
FOR AID USE ONLYAGENCY FOR INTERNATIONAL DEVELOPMENT 
WASHINGTON, 0, C. 20523 

BIBLIOGRAPHIC INPUT SHEET 
A. PRIMARY 

1. SUBJECT Agriculture________
 
CLASSI-


B. SECONDARYFICATION 
Soils and Fertilizers
 

Z. TITLE AND SUBTITLE 

Report of the Workshop on Experimental Designs for Predicting Crop Productivity with
 
Environmental and Economic Inputs
 

3. AUTHOR(S) 

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

4. DOCUMENT DA, E 1S. NUMBER OF PAGES S. ARC NUMBER 

May 1974 54p. ARC - S 
7. REFE91ENCE ORGANIZATION NAME AND ADDRESS 

University of Hawaii
 
Department of Agronomy and Soil Science
 
Honolulu, Hawaii 96822
 

8. SUPPLEMENTARY NOTES (Sponsorlng Ortanizatlon, Publishers, Availability) 

9. ABSTRACT 

The Universities of Hawaii and Puerto Rico have formulated two projects with the assistanc
 
of United States, Agency for International Development (USAID) to undertake some of the
 
necessary research and to design an extension delivery and communications system that
 
will hasten the application of tropical agricultural research.
 

The purpose of the projects are to correlate food crop yields on a network of benchmark,
 
soils, and to determine scientifically the transferability of agro-production technology
 
among tropical countries.
 

The benchmark soils will belong to related soil families as defined in The U.S. Soil
 
Taxoncmy, because the family is the level in this soil classification system at which
 
transference of technology is providing possible within the United States. They will
 
be red upland soils or soils developed from volcanic ash which in most tropical countries
 
are as yet inadequately used, but have proved highly productive in Hawaii.
 

The workshop, which is the basis of this report, was held to discuss and hopefully to
 
agree upon the experimental designs and research methodology that would be used in the
 
crop production research in these two projects. 2articular attention was paid to
 
designs that could provide valid scientific tests of agrotechnology transfer.
 

10. CONTROL NUMBER 11. PRICE OF DOCUMENT 

PN-AAB- / (9 
12. DESCRIPTORS 13. PROJECT NUMBER 

931-17-120-582
 
Tropical Agricultural Research, Crop Yields, Benchmark 14. CONTRACT NUMBER
 

Soils, Agroproduction Technology, Soil Taxonomy AID/TA-C-1108
 
15. TYPE OF DOCUMENT 

Workshop Report
 

AID 5g0-1 (4°741 



REPORT OF THE WORKSHOP ON
 

EXPERIMENTAL DESIGNS FOR PREDICTING CROP PRODUCTIVITY
 

WITH ENVIRONMENTAL AND ECONOMIC INPUTS
 

Sponsored by
 

The Agency for International Development
 
The University of Hawaii
 

The University of Puerto Rico
 

Held from May 20 to 24, 1974 at the University of Hawaii
 

Honolulu, Hawaii
 

Prepared by
 

J. A. Silva
 

University of Hawaii
 

and
 

F. H. Beinroth
 

University of Puerto Rico
 



PREAMBLE
 

'If the world food needs are to be met the agricultural productivity per
 

unit of land must be increased, particularly in the tropics in which so many
 

poorly-fed people live. Research and extension have already enabled the temper

ate zones to achieve high productivity in agriculture, and presumably can do
 

the same for the tropics. But time is of the essence, if the people alive today
 

are to benefit.
 

The Universities of Hawaii and Puerto Rico have formulated two projects
 

with the assistance of United States, Agency for International Development
 

(USAID) to undertake some of the necessary research and to design an extension
 

delivery and communications system that will hasten the application of tropical
 

agricultural research.
 

The purposes of the projects are to correlate food crop yields on a network
 

of benchmark soils, and to determine scientifically the transferability of agro

production technology among tropical countries.
 

The benchmark soils will belong to related soil families 
as defined in The
 

US Soil Taxonomy, because the family is the level in this soil classification
 

system at which transference of technology is proving possible within the United
 

States. 
 They will be red upland soils or soils developed from volcanic ash
 

which in most tropical countries are as yet inadequately used, but have proved
 

highly productive in Hawaii.
 

The workshop, which is the basis of this report, was held to discuss and 

hopefully to agree tipon the experimental designs and research methodology that 

would be ii',d i tit, ( rop production research in these two projects. Particu

lar attent Ion wan paid to denigns that could provide valid scientific tests of 

agrotechnology transfer. 



iv 

The report is in two parts. Dr. F. H. Beinroth of the University of
 

Puerto Rico summarizes the papers presented during the first three days of the
 

project in the Summary of Papers. Dr. J. A. Silva of the University of Hawaii
 

summarizes the discussions of the experimental design and research methodology
 

to be used in the two projects in the Summary of Discussions. A second report
 

will contain the original papers presented at the workshop and an edited trans

cript of the discussions. I,
 

The two Universities acknowledge the assistance of the Research Advisory
 

Committee which suggested that the workshop be held, and of AID which provided
 

most of the funds for participant travel. We are most grateful to the partici

pants who gave of their time to prepare the papers, attend the workshop and
 

take part in the vigorous and stimulating discussions.
 

The presentations, discussions, conclusions and recommendations of the
 

workshop will have marked influence upon the conduct of the two projects. We
 

believe that they will also influence the direction of future research on
 

experimental design.
 

L. D. Swindale 
Associate Director HAES 
Principal Investigator
 
UH/AID a"Benchmark Soild'Project
 



INTRODUCTION
 

The Workshop on Experimental Designs for Predicting Crop Productivity with
 

Environmental and Economic Inputs is related to two AID-supported research
 

contracts awarded to the Unive:'sities of Hawaii and Puerto Rico. 
The University
 

of Hawaii's contract is entitled "Crop Production and Land Capabilities of a
 

Network of Tropical Soil Families". The University of Puerto Rico's project is
 

designated "Crop Production and Land Potential of Benchmark Soils of Latin
 

America". 

Leading scientists from the United States and abroad in the fields of agri

cultural economics, statistics, soil science, and agricultural research in
 

tropical countries were invited to the workshop. There were thirty-eight invited
 

participants in addition to various members of the Department of Agronomy and
 

Soil Science of the University of Hawaii who attended sessions as 
their time
 

permitted. A list of the invited participants is attached (Appendix A). 
 Four

teen papers were presented during the workshop (Appendix B). The detailed
 

program attached (Appendix C) lists the speakers and the titles of the papers
 

presented.
 

As indicated in the program, the first three days of the workshop were set
 

apart for the presentation and discussion of papers of general interest to 
the
 

projects. The last two days were devoted exclusively to the discussion of the
 

research methodology and the experiment designs 
to be employed in the two pro-


Jectb. Position papers by the Universities of Htawaii 
and Puerto Rico provided
 

the framework for discussion of various aspects of approach and design of the
 

experiments to be implemented,
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SUMMARY OF PAPERS
 
by F. H. Beinroth
 

This section of the report summarizes the highlights of papers presented
 

at the.workshop (Appendix B). These papers are referred to in the text and will
 

be published,along with transcripts of discussions of the papers at a later date.
 

Economic Considerations
 

Heady (1974) emphasized that "there can be numerous models of farmer deci

sion environments ranging from (a) complete allocative models with investment
 

alternatives in the farm which compete for scarce resources and thus suggest how
 

scarce capital should be distributed among fertilizer outlays, new seeds, water
 

systems, etc., to (b) extreme micro-analyses which assumes each farmer has unli

inited capital and perfect knowledge". The first situation clearly characterizes
 

the mass of low income farmers in the developing countries. The experimental
 

design and the levels of treatments selected should, therefore, conform to the
 

situation indicated in model (a) above.
 

