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REPORT SUMMARY 

A. 
1. Project Title and Contract Number; Crop Production and Land Potential

of Benchmark SoIls of Latiu, America -AID/ta-C-l158 

2. Principal Investigator, Contractor and Mailing Address:
 
F.H. Beinroth Univ. of Puerto Rico 
Department of Agronomy and Soils
 

College of Agricultural Sciences
 
Mayaguez, Puerto Rico 
00708
 

3. Contract Period (as amended): January 1, 1975 to December 31, 1980
 

4. Period covered by Report: 
 July 1, 1976 to September 30, 1977
 

5. Total AID funding of contract to date: $2,110,555
 

6. 
Total expenditures and obligations through.previous fiscal year: $248,718.67
 

7. Total expenditures and obligations for current year: $457,241.69
 

8. Estimated expenditures for next fiscal year: $444,600.00
 

B. Narrative Summary of Accomplishments and Utilization
 

The objectives of the Benchmark Soils Project is 
to demonstrate that
agroproduction technology can be transferred among tropical countries on the
basis of soil classification. 
To verify the transfer hypothesis, a series of
 crop production and soil management experiments are conducted in various
countries by this contract and a parallel project of the University of Hawaii.
 

A workshop was held in Hawaii to determine the research strategy and experimental design best suited for the projects. Another workshop on project design
was held to discuss project management, identify and schedule milestone events,
and to plan coordination with the Hawaii project. 
Guidelines for field and
laboratory procedures were developed jointly by the Universities of Hawaii and
 
Puerto Rico.
 

The soils selected for experimentation by this project are highly weathered,
red upland soils of the subhumid tropics defined as Eutrustox in the U.S. Soil
Taxonomy. 
Five experiment sites in such soils were established in Puerto Rico
and in Minas Gerais, Brazil. 
A total of 13 transfer, 6 variety and 8 management
experiments have been conducted with maize and soybeans. 
 Exceptionally high
maize yields of up to 
11,515 kg/ha (183 bu/A) were obtained. In general, maize
yields and response to fertilizer were very similar at the Brazil and Puerto
Rico sites which reflects positively on the transfer hypothesis.
 

The Benchmark Soils Project and its concepts received wide publicity at the
Latin American Congress of Soil Science held in Colombia, at a seminar held at
ICR1SAT, India, and at the CLAMATROPS Conference held in Kuala Lumpur, Malaysia.
A widely circulated illustrated newsletter informs about project activities at
 
regular intervals.
 

http:444,600.00
http:457,241.69
http:248,718.67
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ANNUAL RESEARCH REPORT
 

I. General Background
 

Increased world food production may be accomplished through
 

higher yields per unit area and by expanding the acreage of
 
cultivated land. 
 Since the prime agricultural areas of the
 
temperate region 
are 
for the most part already developed, it is
 
imperative that the potentially arable but not intensively utilized
 
land resources of the tropics be brought under cultivation at a
 

faster rate,
 

The World Food Conference held in Rome in October 1974
 
focused its attention on 
the worsening agricultural situation. It
 
emerged at this conference that a concerted international effort
 
is needed to alleviate the present food crisis and to prevent future
 
famines. This acticn program should involve innovative approaches 
to the development of advanced agricultural technoloqies, pro

cedures to guide the selection of land resources 
to be developed,
 
and 
a methodology for the transfer of agroproduction technology 

to these areas. 

Agricultural experimentation is both expensive and time
consuming. As many LDC's do not have the professional and financial
 
resources to engage in 
Lhe extensive research programs needed
 

to create a solid knowledqe base for efficient crop production,
 

it appears expedient to capitalize on agricultural experience
 

gained elsewhere.
 

Time has shown, however, that the extrapolation of agri
cultural experience generated in developed countries i.l the 
temperate zone to tropical LDC's has met with .t.tle success. 
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One reason for this failure is that many soils of the tropics
 
have properties which require management practices that are 
unique to these soils and do nut nucessa-ri l% conforlm to the 
concepts developed for .oiis of. the temperatt, re(lion. It
 
follows that the of
process transfer of agrot-echriology to less
 
developed tropical countries must take pl ace 
 predominantly within 
the tropics. This implies that Lhe advanced production technology 
to be transferred has to be developed primarily in tropical eco
systems. Although Cromfar being c(omplete, the aggregate knowl
edge in 
 the area of tropical agricultore is substantial. However,
 
this knowledge is distrjibutted unequally among tropical 
Countries
 

and is frequently not Utii ized out:-side its place of origin
 

because it is cons idered t,-sc-,e.
 

It is the underlying rat.ionalc 
 oi. l:his research project
 
that soil manainen t 
 kno-wj , is d i reeF-ly transferabl e the, 

tropics on the )a.;is of ui1. classification. If V:hi hypothesis
 

is subs tantiate(, a ;t 
 t gy fo, r,-ioiii. ng a nd utiLi..inq 

existing soil man aqemon t 11.format 10 ( -, . cc.veod anol incor

porated 
 in the gene,ral riodi-] ot agr tcchit4o 1( t ansfer. 

II. Project Purpose- ind o .- ject.e s 

A. Project Pnrn4, " 

In ]1(7r :L contri-act was signed betweenaanna:y the U.S. 
Agency for interna-t: s,:on. D,,e I op-ncnt - (Al)) and the l i oVrsity 

of Puerto Rico (11PRI) t.o i.nitiate a project :!n it](,d "Crop 

Production and Land Potenti,1. of Benchmark Soils~of Lat-in Aerica". 
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This project bacame popularly known as 
the 'Benchmark Soils
 
Project; a name coined from UPR's propos 
 title and subsequently

adOpted by the parallel project of the University of Hawaii.
 

The purpose of the Project is to test an innovative
 
approach to agrotechnology transfer designed to assist LDC's
 
In appropriately utilizing their land resources for increased
 
and better quality food production by bypassing key constraints.
 
The three major constraints prevailing in LDC's are scarcity

of qualified research personnel, insufficient capital, and lack

of time to close the widening gap between agroproduction and food
 
requirements. 
The traditional approach to agricultural research
 
is extremely time-consuming. 
However, the poor farmers in LDC's

need the basic information conducive to higher outputs now and
 
cannot wait until locally generated research results become
 
available to them.
 

The concept under study in the Project is the

hypothesis that agrotechnology is directly transferrable among

tropical countries on the basis of soil classification, specif
ically at the family level of the U.S. Soil Taxonomy. (Soil

Survey Staff, 1975). 
 The soil family is the lowest category

of this comprehensive system of taxonomic 
soil classification
 
that was developed over the past 25 years by the Soil Conservation
 
Service of the U.S. Department of Agriculture and has been
 
published recently. 
The soil family constitutes a condensed
 
scientific statement that integratos the knowledge about a
 
soil and its environment. 
It was conceived with the intent
 



togroup soils having similar physical and chemical charac
.teristics that affect their response to management and which.
 
are homogeneous in the parameters important to the growth of
 
plants. 
Soils belonging to the same family should, therefore,
 
have essentially the same management requirements and responses,
 
4nd should have similar potentials for crop production.
 
Consequently, the soil family should have the inherent quality
 
of making agrotechnology transfers a possibility.
 

This concept has been used effectively in the
 
continental U.S. 
(De Ment, 1971). If proven correct for the
 
tropics, it may well have a profound impact on agricultural
 
development and increased food production. 
First, available
 
for Immediate tapping will be millions of dollars worth of
 
research information produced by thousands of man-years of
 
effort. 
Second, it will help save millions of dollars by
 
avoiding the duplication of agronomic experiments all over the
 
tropics --
a waste of time, money and effort LDC's can ill
 
afford. 
Third, it should lead to the formation of a worldwide
 
network of expertise and a Crop Production Reference Center
 
by taxonomic soil units. 
 Fourth, the concept of agrotechnology
 
transfer is 
not confined to soil management practices but
 
encompasses all associatcd experience and knowledge; e.g.,
 
information on 
crops and farming systems, water management,
 
erosion control measures, oconomics of crop production, etc.
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B. Research Objectives
 

The general objective of the Benchmark Soils Project
 
as stated in the contract is "to correlate food crop yields on
 
a network of tropical benchmark soils and to determine scien

tifically the transferability of agroproduction technology
 

among countries". More specifically* the primary research
 

objectives of the Project are:
 

1. to demonstrate that sol' management knowledge 

can be directly transferred at the soil family
 

level of the U.S. Soil Taxonomy,
 

2. to establish that the behavior of tropical soils
 

and their potential for crop production under
 

various levels of management inputs can be
 

predicted on the basis of soil taxonomic units,
 

and
 

3. to develop a statistical methodology to verify
 

the concept of agroproduction technology transfers
 

via soil classification.
 

Secondary objoctives of the Project are to evaluate
 
the validity of presently used and additional difforentiae of
 
soil classification relative to crop production, and to Indicate
 

management alternatives conforming to the economic constraints
 

of small farmers of tropical countries.
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III. Relevance of Objectives
 

The contractual objectives as stated and detailed In
 
the preceding secton continue to be relevant.- -The research
 
conducted to date does not indicate the need for modification
 
of 	the project objectives at this time.
 

IV. Accomplishment-


A. 	Adftinistration
 

1. 	General
 

The Benchmark Soils Project is assigned to the
 
Department of Agronomy and Soils of UPR's College of Agricultural
 
Sciences at Mayaguez, Puerto Rico. 
 It is administered in
 
accordance with established university regulations as regards
 
authorities, recruitment and remuneration of staff, procurement
 
procedures, and accounting. 
Since the initiation of the Project,
 
Dr. F.H. Beinroth, Professor of Soil Science, served as Principal
 
Investigator. The organizational set-up of the Project within
 
the university structure is depicted on the chart presented as
 

Appendix Al.
 

During the first two years the Project has made
 
reasonable progress in creating a functional internal infra
structure conducive to productive research. 
This required a
 
considerable amount of time and effort as office space was
 
inadequate, laboratory facilities were extremely limited, and
 
sufficient qualified staff was not available at the univorsity.
 

