 12 sites in 1984. From
these trials, 4 genotypes (Sepon 77, ISIAP Dorado, Selection SC-108-
3XE and M5009) with yields of over 3 t/ha were selected for validation
trials in 1985 under the supervision of the Nicaraguan land reform and
rural development agency. Sepon 77 is the most stable variety of the
material evaluated and has been recommended for use 1in the whole
region of Esteli. The other lines, especially ISIAP Dorado, are ideal
for the favorable climates of Uniles, Guapinol and Culebras.

Maize Monoculture

NB-4, a late maturity variety, is recommended for monoculture due
to its excellent stability over a wide range of environments (mean
production of 5.7 t/ha). Other recommended late maturity varieties
(white and yellow grains) for the Esteli region of Nicaragua are:
Ilonga 8043, Across 8024, Piura 8224, Across 7622-Re, Los Bafos 8027
and Santa Rosa (1) 8243; all of them with production above 6.3 t/ha at
research trial level.

While several 1local varieties, collected by the project, such as
Esteli #2 and #6 and Jalapa #2, #8, #9, ( all with yields over 5.6
t/ha), also performed well in trials in the Esteli area, it would seem
that higher yields could be obtained through the use of improved
maize, which demonstrated greater yield stability, wuniformity, and
consumer preference.
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CIMMYT drought selection C-4 produced over 6 t/ha in a trial in a
dry area of Esteli; although rainfall was somewhat higher than average
in the year of the trial.

Maize - Photoperiod Insensitive Sorghum

Fertilization of improved (photoperiod insensitive) sorghum
following maize, was studied in three typical soils of the Central
American semiarid tropics (Vertic Haplustolls, Typic Ustorthents, and
Typic Hapludalfs). In all cases, application of 30 kg/ha of N was
highly economic. Higher 1levels were not economical. Phosphorus
response differed according to soil type, being highest on the Entisol
where 60 kg/ha of P,0; was economically justifiable, smaller on the
Hapludalf, where the response was significant but not economically
viable, and statistically insignificant in the Haplustoll. Response
to potassium was only observed in the Entisol. For photoperiod
insensitive sorghums following maize, 30 kg/ha of N can be recommended
for all soils of the area while applications of phosphorus and
potassium can only be recommended in the Typic Ustorthents which occur
in the municipality of Pueblo Nuevo.

An economic study of this system, which is practiced on some 200
000 hectares in Central America, produced the following results:
average profit was $141.24 per hectare. Labor represented 54.7% of
the costs, followed by 22.0% for services, 13.2% fixed costs and 10.1%
for purchased inputs. The cost benefit ratio for the system was 1.24.
The return per day of labor was $3.47, much higher than the average
labor cost in the area ($2.72 per day). Return for capital invested
in inputs was $1.04.

Maize - Photoperiod Sensitive Sorghum

Substitution of the traditional varieties of maize and
photoperiod sensitive sorghum (Millon) by materials introduced by
CATIE from E1 Salvador (the improved maize variety M3B and the sorghum
culgivar Criollo Sapo) and an increase in the N-P205-K20 fertilization
from 45-39-13 kg/ha to 51-58-4 kg/ha, resulted in a total grain yield
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of 4433 kg/ha; 35% higher than that obtained in the traditional
system, The 1improved system had a cost-benefit ratio of 4.7:1 as
compared with 3.7:1 for the traditional system.

Phosphorus response was most consistently observed in maize and
photoperiod sensitive sorghum in soils derived from volcanic material
(Typic Ustorthents). In mollisols, maize exhibits a small response,
while in those with more vertic properties, response to phosphorus was
smaller. There was no response to sulfur in the entisols but in the
mollisols there was some evidence of a P x S interaction.

Several important aspects of plant competition in the maize-
photoperiodic sorghum system used extensively in the Pacific zone of
Central America, were investigated. Later planting of sorghum
increased maize yields but decreased sorghum yields. Replacing of
photoperiod sensitive sorghum by photoperiod dinsensitive sorghum,
which is planted later, increased maize yields but may result in no
sorghum yield at all if rainfall is inadequate in the latter part of
the rainy season, as it often is. Another advantage of photoperiod
sensitive sorghum is its greater biomass production, used in animal
feeding.

As a result of experiments in which competition was reduced by
eliminating maize and sorghum plants at different stages of
development and in which water was supplied by irrigation, it was
concluded that much of the adaptability of photoperiod sensitive
sorghum is due to its ability to accumulate dry matter slowly over a
long period, even under conditions of low moisture availability.
Thus, its biomass and grain production could not be increased by later
planting or with supplemental water even though these practices
increased maize production. Cutting off the sorghum at ground level,
45 days after planting increased maize yields and the sorghum
recovered to produce almost 2 t/ha of grain.
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Photoperiod Insensitive Sorghum - Bean

Research on the sorghum-bean association, 1less frequently-
practiced than the maize-sorghum system but more adapted to drier
areas, revealed advantages for the traditional photoperiod sensitive
sorghum in terms of biomass and sorghum grain production. Two
plantings of beans invariably produced more beans than a single
planting, but sorghum yields were always reduced by a second bean
planting. The first planting of beans and sorghum invariably produced
more grain than the second plantings indicating the importance and
greater reliability of the early rains even though late rains may
bring more total precipitation.

Bean - Bean System

Use of 1.5 qq/ Mz of 12-44-3 fertilizer and 0.5 qq/ Mz urea in
place of 2 qq/mz of 12-44-3, the traditional practice in the area,
reduced production costs by $44.50 per hectare with the Revolution 79
bean variety. This system had a cost-benefit ratio of 6:1 compared
with 3.4:1 for the traditional fertilization with the Chile Rojo
variety.

Average profit of the system was .$166.62 per hectare. Labor
represented 53.7% of the total cost, followed by 17.2% for services,
16.8% for purchased inputs and 12.3% for fixed costs, the cost benefit
ratio was 1.33. The return per day of labor has doubled the average
labor cost in the area where the study was made. Return of capital
invested in inputs was $1.24.

None of the preemergence herbicides at the rates and combinations
studied (linuron 1.0 to 2.0 kg/ha, alachlor at 1.0 to 2.4 kg/ha,
pendimethalin 0.7 and 1.3 kg/ha and combinations of 1linuron 1.0 and
alachlor 1.0 or pendimethalin at 0.7 kg/ha and linuron at 1.5 kg/ha)
caused phytotoxicity to bean cultivar, Revolution 79, planted in a
Vertic Haplustoll irrigated soon after planting. However, these
herbicides failed to control the broadleaf weeds, especially Bidens
pilosa, which predominated in the system.
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Genotype selection in beans was a major activity of the project
since its initiation in 1982. Material was brought from CIAT and
Central American National Programs and compared with materials
collected in the Project area.

In 1984, 133 materials were tested and a selection of local and
improved materials was made for on-farm testing 1in the second
planting. Of this material 6 local varieties (Chile Rojo, Rojo Pando,
Mono Esteli, Rojo Seda, Chile Ligero and Rojo Musuli) and two improved
lines (H772202-62CMCM and BAT 1514) were selected, all of which
yielded over 1.0 t/ha and showed better yield stability than the
previously recommended materials, Rojo Nacional and Revolution 79.
These selections are presently recommended to the land reform and
rural development agency for validation.

Analyses of stability indicate that Revolucion 79 is the most
unstable variety with respect to yield. Another 1local check (Rojo
Nacional) was identified as the most stable but was associated with
low yields. The "improved" varieties proved to be more unstable or
more site specific than "criollo" varieties.

Pearl Millet

Introductions of pearl millet made in 1982 did not prove an
attractive alternative to farmers in the region. In terms of biomass
production, the pearl millet was comparable to the photoperiod
sensitive sorghum traditionally used in the area. However, it could
not accumulate dry matter over a long period of erratic rainfall as
could the photoperiod sensitive sorghum and the grain was not an
acceptable substitute for sorghum.

Soil Conservation

Higher yields of beans, maize, and sorghum were obtained on a
Typic Hapludalf with 14% slope when barriers of different materials
were constructed along the contours. The best barriers were agave,
leucaena, and stone walls,
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The use of stone walls following the contour not only increased
yields of maize, beans, and sorghum but provided a guide for ploughing
and planting along the contour and reduced stoniness. It was readily
accepted by farmers who constructed such barriers on their own
initiative in areas adjacent to the experimental plots.

WET DRY TROPICS

The area selected to represent the wet-dry tropics ecological
zone was the districts of Los Santos and Guarare in the Los Santos
province of Panama. It extends from N latitude 7915' to 8°915' and
from 79945' to 81°41' W 1longitude. Altitude varies from 100 to 300
meters above sea level, and rainfall varies from 1000 to 1500 mm
annually, with 5 dry months. Most of the soils are Trobepts.

The two districts occupy a total of 534 km2 and contain 4772
farms. About half of the area is used for agriculture. The principal
crops are maize, tomato for processing, rice and onions. Most of the
farmers in the area try to produce vegetables with irrigation but both
the marketing and irrigation infrastructure are poorly developed.

A total of 19 crop production systems were identified in the
characterization of the area; of these, four were selected for
improvement: 1) tomato or onion followed by maize for fresh ears; 2)
monoculture maize for grain; 3) rice-vegetable rotations and 4) rain-
fed onions.

The chief problem in the tomato or onion maize rotation are
excessive fertilization for the vegetables and a general 1lack of
knowledge o§ how to manage the maize crop following vegetables.
Similar questions about land preparation appear to be limiting to the
monoculture maize system, The chief problems in the rice-vegetable
systems are weed control and lack of adequate irrigation. The main
justification for producing rain-fed onions is the low availability
in local markets during the month of August.
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Tomato - Maize System

Planting maize without tillage, following harvest of the
processing tomato crop, reduced 1land preparation cost by 40% as
compared with traditional practices and did not affect yield or
fertilizer response of the two recommended maize varieties (Across
7728 and X-304-C). Highest yields and returns were obtained using the
hybrid X-304-C with 68 kg/ha of urea.

Rice - Vegetable System

0f eight locally used rice cultivars tested, Gorila and Melena
are recommended because of their higher yields, resistance to
lodging, and earliness, which 1leaves more time for the vegetable
crops.

If the rice crop follows vegetables, the only fertilization
necessary is 68 kg/ha of urea at seeding and an additional 68 kg/ha
60 days later.

Doubling the presently used plant density by planting the rice at
a row spacing of 0.3 to 0.35 m, leaving 0.3 to 0.35 m between hills,
is recommended.

In dry years, 3 supplementary irrigations: during vegetative
development. at flowering, and during grain fill are recommended to
reduce risk and increase cost benefit ratios.

Herbicide studies on rice show that an excellent control of
Rottooelia exaltata can be achieved with different concentrations of
pe.dimethalin,. The mixtures of bentazon + MCPA (Basagran M-60) were
not effective in controlling Cyperus, neither were any of the other
treatments.

Rain - fed Onions

The recommended production alternative for rain-fed (non-
irrigated onions) is to use Granex 429 variety, transplant either in
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May or from September to November, and plant in two rows per bed (60
cm wide, leaving 10 cm between plants).

The recommended weed control practice is an application of
pendimethalin (3.5 1 c.p./ha) pre-transplant and an application of
oxyfluorfen (1-2 1 c.p./ha), which will control the grassy weeds,
Rottboelia exaltata and Echinocloa colonum as well as the broadleaves
(Melampodium divaricatum and Caperonia palustris).

Maize - Pasture System

For maize to be alternated with a grazing system, where a
previous vegetable crop is not planted, the method of land preparation
used for the tomato-maize system is recommended, but the fertilization
for the maize hybrid X-304-C should be increased to 182 kg/ha of 12-
24-12 and 90 kg/ha of urea.

Sweet Pepper - Fallow - Maize System

Highest yields of sweet pepper and lowest dry weight of weeds
were found in plots treated in early postransplanting with chloramben
3.5 + devrinol 5 kg/ha, or with devrinol 8 kg/ha by itself when the
predominant weed species were grasses (Digitaria sanguinalis and
Echinocloa colonum). .

The herbicide oxyfluorfen 0.6 kg/ha and the <combinations
including linuron 2 kg/ha, applied at early postransplanting over the
crop caused severe phytotoxicity to the sweet pepper plants. However,
the sweet pepper yields were too low in this study for herbicide
recommendation to be formulated yet.
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TRAINING

_——====

IFAD support enabled the expansion of the CATIE graduate program
to include courses in soil physics and management, plant breeding, and
agroecosystems not previously offered.

Eight of the 33 graduate theses produced by the Plant Production
Department from 1982 to 1985 received IFAD support.

A total of 1200 professionals received training from IFAD during
the period of the grant (53 short-courses). Sixty five percent of
these courses were given outside of Turrialba.

IFAD support enabled the PPD to offer three 12-14 week courses in
farming systems research. A total of 65 professionals from Guatemala,
Honduras, E1 Salvador, Nicaragua, Costa Rica, Peru, Panama, Bolivia,
Brazil, Dominican Republic, Paraguay and Colombia, completed these
courses.

The IFAD support to the PPD, in the form of specialists paid by
the grant, experience gained in grant activities, and the presence of
a training coordinator, permitted the formation of a graduate
curriculum with four areas of specialization (soils, plant protection,
plant science, and production systems) in the PPD.

A three week intensive course on weed management in Production
systems of small farms was offered to professionals of national
institutions from nine Central American and Caribbean countries.
Professors from 12 diffekent nations taught in the course which was
jointly financed by FAO, the International Plant Protection Center of
Oregon State University and CATIE.

In 1985, 83 audiovisuals for wuse in seminars or short courses
were produced and/or acquired. Their length varied from 15 to 40
minutes and covered topics such as: calculator operation; area
characterization and selection; bean, cassava and rice production;
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agricultural mechanization; weed control; soil management and
experimentation on farms.

CATIE/IFAD Project personnel produced more than 150 publications
in the form of work reports and formal documents (see Annex 2) The
Documentation Unit accounted for the distribution of 16155 documents
in 1079 shipments to more than 10 countries during the final years of
the project.

The Project organized and financed the creation and publication
ofa data base for the Central American Cooperation Program for
Improvements of Food Crops (PCCMCA) covering 28 years of information.
Most of the research on food crops carried out in Central America is
reported at these meetings and having this data systematized has made
the results readily available for the first time to researchers within
and outside the region. A specialised production systems bibliography
was also prepared and an accumulative list of all documents prepared
by the PPD is being maintained. A library specializing in vegetable
crops containing 4476 references to 30 crops was developed and co-
financed.

Institutional support

The work in tolerance to flooded soils required the realization
of certain analyses not previously carried out at CATIE. Thus a
capacity was developed to determine exchangeable manganese, water
soluble manganese, readily reducible manganese, redox potentials and
oxygen diffusion rates.