Highly refined fertilizer recommendations would require continuous mathe

matical models of the fertilizer response surface in its relation to soils and
 

environmental variables for individual farms. As this would require unreasonable
 

efforts, fertilizer response data are needed which allow "rule of thumb" approx

imations for optimum use of fertilizer under different situations of capital
 

restraint. Therefore, the design of experiments should be such that it provides
 

response predictions over the range of the surface to which different "rules of
 

thumb" might apply, varying with different economic decision environments. Con

sidering the decision environments for the majority of LDC farmers, it would seem
 

more appropriate to use a configuration of treatments in the design which places
 

emphasis on the positively sloped portion of the response surface with high also

ticity rather than on the high levels of the surface with low elasticity.
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Production Functions
 

In their paper, Laird and Turrent (1974) state that "the science of crop
 

production is presently at a very elementary level in evolving a research meth

odology for determining production technologies for rainfed agriculture". It
 

would seem that our knowledge ip not yet sufficiently wide to proclaim with
 

certainty that crop production surfaces conform to one specific algebraic form.
 

There also appears to be no theoretical basis for deciding a priori which mathe

matical model would represent best a particular production situation. As the
 

underlying response model is not well-defined, the experimental design must,
 

therefore, provide information to evaluate the model itself.
 

According to Heady (1974), for the majority of cases, the best function
 

seems to be a conventional quadratic with linear and squared terms and first-order
 

interactions for the fertilizer variables. 
HoweveL, Nelson and Anderson (1974)
 

alluded to the difficulty of estimating residual nutrient levels when quadratic,
 

square root or exponential response functions are used for experimental situa

tions which have yield plateaus. Capo (1974) also emphasized that production
 

functions must take into consideration the existing levels of nutrients which
 

the soil is capable of supplying. He felt that response surfaces are best
 

described by a multiplicative equation.
 

Completely different from these curvilinear models are the Liebig-type
 

linear-response-and-plateau models discussed by Nelson and Anderson (1974). 
 In 

this model there are two linear segments, one with high and one with zero slope. 

A system of sub-models belonging to the "linear--plLeau family" was also pre

sented. These models have desirable attributes for use in [DCs, such as the 

ease of compitation, and the economic ImplicatlonIq are said to be quite simple 

and Straightforward. North Carolinn State Ivernity also favored the linear

plateal type. lfipl'l'. fiurttion for developing ount rIes and Sanchez 4-t al. (1974) 

reported natlhdactory experl,.n(e with thin model In LatIn Amerlca. Lnilrd and 
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Turrent (1974) questioned the accuracy of economic optima as estimated from
 

prediction equations and indicated that graphic analysis may be employed with
 

advantage.
 

The discussion at the workshop manifested a considerable divergence of
 

opinion regarding the nature of the production functions to be fitted to the
 

data. Most participants seemed to favor the use of additive production
 

functions; i.e., functions in which the influences of the various yield-control

ling factors are added. One participant presented data on the usefulness of a
 

multiplicative function, in which the magnitude of the influence of a factor
 

depends on the levels of the other yield-controlling factors.
 

The general disagreement on this subject stressed the need to test the
 

usefulness of different kinds of production functions. The project should,
 

therefore, scrutinize the various kinds of functions to tedt their adequacy for
 

the particular production situation at the experiment sites and for LDCs in
 

general. This should contribute to the overall knowledge of production
 

functions and might provide information of value for improving approaches and
 

procedures now employed in soil fertility programs.
 

Experimental Design
 

Sanchez et al. (1974) expressed the view that the experimental design,
 

i.e., the choice of treatments to be applied and the manner in which these
 

treatments are to be assigned to the experimental units, is no longer a signi

ficant issue. They felt that the central composite and fractional f#ctorial
 

designs, assigned via some type of randomized blocks, are appropriate for both
 

agronomic and economic interpretation, provided a sufficient range of levels
 

of each nutrient is included.
 

Laird and Turrent (1974) presented a comparison of nine treatment designs
 

and discussed the considerable differences in bias and variance error, number,
 



of treatment combinations, and flexibility. 
Their conclusion was that the 52
 

partial factorial modification by Escobar has several desirable qualities and
 

should be considered for use in research on crop production practices. 
Also
 

considered a good design is the augmented 2A Cady (1974) indicated that the
 

experimental design should be a randomized complete block design. 
The addition

al cost of having blocks instead of a completely randomized design is minimal,
 

whereas the experimental error reduction could be considerable.
 

The treatment levels, according to Nelson and Anderson (1974), 
should be
 

spaced so that there is a concentration of treatment points in the region of
 

the expected optimum rate. Preliminary information should be used to control
 

the size of the experiments by not varying factors which are known to be at
 

adequate levels. Capo (1974) felt that at 
least four and preferably six or
 

seven levels of each of the variables under study should be included.
 

Uncontrolled Variables
 

Uncontrolled variables, such as certain soil conditions, and uncontrollable
 

factors, such as weather, should be carefully measured and monitored for later
 

analysis. 
Cady (1974) stressed that soil fertility experimentation has a history
 

of collecting plot data, but that experience in measuring site variables is much
 

less extensive. These site variables are factors believed to affect crop yieLd
 

but cannot be controlled at 
a constant level across the experiments. Therefore,
 

they may affect fertilizer response at each location differently. Consequently,
 

a major objective in the interpretation of the data from the series of experi

ments should be the development of a yield model or equation which Inctiudes the 

uncontrolled variables. Culot (1974) also emphasized the need to define and to 

quantify the "boundaries of the ecological environments" characterizing the 

experiment locations. 
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Other Considerations
 

Heady (1974) pointed out that the demonstration of transferability of agri

cultural experience on the basis of soil classification could be better and more
 

cheaply accomplished at two or more points in the U.S. However, the projects
 

set out to demonstrate transferability for families of tropical soils for the
 

benefit of less developed countries. This purpose could not be achieved if the
 

projects were confined to the U.S.
 

SUMMARY OF DISCUSSIONS
 
by J. A. Silva
 

This section was prepared from the taped discussions of the experimental
 

approach of the project during the last two days of the workshop. The details
 

of field experimentation being proposed in the project are described in the posi

tion paper for Hawaii presented by Silva (1974) (Appendix D). Recommendations
 

made by workshop participants for modification and elaboration of various aspects
 

of the proposed experimental methodology ave presented in the following paragraphs.
 

Sites
 

The recommendation which will probably have the greatest effect on the
 

projects is that several sites, or'locations of the same soil fauily be selected
 

in each country rather than just one major site. It was pointed out by several
 

participants that it was essential to the statistical evaluation of the hypo-


Vthesis of transferability that a large enough number of sites per country be
 

obtained to give a wide range of variability in soil properties, climate and
 

management. The minimum number of sites per country suggested was from 4 to 8,
 

depending on the nature of the variability encountered, and especially on the
 

project associate in the country--his ability to handle many sites, the distance
 

between sites, crops planted and measurements required. A large number of
 

sites provides better estimates of the uncontrolled variables which, it is
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believed, will have a pronounced effect on the test of transferability. it is
 

quite likely that the controlled variables alone will not allow direct transfer
 

of management practices from a soil family in one location to the same soil
 

family in another location without taking into account the modifying influences
 

of the uncontrolled variables within a soil family, as well as of initial soil
 

fertility, climate, etc. Therefore, several sites per soil family in a country
 

were recommended. The concept was developed of a primary site on which the
 

fertility experiment and all the other supplementary experiments would be in

stalled and on which a complete set of meteorological instruments would be
 

housed and the farm shed built. Secondary sites in the same country would have
 

only the fertility experiment and the minimum number of meteorological instru

ments. 
The distances between sites would depend on the variation in the soil
 

family in the country and the associated climatic and past management variation.
 