At the time of contract award only one of the
 
present Project staff, the Principal Investigator, held an
 



appointment at the Department of Agronomy and Soils. 
Since
 
January 1975 five new professionals were recruited for the
 
Project and three more were transferred from the staff of the
 
UPR's Agricultural Experiment Station. 
In addition, one
 
secretary and three field research aides were hired. 
At the
 
present time the Project maintains a regular staff of nine
 
professionals and four non-professionals, equivalent to 11.75
 
man-months of effort per month. 
The Project personnel and
 
their respective responsibilities are shown in 
a table contained
 

in Appendix A2.
 

2. Memoranda of Agreement and Subcontracts
 

A memorandum of agreement between the University
 
of Hawaii and the University of Puerto Rico regarding the
 
cooperation of the two institutions in their respective
 
Benchmark Soils Projects and their technical coordination was
 
worked out and became effective on January 1, 1976. 
 Negotiations
 
with the Empresa de PesqUisa Agropecuaria de Minas Gerais
 
(EPAMIG) led to a project agreemant which details the Project's
 
involvement in Minas Gerais, Brazil, and specifies EPAMIG's
 
technical and administrative contributions. 
After consultation
 
with the USAID Mission in Brasilia, this agreement was effec
tuated by the signatory institutions on January 26, 1976.
 

In order to secure expert assistance for the
 
statistical work stipulated in the contract, the Project sub
contracted the University of Kentucky to conduct basic
 



9 

statistical research relative to a model that will provide a
 

-,satisfactorytest for the transfer hypothesis. This subcontract
 

became effective on August 1, 3976 and had a duration of one
 

year.
 

B. 	Planning and Coordination
 

1. 	Experiment Design Workshop
 

On the rationale that the experimental design
 

and 	the research methodology be reviewed and specified prior
 

to initiation of the field work, AID's Research Advisory
 

Committee suggested that a workshop be held on "Experimental
 

Designs for Predicting Crop Productivity with Environmental
 

and 	Economic Inputs". This workshop was organized by the
 

University of Hawaii with Assistance from the University of
 

Puerto Rico in coordination with AID and was held in Hawaii
 

in May 1974. Thirty-eight invited participants from the
 

United States and abroad attended the workshop and a total of
 

fourteen papers were presented. UPR staff prepared three
 

position papers for this meeting.
 

The primary purpose of the workshop was to
 

develop the research strategy and experimental designs best
 

adapted to generate the kind of data required to demonstrate
 

the 	transferability of agriculLural experience on the basis of
 

soil taxonomic units and which will allow economic analyses
 

aiding decision processes of small farmers in LDCs. The
 

salient results of the discussions at the workshop wore that
 

the 	experimental design should be a 52 partial factorial as
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modified by Escobar (Laird and Turront, 1974) with three
 
replIcates, that the experiments should have two soil family
related variables at five levels each-, and that malze is t0
 
be the indicator crop at all sites.
 

It became further evident at the workshop that
 
there exists no statistically adequato methodology for testing
 
the transfer hypothesis postulated in the objectives above.
 
The workshop participants therefore rocarnded that AID be
 
approached to provide a grant to allow a team of statisticians
 
to develop a proper test for transferability. A doailed
 
account of the workshop is contained In a published report
 
prepared by J.A. Silva and F.H. Beinroth (1974).
 

As elucidated In the following section on
 
experimental fiold work, the University of Puerto Rico has
 
incorporated all of the workshop recommendations in its
 
research'design. 
The Project has also acted on the recommen
dation regarding the need for fundamental statistical research
 
by subcontrating the University of Kentucky to conduct the
 
work described below under "Statistical Hasoarch".
 

2. Projact dana omeit and Design-Worksho
p
 

In January 197G, a manaVomont and design workshop
 
for UPR's Benchmark Soils Project was hold in Puerto Rico
 
under the direction of Mr. R. Kitchell of AID/Washington. In
 
addition to UPR project staff, Dr. h. rroderick of DSU/AGR
 
and Dr. J.A. Silva of the University of hinwail participated
 



in this activity. During this workshop all major present
 
and future project activities wore identified, associated
 

milestone events -were scheduled, and criticalassumptions
 

and progress indicators were defined. 
The results of the
 
workshop were summarized in a 32-page document which proved
 

very useful for immediate and long-term project management.
 

3. Coordination Meeting
 

The First Annual Coordination Meeting of the
 
University of Hawaii's and the University of Puerto Rico's
 
Benchmark Soils Project was hold in Puerto Rico in August
 

1976. Key personnel of the Hawaii project and all Puerto
 
Rico project staff were in attendance; also present were
 
Dr. T.S. Gill of DSB/AGR and Drs. F.D. Cady and L.A. Nelson#
 
statistical consultants. 
The meeting provided the first
 
opportunity for the technical staff of both projects to
 
discuss problems and their solutions, exchange experiences,
 

and plan and coordinate present and future activities.
 

Particular attention was given to management experiments
 

and their relevance to the need of small farmers and plans
 

for utilization.
 

The Second Annual Coordination Meeting wan
 
held in Manila in the Philippines In Auqust 3977. 
 It was
 
attended by twelvo staff members of the two Projoctq; two
 
statistical consultants, Dra. F.B. Cady and L.A. Nelson;
 
Dr. L.D. SwIndalo of ICIISATt Drs. T.0. Gill and D. F. Paterson
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of DSB/AGRi 
and Dr. D.N. Moss of AID's Research Advisory

Committee. 
The technical discussions centered on treatment 
variables, determination Of phoophorus levels, plot size,
8 atist~~ lasperitse and experiment methodology. Those items 
are discussed below in the section entitled "Changes in 
Research Design".
 

The meetings were extremely useful and comple
mented the Informal technical coordination of both Benchmark
 
Soils Project.
 

C. Network o zxperMenLSites
 

1. Soile Sle ,ed 

The soils selected for oxperimentation 
are
well-drained, red upland soils occurring under savanna or
 
deciduous forest vegetation In subhumid tropical regions.

They are slightly acid to neutral, have an appreciable supply

of bases and moderate to hiqh base saturation in the subsoil.
 
Among their adverse proportlou 
are a limited water holding

capacity, a tendency to compact when cultivated with heavy

equipment# and phosphorus doficiency. 
?heir main constraint
 
for agricultural use to tho insufficiency of noil moisture
 
for more than 
 three Ponths pe, yatmr. 

The notlt ho ong to tho group that has booncalled Lateritos, Soils Voriittlquat s or hato.ols in recent 
years and is now referred to au Oxtnola In the U.S. Sotl 
Taxonomy. The particulnr kind of Oisofa chosen for the
 
Project are Tropeptio ButrusDtox of the clayey, kAolinitte,
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isohyperthermic family. This family was selected because it
 

is common to both Puerto Rico and Hawaii and thus provides
 

-the required link between the two Benchmark Soil Projects- ....................
 

Although not the most common kind of Oxisols, they are
 

extensive in tropical South America and Africa. They repre

sent important soil resources preferred for immediate develop

ment over other Oxisols on account of their high base saturation
 

status.
 

2. Search for Sites
 

In theory, the locations for field experimentation
 

should be randomly selected from all the units of the population
 

of soils comprised in the stated soil family. In the Project,
 

however, random sampling is not feasible, primarily because
 

only a limited number of countries can be involved. On the
 

basis of preliminary, investigations involving literature
 

surveys and consultations, the search was concentrated on
 

Brazil, Colombia, the Dominican Republic, Jamaica and Venezuela.
 

All others countries of tropical America were nxcluded because
 

the changes of locating the desired soil family there were
 

nil or because of political considerations as in the case
 

of Cuba. The findings of the soil identification efforts were
 

as follows. 

Brazil After considorablo field and laboratory
 

studies Tropeptic Eutrustox of the clayey, kaolinitic,
 

isohyperthormic family wore idontified in the northern part
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of the state of Minas Gerais. Such soils were found to occur
 

also in the state of Parana. However, mean annual temperatures
 

are somewhat lower there causing the soils to be classified
 

into the isothermic--rather-than -isohyperthermlc family.
....
The-.........
 

Project acknowledges the excellent cooperation of Mr. M.
 

Camargo of the Servicio de Levantamento e Conservacao de
 

Solos of EMBRAPA in the process of site selection.
 

Colombia. Oxisols are extensive in the Llanos
 

Orientales of Colombia, but the on-site and analytical
 

studies conducted by the Project showed that Eutrustox do not
 

occur in this area. Drs. R. Guerrero and A. Leon of the
 

Instituto Colombiano Agropecuario assisted the Project in
 

Colombia.
 

Dominican Republic. With the aid of Dr. P. Arens
 

of FAO and Mr. F. Ferreira of the Centro Nacional de Inves

tigaci6n, Extensi6n, y Capacitaci6n Agropecuaria, several
 

field trips were made in the Dominican Republic to inspect
 

and sample soils. However, justified expectations to corroborate
 

the existence of kaolinitic Eutiustox in this country could
 

not be substantiated by the field and subsequent laboratory
 

studies. The Project. regrets this fact as both the Govern

ment of the Dominican Republic and the USAID Mission had
 

expressed interest in having this country included in the
 

network of research sites.
 

Jamaica. The ProjccL congulted with Dr. Guy Smith,
 

former Director of Soil Survey Investigations of USDA-SCS,
 

who recently classified the soils of Jamaica according to the.
 

U.S. Soil Taxonomy. Ilis correlations Indicate that although
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several classes of Oxisols exist in Jamaica, there are none
 

that belong to the famiiy. recruircd by the Project.
 

Venezuela. Since O:isols are of major extent
 

in eastern Venez'a.ela., a search for Eutrustox 
was initiated
 

there with the cooperation of Dr. Comerma of the
J. Centro 

Nacional de Investigaciones Agropecuarias. 
 Again, the scrutiny
 

of existing detailed soils surveys and voluminous analytical 

data failed to reveal the presence of any Eutrustox. For the
 

most part the Oxisols of Venezuela are acid and sandy and
 

thus unsuitable for inclusion in the network; 
a situation
 

that also holds true for neiqhboring Guayana. 