Several pieces of equipment were acquired by CATIE under the IFAD
grant to improve its research capability in areas where rainfall is
limited. These included a plant water status console, an infrared
thermometer, pressure plate aparatus, electrical resistance blocks and
meters, standard -evaporation tanks, recording rain gauges, and
pyranographs.
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Data processing was also improved by the purchase of two
microcomputers., Equipment for slide reproduction and preparation of
audiovisuals increased capability for training and outreach
activities. Training, documentation and the information system of the
PPD were greatly benefited by IFAD grants and are now well established
and running properly.

Seed Multiplication and Distribution

The genotype evaluation component has also collaborated in the
conservation, multiplication, and distribution of the material which
performed best in trials or in which there was research interest
either at national or international level. Seed has been supplied for
research to CATIE personnel not involved in the IFAD project. The
genotype component has served as a linkage between national programs
and international organizations for obtaining and distributing
germplasm of different crops. A small germplasm bank exists,
containing presently some 600 introductions of various crops. The
principal objective of this bank has been the conservation,
multiplication and distribution of material to researchers. Seeds are
available of Phaseolus vulgaris, P. lunatus, Dolichos sp., Canavalia
spp., Vigna spp.,  Psophocarpus tebragonolobus, Arachis hypogaea,
Glycine max, Cajanus cajan, Sorghum bicolor, Zea mays, Oryza sativa,
and Manihot esculenta. During 1984-85, more than 200 shipments of
planting material were made to countries in the area. The germplasm
bank is now part of the Plant Genetic Resources Project of CATIE.
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OUTREACH

A cropping systems working group was formed for the six Central
American Countries. This group met in September, 1983 in Turrialba
and in July, 1984 in Guatemala city. The first meeting served to
discuss the institutionalization of the CATIE farming systems research
methodology. The second meeting focussed specifically on problems of
validation and technology transference, as many of the Central
American countries are presently involved in these aspects of farming
systems research.

Among the resolutions of the first meeting was the encouragement
of the formation and training of multidisciplinary research teams by
national institutions. It was felt that they should be integrated
with the rest of the public agricultural sector. CATIE could
participate in such training through its graduate program and short
courses.

The second meeting identified specific problems in validation and
technology transfer activities. There were problems in selection of
personnel, obtaining background information, selection of farmers for
participation, and analysis of data obtained. It was felt that CATIE
could provide guidelines for activities in these areas.

The outreach coordination activities under the IFAD grant have
included:

1. Contacts and consultancies with technical personnel and author-
jties 1in different institutions of the countries of Central
America and the Caribbean

2. Representation of the Plant Production Department in scientific
meetings, seminars, and field days
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Coordination of activities of the Department outside of Turrialba
especially of the prototype teams

Evaluation of other farming systems activities of CATIE in the
Central American countries

Organization of the cropping systems working group among farming
system researchers of the area '

Participation in support research activities in the lowland humid
tropics in the area of cropping systems and soil management
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INTRODUCTION

1985 may be considered as a year of transition and
reqr1entqt1qn for the CATIE/IFAD PrOJect Reorientation was
ngcessary s1nce CATIE s 11neg and organ1zatwop We’EMQQQ?Rq
revision and the Proaect had to fit w1th1n‘”(he aew,
framewqu Another factor was ; IFAD s dec1§1opb~to reduce
support fgr CATIE prOJects fol]ow1ng thq eva}ua;1gn teapls .
rgqef5n1tion ypjgh took P1§ce 1n quember 19§§ er qa§£a]§ ;
a. yea("of trans1t1on s1nce the progrqm of qfﬁg¥1gjes er
1985 (bageg an the ,eva]uat1qn ment1oqed prev1ousl¥)j{wgsj

Sulanet 32004

des1gned w1th ~the a1ar of, qccumul@tlng rnowlngQ for. the.

star; of 2 nev QATIEJIFAD Pro;ect d1reqted ,at, ;treng;één;édJ
agr;cu]tuga] deve]opmenﬁrs)) Jntegratgd rysgl dqxelgpgqgg.
pro;egts f1nanced ,by IFAD, 1n (GATIE'S mqquteBW egion., teve
The proaect carried out all the act1v1t1a; qugraqmeq
FOL, 1908, MSh (wre, presartels Lo JEAL n dapuagy, of, this
year asqﬁﬁlines der;rabaqo parahlags del .Departamento de.
Producc1on Vegeta] del CAJIE, con 3pq¥qw%ehn QDA mediante.el.

Cl‘l + &
tl
TA Brant 38 D CATIE :,%nffgbruary ang Harc@* _ gqgiulgat1on
v1sit was deg to the seven count ries of the,re 10
TNNT ng RitbME 0 "':9 le A;./
government gr1vate qqg A1nterga§1qna] Iorgaana¢1pns were.
vislted 242 people ;“ﬁnter91ewed - énd 1735, docume nt§

phqtgcgeied ,i‘"[ keep)pgl with. the 1985 ‘prppospls ,°f,,22q
produc1ng an inventory of d1fferent technology development
and agricultural development programs and projects b)
diagnosis of needs and priorities for support by the
CATIE/IFAD Project (1986-1990) c) development of the project
proposal "Desarrollo de Sistemas de Produccidon Tradicionales
y Nuevos Sistemas de Produccion" presented to IFAD in
September. This proposal was revised and commented on by
IFAD senior staff in Rome, who then suggested technical and
financial changes for its presentation to the IFAD Board of
Directors in April 1986. In February 1986, CATIE sent a new
proposal "Technology and Farming Technical Assistance for



Accelerated Rural Development including comments and changes
suggested by IFAD.

Updating analysis and documentation of Project results
and advances also took place in 1985, The majority of
research work stgrted in 1980-81 by the Support Unit and
Prototype teams was consolidated (peoints d and e of
evaluation). . |

‘The Project "was gradually restructured during 1985 to
create a starting point for a new project, following
indications given at the IFAD evaluation visit. The Costa
Rica and Panama prototypes were wound up in June and
December respectively and the Nicaragua Prototype fin
December 1984, No new personnel were hired, research
activities were kept to a minimum, the External Cooperation
Coordinator's position was closed, the 1last production
systems course was given and only short courses were given
in the countries.

The number of trips made by international personnel was
cut to a minimum and only made when nescesary for
consolidating plans and agreements for the new project.

In accordance with this, support was given to the
Guaymi Project in Panama from the beginning of 1985. From
February a CATIE specialist was posted in the Project area
and technical personnel stationed in Costa Rica visited
Panama at least 5 times. Their work included physical,
biological and socioeconomic planning of the Guaymi area and
giving a course on. Area Diagnosis and Farming Research. A
Guaymi professional was trained at CATIE for 3 months; and
CATIE as an institution provided a vehicle for the use of
national personnel attached to the Guaymi Project.

The PRODESBA Project (financed by IFAD) in Honduras
also received technical and logistic support from
CATIE/IFAD. On three different occasions, personnel from
Turrialba visited this Project, participating in the 1986
programing and assisting reorientation of research and



extension activities. One PRODESBA Scientist received three
months training at CATIE.

The Dominican Republic was visited in June 1985 to make
contacts and revise current and future IFAD Projects (IFAD
I, II, III and IV). This initiative was maintained for the
rest of the year until the beginning of 1986. Momoranda and
documents were passed between IFAD-Rome, the Dominican
Republic's government and CATIE personnel in Costa Rica.

The activities and progress made by the Project during
1985 and the first quarter of 1986 are presented in the
following sections of this Report.

RESEARCH AND DEVELOPMENT OF TECHNOLOGY

Research, trials and validation of technology carried
out by the Research Support Unit and Prototype teams were
drastically reduced in 1985. It was decided as an overall
strategy to cancel or finish studies that were already
sufficiently advanced or so close to finishing that extra
effort was not worth while in such a short time. Only those
in line with the "New Project" and/or whose results could
easily be obtained in 1985 were continued. '

In Nicaragua only essential logistic and, supervisory .
support was left for technology verification and validation.
The Prototype team was dismantled in December 1984.

In Costa Rica the prototype team worked until June
concentrating on classifying information and formal design
for production alternatives. Senior personnel of the
Research Support Unit were kept on with the exception of the
Project Technical Coordinator (Agricultural Economist) who
left CATIE in September. The Panama Prototype was also
reduced, for the most part, to two personnel. They only
worked on farmer's land in the first farming cycle and on a
small number of trials.

Finally, work on ecological zones and the most
important production systems was concluded. The definition
of each of these ecological zones is presented in the main
body of this document.




LOWLAND HUMID TROPICS

Legume - Maize Associations

Two characteristic microclimates within maize + cowpea
(Vigna, 288 and TVU-401 selections) and maize + soybean (PK
7394) associations were evaluated. Associations were
planted at three intervals relative to the maize sowing: 0
(simultaneous), 20 and 80 days after sowing maize (DASM).

Principal microclimate variations imposed on the
associated crop (soybean, cowpea) by the dominant crop
(maize) were mainly related to solar radiation (27 to 37%)
Fig 1 shows solar radiation not intercepted by maize foliage
(and therefore available to the soybeans or cowpea). With
“Maicito variety", 1lowest available radiation (37%) was
found 60 DAS, whilst in "Tuxpedio PB C7" 27% was found 80
DAS. Solar radiation within the crop correlated with plant
height (-0.91) and leaf area index (-0.91) in “Tuxpefo"
maize, wheras it correlated with plant height (0.89) and
biomass (-0.91) in "Maicito".

Mean variation of temperature (0.5 to 0.7) and relative
humidity (90 to 91%) within and outside the maize was small.
Thermal oscillation varied betwiin 6.8° and 10.9°C and
degree days between 12.7 and 13.7 during the crop cycle.

Maize varieties Tuxpedo C7 and Maicito showed
differences in their growth curves; Tuxpeio showed greater
size, LAI, biomass and vegetative cycle, imposing different
mocroenvironmental conditions than did Maicito.

The effect of the associated crops (cowpea and soybean)
on maize biomass production and growth pattern were
different for each associated crop. Greatest reduction in
biomass and growth were found in indeterminate cowpea (TVU-
401) associations compared to determinate (selection 288).
Maize yields fell by 42% in simultaneous associations with
indeterminate cowpea.

Less changes in maize growth pattern were produced by
determinate (s. 288) than indeterminate cowpea (Figs 2, 3, 4
and 5). Changes were 1less for ‘“Tuxpedo" (Fig.3) than
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"Maicito" (Fig. 2) where cowpea simultaneous association
stimulated "Maicito" growth comparated to monocrop growth.
Cowpea (selection 288) sown at 20 DASM reduced maize growth.
Tuxpefio and Maicito growth patterns are closely related to
the periods of coincidence of associated crop requirements
and to the opportunities they have for adVantageous
competition.

Almost all yield components differed within maize
varieties. "Maicito" yield was 39% that of "Tuxpedio".

Growth pattern modifications were different for maize-
soybean associations. Tuxpeio growth was higher in
simultaneous association than in monoculture. At 200 DASM
maize growth was affected by soybean competition (Fig.7).

"Maicito" monoculture growth pattern was changed by
association with soybean at all sowing times (Fig 6). In
the first association, maize growth seemed to be stimulated,
while in the second there was a greater degree of soybean
competition, due to the longer time of association.

In association with maize, cowpea showed different

growth patterns, influenced by competition and
microenvironmental conditions produced by the dominant crop
(maize). "Tuxpeno" intercepted more 1light (20%) than

"Maicito".

Distribution of available 1light within the maize is
closely related to ‘the intensity of growth of the crop.
"Maicito", with its short vegetative ~cycle, produced
greatest 1light interception (63%) 20 days before "Tuxpefo"
(73%).

These variations in the amount of intercepted light are
especially dependant on leaf area index and leaf structure.

Cowpea (288 and TVU-401) growth patterns were affected
by time of sowing; whilst biomass growth in 288 was reduced
by sowing time (Fig. 8 and 9), TVU-401 showed a tendency to
increased growth (Figs 10 and 11).

On average, biomass production was highet in TVU-401
(A5%) than in 288.
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Cowpea 288 maximum biomass production is reduced by 50%
compared to monoculture production when in association with
"Maicito", at simultaneous sowing and 20 DASM. At these two
times growth patterns are similar and approximately parallel
(Fig 8). There is.a similar tendency for "Tuxpedio" (Fig 9)
although reduction of cowpea biomass is more drastic in
simultaneous sowing (63%) and at 20 DASM (74%). For both
maize varieties at 80 DASM, growth patterns for cowpea 288
are similar.

In simultaneous association with "Maicito", cowpea TVU-
401 shows a characteristic growth pattern with a bimodal
curve lower (34%) and different in shape from that -in
monoculture (Fig 10). This growth pattern, and that of
"Maicito", reflect mutual competition owing to similar
demands for resources during the same period (Figs 2 and 10)
When sown simultaneously with "Tuxpedo", this variety also
shows marked competition with maize, with substantial
reduction of growth pattern without apparent changes in
growth (Fig 2 and 11) This reduction is 38% relative to
monoculture, with a 1long period of maximum biomass
accumulation, possibly due to its more developed climbing
habit than Tuxpefio, which causes marked yield reduction.
Growth tendencies for TVU-401 sown 20 DASM are similar with
both maize varieties, although there are greater reductions
in "Tuxpeino" associations. At 80 DASM the cowpea growth is
similar with both maize types. There is a general tendency
for greater biomass when in association than in monoculture.
These differences are small since they are found at
different periods of maturation.

In cowpea, highest yields (1475 kg/ha for 288 and 2093
kg/ha TVU-401) were found for monoculture rather than
association with "Maicito" and "Tuxpeno"; the greatest

reduction was with "Tuxpedfo" (68%). This reduction is
expressed as a lower number of pods. Association with
"Tuxpeio" shows greatest reduction (50%) compared to

“Maicito" at only 21%. Number of grains per pod was also
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lower (10%) in association and mainly caused by maize
shading.

In soybeans, biomass reduction due to maize competition
was lower with "Maicito". Greatest variations were caused
by sowing time - at 20 DASM there was 50% reduction. At
simultaneous sowing, soybean biomass reduction, when
associated with "Tuxpeio", was 6% of that when associated
with "Maicito". Differences shown in associations with both
maize varieties, due to effects of competition of maize on
soybean, variety characteristics, and chronological
arrangement within the period of competition from maize (Fig
12) showed a 30% reduction of monoculture maximun biomass,
which was lower than at 20 DASM (50%).

In most cases, leaf area index for associations was
greater than for monoculture.

Greatest bean yield for soybeans was found in
monocultures (2061.4 kg/ha) although 1leaf area index was
reduced. Reduction compared to monoculture was less in
"Maicito" associations (41%) than in "Tuxpedo" (76%).

Maize in Association: Shading and Available Root Space

Interactions.

Using Tuxpeio - C7 maize as ‘the dominant crop and rice,
sweet potato, adzuki bean (Vigna angularis) cowpea (Vigna

between available root space (by root isolation) and
artificial shading were evaluated. Three chronological
arrangements were used: simultaneous sowing, 90 DASM and
110 DASM. Control plots (Monoculture) were sown for all
crops at each planting date.

The effect of available root space was evaluated by
means of root isolation using plastic sheets. Effects of
shading were evaluated from the growth of the associated
dominated crop under simulated shade and in association.