The increase in number of sites per country to 4 to 8 will result in in

creased time, effort and analyses in the soils investigations to locate several
 

appropriate sites in each country. 
 It will also require more installations of
 

the fertility experiment for testing transferability with accompanying increased
 

fertilizer, seed, labor,and other requirements. As discussed elsewhere, only
 

minimal weather data will be collected from the secondary sites which will mini

mize the additional cost of meteorological instruments. 
Other items which will
 

bb affected by this change arp transportation requirements, number of soil and
 

plant analyses, and data collection and analysis. This increased cost and
 

effort should result in better attainment of the main objective of the project,
 

a test of the hypothesis of transferability.
 

Fertility Experiment
 

The fertility experiment for testing the hypothesis of transferability
 

should be kept very simple with only 2 variables. It was recommended that these
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variables be related to characteristics of the'soil family Such,as mineralogy, 

pH, etc. and may include P, K, pH, Ca or Al, depending on the soil family
 

Phosphorus x pH, and N x P were two suggested treatment combinations. The same
 

treatment combination will be used in sites of the same family, but treatment
 

combinations may differ between families. If possible, these variables should
 

also be those which are expensive to control so that recommendations from the
 

experiments may have greater economic value. In order to keep the experiment
 

manageable, and yet obtain sufficient information to develop production func

tions, 5 levels of the factors were suggested. It is more important to have
 

a wide range of these factors than to have many levels of these factors. It is
 

also essential that the anticipated optimum level be near the middle of the
 

range of levels selected. This experiment will be maintained with high manage

ment inputs, i.e., optimum irrigation, nutrients, plant protection and plant
 

density.
 

It was recommended that 3 replicates of the fertility experiment be set
 

out to insure that good information is obtained at every site. With the cost
 

of selecting and establishing the site, the cost of the added replicate is
 

small by comparison when it is realized that many things can affect the survival
 

of plots in foreign countries. Therefore, 3 replicates were suggested over 2
 

replicates.
 

Experimental design: The experimental design finally recommended by the
 

participants was the 52 partial factorial modification by Escobar described in
 

the paper by Laird and Turrent (1974) presented at the workshop. It was found
 

to be one of the outstanding designs on the basis of (a) appropriateness for
 

use in a graphic estimation of economic optima, (b)magnitude of bias error,
 

(c) number of treatment combinations, (d) flexibility in number of factors and
 

number of levels of each factor, and (e)magnitude of variance error. It also
 

has good coverage of the factor space with its 13 treatments. A diagram of this
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design is shown in Figure 1 and coded values for the treatments are given in
 

Table 1.
 

Crop Selection
 

Discussion by, the participants of various test crops led to the recommen
dation that maize be used as the test crop at all sites for the test of trans
ferability. 
This crop has the advantage of being a short-term crop which is
 
relatively easy-to manage, has good disease resistance, is not too photoperiod
 

sensitive, and can be readily harvested for reliable yields. 
Other crops may
 
also be grown on the sites, depending on the interests of the host country.
 

Some other crops suggested by participants were Cassava, Panicum maximum (Guinea
 

grass), Glycine max. 
(L.) Merr. (soybeans), Leucaena leucocephala (Koa Haole),
 

and various pasture grasses.
 

The problem of whether to use one variety of maize at all sites in all
 
countries or to use the "best adapted" variety for each country was discussed
 

at length. The final recommendation was 
to use the "best adapted" variety for
 
each country because it was felt that it would be virtually impossible to find
 
one variety that was well adapted to all countries. Therefore, the true yield
 

potential of the soil family in that country could not be properly assessed by
 
the poorly adapted variety. However, with a variety that was well adapted to
 

the country, the true yield potential will be measured and a better comparison
 

of soil families will result. 
The "best adapted" variety will be that recom

mended by local research institutions in the country.
 

Variety Experiment
 

With the decision to use the "best adapted" maize variety as 
the test crop
 
in the fertility experiment, it becomes necessc y to install a variety experi

ment in each country to evaluate the recommended "best adapted" variety against
 

other well adapted varieties to 
assure that the "best adapted" variety is in
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Table 1. Coded values for the treatments li the 52 partial
 
factorial modification by Escobar
 

Treatment Factor A Factor B 

Number 

1 -0.85 -0.85 
2 -0.85 +0.85 
3 +0.85 -0.85 
4 +0.85 +0.85 

5 -0.40 -0.40 

6 -0.40 +0.40 
7 +0.40 -0.40 

8 +0.40 +0.40 
9 0 0 

10 -0.85 0 
11 +0.85 0 
12 0 -0.85 
13 0 +0.85 
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APPENDLX 5 

Papers Presented at the Workshop on
 

EXPERIHETAL D9SIS PREDICTING CROPFOR PRODUCTIVITY 
WITH OVIROPMIVAJ. AND ECONOMIC INPUrTS 

Isinroth, F. M. 50" considerations on soil classification in general, and
 
"Soil TaxonoY" inparticular.
 

rms, I., J. Collins. and J. Kirkwood. Experimental Design tor predicting crop

productivity with environmental and economic inputs.
 

Cady, r. 5. Design of soil fertility research for the tropic* It. Rationale
 
for doilg of ftbequont studies.
 

Cap*. 5. 0. Cooesderattons an experiment deeign mnd production functions-Post
lon paper, UPL. 

Culot, J. Ph. Som e"Ie of t use of productioo functions to quantify
environmental influence, on crop productivity. 

Droooff, M. Dosip of sail teftility research for the tropics I. Stvw Cornll 
uive lty experiences. 

Wteedy, 9. 0. Sow consideration# in the design and analysis of fertility uxprri
meags for developing country use. 

Laird, I. J. and Antonio Torrent. KO elemnts in field experimentmiton for 
geerat Ing crep production tthnology. 

WlXes[n L. A. and I. L. An4erson. A (asily of msalao *nd .perliS4*nitA i ln
fot ovreuauing reopoe to fortiliuor nutrientp bvim the trov ftw l to not 

Okw, Ir.A a plct ito 
 of fractional factoti.l 4aotgn to a fortilipor epvrl-


Pringle, 0. 1[. Iofonir aFspdectf prodrti ootlo"#, rnacsfroilio-Po, i o p pn . 
PS. 

Iascbe, P. A., I. K. Perrio, a#4 5. V. Sbo1. Concepts 0t progran 4velsgn fot

sile rmlrth Mn 10orsatiton trensferal In develOping Ot¢fries.
 

Mive, J. A. Field ewperle"tbtlle to allow ecofomic evaluation of inansgeOusit 
an O"Ire" 1t4al effect# on soit prodtactivityPOslon p..rT, IM. 

9windall, L. 0. Crop production an laP4 4tpabittllee of a network t4f Itopitl 
sell fili, -Adeecriptoi of the VNIjAbD boocloork Soil. Rofearsh 
project##
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APPENDIX C 

Program for Workshop on 

EXPERIMENTAL DESIGNS FOR PREDICTING CROP .PROQUCTIVITY 
WITH ENVIRONMENTAL AND ECONOMIC INPUTS
 

Sponsored by 

The Agency for International Development
 
The University of Hawaii
 

The University of Puerto Rico
 

May 20 - 24, 1974
 

University of Hawaii
 
Honolulu, Hawaii
 

Monday. May 20, 1974
 

St. John 011 8:30 a.m. Welcome 

a) Host Institution - L. D. Swindale, UH 

b) AID - J. K. McDermot, AID 

Charge to the Workshop - E. 0. Heady, Iowa State Univ. 