3. Establishment of Experiment Sites 

In light of the resulLs of the soil investi

gations described above, it is obvious 
that the establishment
 

of experiment sites on Tropeptic Eutrustox in tropical America 

had by necessity to be conf.oned L "uerto Rico and Brazil. 

Two types of sites were osiah]shed in these countries, primary 

and secondary sites. The chari-tcris ics ot each of these 

kind of sites are expaiined in the E0. lowing section. 

In Puerto Rico, -on, prim,airy and one secondary 

site were installed on t:he groundc a U the isaho3ela iciricultural 

A"xperiment Subs tat ion of the i,nivfw:s,'-sv of Puerto Rico in 1.975. 

This 120-hec1are resccarch :; tatj c , '; Ica toi in tle, ntt-t 

western coi'nC r of the .is0a,.1an1 .a -; fo n c,, i I 28 t:o .erve 

the Isabe .a ]rriq i on U'isi:.ic:. Si nce. then -a- wis arout-t 

of research has Le,.n co.duc ed there on sugarcane, vegetable 

crops, grains, fuit cro[p. and subsistence crops. 
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In Brazil, one primary and two secondary sites
 
were established in 1976 and 1977, respectively, in an area
 
adjacent to the San Francisco River in northern Minas Gerais
 
known as 
the "Distrito Agro-Industrial de Jaiba". 
 This
 
300 ,000-hectare irrigation scheme was recently developed and
 
is now being opened for colonization by small farmers. 
The
 
Project sites are 
thus well located from the point of view
 
of local impact and utilization. The primary site near Jaiba
 
is on a new experiment farm operated by the Project's coopera
ting agency, EPAMIG. The two secondary sites are on private
 
land nearby. A preliminary survey and soil sampling for an
 
additional primary site near Janauba in Minas Gerals has
 
been completed. it is expected that the pending soil analyses
 
will be affirmative and that lease arrangements will be
 

negotiated in the near future.
 

4. 
Progress in Relation to Contract Agreement
 

The contract between AID and the University
 
of Puerto Rico called for the establishment of three primary
 
sites during the initial contract period of three years. 
At
 
this point in time, two primary sites have been established
 
and are operative in Puerto Rico and Jaiba, Brazil, respectively.
 

The contract further stipulated the establishment
 
of three "satellite" sites for each primary site. 
 However,
 
in view of statistical and pedological considerations the
 
concept of satellite sites was subsequently modified. In
 
consultation with two statisticianz it was decided at the
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annual coordination meeting that a combined total of eight
 

sites per soil family, including primary and secondary
 

sites, will suffice to adequately test the transfer hypothesis.
 

The 	Project has presently established five sites and will
 

add 	another site this year. 
Since the parallel project of
 

the University of Hawaii is in the process of establishing
 

two sites on the Eutrustox family, a total of eight sites
 

will be in operation by 1978 as required for statistical
 

reasons.
 

Although a wider geographical spread of the
 

experiment locations involving more countries would have
 

been desirable, this was physically impossible to achieve
 

in 	Latin America. However, through the linkage with the
 

project of the University of Hawaii, the Eutrustox network
 

encompasses clusters of experiment sites in three widely
 

separated regions--Oceania, South America and the Caribbean.
 

D. 	Experimental Field Work
 

1. 	Research Design and Methodology
 

The research design and methodology was
 

developed in 
concurrence with the recommendations of the
 

Workshop on Experimental Design (Silva and Beinroth, 1974)
 
and in close coordination with the University of Hawaii. In
 

the Project design distinctions are made between two types
 

of experiment sites, designated primary and secondary sites,
 

and three kinds of experiments referred to as transfer
 

experiments, variety trials and management experiments,
 

respectively.
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Primary sites are experiment locations where all
 
of the three kinds of experiments are conducted and which are
 
completely 1instrumented- for collection-ofpertinentweather
 

data. 
At each primary site the following weather parameters
 

are monitored: 
 (1) ambient temperature and relative humidity
 
recorded continuously with standard hygrothermographs, (2)
 
daily maximaum and minimum ambient temperatures, (3) rainfall
 
recorded continuously or daily, (4) accumulated daily solar
 

radiation, (5) daily wind run, 
(6) pan evaporation (optional),
 
and (7) maximum-minimum soil temperatures at 5, 15, 20 and 50
 
cm depths. 
In so far as possible, instrumentation is according
 

to U.S. Weather Bureau-Standards.
 

Secondary sites are experiment locations where
 
only transfers experiments are conducted. 
They are required
 

to increase the number of experiment sites per soil family
 

in order to have sufficient data for a statistically valid
 

estimate of the effeot of uncontrolled variables on crop
 
yields. Secondary sitDs may differ from primary sites in
 

that they exhibit variations in soil properties important
 

to plant growth, such as 
pH or base saturation,within the
 
range permitted by the definition of the soil family. 
If
 
located at some distance from the primary site, secondary
 

sites may also have different weather conditions. In this
 
case they are equipped with the standard instrument shelter,
 

hygrothermograph, raingauqe and solar radiometer. At other
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secondary sites, situated closer to the respective primary
 
sites, only rainfall is recorded, as other weather parameters
 
are not likely to vary significantly over short distances.
 

Transfer experiments are soil fertility trials
 
designed especially to generate the data necessary to test
 
the hypothesis set forth in the purpose of the project. Their
 
design is the 52 partial factorial modification by Escobar
 
as described in a paper by Laird and Turrent and presented
 
at the Workshop on Experimental Design. 
Currently the two
 
variables on Eutrustox are phosphorus and nitrogen at 5 levels
 
each with 13 of the 25 total possible treatment combinations
 
and 3 "control" treatments as 
shown in table 1 (see Appendix).
 
These 16 treatments are replicated at least 3 times; thus,
 
there are 48 plots in each experiment. Such transfer experi
ments are conducted on all primary and secondary sites. 
 In
 
order to eliminate or at least minimize the effect of the
 
natural moisture variable, trickle irrigation systems are
 
installed for all transfer experiments. 
Tensiometers 
are
 
used to determine the frequency of water applications. This
 
way soil moisture Is maintained at or near optimum levels 
throughout the growth period. Both maize and soybeans have 
been used as test crops in enrlier transfer experiments, 
but only maize is used.now Varieties known to be wall 
adapted are planted in the trans ,fr experimonts at each 

location.
 

Variety t~ris are conducted it the primary sites
 
to assure that a well adapted and productive variety is
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grown in the transfer experiments at all locations. 
Also,
 

to make the yield data among sites more comparable, the
 

test crop varieties of each site of the network are 
included
 

.......in-the'variety trialsat-each-primary-... 
 site....
 

In the variety trials a split-plot design is
 

employed, each variety being grown with phosphorus treatments
 

at two levels, "optimum" and -0.85 (see table 1). 
 With all
 

other controllable conditions at or near optimum, this provides
 

a measure of each variety's requirement for and capacity to
 

respond to applied phosphorus.
 

Management experiments have the purpose to provide
 
information on economic and efficient practices, and information
 

for subsequent soil interpretations and land capability
 

classification. 
Whereas the procedures for conducting the
 

transfer experiments must be virtually identical at all sites,
 

the design of the management experiments is more flexible and
 

allows the project to respond to host country prioritfes and
 

to local farmer needs. A philosophic frame work for the
 

management experiments was developed at the first annual
 

coordination meeting of the U11 and UPR projects in 1976.
 

Particular attention is paid to experiments on costly inputs
 

and high energy use cultural practices, such as irrigation,
 

fertilization and .illage.
 

Field2ierations, and data collection andprocessng
 

follow standardized procedures to ascortain compatibility
 

of results throughout the network. Working in close
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cooperation with the University of Hawaii, a set of guidelines
 

was 	developed and is continuously revised so that laboratory
 

and 	field experiment procedures can be as 
nearly identical as 

..... possib hin thconstraints confronted at-the various ------i 

experiment sites of each project. 
These guidelines are
 

sufficiently detailed to insure comparability of data
 

obtained at all sites. 
 All field operations such as land
 

preparation, pest control, irrigation, cultivation and harvest

ing are considered, as well as 
field plot designs and data
 

observations. Special attention has been given to make
 

standardization of climatological data collection. 
Each
 

of the experiments is statistically analyzed in consultation
 

with the Project's statistics experts. The University of
 

Hawaii assumed the responsibility for the overall analyses.
 

2. Progress and Status of Field Experiments
 

a. 	Puerto Rico
 

Transferexperiments. 
Prior to initiating
 

transfer experiments a uniformity trial using soybeans
 

(variety Woodworth) as 
the test crop was established in 

July 1975 on the primary site at Isabela, ,Puerto Rico. The 

main purpose of this planting was to observe the apparent 

uniformity of the soil in the fieold 1elected and to delineate 

areas unsuitable for expcrirnent plots. Several such areas 

wore located and can now be avoided when subsequent experiments
 

are installed. A secondary purpose was to "draw down" the
 

fertility to a more nea'-ly common level before establishing
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transfer experiments. 
 Soybean yields appeared to be
 

relatively uniform across the field but samples from 10 m
 

x 10 m plots indicated a range in yields from 1,141 kg/ha
 

(177bu/A) to/2,249 kg/ha (33.5 bu/A) with no fertilizer.
 

Six standard transfer experiments with
 

maize and four with soybeans have been completed in Puerto
 

Rico; three with maize and two with soybeans at both the
 

primary and the secondary sites. 
 In "the first transfer
 

experiment at the primary site, the mean yields of maize
 

(variety X 306 B) over three replicates ranged from 6,590
 

kg/ha (105 bu/A) to 11,515 kg/ha (183 bu/A). These can be
 

considered very good to excellent yields for maize grown
 

in the tropics. There was a marked increase In yield with
 

the first increment of phosphorus, a further increase with
 

the next increment but no further significant increase with
 

higher levels of phosphorus. There appeared to be no response
 

to applications of potassium. 
Maize yields with the same
 

variety were lower on the secondary site, but the trends
 

were similar to those found on the primary site. The data
 

from these and subsequent transfer experiments with maize
 

are shown in tables 2,3,4 and 5 in Appendix B.
 