With all the dominated crops, maize (in monoculture and
association) produced the same biomass and grain yields.
Root isolation did not affect maize growth compared with non
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insolation. The similar growth shown in monoculture and
intercropped maize shows there was no effect of competition
for water and nutrients by the dominated crops on root space
availability. This may be due to early competition for
light and reduced growth.

Crops grown with maize suffered a noticeable reduction
in biomass production and yield compared to their
monocultures.

Growth reduction in non-fertilized plots was greater in
monoculture (TC4) than intercropped maize (Table 1).
Competition for 1light probably limited nutrient absorption
in the intercrops.

With the exception of cowpea, the growth of dominated
crops in fertilized and non-fertilized plots was comparable,
with or without root isolation.

Increased biomass production and yield in cowpea with
root isolation compared to non-isolated is probably related
to greater nutrient demand coinciding with maximum
absorption by maize. Due to the latter's more extensive
root system, it absorbs nitrogen more freely from solution
in the soil, 1limiting absorption of the element by the
cowpea. :

Shading, either by maize (TCl an TC2) or simulated
using screens, affected the dominated crops compared to
monoculture.

Under conditions of simulated shade, the dominated
crops, with the exception of fertilized rice (Fig 14) showed
similar total dry biomass and yield values to intercropped
(TC1 and TC2). However it 1is possible to see slightly
different behavioral tendencies in crops grown under
simulated shade compared to those intercropped with maize.
Leaving aside the first sample, a slight increase in biomass
can be seen for screened adzuki bean (Figs 15 and 16) and
sweet potato (Figs 19 and 20) and a slight decrease for
soybean (Fig 21) whilst cowpea (Figs 17 and 18) on average
showed similar behavior whether screened or intercropped.
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One possible cause for these tendencies may be related
to the dominated crops differing reaction to
microenvironmental changes ocurring in the maize canopy and
affecting growth, These changes may be caused by quality
and distribution of 1light, relative humidity, temperature
etc.

At the second sowing (90 DASM) the associated crops are
subjected to fierce competition from the 90 day maize,
during their first stage of growth. Microenvironmental
conditions imposed by the maturing maize create a favorable
environment for phytopathic attack in plants already
weakened, 1in some cases by poor growth, <compared to
simulated shading by screens. '

Rice showed a similar tendency when sown simultaneously
producing greater biomass wunder screens compared to the
intercrop means.

In the majority of cases, growth and yields for adzuki
bean, cowpea and soybean grown under screens, were also
higrer compared to the means of intercropped plants,
alcthought in  many cases the differences were not
statistically significant.

A1l plants grown with maize showed poor growth
(etiolation). This was not seen in plants grown under
screens due to the more uniform light penetration.

Etiolation led to weakened stems and greater
susceptibility to disease and lodging.

Sweet potato showed the same tendencies as the
previously mentioned <crops, althought not affected by
disease or 1light availability. Greater biomass production
under screens compared to intercrops caused higher
production of tubers. This may be due to greater soil
compaction in the maize plots, caused by human traffic (for
weeding etc.) and greater physical interference with the
maize plants and their root systems (including maize roots
from previous sowings).
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Sowing dominated plants at 110 DASM constituted a relay
where competition for 1light was minimal. At this time
interval, sowing was carried out with doubled - over maize.

Rice grown under screens produced greater biomass than
when grown with maize, althought the differences were not
significant, Similar tendencies were shown in adzuki bean
and soybean but to a lesser extent than in rice. Biomass
and yield were 1lower for intercropped plants, but not
significantly so.

Cowpea behavior, especially grain yield, was affected
by a greater incidence of virus in the plots under screens
than those intercropped with maize. This may be because the
presence of maize stalks reduced the arrival and movement of
insect vectors.

Sweet potato showed similar growth whether wunder
screens or intercropped (mean of TCl and TC2) and was the
crop least affected by possible differences in soil
fertility and microenvironmental variations under the maize
stalks. Owing to its growth and arrangement of adventitious
roots in the nodes of its lateral branchings, sweet potato
is able to exploit soil well, as long as it is growing under
acceptable light conditions.

Maize monoculture

From December 1984 to March 1985, 8 maize cultivars
under two management systems have been evaluated in Pital,

Alajuela, Province. the systems were:

a) 53.33 pl/ha (0.75 X 0.5 m - 2 plants per hole); seed
treatment with captan (80 gm/5a kg); carbofuran at base of
hole (8 kg/ha PC at 5%) fertilization (230 kg/ha 12-24-12 at
sowing and 100 kg/ha NH,NO3 20 DAS); chemical weed control
(atrazine 1 kg ai/ha and pendimenthalin 0.67 kg/ha at
preemergence) and insect control (Spodoptera frugiperda)
with foxim 2.5%.

b)Farmer's practice defined by surverying several producers.
This practice consisted of 62,500 pl/ha (0.8 x 0.6 m with 3
plants per hole); fertilization only at sowing (66 kg/ha 12
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-24-12), manual weed control and no insect or disease
control. Land preparation was the same in both cases - 1
ploughing and 2 harrowings. The soil in the study area is
clay loam, low in phosplorus (1.2 mg/ml) and very acid (pH
5.1) similar to that predominating in the majority of
farmer's fields in the Pital area.

A completely randomized block design was used with a
split plot arrangement; varieties in the 1large plots and
management systems in smaller plots. Yields were
significantly different between varieties. The recommended
system a) was not more economic than the farmers (Table 2).

Variety yields have been discussed in the main body and
appear in Table 3.

Maize - Cassava system

In 1985, studies of phenotype interaction on an
association system were continued. The effects of cassava
genotypes on different growth patterns of one variety of
maize and vice versa were considered. These studies allowed
the identificaciéon of three genotypes of both maize and
cassava for evaluation in monoculture and association during
1985.

Maize genotypes were Tuxpeio PBC-12, (intermediate
height, very leafy) Tuxpeio PBC-17, (of intermediate heignt
and leafiness) Tico V-5, (tall, intermediate leafiness ) and
Valencia , (tall, non leafy). A completely randomized block
design was used with three replicates. Cassava was sown at
1.0 x 1.0 m and maize at 1.0 x 0.87 m 20 DASM, between the
cassava rows.

Maize data:

Results indicate significant interactions between maize
and cassava genotypes with respect to grain yield, LAI and
plant height. Mean yield for maize fell by 7.1% in
association, however the maize genotypes behaved differently
according to the cassava genotypes used. "Tuxpedo PB C-17"
was affected most, with yiell reductions between 12% and 18%
compared to monoculture, ‘ollowed by "Tico V-5" which
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yielded 1.8 to 6.5% less with all the cassava genotypes. 1In
"Tuxpeno PB (C-12", cassava. genotypes CMC-84 and Valencia
caused a 10% reduction in yield, but "“Criollo Zamorano"
produced yield increases of 14.8% (Table 4, Figs 22 and 23)

Genotypes "Tico V-5" and "“Tuxpedo PB C-12" showed
increased foliar area when associated, whilst "Tuxpeio PB C-
17" showed a significant decrease. Maize plant height also
followed this pattern (Table 5).

Cassava ‘data: .

Association reduced mean yields of commercial roots by
28% compared to monoculture. Most affected was "Valencia"
(37 %) then "CMC-84" (26.7%) and "Criollo zamorano" (22.5%)
The three maize genotypes were similar in provoking yield
reduction, but "Tuxpedo PB C-12" reduced cassava yields
slightly more (Table 4).

Genotype Criollo zamorano" gave greatest yield of
commercial roots, both in monoculture, (36.8 t/ha) and in
association, (28.5 t/ha) and least affected maize yields
(2.1%) making it the best for these associations and better
than the traditional Valencia cultivar (Table 6). The most
productive maize variety in association was Tuxpeio PB C-12
although Tuxpeiio PB C-17 performed better in monoculture.

This shows the importance of selecting maize genotypes
according to the system to be used. In cassava, however,
once again no significant differences in phenotype
interaction were found, indicating that selection for
association may be made in monoculture following
conventional methods.

Cassava - bean

Eleven bean cultivars previously selected in
monoculture were evaluated in association with "Valencia"
cassava. Cassava was sown at 1.25 m between hills, 1.0 m

between plants. Beans were sown in double hills between the
lines of cassava with 45 cm between each hill and 40 cm from
the cassava, 35 cm between holes and 2 plants per hole
giving a bean population of 91400 pl/ha.
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Beans were sown during the first week of January 1985
and harvested in the last week of March. They showed good
development and very 1low incidence of diseases or pests.
The experiment was carried out in La Fortuna, San Carlos,
Costa Rica.

Variables measured were plant height, number of plants
harvested, yield and number of pods per plant.

Statistical analysis indicated significant differences
between cultivars for the first three variables. Bean yield
(15% RH) varied from 633 kg/ha (cv. A-227) to 979 kg/ha (cv.
R-675). These relatively low yields are mainly due to low
bean population in the system (aproximately 25% of the
monoculture). However, individually, the bean plants were
more efficienf in association with cassava, since with a
population 25% that of the monoculture, yields of 47% of
those in monoculture were obtained.

The 1local cultivar "Chimbolillo" did not show good
perfomance in association mainly because of a population
reduction (33% less than R-675, the best performer).

As has been noted in the main body, the best cultivars
in association with cassava were R- 675 (979 kg/ha), ICTA
TAMAZULAPA (943 kg/ha) and ICTA 8164 (895 kg/ha). They also
had good yield in monoculture. Compuesto 1 came second in
yield in monoculture and fifth in association, making it
another adequate alternative (Table 7).

Cultivar Negro Huasteco yielded highest in monoculture
but was relatively poor in association. This shows that
cultivars that perform well in monoculture are not always
the best in association.

Bean Monoculture

In experiments previously carried out in San Carlos,
eleven bean genotypes with potential for this zone were
identified.

These were evaluated again in January 1985 at 3 sites
in order to select the best genotypes to offer to national
programs.
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Selected sites were 1Zona Fluca and La Bruja
(volcanic origin soils, high fertility, good drainage, loam
or clay 1loam texture) and Pital (clay, 1leached, 1low
fertility and more acid).

A complete randomized block design with 4 replicates
and experimental unit size 10 m2 was used. Sowing density
was 250 thousand pl/ha (50 x 8 cm).

The genotypes behaved normally. Results for each site
(Table 8) show better yield, as expected, at La Bruja and
lona Fluca. At Pital, prevailing conditions reduced the
size and number of plants and affected the number of pods
per plant, However, even at these sites yields were
relatively high, easily outyielding the national mean of 0.5
t/ha.

Table 8 Yield and other Bean Characteristics with Locality
San Carlos, 1985.

kg/ha No plants Beans/ Pods/ Plant

15% H harvested pod plant height
La Bruja 1708 210 5.8 13.4 52
Zona Fluca 1676 200 . 5.2 13.1 58
Pital 1070 160 5.6 10.2 39

The best genotypes were ICTA 8164, Negro Huesteco, and
Compuesto 1. However, under the conditions at Pital, there
were no significant differences between genotypes, although
ICTA 8164 also occupied first place with 1.3 t/ha beans. On
average, these 3 genotypes outyielded the recommended
improved variety (Talamanca) by 13% and the local variety
used by farmers (Chimbolillo) by 29%.

The best genotypes were delivered to the MAG bean
program at San Carlos and to many farmers who had
cooperated.
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Table 9 Mean Yields for Bean genotypes by Location,
San Carlos, 1985.

c.v kg/ha 15% RH c.v kg/ha 15% RH
ICTA 8164 1692 Porrillo sintético 1478
Negro Huesteco 1630 Talamanca 1457
Compuesto 1 1622 ICTA 8126 1448
ICTA TAMAZULAPA 1574 A - 227 1286
Brunca 1564 Chimbolillo (local) 1278
R - 675 1480 BAT 1556 1198

Rice Monoculture

Six herbicides at various concentrations, by themselves
or in combinations, applied pre and postemergence, were
evaluated at Rio Frio, Costa Rica. They included
oxyfluorfen, pendimethalin, oxadiazon, bentazon, propanil,
2-4-D, propanil + pendimethalin, propanil + 2-4-D as well as
a hand weeded and a non weeded control,. Treatments are
shown in Table 10. .

Preemergent herbicides were applied to soil wunder
minimum tillage conditions. Soil preparation consisted of
hand hoeing to break the soil surface, and planting 85 kg of
seeds per hectare in the furrow.

The predominant weeds at the experimental site were
Eleusine indica, Digitaria sanguinalis, Panicum maximun,
Paspalum paniculatum, Cyperus ferax, Killinga pumila and
Pilea hyalina.

Visual evaluations of the percent of the plot surface
covered by weeds were made at 20,40 and 60 days after
preemergent herbicide application.

Treatments showing the smallest percentage of ground
cover at the three 2avaluations were oxyfluorfen 0.29 and
0.34 and oxadiazon ).88, 1.0 and 1.13 kg ai/ha (Table 11).
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TABLE 10. Oounts of grasses, sedges and total weeds at 20, 40 and 60 days after planting in a herbicide evaluation experiment
in minimm tillage rice. Rio Frio, 1984-8S.
s

Number of nodn/-z -
TEADENT Grasses _ Sedges Total
(kg a.i/ha) d.s.a V/ d.a.a. d.a.a.
20 w0 0 2 40 60 20 0 0
PREDERGENCE HERGICIDES
Oyt luorten ¥/ 0.24 115002/ 219 21504 v 2 o 0 b 1194 1 215cde
Oxyf luorfend’ 0.29 159%6c 330604 27004 o b 7 4 0 ab 1594 B7ocd 2700cde
Ocyfluocten?’ 0.3 Ne 1374 148cd o b ) 0 & Ma 137 149 de
Oadiazon 0.88 ‘c 8s a 167cd o b 0o 4 o » «a 8s 4 167 de
Oadiazon 1.00 oc s24 22204 0o b o a o b 0od 62 a 222cde
Oadiazon 1.13 oc 24 704 o b 0 a ) 0oa 2 4 0c
EARLY POSTEMERGENCE
reraicoe’/
Pendimethalin¥/ 0.92 S306c 285004 asc 1568b 104bc8 1S 6% 32904 s3b
Fendimethalin¥/ 1.16 6260 13cd 32204 274abe 07  MB 60Toca s300
Pendimethalin 1.19 293¢ 281bcd 248 174ab 33 s9ab  467bcd 315004 304bcde
Propanil 3.0 21 13%c 382 185ab 274abe 189b 426008 1007 a1
Propanil X} 2816c 644bod 181cd 31sa 2378b 219 $96bc 981b 400bcd
Propanil .0 141bc $93cd 256cd 2708 23%cd U 411bod 826 5006
Propanil o 3.0
1.6 e 178cd 16cd 293a 493 20006 73 67000d 560cde
Propanil o 3.5 167 1bod 1934 22 178004 18%cd  18%bad 519604 316008
Pendisethalin 1.6
. 3.0 2190 8™ 66T M1 115004 17 15%ad %91b 804c
2.4-0 144
Grower's cteck
(hand weeded at 20,40
and 60 dap) 10 - 107cd 1374 1% 2008 1Sab 12604 178cd 2520008
Non weeded chetck 1281a 1600a % 122ab ot 63ab  1404a 16448 907a

1/ Deys after sgplication.