:'scription of Projects 

a) Crop Production and Land Capabilities of A 
Network of Tropical Soil Families--A Description 
of the UH/UPR/AID Benchmark Sols Research 
Projects - L. D. Swindale, UH 

b) Puerto Rico Project - F. H. Beinroth, UPR 

Some Considerations on Soil Classification in 
General, and "Soil Taxonomy" in Particular -

F. H.Seinroth, UPI 

St. John 011 1:30 p.1. Expert Papers on Experimental Design 

So= Considerations in the Design and Analysis of 
Fertility Experisents for Developing Country 
Use - 1. 0,Heady, Iowa State University 

An Application of Fractional Factorial Design to 
a fertiliser Experiment in Japan - T. Okuno, 
National Institute of Agricultural Sciences, 
Japan 

Discussion 
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Tuesday, May 21, 1974
 

St. John 011 8:30 a.m. 
 (ntinuation 
of Expert Papers on Experimental Design
 

A Family of Models and Experimental Designs for
 
Evaluating Response to Fertilizer Nutrients
 
When the True Model is Not Known - L. A. Nelson -

North Carolina State University and R. L.
 
Anderson - University of Kentucky
 

Some Examples of the Use of Production Functions to
 
Quantify Environmental Influences on Crop

Productivity -
J. Ph. Culot, FAO/UNDP, Argentina
 

Discussion
 

-,St.-John 106 1:30 p.m.. 
 Key Elements in Field Experimentation for'Generating
 
Crop Production Technology - R. J. Laird and
 
Antonio Turrent, CIMMYT, Mexico
 

Design of Soil Fertility Research for the Tropics
 

I. Some Cornell University Experiences -

M. Drosdoff, Cornell University, N.Y.
 

II. Rationale for Design of Subsequent Studies 
-

F. B. Cady, Cornell University, N.Y.
 

Discussion
 

Wednesday, May 22, 1974
 

St. John 011 8:30 a.m. Experimental Design for Predicting Crop Productivity
 
with Environmental and Economic Inputs 
- E. Brams,

J. Collins, and J. Kirkwood, Prairie View A&M
 
University, Texas
 

Concepts 3f Program Design for Soils Research and

Information Transferal in Developing Countries 
-

P. A. Sanchez, R. K. Perrin, and S. W. Buol 
-

North Carolina State University
 

Jefferson Hall l:O0'p.m. 
 Field Trip -
Hawaii Soils and Crops at Waimanalo
 
Bus leaves) Farm, HAES
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Thursday,_Hay 23, 1974
 

St. John 106 8:30-a.m. 


St. John 106 1:30 p.m. 


Friday, May.24, 1974
 

St. John 106,- 8:30 a.m. 


St. John 106 1:30 p.m. 


Considerations on Experiment Design and Production 
Functions - Position Paper, UPR - B. G. Capo, 
UPR 

* Economic Aspects of Production Functions for Soils -

Position Paper, UPR - G. E. Pringle, UPR 

Field Experimentation to Allow Economic Evaluation
 
of Managemdnt and Environmental Effects on Soil
 
Productivity - Position Paper, UH - J. A. Silva,
 
UH
 

Discussion
 

Discussion and Development of Generalized Experimental
 
Designs for Predicting Crop Productivity with
 
Environmental and Economic Inputs
 

Continuation on Development of Experimental Designs
 

Recommendations for Specific Designs for UPR and UH
 

Projects
 

ALOHA
 



ILD 31wITATION TO ALlO ICW0OIC YALD"TIO OF 
NAAGVMNIT ND ENVIVI*W AL UnCT5 00 

SOIL PIOtIVITY
 

Positin Paper for flSllal 

J. A. Silva
 

Department of Agronomy and W $oi "c*m 
Colleop of Tropical Agriculture


University of awall
 
Nonolulu, Nal 

This project va undertaken to correlate food crop yields on. f tvn* of
 
benchmark tropical soils and deteruin 
 ecientifcally the tranmferabltly of 

agroproduction technology among tropical countries. Crop productio eapefliesl 
vill be carried out on selected soil# belonging to relaeed soil familt.. to oev*rW 

countries and the hypothesis that agrotechnology developed on a particular geil 

family in one location vill produce comparable yield. on the sen oil family ts
 

another location will be tested. 
These soil# viii belong to soil aailitoe of
 

related subgroups a 
defined by the now U. S. Soil Taxonomy since the famtly level 
in this classification is the level at which transference of agrotechnology to
 

proving possible in the temperate zones and vIchin avaii. Results of the.. 
experiments will have maximum usefulness if production functions are developed is 

relate crop yield to management soill, climatic and plant factors which permit 

economic evaluatic.t. These production equations will also alloy yield predictioa 

in other areas with similar soils. It is the purpose of this paper to present a 

preliminary proposal of methodology to attain the objectives of this project. 

ObJectives: 

The major objectives of tho project are presented below. 

1. Test the hypothesis that alrotechnololy developed for a soll family in 
Hawaii will produce comparable yields on the sam soil tmlly e0ewhere, i.O., 
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be isoeledd *wr@ iqp9iH of rvW tim wifor are realdly avaiLsble. baperteme 

viii drip IrlimLem to SMatU Wlsow it "odmwd vt., reqMifemeot vqvid 

make I* witmbl for thoo euprtme., t.hre several lovel. of Irriga tm ore to 
b tuleded, a differential miolatst of three itstrvals, sore Irrisotto, moedive 
fu qmyo &id kbs frq meecy sea be wed or mnteture .emo.eg eqvpeeot w"t s 

&A- blots ormolem ro m" be employed to estblish ia irript.t" 
differetil. 

Mdjamwt of o"I pVor applicatin of has toa vwasoes factor that ca 

proei"i li yield iturewa is t trepica leils et mely boeaioe It lociro.e 

availablity of swtrloot, bul it aI rdwo# Al tocl y and sutpplis Co. It 

Is proposed Mbat at least pN levelis lb i r&e free the orlgiatl #.ilp# to, 

pV moeidorod Meqluo (or crop proetdIei be incilded to the Waerinot. rhor, 

or Glvelera oplosa rfooriMgl the 4fimiti. of m t o IN level, Rasprailt 

(I9N rmlliiij Itisio gO ew faliee extractable Al# Puerto Rico iecimomm 

ltile to lit of be. osturotleaq r*lt to Hawall hove *leot*d that pN 5. to 
6.0 ts sk~vae. A dollise viii hewve to be mad on %*th ritefiton shouid be 

med mad hea series of troebmas can be "oabliohed. 

PLeet ppulation., or stood to a amamt variable hItch offects proltflvtty 

of a crop, ad cao be lcislded i tho exeriaetste. However, I the origissl 

proect prigoposl, a serles of plant popolatti experimsets was platsed tedepedeontly 

of the ain fertility operiaet. Is liahi of the mier of variableo being 

esitdetrod, it sllt be vise to %w aoly eme plat p latiosn the main fertility 

operiami vklcb is that considered bet ti Nwritll or Is, the country i !ore the 

erim sto located. oire detailed evaliltle of stad ton be oibtatd i a 

oeparaie stedy 4 the sitie. 