Soybean (variety Jupiter) ytelds at the
 

primary site were severely reduced by an unexpected attack
 

of Anthracnose (Colletotrichm dcmatium var. truncata) which
 

caused complete defoliation of the plants about. 2 weeks before
 

physiological maturity. 
A further reduction of yields in 

the high fertility plots reflected the sovero lodging caused 
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by the higher fertility treatments which produced more
 

luxuriant growth. At the secondary site, soybean yields
 

of a shorter stature variety (Hardee) were more satisfactory
 

and ranged from 2,361 to 2,872 kg/ha (35 to 43 bu/A). There
 

were no significant differences in grain yields among treat

ment, however, in this expeyiment. Yield data from subsequent
 

transfer experiments with soybeans show inconsistent response
 

to applied phosphorus and potassium. Grain yield data for
 

the soybean experiments are presented in tables 7,8,9 and 10
 

in Appendix B.
 

Both maize and soybeans have shown a marked
 

early positive growth response to phosphorus applications, as
 

is evidenced by plant height measurements at 30 days after
 

planting, (table 13, Appendix B). 
 This effect was less apparent
 

in later observations. Low-phosphorus and'bontrol" plots in
 

the maize experiments exhibited weak stalk development and
 

considerable lodging. 
Moderate to high phosphorus treatments
 

resulted in severe lodging of the Jupiter variety of soybeans
 

grown in the first transfer experiment on the primary site.
 

Because of this and the previously mentioned Anthracnbse attack,
 

subsequent plantings have seen with an INTSOY selection of
 

the soybean variety, Harde,.
 

Var i tr atl!. Three inaize variety x phosphorus 
level experiments have been .ompleted at the primary site at
 

Isabela. These trils included twenty-ait varieties from
 

Australia, Cental America, Hawaii and the Philippines which
 

wern studied at two levels 04 pho.aphorus. The moan grain
 

yields from the first of thesn trials ranged from 4,395 kg/ha
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(70 bu/A) up to 10,210 kg/ha (162 bu/A) with the Pioneer
 

hybrid X304C. The two more commonly grown local, open pollinated,
 

varieties Mayorbela and Jhiente de Caballo yielded 6,719 kg/ha
 

(107 bu/A) and 7,010 kg/ha (112 bu/A), respectively, at the
 

lower level of phosphorus and did not respond to the heavier
 

application rate. In more recent trials, Pioneer hybrid X304
 

continued to rank highest although yields were lower. This
 

hybrid exhibits other good agronomic attributes such as resist

ance to lodging, insects and diseases and has, therefore, been
 

selected to replace variety 306B for subsequent transfer experi

ments with maize in Puerto Rico.
 

Management experiments. A phosphorus level x
 

variety x plant population factorial experiment with soybeans
 

was conducted in cooperation with INTGOY. This experiment was
 

prompted by apparent deficiencies in the first transfer experi

ment with the Jupiter variety of soybeans where, at the suggested
 

plant population, medium and high phosphorus levels caused
 

severe lodging resulting in significantly lower grain yields.
 

It is anticipated that this and a s.imilar follow-up experiment
 

currently underway will provide information suggesting desirable
 

plant population and soil fertility levels for three important 

soybean varieties grown in the tropics. The grain yield data
 

from the first of these exli.erlmentu are prosented in table 12, 

Appendix B. 

In anoth r me.pnaqern't ox iment plots wern plowed 

at different soil moisture jLPejed to find ways to imiiprove soed

bed preparation for soybean plantings. The results of this 

experiment 4re detailed in a M.S. .hnxiA by H.R. Merino Gari.c
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and summarized in table 14, Appendix B. 
With approximately
 

21% moisture in the soil at the time of the first plowing, the
 

number of large clods remaining after final seedbed preparation
 

was significantly less than when soil moisture was 23% 
or higher. 

The improvedseedbd- resu t ing from plowing at the lower soil 

moisture level increased seedling emergence, plant counts at 25 

days, and subsequent grain yields. 

To examine the feasibility of placing phosphorus 
fertilizer in bands in the plant row, taereby reducing markedly 

the overall appiication rate, a P placement experiment with maic% 

was planted. This experiment was only recently harvested and 

the data are not yet statistically analyzed. 

b. Brazil
 

In May 1976, Mr. C.E. Seube'rt, UPR agronomist,
 
was transferred to Brazil and now resides noar the primary site
 

at Jaiba, Minas Gerais. lo suciceoded in establinbing excellent 

rapport with the cooperating institution, EPAMTG and the USAID
 

Mission in Brasilia. The eooporaLiotl and support or both EPAMIG 

and USAID/rasIllia have been exceptionally favorable to tho
 

development of the Jaiba nites.
 

The establIshment, prepAration and Instru

mentation of the primary nIto wia rseontlally <completod by 
September 1976. Through the Intorcepalion o 't:AM.G, tho Project 

obtained two vmall houncti from PURAIh.TNAFP, 4 local dievelepment 

agency. Those are used for oifica, and a laboratory, tind for 
ato'gO of fortilizer and tqu1pmont. ,hi rtquired wtthor 

instruments and laboratory apd tOold tq±lpment was (rported 

with tho help of USAtD/Dra$Iin.f Arrangnerents are iondar way 
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with EPAMIG and Brazilian customs authorities for the shipment
 

of additional materials and equipment. EPAMIG provided the
 

Project with a jeep-liko.vohicle and aisurplus Chevrolet 

Carryall was made availabl by USA D/rasilia. Later, two
 

-
.-,_-more vehioloS-,Wor. providody hf' -Sm'*9oncles,. . .. ... 

By Suptembor 1976 4o Irrigation well had been 

installed at the primari" .citc or the 137AM10 experimont station 

(Parana) at Jaiba. Water tanks*., and a trickic irrigation system 

were installed with the arasinance of Dr. J. Yei-ler of Utai 

State University wio i.ervod ns a consultant to the Project. The 

drilling of well &t each, of twi insotidary uittoo fr:s Also been 

completed and pumps have beeni Ixtalzd. Ono of tiwese wells is 

a relatively good water source ytldpDiq abotit 17,600 L/hr with 

only a 1 m water level drop. Thn othnr well is weaker', but 

adequate for a secondary alte.
 

gent with rnalzo (arioty iAC 11:1,uun~ 11101 war~pl4r' -d in 

October 1976, A snyb. o-04' "t n M...'.th 

later with the a '~r1#4" ti;5e' n il -) ti .Jupito), Tin 

rosulta of thiev aiw~t,_i :bd i va,~,6 4174 11 

In Appondli . tncnw 't itt,%'~ viliot 

f I rat t rnif~a f? 01(fH~~!WfdE 

at Jaiba wit 1v.,tbt 

yield tptUf j

tho firat. t nv-:-w t; rrf 
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yield increase than in Puerto Rico. 
 Apart from the very high
 
yields obtained in the first experiments planted at Isabela
 
and the extremely low yields in Brazil without fertilizer, maize
 
yields, at the two _locationi_ .iave bean -vfry--similar. . 

Variety trials. A maize variety trial including 

46 varieties was planted in October 1976 and harvested in March
 
1977. 
 Thirty-six of these varietios were recommended and pro
vided by the Centro Nacional de Pesquisa do Milho e Sorgo (CNPMS)
 
in Sete Lagoas, Minas Gerais, 
as they constitute the national
 
maize trial tested throughout Brazil. The other ten varieties
 

have been selected from those included in the variety trial
 
conducted in Puerto Rico and material suggested for the area by
 

CNPMS.
 

Mean yields of the highest ranking twelve varieties
 
are shown in table 15, Appendix H. Although this trial was not
 
irrigated, yields of the top twelve varieties were very good
 
and consistently above 7 metric tons per hectare (110 bu/A).
 

With Irrigation and additional phosphorus, mean grain yields
 
wore still higher, ranging from 7.7 to 9.9 tons per hectare
 
(123 to 1.57 hu/A) in a a.. 
 variety x phosphorus experiment
 

with five varieties and Qor lcvl, of phosphorus (table 16, 
Appendix 0). A scond na 
 x phosphorus levol expert

ment has boon completedi rocen:.ly. 

The Otanrwd (NThOY vhit tty ttlal which compritios 
sixteen soybean varintIes vw4 pliitj,! iii Nov nibur .976. The 
grain yieldo of some virivtf, mr ,', ta dJng. The top-roiskod 
coven variotion producod iom . (Cnz:J't; to ovor 4.4 (1)avia) 
tono par hectare (0 to 70 t/A't) nv* 111 1,Ltatd ini hi'b:l i, 
Ap.pndix B. Anothor noybhn.n vartf,,y trbjl wrei planteci tn Jt:no 1977. 

http:rocen:.ly
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Management expe'rme'its. One management experiment
 
with maize was installed at the primary site in October 1976.
 

It 
was designed in close cooperation with EPAMIG and responded
 

to 	local research needs. Tho interactions between row
 

spacing, maize variety and plant population were studied at
 
three levels of each variable and replicated four times. High
 

populations of 40,000 to 60,000 plants per hectare increased
 

grain yields with row spacings of 50. to 75 
cm. But, in-row
 

crowding apparently reduced yields at the highest population
 

density of one variety but not the other (table 18, Appendix B).
 

An irrigation experiment and a phosphorus x nitrogen level
 

experiment have also been recently completed at Jaiba.
 

E. 	Statistical Research
 

From a statistical point of view, the success or
 
failure of the project rests heavily upon wnether a transfer

ability test can be developed and applied. However, as
 

indicated above it transpired at the Workshop on Experiment
 

Design that a statistically satisfactory method to test the
 

transfer hypothesis was not available.
 

In recognition of this fact, AID provided financial
 
support for a meeting of three tati;ticlans, Dra. R.L. Anderson,
 

P.B. Cady and L.A. Nelson, to dlr;(inss an appropriate approach 
to the problem. At this meeting progrens was made on develop

ing 	the nucleus of what promises to be a procedure for a 
transferability tost. 
A tentative statistic was formulated 

the main elements of which are the prediction sum of squares, 
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the prediction sum of squares with expectation, and the
 
mean square residuals. 
However, considerable work remained
 

to be.-done -regarding -the mathema tical de ai"is'_0f the tes
 
to evaluate some of its properties.
 