2/ Means with a lstter in common within a colum are not significantly different axxxding to Duncan's Multiple Range Test ( 0.05)
3/ Propanil was applied at 3.5 a8.i/ha at 60 days after planting

4/ Herbicides applied at 8 d.a.p
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The same treatment showed the smallest dry weight of weeds
at 18 weeks after planting (immediately after harvest),
(Table 2). ‘

The highest yields of unhulled rice (14% moisture) were
found in the oxadiazon and oxyfluorfen treatments (Table 12)
No significant differences were detected between these two
preemergence herbicides, but they were far better than the
majority of the early postemergence ones (Table 12).

The oxadiazon 1.13 kg ai/ha treatment had the 1least
ground cover by weeds, the smallest weed dry weight and the
highest rice yield of all the treatments studied.

TROPICAL ROOTS, CORMS AND TUBERS

Ginger production systems

Cassava + ginger:

Nine herbicides at various concentrations by themselves
or as mixtures were evaluated. They included ametryh,
diuron, linuron, oxyfluorfen, alachlor, atrazine,
Pendimethalin metolachlor and T.C.A., as well as a hand
weeded and a non weeded treatment. Treatments are shown in
Table 13.

At eleven weeks after treatment application, plots
having the smallest dry weight of weeds were under the
diuron 2.8 or 3.9, ametryn 4.5 and the mixtures of ametryn
3.4 + alachlor 1.0, and diuron 2.8 + alachlor 1.0 kg ai/ha
treatments (Table 13).

The most important weeds at the experimental site were
Ipomoea sp., Paspalum conjugatum, Cyperus sp., Borreria
laevis, Ludwigia decurrens, Lantana camara, DOrymaria
cordata, Digitaria sanguinalis, Melapodium divaricatum,
Panicum trichoides, and Mimosa pudica. The predominant weed

was Ipomoea sp.

None of the treatments caused visual symptoms of
phytotoxicity to either crop.

The highest yields of ginger (grade A) were found in
the metolachlor 3.6, diuron 1.7, oxyfluorfen 1.0, ametryn
2.3 + alachlor 1.0, metolachlor 1.8, 1linuron 3.4, ametryn



49

surauerd 1930 sAeq /¥

*(50°0= ) 3saL dbum
TdTITMW S,ueoung 03 BUTPICOOR JUAISIFTP ATIUROTITUBTS J0U IR LCUWOO UT JBIIBT P YITA WINTOO @ UTYITA Sueed /€

butueTd 1930 sAep g @ POTTdde SSPTOTATM /T
Supjuerd 19370 sAwp 09 3@ wy/Te by G'f @ porrdde sem Truedoxd /T

@ 0011 e g6v1 NORP PIpoeem UON
oqe (922 ? £9¢ (,zd*e°p 09 puU® OF ‘0Z @
Buy PURY) 3PP §,IaM0ID
apoq 0061 ;o 199 vyl a-v'z
+0°¢ Truedoxd
Poq 0£12 155 9°1 Ut TRQISUTpUAd
3+ Tyuedoxd
o 16LT 9, 8% 9°1 uTTeYIBWTPUR]
+0€ Tyuedoxd
poqe 122 9o 16L 00°y Truedoxd
Poq 2907 3P0 GhL 05°€ Truedoxd
9po 1891 qe €221 00°t Truedoxd
poq 2902 3 0vS 6y°1 FUTTRIITURY
apoq 6681 Poq €26 911 RUTTRIRITPURY
o GSET oqe Z80ot 260 Fraddsaioniion )

/ ARiva
® 9€0¢ ® 8LT £1°1 UOZeTPRXD
oqe €102 ® 0E€ 00°1 i UOZeTPRXD
oqe 9E¥T L3 88°0 UOZRTPHO
qe 8€92 @ ¥ot %0 mﬁguao
oqe 6€£ST ® 96€ 62°0 \miuua:t-o
qe 7692 /e° ooy 20 \mﬁguaa

o/ 6 wy/ by w/ve 6y
aHEIR JY SGFZEM 30 IHOTISM Ad JINBUINDLL

S861-9961 ‘OFad O °
g&:sg§a§§!n5.3«3!-.8:83!383%-138«3’»8dn!n.



TABLE 1). Phytotaxicity, ground coverage and dry weight of weeds and yuld of gingar (2ingiber officinalis) in a
presmargsnce harbicide

evaluation experiment in the ger sy San Carlos, 1984 - 1965.
TREADENT ) HW/ ] COVER DRY WEIGHT OF WEEDS GINGER YIELD
. ' v.a.p 11 v.a.p
. v.ap? 1"t rade 2 Grade Total
kg ai/ha 7 6 10 kg/ha kg/ha kg/ha kg/bi
Amstryn 2.3 1.0 ss 92 1690 &~ Y 21M 2126 cdef 4899 edf
Amatryn 3.4 1.0 M 70 947 abcde 5685 bod 3321 abcdef 9005 cdef
hmatxyn 4.5 1.3 28 n 595 cde 5817 bcd 4092 abod 9909 bode'
Diuron 1.7 1.0 33 88 1105 abcde 9236 ab 3705 abcde 12941 & ‘
Diuron 2.8 1.0 26 62 632 cde 6651 bod 2982 abcdef 9633 b#
Diuron 3.9 1.0 19 47 527 de 5793 bod 3426 abcdef 9219 u:ﬂ
Limzron 3.4 1.0 35 82 1255 abcde 8073 abc 2490 bodef 10562 tnti
Limzron 4.5 1.0 35 85 1037 abcde 7376 abod 2746 bodef 10122 bode!
Oxyf luccfen 0.5 1.0 30 72 1139 abcde 7444 abcd 4707 ab 12150 ax ‘
|
Oxyf luorfen 0.7 1.0 36 92 1210 abcde 5228 bod 2097 cdef 324 u:q
Oxyfluorfen 1.0 1.2 30 68 . 804 bode 8946 abc 2764 bodef 11710 n}
Alachlor 1.0 1.2 L} 88 1038 abcde $357 bed 2323 cdef 7680 cde|
Alachlor 1.4 1.0 40 85 1172 abcde 7465 abcd 3263 abcdef 10728 !n#
Alachlor 2.9 1.2 S0 92 1518 ab 1356 4 1925 def 3280 ¢ :
Atrazine 3.4 1.0 3 88 881 abode 6005 bod 3240 abodef 9245 bodel
Pendimsthalin 0.7 1.0 k1j 87 . 1123 abcde 3836 bod 5063 a 8899 uﬂ
Pendimsthalin 1.0 1.0 3 s 929 abcde 3527 bod 2397 cdef 5924 cdef
Pendimethalin 1.3 1.0 40 k] 957 abcde 7006 bcd 2986 abcdef 9992 bode
Mstolachlor 1.8 1.0 42 92 1321 abcd 8185 abc 1788 ef 9973 bode
Mstolachlor 3.6 1.0 36 5 904 abcde 13051 a 4036 abcde 17087 a
T.C.A 5.6 1.0 " 80 1171 abcde 7197 abcd 3766 abcde 10963 bode
Jmstryn o 2.3 .
Alachler 1.0 1.0 27 70 825 bode 8634 abc 2236 cdef 10870 bod
Jmstryn o 3.4
Alachler 1.0 1.0 26 3 590 cde 6203 abc 2401 cdef 8605 buﬂ
. 3.4
T.C. 5.6 1.0 40 87 984 'abcde 6522 bod 2335 cdef 8857 tedi
Mmstzyn o 2.3 )
Pendimethalin 0.7 1.2 n 85 1214 abcde 6920 bod 2178 cdef 9098 bk
Mmstryn o 3.4
Pendimethalin 0.7 1.0 k) 7 990 abcde 7860 abc 2698 bodef 10558 b
Jmstryn ¢+ 2.3
Mstolachlor 1.8 1.0 43 85 895 abcde 6615 bod 1894 def 8516 tode
. 3.4
Mstolachlor 3.6 1.0 32 68 873 abode 6347 bed 3011 abcdef 9358 tode!
Limzon ¢ 3.4
Alachlor 1.0 1.0 29 80 1045 abode 6321 bod 2751 bodef 9072 bade!
Limzon ¢ 3.4
T.C.A 5.6 1.0 30 5 923 abcde 6224 bod 2843 bodef 9067 boded
Limzon ¢ 3.4
Matolachlor 1.8 1.0 38 82 1371 abcd 3408 bod 1399 £ 4806 ef
Limwxon + 3.4
Fendimsthalin 0.7 1.0 41 90 739 bode 5534 bod 2835 bodef 8369 bodsl
Dduron ¢ 2.8
Alachlor 1.0 1.0 k1] 58 665 cde 3801 bod 2850 bodef 6651 bodel
Hand weeded
check 1.0 17 4 458 cde 7803 abc 3613 abcdef 11416 abcd
Non wesded
check 1.0 47 “ 1405 abc 4596 bod 4202 abc 8798 odef

VY visual phytotoxicity scale: 1.- camplstely hsathly crop plant, no sywptons. 2.- wore than half of the plant per experimental unit
show yellowing, & or other disorder but not more than one leaf per plant showsd necrosis. 3.- wore than half of the plants
with at least one necrotic leaf. 4.- wore thanhalf of the cxop plants with severe necrosis or dead. S.- all crop plants dead.

3/ Vesks after planting

W Mesns within & colurm with a letter in comwon are not significantly Aiff ing to ‘s Multiple Renge Test ( g=.0.05)
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3.4 + pendimethalin 0.7 kg ai/ha and in the hand weeded
control treatments., These treatments yielded significantly
more than. the non-weeded control. Significant differences
in yield were also found between the metolachlor 3.6 kg
ai/ha treatment, and tne 22 other treatments (Table 13).

A negative correlation was found between the dry weight
of weeds and the yield of grade A ginger.

Yam (Dioscorea) monoculture:

In 1985 three control studies in yam were conducted.
In one experiment of season-long weed control, herbicide
combination with or without hand weeding operations were
studied. The 1nitial herbicide treatments were applied in
combinations with paraquat 0.26 kg ai/ha at three weeks
after planting, when less than 10% of the yams had sprouted.
The highest yield of yam (22 t/ha) in the experiment was
obtained where diuron 2.5 + paraquat 0.26 kg ai/ha were
applied at 3 and 9 weeks after planting (w.a.p.), and
paraquat by itself at 0.4 kg ai/ha at 14 w.a.p. This was
not different from the less costly treatment where diuron
2.5 + paraquat 0.26 kg ai/ha was applied at 3 w.a.p. The
treatment hand weeded at 7, 12, 16 and 24 w.a.p. gave the
third highest yield (20.8 t/ha). - ‘

Even though no significant statistical differences were
detected in this study, results suggest that the optimum
weed management practice for yam 1is application of the
diuron- paraquat combination at 3 w.a.p., followed by a
11ght hand weeding operation at 9 w.a.p.

The second and the ¢third experiment on yam were
conducted to evaluate herbicides applied preemergence to the
yam and postemergence to the weeds. Seven herbicides
applied by themselves or 1in combination at various rates
were applied at 3 w.a.p. in the second and at 4 w.a.p. in
the third. :

In the second experiment, the highest yields were
obtained in the (1) 1linuron 3.5 + pendimethalin 1.0 (34.9
t/ha), 2 oxadiazon 0,6 (34.0 t/ha) and (3) oxifluorfen 0.3
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kg ai/ha (32.4 t/ha). A1l of them were superior (0.05
probability level) to the non weeded check (22.0 t/ha) but
not different from the hand weeded check at 4, 8, 12 and 15
w.a.p. which produced 33.8 t/ha of total tubers. When the
treatments were applied prior to crop emergence, no visual
phytotoxicity symptoms developed.

In the third experiment, that will be harvested in
August 1986, the following ©preliminary results are
available: the smallest percentage of the ground was
covered by weeds in the ametryn 4.0 + metolachlor 2.9,
oxyfluorfen 0.6, diuron 3.0 and ametryn 4.0 kg ai’/ha
treatments at 11 weeks after herbicide application (waa).
The smallest dry weight of weeds at 13 waa were in the
ametryn 4.0 + metolachlor 2.9, diuron 3.0 ametryn 4.0,
oxyfluorfen 0.6 and oxadiazon 0.9 kg ai/ha treatments. None
of the treatments caused phytotoxicity to the yam. Overall
results indicate so far that the best alternatives for
chemical weed control in yam could be found in the diuron
2.5 + paraquat 0.26 kg ai/ha combination and the 1linuron
(3.5) or ametryn (4.5) combination with pendimentalin (1.0)
kg ai/ha.

Aroids

———— s

White cocoyam (Xanthosoma sp) monoculture

Two exploratory trials were established in 1985; one at
Zona Fluca San Carlos, and the second one at Turrialba. The
cultivar known as "blanco" was used.

The predominant weeds at both sites were Melapodium
divaricatum, Melapodium perfoliatum, Digitaria sanguinalis,
Eleusine indica, Cynodon dactylon, Mimosa pudica, Borreria
laevis, Phillanthus niruri, Richardia scabra, Commelia
diffusa, Emilia fosbergii, Asclepias curassavica, and
Lantana camara. At both sites, the most important weed was
Melapodium divaricatum.

The fresh and dry weight of weeds at 12 weeks after
treatment application, the percent ground cover at 8 and 11

weeks after application, and the phytotoxic effects of the
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herbicide were recorded at San Carlos. Treatments with the
smallest dry weight of weeds at three months after planting
were oxifluorfen 0.5, ametryn 3.4 + metolachlor 3.6, ametryn
3.4 + T.C.A. 5.6, diuron 2.8, linuron 3.4 or 4.5 ametryn 3.4
+ pendimethalin 0.6, and 1linuron 2.3 + alachlor 1.0 kg
ai/ha. With the exception fo oxyfluorfen 0.5 kg ai/ha,
these treatments had 1less than 21% of the plot surface
covered by weeds at 8 weeks after treatment application.

At Turrialba, the same treatment had less than 25% of
the plot area covered by weeds at 8 weeks treatment, except
for linuron at 3.4 kg ai/ha. Other treatments with 1less
than a 25% ground covered included the mixtures of ametryn
3.4 + alachlor 1.0 and ametryn 3.4 + metolachlor 1.8 kg
ai/ha.

Six weeks after treatment application, no visual
phytotoxicity symptoms in cocoyam were found in any of the
treatments at San Carlos. Phytotoxicity at Turrialba could
not be evaluated due to a dry rot disease which affected the
crop. The Turrialba trial was abandoned at 12 weeks after
planting and the one in San Carlos at 24 weeks after
planting due to disease problems. The line of work on
cocoyam will be discontinued until a method for the control
of the "mal seco" disease is found.

OTHER PROMISING CROPS FOR THE LOWLAND HUMID TROPICS

Soybean /

Storage:

In June 1985 the study on the behavior of 25 soybean
genotypes under four types of storage was concluded.