The crip md variety #rwo (als %winasus variables) ua be kept constant 

Hti sit, but as was motieed earlier, there i the peosiility Shat em 
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nt be adapted for all sites Ond the ovalsatlio of "t preductivityvartety Will 

will b bilased by poerly adopted variety. Threforo, it is proposed that two 

vwiettii AIch mad dA to meveral sits be gr at all it"s so t soll 

productivity at esa silo an be evaluated by a adapted variety ead yet variety 

cominuity thr hout the sits*be maintained. An altertve procedure is to 

have on standard variety at all sits and a seoeed variety %i*ie is wll adapted 

to each individual site. Thus there may beoo al a 4 or 5 different varieties 

itall site combied, but only 2 varieties at my one ite. 

Einmerlmmuisl Dealinil Li 

The deal selected should be one that provides sufficisnt points to allow 

development of production functioss permit evolustion of interactions and result 

itas experiment of maigeable slte. ocause sveral factors are bein considered, 

and interactions ore detired, two general classes of designs which should be 

considered, according to Justosn (1971), are the classical factorial and the central 

composite designs. It the experiment is *a 2 factors each at 3 equidistant levolso 

the two types coincide. 

Is the present eapariet tlihe factors to be teoted are applied N, P, K, and 

pvUsed variety and irrigation with a minims of 3 levels of the first 4 variables 

required to allow development of production functions. A complete factorial 

combination of these A factors at 3i, 41. or 5, would hae i. 256 or 625 treatment 

cambimtions, respectively. This doe not ielud, the 4 irrigation x variety 

treatment cmbilnations ic h would itcrease thee values 4-fold making the 

epements too large for proper ssfainsnt. 

The ile of the experiment can be reduced by taking a fraction of the fertility 

Ouinstions and Imposing the 4 irrigation x variety treatments on them. Such a 

desig for 1/3 replicate of a factorial La liven by Cochran and Cox (1957) 

Ini ginl eupe imt deIabed in tim project prOPOSal submitted to AMl 
are shiwn i Appendix 1. 



(see Table 1) end VVld reduce the total aier of treatnt Combinations to 2 
fer the fertility variable. The treatments are in blocks of 9 and the defining 

oestrast to AIMM. Three additional treatment combinations were added to the 

orialma desgn for the pvrpoeee of this expertmet (Table 1). A 0000 plot wae
 
added to blocks It Hd
III to provide estimates of indigesous *oil fertility for
 

each block Md a 2222 plot without sicronutrients Vas added to block I for a
 

preltainary asesmont of 
 tcronutriest deficiencies. Thin gives a total of 30
 
treatment cmbnatione ad combining 
 them with the A trrigatLion x variety treatments 

bring# the total numer of plots to 120. However, there are only 3 levels of each 
fertility variable to permit linear and quadratic surface# to be developed for
 

determining optimum nutrient levels.
 

Irrigation treatente generally require relatively large plate, therefore,
 

it is proposed that the plot arrangement be 
 such that irrigation treatment# are 
set up in large blocks# one without irrigation and the other with adequate 

irrigation. The fertility treatment combinations would be allocated at random 

throughout an irritation block and each fertility plot would be split into 2 
subplots on which the 2 varieties would be assigned at random. 

Colvell (1971) proposed a fractional factorial design with 4N x 0P x 2K x 31 

variables with 41 plots which w" considered suitable for soils likely to give
 

little or no response to K. This design has some merit for the present experiment, 

especially in situations where ? or K are considered adequate. However, when the 

4 Irrigation x variety treatment combinations are included in this design, the 

total number of trsatment combinations is 192. 

The second dearee composite designs proposed by lox and Wilson (1951) offer 

additional possibilities for obtaining sufficient precision in a manageable 
experiment. Justesen (1971) lists three advantages of the central compotite 

designs over the factorial designs when there are three or more variables. They 
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Table 1. Codd fertlity treatmnts for a eaxteaded 1/3 repliate of a 3 

factorial vtith 30 unite n tncomplee block& of 10 unite .. ch. 

5[d. BokI i IIIOOOO Ol o OLoL
 
11121316iX 3 3N N1 %IX3 13 

0 0 00 0 02a1 0 01 2
 
0 122 0 11 0 0 10 1
 
0 2 11 0 20 2 0'1220
 

102 1010 1 00 1
 

120 0 122 112
 
2 011 2 a002 2 0 20
 
210 0 2 1 21 2 1 12
 
222 22aa1 0 2 20 1
 

3 PR-Mcro str. 0 0 0 0 0 00 0' 

*Mdod treatments 

Defining contraste. 2 dt. from xl epe equivalnt to putting x a112,1 ) 

Aalysis of variance* 

1*LLIaAL 2.fijjg AL 
Mock 2 Block I
 
Main Smain
 
2-factor 16 *2n2* *1x3 ,

Total 26 2 1
 
'added plot, deleted nrrer (a 

Interactios) A 
Total 26
 

If all intraction of NaremSgl~tbe. 
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are (a) regression coefficients con be tIcted directly for their Importance
 

becmaa torth~smaity; (b) aeer lobrvational, points are required and 
 degrees 

of freedom for testing the fitness of the model are still adequate; and (c)the 

umer of levels is Increased by tw for each factor which will provide for a
 

bettor tot of the lack of fit.
 

Baird and ritts (1957) described a centrol couposite design which consisted 
of 5 rates each of N, P205 and K20 selected to furnish maximu, Information on main 
effect* snd Interactions. The total number of plots was 18 and increment# of all 
nutrient* wre equally spaced. Hurat and Mason (1957) presented & graphical
 

display of the 15 treatment combimations of this experiment 
which originate from
 

the central composite design snd explained that the remaining 3 treatments were 

tncluded to provide supplmental information for calibration of soil 
tests. Voss,
 

Nonway sd Fuller (1970) used a one mn 
one-half cube with star points replicated
 

design to study the yield response to Nr P and K. It had 25 
treatment combinations.
 

The 4 fertility variabls tn the present experiment may be arranged in a 
central composite design and then combine4 with the 4 Irrigation x variety
 

treatments. 
 A central composite rotatable second order design for A x-varlables 
with N * 31 is presented by Cochran and Con (1957). It a 2fis basically factorial 

+ etar design + 7 points tn the center. 1bem the 4 Irrigation x variety treatments 

are combined with those 31 treatments, the total number of plots it 126. Utwever, 
variation within the 31 fertility plots could be quite largend it would be 
advantageous to break these treatments Into smaller block# with less tLtra-block 
variation. Therefore, a central composite second order design in incomplete 

block, prsented by Coehran and Cox (1957) vas Investigated. With 4 n-varlbles, 

N a 30 &d there wore 3 inemplV t blecks of 10 plots eeh. The treatment 

eImatiees are sbove in Table t. As described In the ceeth on treatmets, a 

Measure ef prodctivity of the eil VItbewi fertiliser i desired, therefore AS 



Table 2. Fertility treatments for a central composite second order
 
design in Incomplete blocks of 12 units. N 30 original.
 
treatment combinations + 6 added treatment combinations.
 

Coded Levels
 

ijokhI Block 1 Block III
 

N P K pN N P K pH N P K pH
 
xI X2 x3 X4 X1 X2 X 3 X4 X1 X2 X3 X4
 

-1.- 1 -2 0 0 0 
1-1 -1 1 1 -1-1-1 2 0 0 0 
- 1 1 -1 1 -1-1 0-2 0 0 1-1 

1 -1 -1 1 1 -1 1 0 2 0 0
 

- I 1 -1-1 1-1 0 0-2 0
 
-1 1-1 1 -1 1 1 0 0 2 0
 
-111-1 -1 1 1 1 0 0 0 -2
 

I 1 1-1 0 0 0 2
 
0 00 0 0 0 00 0 00 0
 
0 0 00 0 0 00 0 00 0
 
-2 -2 -2 -2* -2 -2 -2 -2* -2 -2 -2 -2* 

1 1 1 1*-Micro, nutr. 0 0 0 0*-Hicro nutr. 2 2 2 2* 

*M4.d treatments 

Treatment Levels 

kg/ha 

Code N r K VH 

4reaten10 -344Ade w W do-I I v. " ft w wwf -

M2 0 0 0 0 
- 01 150IS 50 + .3 PH unit

100 +1.00 100 300 
1 10 450 50 +1.5 o
I 


2 200 600 200 +2.0
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unfertilized plot, -2-2-2-2, was added to each incomplete block to assess this.
 