In concurrence with a recommendation by AID's
 
Research Advisory Committee, the University of Puerto Rico
 
therefore subcontracted with the University of Kentucky to
 
conduct the theoretical studies needed. 
Under this sub
contract, Dr. Anderson and associates are engaged in the
 

research outlines below:
 

1. 
Method of Prediction
 

a. Investigate biasis estimators 
(of
 

regression parameters) concerning their
 

usefulness in prediction.
 

b. Applications to actual data sets
 
2. Develop a 
Valid Test of Transferability Hypothesis
 
3. Statistical Properties of the Proposed Test
 

Statistic 

a. Distribution under null hypothesis 
b. Power of the proposed test: against some 

specific alternatives 

4. Applications of the Test Procedure to Project
 

Data.
 

Since the developrient and evaluation of the test
 
of the transferability hypothesis depends on 
the form of the
 



30 

estimator used, actual yield data generated by the Project
 
are needed to verify the model now being developed. A
 

.first evaluation will be -possible-when-more yield data, from. 
 .
 
both the Brazilian and Puerto Rican sites become available.
 

F. 	Changes in Research Design
 

The deliberations at the Second Annual Coordination
 
Meeting held in Manila in the Philippines in August 1977
 

resulted in various changes in the experiment design. 
On
 

the basis of previous experience, the following decisions
 

affecting the UPR project were taken.
 

1. Maize will be the sole indicator crop for all
 

transfer experiments. Soybeans have been dropped as 
a test
 

crop in transfer experiments but may be used in management
 

experiments.
 

2. Nitrogen and phosphorus will be the variables
 
in tranfer experiments. 
Nitrogen will replace potassium as
 

the second variable for Eutrustox because no consistent
 

response to K has been found in previous experiment. The
 

source for nitrogen will be urea.
 

3. The levels of phosphcrus applications will be 
determined as follows. 
 For 	the first planting of transfer
 

experiments in a new area, P'-Jsoteirms will be made on a 
block basis for compusite samplea from individual plots to 

determine P application rates. Based on the P-1sotherm for 

a block, the amount of P rbed at 0.01 ppm P in solution 
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will be determined. 
This value will be converted into
 
kg P/ha and used as 
the .+ .40 level of P treatments. The
 
other application rates of P will be calculated rather than
 

determined from~the P-is'otherm curves.
 

For subsequent trpnsfer experiments on the same
 
plots, P-isotherms will be made for individual plots as
 

originally described.
 

4. 
The plot size will be augmented to 2 x 8 m,
 
and there will be 16 
treatments.
 

G. Project Review
 

In February 1977, an AID-appointed panel conducted an
 
on-site review of UPR's Project. Dr. W.M. Johnson, Deputy
 
Administrator for Technical Services of the Soil. Conservation
 
Service, USDA, headed the team; the other members were Dr. R.
 
Dudal, .Director of the Land and Water Division of FAO, and
 
Mr. J.R. Moffett,Food and Agriculture Officer of USAID/Bolivia.
 
Dr. T.S. Gill represented the Office oV Agriculture of AID's
 
Development Support Bureau. 
The review team visited the 
Project's experiment sites in t'1inar Gerais, Brazil and then
 
proceeded to Puerto Rico -o inspect the fieald work conducted 
there and to meet with Project staft and (PR officials. The
 
review team reaffirmed the validity of the concepts and
 
research strategy of the P.oject and commended the accompl..s
monts. It felt that an expanston oo the netiwork to other 
countries and additiona) 5o1 falrilif ; shiould not bc. considered 
at this time. The review panel alsc, -ecoraiended a thee year's 
extension of the Project. 
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H. Linkages 

Linkages are considered an essential element
 

of the Benchmark Soils Project and their establishment
 

has been actively pursued since its inception. In the
 

course of site selection, contacts were established with
 

numerous institutions and individuals in LDC's and in
 

the U.S. These have already been mentioned in the
 

previous section on Network of Experiment Sites.
 

In addition to the basic linkage with the
 

parallel project of the University of Hawaii, collaborative
 

agreements and/or formal linkages have been effectuated
 

with the following institutions:
 

Empresa de Pesqui:sa Aropecuaria de Minas Gerais
 

(EPAMIG), This agency is the Project's principal cooperator
 

in Brazil. In coordination with the national research
 

institution, £VBRAPA, EPAMIG is responsible for all aspects 

of agricultura: research in the state of Minas Gerais. The 

president of EPAMIG, Dr. I. Mattana Saturnino, fully concurs 

principles approach Project andwith the and (-,f the realizes 

the potential benefi t. for the agricultiiral dew-,opment of 

the state of Mina.- C.rai1. Dr. MaLtana Saturni no was 

personally involved )n tih,. i.n tal negot.iatincas , reflecting 

his interest in the Project-. The, irn.i n 12tL-at:ion and staff 

of EPAMIG have given Lhe Prcoj: : t 2 t COOt,<G(,,.1]-,n ,j oitio0l. 

lH.mpr sesi B:a.-; 1(21. T J'5(l,. i ,J Aq ropec:ulria 

(EMBRAPA). The Project. ii, is .;ts}L ' very e1fective 
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working relationships with the Servicio Nacional de
 

Levantamento e Conservacao de Solos 
(SNLCS) of EMBRAPA.
 

SNLCS has expressed interest in getting more directly
 

involved in the Project. As yet informal contacts are
 

maintained with the EMBRAPA administration in Brasilia.
 

USAID/Brasilia. Efficient rapport has been
 

developed with the AID Mission in Brasilia. Although under
 

no obligation to do so, the Missionprovided the Project
 

with valuable cooperation and support which greatly
 

facilitated Project implementation in Brazil.
 

International Soybean Program (INTSOY). Since
 

soybeans are used as an 
indicator crop in the experiments,
 

viable linkages have been developed with UPR's AID 211 (d)

soybean grant and the AID-sponsored INTSOY program. Superior
 

working relationships exist between INTSOY's plant breeder
 

stationed in Puerto Rico, Dr. E.H. Paschal II, which resulted
 

in joint field research of mutual benefit.
 

North Carolina State University. Dr. L.A. Nelson,
 

Professor of Statistics at NCSU, serves as a permanent
 

consultant to the Benchmark Soils Project for matters of
 

statistics and experimental design.
 

University of Kentuckz. The project subcontracted
 

the University of Kentucky Research Foundation to conduct
 

basic statistical research relative to a model that will
 

provide a satisfactory methodology to verify the concept of
 

soil management knowledge transfors on the basis of soil
 

taxonomic units. (See preceding section E.)
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Utah State University. The Departmentof
 
Agricultural and Irrigation Engineering is assisting the
 
project in the design and installation of trickle irrigation
 
systems. 
Dr. Jack Keller serves as a consultant and visited
 
the experiment sites in Brazil and Puerto Rico.
 

Consortium on Soils of the Tropics (CST). 
 The
 
Project has 
a common goal and works closely with CST. The
 
Principal Investigator is also the UPR representative on
 

the CST Executive Committee.
 

University of Puerto Rico's AID Grant. 
 The
 
Project is closely linked to and complemented by UPR's
 
211 
(d) grant AID/csd-2857 entitled "Classification and
 
Microbiology of Tropical Soils". 
 Under this grant efforts
 
are made to identify and evaluate the advantages and deficien
cies of Soil Taxonomy relative to tropical soils. 
 (This
 
state-of-the-art study is carried out with assistance from
 
the sister universities comprised in the Consortium on Soils
 
of the Tropics.) 
 It will also be determined which systems
 
of soil classification are currently used in the tropical
 
countries and how these systems relate to Soil Taxonomy.
 
It is anticipated that the grant will create a keener aware
ness of the advantageous attributes of Sol] Taxonomy among
 
LDC soil scientists which should expodite the utilization of
 

project results.
 

Informal linkages further exist with CYMMIT, FAO
 
of the United Nations. the Office de ]a Recherche Sciantifique
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et Technique Outre-Mer (ORSTOM), the Soil Conservation
 
Service of the USDA, and the University of Ghent, Belgium.
 

V. Utilization-Related Activities
 

In its current phase, the Project is in the process
 
of generating the field data needed to test the transfer
 
hypothesis. Dissemination of results is, therefore,
 
premature at this time. 
 However, efforts were made to
 
publicize the existence of the Benchmark Soils Project and
 
to create an understanding of its rationales and potential
 
utilization. 
To date these attempts were directed mainly
 

at the scientific community.
 

The Benchmark Soils Projects of the Universities
 
of Hawaii and Puerto Rico and the concept of agrotechnology
 
transfer on 
the basis of soil classification received wide
 
publicity during an 
international Seminar in the Use of
 
Soil Survey and ClassificaLion in Planning and Implementing
 

Agricultural Development in the Tropics held at ICRISAT in
 
Hyderabad, India, in January 1976. 
 The seminar was organ
ized by the University of Hawaii and co-sponsored by the
 
University of Puerto Rico mainly for planners and soil
 
scientists from LDC's in Asia and Africa. 
It provided
 
opportunitles for eighty soll scientist and land use planners
 
from tropical countries in Africa and Asia to report,
 
discuss and learn about the practical usefulness of the
 
U.S. Soil Taxonomy in relating nol classes to crop
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production and agricultural development. 
The Principal
 
Investigator presented a paper at this seminar (Beinroth,
 

Another paper describing the Project was read at
 
the Fifth Latin American Congress of Soil Science held
 
in Medellin, Colombia, in August 1975 
(Beinroth and Spain,
 
1975). This presentation met with a very favorable response
 
and generated interest in the Project. 
The Principal
 
Investigator also addressed the Work Planning Conference
 
of the National Cooperative Soil Survey held in Orlando,
 
Florida, in January 1977 in a short exposition of the
 

Project.
 

Many distinguished scientists and educators who
 
visited the Mayaguez Campus were briefed about the
 
Project and discussed various aspects with the staff.
 