This study was initiated in October 1984 hoping to
identify lines whose seed could be stored for longer periods
of time, as well as to evaluate their agronomic
characteristics under field conditions.

The experimental design used was a factorial 25 x 4
with 2 replicates. Treatments consisted of seed from 25
soybean genotypes and 4 types of storage.
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The storage treatments were: 1) bunches of twenty
plants hung at a two meter height in a well ventilated barn,
2) seed storage in cloth bags at ambient temperature, 3)
seed stored in hermetically sealed glass jars also at
ambient temperature and 4) seed stored in cloth bags in a
controlled environment chamber at 15°C and 60% R.H.
Relative humidity in Turrialba, the study site, averages 85%
in dry months and 88 % in wet months. Tests for
germination, vigor and other characteristics were made every
two months. The period of storage was 8 months.

Most of the genotypes evaluated came from TIITA
(Nigeria). They were harvested and processed by hand and
dried in sheds using the heat of the sun. For each type of
storage, 1 kg of seed for each genotype was used, pretreated
with malathion 4% PM and captan (3 g/kg seed).

Variables evaluated were:

1. Percentage of plants germinated and with rapid, uniform
growth at 10 days (normal or vigorous plants)

2. Percentage of plants with slow growth, including
abnormal or non-vigorous plants not reaching normal
development in the field.

3. Percentage of viable seed, including the sum of 1 and 2

4, Percentage of plants lost (including non germinating and
hard seeds).

Highly significant differences were detected between
types of storage for all the evaluated variables except for
percentage of abnormal plants at 4 months. Fig 24
summarizes the means for genotypes evaluated fo the
variables with tne four types of storage.

‘Mean values for viability and vigor in the 25 genotypes
of treatment 1 rapidly decreased to zero after 8 months of
storage. In treatment two, seeds remained good until the
fourth month (89% viability and 75% vigor) and in treatment
three until the sixth month (83% viability 70% vigor).
After 8 months of storage under treatment 4, seeds were
still viable and vigorous (95% and 85% respectively).
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Viability and vigor differences between genotypes
were highly significant and except for treatment 4, their
behavior was variable over time with storage.

Considering treatments 1, 2 and 3, genotypes M-79, TGX
342 456 and TGX 307 047d were most stable over time and
storage method, maintaining a mean viability of 82% and 73%
vigor after 6 months storage. In general, TGX 742 02D had
greatest storage capacity (Table 14)

Storage in hermetically sealed containers, even after 8
months, was as efficient as cold room storage at 15°C and
60% RH, for genotypes such as TGX 742 02D, TGX 307 047, and
TGX 342 356C. Commercial varieties SIATSA 194 A. Jupiter
and the check Bossier showed poor storage capacity (Fig 25).

Reduction of gaseous exchange and oxygen concentration
in the sealed containers minimizes respiration and so slows
deterioration. It also prevents the entrance of insects,
fungi and rodents and allows good drying and chemical
treatment of the seed, favoring its conservation. One
negative factor which may affect deterioration 1is the
relatively high temperature (22°C)

The sharp drop in viability and vigor seen in the
eighth month may have been caused by natural deterioration
over time and that the seeds wused came from sealed
containers opéned momentarily at the sixth month to remove
seeds. This may have caused an increase in humidity and
oxygen in the containers favoring respiration and
deterioration, since grain humidity rose to 13.2% at the
eighth month.

The study identified genotypes with superior storage
capacity and seed production (all with means over 2.9 t/ha).
It validated storage 1in sealed containers as a viable '
alternative for farmers with lTimited resources allowing them
to store seed between harvest and the ﬁext sowing.

Groundnut
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Preliminary studies in the Pital area of San Carlos, as
well as results from other experiments in other countries,
suggest groundnuts as an alternative crop for small farmers

in the Pital project area. 32 genotypes from ICRISAT with
potential for humid zones were introduced for evaluation and
selection of the best.

An experiment carried out in Turrialba from November
1984 to March 1985 used a completely randomized block design
with 4 replicates on clay soil with medium fertility and pH
5.6.

Variables evaluated were: days to flowering, plants
harvested, whole healthy shells per plant (10 plants
sampled), yield for shells and healthy nuts, percentage nuts
(1 kilo samples) and susceptibility to Cercospora sp.

Statistical analysis showed significant differences
between genotypes for harvested plants, healthy shells and
percentage nuts. Differences in nut yields were not
significant, though varying between 2944 and 4292 kg/ha.

The experimental mean for nut production was 3523 kg/ha
and all genotypes except one exceeded 3 t/ha.

Shells per plant varied between 33 and 50 but most
genotypes had between 40 and 45 per plant.

Percentage healthy nuts varied between 70 and 78% with
only small differences between genotypes.

Flowering started 25 days after sowing but maturation
did not occur until between 130 and 140 DAS, possibly due to
lower temperatures during this period (20-219C).

A11 genotypes were affected by Cercospora sp. but with
differences (Table 15)

Genotypes selected for increased yield, resistance to
Cercospora sp. and good nuts were ICGS (E)-2, Robust 33-1,
IC6S (E)-8, ICGS (E)-15 and ICGS (E)-5 all yielding over 4
t/nuts/ha.

Nutrient cycling

During 1985, the soil management specialist
concentrated most of his activities in the area of nutrient




60

(60°0=d) A{IROTITUBTS 19JJIP OU OP WINTOD RS UTYITA 1931I] WS UItx SURIN

9Tqrideosns A1 «f  ITqQTIdROSNS =7 UWISTSR AT9IVISpaW =1 weIsTs =0 :ds 930d8c0I80 03 AITTTQrIdeoss  /f

AITYM =M AUTd =d POI XI8Q «id
TS =S unyYPeN =W

P =y 130100 MW /T
bIw] »] 19278 WN /T

€ d W t? ot ' ez sz-
z d W PSS qutl o0 oLtg (-
z ¥a 1 33 Q™ qut? [1¢43 61-
z d W pet? 7 P €€ze ot-
€ ¥ W Pt et s wee y-(3) sooI
€ d 1 pot? @t 1{J 90€£€ 6-
z d 1 wotS tt P ({4 1-
z d W 59 tl 4 8413 -
4 d L] >eSL qutl =t 0£Ee -
€ d W w?? ot o o¥EE €2-
€ d 1 2gtL qust . 66£€ L-
€ d W '® st P2 €0YE L-
z d 1 op%S et " 005€ €1-
[4 d W o qust o’ YOS 9-(3) soo1
1 '] 1 2t aetl =" €474 0€-S901
z [ W = et P [+ ¥Z (3) soo1
z d 1 ?? Ll ot 995€ 7
1 d s pe®? s ' 9LSE -
[4 d L] ﬂano ot %5 9¢ 0z~
: : =B =t = it ia
z d W pet? et ot 9€LE 92-
€ d W A7) oL ot L9LE 8-
€ d 1 ophS qe't Bt S88¢ €-
1 d s 2t qest . z68¢ 91-
z d 1 T wtl ® 986€ s-
1 d 1 o L !’ 13447 St-
1 d W ) oll ot [~40 8-(3) soo1
0 d 1 0l wtt '’ 6z1Y 1-€€ Isnqay
€ d W 1) et " oy - .
1 d 1 o8 7 o’ z62Y Z-(3) svor
%ﬂ e30deco3e0 30100 poIsaaIy ﬁﬂﬂﬁ Mqu.ow. JueTd xed H SpT wq/B%
A3yrrqyIdecens N ozYS IN swerd oN 30 § W WD a8 LpyreeH PIoL 3w weerd BRI

TTTTTI S SSmemseamvmnm enntToa INT SGOTRA UGGH  GT PN



61

cycling since this involved long-term experiments which had
been set up in previous years, and maintaining them was
considered to be of higher priority than new experiments,
especially as funding restrictions limited many activities.

Considerable progress was made in this area. Not only
was the third cropping cycle completed in the experiment in
Turrialba, but soils data for the three years of the
experiment were analyzed and several interesting trends
noted. An experiment on a farmers fields in San Carlos
Costa Rica, set up in late 1984, produced two crop harvests
in 1985. An M.S. thesis, completed in early 1986, produced
considerable information on the content of elements other
than nitrogen in the leguminous mulches and addressed itself
to problems of establishment of leguminous trees.

Yield data for the third and fourth years of the
Turrialba experiment are summarized in Tables 16, 17, 18.
After the completion of the third cropping cycle, several
changes were made in the experiment. Due to the poor
perfomance of cassava in the third year of the experiment,
this crop was eliminated from the study. The Gliricidia
alley crop treatment was expanded to include two different
alley widths. The Vigna intercrop treatment was changed to
a Gliricidia - mulch treatment as the Vigna intercrop had
never produced yields or other effects significantly
" different from the control in the first three years of the
experiment.

From Table 16, it can be seen that maize yields showed
benefits from the applications of Erythrina prunings whether
as a mulch or in alley cropping systems. Although there was
a response to mineral nitrogen in the control plots, no
effect of nitrogen was observed when Erythrina prunings were
applied, indicating that the prunings adequately supplied
the N requirements of the crop. Also, yields of maize with
Erythrina prunings and withought mineral nitrogen were
significantly higher than for maize receiving mineral N but
no. Erythrina prunings. No benefit to maize yields was
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TABLE 18. Yields in the fourth year of alley cropping experiment
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MAIZE _ BEANS
158 moisture 148 moisture
CONTROL 0 2126 1141
N 2425 1396
ERYTHRINA MULCH 0 2903 1688
. 3158 1755
MANURE 0 3013 1683
. 2899 1987
QELINA MILCH 0 3246 1807
+ 2496 1932
GLIRICIDIA MULCH 0 2751 1489
. 2783 1678
ERYTHRINA ALLEY 0 2192 1446
CROP . 2106 1550
GLIRICIDIA ALLEY 0 1757 1296
CrOP N 1431 1387
DAIRY MANURE WITHOUT 0 2747 1752
PX
ERYTHRINA MULCH 0 2901 1784
WITHOUT PK
LSD. different N 734 280

treatment in different
main plots
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observed when maize was alley cropped with Gliricidia sepium
however. There was a greater response to mineral N with
beans but this was only significant when manure or Gmelina
mulch were used as amendments. As these materials are low
in N content (See Table 19), they would be expected to
induce an increase in the N requirement of the crop. All
the high nitrogen-containing amendments (Erythrina mulch,
Erythrina alley crop, Gliricidia alley .crop, and Erythrina
alley crop without mineral N) produced significant increases
in the yields of beans over the control. Increases in
yields, although non-significant, were about the same as for
the control when mineral N was applied. These materials
would therefore not appear to completely satisfy the N
requirement of beans; and the benefit observed from their
application may not be due entirely to the nitrogen they
supply.

Cassava yields showed a marked decline in the third
year of the experiment. As in the second year, yields of
commercial roots increased somewhat over the control when
dairy manure or Gmelina mulch were used as amendments but

these increases were not significant. Cassava perfomed
poorly in alley cropping systems, especially with Gliricidia
sepium, as can be seen in Table 17. However, biomass

production in the non-alley cropped plots did not decline as
much as commercial root production over the three years of
the experiment, It would seem, therefore, that a
deterioration in soil physical condition, preventing root
bulking, is primarily responsible for the decline in cassava
yields.

During 1985, soils data from the first three years of
the experiment was subjected to statistical analysis. Soil
samples had been taken from the 0-20 and 20-40 cm depths in
all plots every six months from Nov, 1982 to May, 1985.
Changes in levels of extractable potassium and exchangeable
calcium and magnesium are shown in Table 20. Changes in
organic carbon, exchangeable aluminium (titrable acidity)
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and olsen extracted manganese are shown in Table 21. It
should be noted that over the three years of the experiment,

all plots except the extra plots received a total of
216 kg/ha of K as KCL and 20 kg/ha of HgSO4 7H,0. The
amounts of nutrients contained in the mulches can be
calculated by multiplying the values in Table 19 by six in

the case of the Gmelina mulch and the alley cropping
treatments, which were only begun in the second year of the
experiment. .

From table 20, it can be seen that soil potassium
levels only declined in the case of the dairy manure
amendment while plots receiving Erythrina - mulch had
significantly higher levels of extractable K at the end of
three years than the control plots. All plots except that
receiving dairy manure without mineral N showed losses of
exhangeable Ca. There were no significant differences among
plots with respect to calcium levels at the end of three
years, Magnesium levels declined in all plots over the
experiment.

Organic carbon levels decreased in all plots over the
course of the experiment, while total nitrogen 1levels
increased slightly. At the end of three years, there were
no significant differences in these parameters with respect
to treatments. Exchangeable aluminum levels increased over
time in all plots except those receiving manure without P
and K fertilization. However, all plots which received
mineral N had significantly higher levels of exchangeable
aluminum at the end of the three years than the plots
receiving no mineral nitrogen. Lowest levels of
exchangeable aluminum were found in the plots which received
no mineral fertilizer over the three years. Similar results
were found for O0lsen-extractable manganese but the plots
receiving Erythrina mulch without mineral N had
significantly lower levels of this element than the control
plots receiving mineral N. It would seem that some of the
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undesirable effects of applying mineral nitrogen to these
soils could be avoided by wusing leguminous trees as a
nitrogen source.

Changes in olsen extractable potassium at the 0-20 and
20-40 cm depths and in Olsen-extractable Mn at the 0-20 cm
depth for selected treatments are shown in Figures 26, 27,
and 28, respectively. The gradual increase in manganese in
the control plus mineral nitrogen treatment can be clearly
seen in Figure 27. For the 0-20 cm depth, extractable K
increases rapidly in the Erythrina mulch treatment but
begins to decline after 30 months. Increases with alley
cropping or manure appear later. The control treatment
shows a slight increase, then a decrease, but after the
eighteenth month always has significantly less K than the
Erythrina mulch treatments, with or without additional
mineral phosphorous and potassium (Figure 26). Differences
could also be detected at the 20-40 cm depth (Figure 28),
despite a seasonal fluctuation in K levels. The control has
significantly Tless extractable K than the Erythrina mulch
treatment at both 30 and 36 months after initial application
of mulches.

Crop recovery of potassium in the third cropping cycle
indicates the same differences as the soils data (Table 22).
For maize, the Erythrina mulch treatment <contained
significantly more potassium than the control. Without
additional mineral P and K, the levels are even higher. For
beans, the alley <cropping treatments also —contained
significantly more potassium than the control. In cassava,
none of these differences were significant. Summing these
values, the crop biomass is found to contain 78 kg/ha more
potassium than the control when a mulch of Erythrina is

applied. When alley cropped with E. poeppigiana, the crop

biomass contained 64 kg/ha more K than the control, more
than any other amendment in the absence of N fertilization.
It can be concluded that Erythrina can be an important
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source of potassium to crops since more than half of the
potassium contained in the mulch was recovered in the crops.