In order to maintain balance in the design, as suggested by Tramel (1957), 
an
 

offsetting treatment combination of 2222 was added to one block. 
This treatment
 

completes one diagonal of the design and is also of agronomic interest in that it
 

has the highest rates of all 4 variables. Theoretically it should have the highest
 

yield, barring excessive rates. 
 Also an assessment of possible deficiencies of
 

micronutrients is desired so additional 0000 an' ILll plots were added which would
 

not receive the micronutrient applications. 
These plots bring the total number of
 

plots per block to 12 and the total number of plots for the fertility variables to
 

36. Combination with the 4 irrigation x variety treatments brings the total number
 

of plots in the experiment to 144. 
 This is a fairly large experiment, but in
 

light of the variables being evaluated and the type of response curves to be
 

developed, it does not appear likely that very great reduction in total number of
 

plots is possible without sacrificing information on certain variables. 
 There are
 

5 levels for each fertility variable which allows development of fairly precise
 

yield response curves for determination of optimum rates for each variable and
 

for tests of lack of fit.
 

Nalimov, Golikova, and Mikeshina (1970) presented 2 designs for four variables
 

whicb have the property of D-optimality. 
Both had 3 levels of each variable.
 

One of them had 24 treatment combinations and the other which was basically Kono's
 

design (1962) modified to satisfy the condition of non-singularity for Hartley's
 

(1959) second-order designs had 18 treatment combinations. These designs would
 

reduce the total number of plots to 96 and 72, respectively, but offer only 3
 

levels of each variable which provides rather low precision for estimates of
 

optimum rates, and tests for lack of fit.
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Analysis of Imposed Management Fa'ctors:
 

Data obtained from the series of treatments described above will allow
 

calculation of relationships between yield and the 6 management factors studied.'
 

The selected quadratic equation for which 26 parameters must be estimated is given
 

below.
 

Ym"b0	 +bx 1 +b 2 x 2 +b 3 x 3 .+ b4 x 4 +b 5 x 5 + b6 x 6 .b 7 x1 x 2 +b 8xlx3 + 

ybxb + b xx +b x +b x +x _ + b t bx + 
b9'1 4 + b1l 5 + bl116 + b12x2x3 +. 13Y4 + b14x2x5 4b lx2x6 +5+b16x3x 4 + b1 7x 3x5 + b1 8 x 3x 6 + b1 9 x 4x 5 + b20x 4x6 + b2 1x 5x 6 b22x1+
 

2 2 2
 
b23x2 	 + b24x3 + b25x4
 

Where 	x1 applied N x4 applied lime.(PH)* 

x2 a kx 'rniriiti'6napplied 	P 

C... , 	 .. ., 

- applied K 	 x 5 - varietyx 3 

An alternative approach i to~calculate ayield equation oreach~variety,
 

under each of thetwo irrigation conditions.giying a-total,of 4 equations for each
 

site. The quadratic equation is'given below for one variety atone irrigation'
 

level.,,., 

b .x a,_;, 	 a~~ .-.y-b 'C- +'~ ' ... - . 

+bx 
2 

+ 
3 

+ + + b)Ex+ b x x' + bx0 1 1 2 2  3 3 4ebx 4 b5 x1x 2 b6X1x 3 7 4 8x23 

2bxx~ xx2' ' 1+x-
9x2 4 loX3X4 + blx 1 + 1 2x 2 b 1 3x 3 , , 14 4
 

where the symbols are the same as described above. This approach appears:1somewhat

more logical as there would be interest in the performance of each variety
 

separately and also under the two irrigation conditions.
 

The production surface equation selected here is the quadratic which is
 

generally considered adequate for describing fertility responses. However, Heady,
 

et al. (1971) compared four production surface equations, i.e., Cobb-Douglas,
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square root, 1.5 power, and quadratic or square equation and found the square
 

root equation to be the most efficient in predicting thL corn production surface.
 

The experiment was an N x P experiment with 9 levels of each element in 
on incomplete 

factorial design. Therefore, it would be wise to evaluate several poL.sible 

production models in this study to find the most efficient.
 

Several regression procedures are available for developing regression
 

equations with a computer. 
Laird and Cady (1969) evaluated three of these, i.e.,
 

stepwise, backward elimination, and an agronomic approach. 
 ihey found that based
 

on residual sum of squares, the backward elimination model was slightly better
 

than the stepwise, which in turn was better than the agronomic. However, if the
 

criterion used was the ability of the equation to predict ylelds for new sets of
 

data, measured by the predictive mean squares, the agronomic and stepwlt, 
mcdels 

were the best. 
 Since the aim of the present study is to predict yields on similtr
 

soil families in other areas, it 
 would be wise to use predictive mean squares as
 

the criterion for selecting the best regression model.
 

Economic Analysis: 1
 

The production functions estimated by the regression analysis will be what 

economists refer to as production frontiers (frontier functions an 
opposed to
 

production functions in as much as 
the equations represent the yields determined
 

under well controlled situations and will generally be greater than a producer
 

would be expected to obtain under the same conditions). Those production surfaces 

can be solved to determine derived demand equations for erch of the agronomic 

variables. Derived demand equations will determine the optimil Input combinations 

for any bpecified market condition. The net of derived demand equation" combined 

with the production frontier determi le a profit frontier (function) Allowing the 

1By Dr. P. Garrod, Department of Agricultural Economics, Univarsity of 1Ieatt. 



peteeaul prolLtAtLtt of dho aop I, is give. "O NO Aspeslflod oSe el 

miket amLtams tolbe detemnd 

DlhOr poshiLe esesalw anpplftsttae Oa m so"slemd be the det ssl 

rate of retrmwso rmdetue limed lom"a"S m 1isus or tho 

subosdisatto o fortitlty Lpule. It t o p 01bIle o "sties" Oe POS 

Luteoal rate at rotur to the esmsm otom oL InOuolm 

faclit tee or In iete vA impro ete batosu (am t " eseOw om41) 

fertility of te oil. 

fe of The objoetim of this pfkfest la 4o devolap yield Oepeao eqatiaS 

for the sawe ,l1 family gver all sits Ube" It offers s4 t"dt 4prPwIst* iqa 

of ftoltillsre, etc., ar be seds to subtat isesests1l11 aptliw yleid. Umtor 

It is roeallsed that lol sel mad elaifti. emadltle aelxsttI at "A slte, 

eve of eae am hove wmw&ole effset so pfodimtIVly a4 ethe sol faily, of 

sol. Therefore. to "it ime40lIt Impsrative that appfeprlate sell OW P'4i0044 

be i0luded I the yleld suW* t allo 4dJstO ter Iota w imeese. bOl 

Pfpetls CAR be divided isle three breed 9ql49 e41o phIy idikuMial, Ol 


NtasrsglelI. Vlitia e* Gavial a rw of peornt. eWoote myiA
p be 

measured. b1 tak late doastifr theseis porieis that a"e 1l 1 to be 

Impe t to pleat growtmid predetlvitt kvwerl wAses hase Ivwtt&td# 

this problem med irived at variwo esosloelms. Vm, et at. (I9M m *le4d 

svil I! . to P40 auboul s, P. , #, med op1.1 plteta4 bitw iO 

am soil type slope, med erul, 500U ad P bhd WSW aeeto yielde h 
veapse.o llpd (1971) euggstod the plysisl issputle of toawe otFuuwe 

bVlk desIty and W41i,1l6 wer "Moo (li ao thoD awds lb * fst Pewntw 

of . OM9 re&mle mOttr (*,# otU,, 14 WM 10lo It. P989 MP G" At* 

......... . ..... 