Among the visitors were Dr. 0. Anderson, Federal University,
 
Vicosa, Brazil; Dr. E. Barragan, University ot Navarra,
 
Spain, Dr. R. Howell, University of Illinois; 
Dr. A. Leon,
 
CIAT, Colombia; Dr. J.W. Peltanon, Chancollor, University
 
of Illinois; 
Dr. P. Quilt, Ovorseas Development Ministry
 
of the United Kingdom, Trinidad; Dr. J.M. Scholl, University
 
of Wisconsin; Dr. W.N. Thompson, Director, INTSOY, Universlty
 
of Illinois; Dr. G.r. Walton, Doan, Cook Collgo, Rutgers
 
University; and Dr. K.L. Wel3s, University of Kentuoky.
 

The "Bonchmark Soils Project Quarterly" regularly
 
informs about and illuntratus ongoing activittpm, rosults
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and other events of the two projects of the Universities
 

of Hawaii and Puerto Rico. 
 It is a semi-technical news

letter_ pulse b h nvoi'sity.,.of -Hawaii -.and Is
 
circulated widely in the LDC's of the tropics.
 

The Project Review held in Brazil in February
 

1977 received detailed coverage In five important news

papers of the state of Minas Gerais.
 

VI. 
 Statement of Exenditures
 

1. Expenditures by Inputs, 7/1/76 to 9/30/77
 

Line Item 
 Expenditures
 

Salaries & Wages 
 $ 173,603.23
Consulting Fees 
 1,825.00
Fringe Benefits 
 17,335.89
Travel & Per Diem 
 33,045.38
Equipment 
 67,361.78
Materials, Supplies & Services 
 58,671.98
Vehicles 
 7,808.14
Freight Costs 
 1,772.97

Subcontracts 
 10.000.00
 
Indirect costs (Overhead) 85L817.32
 
TOTAL 
 $ 457,241.69 

2. Expenditures b Outputs, 7/1/76 to 9/30/77
 

Administration 
 $ 26,000
Establishment and MaLntenance 
of feadquartori 
 8,500
Planning and Coordination 
 26,500

Project Hypothesis

Research Methodology 
 20,000

Pield experiments 
 265,700
Laboratory operations 
 98,500
Stattstical work 12,000
 

TOTAL 
 $ 457,200 

http:457,241.69
http:85L817.32
http:10.000.00
http:1,772.97
http:7,808.14
http:58,671.98
http:67,361.78
http:33,045.38
http:17,335.89
http:1,825.00
http:173,603.23
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Actual expenditures during the report period were
 
lower than estimated because during the first half of this
 

period field work did not progress at the rate anticipated.
 

Theresulting lower-exponditures weremainly-in the&budget.
 

categories of travel, equipment, materials and supplies.
 

VII. Work Plan and Budget Forecast for Coming Year
 

A. 	Anticipated Accomplishments
 

1. 	Site establishment
 

The UPR network of experiment sites on
 

Eutrustox will be increased by one additional site to
 

comprise a total of six sites. 
 In conjunction with the
 

two 	Eutrustox sites established by the University of
 

Hawaii, this will bring the total number of Eutrustox
 

site to eight, as required for statistical reasons.
 

2. 	Transfer experiments
 

At each of the primary and secondary sites 
in Puerto Rico and Brazil, one transfer experiment with 

maize will be conducted during both the "dry" and "wet" 

seasons. 
 Besides evaluating conventional grain yield data,
 

the 	plant development will be closel.y monitored throughout 

the experiments. This can bo accoiplished by tissue 

sampling and plant heightanalysis, measurementn at 30 

days andatmaturity, and periodic observations of pheno

logical development using a system described by flanway
 

(1971) and Hanway and Thompson (1971) from emergence to
 

maturity. Total stover yield and grain yield will be
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determined as well as certain grain yield parameters such
 

as ear weight and length, 100-seed weight, ears per stalk,
 

pods per plant, etc. Although pest control measures will
 

.beadminsteredas necessary, in the-event damages do occur,
 

visual ratings will be made as a measure of their extent.
 

3. 	Variety trials
 

In addition to the transfer experiments,
 

variety trials will initially be conducted with a number
 

of promising varieties to assure that a well adapted
 

variety is utilized in the transfer experiments at each
 

location. Subsequent trials including only those varieties
 

having been selected for use in transfer experiments, will
 

provide a better basis for the comparison of data from the
 

various locations. 
 In order to make an Initial assessment
 

of the varietal potential for responding to applied phos

phorus, all variety trials will be of a split-plot design
 

with two levels of phosphorus applied. Variety trials
 

will be planted only at primary sites but will be conducted
 

during both the "wet" and "dry" season. 

Data collection from variety trials will 
concentrate on grain yield and othoc aqronomic charactoristics 

such as time to maturity, stalk lodcg ng, and susceptibility 

to disease and insect attacks. 

4. 	Management experiments
 

Managoment exporimonts witl bu designed to
 
dovelop information on managemant praoo:1cos riquiring low
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capital and low energy inputs. The main variables to be
 

studied in experiments with mnatzfJ and soybeans will be 

irrigation, tillage and fnrtilizurs. Other commodities
 

and practices miay be added if the host country so desires.
 

The data of the managument experiments
 

will complement and enhance the information obtained
 

through the transfer experiments. In conjunction with
 

the results of fifty years of aqronomic research available
 

for the primary site at the Isabola Ag ieultural Experi

ment Station in Puerto Rico and the work conducted by
 

EPAMIG at the site In Jalba, Brazil, the findings of the
 

management experiments will conntitute a sizeable package
 

of transferable technology. 

Line source sprinkler experiments with
 

maize for continuous variable irrigation-crop production
 

studies as designed by flanks ot at, (197f0 are scheduled 

for the next cropping soason In both trizil and Puerto
 

Rico. The levels of applied water will ran~o from zero 

to that quantity required to maintain aoil molaturo at or
 

near optimum. oil moistuIre will thus range fiom near 

optimal to the natural level providod by rnit£;(4. tn 

order to gonerato sufficient data to allow rei1nblO 

conclusions, it is conaidorad that at last three /aarx 

of data he obtainod during the soo i.ston at each tocation. 

These "wwt" season oxporimoatr will. providu information 

required for imking oc< omic doci*aonu 4s well an for sol 
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classification verification. Conducting similar experiments
 

during the "dry" season results in more complete control
 

of soil--moisture levels, Az most- of-the water reaching the. 

soil will be that prescribed in the oxperiment design.
 

Irrigation experimentation during that season will be 

designed to give more detailed information as to requirements
 

of the crops during their various critical stages of devel

opment as well as water application schedules. 

Field experiments dosigned to evaluate
 

phosphorus application techniques such as banding vs.
 

broadcasting are planned for the 1977-78 cropping seasons.
 

Further experimentation in the areas of crop and soil manage

mont will include residual P and tillago studies and others 

that will depend on the results of the above experiments,
 

prob] ms that are soon during the conducting of transfer
 

and variety trials, and host country intercsts and support.
 

S. Agroclimatologic Studieu
 

The toAitorinq of climatologic parameters 

pertinent to crop production witl continue as described 

above. The climatologic dato, orop phonology observations, 

yields and all other paraiturs roluvant to the development 

of production modolI or to thu testIng of the agrottchnology 

transfor hypothesis will e cntered on standara data cards. 

Tho ontrioe will be mado in oxactly the name manner by both 

tho UPR and Ulf nonchmark Soils trolects. Tho accumulated 

procaaerd by Urvorvity linwall'idata will be the of ctakintcs 
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section upon termination of the field experimentation
 

for 	the Eutrustox family.
 

in order--.to.ascertain,.the.-appropriate
 
evaluation of the climatologic parameters, an authority
 

in agricultural meteorology will be consulted by the
 

Project in 1978.
 

6. 	Statistics and data interpretation
 

Statistical tests of.significance of
 
treatment effects will be made .y the UPR Agricultural
 

Experiment Stations' Statistics Section at Rio Piedras.
 

These tests and their interpretation will be accomplished
 

as experiments are completed and the data become available.
 

Running progress summaries of results will be prepared.
 

The basic statistical research relative to
 
a methodology to test the transfer hypothesis conducted by
 
the University of Kentucky under a su .'ontract will be
 
continued into the extension phase. 
 It is expected that
 

a preliminary model will have been developed during 1978.
 

7. 	 Research des-icjn 

In the event that it will become evident
 

that statistical methods alone may not suffice to conclu-.
 

sively prove the validity of the transferability concept,
 

alternative pathways to substantiate the project hypothesis
 

will be considered. 
For example, the configuration of the
 
response curves 
for certain variables (P,K,water, etc.)
 

should be indicative of the common response of the soils
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of a given family. Other parameters that may be useful to
 
support the project concept include the nature of the
 
P-isotherm curves, moisture storage-and._release properties,
 

root development as a function of depth, and other charac

teristics related to the soil family.
 

8. Dissemination
 

The planning and organization of an
 
international seminar to disseminate Pxoject principles
 

and results among soil scientists and land use planners of
 
Latin America will be initiated. Tentatively, this seminar
 

is entitled "Agrotechnology Transfer via Soil Classification"
 

and will be held at a yet undetermined location in Latin
 

America in 1979.
 

Jointly with the University of Hawaii,
 
the "Benchmark Soils Quarterly" will be published and
 

distributed in tropical America. 
A comprehensive report
 

on the Benchmark Soils Projects will be prepared together
 

with the University of Hawaii and circulated widely in the
 

tropical world.
 

10. Critical assumptions 

Various circumstances beyond the control 
of the contractor may impede accomplishments. An assumption 
of critical importance is that the kind of soils meeting 
the taxonomic requirements for inclusion in the network 

occur in locations where experimentation is logistically 

possible and where suitable arrangements can be negotiated 

with the host country. 
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The present Project Leader in Brazil will 

leave the Project at the and of this year to pursue PhD. 

studies. It is OKVi us. ,:r icav that a qualified replace

ment can be identified r,( appo.i  .d in nuetime. In view 

of the professional, administ.raLive and l:nquistic require

ments of the posi.tion, the very vewotc i.o 2-ion of thela 


experiment sites in Brazil, and other -xl .e t job 

opportunities in i.ntc,rna tionai agricu.ture., it will be 

difficult to Find D suitab.e person. 