Crop yields in the fourth year of the experiment, are
shown in Table 18. While there 1is still a significant

benefit from mineral nitrogen fertilization in the case
of beans when dairy manure was used as an amendment, there
was a significant benefit from alley cropping only with
Erythrina and beans. It is also interesting to note that
the plots which received only Erythrina mulch without
mineral N, P or K over the four years are yielding more
maize and beans at the end of four years than the plots
which received mineral N, P, and K yearly. 1In the case of
beans, this difference is statistically significant.

It would seem that despite the high organic matter
levels of these soils, organic nutrient sources will, in the
long run, be of greater benefit to crop yields. Mineral
fertilization, besides being unfavorable in terms of
requiring imported materials, results in lower yields in the
long run, .

Part of the unfavorable effect of alley cropping on
maize yields may be due to disease rather than shading
effects on photosynthesis. This-is shown in Table 23 where
different yield components aré compared as one moves further
from the row of Gliricidia trees. Decreases in yields close
to the tree rows are more associated with increases in
number of diseased ears than with decreases in biomass
production. It is perharps due to this effect on ear rots
that alley cropping appears ,to be more beneficial in the
case of beans than of maize.

SEMIARID TROPICS

The prototype team in Nicaragua finished work in
December 1984 and it was decided that research activities
under the Research Support Unit should also be wound up (in
1985). By this time the majority of the original goals
proposed for the principal crops and agricultural production
systems of the SAT had been achieved.
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CATIE/IFAD Project activities during 1985 were directed
by a Production Systems specialist stationed in Nicaragua.
Collaboration basically consisted of support in planning,
design, preparing guidelines for validation, training and
field supervision studies in MIDINRA's Region 1 (Esteli).

In planning, Project personnel participated in 9
meetings (Table 24) with Region 1 and <central DGA
scientists. In research, the majority of MIDINRA's testing
and technology validation trials were a continuation of the
work carried out by the CATIE Project from 1982-1984. With
collaboration from CATIE, 61 testing and validation plots of
maize, beans, sorghum and maize + photoperiod sensitive
sorghum were established by MIDINRA in 5 sites -during 1985.
(Table 25 and 26).

Once the research plan of action (testing and
validation) had been determined, Project personnel
participed in the preparation of four pre projects:

a) Optimum population density for four maize genotypes

in different ecological areas of region 1.

b) Optimum population density for three sorghum

genotypes in dry zones of region 1.

c) Maize variety adaptability and yield

d) Bean variety adaptability and yield

Also, as part of the research support, the following
instructions were prepared for field personnel:

A) Validation of alternative technology for white

endosperm sorghum production.

B) validation of -alternative technology for common bean

production.

C) Directions for sowing maize validation plots.

D) Establishment of technology validation areas for

maize associated with millon (PSS)

Field supervision was given to trials established for
two agricultural cycles in Esteli, Pueblo Nuevo, Somoto and
San Juan de Limay. Support was given in mobilization of
Agricultural and Agrarian Reform personnel for establishing
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satisfactory state. IAG ds Esteli
trial suffered light attack of web
blight and the Guapinol trial mo-
derate attack of slugs

In general the trials are in a
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and supervising on-farm trials, and some of the inputs for
testing and validation trials were contributed by the
Project.

4 field days (3 on sorghum, one on beans) were held and
the "First National Plantain Production Course" was given.
This 1last was at the request of MIDINRA's Agricultural
Training Directorate (Direccidn de capacitacion
Agropecuaria).

Results from the work carried out by MIDINRA in 1985
were reduced due to the serious effects of drought on
establishment and development of the different experimental
plots. This was very dramatic in the early season where, of
15 testing plots established, only 8 managed to ¢complete the
cropping cycle successfully, In the validation plots,
drought damage was most severe, especially on maize; only 6
out of 14 plots were harvested.

The climatic conditions were more favorable in the
later season allowing satisfactory data collection for 75%
'of the experiments.

WET DRY TROPICS

Research work in the WDT was the responsability of the
Prototype team in Los Santos, Panamd. The team started work
in 1983 and was the last to finish, carrying on until
December 1985, In its final year it functioned for most of
the time with only two of its three members. They conducted
22 trials (Table 27) comprising studies started in December
1984 up to harvest in the middle of 1985. The prototype
team concentrated its efforts in demonstration trials
testing the 1latest results of the five most important
production systems in the region. The principal
achievements follow by system.

Rice Vegetable System

A preemergence and early post-emergence herbicide
evaluation experiment in rice was established at IDIAP's
experimental farm in Los Santos, Panamd. The objective was
to.control Rottboelia exaltata and Cyperus rotundus, the two
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most important weeds in the Region. Pendimethalin was used
as a preemergent treatment, while oxadiazon, bentazon
(Basagram M-60), and propanil, at three concentrations each
or in combination were used in early post-emergence (2 weeks
after planting).

Certified seed of the Anayansi variety was planted in
furrows and covered with a light layer soil. Rainfall was
very irregular during the first few weeks after planting.
Germination of the rice was poor. Even after replanting,
less than 10% of the rice germinated (including the control
treatments).

After an evaluation of weed control at six weeks after
planting, the experiment was abandoned. Ah excellent
control of Rottboelia exaltata was found at all the
concentrations of pendimethalin studied.

At . the time of early post-emergence herbicide
application, Cyperus rotundus plants were at the 5 or 6 leaf
stage. The mixtures of bentazon + MCPA (Basagran M-60) were
not effective in controlling Cyperus, neither were any of
the other treatments effective.

Sweet pepper - Fallow - Maize

Six herbicides applied postransplanting to sweet pepper
at one or more concentrations each and in various
combinations were evaluated at Las Zatras, Sabana Grande,
Panamad. They included chloramben, devrinol, oxyfluorfen,
linuron + alachlor, and linuron + pendimethalin, as well as
a hand weeded and a non weeded check. Treatments are
presented in Table 28. They were applied eight days after
transplanting. The main species in the experiment were
Amaranthus spinosus, Eleusine indica, Digitaria sanguinalis,
Echinocloa colonum, ~ Momordica charantia, Malachra
alceifolia, Melapodium divaricatum, Priva lappulacea,
Rottboelia exaltata, Cynodon dactylon, Spilanthes americana,
Lantana camara, (Cenchrus brownii, Ipomoea sp., Sida
rhombifolia, Cassia tora, Euphorbia Hypercifolia, Cassia
occidentalis and Calotropidm mucunoides. The two
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predominant species were Digitaria sanguinalis and
Echinocloa colonum.

Oxifluorfen and the combination 1inuron + alachlor
or linuron + pendimethalin caused severe phytotoxicity to
sweet pepper (Table 28).

The best sweet pepper productions and the Tleast dry

weight of weeds were obtained with the use of chloramben 3.5
+ devrinol 5 kg/ha or with devrinol by itself at 8 kg/ha
when the predominating weeds were grasses (Digitaria
sanguinalis and Echinocloa colonum).

The sweet pepper yields were so low in this experiment
that no herbicide recomendation can be formulated yet.

Tomato - Fallow - Rice

Five herbicides at various application rates, applied
either at postransplanting by themselves or in combination,
were evaluated in tomato at a grower's field in La Jagua,
Sabana Grande, Panamd. The herbicides included ,metribuzin,
chloramben, alachlor, prometyn and fluazifop butil.

Tomato seedlings were transplanted to the field on
September 3, 1984 and the herbicides applied on September
19, 1984. The soil at the experiment site had a loamy clay
to clay texture, was slightly acid and had a 2.5 to 3.5%
organic matter content.

The predominant species were Amaranthus spinosus,
Eleusine indica, Digitaria sanguinalis, Momordica charantia,
Rottboelia exaltata, Achyrantes indica, Malachra
alceifolia, Priva lappulacea, Melapodium divaricatum,
Lantana camara, Echinocloa colonum, Cyperus sp., Brachiaria
rigurosa and Leptocloa sp.

Prometryn at all the rates evaluated caused the death
of the tomato seedlings. Chloramben at 2.5 kg ai/ha was not
phytotoxic, at 3.5 kg ai/ha it caused severe phytotoxicity
but did not kill the plants, while at 4.5 kg ai/ha it caused
the death of the seedlings. |

0f the treatments which did not cause phytotoxicity to
tomato, the plots receiving metribuzin 1.2 or alachlor 1.0
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kg ai/ha produced the least dry weight of weeds. Those
treated with cloramben 3.5 or metribuzin 0.4 kg had the next
lowest weed dry weight. Treatments receiving prometryn and
those where no weed control was carried out, or where
chloramben 2.5 kg ai/ha was wused, had the highest weed
weights.

The experiment was discontinued after evaluation due to
poor growth of the tomato plants.

Yams

Support was given in the selection of treatments and in
all the evaluations in a preemergence herbicide experiment
carried out by IDIAP in non staked Dioscorea alata yams in
Ocu, Panama. The objective of the trial was to control
Rottboelia exaltata and Cyperus spp., the two most important
weeds in the region. Treatments included linuron 3 and,
pendimethalin 0.7, 1.0 and 1.7, ametryn 3 and 4, oxadiazon
0.8 and 1.3, and combinations of ametyn or Tlinuron 3.0 +
pendimethalin 1.0, linuron 3.0 + alachlor 1.4 and diuron 1.0
+ alachlor 1.4 kg ai/ha. A grower's treatment (1.6 kg ai/ha
of ametryn) as well as a hand weeded control were also
included.
_ At five weeks after planting the 1linuron 3 or 4,

linuron 3 + pendimethalin 1, ocadiazon 0.8 or 1.3 and

linuron 3 + alachlor 1.4 kg ai/ha treatments had less than
102 of their plot surface covered by weeds (Table 29). At
seven weeks after planting, only the treatments with linuron
3 or 4 kg ai/ha had less than 25% of their surface covered
with weeds. At this date, the pendimenthalin treatments had
from 35 to 45% of the plot surface covered by weeds, while
the oxadiazon treatments had from 68 to 73% weed cover.

None of the treatments caused visual phytotoxicity
symptoms in yams.

At ten weeks after treatment application, the growth of
Rottboelia exaltata was so agressive, that the experiment
was discontinued.
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Results of the trial indicate that due to the large
quantity of Rottboelia seeds per wunit area and to the
deiversity in sprouting time of the seeds, an adquate weed
management requires: a) proper soil preparation methods, b)
use of inexpensive contact hebicides when the weeds are
small, and c) use of residual herbicides.
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TRAINING

IFAD support to the training activities of the plant
Production Department was started in 1982 and ended in 1985.
Along with other Project activities, training was cut
drastically in 1985 although a few 1lines of work were
continued from previous years:

1. Support for graduate training and short courses

2. Production of audiovisuals

3. Production of documents

4. Documentation and information

The main achievementes and activities for 1985 follow:

Support for postgraduate training and short courses.

The 1985-1987 "Guide for Students" (PPD No 8588) was
produced to guide new students and familiarize them with the
PPD

With the support of the training coordinator and IFAD
Project personnel, the number of courses planned and given
by the PPD for the first five trimesters of the 1985-1987
class reached 93% of that planned.

Advisory committees. Each student assigned to the PPD
had and advisory committee made up of four members of CATIE
Professional Staff. Participation of IFAD Project personnel
can be seen in the following.

Class No. Students IFAD personnel
Committee members

1983-1985 17 83%
1984-1986 11 82%
1985-1987 18 28%

The percentage of CATIE/IFAD specialists on theses
committees fell in 1985 due to the reorganization and
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reorientation of the project. The percentage of students in
the PPD receiving IFAD grants fell from 14.3% in the two
previous classes to zero in 1985. Since training support by
IFAD started in 1982, 33 MS theses have been presented in
the Graduate School, 25% of which were financed by the
project.

Non-formal training events took the form of short
courses with a maximum duration of 3 months. Short courses
offered in 1985 were:

- "III Crop Production Systems Course"

August 12-0ct 31 CATIE, Costa Rica, 21 internatio-
nal personnel received training.

- "Farm level research with special reference to bean

variety evaluation". O0Oct 28 - Nov 9, CATIE and San
Isidro del General, Costa Rica, 18 professionals
received training.
- "In service training" Ing. Ma. Docarmo Ramos
Fasiaben (Brazil) Nov 1-7 (Costa Rica).

- "Analysis of soils and plant tissue". Nov 4-30
(CATIE, Costa Rica) developed with PPD coordination
7 International professionals received training.

- "Analysis of experimental information" Nov 11 - 15
San José, Costa Rica. 20 national professionals
received training.

- "Design of Technology options for the Guaymi DRI"

Nov. 11-22 (Santiago de Veraguas, Panamad).

- "Research and Development of Technology for Crop
Systems" MAG/BID. Nov 25 - Dec 6 (Ciudad Quesada,
Costa Rica). 23 national professionals received
training.

In addition, two field days were held, one on plantain
+ maize production and the other on plantain and aroids; 89
farmers and professionals participated. A course on
plantain production was held in Nicaragua with 31 national
professionals attending.
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During the development of the third course on Crop
Production Systems, three volumes covering methodological
concepts of technology research and development were
prepared.

Production of Audiovisuals

This line of work was started by the PPD in 1983 and
was greatly supported and strengthened by the IFAD Project.
It covers the production and aquisition of audiovisuals
means of teaching to form a library oriented to agricultural
subjects of interest to nationals of the member countries of
CATIE.

The Unit offers many services such as supplying and

developing films, making transparencies (277 in 1985) for
use in seminars and short <courses and production of
audiovisuals in general. In 1985, a video "Casio Fx-702p
operation" was produced, with all photographs, text and
sound and music made by Project personnel using material
from the IFAD project.

As already mentioned in the main body, two technical
guides were also produced and 80 audiovisuals adquired.

Document Production

This includes preparation, .edition and publication of
documents produced by the personnel of the CATIE/IFAD
Project, as a means of disseminating the results and
achievements obtained. It has also been of great assistance
to the PPD in producing guidelines.

In 1985 16 technical documents were published with a
total of 1558 pages and 151 illustrations.

Documentation and Information

This was one of the Project's most dynamic activities,
as much in the production of work reports as in formal
documents. Since 1984 more than 140 documents have been
published plus 28 in 1985.

The Documentation Unit reports for this year, the
distribution of 6008 documents in 499 shipments to over 10
countries (Table 30).
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Table 30 Documents distributed by the PPD during the
months January to December, 1985.

Country No. Shipments No. Documents sent
Costa Rica 264 2243
E1 Salvador 11 247
Guatemala 20 234
Honduras 23 454
Nicaragua 18 237
Panama 18 266
Dominican Rep. 8 f70
Other countries 137 2057
TOTAL 499 6008 B
OUTREACH

Technical cooperation

Technical cooperation by the - CATIE/IFAD Project has
been based almost totally on advisory visits to National
Programs for Research and Technology Transfer, as well as
professional support for the prototypes and their areas of

influence. In 1985 these activities were reduced to a
minimum in view of the foreseen cuts and since 1985 was the
final year of the Project.