l#'* C44 *#W**tf~ # ~ 0 00 04"W444 W *4*4W * 4*0 

M @a, **m (IM 4* 

~4~4~44~ ~b 1)44 I **o 14 ~ 4+1*~ 

wf4.#4 * 4 *ot uw*~ k44* 4 &$w*, **4t tc14>'04*44 

#* IP fGtl, t#03 *444*4!4 4403~ $* ~iO 

COMR t## 4I 6@44 ~jf# W ~ ~ I !~~ 

ittI#zj~4*~~9~i 4,4#*M*4V ft, 0s 

~~Itad 4 , '.#1 iE , 

0)* Wit +- 44* W, M0 .40 

I**~ **o 



#80#0 asMUaw$Iaws
"a#* 
t*vwe4vlb few tot am f" i1 dw w. low ad 4# (A"v W* Si 0( 

#wu~R~esw ff V*~ l1o teedea OMdsiO ",qw~wqmmwmw- t fttmef 

I*" E~'I" **@ tto ftilU# omp~ii#P VWLuP of WUt a$ 0e1 441st 

sw*viltsfW4", 

at sep#*P**4 ibe * 41 pinimts italed 6el be ""of"I, . MwtoO 

W4NmoCIm "*"" 

*1*1 

ie14* of*t C~ 

W. hv* Caw~i 

I.1hivefe1de nu'w 

IL Hope 



lupaiSMbre IM1slOd ottrt& Need 10 the "itfil 1ICIS AS.llti..Wll 
as esm* al..Ol m.Led to sel ten titi Iwo It 	&aul be PDAatbL 8

bftvao rme"heu bove stuied toe retlhtp.i boiw.. rilmalis t*If 
mod yt1d of worlsas eve". Lair mod C&#y (1%9) idwaieE a..o oolowroe 

dr4ht, ai bt #0etIIWI.. ""0r fwer yield. V*"41 01 41.Mel (1110) IC#"4#r*4 
relative poO yuutg001 *AM based s daily Pr44tiioit. *e9r.I0 

sOW0 ov~teoilal M oel"Ow to 4 dpt* of 00Q 40 at 0~ 40 I4i~ 1 1 Owe 

b.1i.ta ot the powies .ems. Ibis variable was Moiry v4r#1#4#d Witt# c~ia 

Field. 	 £,1*1lY (191) 4OW*et4 rWOSOi~l fAte, &lu~rAtV# Vsii; 44410# 0ii 

.. le~e hlamte*rwt i. (total pfocipulatties # 0soisto oply 

avrpotagIm.) mod raiaflt doffs# a gtve. critical Peirt* .144 

lieu*. i p14M. Trshteov, ot &1. (10l) #N4.bad#*"* of I"* .as* wil 

o ~qitoIr 

to 41101r *1diSS Of Vield0 Ot vheet MWd 0*1i1* to 601&Sai. 40 did 04040 (11072) 

A*e atloi~lodd mA61r of da1# aboe 50C t# Wwe. Moo... (1119) tV06104 

With swraso to Uaaii, cogidorsd ismlall is tb##e mf ew ,Viau #4 e0"th ot 

khtrw., Od eO. memAt befre harvost; wa evepreotte pr awmathl r#,itti. oer 
meuib; sat amd mieiinm towritro Oad diwisal to*nWrevf ditforowe0 04 
harvst. #vel, ot &1, (1#14) Iegiwdod too 4Iiaaulc prarCor n teiOwsdiotive 

modifife for thi toftityuggA0illy ta..ftiiom eyeto thsey dov'e0e'p. 

The.. wf* $for leatoed with water for am them 40 day. is most yeors) 044 

67 (4#7 for NM thee 60 ~00uewt" daW per yr vthia 140 we depth). 
"IS eliastis parauute listed beI4W haVe bWON seected 14 Aie~SSi..0 With 

are Paul berm, hIvl~ety of KwAil Oad on Dols$ pfoposod (fo the proset 6 



gttyttpat, Oisuly 

So Mir tolveIIw.e 1-UINl. 43 staawd wMege (attin-adta 

1. tasiall - qm Me eeudia) 

3. Sal reat te (hourly ned ) 

4. Itlative hmnity (sti"eM recordtag) 

5. V"A - elocity Md direettes (ceatlaeus reoerdlg) 

6. Daylosob tfnm oevllgt record of Iacituds) 

1. Pm eveporatim (daily) 

s. Soil Motture 

9. Soil temperalre 3-4 iAb depth - mlaum and mimimum (daily) 

To so Od 9 an cmaidered to be optimal If facilities are notParmntr 

Swwra wasure of sell moisture, especially atevailable to obtain t ie. 

crop growth. Alo pm
he boeglning of a crop woMd be helpful in assesln 

ovaporstie masvrmele vould be useful in determining the rate of moisture 

to". from t. ara and assist i seaduling irrigations nd assessing oisture 

balance. 

NdAAM FatoruI
 

In addition to fnag4et variables being intentionally varied as treatments 

toin thee" experiments there are others vhich can vary from site to site or crop 

crop that can have pronouned *ffacts on yield levels obtained. Laird and Cady 

(1969) considered throe of these, ioe., previous atop, leaf blight, and weeds. 

and all were included in the agronomie Nodel which Was found to have the highest 

prodictivo ability of the equations developed. Voss# at al. (1970) included past 

cropplg, plastlng date, veedo, and plant population in their regression equation 

Iliaaly (1971) suggestedand found a onsiderable Improvement inal resorltd. 


data of sowino, lad preparation, plant population, pest •otrol, Weed control,
 

crop rotation, est r lvels and genotype as the important mnasont variables
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to be included to production equetion. Oldeman (1971) Included month of harvest, 

ae, crop 07cle, irrigatioan water per moths applied W) P205t and [20, an days
 

after last Irrigation. bophet and McCracken (1973) considered the management
 

variables plant population and plating date.
 

tn the preeunt experiment it is proposed that the management parameters 
 listed 

below be recorded in addition to the imposed management variables. 

1. Plant population 

2. Crop rotation 

3. Insect damae 

4. Diseas severity 

5. Wed population 

6. Planting date
 

7. Harvest date
 

8. Tillage
 

PlantFactor:
 

The ability of plants to take up nutrients is not always directly proportional 

to the levels of these nutrients In the soil due to conditions, chemical or 

physical, which may restrict absorption of certain nutrients. This ha. been 

shown in HMwaii by Thiagalingam (1971) and Khalid (1974). Therefore It is 

suggested that appropriate tissue samples be taken from each plot at the appropriate 

time and analysed for moisture, N, 19 K, Ca, Ug, Kno Al and possible micronutrients. 