B. ud_ft Forecast
 

Estimated Lxp...iturs, 10/1/77 to 9/30/78
 

Sal.aries & Waaes $ 168,700
 

Consul I igo Voes 
 3,200
 

Fringe Lne it 1r-s 28,700 

Travel A Per Miem 40,800
 

Equ pment 
 43,300
 

Materiais, Supplics & Services 
 59,200
 

Veh icles 
 3,800 

Fre.ght Costs 6,600 

Pub. ication Cos ts 2, 700
 

Indirce csto (Overhcad) 87, 600
 
TO'T, , 
 ,,, 444, 6&
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Appendix Al
 

University of Puerto Rico - Benchmark Soils Project
 

ORGANIZATION CHART 

Chanicellor 

R. Pietti Om 

Dean 
College of Agr. Sciences 

L, Mejta Matte.1 

Director 
Dept. of Agronomy & Soils 

R. Abram4 

Lason with AID 

TA/AGR and CD/4 

Principal Investigator 

F.H. Bein~oth 7 ] 
Finance Office 

Acctg. & Purchasing 

Coordination with 

Ur,.Lversity of Hawaii 

Agronwists 

. L. Spatn 

Clerical Staff 

I.A. VM.Le'z 

Linkages 

INTSOY,CST,USU,etc. 

1Lboratory 
C. Sa~miento 

Consultants and Saitc et 

Field Locations 

liabela, Puerto Rico 

J. 8aditto 
L. Caoduch 
S. Nqh~tenqae.~ 

UPR-AGR. Exp. StAtion 
... .. . 

Minas Gerais, Brazil 

C.E. Sobet 

EPN4 G 
. . .. . . .. . .I 

I 
t 

.L . . . . . . . 
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Field Staff Professional 

J. Badillo, Ph.D. Assoc. Agronomist Project Leader, Isabela Sites 
Conduct and supervision of field 
experiments 

S. P. Nijhtengale, MS. Ass't. Agronomist Ass't. Project Leader, Isabela Sites 
Conduct and supervision of field 
experiments, data c-ganization and 
processing, liaison vith Senior 
Agronomist 

L. Calduch, BS. Research Ass't. Research Assistant, Isabela Sites 
Conducting field experiments,
supervision of laborers, data 
colliection 

C. E. Seubert, 14. S. Ass't. Agronomist Project Leader, Brazil Sites 
Planni ngr, design and conduct of 
all experiments in Brazil; 
administration of Brazil operations; 
liaison with EPAMIG 

Field Staff Nonprofessional 

. Mercajo Bid-l-o Research Aide Field Aide, Isabela Sites 
Assistance in all phases of field 
work; maintenance of experiments 

N. de Sa Research Aide Field Aide, Jaiba Sites, Brazil 
Assistance in al phases of field 
work; maintenance of experiments 

M. A. Caldeira Torres Research Aide Field Aide, Jaiba Sites, Brazil 
(ditto) 

Laborers Field Laborers, Isabela and Brazil 
Sites 

%0 
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Appendix B
 

Table 1. Treatment Combinations for Transfer Experiments with Maize
 

High Base Status Soils
 

Coded Levels 1/ Actual Levels 2/
 

Treatment p 	 P in Sol'n N Applied
N 	 kg/ha
 

A 	 -0.85 -0.85 
 .001

B 	 -0.85 +0.85 .001 

14
 
167
C 	 +0.85 -0.85 .013 14
D 	 +0.85 +0.85 
 .013 167
E 	 -0.40 -0.40 
 .004 	 54
F 	 -0.40 +0.40 
 .004 126
G 	 +0.40 -0.40 .010 54
H 	 +0.40 +0.40 
 126
J 	 "Optimum" "Optimum" 

.010 


.007 	 90
K 	 -0.85 "Optimum" .001 
 90
L 	 +0.85 "Optimum" .013 
 90
M 	 "Optimum" -0.85 .007 14
N 	 "Optimum" +0.85 
 .007 167
0 
 Partial control, blanket application only
P 

Q 	

No applied P, "optimum" N, blanket application

"Optimum" P, no applied N, blanket application
 

Blanket application for all plots:
 

Element 
 2La Source
 

K 
 125 	 Krl
 
Mg 100 MgS04471120
Zn 15 ZnSO 4 .71120
B 
 2 Borax
 

i/ 	Coded 
levels are based on "optimum".levels. The assumed
"optimum" 	levels of P in solution for maize i 
.007 ppm
and the "optimum" level of N ir assumed to be 90 kg/ha.
Other treatment leveli are "optimum" levels plus or minus
0.40 or 0.85 x "optimum" levcls.
 

2/ 	"Actual" levels of P are determirncd by the'phoophorus
sorption isotherm AcA:nIquf, (r-ow and Kamprath, 1970).
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Table 2. Maize transfer experiment planted April 2 and
harveRted August 6, 1976 at Isabela, Puerto Rico
primary site, variety Pioneer 306 B.
 

Grarn.Yieldi/
 

kg/ha
 

.09 10375 
 11000 9750 
.07 .1287 11441 
.05 11515 10560 11134 
.03 
 10377 
 11112
 
•.01 9401 10565 
 9843
 

19 75 
 125 175 


K kg/ha
 

Complete control 6530
 
Partial control 8526
 

ITohlg,. Maize transfer experiment planted August 2 and
harvested November 16, 1976 at Isabela, Puerto Rico,
secondary site, variety Pioneer 306 B.
 

Grain Yleld 2kq/ha 

.09 6028 6365 6114 

.07 6259 5801 
.05 6414 5806 6240 

.03 5967 6260 

.01 5907 5501 6402 

19 75 125 175 231 

KXkq/ha
 

Complete uontrol 
3651
 

Partial control 3694
 

/Adjusted to 15.5%moilsturo. 

231 
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Appendix B
 

Table 4. 	Maize transfer experiment planted December 13,

and harvested April 18, 1917 aL 

1976
 
Isabela, Puerto Rico,


secondary 	 site, var;iety Pioneer 306 B.
 

Grain Yyeld 4 / 

kg/ha 

.09 5772 6092 6411 

P .07 6400 7070 

ppm .05 5912 6138 6605 

.03 6758 6364 

.01 5874 5118 6410 

19 75 125 175 231 

K kg/ha
 

Complete control 4165
 
Partial conLrwoi 5208
 

Table 5. 	Maize tronister: e:prims:L plantad December 22, 1976
and harvested April 26, 
1977 at Isabela, Puerto Rico,
primary site, variety Pioneer 306 B3. 

Grain Yield/
 
kg/,h a 

.09 	 8004 
 7085 
 7302
 

P .07 7517 
 6984 

ppm .05 7408 
 8557 
 8470
 

.03 
 U082 
 7607
 

.01 	 8161 4148257
 

19 /5 12q J 70. 231
 

Compi eto jnr'It ' 27 
P,'rtta I ,,r' ror. 6.337 

A/ Adjusted to I.5. wdfr.ir,. 
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Appendix 6.
 

Table 6. 	Maize transfer experiment planted October , 1976and harvested March , .977 at MG,Miba,Brazil,primary site, v-riet-, Pnuoni.x 1110. 

kg'/hl 

.09 8545 7433 7748 

P .07 7588 7714 

ppm .05 6778 8772 7748 

.02 7584 7952 

.01 6874 6600 8142 

19 60 100 140 185 

FKkc/h,, 

Complete controi 11.41 
Partia] control 1293 

I/ Adjusted to 15.5%moisture, 
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Appendix B
 

Table 7. 	Soybean transfer experiment plated March 5 and 
harvested Auqust- 1, 1976 t, [.,dheJa, Pucrto Rico, 
primary site, vit rict y ,tipit,)ot",. 

-
Grai1n '' : 

.19 	 918 722 865
 

P 	 .14 945 
 756
 

ppm .10 1019 1024 887
 

.06 132 
 954 

.02 1375 928 734 

J9 	 752t 175 231 

Y Kgq/ha 

com 1, 1 o tCc. t' r 9 
idrt i,t [ j]3,. 


Table 8. Soybean Lra,;f!. i' : 	 Joly 30 and' L:t landto:d 
harv.!ti(d Novc w . , 7. Isbela, Puerto Rico, 

t~ I? 

.09 
 3 	 2J36 

P 	 .07 9u24 

ppm 	 .05 2ua. 2792 

.0 0,4 671 

,4 .
 

11 ~'t ' ' "'l r)I !!&fi 

k/iAdji 	tti to 15.I', mo't-, 

1 
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Table 9. 	Soybean transfer experiment planted December 9, 1976
at Isabela, Puerto Rico, secondary site, variety

Hardee LS.
 

Grain Yield, kg/hal/
 

.19 1637 1637 1324 

P .14 1579 1451 

ppm .10 1667 1559 1528 

.06 1721 1499 

.02 1311 1399 1194 

19 75 125 175 231 

K kg/ha 

Complete control 1159 
Partial control 1037 

Table 10. 	 Soybean transfer experimont planted December 21, 1976 
at Isabeli, Puerto Rico, primary site, variety
Hardo LS. 

Grain Vield, kg/haI / 

.19 	 1765 1862 1833
 

P .14 
 2155 
 2010
 

ppm .10 1626 2054 1927
 

.06 
 1944 
 1742
 

.02 1546 
 i645 
 1996
 

19 75 125 175 231
 

Comisloto control 15Of1 
Aart'lll ontrol 1207 

Ad:JuntgW t~o 15.5%6 triolaiii. 
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Appendix B
 

Table 14. 	 Soil moisture level at the time of the first plowing
 
operation and its effect on soil aggregate size,

soybean stand and grain ycld. The data are means
 
of four replications. UPR Benchmark Soils Project
 

Soil Aggregates Plants/Plot Grain 
Moisture 1-25 mm Yield 

... _% No. kg/ha 

25.72 43.07 b 3/ 22.75 c 332.6 c 

24.63 45.82 b 32.70 c 577.5 b 

24.08 47.50 b 41.25 bc 624.3 b 

23.62 53.38 ab 43.50 bc 668.2 b 

21.10 62.02 a 73.50 a 911.3 a 

20.82 68.86 a 66.50 ab 769.8 ab 

1/ Percentage of intermediate (desirable) sized soil aggregates,
 

1 to 25 mm diameter, in the prepared seedbed at planting.
 