The position of Coordinator of External Cooperation,
created to direct the activities of this important
component, was ended in December 1984, Direct support,
which had previously been available on request for CATIE's
member countries, was almost completely cut so as to solely
deal with activities linked to tne "new project", or support
for winding up the prototypes. Thus, in Costa Rica and
Panamd, work concentrated on assisting analysis,
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interpretation and documentation of the results obtained by
the prototype and traihing courses for the PIPA Project
(C.R.) and the Guaymi Project (Panamd). In the latter's
case, three advisers were sent to assist research and
socioeconomic diagnosis in tne Guaymi Indian District.

Three visits were made in 1985 to the PRODESBA Project
in Honduras (Financed by IFAD). Similary, the Dominican
Republic was visited to assess the present state and future
activities of IFAD Projects I, II, III and IV.

Collaboration with Nicaragua basically consisted of
support for planning, design, preparing guidelines, training
and field supervision in MIDINRA's Region 1 (Esteli).
MIDINRA's activities in 1985 were mainly concerned with
testing and validating results obtained up to 1984 by the
CATIE/IFAD Project.

Between January 21 and February 8, 1985, the CATIE/IFAD
Project team wundertook a consultation mission regarding
policy and development strategies with the agriculture and
forestry sector authorities of all countries in the Central
American Isthmus. The object of this mission was to seek
and collect information regarding policies, plans, programs
and agricultural or integrated rural development projects,
emphasizing their connexion with the areas of research,
training and technical cooperation.

The 1immediate result of this was a formal CATIE
publication which greatly helped in the preparation of the
two proposals sent by the PPD to IFAD, Rome, in September
1985 and February 1986. It was also used as a basis for
discussing and composing the "10 Year Plan" prepared by the
CATIE directorate as a framework and guide to intended
support for agriculture and forestry development in the
member countries.



ANNEX 2

LITERATURE PRODUCED BY TECHNICAL
PERSONNEL, CATIE/IFAD PROJECT,
1980-1985,

CENTRO AGRONOMICO TROPICAL DE INVESTIGACION Y ENSERANZA
Plant Production Department

1986



TO AID UNDERSTANDING, LITERATURE HAS BEEN DIVIDED AND
NUMBERED ACCORDING TO PROJECT COMPONENT AS FOLLOWS:

000 - Coordination and operational support

100 - Support research (Soils management, Physiological
weed management, crop systems)

200 - Genotype Management
300 - Socioeconomics

400 - Outreach

500 - Prototype teams

600 - Training
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000 - COORDINATION AND OPERATIONAL SUPPORT

BLANCO, H., AGUILAR, U. y OVIEDO, F. Lista de documen-
tos preparados en el Departamento de Produccidn

Vegetal (acumulativa #11). Turrialba, Costa Rica,
CATIE, 1984. 49 p.

CENTRO AGRONOMICO TROPICAL DE INVESTIGACION Y ENSERANZA
Annual Report (IFAD TA 38C Grant), 1984. Turrialba
Costa Rica, 1985. 190 p.

o _A proposal to help small farmers increase
00 production in the Central American Isthmus.
CATIE, Turrialba, Costa Rica. 1979. 33 p.

. _A proposal to support research and training
for developing crop production technology of
small farms in CATIE's mandate region. CATIE,
Turrialba, Costa Rica, 1981. 25 p.

A proposal to <continue support of research
T~ ""and training for developing small farm crop,
production technology in CATIE's mandate region.
CATIE, Turrialba, Costa Rica, 1982. 9 p.

o A proposal to continue support of research and
training for developing small farm crop production
technology in CATIE's mandate region during 1984,
CATIE, Turrialba, Costa Rica, 1983. 18 p.

_______ DEPARTAMENTO DE PRODUCCION VEGETAL. Comisién
Revision/Evaluacion de 1los Equipos. Informe.
Memorando DPV-412 del 1lro de marzo 1983. 23 p.

_ Desarrollo de sistemas de produccidén tradicio-
“"""nales y nuevos sistemas de produccién: una estrate-
gia de apoyo para acelerar el desarrollo agricola
rural. Propuesta de proyecto presentada al Fondo
Internacional de Desarrollo Agricola. Turrialba,
Costa Rica, Agosto, 1985. 53 p + anexos.



009

010

011

012

013

014

015

016

CENTRO AGRONOMICO TROPICAL DE INVESTIGACION Y ENSERANZA
Documentos fundamentales del CATIE-Contrato
de Creacidon y Reglamentos. CATIE, turrialba,
Costa Rica. Manual Administrativo No.5, 1984. 68 p.

_ Final technical report to the International
T~ " Fund for Agricultural Delopment on the use of TA
Grant No.38 - June 1980-September 1981. CATIE,
Turrialba,Costa Rica, 1982.

______ Final technical report to the International
Grant No. 38 - 1983. CATIE, Turrialba, Costa Rica,
1983. 157 p.

_ DEPARTAMENTO DE PRODUCCION VEGETAL. Informe de

T Ta Primera Reunidn de Consulta al grupo de trabajo
de Investigacion y Desarrollo de Tecnologia en
Sistemas de Produccion de Cultivos para el Istmo
Centroamericano. CATIE, Turrialba, Costa Rica. 1983

__ DEPARTAMENTO DE PRODUCCION VEGETAL. Informe de

T "Ta Segunda Reunidn de consulta al grupo de trabajo
en Investigacidon y Desarrollo de Tecnologias en
Sistemas de Produccién de Cultivos para el Istmo
Centroamericano. CATIE, Turrialba, Costa Rica, 1984
17 p. + 2 anexos.

FIDA No.38 A-D. Informe preliminar de avances y
logros 1980 - 1984. 65 p. + anexos.

o Propuesta ajustada para continuar durante 1985
apoyo a la investigacién y entrenamiento para el
desarrollo de tecnologias para produccion de culti-
vos en pequeiias fincas de la regidn de mandato de
CATIE. CATIE, Turrialba, Costa Rica. 1984. 35 p.

Propuesta para continuar durante 1985 el apoyo
a 1a investigacién y entrenamiento para el desarro-
110 de tecnologias de cultivos en pequeias fincas
de la region de mandato de CATIE. CATIE, Turrialba
Costa Rica, 1984. 33 p.
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CENT

RO AGRONOMICO TROPICAL DE INVESTIGACION Y ENSERANZA
DEPARTAMENTO DE PRODUCCION VEGETAL. Proyecto piloto
de Investigacion para el Desarrollo de Tecnologia
Agricola en Areas Geograficas Especificas "Equipo

prototipo”. Informe anual Noviembre 1981 a Diciem-
bre 1982. Proyecto/Convenio CATIE/FIDA. CATIE,
Turrialba, Costa Rica, 1982. 77 P.

____ Research and training for developing crop
production technology of small farms in CATIE's
mandate region. CATIE, Turrialba, Costa Rica, 1981
33 p.

___ Summary Progress Report TA Grant No. 38, IFAD/
CATIE. CATIE, Turrialba, Costa Rica, 1983. 14 p.

__ Technical progress report to the International
Fund for Agricultural Development in the use of TA
Grant No. 38. CATIE, Turrialba, Costa Rica, 1981.
33 p.

Tecnologia y asistencia técnica agropecuaria

~ para el desarrollo rural acelerado. Propuesta de

INTE

INTE

proyecto presentada al Fondo Internacional de Desa-
rrollo Agricola. Turrialba, Costa Rica, Febrero de
1986. 52 p.

RNATIONAL FUND FOR AGRICULTURAL DEVELOPMENT. Tec-
nical Assistance Agreement betwen Centro Agrondmico
Tropical de Investigacidn y Ensefianza and Interna-
tional Fund for Agricultural Development on the use
of TA Grant 38C-CATIE. 1984. 1 p.

Technical Assistance Agreement Dbetween Centro
Agronémico Tropical de Investigacidn y
Ensefianza and International Fund for Agricultural
Development on the use of TA Grant 38A-CATIE, 1981.
3 p.

RNATIONAL FUND FOR AGRICULTURAL DEVELOPMENT.
Technical Assistance Agreement between Centro
Agrondémico Tropical de Investigacidon y Ensefanza
and International Fund for Agricultural Development
on the use of TA Grant 38-CATIE, 1980. 4 P.
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INTERNATIONAL FUND FOR AGRICULTURAL DEVELOPMENT.
Technical Assistance Agreement between Centro
Agrondémico Tropical de Investigacién y Ensenanza
and International Fund for Agricultural Development
on the use of TA Grant 38B-CATIE, 1983. 3 p.

MARTIN DE ACURA, C., ARIAS DE GUERRERO, A.M. y BLANCO
DE MESEN, H. <comp. Bibliografia sobre hortalizas
en el Istmo Centroamericano y E1 Caribe, Turrialba,
Costa Rica, IICA-Biblioteca Commemorativa Orton,
1985. 240 p.

MORENO, R.A. Memorando CA-382 del 21 de abril de 1981
al Dr. Gilberto Paez, Director. Visita de perso-
neros de FIDA. Drs. Eric Sicely y Humberto Zandstra

NAVARRO, L.A. Desarrollo de tecnologias apropiadas para
pequefos agricultores; la experiencia de CATIE.
Documento preparado para presentacion en el "Taller
sobre ejecucidon de Proyectos FIDA en América Latina
Maracay, Venezuela 17-27 de junio, 1984. 37 p.

______ Training for agricultural research and techno-
Togy development in CATIE. Documento preparado
para presentacion en "UNICA Seminar on Education
Development in the Schools of Agricultural in the
Caribbean Region". Diciembre 5-7, 1983, Montego
Bay, Jamaica. 26 p.

ZANDSTRA, G., MARCANO, L. MOSCARDI, E. y VILLAMIZAR,C.
Evaluacion de mitad de periodo del Convenio de
Asistencia Técnica TA Grant No. 38, 38A y 38B -
CATIE/FIDA. CATIE/DPV, Turrialba, Costa Rica, 1983
67 p.

_ Monitoring report of TA Grant No. 38-CATIE,
February 26-March 3, 1983. 9 p.

—____ Report of supervision of TA Grant No.38-CATIE,
~T Rpril 2-5, 1982. 8 p.

Report on Consultancy for the monitoring of TA
T~ Grant No.38-CATIE, June 19-30, 1982. 4 p.



101

102

103

104

105

106

107

100 - SUPPORT RESEARCH

ARZE , J. La agricultura de regiones con sequia
interestival en E1 Salvador. Departamento de
Produccién Vegetal CATIE, Turrialba, Costa Rica
1982. mimeografiado. 26 p.

BEALE, A., CALDERON, G., CORTES, J. y ROJAS, C.E.
Studies on the critical periods of weed competition
in Yams (Dioscorea rotundata Poir and Dioscorea
alata). Turrialba, °TCosta Rica, CATIE, 198%5. 20 P.
6 ref. (mimeograf.).

Documento presentado en: VII Symposium of the
International Society for Tropical Root Crops,
Guadalupe, French West Indies, 1985.

BUDOWSKI, 6.,D.C.L. KASS, and R.RUSSO. 1984. Leguminous
Trees for Shade, presented at International
Symposium of Nitrogen Fixing Trees, Km.47, Rio de
Janeiro, Brasil, 1983. To be published in Pesquisa
Agropecuaria Brasileria.

CAMPOS, W., KASS, D., SMITH, M. and DIAZ-ROMEU,R.
Comportamiento de 9 cultivares de soya (Glycine max
L. merril) bajo condiciones inundadas del sueTo.
“TesTs presentadas a la Universidad de Costa Rica.
1983. 94 p.

KASS, D.C. Alley cropping of annual food crops with
woody legumes in Costa Rica. Turrialba, Costa Rica
CATIE, 1985. 16 P. 10 ref. (mimeografiado).

REYES J., ARGUELLO B., and TORRES, 0. 1984.

T~ Barreras vivas y muertas para conservacidn de suelo

en el noroeste de Nicaragua. xxx Reunidn. Proyecto
Cooperativo Centroamericano para Mejoramiento de
Cultivos Alimenticios (PPCMCA), Managua, Nicaragua.

, ARIAS MILLA, R. y ROMERO S.P. Efecto

de sens1t1v1dad al fotoper1odo y sistemas de pro-

duccidn sobre la productividad de sorgo en el

noroeste de Nicaragua, Turrialba, Costa Rica, CATIE
1985, 18 p. 16 ref.

Documento presentadd en: XXXI Reunidn Anual del
PCCMCA, San Pedro Sula, Honduras, 1985,
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115

KASS, D. C. y JIMENEZ, M. Effect of applying prunings
of Gliricidium sepium to maize and beans on an
Oxic Dystropept 1n San Carlos, Costa Rica. NFT
Research Reports (In press). 1986.

—_____ y DIAS-ROMEU, R. Effect of prunings of woody
Tegumes on nutrient 1losses 1in sustained crop
production on a typic Humitropept. Extended
summary accepted for presentation at XIII Congress,
International Society of Soil Science. Hamburg,
Germany. 1986

&~ ___. 'y BARRANTES, A. Leguminous trees as a
nitrogen source for annual crops. Manuscript A-278
-83 Submitte to Agronomy Journal. :

_______Manejo de Suelos del Antiplano Central de
Guatemala. In Foro sobre taxonomia de Suelos; 6ta
Turrialba, Costa Rica, 1983. Memoria. Editado por
Andrés R. Novoa y Dora Ma. Flores. Turrialba, Costa
Rica, CATIE, 1984. 215-232. 8 ref.

, JIMENEZ, M., BERMUDEZ 6., W. y CEDENO, L.G.

T~ "Respuesta de frijol comin (Phaseolus vulgaris L.)
var. Talamanca a aplicaciones de caliza y fosforo
en suelos con altos niveles de aluminio y manganeso
en la Zona Atlédntica de Costa Rica. Turrialba,
Costa Rica, CATIE, 1985. 12 p. 18 ref. (mimeograf)

, REYES,J., and ARIAS, R. 1984. Respuesta del
maiz y sorgo cultivados en asocio, a la aplicacién
de azufre, potasio, foésforo y Zinc en 1la regidn
noroeste de Nicaragua. PCCMCA. XXX Reunidn, Managua
Nicaragua.

_______, JIMENEZ, M., CAMPOS, W., BERMUDEZ, W., 1984,
Sistemas de cultivo para suelos sujetos a inunda-
cion en el trépico humedo, PCCMCA. XXX Reunién,
Managua, Nicaragua.

____. 1982, Vegetables suitable for association
with subsistence maize and beans in the highlands
of Guatemala. Proceedings of the Tropical Region
American Society of Horticultural Science, 25: 219
233.



116

117

118

119

120

121

122

MAZZARINO DE SHLICHTER, M.J., JIMENEZ, M., KASS, D.L.,
y URERA, J.U. 1984. Efecto del encalado de suelos
acidos con baja saturacidon de aluminio utilizados
para la produccidn de frijol (Phaseolus vulgaris L)
en dos sitios de Costa Rica. PCUCNTA. XXX 3eui?6n.
Managua, Nicaragua.

, KASS, D. y JIMENEZ, M. Utilidad de distintas

~ formas de evaluacidén de la isotermas de sorcién de

fésforo y de factores ligados a retencion del mismo
en algunos suelos tropicales. Ciencia del Suelo
(Argentina) 3: (1,2): 43-52 p.