This will provide Information on the content of these nutrients In the plant ard 
allow better understanding of nutrient interactions and effects on yield. Other 

plant parameters may also be required for various crops# i.e., barrenness In corn, 

tillering in rice or sorghum# etc. 
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Loveloousnt of Yield lRespons Equations wth all Factors: 

The yield response equatibns developed for the imposed variables in the 

xperiment should be expanded to Include the various management, soil, climatic, 

and plant factors inorder to identify factors of importance inpredictinS yields 

for other oll 'and climatic conditions. The yield function is given by thc 

formula:
 

y -f(xlo 2.x iY 2"'se's""c lv2 "p
 

where y - yield of crop
 

x1, x2,...x " management factors
 

Y11 Y2Do°'y* o soil factors
 

1s s2,...s € - climatic factors
 

v1, W2,...wp - plant factors
 

These factors will be included in a regression equation which will be of the
 

general model given below.
 

+0x+.. 3+'y 1 

too + n W + C 

yu80 "'"+'"'x +.of +"y +t + "'"+ 6ac+ + 


This isa linear function of the unknown parameters ,a 1 ..0m' 'Ylf' yee61
 

'".p
...6, and .. where the independent variables (xi; i-l,,m),(yj; J-l,...s),. 

(S;k k-l,...c) and (wu! u-l,..p) can be the original measurements and variables
 

derived from thet, such as squares,.products, square roots, logarithms, etc.
 

Regrossion equa=1onswill be developed for each sito to determine the important
 

management, soil, climatic and plant factors, Then data from soils of the same
 

family at difforent sites will be included ina regression analysis to produce a
 

singl equation which contains the important parameters which will allow prediction
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of yields on the same family In different locations. Finally, an attempt will
 

be made to include data from all sites in the study and develop a generalized or
 

universal yield response equation which will adequately describe the yield
 

response for any soil fauily, given the appropriate variables.
 

Economic evaluation of the derived demand equations for combined data should
 

prove informative since effects of uncontrolled variables on yield levels will
 

modify the economically optimum rates of fertilizer ue. 
Also, Dr. P. Garrod
 

suggested that If it is possible to approximate the probability distribution
 

associated with climatic variablea, then it would be possible to dotermine the
 

production frontier, derived demand equations, social rate of return, and internal
 

rate of return subject to risk criteria, i.e., what can the aconomic actor be 95% 

sure of occurring. Information derived from these analyses will be extended to 

the local governments as described earlier. 

One test of the hypothesis of transferability of agrotechnology can be made 

by testing the response equations developed for two sites of the same soil family 

to determine if the response surfaces described are actually similar. This 

testing procedure is described by Pesuk and Heady (1961). Analysis of variance
 

of the combined data with a test of site effects would provide another evaluation
 

of this hypothesis. Laird and Cady (1969) describe such a procedure which may havv
 

to be modified somewhat depending on the experimental deuiSn finally adopted.
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ORIOINAL KRfR? S DESCRIBED IN
 
PIOJZCT PROPOSAL SUBMITTED TO AID
 

SM~ Ja DAL Mflmn IAR211ts 
"priments with the following objectives will be installed.at each major 

sie. 

1. 	To determine the potential productivity of soils under high management
 

input.
 

2. 	To develop optimua management systems for multiple cropping.
 

3. 	To deternine optim, plant population for various crops under local
 

soil and climatic conditions.
 

The 	potential productivity of soils at each location will be determined
 

with ou 0 x P x K experiment to allow correlation with soil parameters and 

evaluation of trenoferability of aricultural technology. The aim is to attain
 

maxim or near-muxlmm production with appropriate levels of these nutrients
 

under optima management conditions, i~e., adequate irrigation, calcium /pH), 

plat protection (weed, disease and insect control)* and plant population. 

Under these conditions, the soil-potential as well as local climate become
 

the liiting factors and can thus be evAluated. Since N is often the most
 

ltiitial nutrient in tropical soils, a uinl~ma of three and nossibly more N
 

levels will be included at each locatioa depending on the crop. Soil analyses
 

viii be usJ to suide the levels of 7, K, and )49 at each site so that comparable
 

silts will be evaluated at essentially the same levels of these nutrients. Soil
 

pN vales viii be adjusted to approximately 6.0, Soil P will be evaluated with
 

01e F serptio isotherm method of fox and Kamprath (1970) and soil levels will
 

be 	aijtote to Aout 0.10 ppm P in solution, it they are not at this level. 
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Therefore, the presence of aP differential and'the'number.of Prates in a.,,
 

particular experiment will depend on the soil PIlevel and-ocrop 
 The O.l ppm,
 

levels are required to produce maximum yields in'manycrops. Similarly, 'levels
 

of K and Mg for maximum growth will be determined by methods suitable for
 

tropical soils developed at the University of Hawaii and will serve as 
guides
 

for differential rates of these nutrients. 
All fertilized plots except those
 

mentioned below will receive a blanket application of-micronutrients including
 

Zn, B, Cu, Mn, Mo and others considered essential for the soils and crops used.
 

'The experimental design will be an augmented block with the basic
 

2 x 2 x 2 factorial replicated three times and the other treatment combinations
 

unreplicated. 
This will allow data for regression analysis as well as provide
 

information on interactions between the variables tested. 
There will also be
 

a complete control plot which receives no fertilizer at all, but is irrigAted
 

and otherwise treated as 
the fertilized plots.. This treatment'will serve~as,
 

an indication of the 
natural potential" for the soiI.without fertilizer and
 
will be compared with similar plots in other soils.; Inadditionp a'plot.will
 

be given the highest fertilizer combination but will not 
be given the blanket
 

micronutrient fertilization to allow a preliminary evaluation of possible
 

micronutrient problems in the soil' 
 These two plots,will be incorporafed at,
 

random in the experiment.
 

A second set of experiments testingvarious leve-s,.of management will be-I
 

installed at the major sites. 
 The objective of these experiments will be-tb
 

demonstrate the increase in yield potential with improved management practices.
 

Practices to be compared are irrigated vs non-irrigated, limed vs unlimed, and
 

plant protection vs no pl3nt protection (this will be separated into weed
 

control, insect control and disease control). These practices will be maintained
 

at two fertility levels, no additional fertilizer vs the highest level of fer

tility used at that site. 
All treatments will be replicated three times and the
 

http:leve-s,.of
http:and'the'number.of
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Local farmer
 
design is a split-plot with irrigation level as the 

whole plots. 


practice will be included as a comparison.
 

A third set of experiments designed to determine the 
optimum population
 

These will have several
 
for various crops will be installed at the major sites. 


population levels at the highest level of fertility and 
will be replicated three
 

times.
 

A series of crops as mentioned above is to be gorwn at 
each of the major
 

The cropping cycles will be arranged so that a particular 
crop will
 

locations. 


be grown in the same season at all locations, i.e., because locations are north
 

and south of the equator, a particular crop grown in 
the spring in the North
 

will be grown in the comparable spring in the South which 
may be 4-6 months
 

Crops will be planted in succession, with as much overlap 
as possible


later. 


to capitalize on the principle of multiple cropping and to provide 
the farmer
 

a year so that should one fail, he will
with a number of alternative crops in 


The continued rotation of
 not be without some crop production for the year. 


crops with seasons will also provide information on the optimum 
cropping period
 

for various species, as well as species adaptability to several,
seasons of
 

cropping.
 

In order to test information obtained at the major sites,-experiments 
will
 

These 'are rural locations of similar
be installed at "satellite" locations. 

soils on which simple experiments would be installed for farmer benefit. 

Through the use of modern methods of data processing, correlations 
between 

crop yields and soil properties and production functions for crops in
relation
 

to many soil and management factors will be developed, using 
methods similar to
 

The results of
those developed by Voss and Hanway (1970) and similar workers. 


the experiments, when combined with the soil family data, will 
provide the in

formation required to establish the extent to which agricultural 
technology is
 

transferrable and to develop the land potential and capability 
units for phases
 

of soil families in different tropical and subtropical regions.
 