2/ Number of plants per plot 25 days after planting.
 

/ Means not followed by common letters are significantly

different at the 0.05 level of probability of error.
 



M.ISSING PAGE
 
NO. 



58 

Appendix B 

Table 12. Maize yiel.d and plant lodging data from a variety x
phosphorus level planted 34, 1976 aL:trial May Isabela, Puerto 
Rico and harvested August 31. Ali res arc means ofval three
 
replications over two pnspn:,orLus ]Uvo H..
 

< nrI Y.oie d Io'Iqced Pints
 
Variety 
 --- *06u.-

Pioneer 304C 9712 a 0.7 

Picneer 304B 8957 ab 4.3 e 

Pioneer 304A 8349 bc 9.3 bcde 

Hawaii H638 8314 bc: 9.7 bce 

Pioneer 105A 8186 bcd 8.8 bcde 

Hawaii H652 8019 bcd 7.5 bdK 

Pioneer 3'6B 761 cde 11.3 abcde 

Hawaii H788 76;9 cde [3.2 Ab 

UPc(A-1, i'hi 7238 4.3. cdef e 

Iawaii 1H610 7094 qlef 5.2 de 

TNIA 1507, 1'.x. 705Ii CeE 12.3 abc 

londuras 1i5 ,0A def 17.5 a 

Dient:o do Cabaln t, P.P. ,966( def 11.2 abode 

Mayorbela. P.R. 6 r71 k f 5. , cde 

DMR, P1l. I. 64 02 5.3 d! 

Oaxtic' 179, Mex. 46,j0 7 dod 

n,: L1 ed'Va Uns .t L ow. by connon :t.uorn o NI t a 5AI a d.i c re; at. the 
I ev.L. 
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Appendix B
 

Table 15. 	 Top varieties of the Brazilian National Maize Variety

Trial Planted 30 Oct 76 
- Jalba, Brazil. UPR 
Benchmark Soils Project. 

VARIETY GRAIN YIELD_ / 

Pioneer X304 B 

Pioneer X304 A 

Pioneer X304 C 

Pioneer X306 B 

Contlbrasil 3 

Cargill 318 

Cargill 111 

Cargill 111 X 

Cargill III S 

Cargill 317 

Cargill 5005 M 

Pioneer X105 A 

7740 

7680 

7457 

7442 

7380 

7222 

7217 

71.45 

7127 

7105 

7035 

7033 

122 

121 

117 

137 

116 

113 

113 

112 

112 

112 

110 

iO 

1/ Adjusted to 15.5% moisture 
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Appendix a
 

Table 16. 
 Maize Variety x P Level Trial Planted 26 Oct 76 
-
Jaiba, Brazil, UPR Benchmark Soils Proect.
 

VARIETY 
GRAIN YIELD 

Plevel Dom 
(kg/ha)2i/

P in soll solution 

IAC Phoenix 1110 3444 8420 7634 8824 

Agroceres 259 3661 8736 8725 8938 

Cargill i11 4346 9068 9880 9099 

Maya X 4110 7830 9357 9062 

Pioneer X306 B 4036 7761 8406 8652 

Varieties 3920 8363 8800 8961 

1/ Adjusted to 15.5% moisture.
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Appendix B
 

Table 17. Top Varieties of the INTSOY Soybean Variety Trial
 
Planted 25 Nov 76 - Jaiba, Brazil, UPR Benchmark 
Soils Project. 

VARIETY 

Davis 


Bragg 


Ransom 


Bossier 


Forrest 


Columnbus 


Clark 63 


I/ Adjusted to 15.5% 


GRAIN YIELDY' 
kg/7ha b---Ti7/ 

4479 70
 

4002 63
 

3815 60
 

3512 55
 

3475 55
 

3397 53
 

3261 51
 

wisture.
 



63 

Appendix B
 

Table 18
 

Maize Variety x Density x Spacing Experiment

Planted 28 Oct 76 
- Jafba, Brazil
 

UPR.Benchmark.Soils Project
 

Cateto Colombia
 
kg/hat 

60,000 -5612 . 4783 4596 

Population 
(plants/ha) 40,000 

(33)-

-5203 

(22) 

5003 

(17) 

4038 
(50) (33) (25) 

20,000 -3805 4119 -

(100) (67) (50) 

50 75 
 100
 

Distance between rows
 
(cm)
 

Piranho 
kg/h a 

60,000 -6955 7015 
 6201
 
Population (33)Q/ (22) 
 (17)

(plants/ha) 40,000 
 -6341 6631 
 6873
 

(50) (33) (25)
 

20,000 -4457 
 5604 -

(1.00) (67) (50)
 

50 
 75 100 

Distance between rows
 
(cm)
 

1/ Adjusted to 15.5% moisture 

2/ Indicated plant population were obtained by plantingat In-row spacing shown In parontbeses for onch betwoen
row distanco. 
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Appendix C
 

Bibliographical List and Abstracts
 

Some considerations on Soil Classifi

catjon" in'general and Soil Taxonomy 

in particular. F.H. Beinroth. Proc. 

Workshop on Experimental Designs. 

Univ. of Hawaii (In press). 

The basic rationales of soil classification and the kinds
 
of classification system and their purposes are discussed. The
 

new U.S. system of soil classification, Soil Taxonomy, is elu
cidated with particular emphasis on the system's dependence
 

on the state of knowledge, its genetic bias and its inherent
 

limitations for agricultural interpretations. The applicability
 

of Soil Taxonomy in the process of agrotechnology transfers
 

in the tropics is examined.
 

Considerationo or, L.xporiwent Designs 

and Production Functions. B.G. Cap6. 

Proc. Workshrop on ?-xperfmenLtal Designs. 

Univ. of Hawaii (in press). 

The author detaJ.ls some of tho produc-tion functiont advanced 
to date. It is argqtid that none of these equations provtdos for 
a point of Inflexion in the yield curve at rolatlvcly low levels 
of a yield controling factor, for thenor point of inflexion 
which exists at ro2ativoly high evei t of such a faictor. A 
1oVel, multiplicatiw production ftunctiorn %o proposed and its 

validity is damonstratod.
 

http:detaJ.ls
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Economic Aspects of Production
 

Functions for Soils. 
G.E. Pringle.
 

Proc. Workshop on Experimental
 

.Desligns. Univ. of-Hawai 
(In press).. 
 .
 

The use of production functions In agricultural economics
 
is described. 
The desirable attributes of production functions
 

are enumerated and experimental design considerations for
 
attaining appropriate data for economic analysis are discussed.
 
The application of the Cap6 function to a fertilizer experiment
 

conducted in Puerto Rico is demonstrated and some economic
 

aspects of this equation are discussed.
 

Report of the Workshop on Experimental
 

Designs for Predicting Crop Productivity
 

with Environmental and Economic Inputs.
 

J.A. Silva and F.H. Beinroth. 1975. Univ.
 

Hawaii Agr. Exp. Sta., Departmental
 

Paper 26
 

This report summarizes the papers presented at the Work
shop and includes a position paper on field experimentation
 

to allow economic evaluation of management and environmental
 

effects on soil productivity. 
The report further contains
 

the recommendations which transpired at the workshop.
 

Soil Classification and the Transfer
 

of Agrotechnology, 
F.H. Bainroth.
 

Paper prepared for AID Soil and Water
 

Management Workshop, Washington* D.C. 1975.
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Peculiarities of the transfer of agrotechnology to LDCs,
 

as opposed to technology transfer in the industrial sector,
 

are discussed. 
The potential value and utilization of soil
 

classification in the process of agroproduction transferin.......
 

the tropics is elucidated. The rationale of the Benchmark
 

Soils Project and the research strategy are explained.
 

Soil Classification and the Transfer
 

of Soil Management Experience. F.H.
 

Beinroth and G.L. Spain. Proceedings
 

Fifth Latin American Congress of Soil
 

Science, Medellin, Colombia (In press).
 

The paper describes the rationales and objectives of the
 

Benchmark Soils Project. A hypothesis is advanced relative
 

to the transfer of agroproduction technology on the basis of
 

soil families as defined in the U.S. Soil Taxonomy. A research
 

strategy to test the validity of this concept involving agronomic
 

experimentation in various countries is explained. 
The objectives
 

of the study and its implications for agricultural development
 

in the tropics are described.
 

Some Fundamentals of Soil Classifi

cation. F.H. Beinroth 1976. Proceed

inqg Seminar on Uses of Soil Survey
 

and Classification in Planning and
 

Implementing Agricultural Development
 

in the Tropics, ICRTSAT. Hyderabad,
 

India (In press).
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Taxonomic soil classifications are conceptual frameworks
 

showing the relationships inherent in the population of soils
 

and allowing comparisons of soils for both similarities and
 

differences.....The principal practical application,of soil
 

classification is in soil surveys. 
 These can be interpreted 

for a variety of technical uses, including the transfer of 

agrotechitology. Taxonomic systems suoh as the U.S. Soil 

Taxonomy with a large number of precisely defined taxa in the
 

lower categories are best suited for this purpose. 
 Soil survey
 

interpretations for crop production provide qualitative
 

qroupings and do not circumvent the need for specific agronomic
 

soil testing. 

The Benchmark Soiln, Prcjects, 

an innovative approach to
 

agrotechnology transfer. L.D.
 

Swindale, J.A. Silva and F.H.
 

Beinroth. Paper presented at 

CLAMATROPS Conferenco, Kuala 

Lumpur, Naiysla, 1977 

The paper daspribs thu 3iL:hmal; Soils Projects and 

reports ncomplisinrntit ani o-r1hnnry results. It also 

intlicates how, by in ext.eIion of prcjafc: work, it should ba 

possible to entablish a notwmrk of tsc l ronoarch station
 

throughout the tropics, and how th(_ corcopts of the projects 

can be used for agrotuchnolygy t.anusfrs. 