NAVARRO, L.A. and KASS, D.L.C. 1984. Economics of
Intercropping. Second World Soybean Congress. Ames
Iowa (In press).

Evaluacidn de resultados de parcelas de valida-
cion/transferencia en el desarrollo de tecnologias
agricolas para areas especificas. Turrialba, Costa
Rica. CATIE, 1985. 106 p. 6 ref. (mimeograf.).

NAVARRO, L.A. y BURGOS, C.P. Present and projected
stress on agriculture in Central American region:
some statistical evidence. Turrialba, Costa Rica,
CATIE, 1985. 32 P. 10 ref. (mimeograf.)

Documento presentado en: Workshop on Sustainable
Resource Systems, Turrialba, Costa Rica, 1985.

QUINLAN, M. y KASS, D.C.L. 1984, Produccién de maiz
con la utilizacidon de un maicillo de pordé. PCCMCA
XXX Reunidn. Managua, Nicaragua.

ROMERO, S., HAWKINS, R. y KASS, D.L. Efecto de reduc-
cion de competencia con maiz para recursos ambien-
tales en la produccidén de sorgos sensitivos y no
sensitivos al fotoperiodo. Turrialba, Costa Rica,
CATIE, 1985. 6 p. 10 ref. (mimeograf.)

Documento presentado en: XXXI Reunidén Anual del .
PCCMCA, San Pedro Sula, Honduras, 1985.
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RODRIGUEZ MONTERO, W., KASS LIEBER, D.C. y ORQRO, P.

Perfomance in association of cultivars of cassava
(Manihot esculenta Crantz) and cowpea (Vigna
unguicu1g£g walp) of different growth habits. s.
no

Trabajo presentado en: E1T VI Simposium de 1la
Sociedad Internacional de Raices Tropicales,
Lima, Peru , del 21 al 26 de Febrero de 1983.
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200 - GENOTYPE MANAGEMENT

RERA, F. y ROSALES, F.E. Comportamiento de 25
genotipos de soya sometidos a 4 tipos de
almacenamiento. In 32 Reunién Anual del Programa
Cooperativo Centroamericano para el mejoramiento de
Cultivos Alimenticios. San Salvador (E1 Salvador),
17-21 Mar. 1986.

___ CAMPOS, W y ROSALES, F. Evaluacién agronémica
de quince genotipos de soya de maduracidén interme-

dia en el trdopico humedo de Costa Rica. Turrialba
Costa Rica, CATIE. 1985. 19 p. 13 ref. (mimeograf)

ALES, F.E. Estabilidad de rendimiento de 10 varie-
dades de sorgo granifero en 8 localidades del
Departamento de Esteli, Nicaragua. In 32 Reunién
Anual del Programa Cooperativo Centroamericano para
el Mejoramiento de Cultivos Alimenticios. San
Salvador (E1 Salvador). 17-21 Mar. 1986.

» HERRERA, F. y CORRALES, S. Estabilidad de

rendimiento de 15 variedades criollas de frijol

comin en 4 localidades del Departamento de Estelfi,
Nicaragua. In 32 Reunién Anual del Programa
Cooperativo Tentroamericano para el Mejoramiento de
Cultivos Alimenticios. San Salvador (E1 Salvador)
17-21 Mar. 1986.

____» SAENZ, C. Integracién de la Investigacién por
cultivos y disciplinas a la organizacion de progra-
mas de investigacion en fincas. Respuestas al
discurso clave del Dr. W.A. Stoop del ISNAR. 1In
Taller: "Sistemas de Produccidén de Sorgo y Mijo en
América Latina". CIMMYT, E1 Batan, Mexico 1984.10p.

y HERRERA, F. Interaccidén de fenotipos en el

- sistema maiz + yuca; su efecto en produccidén. In

32 Reunidén Anual del Programa Cooperativo Centroa-
mericano para el Mejoramiento de Cultivos

Alimenticios . San Salvador (E1 Salvador). 17-21

Mar. 1986.
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SMITH, M.E. BRIEF REVIW OF WORK DONE AT CATIE ON SORGUM

CROPPING SYSTEMS. In Encuentro Agricola de la
Comisién Latinoamericana de Investigacidon en Sorgo
(CLAIS). Guatemala 1982. 12 p.

y CORRALES, S. Comportamiento de 12 variedades
—Je maiz asociado o en relevo con sorgo. Turrialba,
Costa Rica, CATIE, 1984. 16 p, (mimeograf.)

Documento presentado en: XXX Reunidon Anual del
PCCMCA, Managua, Nicaragua, 1984,

y HERRERA, F. Comportamiento de 13 variedades

“7"de maiz en monocultivo y asociado con yuca.

Turrialba, Costa Rica, CATIE, 1984. 14 P.

Documento presentado en: XXX Reunidén Anual del
PCCMCA, Managua, Nicaragua. 1984,

y KASS, D.C.L. Evaluacidon de 14

var1edades de soya baJo condiciones de exceso de
agua en el suelo. Turrialba, Costa Rica, CATIE,
1984, 11 P. (mimeograf.)

Documento presentado en: XXX Reunién Anual del
PCMCCA, Managua, Nicaragua, 1984.

y HERRERA, F. Evaluacidn de 19 variedades de

maiz con y sin fertilizacién en San Carlos, Costa

Rica 1983. Documento de trabajo (mimeograf.) 11 p.

Informe final de mayo 1982-1984. Documento

T de irabaJo mimeografiado 1984. 27 p.
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300 - SOCIOECONOMICS

FRENCH, J., GONZALEZ , W. y ROSALES, F.E. Estudio de

riesgo de cinco variedades de yuca sembrada en
asocio con maiz. In 32 Reunidn Anual del Programa
Cooperativo Centroamericano para el Mejoramiento de
Cultivos Alimenticios. San Salvador (E1 Salvador).
17-21 Mar. 1986.

GONZALEZ, W. Y NAVARRO, L.A. Obtencidén y manejo de

informacién para validar la factibilidad de una
propuesta técnica a nivel de finca. Turrialba,
Costa Rica, CATIE. 1984, 19 p. (mimeograf.)

Documento presentado en: XXX Reunidn- Anual del
PCMCCA, Managua, Nicaragua, 1984.

MESEGUER, M. Caracterizacidn socioecondomica de areas

como parte de la metodologia de investigacidn para

el desarrollo de tecnologia agricola. In curso

intensivo Investigacién y Desarrollo de Tecnologias
para Sistemas de Produccién de Cultivos. Turrialba
Costa Rica, 1984. CATIE, Turrialba, Costa Rica,
1984. 8 p.

Componentes de la investigacidon en sistemas

de cultivos en fincas, seleccidn y caracterizacidn

de adreas. In Taller sobre Metodologia de Caracte-
rizacién de Areas y Manejo de Datos. PNIA/CATIE,
Comayagua, Honduras. 18-20 enero, 1982. Turrialba
Costa Rica, CATIE, 1982. 9p.

, NAVARRO, L. RODRIGUEZ, A. Costos del crédito

agricola y su relacién con caracteristicas de

fincas pequefias en Pital y La Fortuna de San Carlos
Costa Rica. Informe preliminar. CATIE, Turrialba,
Costa Rica, 1984. 34 p.

., NAVARRO, L. y GONZALEZ, E. Disefio y aplica-

T~ cidn de una metodologia para el seguimiento y

evaluacién de las actividades y tecnologia de una
finca a través del tiempo. Centro ggronémico
Tropical de Investigacidon y Ensefianza, Turrialba,
Costa Rica, 1982. 60 p.
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307 MESEGUER, M. Instrumento a utilizarse en la caracteri-
zacion de cooperativas como base para la elabora-
cion de un modelo de transferencia de tecnologia en
cacao para el d&rea de Nueva Guinea, Nicaragua,
1983. 5 p.

308 . Manual explicativo y cuestionario para estudio
de la situacién presente del almacenamiento de pro-
ductos agricolas alimenticios en dreas de trabajo
especificas. Documento de trabajo CATIE, Turrialba
Costa Rica. 1983. 11 p.

309 . Métodos de recoleccion de informacidén para
caracterizacion de areas, fincas y sistemas de
cultivos. In Seminario/Taller sobre Sistemas de
Produccién y Desarrollo de Tecnologia para areas
especificas. San Salvador, E1 Salvador. 1984,
Turrialba, Costa Rica, CATIE. 1984. 10 P.

310 ., HERRERA,F. SMITH, M. Preselecci6n y evalua-
cion de calidad de yuca a partir de un ensayo de
variedades. Informe preliminar. CATIE Turrialba,
Costa Rica, 1984. 18 p.

311 NAVARRO, L.A. y KASS, D.C. Economics of intercropping.
Turrialba, Costa Rica. CATIE, 1984. 16 p. 41 ref.
(mimeograf.)

Documento presentado en: II world Soybean Research
conference, Ames, Iowa. Agosto de 1984.



401

402

403

404

405

406

14

400 - OUTREACH

MORALES, J.L. y RODRIGUEZ G.M. Arreglo cronolégico en

el fame (Dioscorea alata), con y sin soporte en
monocultivo asociado con yuca (Manihot esculenta).
Turrialba, Costa Rica, CATIE, 1985. 187 p.
(mimeograf.)

RODRIGUEZ G., M. y MORALES, J.L. Arreglos espaciales de

platano (Musa AAB) y tiquisque blanco (Xanthosoma
sagittifoTium Schott) en La Fortuna de San Carlos,

Costa Rica. Turrialba, Costa Rica, CATIE, 1985.

36 p. 15 ref. (mimeograf.)

» MORALES CH., J.L 'y MELENDEZ, L.A. Arreglo

espaciales en sistemas de pldatano (Musa AAB) y maiz

(Zea mays) en Talamanca, Costa Rica. Turrialba,
Costa Rica, CATIE. 1985. 24 P, 12 ref. (mimeograf.)

Documento presentado en: VII Reunidn Mundial de la
Asociacidon para la Cooperacidén en la Investigaciodn
Bananera del Caribe y la América Tropical, San José
Costa Rica. 1985.

Caracteristicas fisicas, quimicas y biolé-
gicas del suelo. Turrialba, Costa Rica, CATIE,
1985. 29 p. 9 ref. (mimeograf.).

Documento presentado eni III Curso sobre Inves-

tigacion y Desarrollo de Tecnologia para Sistema de
Produccién de Cultivos, Turrialba, Costa Rica, 1985

Caracterizacion de suelos (fertilidad).

TUF}ialba, Costa Rica, CATIE, 1983. (mimeograf.)

11 p.
Documento presentado en: Curso de Investigacién y

Desarrollo de Tecnologia para Sistemas de Produc-
ciéon de Cultivos, Turrialba, Costa Rica, 1983.

Incremento de la productividad de pldatano

(Huéa AAB, ABB) (a poposal). Turrialba, Costa

Rica, CATIE, 1985. 47 p. (Una propuesta).
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RODRIGUEZ, G&.M. La importancia y combate de la Sigatoka
negra en cultivos de musaceas. Turrialba, Costa
Rica, CATIE, 1985. 9 p. (mimeograf.).

Documento presentado en: Seminario-Taller de
Horticultura con fines de Exportacidn, San Andrés,
E1 Salvador, 1985.

__» MORALES CH., J.L. y CHAVARRIA, J.A. Produccidn
de platano (Musa AAB, ABB). Turrialba, Costa Rica,
CATIE. 1985. 79 p. 37 ref. (mimeograf.).

RODRIGUEZ G., M. Red Centroamericana de Investigadores
en Sistemas de Produccidon. Turrialba, Costa Rica,
CATIE, s.f. 26 p. (mimeograf.).

. Resumen de Plan Nacional de Desarrollo en
Honduras Sector Agropecuario 1982-1986 (Un resumen)
Documento de Trabajo. 30 p.

. Sistemas de Produccién de platanos en
ET Salvador. Turrialba, Costa Rica, CATIE, 1985.
17 P. 7 REF. (mimeograf.).

Documento presentado en: Seminario-Taller de

Horticultura con fines de exportacidén, San Salvador
E1 Salvador, 1985,
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500 - PROTOTYPE TEAMS

ARAYA, J.E. Aplicaciéon de diferentes dosis de fertili-
zante en la asociacion yuca (Manihot esculenta ) y
maiz (lea mays). Tesis presentada al Instituto
Tecnoldgico ﬁe Costa Rica. San Carlos, 1983. 52 p.

AVILA, A.J. Evaluacidn de cultivares de maiz (Zea mays
L.) en Florencia de San Carlos. Tesis presentada a
la Facultad de Agronomia de la Universidad de Costa
Rica, San José. 1984. 46 p.

BARRIENTOS CAMACHO, L. , ARAYA MEJIAS R. 'y URENA
VILLALOBOS, V. Estudio de seguimiento de 1los
sistemas yuca + frijol y frijol en monocultivo
practicado por los agricultores de los distritos de
Pital y La Fortuna, San Carlos, Costa Rica, 1983.
Turrialba. Costa Rica, CATIE, 41 p. (mimeograf.).

Caracterizacion ambiental y de los principales sistemas
de cultivo en fincas pequeias, Los Santos y Guararé
Panama (1983). Turrialba, Costa Rica, 1985. 107 p.

CARRANZA, M. Efecto de diferentes densidades y arreglos
espaciales sobre la produccidén de maiz (lea mays L)
en asocio con yuca (Manihot esculenta Crantz) en la
Fortuna de San Carlos. Tesis presentada al
Instituto Tecnoldégico de Costa Rica. Departamento
de Agronomia, 1983. 35 p.

CASTRO, R. Pruebas de herbicidas preemergentes para el
control de malezas en maiz (lea mays) asociado con
yuca (Manihot esculenta C.).” Tesis presentada al
Instituto Tecnologico de Costa Rica Departamento de
Agronomia 1983. 63 p.

CENTRO AGRONOMICO TROPICAL DE INVESTIGACION Y ENSERANZA
Bibliografia agropecuaria. Canton de San Carlos,
Costa Rica, 1984. 34 p.

. Departamento de Produccidén Vegetal. Caracte-

T "rizacién ambiental y de los principales sistemas de

cultivo en fincas pequeias. Esteli, Nicaragua,
1983. 129 p.
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CENTRO AGRONOMICO TROPICAL DE INVESTIGACION Y ENSERANZA
Departamento de Produccidon Vegetal. Caracterizaciodn
ambiental y de los principales sistemas de cultivo
en fincas pequeinas, San Carlos, Costa Rica, 1984.
198 p.

CORRALES, E. Desarrollo de tecnologia por medio de
variantes al sistema del agricultor en la asocia-
cién yuca (Manihot esculenta C.) + maiz (lZea mays)
en la Fortuna de San Carlos, Costa Rica 1983. 64 p.

DIAZ, M. Efecto de diferentes poblaciones y arreglos
espaciales sobre la produccidén de maiz (lea mays L)
asociado con yuca (Manihot esculenta C.) en Pital
de San Carlos. Tesis presentada al Instituto
Tecnolégico de Costa Rica. San Carlos 1983. 48 p.
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